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PENTAMIDINE COMBINATIONS FOR TREATING CANCER

The present invention relates to synergistic combinations of chemotherapeutic agents
for treating cancer.

There is a need for agents and combinations thereof that inhibit the proliferation of
cancer cells that are less toxic and/or more active than conventional chemotherapeutics, e.g.,
especially where an agent or combination of agents permits the use of lower dosages of
chemotherapeutics administered to cancer patients without loss of therapeutic efficacy.

SUMMARY OF THE INVENTION

The present invention is related to U.S. Patent No. 7,115,665, which discloses use of
pentamidine to treat cancer. It is incorporated herein in its entirety.

One aspect of the present invention is a method of inhibiting the proliferation of
cancer cells comprising administering to a patient in need thereof (1) pentamidine and (2) (a)
oxaliplatin, (b) gemcitabine, (c) taxol, (d) 5-fluorouracil or (¢) CPT 11 (camptothecin-11, also
known as Irinotecan). The agents can be given either separately, for example on consecutive
days, or together.

According to another aspeét of the present invention, the method inhibits the A
proliferation of cancer cells and tumour growth.

According to another aspect of the present invention, there is provided a
pharmaceutical composition for inhibiting the proliferation of cancer cells and/or tumour
growth that comprises a combination of the compounds above. The invention relates to the

surprising discovery that the combinations are synergistic.
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In a preferred aspect, the cancer cells are squamous cell carcinoma cells, larger cell
carcinoma of the lymph node cells, breast cancer cells, colon cancer cells, lung carcinoma
cells, melanoma cells, pancreatic cancer cells, leukemia cells, non-small cell lung cancer
cells, colon cancer cells, central nervous system (CNS) cancer cells, ovarian cancer cells,
renal cancer cells or prostate cancer cells.

In a preferred aspect, the cancer cells are pancreatic cancer cells, colon cancer cells,
breast cancer cells or ovarian cancer cells.

In another preferred aspect, pentamidine is combined with gemcitabine, for instance,
for treating pancreatic cancer, or is used alone for such purpose; or pentamidine is combined
with oxaliplatin, for instance, for treating colon cancer. For the treatment of (advanced or
metastatic) breast or ovarian cancer, doxorubicin, 5-fluorouracil, carboplatin, and paclitaxel
are examples of components of standard chemotherapy regimens. Capecitabine (Xeloda®),
an orally administered systemic pro-drug of 5’-deoxy-5-fluorouridine (5’ DFUR) which is
converted to 5-fluorouracil, is also used. While these treatments have extended survival,
patients eventually experience disease progression. The incorporation of pentamidine in
combination with standard chemotherapy, for example, doxorubincin or 5-fluorouracil or
carboplain or paclitaxel, comprises another aspect of this invention.

Pentamidine refers to the free compound or to the compound in salt form, e.g., as the
commercially available pentamidine isethionate, or any other pharmaceutically acceptable
salt.

The present invention also relates to the further combination of the above agent
combinations with additional agents that cause DNA breaks. Including these types of agents
provides a valuable tool for cancer therapy. Agents that induce DNA breaks that are within

{
the scope of the present invention include but are not limited to cisplatin, mitomycin C,
melphalan, carmustine, adriamycin, taxol, 5-fluorouracil, bevacizumab, capecitabine, folinic
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acid (also known as leucovorin), ionizing irradiation and bleomycin or with any agent 2(a),
2(b) or 2(c) not in the above combination. Without wishing to be bound by theory, such
combinations are believed to operate in view of the inhibition of endo-exonuclease activity
by pentamidine. (Other endo-exonuclease activity inhibitors can also be used together with
or in place of pentamidine, such as distamycin A and berenil). Such inhibition prevents
repair of double-breaks induced directly or indirectly by the mentioned DNA break-inducing
agents. The mentioned DNA break-inducing agents can cause double strand breaks directly
or can cause single strand breaks that progress to double strand breaks. This is a common
occurrence in biological systems. The endo-exonuclease inhibitors such as pentamidine
prevent double break repair and thus enhance anticancer effects.

Compositions or mixtures of the disclosed compound combinations may be
administered to patients, which iilclude humans and animals. Such compositions or
formulations are conventionally prepared. Compositions include all pharmaceutical
formulations of a compound and a compound in its pure state. Combinations can include two
or more compositions of the individual agents. These include two or more different
formulations of a comp;ound such as a tablet formulation for one agent and a liquid
formulation for another. Mixtures of two or more compounds in the same formulation are
also within the scope of the invention. Compositions also include the usualrconventional
adjuvants/excipients well known in the pharmaceutical field.

Pharmaceutical formulations can thus be adapted for administration via any desired
suitable method, preferably by fully conventional methods, for example by oral (including
buccal or sublingual), rectal, nasal, topical (including buccal, sublingual or transdermal),
vaginal or parenteral (including subcutaneous, intramuscular, intravenous or intradermal)
methods. Such formulations can be prepared using all processes known in the pharmaceutical
art by, for example, combining the active ingredient with the excipient(s) or adjuvant(s).
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Pharmaceutical formulations adapted for oral administration can be administered as
separate units, such as, for example, capsules or tablets; powders or granules; solutions or
suspensions in aqueous or non-aqueous liquids; edible foams or foam foods; or oil-in-water
liquid emulsions or water-in-oil liquid emulsions.

Thus, for example, in the case of oral administration in the form of a tablet or capsule,
the active-ingredient component can be combined with an oral, non-toxic and
pharmaceutically acceptable inert excipient, such as, for example, ethanol, glycerol, water
and the like. Powders are prepared by comminuting the compound to a suitable fine size and
mixing it with a pharmaceutical excipient comminuted in a similar manner, such as, for
example, an edible carbohydrate, such as, for example, starch or mannitol. A flavour,
preservative, dispersant and dye may likewise be present.

Capsules are produced by preparing a powder mixture as described above and filling
shaped gelatine shells therewith. Glidants and lubricants, such as, for example, highly
disperse silicic acid, talc, magnesium stearate, calcium stearate or polyethylene glycol in
solid form, can be added to the powder mixture before the filling operation. A disintegrant or
solubiliser, such as, for example, agar-agar, calcium carbonate or sodium carbonate, may
likewise be added in order to improve the availability of the medicament after the capsule has
been taken.

In addition, if desired or necessary, suitable binders, lubricants and disintegrants as
well as dyes can likewise be incorporated into the mixture. Suitable binders include starch,
gelgtine, natural sugars, such as, for example, glucose or beta-lactose, sweeteners made from
maize, natural and synthetic rubber, such as, for example, acacia, tragacanth or sodium
alginate, carboxymethylcellulose, polyethylene glycol, waxes, and the like. The lubricants
used in these dosage forms include sodium oleate, sodium stearate, magnesium stearate,

sodium benzoate, sodium acetate, sodium chloride and the like. The disintegrants include,
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without being restricted thereto, starch, methylcellulose, agar, bentonite, xanthan gum and the
like. The tablets are formulated by, for example, preparing a powder mixture, granulating or
dry-pressing the mixture, adding a lubricant and a disintegrant and pressing the entire mixture
to give fablets. A powder mixture is prepared by mixing the compound comminuted in a
suitable manner with a diluent or a base, as described above, and optionally with a binder,
such as, for example, carboxymethylcellulose, an alginate, gelatine or polyvinylpyrrolidone, a
dissolution retardant, such as, for example, paraffin, an absorption accelerator, such as, for
example, a quaternary salt, and/or an absorbent, such as, for example, bentonite, kaolin or
dicalcium phosphate. The powder mixture can be granulated by wetting it with a binder, such
as, for example, syrup, starch paste, acadia mucilage or solutions of cellulose or polymer
materials and pressing it through a sieve. As an alternative to granulation, the powder mixture
can be run through a tableting machine, giving lumps of non-uniform shape which are broken
up to form granules. The granules can be lubricated by addition of stearic acid, a stearate salt,
talc or mineral oil in order to prevent sticking to the tablet casting moulds. The lubricated
mixture is then pressed to give tablets. The compounds according to the invention can also be
combined with a free-flowing inert excipient and then pressed directly to give tablets without
carrying out the granulation or dry-pressing steps. A transparent or opaque protective layer
consisting of a shellac sealing layer, a layer of sugar or polymer material and a gloss layer of
wax may be present. Dyes can be added to these coatings in order to be able to differentiate
between different dosage units.

Oral liquids, such as, for example, solution, syrups and elixirs, can be prepared in the
form of dosage units so that a given quantity comprises a pre-specified amount of the
compound. Syrups can be prepared by dissolving the compound in an aqueous solution with a
suitable flavour, while elixirs are prepared using a non-toxic alcoholic vehicle. Suspensions

can be formulated by dispersion of the compound in a non-toxic vehicle. Solubilisers and
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emulsifiers, such as, for example, ethoxylated isostearyl alcohols and polyoxyethylene
sorbitol ethers, preservatives, flavour additives, such as, for example, peppermint oil or
natural sweeteners or saccharin or other artificial sweeteners and the like, can likewise be
added.

The dosage unit formulations for oral administration can, if desired, be encapsulated
in microcapsules. The formulation can also be prepared in such a ;Jvay that the release is
extended or retarded, such as, for example, by coating or embedding of particulate material in
polymers, wax and the like.

Pharmaceutical formulations adapted for parenteral administration include aqueous
and non-aqueous sterile injection solutions comprising antioxidants, buffers, bacteriostatics
and solutes, by means of which the formulation is rendered isotonic with the blood of the
recipient to be treated; and aqueous and non-aqueous sterile suspensions, which may
comprise suspension media and thickeners. The formulations can be administered in single-
dose or multidose containers, for example sealed ampoules and vials, and stored in the freeze-
dried (lyophilised) state, so that only the addition of the sterile carrier liquid, for example
water for injectidn purposes, immediately before use is necessary.

The individual agents that comprise the combinations can be administered to the
patient at the same time or at different times depending upon their bioavailabilityA and
toxicity. Their packaging into kits for administration to the patient also forms part of this
invention. The agents can be formulated in a single pharmaceutical composition or can be
separately formulated.

Pharmaceutical compositions of the above combinations are used to treat patients
having cancer. Vehicles for delivering the compounds of the present invention to target
tissues throughout the human body include saline and D5W (5% dextrose and water).
Excipients used for the preparation of oral dosage forms of the compounds of the present
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invention include additives such as a buffer, solubilizer, suspending agent, emulsifying agent,
viscosity controlling agent, flavor, lactose filler, antioxidant, preservative or dye. There are
conventionally preferred excipients for parenteral and other administration. These excipients’
include serum albumin, glutamic or aspartic acid, phospholipids and fatty acids.

Formulations can be in liquid form stored in a vial or an intravenous bag. The
compounds of the present invention may also be formulated in solid or semisolid form, for
example pills, tablets, creams, ointments, powders, emulsions, gelatin capsules, capsules,
suppositories, gels or membranes.

The preferred route of administration is intravenous. Other acceptable routes of
administration include oral, topical, rectal, parenteral (injectable), local, inhalant and epidural
administration. The compositions of the invention may also be conjugated to transport
molecules or included in transport modalities such as vesicles, micelles, and polymers to
facilitate transport of the molecules. Methods for the preparation of pharmaceutically
acceptable compositions that can be administered to patients are known in the art.

The compositions of the invention may also be conjugated to transport molecules,
monoclonal antibodies or transport modalities such as vesicles and micelles that
preferentially target cancer cells or that potentiate cancer cells to receive drugs.

Pharmaceutical compositions including the compounds of the present invention can
be administered to humans or animals. Dosages to be administered also conventionally
depend on individual patient condition, indication of the drug, physical and chemical stability
of the drug, toxicity, the desired effect and on the chosen route of administration (Robert
Rakel, ed., Conn's Current Therapy (1995, W.B. Saunders Company, USA)).

Excipients can also include components such as micelles, vesicles and liposomes that
enhance the therapeutic performance of the compound and other agents. The action of

vesicles, micelles and liposomes includes improving the solubilization of the compounds and
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agents, improving their delivery to tumour cells, and interacting with tumour cells to make
these cells more permeable to.compounds and agents. Improving efficiency could improve
treatment or allow equivalent results with reduced dosing and side-effects.

Typical doses for each of the agents for use in this invention are in the normal ranges
conventionally known for each known agent used individually to treat cancer. For
pentamidine, typical doses are 2-8 mg/kg body weight in humans. These amounts can be
lowered per this invention due to synergistic effects in the combinations. Typical dose ranges
for each agent in the combinations are: pentamidine 2-8 mg/kg body weight in humans;
gemcitabine 800-1250 mg/m®of surface area in humans; CPT 11 75-350 mg/m? of surface
area in humans; and oxaliplatin 85-130 mg/m?of surface area in humans. Doses can be
lowered from the amounts in these ranges typically by 10 to 50% due to synergism.

Regimens (e.g. timing of doses, duraﬁons, etc.) are conventionally determinable with
the guidance of conventional usage of these agents individually.

In the case of pentamidine, for example, guidance may be obtained from a study of
patients given 180 to 200 mg of pentamidine in a 2-hour infusion. It showed that levels in the
bloodstream go down rapidly over a few hours; and that the kidneys excrete only 7 mg of
pentamidine into the urine in the first 24 hours (Conte, J.E., Jr.: J. Infect. Diseases (1991),
163, 169). Since pentamidine is not readily metabolized in the liver, almost all of the
material is distributed from the blood stream to body tissue where it stays. In addition, the
amount found in the urine does not increase significantly with repeated dosing. This means
that when pentamidine is given repeatedly, it accumulates in body tissues. Pentamidine was
detected in tissue 25 days after final dose. Hence, pentamidine is only slowly released from
tissue. It is also widely distributed in tissue (Goa, K.L., Campoli-Richards, D.M.;Drugs

(1987), 33, 242). Thus, pentamidine can be administered to the patient before, after, or
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concurrently with other chemotherdpy since its effectiveness depends on its distribution to
and persistence in body tissues over long periods.

The way in which other chemotherapy agents are used in donj unction with
pentamidine depends on their pharmacological characteristics. Thus, a convenient mode of
dosing is to take the normal cycle of administration of a chemotherapy drug and to precede it
with administration of pentamidine. This may be illustrated in conjunction with the
combination of, for example, cis-platinum used effectively in combination with pentamidine
to control cancer growth. Cis-platinum reacts slowly with water in the body to give an active
form that binds to tissue. If it is injected slowly into patients urinary excretion can be as high
as 75%. Therefore, rapid dosing is often used to ensure that the kidneys cannot excrete the
drug before it is distributed to body tissue (Belt, R.J., Himmelstein, K.J., Patton, T.F.,
Bannister, S.J., Sternson, L.A., Repta, A.J., Cancer Treatment Rep. (1979), 63, 1515). Thus,
whén pentamidine is used in conjunction with cis-platinum, a prudent approach is to give
pentamidine to the patient a day before cis-platinum so that the kidneys are not over burdened
by the administration of the two drugs. If two doses of pentamidine are needed, the first can
be given two days before cis-platinum (day -2) and the second can be given one day before
cisplatinum (day -1).

Often in oncology combinations of drugs are used. In colon cancer, for instance,
examples include the administration of oxaliplatin, 5-fluorourocil, and leucovrin “FOLFOX”
or irinotican, 5-fluorouracil and leucovorin “FOLFIRI”’. These combinétions are typically
administered to the patient every two weeks. Thus, when pentamidine is added to therapy, it
can convenientl& be given one or two days before standard chemotherapy. However, since
pentamidine persists in body tissue, it can be as effective if given several days before

standard chemotherapy.
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A further example relates to human pancreatic cancer. Here, a typical treatment cycle
involves administration of gemcitabine 800-1250 mg/m”of surface area once a week for three
weeks followed by a week of rest. When pentamidine is used together with gemcitabine it
can conveniently be administered during the first week of the cycle on day -2 and day -1 prior
to the administration of gemcitabine.

As a further example of suitable pentamidine dosing for use in combination with other

cancer regimens, pentamidine can be given to patients intravenously in the following doses

prior to such chemotherapy:

Day 2 Day 1
Doxe [mglkg) | Dose {mglkqg) |
Option 1 4
Oplion 2 4 4
Option 3 5
Qption 4 5 5 '
Qption 3 b
Option & =] B

Moreover, dosing for a patient can be either escalated from lower to higher options or
reduced in, respectively, the absence or presence of side-effects and, as is conventional,
following the advice of the treating physician. Because pentamidine accumulates in body
tissue, as discussed, it can be administered at any time in the cycle of normal chemotherapy,
i.e., dosing is not limited to day-1 and day-2. Optimal dosing can be routinely determined.

Since pentamidine has a side-effect profile and mechanism of action that is quite
different to those of standard anticancer agents, it can be used in combination with them
without inducing adverse drug reactions that are substantially worse than those induced by
the drugs when used alone. Given the life-threatening nature of many cancers, patients are
treated aggressively with chemotherapy. Treatment in conjunction with pentamidine can be
given until side-effects of the standard chemotherapy agent become evident. At this point,

administration of the standard chemotherapy agent can be halted and therapy with
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pentamidine alone can be continued. The sustained use of pentamidine can be of benefit to
patients since pentamidine is an effective anticancer agent in its own right. Reasonable doses
of pentamidine to be used either in combination therapies or in mono-therapy are 6 mg/kg of
body weight or 4 mg/kg of body weight.

Pentamidine has side-effects of its own, the most significant of which in this context
is the possibility that patients might suffer pancreatitis. This side-effect can be pronounced if
pentamidine is administered for many consecutive days, e.g., 10 to 15 at doses of 4-6
mg/kg/day as is the case when it is used to treat parasitic diseases. However, in the dosing
schedules described herein where one or two doses may be given every two weeks, the risks
of pancreatitis are greatly reduced. If pancreatitis occurs, pentamdine administration can be
stopped until the patient recovers but standard chemotherapy may be continued in the interim.
Sustained use over many days with lower doses of pentamidine, e.g., 1-4 mg/kg per day,
affords another means of reducing toxicity while maintaining efficacy.

As in all therapies, treating physicians have to consider the characteristics and use of
drugs in light of the patients’ physical chdition and symptoms and administration has to be
routinely modulated accordingly.

Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The preceding
preferred specific embodiments are, therefore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.

The entire disclosure[s] of all applications, patents and publications, cited herein are
incorporated by reference herein.

The preceding examples can be repeated with similar success by substituting the -
generically or specifically described reactants and/or operating conditions of this invention
for those 1’1$ed in the preceding examples.
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EXAMPLES
Example 1
Purpose:
Synergistic effect in anticancer therapy was generated by using pentamidine in

combinations with each of the following: taxol, oxaliplatin, gemcitabine, or CPT 11.

Method:

Cell Survival — MTT assay: The MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5 diphenyl

tertrazolim bromide) method of determining cell growth/cytotoxicity was used to determine
cell survival. MTT is a tetrazolium salt that binds to b mitochondrial dchydrogcﬁases of
living cells. Binding converts yellow, water soluble MTT to an insoluble, purple formazan
crystal. The crystals are solubilized with a 50% N,N-dimethylformamide (vol/vol), 20% SDS
(wt/vol) solution (pH4.7), and absorbance is determined at a wavelength of 570 nm. Unbound
MTT is not detectable at this wavelength. The amount of bound MTT measured in the assay
is proportional to the number of live cells present. (Niks and Otto 1990: “Towards an
optimized MTT assay,” J. Immunol. Methods. 130, 149-151, Hussain et al. 1993; “A new
approach for measurement of cytotoxicity using colorimetric assay,” J. Immunol. Methods.

160, 89-96).

Cells were harvested from cell cultures using the standard protocol (Trypsin/EDTA).
The cells (1000 to 5000 cells in 50ul of solution depending on cell type used) were then
plated and incubated overnight at 37°C before the addition of the agent or combination of
agents.) After 2 days of incubation at 37°C, 10 ul of a 5 mg/ml solution of MTT was then
added to all the wells and to a media control well. The plates were further incubated for 4

hours. A 100 pul of MTT solubilization buffer was added and the plates were incubated
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overnight at 37°C. The plates were then read on the ELISA plate reader with absorbance at
570 nm and a reference at 630 nm.

The effects of combinations were tested on three representative cancer cell lines:
H661 (lung cancer (carcinoma)), MCF-7 (breast cancer (adenocarcinoma, pleural effusion)),
and HT29 (colon cancer (adenocarcinoma, primary tumor)). Initial assays were carried out to
determine the concentrations at which taxol, oxaliplatin, gemcitabine, or CPT 11 (also known
as irinotecan) killed approximately 10% of the cells under investigation. In a second series of
assays, pentamidine was added to the cell cultures. Several concentrations of pentamidine
were tested in combination with each 6f taxol, oxaliplatin, gemcitabine, or CPT 11 and the

LCso was determined i.e. the concentration of pentamidine that killed 50% of the remaining

cells.

The addition of pentamidine to a sub-lethal dose of cyfotoxic chemotherapeutic agents

greatly increased the anticancer effect (from 2-fold to 50-fold) for breast cancer (MCF-7),

lung cancer (H661) and colon cancer (H T29) cells, as shown in Table 1.

Table 1: LCsp of Pentamidine On Cancer Cells When Used Alone Or In Combination

With Taxol, Oxaliplatin, Gemcitabine, or CPT 11

Cancer Pentamidine Pentamidine Pentamidine Pentamidine Pentamidine
cell type (mM) 2 days’ (mM) with (mM) With (mM) With (mM) With
Taxol (2 pM) Oxaliplatin CPT11 (0.25 Gemcitabine
(0.25 pM) M) (0.26 pM)
H661 0.15 0.007 0.003 0.003 0.027
MCE-7 0.15 0.06 0.009 0.026 0.066
HT29 0.27 0.13 0.009 O.Q12 0.030

! Length of exposure to mixture.
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Since the concentration of the cytotoxic agents killed 10% of the cells when used

alone, an additive effect would simply have manifested itself as a small improvement in the

performance of pentamidine, roughly corresponding to an improvement of about 10% versus

that of pentamidine alone. The data show that the combinations allowed the concentration of

pentamidine to be reduced by 100% (HT29 with taxol - worst case examined) and by 5000%

(oxaliplatin or gemcitabine with H661 — best cases examined) while maintaining the same

cell killing efficiency. All the cytotoxic agents displayed a strong synergistic effect when

used in combination with pentamidine.

This effect is also demonstrated by the data in Tables 2A - C, where pentamidine and

various cytotoxic agents are used at higher concentrations than those described above. The

extent to which each kill cells when used alone is reported in the tables. The data are

followed by the extent of cell death when the compounds are used in combination. Again the

combinations show synergy and not simple additivity.

Table 2A: Percentage of cells killed at various drug concentrations

Cell line Pentamidine CPT-11 Pentamidine (0.15 mM)
(0. 15 mM) (3.2 pM)
CPT-11 (3.2M
H661 50% 14%
MCF7 50% 30% 100%
HT29 13% 6%
Table 2B
Cell line Pentamidine Oxaliplatin Pentamidine (0.15 mM)
(0.15 mM) (0.25 pM)
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Oxaliplatin (0.25 pM)
- H661 50% 14% 95%
MCF7 50% 8% 71%
HT29 13% 10% 93%

Table 2C

Cell line Pentamidine Gemcitabine Pentamidine (0.15 mM)
0.15 mM) (0.26 pM) +
Gemcitabine (0.26 pM)
H661 50% 25% 100%
MCF7 50% 23% 100%
HT29 13% 23% 100%

Example 2 — Clinical Trial Pancreatic Cancer

A non-randomized, open label, Phase I/Ila clinical trial is designed to assess the effect of
intravenous (I.V.) pentamidine for subjects with advanced or metastatic pancreatic cancer

undergoing standard chemotherapy (gemcitabine regimen).

A total of 15-20 subjects with pancreatic cancers are being enrolled over a period of 12
months. Pentamidine is being administered I.V. over a period of 1-2 hours, in a continuous 3
regimen, with a starting dose of 6 mg/kg of body weight of pentamidine isethionate.
Pentamidine is being administered two days prior (Day -2) to the start of a 21-28 day

standard chemotherapy cycle for pancreatic cancer. A further dose is being given on Day -1.

CSPC Exhibit 1106
Page 15 of 390



WO 2010/125462 PCT/IB2010/001012
: 16

All subjects are being given a standard of care chemotherapy regimen. Subjects continue
treatment as long as they receive clinical benefit, or until objective disease progression is |

documented, or until they withdraw from the trial for other reasons.

Example 3 — Clinical Trial Colon Cancer

A non-randomized, open label, Phase /ITa clinical trial is designed to assess the effect of LV.
pentamidine for subjects with metastatic colon cancer undergoing second-line chemotherapy
(modified FOLFOX-6 (mFOLFOX®6), or Capecitabine and Oxaliplatin, or FOLFIRI or
IROX, or Capecitabine and Irinotecan containing regimens) treatment and/or chemotherapy
as per physician choice for third line and above treatment regimen. (FOLFOX regimens
contain oxaliplatin, FOLFIRI regimens contain CPT 11 also known as Irinotecan; and IROX
regimens contain Irinoteéan and Oxaliplatin). Patients may also receive bevacizumab
(Avastin) as part of chemotherapy or cetuximab (Erbitux) or panitumumab (Vectibix).

Twenty-two patients are enrolled to date.

Pentamidine is being administered two days prior (Day -2) to the start of a 14 day standard
chemotherapy cycle for metastatic colon cancer. A further dose is being given on Day -1.
. Pentamidine is being administered 1.V. over a period of 1-2 hours, in a continuous regimen,

with a starting dose of 4 mg/kg of body weight of pentamidine isethionate.

The study design allows for dose escalation to 6 mg/kg of pentamidine and for continuing
patients on pentamidine alone when side effects from the other anticancer agents become
pronounced. Both dose escalation and treatment with pentamidine alone are at the discretion

of the treating physician.
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The following combinations with pentamidine are tested in patients: FOLFOX (fluorouracil,
folinic acid and oxaliplatin) or modified versions thereof with or without bevacizumab,
FOLFIRI (fluorouracil, folinic acid and irinotecan) or modified version thereof with or
without bevacizumab, CPT-11 with or Without bevacizumab, CPT-11 with or without
oxaliplatin, and capecitabine. Almost all patients will have previously failed on their current

treatment or a combination thereof.

Interim results demonstrate that pentamidine significantly enhances overall survival when

compared with best current therapy.

Example 4 - Clinical Trial Breast and Ovarian Cancer

A non-randomized, open label, Phase I/Ila clinical trial is designed to assess the effect of I.V.
pentamidine for subjects with breast and/or ovarian tumors and/or metastases derived from
breast and/or ovarian tumours. Patients are receiving pentamidine beginning with two doses

of pentamidine isethionate (6 mg/kg) prior to each cycle of standard chemotherapy.

Pentamidine is being administered two days prior (Day -2) to the start of a standard
chemotherapy cycle for breast and/or ovarian cancer. A further dose is being given on Day -
1. Pentamidine is being administered I.V. over a period of 1-2 hours, in a continuous
regimen.

For the treatment of localized or metastatic breast or ovarian cancer, doxorubicin, 5-
fluorouracil, carboplatin, and paclitaxel are examples of components of standard
chemotherapy regimens. Capecitabine (Xeloda®), an orally administered systemic prodrug
of 5’-deoxy-5-fluorouridine (5’ DFUR) which is converted to 5-fluorouracil, is also used. The

incorporation of pentamidine in combination with standard chemotherapy, for example,
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doxorubincin or 5-fluorouracil or carboplain or paclitaxel, comprises another aspect of this
invention.

The study design allows for continuing patients on pentamidine alone when side effects from
the other anticancer agents become pronounced. Dose escalation, reduction, and treatment

with pentamidine alone are at the discretion of the treating physician.

Example 5 - Phase I/II trial of pentamidine with fluorouracil, oxaliplatin and/or CPT-11
containing chemotherapy in patients with previously treated metastatic colorectal

cancer imCRC)

. “Colorectal cancer is the 2™ leading cause of cancer death in North America

. Combination chemotherapy with biologic agents has extended median survival
in patients (pts) with mCRC to approximately 24 months

. Novel agents are being actively investigated

Endo-exonuclease (EE), a key enzyme in DNA recombination and repair, has
been show to be overexpressed in cancer cells*>

Pentamidine inhibits EE and has been shown to have disease stabilizing
activity in metastatic cancer 14

In vitro studies have shown that pentamidine can potentiate the effects of
cytotoxic chemotherapy on malignant cells; by impairing their capacity for
DNA repair, they are more susceptible to DNA damaging agents ">

'STUDY OBJECTIVES

. To evaluate the safety and efficacy of combining pentamidine with
fluoropyrimidine, oxaliplatin and/or CPT-11 containing chemotherapy (CTX) in pts
with mCRC who have failed prior lines of standard treatment

. _ Primary endpoints: treatment safety and tolerability
. Secondary objectives: response rate (RR), progression-free survival (PFS) and
overall survival (OS)

CSPC Exhibit 1106
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. Eligibility criteria: radiologic evidence of progression of mCRC on > 1 prior lines
of standard CTX; >18y/0; ECOG 0-2; normal EKG; adequate hematologic, hepatic
and renal function; life expectancy > 3 months; informed consent

. Pentamidine at 4mg/kg was begun the day before CTX and gradually escalated to a

maximum dose of 6 mg/kg for 2 consecutive days before CTX (see Figure 1)

. CTX was chosen by the patient’s treating oncologist

. Adverse events (AEs) were graded according to the NCI CTCAEvV3 classification
system

. Dose limiting toxicity (DLT) = any grade 3 or 4 occurring within the first 2 cycles of
treatment that can be attributed to pentamidine

. Maximum dose of pentamidine chosen for this study was 6 mg/kg for 2 consecutive
days before CTX; higher doses were not tested

. Screening CT chest/abdomen/pelvis within 28 days of starting study treatment ->
repeat q3 cycles or as per standard of care

. Radiologic response was assessed according to RECIST criteria

. An extension phase was opened for pts with no disease progression after 6 cycles of
pentamidine

; Clmi_g:al _ghaljgcteljfsticéi

. Preliminary results on the initial 17 patients enrolled in this ongoing phase I/II trial
are presented (Table 3)

. Median age of first 17 pts = 66 (range 43-82)

. Median treatment duration of first 17 pts = 15 weeks (range 0.3-58)

Median patient age 66 years (43-82) -

Male : Female ratio 10:7 _ 59%:41%
ECOG status: o ‘

0 : 10 59%

1 5 ‘ 29%

2 2 ' 12%
Number of previously

failed CTX lines: ,

1 ' 3 18%

2 7 1%

3 or more 6 35%
Data pending = 1 6%
Current CTX (selected

by treating oncologist) . )

Trinotecan-based (with 8 (2) 7% (12%)
Bevacizumab) oL * - 1 .

CSPC Exhibit 1106
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Oxaliplatin-based (with 4 (1) = 24% (6%)

Bevacizumab) S ' L

Irinotecan and 4 (D 24% (6%)
Oxaliplatin-based ' ' ,

Othe: 1 B R 6%

Initial dose of o

pentamidine prior to

CTX: .

1 x 4mg/kg -3 ‘ ' . 18%

' 2 x 4mg/kg C Q2% T1%**

2 x 6mg/ke e 2 ‘ 12%

Note: A failed line of CTX = disease progression during or within 6 months of CTX end.
Failure of CTX due to toxicity was not counted as CTX failure in this study. Numbers may not
add up to 100% due to rounding.

* Study and data collection have not closed. ** One patient was mistakenly administered
Smg/kg instead of 4mg for the first six weeks (3 cycles) of treatment.

13 out of 17 pts were evaluable for preliminary safety and tolerability analysis

(Table 4). Data pending for 4 pts

Grade 3/4 AEs attributed to pentamidine were hyperglycaemia (23%) and

hyperlipasemia (15%).

« NB. Concomitant drugs (e.g. decadron), CTX preparation in DSW and/or
inclusion of pts with type 2 diabetes may confound direct attribution of
hyperglycaemia to pentamidine

DLT were anorexia and hyperglycaemia, which each occurred in 8% of pts

. Toxicity was consistent with known side effects of pentamidine

CNS: '
Fainting/syncope 8 13 18 lmgkgx1 |No no - |Tx delayed |
Constitutional: v B )
- 3 'discontinued
Fatigue 5 4 4 4mg/kg x 2 iNo mo Istudy
‘ ' ’ ' continued

7 B 14  Amg/kgx 1 Ipossibly possibly [study
General ; . ' - discontinued
deterioration 15 4 4 4dmg/kg x 2 No no study
Dermatologic: '
Hand-foot o ' E : ‘ :
reaction . 3 3 2 Mmg/kgx2 No  Idefinitely {Tx delayed

“SPCEXhibit 1106
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Gastrointestinal:
' ; ] continued
Anorexia ‘5 3 2 - Amg/kgx2 jpossibly possibly study
o i . ‘continued
Diarrhea - 5 3 3 dmg/kgx2  iNo definitely ;study
10 5 4mg/ke x 2 ipossibly possibly {Tx delayed
~ continued:
12 3 3 4mg/kgx 2. iNo iprobably istudy
Genitourinary : ' :
Urinary tract - | A R 1 >
infection 11 3 2 Ameg/kgx2  No no Tx delayed
éHematologlc /

7 S ! gcontinued
Neutropenia 1. B 5 Amg/kg x 1 possibly *deflmtely study
Metabolic: - ' ' o : '

‘ h ' » continued
Hyperglycaemia RN -3 1 - ‘4mg/kgx 1 ‘possibly no study
L : . - discontinued
] 11 4 '8 Amg/kg x 2 definitely  no study
. ‘ ' | ' discontinued
e 2 8 10 dmelkex2 ¢ definitely fposmbly sudy L
Elevated L1pase 7 3 14 4me/kg x 1 possibly. ,possmly Tx delayed
3 - ; discontinued
8 13 19 ‘4mg/kg x1 ldefinitely ,no study

Note: Data pending on 4 pts. Grey text = adverse events not attributed to pentamidine. Tx =
therapy. * Study and data collection have not closed.

. 14 out of 17 patients were evaluable for response (Table 5)

. 35% of pts had SD and 47% had PD at patient exit

. Preliminary analysis of the median PFS time = 4.4 months (Figure 2)
. Median OS time has not yet been reached

. Changes in CEA did not correlate with response (data not shown)

ed1an duratmn of treatment
est response during treatment*

7770

E

U

evaluable (Data pending)

esponse at patient exit from

mal**

3.

. 0%
6%
59%
24%

< 15.1Wk (0.3_58'4) FE A I PO S % S W N MR

18% (6%)
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LSR 0 0%

PR 0 0%

SD 6 35%
ED S ‘8 47%

Unevaluable (Data pending) -~ 3 (1) - / 18% (6%)

Reasons for patient exiting the - ' A

trial: , ‘

Toxicity attributed to pentamidine 3 18%
iPD : : -6 35%

Fatigue : 2 . T 129

Other (general deterioration, 3 18%

surgery, jaundice) i ,

Data pending 3 ) ' 18%

Note: CR = ( complete regressioh, PR = partial regression, SD = stable disease, PD =
progressive disease. Numbers may not add up to 100% due to rounding. * Study and data
collection have not closed: ** Best response indicates best tumour response achieved as
determined by CT scan.

Toxicity associated with the combination of pentamidine and CTX was consistent
with that observed in the literature and was manageable

Pentamidine & CTX appears to have disease stabilizing activity in mCRC that has
progressed on standard lines of treatment

Chow TY, Alaoui-Jamali MA, Yeh C et al. The DNA double-stranded break repair
protein endo-exonuclease as a therapeutic target for cancer. Mol Cancer Ther
2004;3(8):911-9.

Sibgat A. Choudhury, and Terry Y-K. Chow, DNA repair protein: The endo-
exonuclease as a new front in cancer therapy. Future Oncology 1(2):265-271,
2005.

Choudhury SA, Kauler P, Devic S et al. Silencing of endo-exonuclease expression
sensitizes mouse B16F10 melanoma cells to DNA damaging agents. Invest New
Drugs 2007;25(5):399-410.

von Hoff D, Gorton M, Turner J et al. A phase I study with CRx-026, a novel dual
action agent, in patients with advanced solid tumors. J Clin Oncol, 2005 ASCO
Annual Meeting Proceedings. Vol 23, No. 16S, Part I of II (June 1 Supplement),
2005: 3073 ‘
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From the foregoing description, one skilled in the art can easily ascertain the essential
characteristics of this invention and, without departing from the spirit and scope thereof, can
make various changes and modifications of the invention to adapt it to various usages and
conditions.

Example 6 — Human Xenograph Study

A human xenograph study in a mouse model was conducted to demonstrate the anti tumor
activity of Pentamidine administered intraperitoneally twice a week in combination with
Gemcitabine administered intraperitoneally twice a week in the BxPC3 human pancreas

xeongraft model on CB17 SCID female mice.

BxPC3 cells were transplanted subcutaneously into the flank of each animal as a suspension
of tumor cells (5 x 10° cells in 0.1 mL in PBS) on January 4, 2010 (day 1). Transplantation
was performed under a laminar airflow hood. Four (4) days after BxPC3 cell injections, mice
were randomized (day treatment began) into 4 groups of 10 mice each based on tumor size so
that the average tumor size in each group was comparable. Five (5) mice were rejected of
this study because no tumor grew, tumors were too small, or tumors were too big. Animals
were labeled using the “ear punching” method so that for each group, all 10 animals could be
distinguished. Each group of 10 mice was housed in 2 separate cages of 5 mice each; animal

numbers 1 to 5 were housed in Cage A and animal numbers 6 to 10 were housed in Cage B.

Prior to every dosing injection, each animal was weighed and received their respective
formulations. Mice in group 1 were treated intraperitoneally for two consecutive days, stop
one day and two other consecutive days for nine weeks (one mouse reached one end points)
by direct injection in the abdominal cavity with 0.9% NaCl usp. Mice in group 2 were
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treated intraperitoneally, bi-weekly (Monday and Thursday) at 45 mg/kg with Pentamidine
for nine weeks. Mice in group 3 were treated intraperitoneally, bi-weekly (Tuesday —Friday)
at 150 mg/kg with Gemcitabine for eleven weeks. Mice in group 4 were treated first with
Pentamidine administerd intraperitoneally bi-weekly (Monday and Thursday) at 45 mg/kg
and with Gemcitabine administerd intraperitoneally bi-weekly (Tuesday-Friday) at 150
mg/kg for twelve weeks as described in Table 6. The dose volume was 30 mL/kg for mice

treated intraperitoneally. f

Table 6: Treatment Groups

Group Compound Route Dose Dose Dose Treatment
(mg/kg) Volume Concentration Frequency

. (mL/kg) (mg/mL)
1 0.9% NaCl usp IP 0 30 0 Two consecutive days,
stop one day and two
other consecutive days

for nine weeks

2 Pentamidine IP 45 30 1.5 Bi-weekly Monday
and Friday for nine
weeks

3 Gemcitabine IP 150 30 5 Bi-weekly Tuesday
and Friday for eleven
weeks

4 Pentamidine P 45 30 1.5 Bi-weekly Monday
and Thursday for
twelve weeks

Gemcitabine Ip 150 30 5 Bi-weekly Tuesday
and Friday for twelve
weeks

1P = Intra peritoneally
mg/kg = milligram.kilogram
ml/kg = milliliter per kilogram
mg/mL = milligram per milliliter

At termination, when the tumor volume of one of the mice in the group reached 1500 mm>,
the whole group was sacrificed, and animals were anaesthetized using isoflurane and

sacrificed by cervical dislocation.

All treatments were well-tolerated. The results are shown in Figure 3.
CSPC Exhibit 1106
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To a high degree of statistical confidence, use of pentamidine alone and of pentamidine and
gemcitabine in combination were found to have a beneficial effect in the treatment of
pancreatic cancer.

WHAT IS CLAIMED IS:

1. A method of inhibiting the proliferation of cancer cells comprising administering to a
patient in need thereof (1) pentamidine and (2) oxaliplatin, gemcitabine, taxol, 5-fluorouracil

or CPT 11.

2. A composition comprising (1) pentamidine and (2) oxaliplatin, gemcitabine, taxol, 5-

fluorouracil or CPT 11.

3. A method of claim 1 wherein the amounts of pentamidine and oxaliplatin,

gemcitabine, taxol, S-fluorouracil or CPT 11 are synergistic.

4, A method of claim 1 wherein the cancer cells are squamous cell carcinoma cells, large
cell carcinoma of lymph node cells, breast cancer cells, colon cancer cells, lung carcinoma
cells, melanoma cells, pancreatic cancer cells, leukemia cells, non-small cell lung cancer

cells, CNS cancer cells, ovarian cancer cells, renal cancer cells or prostate cancer cells.

5. A method of claim 1 wherein the cancer cells are pancreatic cancer cells.

6. A method of claim 1 wherein pentamidine and oxaliplatin are administered.
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7. A method of claim 1 wherein pentamidine and gemcitabine are administered.
8. A method of claim 1 wherein pentamidine and CPT 11 are administered.
0. A method of claim 1 wherein pentamidine and taxol are administered.
10. A method of claim 7 wherein the cancer is localized or metastatic pancreatic cancer.
11. A method of claim 9 wherein the cancer is localized or metastatic breast cancer.
12. A method f)f claim 6 where the cancer is localized or metastatic colon cancer.
13. A method of claim 8 where the cancer is localized or metastatic colon cancer.
14. A method of treating cancer in a patient comprising administering to said patient (1)

pentamidine and (2) oxaliplatin, gemcitabine, taxol, 5-fluorouracil or CPT 11, optionally in
each casé with the further administration of folinic acid, fluorouracil, bevacizumab,

cetuximab, panitumumab or a combination thereof.

15. A method of treating pancreatic cancer in a patient comprising administering

pentamidine to the patient.

16. A method of claim 15 wherein the cancer is localized or metastatic pancreatic cancer.
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17. A method of treating localized or metastatic, pancreatic, breast, ovarian or colon
cancer in a patient comprising administering pentamidine to the patient in combination with

standard chemotherapy for pancreatic, breast, ovarian or colon cancer, respectively.

18. A method of treating ovarian cancer in a patient comprising administering
pentamidine to the patient.

19. A method of claim 18 wherein the cancer is localized or metastatic ovarian cancer.
20. A method of treating breast cancer in a patient comprising administering pentamidine
to the patient.

21. A method of claim 18 wherein the cancer is localized or metastatic breast cancer.
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Figure 3

Effect of Pentamidine in combination with Gemcitabine on tumor size (mm®) over time
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AN RIS SR AL T B 57 7 R sl R I B 7 A B IR A ) ol 6 v, AR
KT R AR A T IR JE I RO a8 VR A A9 B . ARSI AR N
DU ATARIE A A SRR IR AR AL T RS A &R R . X T
AW T A P e B R AR DT 5 I B il T VR B TR R
il VRS N R IR

DIELL MR A £ D AR Fh 07 vk 4w B IRk
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~ ARPEEC T A TP PRI . I E R O K SEE B K LR
Wmmﬁﬂ$ L PR G, IR BRI LIE S 15 3 2 H IR R
PR, 2 )5 5K H v s 25 BTl LB N 35 s 1 &6l = IR oA &
it HPRLEE 5
B. S AL U7 g A e RS R SO BGRT- F EER G R
A, e 78 AN R U, N2 ph AR AL B2 1 R oA o
2ZJi 2R F ey s B0 SO L B AN T e il 22 1 R B4R 2 BT e R
J55
C. MRY=HC 7 hIERENE . THRE R S22 atiR &, ZJa KM sk
P2) JR LR/ AN T A il 2 22 11 1 oA 22 B s ks 2
D. MRYEHCTTIE M PR . IHEBEE T J0 /K SR /K -
TEERAERI, SR G, 20 R s LY A s
B a2 IR U T R
)R AR N SR KA & TR R AR B R RSN KAT, A
JIG I AR A ZKAH 55 8 AKRH 7 A2 B 1B B
35 NG UM £ PO SR AR B AL B, I B R AT 21k
FERY S IR IR S 0BT, I, W E - E RIS
e 0K 30 “EHA R miklile” PR, s Ll K.
4757 5 2R L2 IR BRE S AR AR A R R B LA R AR T i 22
MRA T RIS E bR L R B I 0,  [RIIERAE h TRA 0 2
AR AR

AHEIE SRR TS BRI NR TR RE AR ST . TR R A
e WS G H RS IR, Wi S A R . ﬁﬁ%%@%m%
S IR AT e P AT H B AR e A, Blndi xR E. 4 &mz&%
RS AT R R e e T B . o B Ay, XA
S8 BB 50 R I & I DY £ 1 B3 3 A G T FL Al AR UE I BOR i, A
T AR R e AT kA, PRtk n]iEH 4 P R &)
WO — 8k £ W o — 85 b iR Fh, HASE A8
N B 0%~0.5 wiv % H FERAH 0%,

ARRHAGP P ILES A HUEM, FridbieE sl ik 3 /KEtEdt
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AR B EPUEN, TRWRE PR AIE R o . o-tE B IRIE
HIMRNE . o-FEMR A B MR S, Ik A P ik 3 Hrdi g |
WA RN . WALRRE . WY L haRB IR e, iR
FUF I BB 0%~0.5 w/iv % HL RERA K 0% .

FEST AT LU i B TR B B A H ] B v s T T
A, FTRBIE R L H AN BERE. (LAUEE. T EREE. SILBN.
ol dHed e IR A . T 2d MR A LR . e R . 2224 PR
MR R REEN R T — e, HiBiE IR e in AL
14 0%~5 w/v % H FFRAA 0% .

DS R 1 2= W2 cl | % GBI S8 - 01 ) e 2 a7 w1 I P 1 3
TR T E G RS IR MR TR &L . R TIRYAIE B A 470 P
HEEhE . HERNE. A R EELRE P A —Fh e R .

A WIAIE 328 BV S AR I P AR S A LU B S A EL R )

EhIR AT B 1 173

A KT IR R 3.4-3.8 {3

R L IE 2000- A BERLEE IR L S BEE 0.34-0.38 {7
JH [ 0.8-0.95 7+
O MDY 218 AN 0.05-0.09 13,

HAE A = AR S IR IR R EE A 12 4.

EIRV AR A RS TR R R

Dl Fi& A & D AR R 7 vk E R A

A WRYREC T R SRR . A RS T K BRI /K S -
TEERAFIT, SZ2eh R, R R RS 19 32 A5 R
AR 2 )5 R TR 3 SR L B/ AN B s 1 46 il 4625 1 TR iR 2
e PR

B. RYGHC T % H P MEEEE  EE RSS-S0 B - TR A
A, e ZE K IE BB, I NS iR KA AT 2 2 1 18 i A0k o
Z )5 R HH v R Y8 L B AN T e i A& S 1 I TR 22 0T 7S R
5

C. MRy g . THE RS ZZehFR S, Z Xk
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B S ML B M P 12 46 il 2% 25 T oA 22 9T e R s i

D. MR¥HCTTEH IS . THFEREE 6K QBEE G K 2

JEHR AN, HSorhANE A, 25 S s s RN EY B

R T A 2 R AR 22 BT i RS

)R AN SR KA BB f = A B s IR SO A KA, A
NG A4 N K AR 55 AR KR 77 A B 1 i

3y 2R A A O SR AR B ST R B K VAU, IMNB BT B TR
JER) S IR IR S B P, e, W eI A RIS .

TELIR 3) “EHNE IR SRR, WA LR T,

AYUF 2 B2 5 PR S IR 4 < AE £ IR P 57 BRI I Ak i N 22
M R V)RS bR L AR OB A5, B R RE MR 4 2558 24
IR A

TEASBUNE RIS, b v Tl L R AR IR AR 25 ik B, 2 %%, ohuklg
W, RESN /NI, IR B M B 1 IS U 2 R K R i
CR ORI, R, 2, IR, WEHTHD, BT
M, A TE

AR R ROR

Ry R O R T IS AU, S IR P R AR AL,
YO T R RN A b, SRR 2R e I, 0 27T AR P LL Y g
WHPIRESAATE, REUE I 4R AU SN-38 7 1L 3% fr ok i,
LR BB IR 28, AR S 8I1EH .

AR T F AP ST R BRI £ N7 R TS T S o 30 3 e 4 R s ) 2
Yo AR B LO A O 3R, AT I AR e IS TR A4 38 24 AR 1 )
IR (w/w) A1 0.25 LU E, [FERZ9aEZalis 90% Ll F, Kk
FIAL 5T Ik 95% LA by AR R B S i 20 35 50 1 [ I o i s ) )
A AR BUAORLAR IS, e T TR R R ek . AR B S L
XPRE RIR IR, PRig I — € LW 2 P e s v i 4wy 7
Re iR R e s IR IRRIRIAETE 10nm-220nm 2 [8], 4rAadsg. 1
JRORSUE > PP ST A FRE R R R £ 3775 M AR S 1) 5 g R 25 BT 4 SR
Wi, 40°CIESAF TICE 10 R, WM BT TLE ZL, sk
A BESR; A7 HEECER TR A 7 5 R I ST A4 5 9 5 i s R T L
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C PR T T == i STV A

B P e A

1 7R A WP ST B Bl R AT
A o

] 2 3 7 AR e W P 7 R B A PR

Bl 3 SR RA A BT A R R
SRS §R AT ESp

B RN RAARIE S RIS 53

%EEHE)E ESFIRE A K.
N7 RENE RUAIE S 0 BRI G

10 BARSEHEG R

N SE A T 2B B A AT, AHAS A I AN AR T O SE it
1

SE A 1
A7
T ER T B 0.28¢g 0.28¢g 0.28g 0.28g 0.28¢g
R N R lg lg lg lg Ig
JH [] i 0.4g 0.33g 0.25g 0.2g 0.167g
DSPE-PEG;000 0.1g 0.1g 0.1g 0.1g 0.1g
Wi R % 5g 5g 5g S5g 5g
FALE 0.45g | 0.45g | 0.45g | 0.45g 0.45g
HE [ . A 1: 25 | 1: 3| 1: 4 1: 5 1: 6
FEST K hn 2= P @5 AR AR

15 %U%’ﬁ/i

¥ &b T B ALK S R (HSPC). HENE (CHOL) ¥ TiE &
TR CEEAFNEE W, 5 100ml G FRECEMRIR S, UL BR S BE1S 2
= H AR B Y o 2 S5 K R 5L 1000bar 24)51 5 IR, Z 518
REFF BB R TR ORI (BRI 2R4H 2 9K 0.1um BRI, HF
H 5 V0. 2 Ja IINEC B DSPE-PEGag00 /K #, TFEEIET 20 24l
K I 1] 8 BE S B IE A = A NG s fAc, A TR ASTR) W A # b 7a 33 5 H K,
REA3 2 1 I8 o f4s o

FH A5 FH 7K BC B R FR AP A7 B /K B, H PR SRR B R 5 HSPC
F R L 1:3.5 IR BB BA 5146 B 10 = 1 TG iAo e
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60°C i, WFE 20 PP RIS NGB . R H U Im) i b8 JE A R
FARAERIAY, PSR4 22 50ml, A 0.45g SALHIE Y
BIE . WIS, ER, 0.22 pm MERGEIEGE, AR T
AN, B R R AP T R TR SR A B A

HSPC: CHOL il 7k PRI T

6 1 YBima 138.7
0.1um F¥iH 5 X 92.26

Y 136.2

> 0.1um £} 5 K 89.5
41 YipE 123.4
0.1um HFH 5 K 87.26

3. 1 HR)a 14581
0.1pm HF i 5 X 3.4

2.5: 1 HI 142
0.1um £FH 5 Ik 98.56

il B 25 AL T R AR AL A N R BT, SRR, Wl S H T I
FHEOY 4:1 IEFR SR AR f N

g AN TR A - LT I o LU e RO AR R PR 25°C 45 CEL, %8
FOEME. SiRAWTR, 25 CHAM NEE 60 X, #5555 IHE N E SN
4:1 FEA R AW BR W] AR, HUE LU BRI R AR O, dpR
AR, AT, WIS IHRE R R 401 BIRE AR S TS .

Frz

HSPC/ FCE B 1A] AN EN% (o) ZER DA G SR I
CHOL (25°C, X)Wk ° IZmVl (mv)  (mg/mD  Fi% @5
KAt
0 S 9886 92.3 -30.5 5.05 0.58 0.39
TRAER
KA
6: 1 30 S 9856 943 -26.8 5.04 0.75 0.56
TR T
KA
60 ST 9820 959 -24.9 5.06 0.85 0.66
TRER
KA
0 S 9937 873 -32.1 5.10 0.55 0.40
TR AT
4: 1 30 RUB 0555 875 3009 5.11 0.64 0.50
NS
60 Kt 99.18 87.8 -28.6 5.09 0.70 0.62
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Kt

S 9927 985 -35.8 5.12 0.60 0.38
TR

KAt

oo 9875 1002 -28.6 5.09 0.73 0.1
TR

25: 1 30

ESER)

. 98.19  101.7 253 5.07 0.84 0.67
VR TR

60

S50 SRS TER R, &5 S UF B HE [ E S e 22 18] B BL s R 1
3~5 nIE B LR G A RO, AEACEEN 1: 4.

5 ST ge 2
LT

NG VA = 0.28g

ZAL K= ONEERE (HSPO) g
2 2000-—TH BRI RS IE 2 B 0.1s
(DSPE-PEGng00) =
JH [i] fieg 0.25g

Wi PR 5¢
L VY TR 0.02g
SAL Y 0.45¢

TEST 7K I 22 pr AR R

& vk
Kb B S K SO BER . T RS T8 8 L /K R TR
10 W, 5 100ml FFRFLEMIR S, P B SRR 20 8 A i o
2 A R H IR AL 1000bar #2950 5 IRAFIF, 2 J5 il B ve b R
SRR R AR G 284l 2 9K 0.1pum BB, B 5 Y. ZJE A
BL il B DSPE-PEGagoo /KM, WHEITE & 20 2080 =R U In) i i ke
BT R A, R RIAS (AT b 7R S R K, RIAS 2 R i A4
15 FH A 5 FH 2K C il R R TP 7 R R /K SR, 42 PR SRR O 7 B R 5 HSPC
FOE R LB 1:3.5 IS Bk HAT S50 B2 5O = B TR iUk 0 o
60°C NP, W E 20 /e RIS IR IR . R H U In] il M8 JEE A R
ERCUERAY), RS KRET 22y 50ml, A 0.45g SALBY Y
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BIE . WL, A, 0.22 pm PERLIERR R, AT
AN RIS ER MR O N7 BRI AR 5 57

St 3
5 AR JTUARAL T RS VR S SERt ] 2 A, AN 2 4 R R R
ALY HSPC WIEELELHI B AR 1:1.5. 12 1:3.5. 1:4 X 1:5
AT MR A, ERER O A BENR TR S BB R AR A2 LR K.

CPT11/HSPC fEE (%) #FHZi=m (mg/mD) ¥ife (nm)
1:1.5 83.2 5.11 87.1
1:2 90.8 5.15 86.5
1:3.5 99.4 5.08 85.9
1:4 99.1 4.81 85.4
1:5 99.4 425 86.7

SiE UL, MR R HSPC I LEWI oy 1:1.5 BT B R B %
10 PR, M ILEEIh 105 I 28T B, ANTE A e pim PR Y
A7, HEHITE 1:2 5 1:4 2Z (A G320 M 38 2B B .

SEJE ] 4
FE IR St 2 Hh AR U5 2H A B R BRI TR BT A 2 iR T A
15 dlE VARSI 2 Prik Uik, B AN RO o i SR s 2l B e B e
(EPC). gl NEi/if (SPC) #r#edt i) HSPC Kifileh . Rl
FINR IR AR E T 25 C A& F P A EREM. 40R W F&. I ik
B, KM HSPC i3 B MR BUAAE A g Mh e b, 25°C 4 MIE 2 4
H B EAE bR W] AR .

20

Hef 1) PC 4k  GE#FE (% ®AE (mg/mb) FifE (nm)

HSPC 99.4 5.08 85.9
oM EPC 99.5 5.10 87.5
SPC 99.2 5.01 86.9
HSPC 99.5 5.10 85.5
IM EPC 92.4 5.07 88.2
SPC 93.9 5.05 87.3
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HSPC 98.7 5.07 86.5
2M EPC 85.8 5.06 93.2
SPC 89.6 5.02 91.5
ST 5
A T7
TR P SRR 0.28g
AL KGOS (HSPC) lg
58 £, B 2000 h B e 6k AR Ik £ B i 0.1g
(DSPE-PEGag00)
JIHL ] P 0.25g
A P ER KB 50ml
VEST K hn 2 P A AR AR

5 H& L <1>
CBEENG:: B T = A KNG I G . DSPE-PEGagg~ NHI
By T8 B /K S WEAF R R, 73 N B 3h BR AP B R ) A BE AR /K
W, R B RS B R AR A . 2 AR SR NL 1000bar
w5 IR, Z A i Bt s B BB TR ks i R A (5 H AR 2
10 5K 0.lpum HFHML, i 5 K0 RABEPRIREE, &, 022 pm dEBET
BERRWE, AR RVRERN T/, RIS R AR B AL R BRSSO S A
W& Ik <>
L 0E: B TTE A KT IRENE . DSPE-PEGage- NHI
M T id S E AR SO, KNG DU M e 28 RO, B JSS R
15 A IANERER P LR R AR B AR K EF ORI T 4 1he Z 5 RH & B
JITHL 1000bar #2351 5 YRIFEN, PRIl I 355 H v 2535 H IR A4 i HORE A2 (B
H2540 2 9K 0.1um BFH B, HFH 5 WO HIEPIIRIE, £%F, 0.22 um
PERE L JERR T, RERER T/, RIS ER IR O N7 BT A B

Pl
20 g & T vk<1>. <2>DU RS 2 88 o L R O 3 B R i o Ak
(DESEYNG T
eSS BHEFE (%) Fife (nm)
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S 2 99.4 85.9
& ik<1> 15.3 87.9
il eg k<> 17.8 90.2

iAW), R BB B VLN LREA NV N R 78 R R % Hh IR
PAF B B AR I, AT DAAR & Y H A e AEHRE Al R 3 RBAIG, K
HB o B AT N BGRB8
JE 2> BB, RS, WAL, B R ESTE,
A T b B R H B 1B TR i A S PR P S BT RO AT AR R B R 2
Ko

S 6
Ak T7 b5 1 AbJ7 2 AbJ7 3 b7 4
HSPC lg lg lg lg
JH [3] 250 mg 250 mg 250 mg 250 mg
PEG2p00-DSPE 0.1g 0.1g 0.1g 0.1g
HERE / 0.02¢g / 0.02¢g
EDTA-2Na / / 0.02g 0.02¢g
i FREZ VR (300mMD 100 ml 100 ml 100 ml 100 ml
EhIR LB AR 03¢ 03¢ 03¢ 03g
(IR

NG BT AEEEAN . T 1000bar, 6 ¢X; 200nm FHr i
3, 100 nm H5H 5 ¥ I PEGag-DSPE, 60°CIRX T 30 min. ]I
FIEMNT 3K, BRI 50 ml. o VE InFE@ s A ALE A, EDTA
INTEM PR EL B W -

AN BLHIZY 10mg/ml B SRR A KM, A= H
fE i A b, 60°CIAL-T 15 mine H U IR VR4 i 2229 50ml, HI2h S5mg/ml
B

)

o

FREMEgi R IR, al W, BRI & % DY LR AW b 2410
TEAR A, Aei &Pt m T URRIARR e PE, iy e e 7t i
JoUAA B ASURE P AT ] 2 20
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TR ) i g
. [ AN ' Rl B2 T s
W A2 EN® .
Fr iR (25°C, MR N% L@V fe/mi | &% | (mg/mD
nm
K)
HSPC 0 KEAEIRE 199.70 1 85.6 | 5.42 0.65 0.40
30 FKAGIREMW 191511 87.7 § 540 0.74 0.65
K wEl N
HSPCAVE 0 #E@{m%,ﬁz 97.10% 89.0 { 5.01 0.48 0.35
30 KEAEIREW 193491 93.4 1 5.03 0.56 0.43
HSPC+ 0 FKHOIREW {95671 87.2 1 494 0.56 0.38
EDTA 30 KEAMIREM 95671 86.5 1 4.98 0.60 0.40
HSPC+VE 0 KEOIREW 198921 89.2 | 5.55 0.61 0.39
+EDTA 30 HEkRirE 187311 99.7 § 5.51 0.61 0.47
S A5 7
5 AT (D)
TR IR T R 0.5g
A KGR RS 1.5¢
JH ] fieg 0.4g
i PR 10g
EA 2.5¢
AT K JIEN et v i
IR SIRERy

B4 7 ALK GO . IEE B T oK SEA R

W, 5 100ml FRMREERIR S, Tl FRTE OES B2 IR TR A o

ZJE I RS BT IR AR R ORI (PR AR4H 2 9K 0.1pm FF i

o B, B 5 O RV GEIER EENT S R, AR

RS HK, RIS AR AR . FH A 9 A ZKBC B 3 R T N R R K

W AN HBA SRR B IR wei h, 50°C hndde, iy

B 20 S0 RIS R Ak . SR FH T ) G JERE B R 2 AR W E R 259,

[ RE S 4E 229 50ml, SN 2.5g H EERE B8 s . 32k

15 BE, ER, 022 pm PRGOS PERRE, AR, RIS R R

SRR NG ARSI 5 1) o 28 3k g AR P U 2 4S5 R B AA R 2 4 89.3nm,
BLEFR A 97.5%.
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A7 (2)
R ER O T RR g
A E OIS (HEPC) 3.45¢
HH ] 0.8g
Wi R BE 10g
R 2.5¢g
FEST K hn 2 BT 7 AR AR
& ik

B s U7 I AR S O IE . IEE B T /K S EAS R

W, 5 100ml PRSI G . ZJa Ik H H s & B H TR o fcdas il 1

s RAR (BFHEREE 2 9K 0.1pm FRHUE, H5H 5 0. RHVIRI AR E

BT EIE AR, T TRIASTE] B B A Ay g K, RIS Bk . H

TS FH G Y R 1 O S R R KIS, I AN BB AT 8RR R = B R

RSP, S0 CINFEEEE, W E 20 4Bl IFa 28 e ik . SRH D11

T IESE E R L R AUE Y, FIIDEAEM R4 22y 50ml, A 2.5g

10 HEZEPRM B ER. WYL, 7, 0.22 pm JEREERE, &

BAHEE T/, RIS SRR S NG AR S . sk gl Kok B
5 A A5 R8s Ak B2l 87.6nm,  ER K 98.1%.

A7 (3D
TR R 0.3g
ALK E R (HSPC) Ig

B2 T 2000- M ERELEE R TEE 2

. 0.05g

fiE % (DSPE-PEGago0)
e i 0.250
i R 5g
AL 0.45¢
TES K hn 2z P A AR

15 il ik
B4 U7 BRI ALK GO BEIE . E R B Tl LK S REAS R R
W, 55 100ml FRMRELETHE S, PR BRI S EA B2 B IR SR
Z A KA &R L 1000bar 5T 5 RAGH A, Z S5 I EC I G rY
DSPE-PEGogg /KR, HEFENET 20 408l . KA U A se s 5 iE i <
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FUIR A, RIAS TR W A fh 78y 5 K, RIS = (UIR ofds . A3
K TC Y R R O 37 R R KW, NN B AT B R0 FEE = IR TSR 4
W, 60°CIFASEFE, W 20 2 Ph IS IR TR . SR U) AE E
PR LR OEPAY, RIS R gE 22 50ml, A 0.45g &4k
PR BIEE . Y IREE, JEF, 0.22 pm JERIEJERRE, AR
REE TN, RIS ERER P R R IR A 5 A . AR g Kok R I
A5 IR AR Ry 87.3nm, B N 99.2%,

SE A 8
AbT7
TR TR AR 0.5g
ZM KSR BEE (HSPC) Ig
LU (CLD 0.5g
B 2, 5000- i EE LR IS Wk 20 0.58
% (DSPE-PEGsog0)
o4 H Wy 0.05g
JH T3] 0.35g
Frig g 5.76g
SAL Z] 3.6g
ST K 22 P AR

G IR

Frab T AR G IRBENE . OIS . DSPE-PEGsoeo~ NHEINE.
o-"EH MR TG R K AR IE IR, 5 100ml FrERBRE MR 5
il s ok 4t £ R A 3 2 G AR i o 2 S5 R A e 34 5L 1000bar, 4
JIT 5 IR o K FH U0 n] B R 8 B 0B AT = T IR DU, H (Al AS (8] W i 6 h 78 0.9%
SALBNET M 400ml, R4S B i o FH v S R TG /il SR R O A7 3 R
W MR B A SRR BRI B h . 60°ChnFidi+e, iE
B 20 202 RS IR iUk . SR H U iE aE 38 5 bR L R B i 2h 4,
[FIPAEAE IR AE 22 50ml. YR IE, A, 0.22 pm JEM 28
B, AEVEEET /NS, RIS RER O 2 RN R g ). &t
MR I 2 ASGI AT B Ak BE 2 85.8nm, LB FRCh 98.6%.

S A5 9
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AbTJT
TR HE T AE Ak (DPPC)
BRHE RS H i (DPPG)
JIH [ i
E7 k7 NIINLzS
OGP T8 AN
it R B
R
ST K
IR P

PCT/CN2009/075298

0.8g
2g
0.2g
0.5¢g
0.05¢g
0.05¢g
5g
2] 3.6g
hnzpras AR

K4k J7 =) DPPC DPPG- JH & BEET T3 & G K SEEAS NG ITFT

5 100ml BREGAR (F 4 IRV ) WE, WIkBRPE OWES

s B NRUAR A . 2 E SR R THL 1000bar, B8 5 ke R DI
) Vi R ELE AT A R AR, T A AN A BT R R R 0.9% S BN R
400ml, RIS PG 0AR . FHA S K BO il Sh AR s R s, I
HA B B R B, 60°Cn#diedl:, 1 E 20 -8Rl
A NG R . SR U] Inl i DR B P L R W E B 258, [RII R A

10 AR 50ml, MAFOIRMAER. HAE9PREE, EA, 0.22 pm JERK
LR, AR TR,

20 1o g AR FE W E ASCMAF TR AR S 2 89.4nm, L3N 97.2%.

ST 10
15 A T7
IR LSRR
ZA K ZONEElE (HSPC)

IR 72, W 5000- S ES IR IS 2

g% (DSPE-PEGoooo)
o B My
JH [i] i
AN

16

RIS 2 R B ST A5 R R I A3 A 711

0.5¢g
Ig

0.1g

0.05¢g
0.3g

5g
2] 3.6g

2g
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H 1g
ST K hn & P AR

8 ik

FRab 7 B SR G OB IHFENE . o- 2 B A T8 8 0K SR
Il B, 5 100ml B BRIV &, I R e SRS B A TR I
AN . Z )5 R H @ EIAL 1000bar, 390 5 WK, FRE B H BB
RS (BF A4 5 9K 100nm BB, BEH 5 00, Z 5 IABLHILF
[} DSPE-PEGsqoo KR, HiFEIEE 20 38l SR FH U In) S D8 2 B AT
FEMRTA, PIAASEIETR RN 7S 0.9% S AL ANET A 400ml, RIS (1 )E
TR o PSS FH IS ) £ 2 P 37 8 RV, I B 2 AT B TR LAY
FIR AR IO, 60°CIndi ke, 25 20 7 prEMS B2 IE k. %
AN AU DE R B IR L R W BRI, [RIIRAE RIR 45 2 29 50ml,
AEREAH Sr W AR G35 . A2 YRS, €4, 0.22 um PR IE
BREE, SRS TVUMHD, W UR TR, RIS SRR B AL B NIE STV TR
BT o R R SO 2R TR E T K AR e il E BB BARORLBE S 90.8nm, LB ER Yy
97.5%-

R 1

R A A B RIS Rl (RSl 20 FOFEAL AL

LRt oA ] WA MIE &, LAKRR G 3h & S v T e .
W5 WK A=633nm, BEMIE 1739, WIS 25°C. BRI/ LSRR
(Intensity) #K/N. Bt mEIWE 1, FHER4EH 85.9nm.

[EAFHE]Y WU BUARE SIS &, 8 o T ideE gl 1,
4 R G INAE S, H 2% IR B th,  fF TS 7E JEM2010 35 5 e
B CHAH TR A TMEAMN . TEEEILE 2. £ B e,
FAZ B BG83 A U X o 7 2 54, RiA% K6 41 #F 200 nm
AR, S5ahasse v e p g AR & o

[RusfZRile ) 4SS EW e vk BilksE: Agilent ZORBAX
Eclipse XDB-C18 (4.6x150mm,5pum); VizhtH: - 0.05M #ifE — 4
PP (pH 4, & 1% — %) = 20:80; FHih: 40°C ; BEFEAFA:
20uL; itiE: 1.0mL/min.

17 CSPC Exhibit 1106
Page 48 of 390



WO 2011/066684 PCT/CN2009/075298

£ 3 2R J7 v WRET 1mL BEAN AW A 10mL B, A KK

BEZIBE, #2454, & 8010 AL pESS (MILLIPORE v n]) &, -k

WIVEW, HUEBE W A AR W - 40 DR A o R PR

20uL JEABAH AL, WO B, UAMRZTTH SRR S A S =,

5 0 W B EWCEDUR 5z AN A A S &, WA Wee %
AR A R R

iz = Yo =W 100

0

MrEshig. KM EHZEFEKR 994,
SN ARG ] BUAR S E TANE & N TR R 582, 45
10 %ﬁﬂ?%@?%'

18 CSPC Exhibit 1106
Page 49 of 390



PCT/CN2009/075298

WO 2011/066684

NEL
£2°0 970 8766 . TTS6 | SO {8€9] WAEUHL w@ G
. . . . . . i S et -
8€°0 b0 91'66 1 L0001 I'68 {19 BEEEI LI L A
=
P10 50 7896 1 9886 L'88 ILY'9L MEEHTIEI 0l
670 SH0 67661 LL'S6 I'L8  §6€9 MFUBLIN S 0.0
61°0 €50 07’66 | ¥1'86 6'S8 16€9 ] MEFB LI 0
0£°0 $61 0766 6€9L €98 1 0V9 i MEMYE T 0l
X[0O( X
€70 PRI [IU66) 668L | €98 |0€9 | MEFMH] S Rt
61°0 €170 0v'66 1 ¥1'86 668 16€9 7 MEELIE 0
)
(wfwy ¢ Sy @ oV d v s . _ "
i (%) M3 w | (WEL (WY H Y M4 (E) [IPHEN ] -8

CSPC Exhibit 1106

19

Page 50 of 390



WO 2011/066684 PCT/CN2009/075298

gL, PR EIREUR, il BE AN AR T, SR
R, O RO FEAATE SR 40°C BT ELE B AR TC B 2 AR
b, AHAE PRSI O AR RNV VR PR R I 28 B A & = A2 k-1 o
SR R IRTE BCIRAE TR TR e, iR R IR L R, A
s AV EREE AR
QENSEANIIEESES SRR 5 |
MR FR: ST 2 R R IR S B R AR (CPT-11 JIg ik
A i R E R B 21T PR ml R, SRR R RS (CPT-11,
VL. 348 Bt B2 245 1% 1 BR A J14 40
10 BC R 7 vAe s 34 25 B R UK O e T T R P
SEE M) BALB/cA-nude /D EL, 6-7 JH, @, W H Rl
SER A R T A E . AMIES: SCXK (7)) 2007—0005. THZEIE
¥i: SPF 2&.
WIS vk BN U N R N S i Ls-174t 400, fFMiE K
15 150-300mm’ J&i, FhFENL4H(d0). 2R M2y 7T R IL &,
BRI 2—3 RIEARRR, BREE, o EdE . MR (V) AR
N
V=1/2xaxb> Hr a. b pHIEREK. 3.

20 CSPC Exhibit 1106
Page 51 of 390



PCT/CN2009/075298

WO 2011/066684

[T-LdD &

B WLT-ST [ BB TT-LdD 3o B %&E%% WLI-ST BY5

"E B
TR L GH P12 7

T B o1 Rt
(3q/Bwr) HLY)

,_\\M%EﬁﬁﬂmmE@ﬁk@mﬁ%m@ 1

“LdO

N

‘- T EZ 7 8Y/BwQT

R B Y1y B t_w.m. (B/Bog) FEE TR MECHT

AT TS i fp TT-LAO 27 S S H) TT-LdD

WIS

Q=11
JHE angea g op
¥l S S DA 15 veg W= SYAW] 71-140
¢l A S U AT 21 F Us9T 0er T By/sug'e 1=EdD)
e 0 e T 8 [0 F ¢ 9I8TF UL OVTE Sy | I-1d2
- 1 €7 F ¥6 Tee® Ll 7w SMEA

CSPC Exhibit 1106

21

Page 52 of 390



10

15

20

30

WO 2011/066684 PCT/CN2009/075298

BRI ZR A5

Ly —Fh O 78 R B SR R B LA R A, HURRAEAE T T IR IR ot 74
AT PR RR ISR PR ST B TP B T DA A B, b B R I [
ML R PRI R R LU 1: 3~5,

2. WAEARESK 1 ik ig ok,  HAFAETE TP i o ML e £
AL R ELER FR AL AT A LA R L
P R RO R 1
Hh PR 2~5 4y, ik 2.5-4 11

3. MRAEBFZSK 1 PTIARINE A, HAFETE T ik vh Mg e
AR Z BN -

4 WRAEBRZR 3 Prid iR A, HAFAETE T 9T id PRI 2 A
PR I -

5+ MR AT AT S TR ZE R i i IR oA, HARFAEAE T~ ik 10
i W S P EBE IR I EL o4 1 3.5~4.5, ImRILIEN 1: 4.

6 MY AR TR ZR ik g IR Bifk,  HAFETE T7EPT Ik
Ji oA T e 2 R PR A A5 2

7+ RSB ZK 6 Prid RN A, e AEAE T-7E ik 5 ik A 7K
FHAS S AKAN 2 18V HAT 2 o0 B B B8 1 BB, AR IR IT IR IR 544 A 7K A
AR KA BAT B IR R ) & TR R .

8 M BT T ZOR ik i g Bdd,  HARPAETE T Tk s
JRAR IR EAT 2R /K R 20 T RGBT 2B . DLk DSPE-PEGa00.

9. RIBCR Kk 8 Prk g e oA, AR AEYE T-Frid ek M oy 1
BTG RAT A S r B BB AL R T B R & L o 0.2~0.4.

22 CSPC Exhibit 1106
Page 53 of 390



10

15

20

WO 2011/066684 PCT/CN2009/075298

10 AR 3 A IBAT 2 — DUBCR) 22K Pk o g s i, HARAETE T ik
JE AR — 20 5 A i BEG,  T IR e A AR ik B F RE R i 1k
S I N vy 5 L7 R A O R 1 S L L = N S I AL 31 =
MEH T IR 2R . N IEBEREE . R e s
TN SR TR AR B A IR RS PR P B —Rh ek 2 A, HL A A A
L rp PR e i) B & LU AR 1:5~1:100.

11 ARIERCRIZER 1 Ik i g ok,  HARFIETE Tk i i & 7
PUR H & FE R g -

Fh R AT R 1 7

N NIRRT 3.4-3.8 1%
R4 NF 2000- ARSI GEIS M O EE 0.34-0.38 1
JH [ 0.8-0.95 1i7,

HE RS S AR SO ERIRAI L 1: 4.

12+ AUCRIZR 1-11 AR R WUITR IR AR i il 4 73, HARRERE T
[EA IR RPN ENS I B UPi L ¥

DB FIE A £ D AR —FP 077k 4 2 8 Ak

ARG AT IE ] P PR  HHR R T 07K SEREG /K SEE-5U T
WEVR BT, HZRr RS, R R SIS A 3 A IR AR
)i R FH e s B SRR L/ A% s e 2 1 62 1 I oA 22 T 7 PR b S

B. AR AL U738 FH A AR L s 1 S0 BSR4 - PR R v 711
JE e 72 RO IR U, I G v A5 30 25 A g AL, . 22 )5 R
FH 1 s B4 JROH LB AR5 s 18 46 126 25 19 I 04K 2 9T i PR R FEE <

C AR AL & P e . HR Y S5 2nh ARG, ZJ5RH &k
B33 SO L/ A5 s W 6 T 48 2 1 IR oA 22 9T 9 () R T

D ARYs FC 73 A PEBEAG « IE R B T TG /K SIEEUG K SEE-BUT
NEVR AN, SN A, A R R A SO LB R T 1 4 1
w4 FUIR AR 22 P 3 HORLIE 5

)R AR N AR KAR & BB L i A B e R SRS KA, A

BT N KAH 5 A 2K P A B 1B

23 CSPC Exhibit 1106

Page 54 of 390



5

10

15

20

25

30

WO 2011/066684 PCT/CN2009/075298

3¢ 29 R A i 45 - TG A R R B L R BRI, NN B R AT & TR
AN R, IR, R, WIS

‘}

R

13, ARPEACRIZER 12 Fridpy &7k, HAAEreE 75 3) F 4/
Ppinz IR A SR E N G N NP

4){)5%%15%%%[%&#;:;:5@%‘24’:Eﬁﬁﬂz‘i@iﬁﬁﬁﬁ JoAA I 2%
M, SR VIS E R A RO ERIZGY), R DR MRS R 1
AR

14 HRPE AN ELR 12-13 AL Z — DT m 25 77y, HARFEAE TRt
REEMFE A EF Na's K's Fe?', Ca*', Ba®. Mn® . Mg”'. Li'. NH,
L5177 § BRC-VR N &0 Rl 11 2 27 LS

15, EABOREER 1-11 AT RIS 5 R TR PR A 7% FREATR
JECAAS B A B8 77 o

16 MBI ZIR 15 BTk iR SO S, FARFAEAE T By
FIEHRGER, ITRBRENEH L RN AER. 4D L 40,
L NGV g S S ) AP E R R, RRE IR I LB 0%~—~0.5
w/iv % H FRA R 0%, HLikiE s U om0,

17 ARYEBCF SR 15 BTk B e SRS ), HARRAEAE T i i 5
FE SR B TR T

18 RAFAFIELR 15 Frdd B NE BT S5, HARPAEAE T BT ik oy
FES A EE AT, FTdBE R B AT RE. RN, LREE
H%%\%%%\H@\%ﬁ&&ﬁﬁ&%%\ﬁﬂ&&ﬁﬁ%%%\
PEMR. 24K, FAR. BEMREE AR T —MEE i, BiEk
P FB I BB 0%~5 wiv % H R BRAH 0% .

19 ARHEACFZER 15 Prk g e BUATES 57, R AEAE T i
FIHE— S praEm], ik bresnig B K P DTG BOmE TET G,

24 CSPC Exhibit 1106
Page 55 of 390



WO 2011/066684 PCT/CN2009/075298

P TEPCEGE B a-E T o T RRIN IR NE . o~ PR 7 My ok
HIREY), Prid/K e iiE A PURMAR . WARRREEY . W HLAREN .

GRS L E RS IREY, SUEFImA s 0%~0.5
w/iv % H TFRAN 0% .

20, FRYEBFNESR 17 Pra| i g SUAT g 7, HARFIETE T Ik i 5
AER TR, S Ao TR ], &1 I8 R T4 R4S 1 I 4
iR

10 21, RGBSR 15 Prid NG SRS 7, FURpAEE T AT ids i3 5
AN A LU ERE A Sy
SRR TS R 1 3
R NIRRT 3.4-3.8 {3
B L IF 2000- A M ERS IR I O WEE 0.34-0.38 17
JH [ 0.8-0.95
L VY £ 1R A 0.05-0.09 {73,

HAEFE S K S OB IR B 1: 4.

22 BORIER 1521 AL WU g SO E 5 70 i) i 46 020, ke
15 AEFETRTR T 2B BOR 12-13 AT & B il a5 /72

23, WRIEACHIESR 22 §9iil 4 12, HARFOETE Ttk T2
REAF BREE S e BN TURGYIRE, 2%, JTIERE, 3
B/, AR R B
20 ] B SR 29 AR A R IR T ORISR, e, i
VERRW, WER T, R TER, SR TR A

25 CSPC Exhibit 1106
Page 56 of 390



PCT/CN2009/075298

WO 2011/066684

1/2

.................................

...................................

YRR YN TR YRR Y SN RN SN RN TR SN TR N RO N |
o s s e s s s e e

W o O oW o O
- o =

£ Apsuaiuy

10000

1000

108

id.nm}

Size

CSPC Exhibit 1106

Page 57 of 390



WO 2011/066684 PCT/CN2009/075298

2/2

12
== FHAMK

10 4 —— CPT-1URM M 1.0mglke
~M— CPT-11]j§ {4 3.0me/ke
w3k w CPT-11 10me/ke

X AR & SEM

BZEFENE (R
& 3

CSPC Exhibit 1106
HHE R (M F264%) Page 58 of 390



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2009/075298

A. CLASSIFICATION OF SUBJECT MATTER

SEE THE EXTRA SHEET
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC:A61K, A61P

IDocumentation searched other than minimum documentation to the extent that such documents are included in the fields searched

IDATABASE: WPL, EPODOC, CNPAT, CNKI, CA, EMBASE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

IKEY WORDS: Camptothecin, topotecan, irinotecan, tpt, hept, hydroxycamptothecin, liposome, Hydrogenated Soya phosphatidyl choline,
phosphatidyl, phospholipid, HSPC, SPC, cholesterin, cholesterol, chol lipid, lipide, liposome

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X QIU Yong-hong, etc., “Preparation and quality evaluation of irinotecan hydrochloride

lvophilized liposomes™, Journal of Jiangsu University(Medicine Edition),

Y Jul. 2009, Vol. 19, No. 4, see pages 315-317, ISSN 1671-7783 10,13
X CN1994279A(XIAN LIBANG MEDICINE SCI & TECHNOLOGY CO.), 1-9.11.12.14-23
Y 11 Jul. 2007(11.07.2007), see example 5, page 2 lines 5-14 10,13

1-9,11,12,14-23

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not
considered to be of particular relevance

“E” earlier application or patent but published on or after the
international filing date

“L” document which may throw doubts on priority claim (S) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“0O” document referring to an oral disclosure, use, exhibition or
other means

“P” document published prior to the international filing date
but later than the priority date claimed

“T> later document published after the international filing date

or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone

“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person
skilled in the art

“& ”document member of the same patent family

Date of the actual completion of the international search

13 Aug. 2010 (13.08.2010)

Date of mailing of the international search report

23 Sep. 2010 (23.09.2010)

IName and mailing address of the ISA/CN

The State Intellectual Property Office, the PR.China

6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China
100088

IFacsimile No. 86-10-62019451

Authorized officer
LI, Fengyun
Telephone No. (86-10062411143

Form PCT/ISA /210 (second sheet) (July 2009)

CSPC Exhibit 1106
Page 59 of 390



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2009,/075298

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Retevant to claim No.

X CN1960729A(TERUMO COREP, et al.), 09. May 2007(09.05.2007),

Y see example 8, page 9 lines 18-22, page 11 lines 9-16

X CIN101019834 A(XTAN LIBANG MEDICINE SCI & TECHNOLOGY CO.),
Y 22 Aug. 2007(22.08.2007), see example 3

CN101283983 A(NANJING CHANGAO MEDICINE SCITECH CO. LT),
15 Oct. 2008(15.10.2008), see example 3

X CN1650864A(UNIV FUDAN), 10 Aug. 2005(10.08.2005),
Y see page 4 lines 26-29, example 1
A

YANG Jian-kun, etc. , Study on preparation of irinotecan hydrochloride liposomes and
Y Influence factors, Chinese Journal of New Drugs, 2007, Vol. 16, No. 23, see pages
A WO0200811427A1(DABUR PHARMA LIMITED), 25 Sep. 2008(25.09.2008)

see example 8
A CNI1323199A(ALZA CORP), 21 Nov. 2001(21.11.2001)

see example 1

1-9,11,12,14-23
10,13

1-9,11,12,14-23
10.13

1-9.11,15-21
10
12-14,22.23

1-9,11,15-21
10

12-14,22.23

1-9,11.12.14-23
10, 13

1-23

Form PCT/ISA /210 (continuation of second sheet ) (July 2009)

CSPC Exhibit 1106

Page 60 of 390




INTERNATTIONAL SEARCH REPORT

3 ) International application No.
Information on patent family members

PCT/CN2009,/075298
Patent Documents referred Publication Date Patent Family Publication Date
in the Report

CN1994279A 11.07.2007 NONE

CNI1960729A 09.05.2007 WO02005117878A1 15.12.2005

EP1752150A1 14.02.2007

NO20066074A 28.02.2007

AU2005249314A1 15.12.2005

INMUMNP200601415E 13.04.2007

KR20070037440A 04.04 2007

BRPI0511753A 02.01 2008

Z.A200610204A 30.01.2008

US2008069868A1 20.03.2008

JP2006514098T2 03.04.2008

MXPAO6013874A 01.05.2007

AU2005249314B2 11.09.2008

KR100889139B1 17.03.2009

TW200600095A 01.012006

IN225498B 13.02.2009

CA2567857C 22.12.2009

NZ551748A 26.02.2010
CN101019834A 22.08.2007 NONE

CN1650864A 10.08.2005 CN1326525C 18.07.2007
CN101283983A 15.10.2008 NONE

WO200811427A1 25.09.2008 US2009017105A1 15.01.2009

INDEL200700590A 13.02.2009

AU2008227852A1 25092008

CA2681302A1 25.09.2008

Form PCT/ISA /210 (patent family annex) (July 2009)

CSPC Exhibit 1106
Page 61 of 390



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2009/075298

Patent Documents referred
in the Report

Publication Date

Patent Family

Publication Date

CNI132319%A

21.11.2001

EP2146692A1

WO0023052A1
AUI11189500A
NO20011844A
EP1121102A1
BRO9914601A
KR20010075639A
ZA200103063A
US6355268B1
US2002146450A1
JP2002527466T
US6465008B1
EP1121102B1
DE69907243E
US2003133973A1
MXPA0O1003796A
NZ511112A
ES2198970T3
AU774715B2
MX220153B
US2005106231A1
CN1205923C
US7244449B2
US2007231379A1
US7279179B2
KR100679906B1

27.01.2010

27.04.2000
08.05.2000
10.04.2001
08.08.2001
23.10.2001
09.08.2001
24.12.2001
12.03.2002
10.10.2002
27.08.2002
15.10.2002
23.04.2003
28.05.2003
17.07.2003
01.03.2002
28.11.2003
01.02.2004
08.07.2004
28.04.2004
19.05.2005
15.06.2005
17.07.2007
04.10.2007
09.10.2007
07.02.2007

Form PCT/ASA /210 (patent family annex) (July 2009)

CSPC Exhibit 1106
Page 62 of 390




INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2009/075298

International Patent Classification (IPC)

A61K9/127(2006.01)i
AG61K31/4745(2006.01)i
A61P35/00(2006.01)i

Form PCT/ISA /210 (extra sheet) (July 2009)

CSPC Exhibit 1106
Page 63 of 390



. EETRGE
R RIRE PCT/CN2009/075298

A FHRBYSE

Z WL ot
¥ FE [ B R 53 R APCHEG A [R5 LR 50 50 IPC PR 7 28
B. #&FE W
¥ 2R B AR PR FESCIR PR B 43 SR RGE R 7 289
IPC:A61K, A61P

BB R 2 A P PR BB G PR 2 STHIR LA AR s 28 SCRR

7E Bl frosr 22 I 2 Bl 1 P 1 00 1R (B R A AR, A Rk A Can DD )

¥4 %: WPL EPODOC, CNPAT, CNKI, CA, EMBASE

oz BRI, REEERE, iR, DR, FRRE R, BTERE, BEEE, SRS UPEENS, ABIERT,
H& 5T, HE i, Camptothecin, topotecan, irinotecan, tpt, hept, hydroxycamptothecin, liposome, Hydrogenated Soya phosphatidyl choline,

phosphatidyl, phospholipid, HSPC, SPC, cholesterin, cholesterol, chol, lipid, lipide, liposome

C. fHE
2% Aux SIFHSCHE, ER, FERHMSCEE BRI E S
X ik &, R SIB RERR AR R TR SR & R R E VRS, 1-9,11,12.14-23
TR RFEW (E¥D , 200947 H, £ 19E&H 481, 5 315—317 L
Y ISSN 1671-7783 10, 13
CN1994279A (P 2 IR EE R R T2 |l), 11.7 H 2007 (11.07.2007> 1-9, 11.12,14-23
Z WS 5, Ui 2 D15 5—14 1T 10, 13
DI gesorbee C RIS TR Do e R
* SRR ARSERL “T” FEHIEHSPUENREZ FAR, SHIEAEL, HAT
“A” PCAARFRARSRIERR T A HAR—BERAERI S R R B R BRI fS SO
B> FAEERRANE R S AR AR SR X AFHIARRMISCH, B RSO, A e SRR
“L” AIERXTIR e A SR M e PR BE B SO, BRI E R R EHAS S B BN B Bl
R SRR AR B 5 e R H e 2R 7T 5) Y FERIAEIRHI M, MESU S B R ELE £ BRI
RS Gt BRI ER ) & B e &5 T ARAUREAR N B o B 5 W,
“O” WAMAKAT. FH. RRESEA T AT SRR R A R Bkt
“P7 AtnHAeT B FEREEFERPENE S <& FEERISOE
] prroe 22 55 B 56 A ) H 3 H Pk 2 s wna 5 1A
13.8 H 2010 (13.08.2010) 23.9 H 2010 (23.09.2010)
ISA/CN f 2 7R 25 Mk « ZNE R
e N BRSEFN E [E KB R
oh [E b ST HEE X 8 T P 088K 6 5 100088 o
fEES:  (86-10)62019451 HE55: (86-10) 62411143 ¢ pr Evhihit 1106

PCT/ISA/210 FR(5 2 T0) (2009 ££ 7 H) Page 64 of 390



bR B iS5
FREERS PCT/CN2009/075298
C(%L). HEx3Xt
3 SUE A, BHEEN, FERHAHSCER FH I AR =k

CN1960729AGR /R R R 215, 09.5 A 2007 (09.05.2007)

2 DSt 8, VBRSS9 TIEE 18—22 4T, /11 T 9—16 4T

CN101019834A (P4 22 17 Fi = 25 R} H 7 PR 9111 2 ), 22.8 H 2007 (22.08.2007)

Z LS 3

CN101283983A(Fg i KHBE R R AR, 15.10 H 2008 (15.10.2008)

Z JLSEHEY) 3

CN1650864A(K H K%), 10.8 A 2005 (10.08.2005>

Z BB 4 70 26—29 T, SEHEH] 1

Wt S, R S AR SRR IR R B g, P ER 2,

2007 5, 516 H55 23 B, 5 1962—1964 7, ISSN 1003-3734

W0200811427A1(DABUR PHARMA LIMITED), 25.9 H 2008 (25.09.2008)

Z LS 8

CN1323199A (B /REEZ D, 21.11 H 2001 (21.11.2001)

Z DL sehtdl 1

1-9,11,12,14-23

10, 13

1-9, 11,12.14-23

10, 13

1-9, 11,15-21
10

12-14,22.23

1-9, 11,15-21

10

12-14.22.23

1-9,11,12,14-23

10, 13

1-23

1-23

PCT/ISA/210 (55 2 TULETT) (2009 457 H)

CSPC Exhibit 1106

Page 65 of 390




A IR PR HR IS S
;ﬂf;ﬁ;; 2“5 - PCT/CN2009/075298
BRI E IR 2T L0 e AT
LRt
CN1994279A 11.07.2007 ¥
CN1960729A 09.05.2007 WO2005117878A1 15.12.2005
EP1752150A1 14.02.2007
NO20066074A 28.02.2007
AU2005249314A1 15.12.2005
INMUMNP200601415E 13.04.2007
KR20070037440A 04.04.2007
BRPIO511753A 02.01.2008
ZA200610204A 30.01.2008
US2008069868A1 20.03.2008
JP2006514098T2 03.04.2008
MXPA06013874A 01.05.2007
AU2005249314B2 11.09.2008
KR100889139B1 17.03.2009
TW200600095A 01.01.2006
IN225498B 13.02.2009
CA2567857C 22.12.2009
NZ551748A 26.02.2010
CN101019834A 22.08.2007 x
CN1650864 A 10.08.2005 CN1326525C 18.07.2007
CN101283983A 15.10.2008 ¥
WO200811427A1 25.09.2008 US2009017105A1 15.01.2009
INDEL200700590A 13.02.2009
AU2008227852A1 25.09.2008
CA2681302A1 25.09.2008
EP2146692A1 27.01.2010
CNI1323199A 21.11.2001 WO00023052A1 27.04.2000
AU1118900A 08.05.2000
NO20011844A 10.04.2001
EP1121102A1 08.08.2001
BR9914601A 23.10.2001

CSPC Exhibit TT06

PCT/ISA/210 FR(RIR L RIFHF) (2009 £ 7 H) Page 66 of 390



hge S e |
=k SR bR HIiE S
;Jr_ﬂ%;%; gijé PCT/CN2009/075298
A A £ r
e ’ 7N ! A 2 5
BREREEPSIHG T TEp Bzl AR H 8
LR
KR20010075639A 09.08.2001
ZA200103063A 24.12.2001
US6355268B1 12.03.2002
US2002146450A1 10.10.2002
JP2002527466T 27.08.2002
US6465008B1 15.10.2002
EP1121102B1 23.04.2003
DEG69907243E 28.05.2003
US2003133973A1 17.07.2003
MXPAO1003796A 01.03.2002
NZ511112A 28.11.2003
ES2198970T3 01.02.2004
AU774715B2 08.07.2004
MX220153B 28.04.2004
US2005106231A1 19.05.2005
CN1205923C 15.06.2005
US7244449B2 17.07.2007
US2007231379A1 04.10.2007
US7279179B2 09.10.2007
KR100679906B1 07.02.2007

CSPC Exhibit 1106

PCT/ISA/210 T (RIEL RIHHE) (2009 45 7 H) Page 67 of 390



E Rt R IR &

Il S
PCT/CN2009/075298

L A1) 53 RAPC)
A61K9/127(2006.01)i
A61K31/4745(2006.01)i
A61P35/00(2006.01)i

PCT/ISA/210 F=(MTINTT) (2009 £ 7 A)

CSPC Exhibit 1106
Page 68 of 390




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

7 N

AT 0 000 00O

(10) International Publication Number

8 March 2012 (08.03.2012) PCT WO 2012/031293 Al
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61K 9/50 (2006.01) A61K 9/127 (2006.01) kind of national protection available): AE, AG, AL, AM,
. L AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: , A CA, CH, CL, CN, CO, CR. CU, CZ, DE, DK, DM, DO,
PCT/US2011/050518 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) Imternational Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
6 September 2011 (06.09.2011) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(30) Priority Data: ZM, ZW.
61/379,882 3 September 2010 (03.09.2010) us )
(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): BOARD kind of regional protection available): ARTPO (BW, GH,
OF REGENTS OF THE UNIVERSITY OF NEBRAS- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
KA [US/US]; 986099 Nebraska Medical Center, Omaha, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
NE 68198-6099 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU
(72) Inventors; and g y ? > > it S S >
(75) Inventors/Applicants (for US only): KABANOV, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Alexander, V. [US/US]; 12735 Westchester Plz., Omaha, SM, TR), OAPIL (BF, B, CF, CG, CI, CM, GA, GN, GQ,
g . GW, ML, MR, NE, SN, TD, TG).
NE 68154 (US). ALAKHOVA, Daria, Y. [RU/US]; > ? > > ’
3861 1/2 Dewey Avenue, Omaha, NE 38105 (US). Published:
gg’A 8;11;{1;’ [Sg/ggsl]o’z I(UOESO).Leavenworth Avenue, Apt. __ with international search report (4drt. 21(3))
B} —  before the expiration of the time limit for amending the
(74) Agents: NETTER, Robert, C. Jr. et al.; Dann, Dorfman. claims and to be republished in the event of receipt of

2012/031293 A1 I 000 0 O

Herrell & Skillman, 1601 Market Street, Suite 2400,
Philadelphia, PA 19103-2307 (US).

amendments (Rule 48.2(h))

O (54) Title: COMPOSITIONS AND METHODS FOR THE TREATMENT OF CANCER

(57) Abstract: The present invention provides compositions and methods for the treatment of canceéﬁf)%ljoﬁd%d
Xn1

bit 1106
Page 69 of 390



WO 2012/031293 PCT/US2011/050518

10

15

20

25

30

35

Compositions and Methods for the Treatment of Cancer

By Alexander V. Kabanov
Daria Y. Alakhova
Yi Zhao
This application claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Patent Application No.
61/379,882, filed on September 3, 2010. The foregoing

application is incorporated by reference herein.

This invention was made with government support
under Grant No. 2R01 CA89225 awarded by the National
Institutes of Health. The government has certain rights

in the invention.

FIELD OF THE INVENTION

The present invention relates generally to cancer
therapies. More specifically, the present invention
provides compositions and methods for the improved
delivery of therapeutic agents to a patient for the

treatment of cancer.

BACKGROUND OF THE INVENTION

DOXIL® (doxorubicin HCl liposome injection)
significantly reduces the side effects associated with
doxorubicin. The need to administer DOXIL® only once
every 4 weeks by intravenous administration also makes
DOXIL® convenient for patients. However, DOXIL® has
been shown to not be as effective as doxorubicin.
Accordingly, means for increasing the therapeutic
efficacy of DOXIL®, while preserving its safety, are

desirous.

SUMMARY OF THE INVENTION

In accordance with the instant invention, methods
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of inhibiting cancer in a subject are provided. 1In a
particular embodiment, the method comprises
administering at least one encapsulated chemotherapeutic
agent and at least one amphiphilic block copolymer to
the subject. The encapsulated chemotherapeutic agent
and the amphiphilic block copolymer may be administered
simultaneously and/or sequentially, particularly when
the encapsulated therapeutic is administered first. In
a particular embodiment, the encapsulated
chemotherapeutic agent is a liposomal doxorubicin. In a
particular embodiment, the amphiphilic block copolymer
comprises at least one block of ethylene oxide and at
least one block of propylene oxide.

In accordance with another aspect of the instant
invention, compositions comprising at least one
encapsulated chemotherapeutic agent, at least one
amphiphilic block copolymer, and at least one
pharmaceutical carrier are provided. Kits comprising a)
a first composition comprising at least one encapsulated
chemotherapeutic agent and at least one pharmaceutical
composition; and b) a second composition comprising at
least one amphiphilic block copolymer and at least one

pharmaceutical composition, are also provided.

BRIEF DESCRIPTIONS OF THE DRAWING

Figures 1A and 1B show the cellular uptake of
Doxil® formulations in ovarian and breast cancer cells,
respectively. DOX mean fluorescence intensity was
counted by flow cytometry. Cells were treated with 1)
Doxil®; 2) Doxil® and 0.1% P85 co-treatment for 2 hours,
3) first treated with 0.1% P85 for 2 hours, washed three
times with PBS and further incubated with Doxil® for 24
hours; 4) first treated with Doxil® for 24 hours, washed

three times with PBS, followed by 2 hours treatment with
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0.1% P85. Data are mean + SEM (n = 6), * p < 0.05, n.s.
stands for no significance. The p values were obtained
using Student’s t-test following logarithmic
transformation of the data.

5 Figure 2 shows the nuclear uptake of Doxil®
formulations in ovarian cancer cells. Cells were
treated with 1) Doxil®; 2) Doxil® and 0.1% P85 co-
treatment for 2 hours, 3) first treated with 0.1% P85
for 2 hours, washed three times with PBS and further

10 incubated with Doxil® for 24 hours; 4) first treated
with Doxil® for 24 hours, washed three times with PBS,
followed by 2 hours treatment with 0.1% P85. After
treatment the cells were washed three times with PBS,
lyzed using M-PER lysis buffer and Dox fluorescence was

15 measured using Spectamax M5 plate reader and normalized
over protein content. Data are mean = SEM (n = 6), ***
p < 0.05, n.s. stands for no significance. The p values
were obtained using Student’s t-test following
logarithmic transformation of the data.

20 Figure 3 provides confocal images of DOX
localization in breast and ovarian cancer cell lines in
the presence or absence of Pluronic® P85. Figure 3A
shows Doxil® uptake in A2780 and A2780/DOX cells after 2
or 24 hours incubation, in the presence of 0.1%

25 Pluronic® P85, Doxil® uptake in A2780 and A2780/DOX
cells after 2 hours incubation. Pluronic® P85 was
labeled with Atto 647. Figure 3B provides a time series
imaging of post-treatment of A2780 cells with 0.1%
Pluronic® P85 after 24 hours treatment with 200 pg/ml

30 Doxil®. Figure 3C shows the Doxil®/DOX uptake in A2780
and A2780/DOX cells at different treatment regimens with
0.1% P85. The last panels in each row present digitally
superimposed images of two preceding panels to visualize

the colocalization. Magnification 63x.
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Figure 4 provides the fluorescence spectra of free
DOX and Doxil® liposome in the absence (Fig. 4A) or
presence (Fig. 4B) of 0.1% Pluronic® P85.

Figure 5 provides the in vitro release profile of
DOX from Doxil® mediated by P85 at 37 °C (e) pH5.5; (o)
pPH5.5 in 0.1% P85; (A) pH7.4; (A) pH7.4 in 0.1% P85.
Data are mean * SEM (n = 4).

Figure 6 shows the effect of Pluronic® P85 on tumor
volume in the A2780 xenografts. Doxil® alone (M)
Doxil® with 1 hour post treatment of 0.02% Pluronic® P85
(0), Doxil® with 48 hours post treatment of 0.02%
Pluronic® P85 (A), Doxil® with 96 hours post treatment
of 0.02% Pluronic® P85 (V). Treatment consisted of a
single i.v. injection of 12 mg/kg of Doxil® given 2
weeks after tumor implantation. The data represent mean
+ SEM (n = 8), * p < 0.05. The p values were obtained
using 2 ways ANOVA by comparing tumor volume in Doxil®
group and other groups.

Figure 7 provides H&E staining of heart, liver,
spleen and kidney tissues from animals in 4 treatment
groups: control, Doxil®, Doxil® + P85 48 hours later,
Doxil® + P85 96 hours later.

DETAILED DESCRIPTION OF THE INVENTION

DOXIL® is a PEGylated liposomal formulation of the
small molecule drug doxorubicin. In a particular
embodiment, DOXIL® contains 2 mg/ml of doxorubicin, 3.19
mg/ml of N-carbonylmethoxypolyethylene glycol 2000-1,2-
distearoyl—sn—glycero—3—phosphoethanolamine sodium salt
(DSPE-PEG 2000), 9.58 mg/ml of fully hydrogenated soy
phosphatidylcholine, and 3.19 mg/ml of cholesterol.
DOXIL® has been extensively used in clinics for the
treatment of various types of cancers. However, DOXIL®

has had only limited efficacy in these therapies.
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Herein, it is shown that administering amphiphilic
copolymers, such as those comprising polyoxyethylene and
polyoxypropylene blocks, with liposomal doxorubicin
results in substantially higher cytotoxicity of
doxorubicin than in the absence of the amphiphilic block
copolymer. For example, the data provided herewith
shows that treatment of breast cancer cell lines MCF7,
MCF7/MX and MCF7/ADR with amphiphilic block copolymer
and liposomal doxorubicin is cytotoxic. However, the
treatment with the liposomal doxorubicin alone was not
cytotokic'at the concentrations used in the experiment
when added to culture for 2 hours. Without being bound
by theory, the increased cytotoxicity may be explained
by significantly higher uptake of the liposomal
doxorubicin into the cells in presence of or after pre-
treatment with the amphiphilic block copolymer.

It is also demonstrated herein that doxorubicin
release out of liposomes is stimulated when cultures
were exposed to the amphiphilic block copolymer, e.g.,
when pretreated with the amphiphilic block copolymer or
when the amphiphilic block copolymer was administered to
cultures with or after liposomal doxorubicin.

The effect of amphiphilic block copolymer
administration on intracellular trafficking and uptake
of liposomal doxorubicin in breast cancer cells was also
evaluated. The treatment of the breast cancer cells
with liposomal doxorubicin alone resulted in uptake and
localization of the drug in the intracellular vesicles.
When cells were treated with the liposomal doxorubicin
in the presence of 0.1% amphiphilic block copolymer, the
nuclear uptake of the drug was observed as early as
after 15 minutes and, after 60 minutes, most of the drug

was localized in the nucleus.

CSPC Exhibit 1106
Page 74 of 390



WO 2012/031293 PCT/US2011/050518

10

15

20

25

30

The instant invention encompasses methods of
increasing the efficacy of an encapsulated compound
(e.g., therapeutic agent or diagnostic agent) by co-
administering (e.g., prior, during, and/or after) at
least one amphiphilic block copolymer. The instant
invention also encompasses methods of increasing the
delivery of an encapsulated compound (e.g., therapeutic
agent or diagnostic agent) to the nucleus of cell by co-
administering (e.g., prior, during, and/or after) at
least one amphiphilic block copolymer. The therapeutic
agent may be encapsulated in a micelle or liposome,
particularly a liposome. 1In a particular embodiment,
the therapeutic agent acts in the nucleus (i.e., the
therapeutic agent is delivered to the nucleus to exert
its therapeutic effect). In a particular embodiment,
the therapeutic agent is a chemotherapeutic agent.
Particularly, the chemotherapeutic agent is a DNA
damaging agent (see below), particularly a DNA
intercalater such as an anthracycline. In a particular
embodiment, the chemotherapeutic agent is doxorubicin.

The encapsulated compound may be any bioactive
agent such as a therapeutic agent or diagnostic agent.
The compound may also be a test compound to be screened
as potential leads in the development of therapeutic
agents. Encapsulated compounds include, without
limitation, polypeptides, peptides, glycoproteins,
nucleic acids, synthetic and natural drugs, peptoides,
polyenes, macrocyles, glycosides, terpenes, terpenoids,
aliphatic and aromatic compounds, small molecules, and
their derivatives and salts. In a particular
embodiment, the encapsulated compound is a small
molecule. While any type of compound may be delivered
to a cell or subject by the compositions and methods of

the instant invention, the following description of the
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inventions exemplifies the compound as a therapeutic
agent, particularly doxorubicin, for simplicity.

In a particular embodiment of the invention, the
amphiphilic block copolymer is a copolymer comprising at
least one block of poly(oxyethylene) and at least one
block of poly(oxypropylene). Amphiphilic block
copolymers are exemplified by the block copolymers

having the formulas:

CH,
HO——[CH3CH30},——[CHCH,0],——[CH,CH,0],——H (1)
CH,4
HO——[CH,CH,0}, ——{CHCH,0],—H (1T)
CH, CH,4
HO——[CHCH,0},——{CH,CH,0},——{CHCH,0},——H (TTT)
R' R? R' R?
H[OCH,CH,}; [OCHCH]; [CHCHOJ——[CH,CH,0JH
 NCH,CH,N
H[OCH,CHy)j ——[OCHCH]; \{CHCHO},-—[CHZCHZO];H
R'R® R'R? (IV),
R' R? R' R?
H[OCHCH];,——[OCH,CH;]; [CH,CH,0}——[CHCHOJH
NCH,CH,N
HIOCHCH]——[OCH,CHy]; [CH,CH, 0}, [CHCHOJH
R! R? R' R? (V)
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in which x, y, z, i, and j have values from about 2 to
about 800, preferably from about 5 to about 200, more
preferably from about 5 to about 80, and wherein for
each R, R? pair, as shown in formula (IV) and (V), one

5 1is hydrogen and ﬁhe other is a methyl group. The
ordinarily skilled artisan will recognize that the
values of x, y, and z will usually represent a
statistical average and that the values of x and z are
often, though not necessarily, the same. Formulas (I)

10 through (III) are oversimplified in that, in practice,
the orientation of the isopropylene radicals within the
B block will be random. This random orientation is
indicated in formulas (IV) and (V), which are more
complete. Such poly(oxyethylene)-poly{oxypropylene)

15 compounds have been described by Santon (Am. Perfumer
Cosmet. (1958) 72(4):54-58); Schmolka (Loc. cit. (1967)
82(7):25-30), Schick, ed. (Non-ionic Suifactants,

Dekker, N.Y., 1967 pp. 300-371). A number of such

compounds are commercially available under such generic
20 trade names as “lipoloxamers”, “Pluronics®,”

“poloxamers, ” and “synperonics.” Pluronic® copolymers

within the B-A-B formula, as opposed to the A-B-A
formula typical of Pluronics®, are often referred to as
“reversed” Pluronics®, “Pluronic® R” or “meroxapol.”

25 Generally, block copolymers can be described in terms of
having hydrophilic “A” and hydrophobic “B” block
segments. Thus, for example, a copolymer of the formula
A-B-A is a triblock copolymer consisting of a
hydrophilic block connected to a hydrophobic block

30 connected to another hydrophilic block. The
“polyoxamine” polymer of formula (IV) is available from
BASF under the tradename Tetronic®. The order of the
polyoxyethylene and polyoxypropylene blocks represented

in formula (IV) can be reversed, creating Tetronic R®,
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also available from BASF (see, Schmolka, J. am. 0il.
Soc. (1979) 59:110).

Polyoxypropylene-polyoxyethylene block copolymers
can also be designed with hydrophilic blocks comprising
a random mix of ethylene oxide and propylene oxide
repeating units. To maintain the hydrophilic character
of the block, ethylene oxide can predominate.
Similarly, the hydrophobic block can be a mixture of
ethylene oxide and propylene oxide repeating units.
Such block copolymers are available from BASF under the
tradename Pluradot™., Poly(oxyethylene)-
poly (oxypropylene) block units making up the first
segment need not consist solely of ethylene oxide. Nor
is it necessary that all of the B-type segment consist
solely of propylene oxide units. Instead, in the
simplest cases, for example, at least one of the
monomers in segment A may be substituted with a side
chain group.

A number of poloxamer copolymers are designed to

meet the following formula:

CH;,

HO ——[CH,CH;0],——[CHCH0]}, [CH,CH,0),—H

(1) .

Examples of poloxamers include, without limitation,
Pluronic® L31, L35, F38, L42, L43, L44, L61, L62, L63,
L64, P65, F68, L72, P75, F77, L81, P84, P85, F87, F88,
L92, F98, L101, P103, P104, P105, F108, L121, L1l22,
L123, F127, 10R5, 10R8, 12R3, 17R1l, 17R2, 17R4, 17RS8,
22R4, 25R1, 25R2, 25R4, 25R5, 25R8, 31R1l, 31R2, and
31R4. Pluronic® block copolymers are designated by a
letter prefix followed by a two or a three digit number.

The letter prefixes (L, P, or F) refer to the physical
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form of each polymer, (liquid, paste, or flakeable
solid). The numeric code defines the structural
parameters of the block copolymer. The last digit of
this code approximates the weight content of EO block in
tens of weight percent (for example, 80% weight if the
digit is 8, or 10% weight if the digit is 1). The
remaining first one or two digits encode the molecular
mass of the central PO block. To decipher the code, one
should multiply the corresponding number by 300 to ‘
obtain the approximate molecular mass in daltons (Da).
Therefore Pluronic nomenclature provides a convenient
approach to estimate the characteristics of the block
copolymer in the absence of reference literature. For
example, the code ‘F127’ defines the block copolymer,
which is a solid, has a PO block of 3600 Da (12X300) and
70% weight of EO. The precise molecular characteristics
of each Pluronic® block copolymer can be obtained from
the manufacturer.

In a particular embodiment, the amphiphilic block
copolymer is a PEO-PPO-PEO triblock copolymer. In a
particular embodiment, the PEO-PPO-PEO triblock
copolymer comprises about 15 to about 35, particularly
about 20 to about 30 PEO monomers at each end and a
center block of about 30 to about 50, particularly about
35 to about 45 PPO monomers. In one embodiment, the
PEO/PPO/PEO monomer unit ratio is 26/40/26. 1In a
particular embodiment, the amphiphilic block copolymer
is poloxamer 235.

The amphiphilic block copolymers may have a PPO
content of at least 30% wt, at least 40% wt, or at least
50% wt. The amphiphilic block copolYmers may have a PPO
block molecular mass of at least about 1200 or 1700 to
about 3000, 3600, or 4200. In a particular embodiment,
the amphiphilic block copolymer is a PEO-PPO-PEO
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triblock copolymer with a PPO content of at least 30% wt
and a PPO block molecular mass from about 1200 to about
4200; a PPO content of at least 40% wt and a PPO block
molecular mass from about 1700 to about 3600; or, more
particularly, a PPO content of at least 50% wt and a PPO
block molecular mass from about 1700 to about 3000.

As stated hereinabove, more than one block
copolymer may be used. In other words, a mixture or
blend of block copolymers may be used. For example, the
mixture or blend may comprise at least one PEO-PPO-PEO
triblock copolymer. For example, the mixture may
comprise at least one first amphiphilic block copolymer
and at least one second amphiphilic block copolymer. In
a particular embodiment, (1) the first amphiphilic bloék
copolymer is a PEO-PPO-PEO triblock copolymer with a PPO
content of at least 30% and the second amphiphilic block
copolymer is PEO-PPO-PEO triblock copolymer with a PPO
content of 70% or less; (2) the first amphiphilic block
copolymer is a PEO-PPO-PEO triblock copolymer with a PPO
content of at least 40% and the second amphiphilic block
copolymer is a PEO-PPO-PEO triblock copolymer with a PPO
content of 60% or less; (3) the first amphiphilic block
copolymer is a PEO-PPO-PEO triblock copolymer with a PPO
content of at least 50% and the second amphiphilic block
copolymer is a PEO-PPO-PEO triblock copolymer with a PPO
content of 50% or less; (4) the first amphiphilic block
copolymer is a PEO-PPO-PEO triblock copolymer with a PPO
content of at least 60% and the second amphiphilic block
copolymer is a PEO-PPO-PEO triblock copolymer with a PPO
content of 40% or less; or (5) the first amphiphilic
block copolymer is a one PEO-PPO-PEO triblock copolymer
with a PPO content of at least 70% and the second
amphiphilic block copolymer is a PEO-PPO-PEO triblock
copolymer with a PPO content of 30% or less. 1In the
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case of mixtures, the PEO-PPO-PEO block copolymers,
independently of each other, may have a PPO block
molecular mass from about 900 to about 4200, from about
1700 to about 3600, or, more particularly, from about

1700 to about 3000.

Administration

The instant invention encompasses compositions
comprising at least one amphiphilic block copolymer, at
least one encapsulated therapeutic agent (e.g..,
liposomal doxorubicin), and at least one
pharmaceutically acceptable carrier. The instant
invention also encompasses comprising a first
composition comprising at least one amphiphilic block
copolymer and at least one pharmaceutically acceptable
carrier and a second composition comprising at least one
encapsulated therapeutic agent and at least one
therapeutic agent. The compositions of the instant
invention may further comprise other therapeutic agents
(e.g., other chemotherapeutic agents).

The present invention also encompasses methods for
preventing, inhibiting, and/or treating a disease or
disorder (e.g., a cancer/neoplasia) in a subject. The
methods comprise administering at least one amphiphilic
block copolymer and at least one encapsulated
therapeutic agent (related to the disease or disorder)
to the subject. The pharmaceutical composition(s) of
the instant invention can be administered to an animal,
in particular a mammal, more particularly a human, in
order to treat/inhibit cancer. The amphiphilic block.
copolymer may be administered in the same composition as
the encapsulated therapeutic agent or in different
compositions. The amphiphilic block copolymer may be

administered concurrently and/or sequentially with the
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encapsulated therapeutic agent. For example, the
amphiphilic block copolymer may be administered to the
subject prior to the administration of the encapsulated
therapeutic agent, may be co-administered with the
encapsulated therapeutic agent, and/or may be
administered after the administration of the
encapsulated therapeutic agent.

In a particular embodiment, the amphiphilic block
copolymer is administered after the encapsulated
therapeutic agent (liposomal doxorubicin). In a
particular embodiment, the amphiphilic block copolymer
is administered within 96 hours, within 72 hours, within
48 hours, within 24 hours, within 12 hours, within 6
hours, within 4 hours, within 2 hours, within 1 hour,
within 0.5 hour, or less after the administration of the
encapsulated therapeutic. In a particular embodiment,
the amphiphilic block copolymer is administered about 1
hour to about 48 hours, particularly 24 hours after
administration of the encapsulated therapeutic.

The amphiphilic block copolymer may be present in
the composition at any concentration. In a particular
embodiment, the amphiphilic block copolymer is present
at a concentration from about 0.001% to about 5%. 1In a
particular embodiment, the concentration of the
amphiphilic block copolymer is from about 0.05% to about
2%.

In a particular embodiment, the therapeutic agent
is a chemotherapeutic agent. The term “chemotherapeutic
agent” means anti-cancer and other anti-
hyperproliferative agents. Chemotherapeutic agents are
compounds that exhibit anticancer activity and/or are
detrimental to a cell. Chemotherapeutic agents include,
without limitation: (1) DNA damaging agents (e.g.,

agents that inhibit DNA synthesis): anthracyclines
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(e.g., doxorubicin, daunorubicin, epirubicin),
alkylating agents (e.g., nitrogen mustards,
bendamustine, altretamine, methanesulphonate esters,
busulfan, carboplatin, nitroso ureas, carmustine,

5 cisplatin, chlorambucil, cyclophosphamide, dacarbazine,
hexamethylmelamine, isofamide, ifosphamide, lomustine,
mechlorethamine, alkyl sulfonates, epirubicin,
idarubicin, triazines, ethylenimines, melphalan,
mitotane, mytomycin, pipobroman, procarbazine,

10 streptozocin, aziridines, thiotepa, uracil mustard, and
triethylenemelamine), platinum derivatives (e.g.,
cisplatin, carboplatin, tetraplatin, ormaplatin, |
thioplatin, satraplatin, nedaplatin, oxaliplatin,
heptaplatin, iproplatin, transplatin, lobaplatin, and

15 cis diamminedichloro platinum), telomerase and
topoisomerase inhibitors (e.g., topotecan, irinotecan,
etoposide, teniposide, amsacrine, menogaril,ramonafide,
dactinomycin, daunorubicin, N,N-dibenzyl daunomycin,
ellipticine,, daunomycin, pyrazoloacridine, idarubicin,

20 mitoxantrone, m-ANSA, doxorubicin, deoxyrubicin,
oxanthrazole, rubidazone, epirubicin, and bleomycin),
DNA minor groove binding agents (e.g., plicamydin); (2)
tubulin interactive agents (e.g., vincristine,
vinblastine, paclitaxel, taxoids, paclitaxel, docetaxel,

25 and BAY 59-8862); (3) anti-metabolites such as
capecitabine, chlorodeoxyadenosine, cytarabine, ara-CMP,
cytosine arabinoside, asparginase, azacitidine,
dacabazine, floxuridine, fludarabine, 5-fluorouracil, 5-
DFUR, gemcitibine, hydroxyurea, 6-mercaptopurine,

30 methotrexate, pentostatin, pemetrexed, trimetrexate, and
6-thioguanine; (4) anti-angiogenics (e.g., Avastin,
thalidomide, sunitinib, lenalidomide) and vascular
disrupting agents (e.g., flavonoids/flavones, DMXAA,

combretastatin derivatives such as CA4DP, ZD6126,
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AVEB06224); (5) antibodies or antibody fragments (e.g.,
trastuzumab, bevacizumab, rituximab, ibritumomab,
gemtuzumab, alemtuzumab, cetuximab, ranibizumab); and

(6) hormonal agents/endocrine therapy: aromatase

inhibitors (e.g., 4-hydroandrostendione, exemestane,
aminoglutehimide, anastrozole, letozole), anti-estrogens
(e.g., Tamoxifen, Toremifine, Raoxifene, Faslodex),
anti-androgen agents (e.g., flutamide), anti-adrenal
agents (e.g., mitotane and aminoglutethimide), and
steroids (e.g., adrenal corticosteroids, prednisone,

dexamethasone, methylprednisolone, and prednisolone) ;
and (7) anti-mitotic compounds such as navelbine,
epothilones, taxanes (e.g., paclitaxel, taxotere,
docetaxel), vinca alkaloids, estramustine, vinblastine,
vincristine, vindesine, and vinorelbine).

Cancers that may be treated using the present
protocol include, but are not limited to: cancers of the
prostate, colorectum, pancreas, cervix, stomach,
endometrium, brain, liver, bladder, ovary, testis, head,
neck, skin (including melanoma and basal carcinoma)/
mesothelial lining, white blood cell (including lymphoma
and leukemia) esophagus, breast, muscle, connective
tissue, lung (including small-cell lung carcinoma and
non-small-cell carcinoma), adrenal gland, thyroid,
kidney, or bone; glioblastoma, mesothelioma, renal cell
carcinoma, gastric carcinoma, sarcoma, choriocarcinoma,
cutaneous basocellular carcinoma, skin sguamous cell
carcinomas, and testicular seminoma. In a particular
embodiment, the cancer is selected from the group
consisting of ovarian cancer, lung cancer including
small-cell and non-small cell lung cancer, gastric
cancer, breast cancer, Kaposi'’'s sarcoma, uterine cancer,

hematological cancer including multiple myeloma,
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lymphoma, Hodgkin’s lymphoma and Non-Hodgkin‘s lymphoma
and ovarian cancer.

The composition(s) described herein will generally
be administered to a patient as a pharmaceutical
preparation. The term “patient” as used herein refers
to human or animal subjects. These compositions may be
employed therapeutically, under the guidance of a
physician.

The compositions of the instant invention may be
conveniently formulated for administration with any
pharmaceutically acceptable carrier(s). For example,
the agents may be formulated with an acceptable medium
such as water, buffered saline, ethanol, polyol (for
example, glycerol, propylene glycol, liquid polyethylene
glycol and the like), dimethyl sulfoxide (DMSO), oils,
detergents, suspending agents or suitable mixtures
thereof. The concentration of the agents in the chosen
medium may be varied and the medium may be chosen based
on the desired route of administration of the
pharmaceutical preparation. Except insofar as any
conventional media or agent is incompatible with the
agents to be administered, its use in the pharmaceutical
preparation is contemplated. Notably, formulations and
dosages of liposomal doxorubicin (DOXIL®) are well known
in the art (see, e.g., DOXIL® Product Information (2010)
Centocor Ortho Biotec Products).

The dose and dosage regimen of compositions
according to the invention that are suitable for
administration to a particular patient may be determined
by a physician considering the patient’s age, sex,
weight, general medical condition, and the specific
condition for which the composition is being
administered and the severity thereof. The physician

may also take into account the route of administration,
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the pharmaceutical carrier, and the composition’s
biological activity.

Selection of a suitable pharmaceutical preparation
will also depend upon the mode of administration chosen.
For example, the compositions of the invention may be
administered by direct injection to a desired site
(e.g., a tumor). In this instance, a pharmaceutical
preparation comprises the agents dispersed in a medium
that is compatible with the site of injection.
Compositions of the instant invention may be
administered by any method. For example, the
compositions of the instant invention can be
administered, without limitation parenterally,
subcutaneously, orally, topically, pulmonarily,
rectally, vaginally, intravenously, intraperitoneally,
intrathecally, intracerbrally, epidurally,
intramuscularly, intradermally, or intracarotidly. 1In a
particular embodiment, the compositions are administered
by injection, such as intravenously or
intraperitoneally. Pharmaceutical preparations for
injection are known in the art. If injection is
selected as a method for administering the composition,
steps must be taken to ensure that sufficient amounts of
the molecules reach their target cells to exert a
biological effect.

Pharmaceutical compositions containing an agent of
the present invention as the active ingredient in
intimate admixture with a pharmaceutically acceptable
carrier can be prepared according to conventional
pharmaceutical compounding techniques. The carrier may
take a wide variety of forms depending on éhe form of
preparation desired for administration, e.g.,

intravenous or direct injection.
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In a particular embodiment, the encapsulated
therapeutic agent (e.g., liposomal doxorubicin) is
administered via injection, particularly intravenous
injection. In a particular embodiment, the amphiphilic
block copolymer is administered via injection, e.g.,
intravenous, subcutaneous, or intramuscular.

A pharmaceutical preparation of the invention may
be formulated in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit
form, as used herein, refers to a physically discrete
unit of the pharmaceutical preparation appropriate for
the patient undergoing treatment. Each dosage should
contain a quantity of active ingredient calculated to
produce the desired effect in association with the
selected pharmaceutical carrier. Procedures for
determining the appropriate dosage unit are well known
to those skilled in the art.

Dosage units may be proportionately increased or
decreased based on the weight of the patient.
Appropriate concentrations for alleviation of a
particular pathological condition may be determined by
dosage concentration curve calculations, as known in the
art.

In accordance with the present invention, the
appropriate dosage unit for the administration of
compositions of the instant invention may be determined
by evaluating the toxicity of the molecules or cells in
animal models. Variocus concentrations of agents in
pharmaceutical preparations may be administered to mice,
and the minimal and maximal dosages may be determined
based on the beneficial results and side effects
observed as a result of the treatment. Appropriate
dosage unit may also be determined by assessing the

efficacy of the agent treatment in combination with
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other standard drugs. The dosage units of the
compositions may be determined individually or in
combination with each treatment according to the effect
detected.

The pharmaceutical preparation comprising the
agents of the instant invention may be administered at
appropriate intervals, for example, at least twice a day

or more until the pathological symptoms are reduced or

"alleviated, after which the dosage may be reduced to a

maintenance level. The appropriate interval in a
particular case would normally depend on the condition
of the patient.

Other methods of treating cancer may be combined
with the methods of the instant invention. For example,
other chemotherapeutic agents may be administered (e.g.,
simultaneously and/or consecutively). Cancer therapies
such as radiation and/or surgery (e.g., tumor excision)
may also be co-administered with the compositions of the

instant invention.

Definition

“Pharmaceutically acceptable” indicates approval by
a regulatory agency of the Federal or a state government
or listed in the U.S. Pharmacopéia or other generally
recognized pharmacopeia for use in animals, and more
particularly in humans.

A “carrier” refers to, for example, a diluent,

adjuvant, preservative (e.g., Thimersol, benzyl

alcohol), anti-oxidant (e.g., ascorbic acid, sodium
metabisulfite), solubilizer (e.g., Tween 80, Polysorbate
80), emulsifier, buffer (e.g., Tris HCl, acetate,

phosphate), antimicrobial, bulking substance (e.g.,
lactose, mannitol), excipient, auxiliary agent or

vehicle with which an active agent of the present
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invention is administered. Pharmaceutically acceptable
carriers can be sterile liquids, such as water and oils,
including those of petroleum, animal, vegetable or
synthetic origin. Water or aqueous saline solutions and
aqueous dextrose and glycerol solutions are preferably
employed as carriers, particularly for injectable
solutions. Suitable pharmaceutical carriers are
described in “Remington‘s Pharmaceutical Sciences” by
E.W. Martin (Mack Publishing Co., Easton, PA}; Gennaro,
A. R., Remington: The Science and Practice of Pharmacy,
(Lippincott, Williams and Wilkins); Liberman, et al.,
Eds., Pharmaceutical Dosage Forms, Marcel Decker, New
York, N.Y.; and Kibbe, et al., Eds., Handbook of
Pharmaceutical Excipients, American Pharmaceutical
Association, Washington.

The term “treat” as'used herein refers to any type
of treatment that imparts a benefit to a patient
afflicted with a disease, including improvement in the
condition of the patient (e.g., in one or more
symptoms), delay in the progression of the condition,
etc. In a particular embodiment, the treatment of a
retroviral infection results in at least an
inhibition/reduction in the number of infected cells.

A “therapeutically effective amount” of a compound
or a pharmaceutical composition refers to an amount
effective to prevent, inhibit, treat, or lessen the
symptoms of a particular disorder or disease. The
treatment of cancer herein may refer to curing,
relieving, and/or preventing cancer, the symptom(s) of
it, or the predisposition towards it.

As used herein, the term “therapeutic agent” refers
to a chemical compound or biological molecule including,
without limitation, nucleic acids, peptides, proteins,

and antibodies that can be used to treat a condition,
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disease, or disorder or reduce the symptoms of the
condition, disease, or disorder.

As used herein, the term “small molecule” refers to
a substance or compound that has a relatively low
molecular weight (e.g., less than 4,000, less than
2,000, particularly less than 1 kDa or 800 Da).
Typically, small molecules are organic, but are not
proteins, polypeptides, or nucleic acids, though they
may be amino acids or dipeptides.

As used herein, the term “amphiphilic” means the
ability to dissolve in both water and lipids/apolar
environments. Typically, an amphiphilic compound
comprises a hydrophilic portion and a hydrophobic
portion. “Hydrophobic” designates a preference for
apolar environments (e.g., a hydrophobic substance or
moiety is more readily dissolved in or wetted by non-
polar solvents, such as hydrocarbons, than by water).

As used herein, the term “hydrophilic” means the ability
to dissolve in water.

As used herein, the term “polymer” denotes
molecules formed from the chemical union of two or more
repeating units or monomers. The term “block copolymer”
most simply refers to conjugates of at least two

different polymer segments, wherein each polymer segment

comprises two or more adjacent units of the same kind.
The following example provides illustrative methods
of practicing the instant invention, and is not intended
to limit the scope of the invention in any way.
EXAMPLE
Doxil®, a PEGylated liposomal formulation of small
molecular anticancer drug, doxorubicin (DOX), has been
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extensively used in clinics for the treatment of various
types of cancers (e.g., ovarian cancer, AIDS-Related
Kaposi’s sarcoma and multiple myeloma) (Amantea et al.
(1997) Clin. Pharmacol. Ther., 61:301-311; Sharpe et al.
(2002) Drugs 62:2089-2126; Gabizon et al. (2001) Cancer
Invest., 19:424-436). However, the response raté of
Doxil® single agent is limited and the combinations of
Doxil® with other chemotherapeutic drugs (Taxol®,
Hycamtin®) have been reported to be well tolerated by
patients and have higher efficacy (Campos et al. (2003)
Gynecol. Oncol., 90:610-618; Dunton, C.J. (1997) Semin.
Oncol., 24:S5-2-S5-11). Thus, the studies of new Doxil®
combination with other agents are of increasing interest
for development of new cancer treatments. The
amphiphilic block copolymers, Pluronics®, consisting of
polyoxyethylene-polyoxypropylene blocks, were used in
the instant study with several regimens of combinational
therapies: pretreatment with block copolymers with
subsequent administration of Doxil®, co-administration
of Doxil® and Pluronic®, and Doxil® treatment with
consequent post-treatment with Pluronic®. The
cytotoxicity studies in ovarian cancer sensitive A2780
and resistant A2780/DOX as well as breast cancer
sensitive and resistant cell lines, MCF7, MCF7/ADR, in
vitro data indicates that co-administration with Doxil®
pre-treatment or post-treatment cells with Pluronic® at
nontoxic concentration, induced significant more nuclear
uptake of DOX than Doxil® alone. DOX in vitro release
profiles from Doxil® liposomes and fluorescence
guenching analysis have revealed that Pluronic® induces
the increase of mobility and permeability of liposomal
lipid bilayer, which may attribute to the release of the

drug from liposomes. Pluronic® 1 hour and 48 hours post
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treatments with Doxil® have shown significantly better
antitumor activities than Doxil® alone group.
Combinations of well-characterized drugs that have
been successfully used in clinics for the treatment of
cancer patients with novel materials/activators, and use
of novel treatment regimens may serve a solution and
offer substantial advantages as compared to therapeutic
molecules used alone. Doxil®, a PEGylated liposomal
formulation of the anticancer drug doxorubicin, has been
extensively used in phase I and phase II combination
studies for the treatment of various types of cancers.
The response rates of these combination, particularly in
platinum-resistant ovarian cancer, were reported highly
than single-agent PEGylated liposome doxorubicin (Rose
et al. (2008) Am. J. Clin. Oncol., 31:476-480; Markman
et al. (2004) Semin. Oncol., 31:91-105; Gabizon et al.
(1994) Acta Oncol., 33:779-786; Eltabbakh et al. (2001)
Expert Opin. Pharmacother., 2:109-124). However, the
combination therapy is not deprived of side effects and
the administration of more than one cytotoxic agent can
result in even more severe systemic toxicity of the
formulation in comparison to single agents. An ideal
agent for combination therapy would have low systemic
toxicity and have synergistic effect with the other drug
in the formulation. Combinations of liposomal
doxorubicin with ATP sensitizers for ovarian cancer have
been reported (Di Nicolantonio et al. (2002) Anticancer
Drugs, 13:625-630; Cree, I.A. (2003) Cancer Res.,
161:119-125; Knight et al. (2009) BMC Cancer, 9:38).
Pluronic® block copolymers are very potent
chemosensitizer of mulidrug resistant (MDR) cancers
(Batrakova et al. (2010) J. Control Release, 143:290-
301; Batrakova et al. (2003) Pharm. Res., 20:1581-1590).
Pluronic® block copolymers inhibit P-pg ATPase activity,
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a major protein associated with multidrug resistance in

numerous cancers, responsible for efflux of cytotoxic

~drugs from the cells (Kabanov et al. (2003) J. Control

Release, 91:75-83). Additionally, Pluronic® induces ATP
depletion, inhibition of oxygen consumption, and
inhibition of mitochondria respiratory chain complexes I
and IV selectively in MDR cells. All together these
effects significantly increase the cytotoxicity of
doxorubicin in drug resistant cancers (Alakhova et al.
(2010) J. Control Release, 142:89-100). Notably,
SP1049C, the formulation of Pluronics® L61, F127 with
doxorubicin has successfully completed Phase II clinical
trial in advanced esophageal adenocarcinoma (Batrakova
et al. J. Control Release, 130:598-106). Here, a novel
therapeutic approach is provided for the treatment of
cancer using a combination of liposomal doxorubicin,
Doxil®, with Pluronic® block copolymer, and a treatment
regimen that drastically enhances the anticancer

efficiency of Doxil®.

Materials and Methods

Chemicals and materials

Doxil® (DOX HCl liposome injection) was purchased
from ALZA Corp (Mountain View, CA). ATP assay kit
(#FLAA-1KT), Thiazolyl Blue Tetrazolium Bromide (MTT,
#M5655-1G), Dulbecco’s phosphate buffered saline
solution (PBS) were purchased from Sigma-Aldrich (St.
Louis, MO). Pluronic® P85 (lot # WPYES537B) was kindly
provided by BASF Corporation (North Mount Olive, NJ). A
PEO/PPO/PEO monomer unit ratio is 26/40/26 in P85.
Assay buffer is 122 mM sodium chloride, 25 mM sodium
bicarbonate, 10 mM glucose, 10 mM HEPES, 3 mM potassium

chloride, 1.2 mM magnesium sulfate, 1.4 mM calcium
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chloride and 0.4 mM potassium phosphate dibasic and
adjusted to pH 7.4.

Cells and culture conditions

A2780, MCF7 were purchased from ATCC. A2780 and
A2780/DOX were cultured in RPMI 1640 media, MCF7 and
MCF7/ADR were cultured in DMEM media, with 10% Fetal
Bovine Serum (Invitrogen, Carlsbad, CA), 100 U/ml
penicillin, 100 mg/ml streptomycin. MCF7/ADR, A2780/DOX
were cultured in the presence of 1 ng/ml DOX. Cells
were grown at 37°C in a humidified atmosphere of 5% CO;
(v/v) in air. All experiments were performed on cells

in the exponential growth phase.

Western blot assay

To identify Pgp phenotype of cells, immunoblots
were performed. The monoclonal antibodies to Pgp, C219
(Dako Corp. Carpinteria, CA) were used at 1:100
dilutions. The monoclonal antibody to f-actin, (Sigma
Inc.) was used with a 1:15000 dilution. The secondary
horseradish peroxide anti-mouse Ig antibodies (1:20000

dilution) was purchased from Sigma Inc.

Cytotoxicity Assay

Cells were seeded in 96-well plates at an initial
density of 8 x 10° cells/well 24 hours prior to
treatment. On the following day, cells were treated
with DOX or Doxil® with or without 0.1% (w/v) P85 for 2
or 24 hours at 37°C in a humidified, 5% CO; atmosphere.
Following treatment, the medium was removed and the
cells were rinsed three times by PBS and cultured for
three days in fresh medium. The cytotoxicity was
evaluated using a standard MTT assay and the absorbance

was determined at 562 nm using Spectra MX M5®. Each
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concentration point was determined from samples from
eight separate wells. ICsq values were calculated based
on the percentage ratio between treated cells and
untreated control by using GraphPad Prism 5 Software

(GraphPad Software, San Diego Califonia).

Cellular uptake assay

Cells were seeded on 24 well-plate with the initial
density of 8x103 cells/well, on the day of treatment, the
cells were 70-80% confluent. After 2 or 24 hours
incubation with or without 0.1% (w/v) Pluronic® P85,
cells were rinsed three times with PBS, trypsinized,
supplemented with 1 ml of complete media, and collected
by centrifugation at 1500 rpm for 3 minutes. The cell
pellet was re-suspended in 1lml of PBS containing 1% BSA
and analyzed for DOX fluorescence in UNMC cell analysis

core facility.

Confocal images

Cells were seeded 48 hrs prior treatments in 8-well
chamber slides with an initial cell density of 1.0x10%.
Confluent cells were exposed to Doxil® (200 or 400
ng/ml) for 24 or 48 hours to identify the intracellular
localization of DOX. Cell nuclei were additionally
stained by Hoechst 33258 (Sigama, St. Louis, MO). Atto
647 labeled Pluronic® P85 was synthesized as described
(Yi et al. (2010) Free Radic. Biol. Med., 49:548-558).
0.007% Atto 647 labeled P85 mixed with 0.1% unlabeled
P85 were used to investigate the colocalization of
Pluronic® and cytoplasm. Cells were then visualized
utilizing live cell confocal imaging (Carl Zeiss LSM 510

Meta, Peabody, MA).

Release studies of Doxil®
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Effect of P85 on release of DOX from Doxil® was
studied by dialysis method using a membrane (MW cut-off
3,500 Da). 1 ml of Doxil® solution with DOX
concentration of 0.2 mg/ml in phosphate buffered saline
were placed into a dialysis bags and dialyzed against 25
ml of PBS under continuous shaking at 37°C in dark. 1
ml samples of the dialysate solution were withdrawn at a
definite time interval (1, 2, 4, 8 and 24 hours) and
replaced with an equal volume of fresh media. The
concentration of DOX in the dialysate samples was
determined by measuring absorbance at 485 nm using
Lambda 25 UV/VIS spectrophotometer. The amount of DOX
released from Doxil® was expressed as a percentage of

the total DOX and plotted as a function of time.

Fluorescence studies

Fluorescence spectra of free DOX and Doxil®
liposome in the presence of 0.1% Pluronic® P85 were
recorded using a spectrofluorometer system (Flourlog®,
HORIBA Jobin Yvon Inc., NJ) at wavelength of 480 nm with
the bandwidth of 5 nm of excitation and emission.
Solutions of free DOX and Doxil® used for these studies
were at 50 uM equivalent concentrations of DOX.
Fluorescence measurement for Tritc-labeled P85 was
performed at Aex = 550 nm with the bandwidth of 2 nm for

excitation and emission.

Size and (-potential measurements

Zetasizer {(Marvern Instruments Limited. U.K) was
used to determine effective hydrodynamic diameters
(Deff) and zeta-potential of the particles at 25°C.
Software provided by the manufacturer was used to
analyze the size of the particles, polydispersity

indices and zeta-potential of liposomes. The mean
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values were calculated from the measurements performed

at least in triplicate.

Animals

All experiments were carried out with the approval
of the University of Nebraska Medical Center
Institutional Animal Care and Use Committee and in
accordance with the NIH Guide for Laboratory Animal Use.
Athymic nu/nu mice (6- to 8-weeks-old females, National
Cancer Institute, Frederick, MD) were used to generate
the tumor model throughout this study. The animals were

kept in groups of five and fed ad libitum.

Animal tumor model and antitumor activity

Human ovarian carcinoma xenografts were used as
previous described (Pakunlu et al. (2006) J. Control
Release, 114:153-162; Wang et al. (2008) Clin. Cancer
Res., 14:3607-3616). A2780 human ovarian cancer cells
(4.0 x10°%) were subcutaneously (s.c.) injected into the
right flanks of female athymic nu/nu mice. When the
tumors reached a size of about 0.5 cm’ (10-15 days after
transplantation), mice were given intravenous (i.v.)
injections via the tail vein with Doxil® (12 mg DOX/kg
for the single injection). In the post treatment
groups, 1 hour or 48 hours later, the mouse were treated
with 0.02% (w/v) P85 as the same volume of Doxil® as
they were administrated before. Animal weight and tumor
volume was measured every other day. The tumor length
(L) and width (W) were calculated by equation: WR=1/2 x
L x W. '

Statistical analysis
The differences between treatment groups were

analyzed by using student’s t-test for pairs of groups
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and one-way analysis of variance (ANOVA) for multiple
groups. The p-value less than 0.05 were considered
statistically significant. All statistical analyses
were carried out using GraphPad Prism Software (Version

5 5.0, GraphPad Software, San Diego California, USA).

Results
Effect of Pluronic on in vitro cytotoxicity of Doxil®

10 cancer cells

For the majority of the studies, the sensitive and

multidrug resistant (MDR) ovarian cancer cells, A2780
and A2780/DOX were used. Selected studies were also
done using sensitive and MDR breast adenocarcinoma

15 - cells, MCF7 and MCF7/ADR. First, cells were exposed to
increasing concentrations of Doxil® for 2 hours in the
presence or absence of P85 (0.1% w/v). As shown in
Table 1, at 2 hours exposure Doxil® alone at
concentrations up to 200 mg/ml (counting per Dox

20 contained in the liposome formulation) did not induce
cytotoxicity in either ovarian cancer cell line.
However, co-treatment with P85 increased Doxil®
cytotoxicity in both sensitive and resistant cancer
cells. 2 hours exposures to 0.1% P85 alone did not

25 induce cytotoxicity in the same cells. Similar results

were obtained for breast cancer cells (Table 2).

Treatment " Doxil® ICsg, pg/ml *
A2780 A2780/DOX
Doxil® (2 hrs) N.D. NDSF®
Doxil® + 0.1% P85 (2 hrs, co-exposure) ° 7.55+0.36 8.32+ 0.56
Doxil® (24 hrs) 48.02 + 4.85 N.D*
Doxil® (24 hrs) + 0.1% P85 (2 hrs, pre- 17.48+1.14"7 N.DS
exposure) °
Doxil® (24 hrs) + 0.1% P85 (2 hrs, post- 1476 +324¢7 N.DS
exposure)d
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Table 1: ICsy, values (pg/mL) of Doxil® in ovarian cancer
cells upon different treatments. ? Experiments were
performed in quadruplicate and data is expressed as
means + SEM of at least 4 independent experiments. N.D.
non-detectable up to 200 pg/ml. Statistical comparisons
were made by t-test between Doxil® (24 hours) and either
of the pre- or post-exposure groups: ** p < 0.05.

Y cells were co-incubated for 2 hours with Doxil® and
0.1% P85, washed three times with PBS, and grown in
fresh medium for 72 hours before measuring cytotoxicity.
¢ Cells were first treated with 0.1% P85 for 2 hours,
washed three times with PBS, further incubated with
Doxil® for 24 hours, washed three times with PBS, and
grown in fresh medium for 72 hrs before measuting
cytotoxicity. @ Cells were first treated with Doxil® for
24 hours, washed three times with PBS, followed by 2
hours treatment with 0.1% P85.

Treatment Doxil® ICsg, pg/ml *
MCF7 MCF7/ADR
Doxil® (2 hrs) N.D.” ND?*
Doxil® + 0.1% P85 (2 hrs, co-exposure) b 43.24 £0.38 52.49+0.73
Doxil® (24 hrs) 6.24 +0.26 N.D.
Doxil® (24 hrs) + 0.1% P85 (2 hrs, pre- N.D.
exposure) ¢
Doxil® (24 hrs) + 0.1% P85 (2 hrs, post- N.D.
exposure)d
Table 2: ICs; values (ng/mL) of Doxil® in breast cancer
cells upon different treatments. See Table 1 for
description.

The effects P85 on Doxil® cytotoxicity was examined upon
24 hours exposure. To avoid P85 toxicity the copolymer
was added to cells for 2 hours only either immediately
before or after exposure to Doxil®. This also allowed
for the exclusion of the direct interaction between P85
and Doxil® in the exposure media. Doxil® alone, at 24
hours exposure displayed toxicity in sensitive but not
resistant cell lines (Tables 1 and 2). The pretreatment
and post treatment with P85 also increased cytotoxicity
of Doxil® in A2780 cell iine, compared to Doxil® alone

group.

CSPC Exhibit 1106
Page 99 of 390

30



WO 2012/031293 PCT/US2011/050518

10

15

20

25

30

Effect of Pluronic® on drug uptake in cancer cells

Intracellular accumulation of Doxil® was examined
by FACS analysis. This method did not allow for
distinguishing between Dox incorporated into or released
from the Doxil® particles, but provided a good measure
of total Dox fluorescence in cells. Cells were exposed
to Doxil® for 2 hours or 24 hours. P85 was added

exactly as in the cytotoxicity experiments described

above: either concurrently with Doxil® in the case of 2

hours exposures, or for 2 hours before or after Doxil®
in the case of 24 hours exposures. In each case, except
for pre-exposure in MDR cells, 0.1% P85 resulted in
significant increases in drug intracellular accumulation
(Figs. 1A and 1B). In a similar experiment, cells were
lyzed and Dox fluorescence was normalized to the améunt
of cell protein. The overall results were similar to
the FACS study (Fig. 2), which demonstrates that results
are changes in the net uptake of the drug rather than
its re-distribution inside cells between the free and
liposome bound forms, which have different fluorescence.
The P85 induced increases in the drug uptake were
most pronounced in the case of co-treatment, when both
the copolymer and Doxil® were present in the cell
culture medium simultaneously. This indicated that P85
co-exposure with Doxil® promoted the release of the drug
from the liposome. This trend was seen in both
sensitive and MDR cells. It is interesting to note,
that in the MDR cells the levels of the drug uptake were
considerably less than those in sensitive cells (Fig. 1A
and 1B). This may be due to either lower rate of
internalization of Doxil® particles or rapid efflux of
free Dox released from the liposomes internalized inside
the cells. Since, P85 is a well-documented inhibitor of

the P-glycoprotein (Pgp) efflux pump, it is likely that
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one of its activiﬁies included inhibition of Dox efflux
in the MDR cells. This was most likely to happen in the
conditions of the co-treatment of Doxil® with P85, which
were most favorable for the copolymer‘s induced drug

5 release and efflux inhibition. As a result under these
conditions, the differences in uptake between sensitive
and resistant cells were greatly reduced. The
conditions of pre-treatment with P85 after 24 hours
exposure to Doxil® appeared to be less likely to affect

10 drug release and efflux, which may explain lower P85

effect of drug uptake in MDR cells.

Cellular trafficking of Doxil® in cancer cells in the
absence and presence of Pluronic®

15 Intracellular localization of drugs plays crucial
fole in their activity and toxicity. DOX works via
intercalation into DNA and inhibition of topoisomerase
II, which unwinds DNA for transcription and thus
stopping the replication process (Gewirtz, D.A. (1999)

20 Biochem. Pharmacol., 57:727-741). Therefore it is
important that DOX reaches the nucleus. Uptake of
liposomal DOX, Doxil®, is rather slow process and after
24 hours of exposure to 200 pg/ml Doxil® the uptake is
low and DOX fluorescence is seen in intracellular

25 vesicles with no nuclear localization (Fig. 3A).
However, 0.1% Pluronic® P85 together with Doxil®
drastically increased the DOX cellular uptake and
nuclear translocation in both drug sensitive and
resistant cells (Fig. 3A). In the presence of 0.1%

30 Pluronic® the drug uptake by the cells was observed as
early as after 5 minutes and is quickly translocated to
the nucleus (Fig. 3B). Intracellular localization of

P85 was observed using Atto647 labeled Pluronic. The
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cells were treated with 0.007% of labeled polymer
supplemented with 0.1% of unlabeled Pluronic® (Fig. 3a).
The effect of post-treatment with 0.1% P85 on
Doxil®/DOX trafficking was further studied in A2780
cells (Fig. 3C). The cells were incubated with 200
rg/ml Doxil® for 24 hours, washed, and 0.1% P85 was
added for 1 hour. After 60 minutes incubation with
Pluronic there was little if any colocalization with DOX
from Doxil®. 24 hours later some co-localization was
observed, however there was no nuclear uptake of the
drug. Next the incubation with Doxil® was extended to
48 hours, pre- and post-treatment of P85 with 2 hours-

and localization could be observed in Fig. 3C.

Fluorescence quenching analysis of DOX fluorescence in
Doxil® with and without 0.1% P85

DOX exists in a crystalline state inside the Doxil®
liposome and therefore its fluorescence is quenched (by
ca. 82%). Upon the release of the drug the fluorescence
emission is increased. The fluorescence intensity of
Doxil® was measured in the presence and absence of 0.1%
P85 to evaluate the release of DOX from the liposomes.
Fluorescence emission of Doxil® alone was not changed
over the time period of 1 hour. Upon addition of
Pluronic®, drastic increase of fluorescence was seen
after 30 minutes of incubation and did not change during
the following 30 minutes indicating that the release was
fast and reached its maximum during first 30 minutes of
exposure to Pluronic® (Fig. 4). '

The effect of Pluronic® on doxorubicin release from
DOXIL® in vitro was also determined. As seen in Figure
5, doxorubicin was released from the liposomes at higher
rates in the presence of Pluronic® both at pH 5.5 and
7.4.
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Anti-tumor efficacy of Doxil® and Pluronic P85
formulations

Antitumor effects of Doxil® in the presence or
absence of Pluronic® formulation were evaluated to
determine whether Pluronic® could enhance the drug
accumulation in the tumor and lead to tumor suppression.
A2780 ovarian tumor bearing mice received i.v. with 12
mg/kg single injection of Doxil®. One hour, 48 hours
and 96 hours later, mice were received the same amount
of 0.02% P85 after Doxil® administration. The tumor
volumes were measured every other day. Tumor volume
changes in control and treated groups are shown in
Figure 6. Post treatment of Pluronic P85 induced
significant tumor growth inhibition compared to the
single dose of Doxil®, even in the 1 hour post treatment
group. The anti-tumor efficacy was more pronounced in
the 48 hours post treatment group. The observed
difference in anti-tumor effects of Doxil® in the
presence or absence of Pluronic® could be correlated to
the pharmacokinetic characteristic of Doxil®, which is
well known as the long blood circulation of DOX. As it
was demonstrated above (Fig. 4), Pluronic® induces the
increase of mobility and permeability of liposomal lipid
bilayer, which attribute to the rapid release of the
drug from liposomes.

To evaluate the systemic toxicity of different
treatments heart, liver, spleen and kidneys were
isolated from tumor bearing animals at the end point of
the experiment. The histological analysis (Figure 7)

did not show any toxicity in all cases.
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A number of publications and patent documents are
cited throughout the foregoing specification in order to
describe the state of the art to which this invention
pertains. The entire disclosure of each of these
citations is incorporated by reference herein.

While certain of the preferred embodiments of the
present invention have been described and specifically
exemplified above, it is not intended that the invention
be limited to such embodiments. Various modifications

may be made thereto without departing from the scope and

- spirit of the present invention, as set forth in the

following claims.
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What is claimed is:

1. A method of inhibiting a cancer in a subject, said
method comprising administering at least one
5 encapsulated chemotherapeutic agent and at least one

amphiphilic block copolymer to said subject.

2. The method of claim 1, wherein said encapsulated
chemotherapeutic agent and said amphiphilic block

10 copolymer are contained within a single composition.

3. The method of claim 1, wherein said encapsulated

chemotherapeutic agent and said amphiphilic block

copolymer are contained within separate compositions.
15

4. The method of claim 3, wherein said encapsulated

chemotherapeutic agent and said amphiphilic block

copolymer are administered at least sequentially.

20 5. The method of claim 4, wherein said encapsulated
chemotherapeutic agent is administered before said

amphiphilic block copolymer.

6. The method of claim 1, wherein said encapsulated
25 chemotherapeutic agent and said amphiphilic block

copolymer are administered at least simultaneously.

7. The method of claim 1, wherein said encapsulated
chemotherapeutic agent is a liposomal doxorubicin.

30
8. The method of claim 1, wherein said amphiphilic block
copolymer comprises at least one block of ethylene oxide

and at least one block of propylene oxide.
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9. The method of claim 8, wherein said amphiphilic block
copolymer is a poly(ethylene oxide)-poly(propylene
oxide) -poly (ethylene oxide) triblock copolymer.

10. The method of claim 9, wherein the poly{propylene
oxide) content of the amphiphilic block copolymer is at
least 30%.

11. The method of claim 9, wherein the molecular mass of
the poly(propylene oxide) block is from about 1200 to
about 4200.

12. The method of claim 1, comprising the administration
of a first amphiphilic block copolymer and a second
amphiphilic block copolymer, wherein the first and

second amphiphilic block copolymers are different.

13. A composition comprising at least one encapsulated
chemotherapeutic agent, at least one amphiphilic block

copolymer, and at least one pharmaceutical carrier.

14. The composition of claim 13, wherein said
encapsulated chemotherapeutic agent is a liposomal

doxorubicin.

15. The composition of claim 13, wherein said
amphiphilic block copolymer comprises at least one block
of ethylene oxide and at least one block of propylene

oxide.

16. A kit comprising:
a) a first composition comprising at least one
encapsulated chemotherapeutic agent and at least one

pharmaceutical composition; and
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b) a second composition comprising at least one
amphiphilic block copolymer and at least one

pharmaceutical composition.

5 17. The kit of claim 16, wherein said encapsulated

chemotherapeutic agent is a liposomal doxorubicin.

18. The kit of claim 16, wherein said amphiphilic block
copolymer comprises at least one block of ethylene oxide

10 and at least one block of propylene oxide.
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METHODS FOR TREATING PANCREATIC CANCER USING COMBINATION THERAPIES
COMPRISING AN ANTI-ERBB3 ANTIBODY

Background

Despite improvements in cancer treatments, there remains a critical need to further improve
therapies so as to prolong patients’ lives while maintaining quality of life, particularly in the case of
advanced cancers such as pancreatic cancers that often are, or become, resistant to current therapeutic
modalities.

The ErbB3 receptor is 148 kD transmembrane receptor that belongs to the ErbB/EGFEFR receptor
tyrosine kinase family; it is the only family member known to lack intrinsic kinase activity. The ErbB
receptors form homo- and heterodimeric complexes with other ErbB receptors that impact the physiology
of cells and organs by mediating ligand-dependent (or rarely ligand independent) activation of multiple
signal transduction pathways. Upon binding one of its physiological ligands (e.g., heregulin), ErbB3
heterodimerizes with another ErbB family member, typically ErbB2 (HER2). ErbB3/ErbB2 dimerization
results in phosphorylation of ErbB3 on tyrosine residues of the intracellular cytoplasmic region of the
protein. ErbB3-containing heterodimers in tumor cells have been shown to be the most mitogenic and
oncogenic receptor complexes of ErbB family members, and they strongly activate intracellular signaling
pathways involved in tumorigenesis, such as those promoting cell survival, growth, and migration.

Incidence of pancreatic cancer has markedly increased during the past several decades. It now
ranks as the fourth leading cause of cancer death in the United States. Pancreatic cancer’s high mortality
rate is due to a dearth of effective therapies and a complete absence of reliably durable therapies. Because
of the location of the pancreas, pancreatic cancer is typically not diagnosed until a tumor has become
large enough to produce systemic symptoms. This, coupled with the absence of good screening tools and
a limited understanding of risk factors, results in patients usually having advanced disease, often
advanced metastatic disease, at the time of diagnosis. Metastatic pancreatic cancer has a dismal prognosis
and is almost uniformly fatal, with an overall survival rate of less than 4% at 5 years.

There are few approved treatment options for advanced or metastatic pancreatic cancers,
particularly for those of exocrine origin. Single-agent gemcitabine is the current standard of care in first-
line treatment of advanced and metastatic pancreatic adenocarcinoma. In clinical trials, single-agent
gemcitabine has consistently demonstrated a median prolongation of survival of 5 to 6 months and a 1-
year survival rate of about 20%. Single agent gemcitabine was also approved as second line treatment for
patients previously treated with but no longer responsive to 5-Fluorouracil, with a median overall

prolongation of survival of 3.9 months.
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Based upon what is known of the biology of pancreatic cancer, a variety of targeted agents have
been evaluated, but only erlotinib, a protein tyrosine kinase inhibitor targeted to EGFR, has been
approved for first-line use in advanced pancreatic cancer, and the approval is only for use in combination
with gemcitabine. The co-administration of erlotinib with gemcitabine resulted in a statistically
significant benefit in survival, and improvements in median survival (6.4 months vs. 5.9 months), and 1-
year survival rate (24% vs. 17%) compared to gemcitabine alone. Clinical trials evaluating other targeted
agents, including studies testing the antibodies bevacizumab and cetuximab, have been disappointingly
negative. Thus, there is an urgent need for improvements in, and effective alternatives to, current

therapies for pancreatic cancer. The disclosed invention addresses this need.

Summary

Monotherapy with an anti-ErbB3 antibody significantly suppresses tumor growth in a dose-
dependent manner in in vivo pancreatic adenocarcinoma xenograft models. It has now been discovered
that co-administration of an anti-ErbB3 antibody with one or more additional therapeutic agents, such as
paclitaxel (e.g., nab-paclitaxel), irinotecan, or erlotinib (with or without concomitant gemcitabine),
exhibits therapeutic synergy.

Accordingly, provided are methods of treating pancreatic cancer in a patient by co-administering
therapeutically synergistic combinations of an anti-ErbB3 antibody and one or more additional
therapeutic agents. These methods include a method of treating pancreatic cancer in a patient comprising:
co-administering to the patient an effective amount of each of an anti-ErbB3 antibody and one or more
additional therapeutic agents, wherein the one of the one or more additional therapeutic agents comprise
an EGFR inhibitor. In some embodiments the one or more additional therapeutic agents is an EGFR
inhibitor that is selected from, gefitinib, erlotinib, afatinib and lapatinib. In some embodiments the one or
more additional therapeutic agents is an EGFR inhibitor that is selected from MM-151, Sym004,
cetuximab, panitumumab, zalutumumab, nimotuzumab, and matuzumab. In further embodiments the one
or more additional therapeutic agents further comprise a nucleoside metabolic inhibitor (e.g., formulated
for intravenous administration) such a gemcitabine and the EGFR inhibitor (e.g., formulated for oral
administration) is optionally erlotinib.

Also provided are methods of treating pancreatic cancer in a patient comprising: co-administering
to the patient an effective amount of each of an anti-ErbB3 antibody and one or more additional
therapeutic agents wherein the one or more additional therapeutic agents comprise 1) a nucleoside
metabolic inhibitor such as gemcitabine, or 2) a microtubule stabilizing agent (e.g., formulated for
intravenous administration) such as paclitaxel injection, nab-paclitaxel and docetaxel. Such co-

administrations beneficially have an additive or superadditive effect on suppressing pancreatic tumor
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growth, which effect on suppressing pancreatic tumor growth is measured, e.g., in a mouse xenograft
model using BXPC-3 or COLO-357 cells.

Also provided are methods of treating pancreatic cancer in a patient comprising: co-administering
to the patient an effective amount of each of an anti-ErbB3 antibody and one or more additional
therapeutic agents wherein the one or more additional therapeutic agents comprise a topoisomerase 1
inhibitor and optionally wherein the topoisomerase 1 inhibitor is formulated for intravenous
administration, such inhibitors are e.g., camptothecins selected from the group consisting of 9-
aminocamptothecin, 7-ethylcamptothecin, 10-hydroxycamptothecin, 9-nitrocamptothecin, 10,11-
methylenedioxycamptothecin, 9-amino-10,11-methylenedioxycamptothecin, 9-chloro-10,11-
methylenedioxycamptothecin, topotecan, lurtotecan, silatecan, and irinotecan and when the camptothecin
is irinotecan or topotecan the irinotecan or topotecan may be liposomally encapsulated irinotecan or
liposomally encapsulated topotecan. When the one or more additional therapeutic agents is liposomally
encapsulated irinotecan or liposomally encapsulated topotecan , the liposomally encapsulated irinotecan
or liposomally encapsulated topotecan may each advantageously be contained in liposomes in the form of
a sucrose octasulfate salt.

Also provided are methods of treating pancreatic cancer in a patient comprising: co-administering
to the patient an effective amount of each of an anti-ErbB3 antibody and one or more additional
therapeutic agents, wherein the one or more additional therapeutic agents is chosen from the group
consisting of a bispecific anti-ErbB2/anti-ErbB3 antibody, an anti-IGF-1R/anti-ErbB3 antibody, an anti
EGFR/anti-ErbB3 antibody, or a mixture of anti-EGFR and anti-ErbB3 antibodies.

Further provided are methods of treating pancreatic cancer in a patient comprising: co-
administering to the patient an effective amount of each of an anti-ErbB3 antibody and one or more
additional therapeutic agents, wherein i) the antibody is an antibody having the heavy chain sequence set
forth in SEQ ID NO:2 and the light chain sequence set forth in SEQ 1D NO:4, and ii) the one or more
additional therapeutic agents comprises eribulin.

In each of the preceding methods the ErbB3 inhibitor may be an anti-ErbB3 antibody, e.g.. an
anti-ErbB3 antibody comprising CDRH1, CDRH2, and CDRH3 sequences comprising the amino acid
sequences set forth in SEQ ID NO: 5 (CDRH1) SEQ ID NO: 6 (CDRH2) and SEQ ID NO: 7 (CDRH3),
and further comprises CDRL1, CDRL?2, and CDRL3 sequences comprising the amino acid sequences set
forth in SEQ ID NO: 8 (CDRL1) SEQ ID NO: 9 (CDRL2) and SEQ ID NO: 10 (CDRL3), or one
comprising Vy and/or V regions comprising the amino acid sequences set forth in SEQ ID NOs: 2 and 4,
respectively. Anti-ErbB3 antibodies may further be selected from GE-huMab-HER3, MEDI3379, 8B8
(ATCC HB-12070), 1B4C3, 2D1D12, AMGS888 and AV-203.
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Further provided is a composition for the treatment of pancreatic cancer, or for the manufacture
of a medicament for the treatment of pancreatic cancer, in a patient, said treatment comprising co-
administering to the patient an effective amount of each of an anti-ErbB3 antibody and one or more
additional therapeutic agents, wherein the one of the one or more additional therapeutic agents comprise
1) an orally available EGFR inhibitor, e.g., gefitinib, erlotinib, afatinib or lapatinib (frequently erlotinib),
or a parenterally available EGFR inhibitor, e.g., MM-151, Sym004, cetuximab, panitumumab,
zalutumumab, nimotuzumab, or matuzumab. In such combinations the one or more additional therapeutic
agents may comprise a nucleoside metabolic inhibitor, e.g., gemcitabine; 2) a nucleoside metabolic
inhibitor, e.g., gemcitabine; 3) a microtubule stabilizing agent, e.g., a taxane such as eribulin, paclitaxel
injection, nab-paclifaxel or docetaxel (frequently pab-paclitaxel) — preferably co-administration of the
anti-ErbB3 antibody and the taxane has an additive or superadditive effect on suppressing pancreatic
tumor growth, as compared to administration of the anti-ErbB3 antibody alone or the taxane alone,
wherein the effect on suppressing pancreatic tumor growth is measured in a mouse xenograft model using
BxPC-3 or COLO-357 cells; 4) a topoisomerase 1 inhibitor, e.g., a camptothecin such as 9-
aminocamptothecin, 7-ethylcamptothecin, 10-hydroxycamptothecin, 9-nitrocamptothecin, 10,11-
methylenedioxycamptothecin, 9-amino-10,11-methylenedioxycamptothecin, 9-chloro-10,11-
methyienedioxycamptothecin, lurtotecan, silatecan, or (frequently) topotecan or irinotecan, e.g.,
liposomally encapsulated irinotecan or liposomally encapsulated topotecan, each encapsulated, e.g., in the
form of a sucrose octasulfate salt. In one embodiment, the combination treatments are useful for
inhibiting the spread of cancer cells from the pancreas to other tissues.

In each of the preceding methods and compositions the co-administration of the anti-ErbB3
antibody and the additional chemotherapeutic agent or agents preferably has an additive or superadditive
effect on suppressing pancreatic tumor growth, as compared to administration of the anti-ErbB3 antibody
alone or the one or more additional chemotherapeutic agents alone, wherein the effect on suppressing
pancreatic tumor growth is measured in a mouse xenograft model using BxPC-3 or COLO-357 cells. In
certain embodiments of these methods, at least one of the one or more additional therapeutic agents is
administered at a dosage that is a reduced dosage that provides less of the at least one additional
therapeutic agent than is provided by a dosage recommended by the manufacturer of the at least one
additional therapeutic agent for administration for the treatment of cancer in a patient who is not receiving
concurrent anti-ErbB3 antibody therapy, e.g.. the reduced dosage is a dosage that is about half the dosage
recommended by the manufacturer.

In each of the methods and compositions disclosed herein, the anti-ErbB3 antibody is
advantageously formulated for intravenous administration. In each, the patient may have recurrent or

persistent pancreatic cancer following primary chemotherapy and may have failed prior therapy with a
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platinum-based therapeutic agent or have failed prior treatment with, or become resistant to treatment
with one or more of a) a nucleoside analog therapeutic agent, b) a platinum-based therapeutic agent, ¢) a
therapeutic agent, that is a topoisomerase 1 inhibitor and d) a therapeutic agent that is a tyrosine kinase
inhibitor. In each of the additional therapeutic agent or agents may be administered following the
administration of the anti-ErbB3 antibody; optionally, the topoisomerase 1 inhibitor may be administered
before the administration of the anti-ErbB3 antibody or the topoisomerase 1 inhibitor and the anti-ErbB3
antibody are administered simultaneously. When a microtubule stabilizing agent is co-administered it
may be administered before, after or concurrently with an anti-ErbB3 antibody. When EGFR inhibitor
and nucleoside metabolic inhibitor are co-administered they may be administered before, after or
concurrently with an anti-ErbB3 antibody.

In any of the foregoing methods and compositions the one or more additional therapeutic agents
comprise two or more additional therapeutic agents, one of which is optionally gemcitabine. In the
foregoing methods, the two or more additional therapeutic agents may be a combination of folinic acid, 5-
fluorouracil, irinotecan, and oxaliplatin (FOLFIRINOX), or a combination of folinic acid, 5-fluorouracil,
and oxaliplatin (FOLFOX), or a combination of folinic acid, S-fluorouracil, and irinotecan (FOLFIRI).

In any of the foregoing methods and compositions the anti-ErbB3 antibody may be formulated for
intravenous administration and 1) is selected from the group comprising GE-huMab-HER3, MEDI3379,
AMGSE88, AV-203, 8B3, 1B4C3 and 2D1D12, or 2) is selected from an antibody comprising Vg and/or
V¢ regions comprising the amino acid sequences set forth in SEQ ID NOs: 2 and 4, respectively, or 3)
comprises CDRHI1, CDRH2, and CDRH3 sequences comprising the amino acid sequences set forth in
SEQ ID NO: 5 (CDRH1) SEQ ID NO: 6 (CDRH2) and SEQ ID NO: 7 (CDRH3), and further comprises
CDRL1, CDRL.2, and CDRIL.3 sequences comprising the amino acid sequences set forth in SEQ ID NO: 8
(CDRL1) SEQ ID NO: 9 (CDRL2) and SEQ ID NO: 10 (CDRL3).

Furthermore, in any of the foregoing methods the pancreatic cancer may be an exocrine
pancreatic cancer selected from the group consisting of acinar cell carcinoma, adenocarcinoma,
adenosquamous carcinoma, giant cell tumor, intraductal papillary-mucinous neoplasm (IPMN), mucinous
cystadenocarcinoma, pancreatoblastoma, serous cystadenocarcinoma, and solid and pseudopapillary
tumors; or an adenocarcinoma that is a pancreatic ductal carcinoma; or an endocrine pancreatic cancer
selected from the group consisting of: Gastrinoma (Zollinger-Ellison Syndrome), Insulinoma,
Nonfunctional Islet Cell Tumor, Somatostatinoma, and Vasoactive Intestinal Peptide-Releasing Tumor
(VIPoma or Verner-Morrison Syndrome) — any of which may comprise a KRAS gene comprising a
KRAS mutation such as KRAS G128 and may also or alternately comprise a BRAF mutation (e.g.,
BRAF V600E), in which case one of the one or more additional therapeutic agents is optionally a BRAF

kinase inhibitor, frequently vemurafenib.
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In any of the foregoing methods and compositions, the one or more additional therapeutic agents
may comprise an mTOR inhibitor selected from the group consisting of temsirolimus, everolimus,
sirolimus, and ridaforolimus, most commonly ¢veroiinus.

In any of the preceding methods and compositions, the treatment produces at least one therapeutic
effect selected from the group consisting of: reduction of the rate of tumor growth, reduction in size of
tumor, reduction of tumor mitotic index, reduction in number of metastatic lesions over time, complete
response, partial response, stable disease, increase in overall response rate, or a pathologic complete
response.

In any of the foregoing compositions, the ErbB3 inhibitor may be an anti-ErbB3 antibody, e.g., an
anti-ErbB3 antibody comprising CDRH1, CDRH2, and CDRH3 sequences comprising VH and/or VL
regions comprising the amino acid sequences set forth in SEQ ID NOs: 2 and 4, respectively, or
comprising the amino acid sequences set forth in SEQ ID NO: 5 (CDRH1) SEQ ID NO: 6 (CDRH2) and
SEQ ID NO: 7 (CDRH3), SEQ ID NO: 8 (CDRL1) SEQ ID NO: 9 (CDRL2) and SEQ ID NO: 10
(CDRL3). Alternately, the anti-ErbB3 antibody may be selected from 8B8, 1B4C3, 2D1D12, AMG888
and AV-203. Preferably co-administration of the anti-ErbB3 antibody and the additional
chemotherapeutic agent or agents has an additive or superadditive effect on suppressing pancreatic tumor
growth, as compared to administration of the anti-ErbB3 antibody alone or the one or more additional
chemotherapeutic agents alone, wherein the effect on suppressing pancreatic tumor growth is measured in
a mouse xenograft model using BXPC-3 or COLO-357 cells. In certain embodiments, at least one of the
one or more additional therapeutic agents is administered at a dosage that is a reduced dosage that
provides less of the at least one additional therapeutic agent than is provided by a dosage recommended
by the manufacturer of the at least one additional therapeutic agent for administration for the treatment of
pancreatic cancer in a patient who is not receiving concurrent anti-ErbB3 antibody therapy, optionally the
reduced dose is a dose that is about half the dosage recommended by the manufacturer.

In any of the preceding methods and compositions, the effective amount optionally 1) achieves a

synergistic effect in reducing tumor volume in the patient; or 2) achieves tumor stasis in the patient.

Brief Description of the Drawings
Figure 1 shows suboptimal and optimal doses of MM-121 (Figure 1A) and irinotecan hydrochloride

(CPT-11) (Figure 1B) for inhibiting tumor growth in a BxPC3 xenograft model.

Figure 2 shows tumor regression in a BXPC3 xenograft model after treatment with either CPT-11 or
MM-398 in combination with the suboptimal (150 pug Q3D — Figure 2A) or optimal (600ug Q3D —
Figure 2B) dose of MM-121.
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Figure 3 shows tumor growth inhibition in a COLO-357 xenograft model after treatment with varying
doses of MM-121.

Figure 4 shows tumor growth inhibition in a COLO-357 xenograft model after treatment with a
suboptimal dose of MM-121 (300 ng Q3D) in combination with nab-paclitaxel (Figure 4A) or the same
dose of MM-121 in combination with nab-paclitaxel with and without gemcitabine (Figure 4B).

Figure 5 shows tumor growth inhibition in a COLO-357 xenograft model after treatment with MM-121 at
300 nug Q3D, erlotinib, and gemcitabine, either alone or in two-way or three-way combinations (Figure
5A). Figures 5B-E depict each distinct dose combination shown in Figure SA.

Figure 6 shows tumor growth inhibition in a pancreatic primary tumor explant model after three-way
combination treatment with MM-121, gemcitabine, and erlotinib.

Figure 7 shows the effect of MM-121 in combination with nab-paclitaxel and MM-398 in bioluminescent

orthotopic pancreatic model using luciferase-labeled BxPC3 cells (BxPC3-Luc-2).

Figure 8 is a graph showing the effect of MM-121 on tumor cell migration to the lung (Figure 8A) or the

liver (Figure 8B) in a pancreatic cancer orthotopic model.

Detailed Description

Methods of combination therapy and combination compositions for treating pancreatic cancer in a
patient are provided. In these methods, the cancer patient is treated with both an anti-ErbB3 antibody and
one or more additional therapeutic agents selected, e.g., from irinotecan, paclitaxel, nab-paclitaxel,
erlotinib, gemcitabine, everolimus, and afatinib.
Definitions:

9% &i

The terms ‘“‘combination therapy,” “co-administration,” “co-administered” or “‘concurrent
administration” (or minor variations of these terms) include simultaneous administration of at least two
therapeutic agents to a patient or their sequential administration within a time period during which the
first administered therapeutic agent is still present in the patient when the second administered therapeutic
agent is administered.

The term “monotherapy” refers to administering a single drug to treat a disease or disorder in the
absence of co-administration of any other therapeutic agent that is being administered to treat the same
disease or disorder.

“Additional therapeutic agent” is used herein to indicate any drug that is useful for the treatment

of a malignant pancreatic tumor other than a drug that inhibits heregulin binding to ErbB2/ErbB3

heterodimer.

CSPC Exhibit 1106
Page 126 of 390



10

15

20

25

30

WO 2013/138371 PCT/US2013/030585

"Antibody” describes a polypeptide comprising at least one antibody-derived antigen binding site
(e.g., VH/VL region or Fv, or complementarity determining region - CDR) that specifically binds to a
specific antigen, e.g., ErbB3. *“Antibodies” include whole antibodies and any antigen binding fragment,
e.g., Fab or Fv, or a single chain fragment (e.g., scFv), as well as bispecific antibodies and similar
engineered variants, human antibodies, humanized antibodies, chimeric antibodies Fabs, Fab’2s, ScFvs,
SMIPs, Affibodies®, nanobodies, or a domain antibodies. and may be of any of the following isotypes:
IgG1l, IgG2, IgG3, IgG4, 1gM, IgAl, IgA?2, IgAsec, IgD, and IgE. The antibody may be a naturally
occurring antibody or may be an antibody that has been altered (e.g., by mutation, deletion, substitution,
conjugation to a non-antibody moiety). For example, an antibody may include one or more variant amino
acids (compared to a naturally occurring antibody) which change a property (e.g., a functional property)
of the antibody. For example, numerous such alterations are known in the art which affect, e. g., half-life,
effector function, and/or immune responses to the antibody in a patient. The term “antibody” thus
includes whole antibodies and any antigen binding fragment (i.e., “antigen-binding portion,” e.g., Fabs) or
single chains thereof (e.g.. scFvs) as well as bispecific antibodies and similar engineered variants,
provided that they retain the binding specificity of an antibody.

An "anti-ErbB3 antibody" is an antibody that immunospecifically binds to the ectodomain of
ErbB3. Such binding to ErbB3 typically exhibits a binding affinity equal or greater than that indicated by
a Kj of 50 nM (i.e., a binding affinity corresponding to a K4 value of 50 nM, or a higher binding affinity
as indicated by a lower K4 value such as 50 pM), e.g., as measured by a surface plasmon resonance assay
or a cell binding assay.

The terms “ErbB2,” “HER2,” and “HER?2 receptor,” as used interchangeably herein, refer to the
protein product of the human neu oncogene, also referred to as the ErbB2 oncogene or the HER2
oncogene.

“Dosage” refers to parameters for administering a drug in defined quantities per unit time (e.g.,
per hour, per day, per week, per month, etc.) to a patient. Such parameters include, e.g., the size of each
dose. Such parameters also include the configuration of each dose, which may be administered as one or
more units, e.g., taken at a single administration, e.g., orally (e.g., as one, two, three or more pills,
capsules, etc.) or injected (e.g., as a bolus). Dosage sizes may also relate to doses that are administered
continuously (e.g., as an intravenous infusion over a period of minutes or hours). Such parameters further
include frequency of administration of separate doses, which frequency may change over time.

“Dose” refers to an amount of a drug given in a single administration.

"Effective treatment" refers to treatment producing a beneficial outcome, e.g., amelioration of at
least one symptom of a disease or disorder. A beneficial outcome can take the form of an improvement

over baseline, which is generally an improvement over measurements, observations, or reported

-8 -
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symptoms made, e.g., prior to, simultaneously with, or immediately following initiation of therapy. A
beneficial outcome can also take the form of arresting, slowing, retarding, or stabilizing the progression of
disease, e.g., as indicated by changes in a biomarker. Effective treatment may also refer to improvement
or alleviation of one or more symptoms of pancreatic cancer; e.g., such treatment may reduce pain,
increase patient mobility, reduce tumor size and/or number, increase longevity, reduce the rate of
development of metastatic lesions, slow or reverse tumor growth, prevent or delay tumor recurrence, or
inhibit, retard, slow or stop cancer cell infiltration into organs or tissues outside the pancreas.

“Effective amount” refers to an amount (administered in one or more doses) of an antibody,
protein or additional therapeutic agent, which amount is sufficient to provide effective treatment.

The term “platinum-based therapeutic agent” refers to organoplatinum compounds (or treatment
therewith), including for example oxaliplatin, carboplatin and cisplatin.

The disclosures if the following subsections should not be construed as limiting.

L. Anti-ErbB3 Antibody: An anti-ErbB3 antibody (e.g., MM-121) is to be administered to a

patient in a disclosed combination. MM-121 is a fully human anti-ErbB3 antibody currently undergoing
Phase II clinical trials. MM-121 (also referred to as “Ab #6”’) and related human anti-ErbB3 antibodies
are described in detail in U.S. patent No. 7,846,440, U.S. Patent Publication Nos. US 20100056761, and
US 20100266584, and PCT Publication No. WO 2008/100624. Other anti-ErbB3 antibodies that may be
used in a disclosed combination include any of the other anti-ErbB3 antibodies described in US patent
No. 7,846,440, such as Ab #3 (SEQ ID NOs:14-21), Ab #14 (SEQ ID NOs:22-29), Ab #17 (SEQ ID
NOs:30-37) or Ab #19 (SEQ ID NOs:38-45) or an antibody that competes with Ab #3, Ab #14, Ab #17 or
Ab #19 for binding to ErbB3Additional examples of anti-ErbB3 antibodies that may be administered in
accordance with the methods disclosed herein include antibodies disclosed in US patents and patent
publications Nos. 7,285,649, 8,362,215, and 20100255010, as well as antibodies 1B4C3 (cat # sc-23865,
Santa Cruz Biotechnology) and 2D1D12 (U3 Pharma AG), both of which are described in, e.g., US
Publication No. 20040197332 and are produced by hybridoma cell lines DSM ACC 2527 or DSM ACC
2517 (deposited at DSMZ) anti-ErbB3 antibodies disclosed in U.S. Patent No. 7,705,130 including but
not limited to the anti-ErbB3 antibody referred to as AMGS888 (U3-1287 -- U3 Pharma AG and Amgen),
described in, e.g., U.S. patent No. 7,705,130; the anti-ErbB3 antibody referred to as AV-203 (Aveo
Pharmaceuticals) which is described in US patent publication No. 20110256154, and the monoclonal
antibodies (including humanized versions thereof), such as 8B8 (ATCC® HB-12070™), described in U.S.
patent No. 5,968.511. Additional examples include MEDI3379 (Medimmune), and GE-huMab-HER3
(Genentech), which is a glycoengineered anti-ErbB3 antibody. Other such examples include anti-ErbB3
antibodies that are multi-specific antibodies and comprise at least one anti-ErbB3 antibody (e.g., one of

the aforementioned anti-ErbB3 antibodies) linked to at least a second therapeutic antibody or to an
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additional therapeutic agent. Examples of such antibodies include MM-141 and MM-111, described, e.g.,
in copending U.S. patent publication No. US 2011-0059076. Other suitable anti-ErbB3 antibodies also
include pan-HER antibody compositions such as those disclosed, e.g., in PCT publication No.
WO0/2012/059857 (Symphogen) which describes antibody compositions targeting multiple ErbB family
receptors. Yet other suitable anti-ErbB3 antibodies comprise either: 1) variable heavy (VH) and/or
variable light (VL) regions encoded by the nucleic acid sequences set forth in SEQ ID NOs:1 and 3,
respectively, or 2) VH and/or VL regions comprising the amino acid sequences set forth in SEQ ID NOs:
2 and 4, respectively, or 3) CDRH1, CDRH2, and CDRH3 sequences comprising the amino acid
sequences set forth in SEQ ID NO: 5 (CDRH1) SEQ ID NO: 6 (CDRH2) and SEQ ID NO: 7 (CDRH3),
and/or CDRL1, CDRL?2, and CDRL3 sequences comprising the amino acid sequences set forth in SEQ ID
NO: 8 (CDRI.1) SEQ ID NO: 9 (CDRIL2) and SEQ ID NO: 10 (CDRL3) as well as an antibody that binds
to human ErbB3 and has at least 90% variable region sequence identity with the above-mentioned
antibodies 1), 2), or 3). In one embodiment, the antibody has heavy and light chains comprising the
amino acid sequences set forth in SEQ ID NOs 12 and 13, respectively. In another embodiment, the
antibody competes for binding with and/or binds to the same epitope on human ErbB3 as any one of the
above-mentioned antibodies. When the antibody is MM-121, the epitope typically comprises residues 92-
104 of human ErbB3 (SEQ ID NO: 11). In other embodiments, the antibody is a fully human monoclonal
antibody that binds to ErbB3 and., in living cells and either a) inhibits ErbB2/ErbB3 complex formation or
b) prevents intracellular phosphorylation of ErbB3induced by any of the forms of each of the following:
heregulin, EGF, TGFa, betacellulin, heparin-binding epidermal growth factor, biregulin, epigen,
epiregulin, and amphiregulin, or does both a) and b).

Anti-ErbB3 antibodies described above, can be generated, e.g., in prokaryotic or eukaryotic cells,
using methods well known in the art, e.g., in a cell line capable of glycosylating proteins, such as CHO
cells.

II. Additional therapeutic agents:

Chemotherapy with one or more of 5-fluorouracil (5-FU) and gemcitabine has been shown to
prolong survival in advanced pancreatic cancer. Many novel small molecules are being widely and
actively researched as chemotherapeutic agents. These compounds include fluoropyrimidines, nucleoside
analogues, platinum-based therapeutic agents, topoisomerase 1 inhibitors, antimicrotubule agents, BRAF
inhibitors, proteasome inhibitors, vitamin D analogues, folinic acid (leucovorin or levoleucovorin),
arachidonic acid pathway inhibitors, histone deacytylase inhibitors, farnesyltransferase inhibitors and
epidermal growth factor receptor tyrosine kinase inhibitors. A combination therapy including folinic

acid, 5-fluorouracil, and irinotecan (FOLFIRI), folinic acid, 5-fluorouracil, irinotecan and oxaliplatin

- 10 -
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(FOLFIRINOX), or, less commonly, a combination of folinic acid, 5-fluorouracil, and oxaliplatin
(FOLFOX) are also used to treat pancreatic cancer.

Additional therapeutic agents suitable for combination with anti-ErbB3 antibodies may further
include: 1) EGFR inhibitors including but not limited to monoclonal antibody EGFR inhibitors (e.g. MM-
151, Sym004, cetuximab, panitumumab, zalutumumab, nimotuzumab, and matuzumab), small molecule
tyrosine kinase inhibitors (e.g., afatinib, gefitinib, erlotinib, PKI-166, PD-158780, EKB-569, Tyrphostin
AG 1478), dual inhibitors of EGFR and ErbB2 (e.g. afatinib and lapatinib), and pan-HER kinase
inhibitors (e.g. CI-1033 (PD 183805), AC480, HM781-36B, AZD8931 and PF299804); 2) pyrimidine
antimetabolites, e.g. the nucleoside metabolic inhibitor gemcitabine; 3) topoisomerase 1 inhibitors(e. g.
irinotecan); 4) microtubule stabilizing agents (e.g. laulimalide, epothilone A, epothilone B,
discodermolide, eleutherobin, sarcodictyin A, sarcodictyin B, cabazitaxel, paclitaxel, nab-paclitaxel or
docetaxel); 5) BRAF inhibitors, (e.g. vemurafenib); 6) IGF1R inhibitors (e.g. dalotuzumab, XI1.228,
BMS-754807 AMG-479, R1507, figitumumab, IMC-A12, and MM-141, a bispecific ErbB3/IGF1R
inhibitor (further described in Lugovskoy et al., copending commonly assigned U.S. Patent Application
Serial No. 61/558,192, filed 11/10/2011, and PCT application No. PCT/US2012/034244) and molecule
IGF1R inhibitors include XI.228 and BMS-754807); 7) phosphoinositide-3-kinase (PI3K) inhibitors (e.g.
CAL101 and PX-8606); 8) mitogen activated kinase kinase (MEK) inhibitors (e.g. XI.518, CI-1040,
PDO035901, selumetinib, and GSK1120212); and 9) mTOR inhibitors (e.g. everolimus, temsirolimus,
sirolimus, or ridaforolimus). mTOR (mammalian target of rapamycin) is a serine/threonine protein kinase
that regulates cell growth, proliferation, motility, survival. and protein synthesis and transcription.
Rapamycin is now known as sirolimus, an mTOR inhibitor used as an immunosuppressant.

In certain combination therapy methods, one or more of the following therapeutic agents is co-
administered to the patient with an anti-ErbB3 antibody.

Gemcitabine (Gemzar®) is indicated as first line therapy for pancreatic adenocarcinoma and is
also used in various combinations to treat ovarian, breast and non-small-cell lung cancers. Gemcitabine
HCl is 2"-deoxy-2",2 -difluorocytidine monohydrochloride (-isomer) (MW=299.66) and is administered
parenterally, typically by i.v. infusion.

Irinotecan (Camptosar®) (irinotecan hydrochloride injection), also referred to as CPT-11, is
administered parenterally, typically by i.v. infusion. CPT-11 is approved in the United States for
treatment of metastatic colon or renal cancer. CPT-11 is also used to treat colorectal, gastric, lung,
uterine cervical and ovarian cancers.

In one embodiment, CPT-11 is administered in a stable nanoliposomal formulation, e.g., the
formulation referred to herein as “MM-398” (also known as PEP02). MM-398 may be provided as a

sterile, injectable parenteral liquid for intravenous injection. MM-398 may be administered, for example,
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at a dosage of 120mg/m”. The required amount of MM-398 may be diluted, e.g., in 500mL of 5%
dextrose injection USP and infused over a 90 minute period.

An MM-398 liposome is a unilamellar lipid bilayer vesicle of approximately 80-140 nm in
diameter that encapsulates an aqueous space which contains irinotecan complexed in a gelated or
precipitated state as a salt with sucrose octasulfate. The lipid membrane of the liposome is composed of
phosphatidylcholine, cholesterol, and a polyethyleneglycol-derivatized phosphatidyl-ethanolamine in the
amount of approximately one polyethyleneglycol (PEG) molecule for 200 phospholipid molecules. MM-
398 recently achieved primary efficacy endpoints in Phase II clinical trials in metastatic pancreatic cancer
and in gastric cancer, and is being investigated in the context of metastatic colorectal cancer.

Paclitaxel is administered parenterally, typically by i.v. infusion, and is fornmiated with
polyethoxylated castor otl as “Taxol® (paclitaxel) injection” or with human serum aibumin as “Abraxane®
{paclitaxel protein-bound particles for injectable suspension) (albumin bound)” also called nab-paclitaxel.
Paclitaxel is used to treat, e.g., breast cancer, non-small cell lung cancer (in combination with cisplatin),
and AIDS-related Kaposi’s sarcoma.

Eriotinibh (Tarcsva@) iz orally administered and is used o treat, e.g., locally advaaced or
metastatic non-small cell lung cancer (NSCLO) and Jocally advanced, unresectable or metastatic
pancreatic cancer (in combination with gemcitabine).

Afatinib (Tomtovok™) is an orally administered tyrosine kinase inhibitor that irreversibly inhibits
HER2 and EGFR kinases. It is not yet marketed and is being tested in the context of non-small cell lung
carcinoma, breast, prostate, head and neck cancers, and glioma.

Temsirokimus {Torisel™) is an ;' FOR inhibitor that is administered parenteraily, typically by i.v.
infusion and is used to treat advanced renal cell carcinoma.

Everolinms (Afinitor™), a 44-0G-2-hydroxyethyl) derivative of sivolinus, is an mTOR inhibitor
that is administered orally and is used to treat progressive neuroendocrine tumors of pancreatic origin
(PNET) in patients with unresectable, locally advanced or metastatic disease.

Vemurafenib (Feiboraf®) is a BRAF enzyme inhibitor approved for the treatment of late-stage
melanoma in patients whose cancer harbors a VOOUOE BRAF mutation.

III. Combination Therapies

As herein provided, anti-ErbB3 antibodies (e.g., MM-121) are co-administered with one or more
additional therapeutic agents (e.g. irinotecan, nab-paclitaxel, erlotinib, gemcitabine, everolimus, and/or
afatinib), to provide effective treatment to human patients having a pancreatic cancer (e.g., pancreatic
adenocarcinoma).

The anti-ErbB3 antibody and one or more additional therapeutic agents for combination therapy

may be administered to the patient in any suitable form. Typically, each of the anti-ErbB3 antibody and
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the one or more additional therapeutic agents is provided in the form of a pharmaceutical composition,
which comprises the antibody or additional therapeutic agent in a physiologically acceptable carrier. In
certain embodiments, the one or more additional therapeutic agents are formulated for oral or intravenous
administration. In another embodiment, the anti-ErbB3 antibody is formulated for intravenous
administration.

In particular embodiments, the anti-ErbB3 antibody is administered at a dose selected from: 2-50
mg/kg (body weight of the patient) administered once a week, or twice a week or once every three days,
or once every two weeks, and 1-100 mg/kg administered once a week, or twice a week or once every
three days, or once every two weeks. In various embodiments, the anti-ErbB3 antibody is administered at
a dosage of 3.2 mg/kg, 6 mg/kg, 10 mg/kg, 15 mg/kg, 20 mg/kg, 25 mg/kg, 30 mg/kg, 35 mg/kg or 40
mg/kg at a timing of once a week, or twice a week or once every three days, or once every two weeks.
Additional dosage ranges for the anti-ErbB3 antibody include: 1-1000 mg/kg, 1-500 mg/kg, 1-400 mg/kg,
1-300 mg/kg and 1-200 mg/kg. Suitable dosage schedules include once every three days, once every five
days, once every seven days (i.e., once a week), once every 10 days, once every 14 days (i.e., once every
two weeks), once every 21 days (i.e., once every three weeks), once every 28 days (i.e., once every four
weeks) and once a month.

IV. Patient Populations

In one embodiment, a human patient for treatment using the methods and compositions disclosed
herein exhibits evidence of recurrent or persistent disease following primary chemotherapy.

In another embodiment, such a human patient has had and failed at least one prior platinum based
chemotherapy regimen for management of primary or recurrent disease, e.g., a chemotherapy regimen
comprising carboplatin, cisplatin, or another organoplatinum compound.

In an additional embodiment, the human patient has failed prior treatment with gemcitabine or
become resistant to gemcitabine.

As used herein the terms “resistant” and “‘refractory” refer to tumor cells that survive treatment
with a therapeutic agent. Such cells may have responded to a therapeutic agent initially, but subsequently
exhibited a reduction of responsiveness during treatment, or did not exhibit an adequate response to the
therapeutic agent in that the cells continued to proliferate in the course of treatment with the agent. In one
embodiment a resistant or refractory tumor is one where the treatment-free interval following completion
of a course of therapy for a patient having the tumor is less than 6 months (e.g., owing to recurrence of the
cancer) or where there is tumor progression during the course of therapy.

In another embodiment, the pancreatic cancer undergoing treatment is advanced pancreatic
cancer, which is a pancreatic tumor that exhibits either or both of distant metastasis or peripancreatic

extension of the tumor.
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The combination therapies and methods disclosed herein are useful for the treatment of pancreatic
cancers, including pancreatic cancers that are refractory or resistant to other anti-cancer treatments. The
methods can be used in the treatment of essentially any type of pancreatic cancer tumor that expresses
ErbB3. Examples of types of pancreatic cancers to be treated include 1) exocrine pancreatic cancers, e.g.,
acinar cell carcinoma, adenocarcinoma, adenosquamous carcinoma, giant cell carcinoma of the pancreas,
intraductal papillary-mucinous neoplasm (IPMN), mucinous cystadenocarcinoma, pancreatoblastoma, and
serous cystadenocarcinoma, and 2) endocrine pancreatic cancers, e.g., gastrinoma (Zollinger-Ellison
Syndrome), insulinoma, nonfunctional islet cell tumor, somatostatinoma, vasoactive intestinal peptide-
releasing tumor (VIPoma or Verner-Morrison Syndrome). In one embodiment, the pancreatic cancer is
an adenocarcinoma (i.e., pancreatic ductal carcinoma).

In one embodiment, the pancreatic cancer comprises one or more KRAS mutations (e.g., a KRAS
(G128 mutation). “KRAS mutation” refers to oncogenic mutations found in certain cancers in KRAS, the
human homolog of the v-Ki-ras2 Kirsten rat sarcoma viral oncogene. It has been reported that KRAS
mutations are found in 73% of pancreatic tumors. In another embodiment, the pancreatic cancer
comprises a BRAF mutation (e.g., a BRAF V600E mutation). “BRAF mutation” refers to oncogenic
mutations in the BRAF (Serine/threonine-protein kinase B-Raf or ““B-Raf”) gene. When present, KRAS
and BRAF mutations are typically found together in pancreatic tumors. Transgenomic, Inc., Omaha,
Nebraska; Asuragen, Inc., Austin, Texas; EntroGen, Inc., Tarzana, California; and QIAGEN Gmbh,
Hilden, Germany, are among the many companies that market both KRAS and BRAF testing kits.
Multiple laboratories now offer KRAS and BRAF mutation testing of tumor biopsy samples as a
commercial service. e.g., GenPath, Elmwood Park, New Jersey and Clarient, Inc., Aliso Viejo, California.

V. Qutcomes

As shown in the Examples herein, co-administration of an anti-ErbB3 antibody with one or more
additional therapeutic agents (e.g. irinotecan, nab-paclitaxel, erlotinib, gemcitabine, everolimus, and/or
afatinib) provides improved efficacy compared to treatment with the antibody alone or with the one or
more additional therapeutic agents in the absence of antibody therapy. Preferably, a combination of an

anti-ErbB3 antibody with one or more additional therapeutic agents exhibits therapeutic synergy.

“Therapeutic synergy” refers to a phenomenon where treatment of patients with a combination of
therapeutic agents manifests a therapeutically superior outcome to the outcome achieved by each
individual constituent of the combination used at its optimum dose (T. H. Corbett et al., 1982, Cancer
Treatment Reports, 66, 1187). In this context a therapeutically superior outcome is one in which the
patients either a) exhibit fewer incidences of adverse events while receiving a therapeutic benefit that is
equal to or greater than that where individual constituents of the combination are each administered as

monotherapy at the same dose as in the combination, or b) do not exhibit dose-limiting toxicities while
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receiving a therapeutic benefit that is greater than that of treatment with each individual constituent of the
combination when each constituent is administered in at the same doses in the combination(s) as is
administered as individual components. In xenograft models, a combination, used at its maximum
tolerated dose, in which each of the constituents will be present at a dose generally not exceeding its
individual maximum tolerated dose, manifests therapeutic synergy when decrease in tumor growth
achieved by administration of the combination is greater than the value of the decrease in tumor growth of

the best constituent when the constituent is administered alone.

Thus, in combination, the components of such combinations have an additive or superadditive
effect on suppressing pancreatic tumor growth, as compared to monotherapy with the anti-ErbB3
antibody or treatment with the chemotherapeutic(s) in the absence of antibody therapy. By *“‘additive” is
meant a result that is greater in extent (e.g., in the degree of reduction of tumor mitotic index or of tumor
growth or in the degree of tumor shrinkage or the frequency and/or duration of symptom-free or
symptom-reduced periods) than the best separate result achieved by monotherapy with each individual
component, while “superadditive” is used to indicate a result that exceeds in extent the sum of such
separate results. In one embodiment, the additive effect is measured as slowing or stopping of pancreatic
tumor growth. The additive effect can also be measured as, e.g., reduction in size of a pancreatic tumor,
reduction of tumor mitotic index, reduction in number of metastatic lesions over time, increase in overall

response rate, or increase in median or overall survival.

One non-limiting example of a measure by which effectiveness of a therapeutic treatment can be

quantified is by calculating the 1og10 cell kill, which is determined according to the following equation:
logl0 cell kill =T C (days)/3.32 x Td

in which T C represents the delay in growth of the cells, which is the average time, in days, for
the tumors of the treated group (T) and the tumors of the control group (C) to have reached a
predetermined value (1 g, or 10 mL, for example), and Td represents the time, in days necessary for the
volume of the tumor to double in the control animals. When applying this measure, a product is
considered to be active if logl0 cell kill is greater than or equal to 0.7 and a product is considered to be
very active if log10 cell kill is greater than 2.8. Using this measure, a combination, used at its own
maximum tolerated dose, in which each of the constituents is present at a dose generally less than or equal
to its maximum tolerated dose, exhibits therapeutic synergy when the log10 cell kill is greater than the
value of the log10 cell kill of the best constituent when it is administered alone. In an exemplary case, the
log10 cell kill of the combination exceeds the value of the log10 cell kill of the best constituent of the
combination by at least 0.1 log cell kill, at least 0.5 log cell kill, or at least 1.0 log cell kill.
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VI. Kits and Unit Dosage Forms

Kits that include a pharmaceutical composition containing an anti-ErbB3 antibody, such as MM-121,
and a pharmaceutically-acceptable carrier, in a therapeutically effective amount adapted for use in the
preceding methods are provided. The kits can optionally also include instructions, e.g., comprising
administration schedules, to allow a practitioner (e.g., a physician, nurse, or patient) to administer the
compositions contained therein to a patient having a pancreatic cancer. In one embodiment, the kit further
comprises irinotecan. In another embodiment, the kit further comprises paclitaxel (e.g., nab-paciitaxel). In
another embodiment, the kit further comprises erlotinib and/or gemcitabine. In another embodiment the kit
includes infusion devices such as needles, catheters, tubing, and the like. Optionally, the kits include multiple
packages each containing a single dose amount of the antibody or of the chemotherapeutic (e.g., in a unit
dosage form distributed by the manufacturer) for administration in accordance with the methods provided
herein.

VII. Treatment of Cancer Types other than Pancreatic Cancer

ErbB3 is a critical activator of phosphoinositide 3-kinase (PI3K) signaling in cancers that arise from
dependence on the epidermal growth factor receptor, e.g., pancreatic cancer, and reactivation of ErbB3 is a
prominent method by which a cancer can become resistant to ErbB inhibitors. The methods and combination
treatments described herein will thus be useful for treatment of types of cancer with a molecular pathology
similar to that of pancreatic cancer in that they are EGFR-driven and, after anti-EGFR treatment, become
resistant to such treatment through increased signaling in the PI3K pathway via ErbB3. Such cancer types
include, but are not limited to, lung, colon, head and neck, and esophageal cancers.

The following examples are illustrative and should not be construed as limiting the scope of this
disclosure in any way; many variations and equivalents will become apparent to those skilled in the art upon
reading the present disclosure.

Incorporation By Reference: The disclosure of each and every US, International, or other patent or

patent application or publication referred to herein is hereby incorporated herein by reference in its
entirety.
Examples
Example 1 Combination Treatment with MM-121 and irinotecan Inhibits Tumor Growth in
Pancreatic Cancer

The anti-tumor efficacy and tolerability of MM-121 and irinotecan (CPT-11 or in liposomal
formulation (MM-398)), either alone (i.e., as a monotherapy) or in combination, in tumor-bearing mice
was evaluated using human pancreatic adenocarcinoma BxPC-3 cells (ATCC # CRL-1687) implanted as

xenografts in nu/nu nude mice. BXPC-3 cells were derived from a human metastatic tumor and expressed
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high levels of HRG and EGFR. In these xenograft studies, nu/nu nude mice were obtained from Charles
River Laboratories International. The mice were housed in Tecniplast® Individually Ventilated
polycarbonate (Makrolon®) Cages (IVC) set in climate-controlled rooms and had free access to food and
acidified water. 8 x 10° cells were mixed 1:1 in reduced growth factor Matrigel™ (BD Biosciences, Cat #
354230) and implanted by subcutaneous injection into the left flank of female, 4-5 week old nu/nu mice.
Tumors were allowed to reach 150 mm® in size before randomization.

Dose Escalation Study A dose escalation study was performed to determine suboptimal and

optimal doses of MM-121 and CPT-11 in preparation for combination therapy using the BxPC-3
xenograft model.

Xenograft-bearing mice were randomized into 10 groups of 5 mice, containing mice with a
similar size distribution of tumors. Four groups were treated with escalating intraperitoneal (i.p.) doses of
MM-121 (75, 150, 300 or 600 pg, Q3D per group), 3 groups were treated with escalating doses of
irinotecan (CPT-11) (6.25, 12.5, 25 or 50 mg/kg, Q7D, per group), one control group was treated with
PBS, Q3D, and another control group was treated with 5% DMSO in PBS (CPT-11 vehicle), Q7D.
Treatment continued for 3 weeks. Tumors were measured twice weekly, and tumor volume was
calculated as 7/6 x length x width®, where the width is the shorter measurement.

Dose responses for inhibition of tumor growth were observed for MM-121 (Figure 1A) and CPT-
11 (Figure 1B). The “suboptimal” doses for evaluation in combination therapy in BXPC-3 xenografts
were identified as 150 pg Q3D for MM-121 and 12.5 to 25 mg/kg for CPT-11 Q7D. Meanwhile, the
“optimal” doses for evaluation in BXPC-3 xenografts were identified as 600ug Q3D for MM-121 and 50
mg/kg for CPT-11.

Combination therapy study A combination therapy study was performed to demonstrate the

effects of various combinations of MM-121, irinotecan (CPT-11), and liposomal irinotecan (MM-398).

Mice were randomized as above into 9 groups of 5 mice each. Five groups were treated with i.p.
doses of a single agent alone, as follows: (1) MM-121 (150 pg Q3D), (2) MM-121 (600 pg Q3D), (3)
CPT-11 (25 mg/kg Q7D), (4) MM-398 (10 mg/kg Q3D), or (5) PBS (Q3D) alone (Control). Four groups
were treated with a combination therapy of (1) MM-121 and CPT-11 or (2) MM-121 and MM-398 with
the doses described above. Treatment continued for 4 weeks. Tumors were measured twice weekly and
tumor volume calculated.

As shown in Figure 2A (MM-121 dose; 150 ng Q3D) and Figure 2B (MM-121 optimal dose;
600pg Q3D), MM-121 as a single agent significantly suppressed tumor growth in a dose-dependent
manner. Moreover, while CPT-11 and MM-398 alone each inhibited tumor growth in vivo, combination
treatments with MM-121 and CPT-11 or MM-121 and MM-3938 exhibited an additive effect on tumor

growth inhibition, as compared to tumor growth inhibition observed with each of the individual agents.
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Furthermore, treatment with either CPT-11 or MM-398 in combination with the optimal dose of MM-121
(600ug Q3D) resulted in pronounced tumor regression.
Example 2 Combination Treatment with MM-121 and nab-paclitaxel Inhibits Tumor Growth in
Pancreatic Cancer

The anti-tumor efficacy and tolerability of MM-121 and nab-paclitaxel (paclitaxel protein-bound
particles for injectable suspension) combination treatment, with or without gemcitabine, was evaluated
using COLO-357 cells (ECACC Cat # 94072245) implanted as xenografts in nu/nu nude mice. COLO-
357 cells were derived from a lymph node metastasis of a human non-endocrine pancreatic cancer, and
have been reported to harbor KRAS G125 and BRAF V600E mutations.

Xenograft-bearing mice were prepared as described except 5 x 10° COLO-357 cells were used.

Dose Escalation Studv — MM-121 A dose escalation study was performed to determine optimal

doses of MM-121 in preparation for combination therapy using the COLO-357 xenograft model.

Xenograft-bearing mice were randomized into seven groups of five mice, containing mice with a
similar size distribution of tumors. Six groups were treated with escalating doses of i.p. MM-121 (18.75,
37.5,75, 150, 300 or 600 ug, Q3D per group), and another control group was treated with PBS.
Treatment continued for 4 weeks. Tumors were measured twice weekly, and tumor volume was
calculated. As depicted in Figure 3, MM-121 suppressed tumor growth in a dose-dependent manner. The
“suboptimal” doses for evaluation in combination therapy in COLO-357 cells xenografts were identified
as 300 ug Q3D for MM-121, and the “optimal” dose was identified as 600ug Q3D.

Combination therapy study A combination therapy study was performed to demonstrate the
effects of various combinations of MM-121, nab-paclitaxel (Abraxis; Catalog # NDC68817-134-50), and
gemcitabine (L.C labs; Catalog # G1477).

Xenograft-bearing mice were randomized into 10 groups of 9-10 mice, containing mice with a
similar size distribution of tumors. Four groups were treated with i.p. doses of a single agent alone, as
follows: (1) 10 mg/kg Q3D i.p. of nab-paclitaxel, (2) 20 mg/kg Q3D i.p. of nab-paclitaxel (3) 300 ug
Q3D i.p. of MM-121, (4) 150mg/kg Q7D i.p. of gemcitabine. Three groups were treated with duo
combination therapy, as follows: (1) MM-121 and nab-paclitaxel (10 mg/kg), (2) MM-121 and nab-
paclitaxel (20 mg/kg), and (3) MM-121 and gemcitabine (150mg/kg). Two groups were treated with
triple combination therapy, as follows: (1) MM-121, nab-paclitaxel (10 mg/kg) and gemcitabine, and (2)
MM-121, nab-paclitaxel (20 mg/kg) and gemcitabine. A control group was treated with PBS, Q3D, i.p..
Treatment continued for 7 weeks. Tumors were measured twice weekly, and tumor volume was
calculated.

As shown in Figures 4A-B, MM-121 as a single agent, at the suboptimal dose of 300 ug Q3D,

significantly suppressed tumor growth in a dose-dependent manner. However, the COL-357 xenograft
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model responded poorly to nab-paclitaxel alone (Figure 4A) and moderately to gemcitabine alone (Figure
4B) for the doses tested.

With respect to the combination therapies, MM-121 in combination with nab-paclitaxel showed a
dose-dependent additive effect on tumor growth suppression when compared to each drug alone (Figure
4A). Additionally, MM-121 in combination with gemcitabine shows little if any enhancement over MM-
121 single therapy (Figure 4B) in COLO-357 tumors.

Moreover, while CPT-11 and MM-398 alone each inhibit tumor growth in vivo, treatment with
the combinations of MM-121 and CPT-11 or MM-121 and MM-398 resulted in an additive effect on
suppression of tumor growth, as compared to treatment with each of the individual agents. Furthermore,
treatment with either CPT-11 or MM-398 in combination with the optimal dose of MM-121 (600ug Q3D)
resulted in pronounced increase in cell death, as shown in figure 4.

The triple combination therapy of MM-121, nab-paclitaxel and gemcitabine suppressed tumor
growth to a similar extent as the dual MM-121 and nab-paclitaxel combination, indicating that
gemcitabine did not enhance the inhibitory effect of this dual combination (Figure 4B) in COLO-357
tumors.

Example 3 Triple Combination Treatment with MM-121, gemcitabine, and erlotinib Inhibits
Tumor Growth in Pancreatic Cancer

A) A combination therapy study was performed to demonstrate the effects of various
combinations of MM-121, erlotinib (I.C Laboratories — Catalog # E4007), and gemcitabine. Specifically,
the anti-tumor efficacy of MM-121 and erlotinib in combination, with or without gemcitabine, on tumor-
bearing mice was analyzed using COLO-357 cells. Xenograft bearing mice were prepared as described in
the preceding Example.

Five groups were treated with single agents, as follows: (1) 50 mg/kg Q5D oral of erlotinib, (2)
100 mg/kg QSD oral of erlotinib, (3) 300 pug Q3D i.p. of MM-121, (4) 150 mg/kg Q7D i.p. of
gemcitabine, and (5) 300 mg/kg Q7D i.p. of gemcitabine. Additional groups were treated with double
combination or triple combination therapy, as set forth in Table 1 below. A control group was treated
with PBS, Q3D, i.p. Treatment continued for 7 weeks. Tumors were measured twice weekly and tumor
volume was calculated.

Table 1

Vehicle
1 Control NA IP Q3b X 12 0.1 ml 10
2 MM-121 300 pg P Q3D X 12 0.1 ml 10
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.. QD (5x a
3 erlotinib 50 mg/kg PO week) 0.2ml 10
4 erlotinib 100 mg/kg PO QD Gxa 1,55y 10
week)
5 gemcitabine 150 mg/kg P QDX 5 0.4ml 10
6 gemcitabine 300 mg/kg 1P QDX 5 0.4ml 10
Q3D X
MM121 + 12+ 0.1
7 erlotinib + 300pg+50mpk+150mpk IP+PO+IP QD (5x a ml+0.2 10
gemcitabine week)+ ml+0.4ml
QDX 5
Q3D X
MMI121 + 12+ 0.1
8 erlotinib + 300pg+50mpk+300mpk IP+PO+IP QD (5x a ml+0.2 10
gemcitabine week)+ ml+0.4ml
QDX 5
Q3D X
MM121 + 12+ 0.1
9 erlotinib + 300pg+100mpk+150mpk IP+PO+IP QD (5x a ml+0.2 10
gemcitabine week)+ ml+0.4ml
QDX 5
Q3D X
MM121 + 12+ 0.1
10 erlotinib + 300ug+100mpk+150mpk IP+PO+IP QD (5xa ml+0.2 10
gemcitabine week)+ ml+0.4ml
QDX 5
.. QD (5x a ,
11 ‘erfg:‘;&:e 50 mpk+150 mpk PO+IP week)+ dedz4l L 1
g QDX 5 :
.. QD (5x a ,
12 ‘Zﬁ?&:‘;&; 100 mpk+300 mpk PO+IP week)+ nﬂ—96241 S| 10
& QDX 5 ‘
- QD (5x a ,
13 ngf;&;e 50 mpk+300 mpk PO+IP week)+ ml+%241 L 10
& QDX 5 ‘
.. QD (5x a
14 eriotinib + 100 mpk+150 mpk PO+IP weel)r | 02 110
& QDX 5 ‘

IP: interperitoneal administration - PO: oral administration

superior in inhibiting tumor growth compared to all doses tested of the standard of care therapy (i.e.,

As shown in Figures 5A-E, the triple combination of MM-121, erlotinib and gemcitabine was
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gemcitabine and erlotinib). These results indicate that the addition of MM-121 to the standard of care
regimen is beneficial for tumor growth control.

B) To further demonstrate the effects of various combinations of MM-121, erlotinib and
gemcitabine on pancreatic cancer, , a pancreatic primary tumor explant model (i.e., low passage
Champions Tumorgrafts™ CTG-0289 (PANCO002), which is reported to harbor KRAS mutations) was
used. Immunocompromised mice (Harlan®; nu/nu) between 4-6 weeks of age were implanted
unilaterally on the right flank with tumor fragments harvested from 2-4 host animals each implanted from
a specific passage lot. Pre-study tumor volumes were recorded for each experiment beginning
approximately one week prior to its estimated start date. When tumors reach approximately 125-225 mm’,
animals were matched by tumor volume into treatment and control groups and dosing initiated (Day 0), as
set forth in Table 2. Animals in all studies were tagged and followed individually throughout the
experiment.

Beginning Day 0, tumor dimensions were measured twice weekly by digital caliper, and data
including individual and mean estimated tumor volumes (Mean TV + SEM) were recorded for each
group. Tumor volume was calculated using the formula (1): TV= width® x length x 0.52. At study
completion, percent tumor growth inhibition (%TGI) values was calculated and reported for each
treatment group (T) versus control (C) using initial (i) and final (f) tumor measurements by the formula
(2): %TGI=1-T¢T; / CrCy.

The results are set forth in Table 2 and Figure 6.

Table 2: In Vivo Evaluation of MM-121 in Pancreas Tumorgraft™ Model

Group -n- Agent Dose (mg/kg/dose) ROA/ Schedule*
1 9 Vehicle Control -- i.p./ q3dx10
2 9 MM-121 30 i.p/q3dx10
3 9 erlotinib 35 p.o./ qdx28
4 9 gemcitabine 60 i.p./ q3dx4
5 9 erlotinib 35 p.o./ qdx28

gemcitabine 60 iLp./ q3dx4

6 9 MM-121 30 i.p./ q3dx10
erlotinib 35 p-o./ qdx28

7 9 MM-121 30 i.p/q3dx10
gemcitabine 60 i.p./ g3dx4

8 9 MM-121 30 i.p./ q3dx10
erlotinib 35 p-o./ qdx28

gemcitabine 60 i.p./ q3dx4
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*gemcitabine was dosed first and MM-121 was dosed second with administration occurring two hours
apart from each other.

As shown in Figure 6, MM-121, gemcitabine or erlotinib treatment as single agents yielded
suboptimal effects on tumor growth inhibition for the doses tested. Specifically, this pancreatic primary
tumor explant model was moderately sensitive to gemcitabine and exhibited lesser responses to erlotinib
or MM-121.

The combination of gemcitabine and erlotinib was no more efficacious than gemcitabine alone.
Additionally, while MM-121 in combination with gemcitabine showed an additive effect as compared to
the single agents, MM-121 in combination with erlotinib was not more efficacious than MM-121 alone in
this model.

In contrast, the triple combination of MM-121, erlotinib, and gemcitabine had an additive effect
on tumor growth inhibition, as compared to the agents alone or paired. In sum, the addition of MM-121
addition to the standard of care combination (erlotinib plus gemcitabine) in this primary pancreatic

explant model provided enhanced tumor growth inhibition.

Example 4. Effect of MM-121 in combination with chemotherapies in an orthotopic model of
pancreatic cancer

Luciferase-labeled human pancreatic cancer cells (BXxPC-3-luc2 Bioware® Ultra, Caliper Life
Sciences) were expanded in culture and inoculated orthotopically into nude mice (Charles River, nu/nu).
Mice were anesthetized and a 0.5cm incision was made on the left flank region. The spleen and the tail of
the pancreas were exteriorized. Cells were inoculated at 1x10° cells/ 20ul into the sub-capsular space into
the tail of the pancreas. The spleen and the pancreas were then placed back into the peritoneal cavity, and
the cavity was sutured and skin closed with surgical staples.

In vivo whole body biophotonic imaging was performed weekly throughout the study. Seven
days after inoculation of tumor cells the first bioluminescent imaging was performed and mice were
randomized into 7 treatment groups (10 mice/group) and treated with PBS (Q3D, i.p.), MM121 600ug,
1200ug (Q3D, i.p.), MM398 10mg/kg (Q7D, i.v.), nab-paclitaxel 15mg/kg (Q3D, i.p.), or combination of
MM121 600pg with either MM398 or nab-paclitaxel at the doses mentioned above.

Mice were (reated via the regimen described above for 35 days; bioluminescent imaging was
performed once every 7 days. At the end of the study, the mice were sacrificed 24 hours after the final
dose of each treatment was administered, and final images were taken. The tumors were removed,
imaged and placed in formalin for future evaluation. Selected organs such as lung, diaphragm, liver and
gastrointestinal-associated lymph nodes were also removed at the end of study, placed in petri dishes and

imaged for bioluminescence, as a measurement of tumor cell migration.

22 .
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As shown in Figure 7, treatment with the combination of MM-121 and either MM-398 or nab-

paclitaxel significantly decreased the tumor growth as compared to either drug treatment alone. In

addition, MM-121 treatment significantly diminished tumor cell migration from pancreas to lung (Figure

8A) and liver (Figure 8B). Similar results were seen in the diaphragm and gastrointestinal-associated

lymph nodes. Thus, these combination treatments are useful for inhibiting the spread of cancer cells from

the pancreas to other organs.

SUMMARY OF SEQUENCES

MM-121 Heavy Chain Variable Region Nucleotide Sequence (SEQ ID NO:1)

gaggtgcage tgetggagag cggeggaggg clggtccage caggeggeag cetgaggctg
tcetgegeeg ccageggctt caccttcage cactacgtga tggectgggt geggeaggec
ccaggcaagg gectggaatg ggtgtccage atcagecagea geggeggcetg gaccctgtac
gcegacageg tgaagggcag gticaccate agecagggaca acagcaagaa caccetgtac
ctgcagatga acagcctgag ggccgaggac accgecgtgt actactgeac caggggcectg

aagatggcca ccatcttcga ctactgggec cagggeaccce tggtgaccgt gagecage

MM-121 VH amino acid sequence (SEQ ID NO:2)

60

120

180

240

300

357

EVQLLESGGGLVQPGGSLRLSCAASGFTFSHY VMAWVRQAPGKGLEWVSSISSSGGWTLYADS
VKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCTRGLKMATIFDYWGQGTLVTVSS

MM-121 Light Chain Nucleotide Sequence (SEQ ID NO:3)

caglccgecc tgacccagee cgecageglg ageggeagece caggecagag catcaccate
agctgcaccg gecaccageag cgacgtgggce agcetacaacg tggtgtectg gtatcageag
cacceccggea aggeccccaa getgatcate tacgaggtgt cccagaggec cageggegtg
agcaacaggt tcagcggcag caagagcgge aacaccgeca gectgaccat cageggectg
cagaccgagg acgaggccga ctactactge tgecagetacg ccggeageag catettegtg

atcttcggeg gagggaccaa ggtgaccgte cta

60

120

130

240

300

333
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MM-121 VL. amino acid sequence (SEQ ID NO:4)
QSALTQPASVSGSPGQSITISCTGTSSDVGSYNVVSWYQQHPGKAPKLIIYEVSQRPSGVSNRFESG

SKSGNTASLTISGLQTEDEADYYCCSYAGSSIFVIFGGGTKVTVL

MM-121 VH CDR1 (SEQ ID NO:5)
HYVMA

MM-121 VH CDR2 (SEQ ID NO:6)
SISSSGGWTLYADSVKG

MM-121 VH CDR3 (SEQ ID NO:7)
GLKMATIFDY

MM-121 VL CDR1 (SEQ ID NO:8)
TGTSSDVGSYNVVS

MM-121 VL. CDR2 (SEQ ID NO:9)
EVSQRPS

MM-121 VL. CDR3 (SEQ ID NO:10)
CSYAGSSIFVI

ErbB3 (SEQ ID NO:11)
SEVGNSQAVCPGTLNGLSVTGDAENQYQTLYKLYERCEVVMGNLEIVLTGHNADLSFLQWIRE
VIGYVLVAMNEFSTLPLPNLRVVRGTQVYDGKFAIFVMLNYNTNSSHALRQLRLTQLTEILSGG
VYIEKNDKLCHMDTIDWRDIVRDRDAEIVVKDNGRSCPPCHEVCKGRCWGPGSEDCQTLTKTIC
APQCNGHCFGPNPNQCCHDECAGGCSGPQDTDCFACRHFNDSGACVPRCPQPLVYNKLTFQLEP
NPHTKYQYGGVCVASCPHNFVVDQTSCVRACPPDKMEVDKNGLKMCEPCGGLCPKACEGTGS
GSRFQTVDSSNIDGFVNCTKILGNLDFLITGLNGDPWHKIPALDPEKLNVFRTVREITGYLNIQSW
PPHMHNFS VESNLTTIGGRSLYNRGFSLLIMKNLNVTSLGFRSLKEISAGRIYISANRQLCYHHSLN
WTKVLRGPTEERLDIKHNRPRRDCVAEGKVCDPLCSSGGCWGPGPGQCLSCRNYSRGGVCVTH
CNFLNGEPREFAHEAECFSCHPECQPMEGTATCNGSGSDTCAQCAHFRDGPHCVSSCPHGVLGA
KGPIYKYPDVQNECRPCHENCTQGCKGPELQDCLGQTLVLIGKTHLTMALTVIAGLVVIFMMLG
GTFLYWRGRRIQNKRAMRRYLERGESIEPLDPSEKANKVLARIFKETELRKLKVLGSGVFGTVH
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KGVWIPEGESIKIPVCIKVIEDKSGRQSFQAVTDHMLAIGSLDHAHIVRLLGLCPGSSLQLVTQYL

PLGSLLDHVRQHRGALGPQLLLNWGVQIAKGMYYLEEHGMVHRNLAARNVLLKSPSQVQVAD
FGVADLLPPDDKQLLYSEAKTPIKWMALESIHFGKYTHQSDVWSYGVTVWELMTFGAEPY AGL
RLAEVPDLLEKGERLAQPQICTIDVYMVMVKCWMIDENIRPTFKELANEFTRMARDPPRYLVIK

RESGPGIAPGPEPHGLTNKKLEEVELEPELDLDLDLEAEEDNLATTTLGSALSLPVGTLNRPRGSQ
SLLSPSSGYMPMNQGNLGESCQESAVSGSSERCPRPVSLHPMPRGCLASESSEGHVTGSEAELQE
KVSMCRSRSRSRSPRPRGDSAYHSQRHSLLTPVTPLSPPGLEEEDVNGYVMPDTHLKGTPSSREG
TLSSVGLSSVLGTEEEDEDEEYEYMNRRRRHSPPHPPRPSSLEEL.GYEYMD VGSDLSASLGSTQS

CPLHPVPIMPTAGTTPDEDYEYMNRQRDGGGPGGDYAAMGACPASEQGYEEMRAFQGPGHQA
PHVHYARLKTLRSLEATDSAFDNPDYWHSRLFPKANAQRT

MM-121 Heavy Chain Amino Acid Sequence (SEQ ID NO:12)

1 EVQLLESGGG LVQPGGSLRL SCAASGFTFS HYVMAWVRQA PGKGLEWVSS
51 ISSSGGWTLY ADSVKGRFTI SRDNSKNTLY LOMNSLRAED TAVYYCTRGL
101 KMATIFDYWG QGTLVTVSSA STKGPSVFPL APCSRSTSES TAALGCLVKD
151 YFPEPVTVSW NSGALTSGVH TFPAVLQSSG LYSLSSVVTV PSSNFGTQTY
201 TCNVDHKPSN TKVDKTVERK CCVECPPCPA PPVAGPSVFL FPPKPKDTILM
251 ISRTPEVTCV VVDVSHEDPE VQFNWY VDGV EVHNAKTKPR EEQFNSTFRV
301 VSVLTVVHQD WLNGKEYKCK VSNKGLPAPI EKTISKTKGQ PREPQVYTLP
351 PSREEMTKNQ VSLTCLVKGF YPSDIAVEWE SNGQPENNYK TTPPMLDSDG
401 SFFLYSKLTV DKSRWQQGNYV FSCSVMHEAL HNHYTQKSLS LSPGK

MM-121 Light Chain Amino Acid Sequence (SEQ 1D NO:13)
1 QSALTQPASYV SGSPGQSITI SCTGTSSDVG SYNVVSWYQQ HPGKAPKILII

51 YEVSQRPSGV SNRFSGSKSG NTASLTISGL QTEDEADYYC CSYAGSSIFV

101 IFGGGTKVTV LGQPKAAPSYV TLFPPSSEEL QANKATLVCL VSDFYPGAVT
151 VAWKADGSPV KVGVETTKPS KQSNNKYAAS SYLSLTPEQW KSHRSYSCRV
201 THEGSTVEKT VAPAECS

Ab # 3 VH amino acid sequence (SEQ ID NO:14)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSAYNMRWVRQAPGKGLEWVSVIYPSGGATRYADS

VKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARGYYYYGMDVWGQGTLVTVSS
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Ab # 3 VI amino acid sequence (SEQ ID NO:15)
QSVLTQPPSASGTPGQRVTISCSGSDSNIGRNYIYWYQQFPGTAPKLLIYRNNQRPSGVPDRISGS

KSGTSASLAISGLRSEDEAEYHCGTWDDSLSGPVFGGGTKLTVL

Ab # 3 VH CDR1 (SEQ ID NO:16)
AYNMR

Ab # 3 VH CDR? (SEQ ID NO:17)
VIYPSGGATRYADSVKG

Ab # 3 VH CDR3 (SEQ ID NO:18
GYYYYGMDV

Ab # 3 VL CDR1 (SEQ ID NO:19)
SGSDSNIGRNYIY

Ab # 3 VL CDR2 (SEQ ID NO:20)
RNNQRPS

Ab# 3 VL. CDR3 (SEQ ID NO:21)
GTWDDSLSGPV

Ab # 14 VH amino acid sequence (SEQ ID NO:22)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSAYGMGWVRQAPGKGLEWVSYISPSGGHTKYADS

VKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKVLETGLLVDAFDIWGQGTMVTVSS

Ab # 14 VL amino acid sequence (SEQ ID NO:23)
QYELTQPPSVSVYPGQTASITCSGDQLGSKFVSWYQQRPGQSPVLVMYKDKRRPSEIPERFSGSN
SGNTATLTISGTQAIDEADYYCQAWDSSTYVFGTGTKVTVL

Ab # 14 VH CDR1 (SEQ ID NO:24)
AYGMG
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Ab # 14 VH CDR2 (SEQ ID NO:25)
YISPSGGHTKYADSVKG

Ab # 14 VH CDR3 (SEQ ID NO:26)
VLETGLLVDAFDI

Ab # 14 VL. CDR1 (SEQ ID NO:27)
SGDQLGSKFVS

Ab # 14 VL CDR2 (SEQ ID NO:28)
YKDKRRPS

Ab # 14 VL. CDR3 (SEQ 1D NO:29)
QAWDSSTYV

Ab # 17 VH amino acid sequence (SEQ ID NO:30)

PCT/US2013/030585

EVQLLESGGGLVQPGGSLRLSCAASGFTFSWYGMGW VRQAPGKGLEWVSYISPSGGITVYADS
VKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARLNYYYGLDVWGQGTTVTVSS

Ab # 17 VL amino acid sequence (SEQ ID NO:31)

QDIQMTQSPSSLSASVGDRITITCQASQDIGDSLNWYQQKPGKAPRLLIYDASNLETGVPPRESGS

GSGTDFTFITFRSLQPEDIATYFCQQSANAPFTFGPGTKVDIK

Ab # 17 VH CDRI1 (SEQ ID NO:32)
WYGMG

Ab # 17 VH CDR2 (SEQ ID NO:33)
YISPSGGITVYADSVKG

Ab # 17 VH CDR3 (SEQ 1D NO:34)
ILNYYYGLDV

Ab# 17 VL. CDR1 (SEQ ID NO:35)
QASQDIGDSLN

CSPC Exhibit 1106
Page 146 of 390



10

15

20

25

30

WO 2013/138371 PCT/US2013/030585

Ab # 17 VL CDR2 (SEQ 1D NO:36)

DASNLET

Ab # 17 VL. CDR3 (SEQ ID NO:37)

QQSANAPET

Ab # 19 VH amino acid sequence (SEQ ID NO:38)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSRYGMWWVRQAPGKGLEWVSYIGSSGGPTYYVDS
VKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAGGRGTPYYFDSWGQGTLVTVSS

Ab # 19 VL amino acid sequence (SEQ ID NO:39)
QYELTQPASVSGSPGQSITISCTGTSSDIGRWNIVSWYQQHPGKAPKLMIYDVSNRPSGVSNRFESG
SKSGNTASLTISGLQAEDEADYYCSSYTSSSTWVFGGGTKLTVL

Ab# 19 VH CDR1 (SEQ ID NO:40)
RYGMW

Ab# 19 VH CDR2 (SEQ ID NO:41)
YIGSSGGPTYYVDSVKG

Ab# 19 VH CDR3 (SEQ ID NO:42)
GRGTPYYFDS

Ab # 19 VL CDR1 (SEQ ID NO:43)
TGTSSDIGRWNIVS

Ab # 19 VL CDR2 (SEQ ID NO:44)
DVSNRPS

Ab # 19 VL CDR3 (SEQ ID NO:45)
SSYTSSSTWV
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What is claimed is:

1. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,

wherein the one of the one or more additional therapeutic agents comprise an EGIR inhibitor.

2. The method of claim 1, wherein the one or more additional therapeutic agents is an EGFR

inhibitor that is selected from, gefitinib, erlotinib, afatinib and lapatinib.

3. The method of claim 1, wherein the one or more additional therapeutic agents is an EGFR
inhibitor that is selected from MM-151, Sym004, cetuximab, panitumumab, zalutumumab, nimotuzumab,

and matuzumab.

4. The method of claim 1, wherein the one or more additional therapeutic agents further comprise a

nucleoside metabolic inhibitor.

5. The method of claim 4, wherein the nucleoside metabolic inhibitor is gemcitabine.
6. The method of claim 5, wherein the EGEFR inhibitor is erlotinib.
7. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an

effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents

wherein the one or more additional therapeutic agents comprise a nucleoside metabolic inhibitor.

8. The method of claim 7, wherein the one or more additional therapeutic agents is gemcitabine.

9. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,

wherein the one or more additional therapeutic agents comprise a microtubule stabilizing agent.

10. The method of claim 9, wherein the microtubule stabilizing agent is selected from the group

consisting of paclitaxel injection, nab-paclitaxel, cabaritaxel and doceraxel.
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11. The method of claim &, wherein the one or more additional therapeutic agents is nab-paclitaxel.

12. The method of claim 11, wherein co-administration of the anti-ErbB3 antibody and the nab-
paclitaxel has an additive or superadditive effect on suppressing pancreatic tumor growth, wherein the
effect on suppressing pancreatic tumor growth is measured in a mouse xenograft model using BxPC-3 or

COLO-357 cells implanted as xenografts in nude mice.

13. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents
wherein the one or more additional therapeutic agents comprise a topoisomerase 1 inhibitor and

optionally wherein the topoisomerase 1 inhibitor is formulated for intravenous administration.

14. The method of claim 13, wherein the wherein the topoisomerase 1 inhibitor is a camptothecin
selected from the group consisting of 9-aminocamptothecin, 7-ethylcamptothecin, 10-
hydroxycamptothecin, 9-nitrocamptothecin, 10,11-methylenedioxycamptothecin, 9-amino-10,11-
methylenedioxycamptothecin, 9-chloro-10,11-methylenedioxycamptothecin, topotecan, lurtotecan.

silatecan, and irinotecan.

15. The method of claim 14, wherein the camptothecin is irinotecan or topotecan and the irinotecan

or topotecan is liposomally encapsulated irinotecan or liposomally encapsulated topotecan.

16. The method of claim 15, wherein the one or more additional therapeutic agents is liposomally
encapsulated irinotecan or liposomally encapsulated topotecan and the liposomally encapsulated

irinotecan or liposomally encapsulated topotecan is in the form of a sucrose octasulfate salt.

17. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,
wherein the one or more additional therapeutic agents is chosen from the group consisting of a bispecific
anti-ErbB2/anti-ErbB3 antibody, an anti-IGF-1R/anti-ErbB3 antibody, an anti EGFR/anti-ErbB3
antibody, or a mixture of anti-EGFR and anti-ErbB3 antibodies.

18. The method of claim any of claims 1 to 17, wherein the anti-ErbB3 antibody comprises CDRH1,
CDRH?2, and CDRH3 sequences comprising the amino acid sequences set forth in SEQ ID NO: 5
(CDRH1) SEQ ID NO: 6 (CDRH2) and SEQ ID NO: 7 (CDRH?3), and further comprises CDRIL.1,

-30 -
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CDRL2, and CDRL3 sequences comprising the amino acid sequences set forth in SEQ ID NO:8
(CDRL1) SEQ ID NO: 9 (CDRL2) and SEQ ID NO: 10 (CDRL3).

19. The method of claim 18, wherein the anti-ErbB3 antibody comprises Vg and/or Vi regions

comprising the amino acid sequences set forth in SEQ ID NOs: 2 and 4, respectively.

20. The method of claim any of claims 1 to 17, wherein the anti-ErbB3 antibody is selected from

8B8, 1B4C3, 2D1D12, GE-huMab-HER3, MEDI3379, AMG888 and AV-203.

21. The method of claim any one of claims 1 to 20, wherein co-administration of the anti-ErbB3 antibody
and the additional chemotherapeutic agent or agents has an additive or superadditive effect on suppressing
pancreatic tumor growth, as compared to administration of the anti-ErbB3 antibody alone or the one or
more additional chemotherapeutic agents alone, wherein the effect on suppressing pancreatic tumor

growth is measured in a mouse xenograft model using BxPC-3 or COLO-357cells.

22. The method of any one of claims 1 to 20, wherein at least one of the one or more additional
therapeutic agents is administered at a dosage that comprises at least one reduced dose that provides less
of the at least one additional therapeutic agent than is provided by a dosage recommended by the
manufacturer of the at least one additional therapeutic agent for administration for the treatment of cancer

in a patient who is not receiving concurrent anti-ErbB3 antibody therapy.

23. The method of any one of claims 4 to 6 or 17 to 20, wherein at least one of the one or more
additional therapeutic agents is administered at a dosage that comprises at least one reduced dose that
provides less of the one or more additional therapeutic agents than is provided by a dosage recommended
by the manufacturer of the one or more additional therapeutic agents for administration for the treatment

of cancer in a patient who is not receiving concurrent anti-ErbB3 antibody therapy.

24. The method of claim 22 or 23, wherein the reduced dose is about half the dose recommended by

the manufacturer.

25. The method of any one of claims 1 to 24 or the composition of any one of claims 58-79, wherein

the antibody is formulated for intravenous administration.

-31 -
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26. The method of any one of claims 1 to 24 or the composition of any one of claims 58-79, wherein

the patient has recurrent or persistent pancreatic cancer following primary chemotherapy.

27. The method of any one of claims 1 to 24 or the composition of any one of claims 58-79, wherein

the patient has failed prior therapy with a platinum-based therapeutic agent.

28. The method of any one of claims 1 to 24 or the composition of any one of claims 58-79, wherein
the patient has failed prior treatment with, or become resistant to treatment with one or more of a) a
nucleoside analog therapeutic agent, b) a platinum-based therapeutic agent, c¢) a therapeutic agent, that is a

topoisomerase 1 inhibitor and d) a therapeutic agent that is a tyrosine kinase inhibitor.

29. The method of any one of claims 1 to 20, wherein each of the additional therapeutic agent or

agents is administered following the administration of the anti-ErbB3 antibody.

30. The method of any one of 13 to 17 or 28, wherein the topoisomerase 1 inhibitor is administered

before the administration of the anti-ErbB3 antibody.

31. The method of any one of claims 13 to 17 or 28, wherein the topoisomerase 1 inhibitor and the

anti-ErbB3 antibody are administered simultaneously.

32. The method of any one of claims 9 to 12, wherein the microtubule stabilizing agent is formulated

for intravenous administration.

33. The method of any one of claims 9 to 12, wherein the microtubule stabilizing agent is

administered following the administration of the anti-ErbB3 antibody.

34. The method of any one of claims 9 to 12, wherein the microtubule stabilizing agent is

administered before the administration of the anti-ErbB3 antibody.

3s. The method of any one of claims 9 to 12, wherein the microtubule stabilizing agent and the anti-

ErbB3 antibody are administered simultaneously.

36. The method of any one of claims 1 to 6, wherein the EGFR inhibitor is formulated for oral

administration.

-32-
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37. The method of claim 7 or 8, wherein the nucleoside metabolic inhibitor is formulated for

intravenous administration.

38. The method of claim 7 or 8, wherein the EGFR inhibitor and the nucleoside metabolic inhibitor

are administered following the administration of the anti-ErbB3 antibody.

39. The method of claim 7 or 8, wherein the EGFR inhibitor and the nucleoside metabolic inhibitor

are administered before the administration of the anti-ErbB3 antibody.

40. The method of claim 7 or 8, wherein the EGFR inhibitor, the nucleoside metabolic inhibitor and

the anti-ErbB3 antibody are administered simultaneously.

41. The method of any one of claims 1 to 40, wherein the one or more additional therapeutic agents

comprise two or more additional therapeutic agents.

42. The method of any one of claims 1 to 6 and 9 to 41, wherein the one or more additional

therapeutic agents comprise two or more additional therapeutic agents, one of which is gemcitabine.

43. The method of claim 41, wherein the two or more additional therapeutic agents is a combination

of folinic acid, 5-fluorouracil, irinotecan, and oxaliplatin (FOLFIRINOX).

44. The method of claim 41, wherein the two or more additional therapeutic agents is a combination

of folinic acid, 5-fluorouracil, and oxaliplatin (FOLFOX).

45. The method of claim 41, wherein the one or more additional therapeutic agents is a combination

of folinic acid, 5-fluorouracil, and irinotecan (FOLFIRI).

46. The method of any one of claims 1 to 45, wherein the anti-ErbB3 antibody is formulated for
intravenous administration and is selected from the group comprising AMGE88, AV-203, 8B8, 1B4C3
and 2D1D12.

-33.-
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47. The method of any one of claims 1 to 45, wherein the anti-ErbB3 antibody is formulated for
intravenous administration and comprises Vy and/or V1, regions comprising the amino acid sequences set

forth in SEQ ID NOs: 2 and 4, respectively.

48. The method of any one of claims 1 to 47, wherein the pancreatic cancer is an exocrine pancreatic
cancer selected from the group consisting of acinar cell carcinoma, adenocarcinoma, adenosquamous
carcinoma, giant cell tumor, intraductal papillary-mucinous neoplasm (IPMN), mucinous

cystadenocarcinoma, pancreatoblastoma, serous cystadenocarcinoma, and solid and pseudopapillary

tumors.
49. The method of claim 48, wherein the adenocarcinoma is pancreatic ductal carcinoma.
50. The method of any one of claims 1 to 47, wherein the pancreatic cancer is an endocrine

pancreatic cancer selected from the group consisting of: Gastrinoma (Zollinger-Ellison Syndrome),
Insulinoma, Nonfunctional Islet Cell Tumor, Somatostatinoma, and Vasoactive Intestinal Peptide-

Releasing Tumor (VIPoma or Verner-Morrison Syndrome).

51. The method of any one of claims 1 to 47, wherein the pancreatic cancer comprises a KRAS gene

comprising a KRAS mutation.

52. The method of claim 51, wherein the KRAS mutation is KRAS G128S.

53. The method of claim 50, wherein the one or more additional therapeutic agents comprise an
mTOR inhibitor selected from the group consisting of temsirolimus, cverolimus, sirolimus, aod

ridatorolioms.

54. The method of claim 53, wherein the mTOR inhibitor is sverohimus.

55. The method of any one of claims 1 to 47, wherein the pancreatic cancer comprises a BRAF gene
comprising a BRAF mutation and optionally wherein one of the one or more additional therapeutic agents

is a BRAF kinase inhibitor, optionally vemurafenib.

56. The method of claim 55, wherein the BRAF mutation is BRAF VG0OOE.

-34 -
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57. The method of any one of claims 1 to 56, wherein the treatment produces at least one therapeutic
effect selected from the group consisting of: reduction of the rate of tumor growth, reduction in size of
tumor, reduction of tumor mitotic index, reduction in number of metastatic lesions over time, complete
response, partial response, stable disease, increase in overall response rate, or a pathologic complete

response.

58. A composition for the treatment of pancreatic cancer, or for the manufacture of a medicament for
the treatment of pancreatic cancer, in a patient, said treatment comprising co-administering to the patient
an effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,

wherein the one of the one or more additional therapeutic agents comprise an EGIFR inhibitor.

59. The composition of claim 58, wherein the one or more additional therapeutic agents is an EGFR

inhibitor that is selected from, gefitinib, erlotinib, afatinib and lapatinib.

60. The composition of claim 58, wherein the one or more additional therapeutic agents is an EGFR
inhibitor that is selected from, MM-151, Sym004, cetuximab, panitumumab, zalutumumab,

nimotuzumab, and matuzumab.

61. The composition of claim 58, wherein the one or more additional therapeutic agents further

comprise a nucleoside metabolic inhibitor.

62. The composition of claim 61, wherein the nucleoside metabolic inhibitor is gemcitabine.
63. The composition of claim 62, wherein the EGFR inhibitor is erlotinib.
64. A composition for the treatment of pancreatic cancer, or for the manufacture of a medicament for

the treatment of pancreatic cancer, in a patient, said treatment comprising co-administering to the patient
an effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents

wherein the one or more additional therapeutic agents comprise a nucleoside metabolic inhibitor.

65. The composition of claim 64, wherein the one or more additional therapeutic agents is

gemcitabine.

-35-
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60. A composition for the treatment of pancreatic cancer, or for the manufacture of a medicament for
the treatment of pancreatic cancer, in a patient, said treatment comprising co-administering to the patient
an effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents

wherein the one or more additional therapeutic agents comprise a microtubule stabilizing agent.

67. The composition of claim 66, wherein the microtubule stabilizing agent is selected from the

group consisting of paclitaxel injection, nab-paclitaxel and docetaxel.

68. The composition of claim 65, wherein the one or more additional therapeutic agents is nab-
paclitaxel.
69. The composition of claim 68, wherein co-administration of the anti-ErbB3 antibody and the nab-

paclitaxel has an additive or superadditive effect on suppressing pancreatic tumor growth, as compared to
administration of the anti-ErbB3 antibody alone or the nab-paclitaxel alone, wherein the effect on
suppressing pancreatic tumor growth is measured in a mouse xenograft model using BXPC-3 or COLO-

357 cells.

70. A composition for the treatment of pancreatic cancer, or for the manufacture of a medicament for
the treatment of pancreatic cancer, in a patient, said treatment comprising co-administering to the patient
an effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents

wherein the one or more additional therapeutic agents comprise a topoisomerase 1 inhibitor.

71. The composition of claim 70, wherein the wherein the topoisomerase 1 inhibitor is a
camptothecin selected from the group consisting of 9-aminocamptothecin, 7-ethylcamptothecin, 10-
hydroxycamptothecin, 9-nitrocamptothecin, 10,11-methylenedioxycamptothecin, 9-amino-10,11-
methylenedioxycamptothecin, 9-chloro-10,11-methylenedioxycamptothecin, topotecan, lurtotecan,

silatecan, and irinotecan.

72. The composition of claim 71, wherein the camptothecin is irinotecan or topotecan and the

irinotecan or topotecan is liposomally encapsulated irinotecan or liposomally encapsulated topotecan.

73. The composition of claim 72, wherein the one or more additional therapeutic agents is
liposomally encapsulated irinotecan or liposomally encapsulated topotecan and the liposomally

encapsulated irinotecan or liposomally encapsulated topotecan is in the form of a sucrose octasulfate salt.
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74. The composition of any of claims 58 to 73, wherein the ErbB3 inhibitor is an anti-ErbB3

antibody.

75. The composition of claim 74, wherein anti-ErbB3 antibody comprises CDRH1, CDRH2, and
CDRH3 sequences comprising the amino acid sequences set forth in SEQ ID NO: 5 (CDRH1) SEQ ID
NO: 6 (CDRH2) and SEQ ID NO: 7 (CDRH3), and further comprises CDRIL.1, CDRL.2, and CDRL3
sequences comprising the amino acid sequences set forth in SEQ ID NO: 8§ (CDRL1) SEQ ID NO: 9
(CDRL2) and SEQ ID NO: 10 (CDRL3).

76. The composition of claim 75, wherein the anti-ErbB3 antibody comprises Vy and/or V| regions

comprising the amino acid sequences set forth in SEQ ID NOs: 2 and 4, respectively.

77. The composition of claim 74, wherein the anti-ErbB3 antibody is selected from 8B8, 1B4C3,
2D1D12, AMG888 and AV-203.

78. The composition of any one of claims 58 to 68 and 70 to 77, wherein co-administration of the anti-
ErbB3 antibody and the additional chemotherapeutic agent or agents has an additive or superadditive
effect on suppressing pancreatic tumor growth, as compared to administration of the anti-ErbB3 antibody
alone or the one or more additional chemotherapeutic agents alone, wherein the effect on suppressing

pancreatic tumor growth is measured in a mouse xenograft model using BXxPC-3 or COLO-357 cells.

79. The composition of any one of claims 58 to 77, wherein at least one of the one or more additional
therapeutic agents is administered at a dosage that is a reduced dose that provides less of the at least one
additional therapeutic agent than is provided by a dosage recommended by the manufacturer of the at
least one additional therapeutic agent for administration for the treatment of pancreatic cancer in a patient

who is not receiving concurrent anti-ErbB3 antibody therapy.

80. The composition of any one of claims 61 to 63 or 74 to 77, wherein at least one of the one or
more additional therapeutic agents is administered at a dosage that is a reduced dose that provides less of
the one or more additional therapeutic agents than is provided by a dosage recommended by the
manufacturer of the one or more additional therapeutic agents for administration for the treatment of

pancreatic cancer in a patient who is not receiving concurrent anti-ErbB3 antibody therapy.
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81. The composition of claim 79 or 80, wherein the reduced dose is a dose that is about half the

dosage recommended by the manufacturer.

82. The composition of any one of claims 58 to 81, wherein the patient has recurrent or persistent

pancreatic cancer following primary chemotherapy.

83. The composition of any one of claims 58 to 77, wherein each of the additional therapeutic agent

or agents is administered following the administration of the anti-ErbB3 antibody.

84. The composition of any one of claims 70 to 74, wherein the topoisomerase 1 inhibitor is

administered before the administration of the anti-ErbB3 antibody.

85. The composition of any one of claims 70 to 74, wherein the topoisomerase 1 inhibitor and the

anti-ErbB3 antibody are administered simultaneously.

86. The composition of any one of claims 66 to 69, wherein the microtubule stabilizing agent is

formulated for intravenous administration.

87. The composition of any one of claims 66 to 69, wherein the microtubule stabilizing agent is

administered following the administration of the anti-ErbB3 antibody.

88. The composition of any one of claims 66 to 69, wherein the microtubule stabilizing agent is

administered before the administration of the anti-ErbB3 antibody.

89. The composition of any one of claims 66 to 69, wherein the microtubule stabilizing agent and the

anti-ErbB3 antibody are administered simultaneously.

90. The composition of any one of claims 58 to 63, wherein the EGFR inhibitor is formulated for oral
administration.
91. The composition of claim 64 or 65, wherein the nucleoside metabolic inhibitor is formulated for

intravenous administration.
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92. The composition of claim 64 or 65, wherein the EGFR inhibitor and the nucleoside metabolic

inhibitor are administered following the administration of the anti-ErbB3 antibody.

93. The composition of claim 64 or 65, wherein the EGFR inhibitor and the nucleoside metabolic

inhibitor are administered before the administration of the anti-ErbB3 antibody.

94. The composition of claim 64 or 65, wherein the EGFR inhibitor, the nucleoside metabolic

inhibitor and the anti-ErbB3 antibody are administered simultaneously.

95. The composition of any one of claims 58 to 97, wherein the one or more additional therapeutic

agents comprise two or more additional therapeutic agents.

96. The composition of any one of claims 58 to 63 and 66 to 96, wherein the one or more additional

therapeutic agents comprise two or more additional therapeutic agents, one of which is gemcitabine.

97. The composition of claim 95, wherein the two or more additional therapeutic agents is a

combination of folinic acid, 5-fluorouracil, irinotecan, and oxaliplatin (FOLFIRINOX).

98. The composition of claim 95, wherein the two or more additional therapeutic agents is a

combination of folinic acid, 5-fluorouracil, and oxaliplatin (FOLFOX).

99. The composition of claim 95, wherein the one or more additional therapeutic agents is a

combination of folinic acid, 5-fluorouracil, and irinotecan (FOLFIRI).

100.  The composition of any one of claims 58 to 99, wherein the anti-ErbB3 antibody is selected from

the group comprising AMG888, AV-203, 8B&, 1B4C3 and 2D1D12.

101.  The composition of any one of claims 58 to 99, wherein the anti-ErbB3 antibody comprises Vg4

and/or V regions comprising the amino acid sequences set forth in SEQ ID NOs: 2 and 4, respectively.

102.  The composition of any one of claims 58 to 101, wherein the pancreatic cancer is an exocrine
pancreatic cancer selected from the group consisting of acinar cell carcinoma, adenocarcinoma,

adenosquamous carcinoma, giant cell tumor, intraductal papillary-mucinous neoplasm (IPMN), mucinous
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cystadenocarcinoma, pancreatoblastoma, serous cystadenocarcinoma, and solid and pseudopapillary

tumors.

103.  The composition of claim 102, wherein the adenocarcinoma is pancreatic ductal carcinoma.

104.  The composition of any one of claims 58 to 101, wherein the pancreatic cancer is an endocrine
pancreatic cancer selected from the group consisting of: Gastrinoma (Zollinger-Ellison Syndrome),
Insulinoma, Nonfunctional Islet Cell Tumor, Somatostatinoma, and Vasoactive Intestinal Peptide-

Releasing Tumor (VIPoma or Verner-Morrison Syndrome).

105.  The composition of any one of claims 58 to 101, wherein the pancreatic cancer comprises a

KRAS gene comprising a KRAS mutation.

106.  The composition of claim 105, wherein the KRAS mutation is KRAS G128S.

107.  The composition of claim 104, wherein the one or more additional therapeutic agents comprise an

mTOR inhibitor selected from the group consisting of everclimus, sirolisnus, and ridaforolimus.

108.  The composition of claim 107, wherein the mTOR inhibitor is everolimus.

109.  The composition of any one of claims 58 to 101, wherein the pancreatic cancer comprises a
BRAF gene comprising a BRAF mutation and optionally wherein one of the one or more additional

therapeutic agents is a BRAF kinase inhibitor, optionally vemurafenib.

110.  The composition of claim 109, wherein the BRAF mutation is BRAF V600E.

111.  The composition of any one of claims 58 to 110, wherein the treatment produces at least one
therapeutic effect selected from the group consisting of: reduction of the rate of tumor growth, reduction
in size of tumor, reduction of tumor mitotic index, reduction in number of metastatic lesions over time,
complete response, partial response, stable disease, increase in overall response rate, or a pathologic

complete response.

112. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an

effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,
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wherein i) the antibody is an antibody having the heavy chain sequence set forth in SEQ ID NO:2 and the
light chain sequence set forth in SEQ ID NO:4, and ii) the one of the one or more additional therapeutic

agents comprises erlotinib.

113. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,
wherein 1) the antibody is an antibody having the heavy chain sequence set forth in SEQ 1D NO:2 and the
light chain sequence set forth in SEQ ID NO:4, and ii) the one of the one or more additional therapeutic

agents comprises erlotinib and gemcitabine.

114. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,
wherein i) the antibody is an antibody having the heavy chain sequence set forth in SEQ 1D NO:2 and the
light chain sequence set forth in SEQ ID NO:4, and ii) the one of the one or more additional therapeutic

agents comprises everolimus.

115. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,
wherein 1) the antibody is an antibody having the heavy chain sequence set forth in SEQ ID NO:2 and the
light chain sequence set forth in SEQ ID NO:4, and ii) the one of the one or more additional therapeutic

agents comprises irinotecan.

116. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,
wherein i) the antibody is an antibody having the heavy chain sequence set forth in SEQ ID NO:2 and the
light chain sequence set forth in SEQ ID NO:4, and ii) the one of the one or more additional therapeutic

agents comprises everolimus and exemestane.

117. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,
wherein i) the antibody is an antibody having the heavy chain sequence set forth in SEQ ID NO:2 and the
light chain sequence set forth in SEQ ID NO:4, and ii) the one of the one or more additional therapeutic

agents comprises nab-paclitaxel.
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118. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,
wherein i) the antibody is an antibody having the heavy chain sequence set forth in SEQ 1D NO:2 and the
light chain sequence set forth in SEQ ID NO:4, and ii) the one of the one or more additional therapeutic

agents comprises cetuximab.

119. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,
wherein i) the antibody is an antibody having the heavy chain sequence set forth in SEQ ID NO:2 and the
light chain sequence set forth in SEQ ID NO:4, and ii) the one of the one or more additional therapeutic

agents comprises MM-151.

120. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,
wherein i) the antibody is an antibody having the heavy chain sequence set forth in SEQ 1D NO:2 and the
light chain sequence set forth in SEQ ID NO:4, and ii) the one of the one or more additional therapeutic

agents comprises gemcitabine.

121. A method of treating pancreatic cancer in a patient comprising: co-administering to the patient an
effective amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents,
wherein i) the antibody is an antibody having the heavy chain sequence set forth in SEQ ID NO:2 and the
light chain sequence set forth in SEQ ID NO:4, and ii) the one of the one or more additional therapeutic

agents comprises eribulin.
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Inhibitor Gefitinib (ZD1839) and the Monoclonal Antibody Cetuximab (IMC-C225): Superiority 58-59, 74-77/(58-59),
Over Single-Agent Receptor Targeting. Clin Cancer Res. 2004, Vol. 10(19) p 6487-501. Entire | 90/(58-59), 112
documentation, especially Abstract ’

I:I Further documents are listed in the continuation of Box C. I:l

* Special categories of cited documents: “T” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E” earlier application or patent but publlshed on or after the international “X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y™ document of particular relevance; the claimed invention cannot be

" special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral dnsclosure use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P” document published pnor to the mlemanonal ﬁlmg date but later than g, i
the priority date claimed & documen} member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
26 June 2013 (26.06.2013) 11JUL 2013
Name and mailing address of the ISA/US Authorized officer: .
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450
o PCT Hetpdesk: 571-272-4300
Facsimile No.  571-273-3201 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT ' Intemational application No.

PCT/US 13/30585

Box No. 1I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

I:, Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried oul, specifically:

3. DX Claims Nos.: 21-31, 41-57, 78-85, 95-111
because they are dependent claims and are not drafted in accordance with the sccond and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I+, claims 1-20, 32-40, 58-77, 86-94, 112-121, drawn to methods of treating pancreatic cancer in a patient comprising: co-
administering to the patient an anti-Erb83 antibody and one or more additional therapeutic agents; and compositions thereof. The first
invention (claims 1-2, 18-20/(1-2), 36/(1-2), 58-59, 74-77/(58-59), 90/(58-59)), is restricted to co-administering to the patient an anti-
ErbB3 antibody and gefitinib (the first option for an EGFR inhibitor in claim 2), which will be searched without additionat fee. Applicant
is invited to elect additional therapeutic agents to be searched by paying an additional fee per additional therapeutic agent and clearly

- identifying the elected additional therapetuic agent(s) for co-administration. For example, applicant could elect EGFR inhibitor erlotinib
(claims 1-2, 18-20/(1-2), 36/(1-2), 58-59, 74-77/(58-59), 90/(58-59), 112) with an additional fee; or applicant could elect a microtubule
stabilizing agent (claims 8-12, 18-20/(9-12), 32-35, 66-69, 74-77/(66-69), 86-89, 117, 121) with an additional fee;

rRERERRgsdsyirensr+Continued in the the extra sheet

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:, As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

IN¢| )
3. M As only some of the required additional search fees were timely paid by the applicant, this intemational search report covers

only those claims for which fees were paid, specifically claims Nos.:
1-2, 18-20/(1-2), 36/(1-2), 58-59, 74-77/(58-59), 90/(58-59), 112, limited to gefitinib and erlotinib.

4. D No required additional search fees were timely paid by the appl-icant Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant’s protest and, where applicable, the
. payment of a protest fee. )

The additional search fees were accompanied by the applicant’s protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

X [

Z\l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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PCT/US 13/30585

Continuation of:
Boc No HI (unity of invention is lacking)

(Continuation of Group {+) or applicant could elect EGFR inhibitor erlotinib and a nucleoside metabolic inhibitor [e.g. gemcitabine] .
(claims 1-2, 4-8, 18-20/(1-2, 4-8), 36/(1-2, 4-6), 37-40, 58-59, 61-65, 74-77(58-59, 61-65), 90/(58-59, 61-65), 91-94, 112, 113, 120) with
2X additional fees. The exact claims to be searched will depend on the election. Failure to clearly identify how any paid additional
invention fees are to be applied to the ‘+° group-will result in only the first claimed invention to be searched.

The inventions listed as Groups I+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: .

The inventions of Groups [+ share the technical features of a composition for the treatment of pancreatic cancer comprising an effective
amount of each of an anti-ErbB3 antibody and one or more additional therapeutic agents, and a method of treating pancreatic cancer in
a patient comprising: co-administering to the patient an effective amount of each of an anti-ErbB3 antibody and one or more additional
therapeutic agents. Some claims within Group I+ (partial) also share the technical features of wherein the one or more additional
therapeutic agents comprise an EGFR inhibitor. Some claims within Group I+ (partial) also share the technical features of an anti-ErbB3
antibody having the heavy chain sequence set forth in SEQ ID NO:2 and the light chain sequence set forth in SEQ ID NO:4; or an anti-
ErbB3 antibody comprises CDRH1, CDRH2, and CDRH3 sequences comprising the amino acid sequences set forth in SEQ ID NO: §
(CDRH1), SEQ 1D NO: 6 (CDRH2) and SEQ ID NO: 7 (CDRH3), and further comprises CDRL1, CDRL2, and CDRL3 sequences
comprising the amino acid sequences set forth in SEQ {D NO:8 (CDRL1) SEQ ID NO: 9 (CDRL2) and SEQ ID NO: 10 (CDRL3); and
wherein anti-ErbB3 antibody is selected from 8B8, iB4C3, 2DIDI2, GE-huMab-HER3, MEDI3379, AMG888 and AV-203.

However, these shared technicai features do not represent a contribution over prior art as being anticipéted by US 2010/0266584 A1 to
Schoeberl et al. (hereinafter 'Schoeberl’) as follows:

Schoeberl discloses a method of treating pancreatic cancer in a patient (para [0040), [0148)) comprising co-administering to the patient
an effective amount of each of an anti-ErbB3 antibody (para [0005), [0040}- [004 1), [0148]), and one or more additional therapeutic
agents, wherein the one of the one or more additional therapeutic agents comprise an EGFR inhibitor (claims 2 and 3; para ([0041])-
[0058] - *binding to ErbB1 ...and the inhibition of such binding by cetuximab'). .

Schoeberl further discloses an anti-ErbB3 antibody heavy chain and tight chain vanable sequences (para [0047] - ‘an anti-ErbB3
antibody (Ab #6)'; para [0008] - ‘a heavy chain variabie region (V.sub.H) ... SEQ ID NO:1, ... a light chain variabte region (V.sub.L) ...
SEQ ID NO:2'; para [0389] - 'mapping of Ab #6 is performed ... the V.sub.H region (SEQ ID NO: 1) and the V.sub.L region (SEQ ID NO:
2y, wherein SEQ ID NO: 1 is 100% identical to the claimed SEQ ID NO: 2, and comprising a region between nucieotides 30-35, that is
100% identical to the claimed SEQ ID NO: 5 (CDRH1), a region between nucleotides 50-66, that is 100% identical to the claimed SEQ
ID NO: 6 (CDRHZ2), and a region between nucleotides 99-108, that is 100% identical to the claimed SEQ iD NO: 7 (CDRH3); and
wherein SEQ ID NO: 2 is 100% identical to the claimed SEQ ID NO: 4, and comprising a region between nucleotides 23-36, that is
100% identical to the claimed SEQ ID NO: 8 (CDRL1), a region between nucleotides 52-58, that is 100% identical to the claimed SEQ ID
NO: 9 (CDRL2), and a region between nucleotides 91-101, that is 100% identical to the claimed SEQ ID NO: 10 (CDRL3)), and different
anti-ErbB3 including anti -ErbB3 antibody selected from the group consisting of 2DIDI2, and AMG888 (Table | - Anti-ErbB3 antibodies
Ab #14 described herein which bind different 1B4C3; 2D1D12 (U3 Pharma AG) epitopes U3-1287/AMG888 (U3 Pharma’Amgen)’).

Without a shared special technical feature, the inventions iack unity with one another.

Therefore, inventions of Groups I+ack unity under PCT Rule 13 because they do not share a same or corresponding special technical
feature.

Note re item 4: Claims 21-31, 41-57, 78-85, 95-111 are not drafted in accordance with the second and third sentences of Rule 6.4 (a).
These claims are improper multiple dependent claims.

Note:

_ 1) Claims 11 and 68 are objected to as lacking a proper antecedent basis for the "the one or more additional therapeutic agents comprise
a microtubule stabilizing.agent" limitation. it is assumed that claim 11 depends upon claim 9 and ctaim 68 depends upon claim 66
(Specification: pg 4, In 3-10 'a microtubule stabilizing agent, e.g., a taxane such as eribulin, ... nab-paclitaxel'). For the purposes of this
ISR, claims 11 and 68 are construed as follows:

11. The method of claim 9, wherein the one or more additional therapeutic agents is nab-paclitaxel.

68. The composition of claim 66, wherein the one or more additional therapeutic agents is nab- paclitaxél.

It} Claims 20 and 77 are objected to as using an improper Markush group. For the purposes of this ISR, the term 'selected from’ in each
claim is construed as ‘selected from the group consisting of".

Form PCT/ISA/210 (extra sheet) (July 2009)
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BEFIA., YIS UvBEBEET70mg,./ M2/ day THEINS (2
3) BEOAE,
(25) 4 V) / FHhVIBBBEKIOMA, 75~120mg.m2 daysx
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h? (23] Xid (24) BHEOFE,

(26) BEfzfst. EBERE. e ZE. BEXIEEETHD (23] ~
(25]) OWTFNMNICEEDSE,

(27) RV ZID I URTFESVIVIEMIEZEILELT : O. B TEET S
ReX«#%E£ 1 HENPSCESHEZTEESHENSE 1 2HEB X THRS L.
CPT—11%281HE&E158BICHSEST228HE 11 71L0#%E
A2 a—E1TEIXIF2ELUEEBYIRT & %2FHET S (23) ~ (2
6] OWFNMMIEBHDSE,

(28) BEREEBEHICTT MY/ FHUVIERIEKNYOMESWRIEET
21DHETH> T,

ROV ROCFESDIILEERIEZEILET : O. 5 TEETHEE
FIANARY) YT U BET35~70mg. m2/daysxh, 41/
THYVIBRBIBEKMYPA4E5~120mg m2/ day5Ehsd I &zi

&9 BHE
(29) 4 )/ FAHVIERBIBEKIAMEIRESEINEREEEZEET 277200
HETH- T,

RV ROCFESDIIVIEEIEZEILLET : O. 5 TEETHEE
FIMNRY YO BMEET35~70mg.m2/day53h,

A1)/ FAVERBBEKNPN45~120mg,me/ day5Ihs
EERHET D HEE

(30 R ZIVIUVRUTFESVIVIERIEZ EILELT : O. BTEERTS
BEFlEa) /FTHhVIEBIBKINMYEZHAERKE T2 L a2RKEE T 2ERE
IS 9 SIMERFITH > T,

FUOZILD Y UVROGFESVIVIEERIEZ EILLLT 1 O, 5 TEET HEE
KOS ED ., BREEICH T HHERSEDS50%~100%THY.
A4 /T HUVIRBIBEKAPOIRSEN., BRERICSITHHEEIRSED 2
5%~8 0% THh3MESE

(31 RUZIVIUVRUFESVIVIERIEZEILLLT : O. BTEHETS
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[0010]

[0011]

[0012]

BESHIDOREEN. BREEICHITIHERSED100%THS (30) &
BHOMEEH,

(32) 4 V) / FHVBHIBEKMYOKEED, BREEICEITLHERSE
D50%~70%TH2 (30) Xix (31) EBEOHIEESEH
FHBADRIR

AFEBAOMBEFICLNIE, BWERORELZINZ DD, BLWNESEURE
ETIEBEETOCEHNTRTHY. Lo TEEORBEOEFEZHLS
E
BT oD T 85 7 B B
[Bg1JFTD - TP I &% 150mg. kg / dayXRUCPT—11
50mg kg /dayDHBICLE2NEBSIRETRIHTH S,
[B2]FTD - TP Ifigd& 150mg. kg / dayRUCPT—11
25mg kg /dayDHRBICLZ2NESWIRERTHTH S,
[BM3]FTD - TP g% 150mg. kg / dayXRUoCPT—11
10mg kg /dayDHRBILLZ2NMESWRETNTIHTH S,
[B4]FTD - TP IEEEEF 75mg. kg / dayRUCPT—11 5
Omg. kg /dayDHBICL2NEEMNRERIHTH D,
[BA5]FTD - TP I &% 75mg. kg /dayRUCPT—-11 2
S5mg. kg / dayDHRBICLIPMERWRET-IHTH S,
[BM6]FTD - TP g% 75mg. kg / dayRUCPT—11 1
Omg./ kg /dayDHBICLIMEEDRERIHNTH S,
[B7]FTD - TP 1% 150mg. kg / dayXRkUCPT—11
50, 70Xix100mg. kg /dayD&HBRSEICHITBDay 7
OTCOEBREXRERTIHTH S,
RPERET DD DFRE

AFEEDOF TDRUTP | EZFhThhRAMOEEWTHY. FIZIX. EEE
NEEEIB6 303468/ T70Ly MIRBBOFRIZELTEKRTIZE
NTES, /. FTDRUTP I 2EILT : O. 5TEETIESEFD
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[0013]

[0014]

RETH 2D CGERFFFXEA 1 RV 2)

RFEROCPT—1 1IEAMOEEMTHY. FFHE300407 7850
IO FERILE LU TEKRTDIEDNTED, . BTN (BEHEHE
) (BRASHY I AEA) AEOHERBEAVTERLL,

AFEPFOMEEFRIOHE Ay 2 —ILik. KEBEOMREREZET SRV KFIC
FRIEAWA, FTDROUTP I A2FE/LLLT : O. 5 TEFT2HEF%ZE
1HE»SEHE5HBEFTEESHEMSSE 1 2HEBETHRS L, CPT—1
1%#8B1HB&E15HBICKST228HE 1AM VILOBEER Yy 2 —
WAETEXIE2E EBRYIRL TERT 2 &HEFFE LWL,

BBOBEFRUVUERFIDESY. T9AICNT 2EMESKICH T DHE
HEEBD50%~100%DFTD - TP | B&FI&. Y9 RN T 2 E5H
FRICBITOHBREED25%~80%DCPT—11%, ¥ RILHA
S5 LSS, BNEEBMWREEEROIGI 2 ERTE/L, LA >T
. ARBBICHITBFTD - TP I EEEFIOHREER. £ MINT 8HEE
ICBITDHBERSEDS50%~100%THY. HREFEVREZERBD/IS
VADEEANHTO0O0%MFICHFE LWL, CPT—110#%E5EE. & M
W BEMBEICS T IHBEREBEBO25%~80%THY. MEEHNRE
BMERDNZ Y ZADE=ANL. 4 0% ~80%MFHELL. 50%~80%
NEYFFELL. 50%~7 O%DHFRFICEHFH L,

Thabhs, FTD - TP IRAFOE MINT 3 8MERICH T 5 HER
583 70mg./ m2/dayThHdeEhs, FTDOHREEIE3IE5~70
mg. / m2/ dayThHh¥Y. MEBIREEMVEFRADONNZ Y ADBEANS. 70
mg./m2/daydEFICFFELL,

CPT—110E MINT28EMERICSITIHERSEF. BERATY
A—ILICE > TERAZD. flxiX, 2:BEEOHRESDFESE. 150~180
mg./ m2/dayThHd, £oT. TOHBEHESEN180mg.m2/da
yDEXE (FIZIE, HBbRE. ME. E. FEREXIIIIEREFNZETS
h, BHEEBERVEENSFELY) & AEBFOCPT—1 10E5EF
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45~144mg, m2/dayThHY., MESHREEERO/NS XD
mhS, 72~144mg./ m2/dayhFFEFLL, 90~144mg . m?2
SdaydhLUFFELL., 90~126mg. m2/daysEFciFE LWL,
T, TOEEKREEN150mg . me/ dayD&E (FIAIE HILRE
. fE. IE. FEREXIIMRESNBTF LK. FTEHE. NRE BE
ROEBEREIGFE LW) . ARBOCPT—110#58IX37. 5
~120mg . m2/dayTh"Y. MESFHREBFRONS V ADHERIHM
5. 60~120mg./ m2/ dayd»PFFLL. 75~120mg.m2 d
ayDPEYFFLL, 75~105mg.m2/dayhFICFFLL,

Tz, 1BEEBEORSDEBES, CPT—1 10k MIFT 28MEEICH
(FTOHWEZLSEIF100~125mg . m2 ' dayThd, £>T. TOH#
BERXRESEN100mg . m2/ daydD&xE (FIZIX, BlisE. M@ FLE
. TEBEBRIIMREBSHNET Sh. NMERMME. e/ MRME. 2E . T
=5ERE. IVRE. BSERUEBERE/FELY) k. KEBEOCP T -1
10#%E5E21F25~80mg.m2 " dayTHY, mESEMEREEMVERD/N
SUADERDL, 40~80mg / mdayhEFFELL. 50~80m
g/ m/dayhLUFFlLL. 50~70mg.m2 "dayhRFHFFEL
W Tlo. TOWEEIGSEN125mg m2/ dayDe&XE (FIZIE. Bt
2RE. ME. AR TEEEXEIIRESENIZTFO I, BBEBENEFZL
W) ik, AEBEDOCPT—110#%581331. 25~100mg . m2/d
ay ThYy. MEBHIREBIEFRADONAS ADOBERNMS. 50~100mg
sme/daydFElLL, 62, 5~100mg. mz/daynh&LYiFEL
<. 62. 5~87. 5mg. /m2/daydFICFELL,

/. 3 BRAEBOBRSODHE. CPT—110kt M T 2E8EMEEICH
(T BWERSEIEI350mg  m2/ dayTHs FHIAiE HLBE. S
 HiE. TEREXISINERESENSETFON. BIBEEREIMFELWY) o £
T. AEBEDOCPT—110DHR5E1387. 5~280mg. m2/dayT
HY. MESMREGNERBONSVAOBENS., 140~280mg . m?

CSPC Exhibit 1106
Page 186 of 390



WO 2014/157444 11 PCT/JP2014/058733

[0015]

[0016]

[0017]

[0018]

[0019]

SdaydFFEFLL, 175~280mg./ m2/ dayhNEUFEFLL, 1
75~245mg. /m2/dayh&FICEFELL,

AFEBOMESEFONRIIERETH Y. EEFEMICIE. FERIE. HES
E (RER. BE. +iERE. itiEE. BEE (BE - BEEa ) | &
B, MMEE. KNiBE (BRERE. BinE. BEEas) ad) | ME.
. IIRE., TEE (FEHEEBE. FTEFAELY) . BE. BEPtE. iR
BENEITONDG, D55, MEBYREEMFAOERRN S, HILRE.
fiie., 2L, FTEEEXIFINRENFE L. HiEEEER. e IR &
BEXIFEENLYFFELL., BIEERERVBEENLYFE L. BiEER
EARFICIFFE LWV, AP, T TEFEICIE. RREOHRST. MOESE
(AT &) ICeaR LB EBROERZ b 28, T, ZEHOMES
Flid., BEEZABKICHEE L/CBRICBERBLEOZOICThh 2MEM#EN S
BEERICAWDEDTH>TH L,

EEVMRD THREFEPERER TV 12— ILHERY ., ETOEIRD % —
DOFIFICEEDHTRFUET B & ETEAWVWESH, AEBOMESHITES
BRD = BBOFIFIC T TEFET 2, FTDRUTP I ZEBEE&EFI &L
T. CPT—1138X&E LTHAT DI ENFFLL,

Fle, AEPFOBRSEICL >TREAIRDDRESEINZRY . SEF %4
BHEREICELZTEONRy Sy —JICFEHTHRBERTLTE L, TEH
FlzpHED /Sy r— LT TRERSE L TH LW,

AEPFOMEEFIOBRESTEES L TIXBICHRITEL., AEENIKISLT
BEEBRTE, EAMICREEOR Gl ®EHLF. #F. BHaH. 77t
VEI, EBRIRE) (O EHFL AFL RENF. REFISEHIFIRTES, FTD
ROTP | OERASFIEZEOFD. CPT—1 1 IEEHRFDEFE L L,

AFERICHITIMESHIE. TOREREICIGE LT, EEMICFEIND
HEZBAWT, BERQMOARICLYAERT I ENTE S, HindiBEFE
LT, BEOXRFITANEINIZEOEHD. FIAIKHEFE. BaF. BRiE
. JBIRF. HBRRHF. BEMEIFL. BEBLH. FRMF., p HRARHX., BF

CSPC Exhibit 1106
Page 187 of 390



WO 2014/157444 12 PCT/JP2014/058733

[0020]

[0021]

[0022]

[0023]
[0024]

., ZELE. FEF. BEE. BRAEFLHRTE S,

AFEFIZE /2. LRIBSEBICETEXFTD - TP | E&FIRUCP T — 1
1 E5EIND I E%2/HHET 5. BRERE (FIC. BBREBERSE) (I
WETBCPT—110HMEBWREIERT Z2LHOFTD - TP | BEH%
EUMERDRIEEFICET 5, UZMEBWRIZEAFIE. LRNEEFO
BEHEREEZET 5,

AFEFIZE . LRBEEICETEXFTD - TP I RBEFIRUCCP T — 1
1A EINDE52FMET D, CPT—1 15253 hEERESRSE (
B, BIBEBERE) 285 T54HODOFTD - TP | B&F42S0HE
BEEICET 5, UXIMESFIZ. LEROSFIHEAET S,

AFERITE 2. BREREE (FIC. BBEBERE) T3, FTD -
TP I B&eF., RULEHRSEICEDEFTD - TP I BEEFIRUCPT—
T1AEIND 2B LAERHFAZEZEUF Yy FRAUCET S, Z
2T MERAREEE] &k, LEBRSEITEHINALBOTHNIEL L. EH
FRADEEEZBDLLQWD, LEREGEN/EEINTVWDEDOLEFE L,
BHEMICIE, RMEIXE. N7 Ly hENMPIRIN S, T, EAMBEEL
SUFy MEFIEE, Fy MRFIO/ Sy =D IERFRBAEDLEIR - RS
NTWHEDTH>TH, v MEFIO/Nw =V ICEER E & BICHER
MEAEANEHINTWREDTH>THE LW,
=HEH 1

RICEREG =27 TARFERZ S SICFFMICERIAT %,

SEZf)

E hKRIBEK (KM20C) OIFEMAE (1 X10'cel | s/ TDR)
HH%E~6EMOBALB cA Jc |l —nuvxYoXDEMERICEHEL
. BEOTEHEENIMIFICAD LD ICREBICTI R EEIY AT, BEDT (n
=10) #ZkEL/H%#Day O0&L7%,

FTD: -TP IEB&a% (FTD&ETPI®EILLT : 0. 5DEESY X

FTD&LT75,. 100, 150, 300KU450mg.“kg. da
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[0025]

yERDEDICHAB L, 1Y/ THVIERBIEKANYW (CPT—11: A
TRE (BHEEE) . RRAESHVYIILMERER) . 11 1mg kg da
y CRUEFINBEINTWDR I LS (HEEEAK. (1990) . Vol

24, No. 14, 7~17) . 4V /FhVIEEIEKIMEL T8 OR
P100mg . kg /day&iadLdICHARELL. EFDOHSIEIDay
3NLEEBL. FTD - TP | BB&FIE5 BFERRORS - 2 HEAKAES
6iBEfTW. CPT—1 1138IC 1 MORF#IRL L5 % 6 BT > 7=,
MESEDHROEBIEE LT, EBEORIVADEEREHEIA L. SHOEEH
Bzt L7z, EREF1ICRT,
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[0027]

[0028]

ZR58 (RD) BA4 U/ ThHUVEREKNYWELTI100mg “kg d
ayThd, LI >T, ¥ORILHBIFH100mg. kg dayd'. Et
MC#HIFZBZRD150~180mg . m2/dayiliEXd s,
FTD-TP | BE&%TId. FTDHMEET150mg kg day®
BTEEHRSIRN I EDIL, ITRICEFZFTD - TP | BE&FIOD
RDIIFTDH¥EET150mg. kg / dayTHhd, LEN>T. ¥
BT BH150mg. kg day (FTDHEE) ». EMIBIFBR
D70mg./m2/ day (FTD#EE) ICHHT 3,
E e 1

E hKIEEK (KM20C) %#4%1%5~6BHOBALB.cA Jcl
—NnuvY Y ROERIBMEICEEL £, BEBEZICERORE (mm) &
VTEZE (mm) #HEL. EBEAHE (tumor volume:TV) &
B, SBEOFHETVIEFICRZDZ I DICKBIITIRZEYNIT. D
7 (n=6) #FZEL/AH%Day0& L,

FTD-TP IBR&E% (FTDETP I®EILT : 0. SOEEY &
FTDELT75RU150mg. kg /day&iRdkdITHARLE.
CPT—11 (A7 b (BEFEE) F. KXV 2L MR 0 1Y
JFhviagEAKIME L T1 0, 25R1U50mg kg /day&had
OIS LZ, FTD - TP IE&FIFDay 1 — 1 4CEHROFZRS L
.CPT—111FDay 1 RU'Day8ICE#RN,NSRES UL, HAKRSE
iE. BFESHERUCRSERVTERERFY2a—JLTFETD - TP | BB&%
ECPT—-11%28¥50Lk. BEFRSHO—EEZKR2IIRLT.
HMEEMROIBIES LT, &80Day4, 8, 11, 15, 18KV2
2OTVZEHL., TRICLYDay i T 2EEEAFE (rel at
ive tumor volume:RTV) #xXkeHT7FOv kL. BULE
B2 (control), FTD - -TP | EEEFIRS5E. CPT—1 158
RUFTD - TP IRE&FECPT—11#ERSEORTVORAMIER
B L 7=,

CSPC Exhibit 1106
Page 191 of 390



WO 2014/157444 16 PCT/JP2014/058733

[0029] TV (mm3) = (REXER2) 72
RTV= (Day28iCHiF3aTV) / (DayOIlcHsiFaTV)

[0030] [F=2]

Drug Dose (mg/kg/day) Treatment
75
FTD-TPI -
150 Day 1-14, p.o.
10
CPT-11 25 Day 1 and 8, i.v.
50
75+10
75+25 Day 1-14, p.o.
4 (FTD-TPD
FTD-TPI+CPT-11 75+30
150+10 .
Day 1 and 8, i.v.
150+25 (CPT-11)
150+50

[0031] ®1~E6Icxd@Y,. FTD - TP IB&FA75~150mg kg
Sday. CPT—114H25~50mg. kg /dayd&x, HENLG
MEESRISE LN,

[0032] EMEH 2

EhXBEK (KM20C) OIEEME (1 X107cel | s /TUR)
HE%ZRLS~6EBMDBALB cA Jc |l —nu~vOXDIEIERNICEHEL
. BBROTHAEENIMEFICARD LD ICEEIITUREEY AT, BoT (n
=10) #FfEL*H%2Day0& L7k,

FTD-TPIEBR&% (FTD&ETPI®EILT : 0. SOEEY &

FTD&LT150mg kg day (HEEKRSE) &425LDICHEAR
L7ee CPT—11 (AY7rFE (BEEE) . RASEV IV MERK) &
AN TFHAVIERREKMELTE50, TORVT100mg. kg da
yERBEDICHEE L, BHHAKRSEETIE. Day 3o HAES 2B
L. FTD - TP I BE&¥I35 BEEAROKSE - 2 HEAKREZ 6 ERETTWL
. CPT—1 18I 1 EOREMIKL 55 % 6 BET> 7=,
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[0033]

[0034]

[0035]

MEEWROEZELT. Day 70 TCOZRBEDOI I ADEEREMEL
. BBEOEERELE LK, Day 7 0 TCORBEDEEREZHTICTRT,
K7m@Y, FTD - TP IBE&%»150mg. kg /day. CPT
—11A50XIE70mg kg / day®DETIiH,. Day7 OTODERE
A100%TH>DICHL., FTD - TP I BEFIN150mg kg~
day. CPT—1154100mg kg day®EETiE 2HFEME<
IR, Day 7 0 TOEHFEERN3 0%FE THBIRICET L 7.
EHER 3

EREF 1 ICEL T, Migkze NBEK (SC—-2) ICKATFTD - T
PIBREHIECPT—110HAKRSHKREIT>/, FTD - TP | BE&H|
(FTDETP I OENET : 0. S5DEEY) 1F. FTD&LT75RKRT
150mg kg day (#EH#HS5E). CPT—-11& 41U/ FTHY
IBERIEKFME LTA40RKRU80Omg kg day &L ICHARLEL
o BREXRIIIRT,

[33]

Drug Dose Treatment RTV TGI®
(mg/kg/day) (ean = SD) (%)

Control — - 12.59 + 0.87 -
FTD-TPI 75 Dayl~14, p.o., b.i.d. 699 + 045 44.5
FTD-TPI 150 491 = 0287 61.0
CPT-11 40 Dayl,8.iv., q.d 446 + 047" 64.6
CPT-11 80 259 + 02177 79.4
FID-TPI+CPT-11 75+40  Dayl~14,p.o,bid.(FTD-TPI) 239 + 035 " 810
FTD- TPI+CPT-11 75+80  Dayl8, iv., q.d.(CPT-11) 124 £ 019" 902
FID-TPI+CPT-11 150+40 Dayl~14,p.o., bid(FTD-TPI) 152+ 0.15 ™ 879
FID-TPI+CPT-11 150+80 . Daylg,iv., q.d.(CPT-11) 095 + 0107 95

*#: n<(0.01 with Aspin-Welch's s-test as compared with the control group.

#. overall maximat p<0.01 by closed testing procedure (Intersection-Union Test).

a) : Relative tumor volume (RTV) on Day 15 was calculated as the ratio of TV on Day 15 to that on Day 0 according to th
RTV=(TVon Day 15)/(TV on Day 0)

b) : Tumor growth mhibition rate (TGI) on Day 15 on the basis of RTV was calculated according to the following formmla
TGI (%) =[1 - (mean RTV of the treated group) / (mean RTV of the control group)] x 100

RIDEBY., BEICBWTH., BHEEIROHEKRSEDNDS50~100
%OFTD - TP | Eg&#FlE. BHMEEFOHERSED40~80%DC

CSPC Exhibit 1106
Page 193 of 390



WO 2014/157444 18 PCT/JP2014/058733

PT—11%2HALAERS. BELONMESDROERIERINL, k.
FEERVICOVWTHHFBETE28MBEANTH > 7,

[0036] LlEDS., BHMFEUEFFOHERSED50~100%DFTD - TP I &
AFlE., BHEEFOHERSEND25~80%DCPT—11%2#BLA
BE. BERBOREEAINZA DD, BNAHESRVURERIETZENHELL

L:t{:j T:o
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[EEKIR1]

[FEKIR2]

[F5KIR3]

[FEK1R4]

[553KIR5]

[E53KIR6]

[FEKIFT7]

AR D

MLV RCFESDIVIEEEIEZ EILELT - O. 5 TEERT
LHMEFNRNV TNV UMBEETIS5~70mg m2/day#
Sxh, €4/ TFHVIEBIEKNYPN45~144mg.m?2/da
yI5INDZEERFHMET 2ERRICHT 2MESRE

P DIWY O URTFESVIVIGEEIEZEILLLT : O, 5TERT
SEEFID. MV TILD I UVHBET70mg m2/day TS
TN BFEKRIE 1 EEBHOTESHA

A4 /T HhUERBEKMYN., 75~120mg.m2/dayi%
BEXNZERE 1 XT2BHOMEEH.

ElfzEs. BIBERE. MR, e BEXIIBSETHDHERKIE
~3DOWIFNMNICEEHDIERE

a, a, a— MY 22)NAOQFIIUOKUTE—2O00—6— (2—41
/Yy —1—94J)) XFIL—2, 4 (1H, 3H) —EUX
DDA VIBIEAEEILT : O. 5 TEATAHESFEEIHEN
LELHEHETEESHAMNSET 2HEHEZTHESL. CPT—11
ZHEI1THEEET1S5HEBICRST228HE 1AM VILDOIRER Y
21— E 1EXIF2EUEHYIRT I EE/FHET 2EKET ~40
WIFnMICEROMESS,

BREEEICTT 240 ) / TFHVERBKINYOMERIR % 1854
T27HDD. FIVTILY DU RUCFESDIVIEEIEZ EILELT : 0.
5TCERT HEEFLIOLAZIMEEMRIERFITH > T,

MUZILD VRO FESDIIVIERIEZEILET : O. 5TEAEAY
BEHEFNMN) I UMEET3I5~70mg . m2 dayi
SXh, 4/ FTHVIEBIREKIYPN45~144mg.m2/da
vI5INDZEEREE T 2MEREMRIERHA,

A4/ FHVERBEKIYERS SN B REEEEET D
D, M)V IVRTCFESDIIVIEREZEILT : 0. 5TEH
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i

FHRIR8]

[55:KIR9]

[F5KIR10]

[FEKIR11]

[EkIR12]

[FEKIR13]

T HEEFINSGIIMESERTH > T,

MUZII D UVRCFESDIIVIEREIEZEILET : 0. 5TEET
BEEFNMNI TN UBEET35~70mg . m2/dayi
53N,

A1)/ TFhVIEBEBEXKIIMA45~144mg . m2/days
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COMPOSITIONS FOR IMPROVING THE PHARMACOKINETICS AND THERAPEUTIC INDEX OF CANCER TREATMENT

CROSS REFERENCE TO RELATED APPLICATIONS

m{sm; This application clahms the benefit of LS. Provisional Application No. 62/147,389, file

3

April 14, 2015, the disclosure of which is heveby incorporated by reference in its entirety.

BACKGROUT

108821 Colorectal cancer apootmts Tor 10 to 13 percent of all canters aud is the second leading
cause of cancer deaths in Western coundries. Approximately half of the patients develop
metastatic disogss: The prognosis for these patients is poor, even though palliative chemotherapy
has been able to prolong survival and improve the quality of life over best supportive care.
Accordingly, there remains a eritical need to further improve therapies so as to prolong patients’

N

Hives while maintaining quality of life, particolarly in the case of colorectal cancers that ofien are,

or beeome, resistant to current therapeatic madadities.

SUSBIMARY
{60031 Provided are methods of Improving the pharmacokinetic profile of a drug treatmentin g
patient {e.g., a human patient), the methods comprising administering to the patienta
therapentically eliective amount of the drug, wheesin the therapeutically cffective amount is
administered as a frst amount of the drug administered to the patient parenterally in g sustained
release dosage form and a second amount of the same drug co-administering tothe patient
enterally or parenterally fn an inunediate release dosage form. Beneficially, the first amount
combined with the second amount equals a therapeativally effective amount of the drug‘ The
drug may be adntinisterad v doses (éach dose comprising the fiest amound and the secand
smount) separated by an fatereal of g day or more, Or a week, two wieks, of thuse wieks, arg
month or move. in some embodimants, the first amount of the drag is administered parenterally
in g form {e.g. a liposomally encapsulated fornt) that provides sustained veleasy, and the same
drug is co-administered parsnterally in the second wmount, g.g.. af the same interval, such that the
pharmacokinetic profile is improved. Beneficially, the drug reaches therapentic levels at a site of
action faster than if administered only I the sustained release {o.g., Hposomally encapsulated)
form, and maintains therapentic levels at the site of action longer thay I¥ adwinistered at the same
intervals only i the immediate release form.
{0004] The immediate release form muy be 2 free (non-encapsulated, nop-PEGviated, and non-

protein-conjugated) form, and the sustained release dosage forny may be a liposomally
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encapsulated, PEGylated, or protein-conjugated (2.g., albumin-conjugated) form. Such co-
adminisiration results n provement of the pharmacokinetic profile of the drug, or in
improvement of the therapeutic index (efficacy to safely ratio} of the drug, or in therapeutic
synergy, as compared o administration to matched patients of the fivst amount and the second
amount as a combined amount in the sustained release injectable dosage form.
[8895] The unencapsulated drug and the drug iy sustained release dosage form (8.2, Hposomally
encapsulated, FEGylated, or protein-conjugated form} may be administered sequentially or
simultaneousiy. The sustained release and immediate release dosage forms may both be
comprised within g single formulation for simulianeous injection. In one embixdiment, the
second amount of the immediate release injectable dosage form is at least 10% ofthe first
amount of the sustained release injectable dosage torm. The deug may be an anti-cancer drug., In
pne smbodiment, the sustaingd release dosage form is In a Hposomal, hyaluronate, or PEGylated
form and the inunediate refense dosage form is in the form of a hvdrochioride or other sait
solution, of analogs or derivatives thereof,

[B006] In various embodiments the drug is an anti-cancer drug. The anti-cancer drug may be
selected from a topolsomerase inhihitor {£.g. 2 1opoisomerase T inhibitor or a wpoisomerase I
inhibitor), an antb-microtubule ageat {e.g., & i8xane, 2 vinca aikaloid, a vinea slkaleid derivative),

an anti-metabolite {(e.g., an anti-folaie, a fluoropyrimidine, a deoxynucleoside analogue, vr a
thiopurine}, a platinum sait, an allodsting agent fo.g., a nitrogen musiard, & nitrosoures, a
tetrazine, an azividing, an organoplatinmum agent, procarbazine or hexamethylmelamine), an anti-
anglogenic agent, or a cviotoxic anptibictic, The tepeisomerase 1 inhibitor may be, e.g.,
camptothecin, irtnotecan, SN-38, or topotecam the wpoisomerass [ inhibitor may be | ¢.g.,
pixantrone, mitoxantrone, or an authraeyeline (e.g., doxorubicin, daunorubicin, bleomyein,
dactinomyein, epirublein, or idarubicin} or it may be, e.g., cloposide or teniposide; the taxane
may be, eig., pachiiaxel, docelaxel, cabazitaxel, or tesetasel, the vinca alkaloid is, e.g.,
vincristine, vinblastine, or vinorelbine, the platinum salt may be, e.g., oxaliplatin, cisplatin o
carboplating the alkylating agent may be, eg, bendamustine, busulfay, carmustine, chiormbucil,
cyclophosphamide, ifosfamide, lomastineg, mechlorethamine, melphalan, streptazocin, thiotepa,

v

or yramustine, the anti-metabolite may be. e.g., 3-FU. capecitabing, cytarabine, gemcitabine,

rz::v

methotrexate, pemetrexed, or tegatur, and the anti-angiogenic agent may be, ¢.g.. bevacizumab.
be fiposomally encapsulated irinotecan may be rinotecan sucrosofate liposone injection (nal-
PRI ONIVYDE™L, MM-398).

{0887] Exemplary combinations include: liposomal rinotesan {e.g., MM-398 or THL-303) co-

administered with SN-38 or fize Irinotecan (s, CAMPTOSARE)
2

; valuronate frinotecan {(Ha-
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irinotecan) co-administered with SN-38 ar innotevan; PEGylated irinotecan {g.g,, NKTR-102)
co-nddministered with SN38 or rinotecan; wyclodextrin camptothecin {e.g., CRLX101) co-
WN2208) co-

administered with $N-38 or irinotecan. Liposomal doxorubicin fe g, DOXIL®, CAELYXR,

administered with camptothecing or PEGylated SN38 {e.g  NKI102 or B

MY OCET®E) co-administered with doxorabicing Hposomal dasnorubicin {e.g.,

DAUNOSOMER) co-administered with daunorabhicin, bleomyein, dactinomycin, epirubicin,

idaruhicin, or mitoxantrone, Atbemin conjugated paclitasel {e.g ABRAXANE®) co-
administered with paclitaxel; liposomal docetaxel co-administered with docetaxel; cyclodextrin
docetasel co-administered with docetaxel; PEGylated docetaxel co-administered with docetaxel.
Liposumal vineristing {e.g., MARQIBOE) co-administered with vineristine; Hposomal
vinorelhine co-administered with vinorelbing; liposomal vinblastine co-administered with
vinblastine. Liposomal or PEGylated or protein-conjugated oxaliplatin co-administered with
oxaliplating lposomal or PEGylated or protein-conjugated cisplatin eo-administered with
cisplatin; liposomal or PEGylated or protein-conpugated carboplatin co-administered with
carboplatin,

[0808] Also provided sre methods for regting cancers (fumors, ¢.g., utesectable twnors), ina
patient {e.g.. a human patiznt) comprising co-administering o the patient Hposomal irinotgoan
{e.g.. ONIVYDE™} and five irinotecan (Le., 1o ap unencapsulated sohation or suspension, e.g.,
CAMPTOSARRY, optionallyin comBination with co-administration of 3-fluorouracil {5-FU and
feucovorin, optionally in Ruther combination with co-administration of bevacimumab, according
to particular ¢linival dosage replmens providing effective amounis of cach drug. Compositions
adapted for use in such methods alse sre provided.

{68009 In.one aspect, a method for trestment (e g, effective trestment) of 2 cancer (e.g., 8n
unreseciable cancer) i a patient is provided. the method comprising: administering to the patient
an effective amount of irinotecan, where the effective amount is comprised by a combivation of
liposomal irinotecan co-administered with fiee {non-cncapsulated) frinotecan, wherein the
mgthod comprises al least one eyele, whereln the-eyvele 58 peviod of twoweeks, and whergin for
gach vycle the liposomal ivinotecan is administered to patients at & dose of 60 mg/m” or 80
mg/m?, and the freg irinotecan s administerad to pationts at a dose of 90 mg.fm‘ or 120 mg/m®.
{BUEH] In one embodiment, the cancer is a gastrointestinal canver, e.g., colorectal cancer (CRO)L
Inanother embodiment; the cancesis metastatie CRC. In another embodiment, the cancer is
pancreatic cancer. In yet another embadiment, the patient previously has been treated for the

cancer with first fine standard of care therapy.

tra
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{8811} In another aspect, @ methad for treatment of CRE {nptionally unreseciable advanced
CRC) in & patient is provided, the method comprising: co-administrating 1o a patient an effective
amount of each liposomal irinotscan, free rinotecan, S-fluorouract! (3-FUj, leucoveria, and
optionally bevacizimab, wherein the method comprises at least one eyvele of co-administration,
wherein a cycle s a perfod of two weeks, and wherein for cach cyele:

08121 {a) liposamal irinotecan is administerad once to patients at a dose of 60

n wfm or 8t m vm

{913} {(b) free irinotecan is administered once to paticuts at a dose of 90 mg/m’” or

120 myf m

T () tewcovorin is adminisiered vuce lo patients at a dose of 400 mg/m®;
[8615] {(d) 5-FU} is administered once to patients at & dose of 2400 mg/m”; and
{016 {e) bevacizumab iz optionsHy administered once 1o patientsat'a dose of 3

mgtke or Hhmpdke.

71 In one embodiment, the liposomal rnoteean is administered intravenously over %0
minutes. In another embodiment, the 5-FU s administored intravenously over 46 hours, In
another embodiment, the leucovorin is adminisiered Intravenoushy over 2 hours. In another
crmibodiment, the bevacinnab i admiistered intravenously over 30-90 minwes. Inanother
embodiment, the liposomal irinotecan is administerad intravenously over 60 rainutes or 90
wrinutes. In another embodiment, the Iree irinotecan 1s admmistered intravenously over 60
minutes.

{0018 In other embodiments, the liposomal irtnotecan v administered prios to the free
Urinotecan. 1n one embodiment, the leucovorin gnd 5-FU are administered sequentialiv. The
leucovorin and S-fluoreuracil may be adniniatered after the vwo formulations of irtnotecan, with
the levcovorin administered before the 3-FUL In another embodiment, the bevacizumab is
administered prioy 1o the liposomal irinotecan, the free irinotecan, the leucovorin, and the 5-FUL
[9019] In siill other embodiments, treating the patient resalts in a positive ontcome, wherein the
positive outeome is pathologic complete response (pCRY, complete response {CR), partial
response {PR) or stable disease {813} Inone embodiment, the conmtbination thérapy with
Bposamal irinctecun, {Tee Irinotecan, 3-FU and leucovorin results in therapeutic synergy,

{8028} In further embodiments, the lposomal lrinotecan is formulated as irinctecan liposome
injection (MM-398, ONIVYDE™). MM-398 may also be referred to as irinotecan HC liposome
injection because irinotecan HCT is the active pharmaceutical ingredient that is used to foad

rinctecan nto iposomes containing tris

Jammoenium sucrose octasulfate to prepare MM-388

fipusomes. This nomenclatore may be used even though the hydrochloride fon of the irinotecan
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HCL reacts with the wiethylammonium jon of the triethvlammeonium sucross octasulfate to yield
tristhylammoninm chioride (triethylamine hydrochloride) which may diffuse out of the
tiposomes, leaving frinotecan sucrosofiie entrapped within the MM-398 liposomes.

0421} in another aspeet, & formulation of lipusomal irinotecan (e.g., MM-388} s provided for

co-administration with free ivinotecan in at least one ovele, whereln the cvele is bwo weeks, and

wherein

[0022] {a} liposomal irfsotecan s administered ata doss of 68 o R0mg/ 'y and
0023 {b) free irinotecan is admiinisiered ai & dose of 90 or 120 mg/im’.

[0824] In ancther aspect, a formulation of lipusomal frincteean is provided for co-administration

o

with free irinctecan, d-flusrouracit {3-FU), leucovorin, and hevacizumab in at least one eyele is

provided, wherein the cyele is two weeks, and wherein:

{028} {s)  liposomal irinotecan is adwministered at & dose of 60 or 80 mghn™;
[8828] {1} free irinctecan is administered at a dose of 90 or 120 mg/m’:
08271 {2} feueovorin is administered af a dose of 400 meg/m®;

jOR28] {d) 5-fluorouracil is administered a1 a dose of 2400 mg/m?; and
{08291 fe) bevacizimab ts adminisiered at 2 dose of 3 mgrkg.

{00301 Optionally, the liposomal irigotecan is administored intravenously over §0 minutes,
andfor the 5-FU {s administered Intravenoushy over 46 hours, andfor the leacovorin is
administered intravenously over 2 hours. In an alternate embodiment, the liposomal irinotecan is
administered Imbravencusly over & misutes or 90 minutes andfor the free irinotecan s
admiaistered intravenously over 60 minuigs.

{60311 In another gspect, the camptothecin topolsomarase T inhibitor is rinotecan and the
sustained release dosage form is in g Hiposemal, byaluwronate, or PEGylated form, and the
immediate release dosage form iy in the form of an irlnotecan hydrochloride solution or its
analogs or derivatives. In one embodiment, a cycle iva pertod of two weeks, and for each co-
administration:

{0032} {a) the Hiposomal irnwtecan sucrosobiate i administered at a dose range
betwean 60 and 100 mg/m™;

(8033 {b) the irinotecan hydrochloride is administered at @ dose range between 30

and 180 mgim™;

{8034 {c) the lewcovorin is administered at a dose of 400 mpm™,;
[5835] {d) the 3-fluorouracil is administered at a dose of 2400 mg/iny™: and
{08361 {e) the bevacizumab Is co-admintsterad at g dose of S wgke GIW or 10

mgrkg Q2w or 15 mgikg Q3W.

L
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(88371 In another aspect, a kit for treating CRC {e.g.. unresectable CRC, metastatic CRC, or
metastatic unresectable CRC) in a patient is provided, the kit comprising & first container, and
within the first container, a second container and a third container, the second containgr holding a
doss of liposomal irinetecan and the third corgainer holding a dose of free irinotecan. The kit
optionally further comprising instructions for using lipesomal irinotecan, free irinotecan, and
optionally 5-F1I and lewcovorin, and optioually bevacizunab, as described herein,

[0838] An MM-398 PEGylated Bposome encapsulating rinotecan sand sucrose octasulpbite can be used
in 3 method of reating unresectably, advavced vancer b a human patieny, the method comyrising

administration 1o the human patient ongs every twe weeks In 8 eaiment oyele,

BRIEF DESCRIPTION OF THE BRAWINGS

[839] Figures 1A « 1T summarize MM-398 pharmacokinetic parameters inan HT-29 xenograft
study.

(0040 Figures [A and 1B are graphs showing plasma irinotecan and SN-38 levels, respestively,
following free irinotecan and MM-398 administrations, Figure 10 Is a graph showing intratumor

fevels of frinotecan and SN-38 levels following different doses of MM-398,

DETAILED DESCRIPTION

{0041} Definitions

{06421 The term "patient” Is a human patient,

{00431 The term "effective treatment” refirs 1o treatment producing a beneficial sffect, eig.
amelivration of at least one sympton of a disease or disorder. A beneficial effect can take the
form of an improvement over baseling, Le., an improvement over a measurement or observation
made prior o initiation of therapy agcording to the method, A beneficial effect can also take the
form of arresting, slowing, retarding, or stabilizing of a deleterious progression of » marker of a
cancer. Fffective treatment may refer to alloviation of at least one symptom of 2 cancer. Such
cifective treatment may, €.g.. reduce patient pain, reduce the size and/or number of lesions, may

reduse or prevent metastasis of @ cancer turnor, andfor may slow growth of & cancer tumeor.
Effective treatment with a deug or com posi'tion may: (1) reduce the number of cancer cells; (i)
reduce tumor size; (iii) inhibit, retard, slow o some extent and may stop cancer cell infiltration
tnto peripheral organs; (v) inhibit G, slow to some extont and may smp} tumor metastasis; (v}
inhibit tumor growth; (vi) prevent or delay nocurrence andf/or recurrance of tumor; andfor (vit)
relieve fo some extent one or more of the sympioms associated with the cancer,

19044] The terms “combination thevapy,” “co-administration,” or “co~administered™ (orminor

variations of these terms) inchulde simultancous administeation of at least two therapeutic agents
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t0 a patient or their sequential administration within a time period douring which the first
administered therapeutic agent s still present in the patisot when the second administered

&

therapeutic agent {s administersd.

.

JO8451 The term “monotherapy” refers to sdministering a single dvug preparation containing 8
single drug to treat a disease or disorder in the absence of co-administration of any other drug ov
therapewtic preparation 1o treat the same disease or disugder.

[0848] “Dosage” refers to parameters for administering a drug preparation in defined quantities
per unit time {e.z., per hour, pes day, perweek, per moonth, ete.) o 2 patient. Such parameters
inchude, e.g., the quantity of drug in each doseor administration. Such parameters also inelude
the configuration of each dose, which way be sdministered as one or more unils, ¢ g., each taken
at a single administration, e.g., injected {e.g., as an infusion or a bolus). Such parameters further

inchude frequancy of administvation of separaie doses, which fregquency may change dver time.
{8471 “Dosage form™ refors to the form andfor fremulation in which a drug is provided for use,
e.g. o free aqueoas solution, an aqueous suspension, a Hposomal suspension, a single dose vial, a
pill, acapsule; e,
{B48]1 “Dose™ refers to an amount of a dreg givenin a single administration.
{45] The fermy “resistant™ and “refractory™ refer to twmor cells that continue to grow or divide
during treatment with a therapeutic agent. Such cells may have responded {e.z., by not growing
or dividing) o a therapeutic agent initially, but subsequently exhibited a reduction of
responsiveness during treatment,
[8838] “Therapeutic synergy™ refers to a phenomenon where trestment of patients with a
combination of therapeutic agents {e.g., co-adminisiration of a combination of different drugs-or
eg-aditinistration of a combination of diffevent tormulaions of the seme drug) manifests a
therapeutically superior cutcome to the cuteomie schivved by each individual copstitusnt of the
combination used at its optintum dose. tn this context a therapeutically superior cutcome is one
in which the patients either ) exhibit fewer jncidences of adverse events while recelving &
therapeutic benefit that ts equal toor greater than that where individual constituents of the
cornbination are ¢ach administered as monotherapy atthe same dose a8 i the combination, orh)
do not exhibit dose-Hmiting toxicities while receiving  therapeutic benefit that is greater than
that of treatmeent with each indbvidual constituent 60 the combination when ¢ach constituent is
administered in af the same doses in the combinatinn(s) asis administered as individual
coniponents. In xenograft models, a ceimbination, used at its maxignum wlerated dose, in which
gach of the constituents will be present at g dose peoerally not exceeding its individual maximum
wierated dose, manifests therapeutic synergy when decrease in tamor growth achieved by
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administration of the combination 1s greater than the value of the deerease in tumor growth of the
best constitvent when the constitugnt is adininistered alone

8SY] I Improving the pharmacokinetie profile of drug reatment

{521 Unencapsulated drugs typically provide rapid exposure 1o high drug levels, but often do
not sustain exposure over a jong time period. In 2 complementary fashion, encapsulation of a
drug can be englneered so as to provide a sustained release pharmacokinetic profile; sustaining
expasure for a protonged period of time. Such an encapsulated drug may, however, take longer to
reach therapeutic levels at the sie of aution than the freg drug.
{80831 L1 Irinotecarr and MM-385

{0341 Irinotecan is {5341 1 -diethyl3.4,12, Iduetrahydrosdehydroxy-3, H-dioxo TH-
pyrano]3° 476, 7 -indolizinof 1. 2-blquinolin-9-vl-[ | 4 bipiperidine]-1'-carboxylate), 8
ssmptotheein devivative topoisomerase 1 inhibitor:

[8855] MM-398 (see, e.g., US 8,147,867} is a stable liposomal fermulation also known as
irinotecan Hposome injection, rinotecan sucrose sotasulfate salt liposome injection, or Irinotesan
sucrosofate liposome injection (also referred to as PERO2, and ONIVYDE™). MM-398 may be
provided as a sterile, injectable parentoral aqueous liquid for intravenousdnjestion. The reguired
amount of MM-398 may be diluted, ez, in 250 mi of 3% dextrose injection USP and infused,
e.x. overa 90 minute period,

{B036] An MM-39R liposone is a unilametiar fipid hilayer vesicle of 80-140 mm in diameter that
encapsulates an aquecus space which containg irinotecan complexed in a gelated or precipitated
state as a salt with susrose octasulfale. The lipid membrane of the liposome 13 comprised of
phosphatidyichaline, cholesterol, and a polyethyleneglveol-derivatized phosphatidyi-
ethanolamine in the amount of approximately one polyethyleneglveol (PEG) molecnie for 200
phospholipid miolecules. This stable liposomal hrmulation of irinotecan has several attributes
that provide an improved therapeutic ndex, The controlled and sustained release improves
activity of the schedule-dependent drug irinotecan by increasing duration of exposure of tumor
tigsue o drug {either or both of irinotecan and its more active metabolite, SN-38), an ativibute
that allows drug o be present v a higher proportion of cells during the S-phase of the cell cvels,
when DNA wnwinding {mediated by topodsomerase} is required as a preliminary step in the DNA
replication process.

{0057] The long circulating pharmacokinetics and high ntravascular drug retention of liposomes
{22, the MM-398 liposomes) can provide additional benefits, such as those slemming from
snhanced permeability and retention (EPR}). In tumors and certain other sites of pathology (e.g..
sites of fnfection, inflammation, or both), the normal integrity of the vasculature {eapillaries in
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particular iy compromised, resulting in vascalar perroeabitity that aliows leakage out of the
capillary hunen of nano-pasticulates such as liposowes, which may then be rewined and
accumurdate at the site of leakage. Such enhanced prpeabilily and refention may thus promote
preferential delivery and accumudation of liposomes within twmors and sites of inflammation or

\

infection. EPR of MM-398& may result in a subsequent depot effect, where liposomes accumulate

{e.g., in tumor associated muacrophages), which can metabolize tinatecan, converting it locally to

the substantially more cytotosic SM-38} and release drug as they break down. This preferential

ineal bivactivation and delivery is helieved to resull in increased exposure at cancer cells within

4

the tumor and reduced drag exposure slsewhere (e, &l potential sites of toxiciivy,

{00881 V. S-Flhwirouraei] (S-FU) and Lewcovarin,

[0059] S-Fluoreamaci! is 8 pyrimidine antagonist that interferes with nucleie acld blosynthesis.
The dcoxyribmvclentide of the drug inhibits thymidylate synthetase, thas inhibiting the

v

formation of thymidylic acid from deexyuridylic acid, thus interfering in the synthesis.of DNAL

i also nterferes with RNA synthesis.

{0068] Leucovorin can potentiate the cywtoxic effects of fluorinated pyrimidines {e.g., 3-FU and
floxuriding). For example, aller S-FU s activated within the cell, it becorntes associated with a
folate cofactor, and mediates cyietoxictty by inhibiting the enzyme thymidylate synthetase
Leucovorin can increase the folate pool, thereby inereasing the binding of folate cofactor and
active S-FU with thymidylate synthetase, resolting In increased eytotoxicity.

18861} ¥ Bevacizusiah

{8062} Bevacizumab is a recombinant humunized monocional antibody that blocks anglogenesis
by inhibiting vascular endothelial growth fictor A (VEGF-A). VEGF-A is a oytokine that
stitnulates angicgenasis i a variety ol diseases, especially incancer. Bevacizumab s
achninistered at a dose of 5 ma'kg, or 10 mgdkg typleaily Q2W. or 15 mpkg, typically Q3W,
19863 V1 ddhministration

{8664] Liposomal irinotecan is administered intravenously in combination with co-
administration of free Minotecan, and optionally n funber combination with co-administration of
Sefluorouraci! (5-FUY, and leucovorin, which optionally are eo-administered In further
combination with bevacizumab. in one embodiment, free irinotecan is administered prior to
liposomal irinotecan. In another embodiment, free rinotecan and liposomal irinolecan are
administered prior o 5-FU and levcovorin, o another embodiment, foucovorin is administered
prior to 5-FU. Tiy another embodiment, bevacizumab iy administersd prios to liposomal
irinctecan, free irinotecan, leusovorin, and S-Huorguracit. In another embodiment, liposomal

irinctecan s adiministered intravenously over 60 minutes or 90 minutes. In another embodiment

9
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free irinotecan is administerad intravenously over 60 minies, In snother embodiment, 5-FU is
adminigtered intraveniously over 46 hours, Invanosher embodiment, lencovorin {s adminilered
intravenoasty over 2 hours. In another embodiment bevactrumahb and lencovorin are each
administered over 120 mimses. jn another embodiment bevacizumab is administered over 30480
mimges. i various embodiments the liposomal irinotecan is MM-39§,

JOR6S] V1L Patient Populations

[8666] The compositions and methods disclosed Hereln are usefid for the treatmentof patients
with a variety canecers including unresectabie cancers and cancers that are refractory or resiztant
to ather anti-cancer treatments.

{0067} CRC

{6868] In one embodiment, a patient treated using the methods and compesitions disclosed
hersin has histologically proven carcinoima.

[8069] The patient reated may have advanced or metastatic disease not suitable for complete
surgical vesection {e.g. unresectable cancerl,

{89781 The patient treated wmay have colorectal vancer (CRO),

160711 The pationt treated mav Have unreseciable or metastatic TR,

{6872} The CRC may be adenocarcinoma, squisnons cell carcinonm, lelomyosarcema, carcinoid
twmor, or gastrointestinal stronal tumor,

{0673] o varions of the URC smbodiments, the patient bas at feast one, or all, of

{874} a. histelogically proven carcinoma,

[0875) b, documented advanced proetestatic disease notsaitable for complete
surgical resention

{8875} ¢ Measurable lesions aceording to RECIRT v 1 ¢riterda

77 d. ECOG performanes status -

{B878] e. bone mairow ressrves as evidenced b

[6879] & ANC 2 1.5 x 10%1 without the use of hematopoeistic growth factor
100886] e platelets = 100 x 10711,

IR Y s hemoglebin > 9 g/dL {may be transfused 1o maintain or exceed this
lavel)

G821 L Internatiopal Mormalized Ratio (INRY <15 aPTT<.5 x UNL; EXEPT

THAT: patients on full anticoagulation due to VTE nuust have an in-range INR (between 2 and

{0083} g adequate renal function as evidenced by:
0084} « serum creatiniser < 13¢ gmold
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RER » galoulated creatinine clearance »30otl/min. (recommendation: o be

caleniated according to the MDRD fornyufad

[00B6G] I, total bilirubin <10 x uppernormat Hmit (ULN), or
{8087} i, normal BUG, or BCG without any clinically significant findings.

166881 [n various of the CRC embodiments, the patient does not have one or more of:

[B089] #. Active central nervous systent mgtastases {e.g., indicated by clinieal
svmptoms, cersiwal edema, steroid requiremsnt, or progressive disease)

[ogug] b, Bone-only diseass

{0491 C. Clindcally significant gastrointestinal disorder {other than CRC) including
hepatic disorders, bleeding, inflammation, G obstrtetion, or disrrhea > grade |

{69921 d. Patients refractory to irisotecan (e, prior exposgre to irinotecan-based

therapy with progressive discase as bost response)

{00931 & hnown DLT responses o innoteca
[0093) f. Patients known to be homozygous for UGTIAT ¥28
FO095] g. History of any second malignancy i the jast 3 yvears; patients with prioe

history of in-situ cancer ov bagsl or squamons celt skin cancer are eligible. Patients with a
history of other malignancies are eligible i they have besn continuounsly disease~free for at least

3 years

[3096] . Prior sxposire to MM-308
{60a7] i. Komwn hypersensitivity to any of the components of MM398, or other

Hiposomal products
HELR ! i Concurrent Hinesses that would he a relative contraindication to trial

participation such as active cardiac or Hver divegse

HHE & Severe anteriud thromboembolc events fmvocardial infarction, unstable
angina pectoris, stroke) Jess than 6 months before inclusion
{80108 & NYHA Class I or IV congestive heart fatlure, ventricular

archythmigs
{08191 k. Active infection o an unexplained fever >38.5°C during screening visits
or on the first scheduled day of dosing (at the discretion of the investigator, patients with tumor
fover may be enrolled), which fu the investigator’s opinion might compromise the patient’s
participation in the trial or affect the study autemne
i60102] {. Prior chemotherapy administered within 3 weeks, or within a time interval
fess than at teast 5 half-lives of the agent, whichever is longer, prior to the first scheduled day of
dosing in this study
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{06103} 118 Uncontrotied hvpertension (defined as persistent systolic blood pressure

> 130 mmHy and/or diastolic blood pressure > 100 mmbig), or history of hypertensive erisis, or

hypertensive encephalopathy

{paiad] . Received radiation therapy n the last 14 days

[08185] 0. Major surpery o tramnatic injury within the last 28 days

EHE T . Any other medical or social condition deenred by the Invesiigator to be
Jikely to interfere with a patient's ability tw sign informed consent, cooperate and participats in

the study, oy interfere with the interpretation of the resulis

~

{61071 q. Pregnant-or breast feeding: fomales-of child-bearing potential must test
negative for pregnancy at the time of enrollment based on a urine or serum pregnancy test. Both
male and female patients of reprodactive potential must agree fo use a reliable method of birth

control, during the study and for3 months following the last dose of study-drug.

{84168} £ Concomitant administration use with 8t John Worth,
jORIHY S Concomitant admivistration of live adenuated virgs vaccine such as

vellow fover vaccine
‘{8'{311%3} i other embodinents, the patient has & pancreatic cancer, €.8., an exocring
pandreatic.cancer. In one such embodiment, the pancreatic-cancer selected from the group
consisting of acinar cell carcinoms, adenvearcinoma, adenosquamous carcinoms, giant cell
tumor; ivtraductal papiflary-nucineus neoplasim PN, mucinous cystadencearcinoma,
pancreatoblastoma, serous cyvstadencearcinoma, aod solid and psendopapillary tumors, A patient
treated may have recurrentor perststent pascreatic cancer following primary chemotherapy, The
patient with pancreatic cancer may have had previoasly beentregted with and failed st least one
platinum-based chematherapy regimen for management of primary or recurrent disease, e.g. a
chamwotherapy regiman comprising oxaliplatin, carboplating cisplatin, oranother organoplatioum

compound. Alternately, the patient with pancreatic cancer may have fsiled prior treatment with

gemcitabine or becorne resistant 1o gemeitabing.
LY FIT Comblnasion Thevapy
{00112} According to this tnvention, a drug in {ipesomally encapsulated form and the

same drug in unencapsulated and wamodified (free) form are co-ndministered to a patlent i need
thereot. Such co-administration improves the pharmacokinetic profile of the drug in the patient.

The patient may have cancer, The drug may be irinotecan,

j08113) In one embodiment, liposomal irinotecan s co-administered with free irinotecan
to patients having cancer, according to a particular olinical dosage regimen, such as those

described herein. Inanother embodiment, the patients have unresectable cancer. In another
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embadiment, the patients have colon canger. o another embodiment, the patients have
unresectable colon cance

HE14] In another embodiment, Hposomal irinotecan is co-administerad to a cancer
patient in combination with free irinctecan, S-fluorouract! (3-FLI, leucovorin, and {optionally)
bevacizumaty. Administration of each of these combinations s to a patient having cancer,
according 1o a particular clinfcal dusage regimen, such as those described herein. The liposomal
irinotecan ay be MM-388, The patient may have unresectable cancer. The paticat may have
CRL. The CRC may be unresectable. The paticat may have metastatic cancer. The patient may

3y,
i

have metastatic CRCr. The patient may have unreseciable metastatic CRC.

[an1is] Liposomal irinotecan may be co-administered to pationts having pancreatic cancer
in combination with free irinotecan, S-fuorouract! {(3-FUY and leucovoriy, according te a
particular olinical dosage regimen, such as those deseribed herein.

{98116} In all of the foregoing embodiments, an exeraplary Hposomal irlnotecan is MM-
398, Liposomal irivotecan can be simultaneously or sequentially administered with free
irinotecan. Alternatively, Hposmmnal irinotecan can be co-administered with free irinotecan, §-
FU and leucovorin, wherein liposoral irfpotecan, S<FU and feacovorin are sach formulated for
separate administration and are administered sequentially. For example, liposomat and free
irinotecan can headministared fisst follosved by {e.g., nmediately followed byy the
administration of the feucovarin and then 3-FLUL  In another embodiment, fiee irinotecan and
{iposomal irbwstecan are administersd prior to 3-FU, levcovirdn, and bevacizumab, In another
embadiment, bevacizumab is administered prior to liposomal irinotecan, free irinotecan,
feucovorin, and S-flnorouracil.

[Be117d Liposomal rinotecan, free ivinotecan, 5-FLU, leueovorin, and bevacizuinab may
cach be separately formulated for intravencusadnainistration. In an sxemplary embodiment, the
patient is adoimstersd wifoctive therapy comprising adwimisteation of each of lipesomal
irinctecan, free irinotecan, 3-fluoronracit (3-FU), and Jeucovorin, wherein the treatment
comprises at feast one cyele, wherein the oyele is a period of 2 weeks, and whereln for each
eycler (a) liposomal irinotecan is administered at a dose of 60 or 80 mg/m™: (b) free irinotecan is
administercd at & dose of 94 or 120 mgie™: o) fencovorin is administered at a dose of 400
mig/n'; and (&) S-Aucrouract! is administered at a dose 02400 m g, The therapy may further
comprise administration of bevacizunab at & dose of 3 ma'kg or 10 my/ke.

HEQ R Alternaiely, the patient is administered effective therapy comprising
administration of each of Hposowal irinotecan and free rinotecan without administration of

feucovorin or 5-FU, and optionally withost administration of hevacizimab, wherein the

{3
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troatment corprises ai least one cyele, whergin the eyele is.a periad of 2 weeks, and wherein for
each cycle: () Hiposomal irinotecan is adruinistered at & dose of 60 or 80 mg/m”; {b) five

rinotecan ts administered at adose of 80 or 120 fn“fm“’

RS IX. Cigeomes
06124 Preferably, co-administration of liposomal irinotecan and free ivinotecan exhibits

therapeutic synergy, or the co-administration of pusomal irinotesan, free irinotecan, 3-
fluorouracil (5-FU) and leucovorin exhibits therapeutic synergy, ot the co-administration of
liposornal irinotecan, {ree irinatecan, S-fluorouracit (3-FU), levcovorin and bevacizumab exhibits
therapeutie synergy.

{80121} Such co-adninistration of these combinations produces an additive of
superadditive cifect on suppressing tumor growth, as compared to monotherapy with liposome-
grcapsudated irinotecan alone or freatment with the othey preparations i the absence of
lipnsomal irinotecan therapy. By “additive™ is meant g result that is greatey in extent than the
best sepavate result achieved by monotherapy with each individual compuonerd, while
“superadditive™ is nsed to indicate a result that exceeds in extent the sum of such separate resuits.
inone embodiment, the additive effect is measured as slowing or stopping of tumor growth, The
additive effect can-alse be messured as; e.g., vedootion n size of a tumor, reduction of tamoe
mitotic index, reduction in number of metastatic lesions over time, increass in overall response

rate, of increass in median or averall sarvival or in the frequency andfor durstion of symaptoms

free or sympton-reduced periods.
{80122] One nou-limiting example of a messure by which effectiveness of a therapestic

treatment can be quantified is by caleulatng the fogi cell kill, which s determined according to

the llowing egquation:

806123} foglO eell kill =T C {days)3.32 = Td
fa0124] in which T C represents the delay in growth ofthe cells, which is the average

time, in days, for the tumors of the treated grovp (T and the temors of the control group (Ot
have reached a predetermined vatue {1 g or 10 ml, for examplel, and Td represents the time, in
days necessary for the volume of the tumor to double in the control animals. When applying this
measure, a product s considered o be active i logl 0 cell kill Is greater than or equal to 07 and a
product is considered 1o be very active if log L0 cell kill is gremter than 2.8, Using this measure, a
combination, used at its own maximum tolerated dose, in which cach of the constituents is
prasent at & dose generally less than or equal to its maximun tolerated dose, exhibits therapsutic
synergy whenthe loght cell kil is greater than the valee of the log 10 cell kill of the best
congtituent when i is administered alone, Inan exemplary case, the log 14 cell kill of the
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combination exceeds the value of the logl0 call kil ofthe best constituent of the combination by

at least 9.1 log cell kill, at feast 0.5 log cell kill, or at least 1.0 log cell KilL

[OO135] Responses to therapy may inelude:
{08126} Pathologic complete response (pURY: absence of invisive cancer in the breast and

Ivmph nodes following primary gystemic treatment,

{80127} Complete Response {CR Y Disappearance of all target lesions: Any pathological

fymph nodes {whether target or non-target) which has reduction in short axis 1o <10 nun;

[DO128} Partial Response (PR} At least a 30% decrease inthe sum of dimensions of

tagget lesions, aking as reference the baseline sunn dtameters;

{06129 Stable Disease (SD): Neither eufficient shrinkage to qualify for partial response,

aor sufficient ncregse to qualify for progressive disease, wking as reference the smallest sum

diameters whils on study; or

{08138 Meanwhile, non-CRMNon-PD denctes @ persistenne of ong or more non-targat

lesion{s) and/or maintenance of tumor marker fevel ahove the normal limits.

081314 Progressive Discase (PDY) denotes at feast a 209 increase in the sum of

dimensions of yargst lesions, taking as reference the smallest suny on study (this includes the
baseline siwm it that is the simallest on study). In addivion to the velative Increase of 20%6, the sum

must also demonstrate an absolute increase of 5 mm. The appearance of one or move new lesions

is also considered progression;

(801323 In exemplary outcomes, patients treated svcording to the methods disclosed hereiy

mry experience improvement in gt least one sign of cancer.

H6133] In one embodinent the patient so treated exhibits pCR. CR, PR, or 80,
{00134} In another embodinment, the patient so frested exhibits tumor shrinkage andfor

decrease n growth rate, Le., suppression of tumor growth. In another wnbodiment, umorcell
profiferation i reduced or inhibied, In vet anather embodiment, ong ov more of the following can
oecurs the numbey of cancer cells can be raduced; tumor size can be reduced; cancer cell
infiltration into peripheral organs ¢an be inhibited, retarded, stowed, or stopped; timor metastast
can be slowed or inhibited; fumor growth can be inhibted; recwrrence of tumor can be provented
or delayed; one or move of the symptoms associated with cancer can be relieved to some extent.
{80135] i other embodiments, stch tmprovement is messored by a veduction inthe
guantity andfor stve of measurable tumor lesions.

{00130} In some embodiments, co-administration of effective amounts of liposomal
irinotecan and free iringtecan according to any of the methods provided herein produce at Jeast
ane therapeutic effect selected from the group consisting of reduction in size of & mmor,

18
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reduction in number of metastatic lesions appearing over time, complete remission, partial
remission, stable discase, increase inoverall response rate, or o pathologie complete response. In
some embodiments, the provided methods of veatment produce a comparable clinteal benelit
ratg {CBR = CR+ PR+ 8D .6 months) betler than that achivved by the same combinations of
anti-canceragents administered without concoeaitant MM-398 adminisiration. In other
embodiments, the improvement'ol chinical benetis rate v about 20% 0%, 30%%, 409%, 50%, 60%,
70%, 80% or more compared o the same combinations of anti-cancer agents administered
without concomitant MM-398 administration.

[08137] in other embodiments, eo-adntinistration of effective wmounts of tiposomal
irinolecan, free irinntecan, 3-FU| leaepvortn, and bevacizumab sccovding o any of the methods

o~

provided herein produce at least one therapeutic effect selected from the group consisting of
reduction ig size of a tunor, redisction In stee of a unresectable colorectal tumor, reduction in
number of metastatic lesfons appearing over ime, complete renission, partial remission, stable
discase, increase in overall response rate, o 3 pathologic complete response. In some
embodiments, the provided methods of treatment produce a comparable clinics! benef rate
{CBR = CR+ PR+ 51 = 6 months) better than that achivved by the same conthinations of anti-
cancer agents administered withoot concomitant MM-39% administration. 1s other embodiments,
the improvement of clinical benefit rate is abowt 209% 2094, 3096, $0%, 53096, 60%, 70%, 8% or
more compared 1o the same combinations of anti-cancer agents administered without
concontitant MM-388 administration.

{00138] The following ¢

g€

sxamples are Hlostrative and should not be construed as limiting
the scope of this disclosure inany way; many variations and equivalents will become apparent to

those skilled in the art upon readipg the present disclosure

{80139} EXAMYPLES
[80144] Example : MM-398 Pre-Clinical Pharmacokinetios
{80141] Pharmacokinetic properties of free irinotecan and MM-328 were evaluated in an

HT-29 colon subtutaneoas xenogralt model. Tomor bearing mice were injected with different
doses of MM-398 (5, 10, 20mg/ky) and following a single injection, plasma and tissue samples
were collected at various time points (1, 4, 8, 24, 48, 72, 168hours). HPLC analysis was used to
measute the levels of the irinotecan and #ts metabolite SN-38 i these samples. The PK profile of
MM-398 was compared with that of free irinotecan (at 10 and 40mg/kg).

{60142] Both irinotecan and SN-38 are cleared very raplily (within 8 hours) from the
plasma following free irinotecan administration. However, MM-398 clearance is considerably
slower with a half-lHe of approximately 48 hoursag shown jo Figure TA; ag»90% of rinotecan

i CSPC Exhibit 1106

Page 231 of 390



WO 2016/168451 PCT/US2016/027515

is encapsalated throughout in the plasmg, irfnotecan levels are reflective of MM-368
concentration:. &N38 plasms exposurs is alsa greater though Umax levels ave reduced following
MM-398 administration, suggesting the advantage of the irinotecan Hposomal formulation in
profonging exposure and half-life (Figwe 1B). Both ininotecan and $N-38 accumulate fn Ussues
for extended time (at least | week after MM-398 administration). Also, the accumulation was
observed to be dose-dependent {(Figure 1),

{80143} Activation of irfnotzcan 1o SN3R by the Hver 18 the primjary path for SN38 timaral
seonmulation when free Irinotecan 1s sdministered. [n contrast, these data suggest that

accumulation of MA-398 in the twmor and sehseguent liposome breakdown and focal conversion
of irinotecan to SN38 is respansible for the enhanced tumor exposure of SN3§ when MM-398 is
administered. Corrent research is focosed on identifving cell types located in the tumor

responsibie for lposomal breakdown and activation of MM-358.

SIS Example 20 & Phase study of MM-398 plus inotecan in unresectable advanced
cancer,

JO0145] Objectives

LER The primary objective of this study is to determine the safety, tolerability and

range of tolerated combination doses, and to define the reconvmsnded dose (R1D} for further
gvabuation in a phase 1 study. 1) To detenming the safery, rolevabily and range of toleraied
combination dosg. 2) To define the recommiended dose (RD) for further evaloation in a phase [}
study,
148147 The secondary abjectives of this study are: To describe the pharmacokinetics of
MRI-398 plus irinotecan combination therapy {group A3, To describe the pharmacokineticos of
MM-328 plus irinotecan and LVSFU combination therapy (zroup BY. To determine the clindeal
activity of MM-398 phus irinotecan combination therapy (group A). To defermine the clinjeal
activity of MM-398 plus irinotesan and LV/E-FU combination therapy (group B).
{307 48] Exploratory obicctives of this study are to evaluate the pharmacodynamic
response 1o colorectal timors following comshination thevapy, comelations hatwesen potantial
tissue and plasma/seram pharmacodynaniie parkers (Tamor Associated Macrophages (TAMY,
tumaor irinotecan, tumor SN-38, tumor SN38G levels, plasnis cytokines, plasma apolipoproteing
or other plasma components) and tumor response; drog clearance and safety,
[86149] Trial Design
{00150] This 15 a dose-escalation and therapeutic exploratory phase I malti-center, open
label study of MM-398 plus irinotecan patients with unresectable advanced cancer.
U R This study wilt enrollapproxinigisly 6-36 pationts In twex growps.
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{0013 s Group A, patients with unresectable advanced non-colorectal cancer whe
would recelve MM-398 and free irinttecan every two weeks {g2w),

{00153 s Group B, patients with metastatio colorectal vancer who would receive MM
398 and free irinotecan co-administered with bevacizumab Smgike, leucovorin 400 mg/m® 2 h
infuston and S-Fluorowracil 2400 mgim® 46-h infusion, every two weeks,

TUURE] There are threg periods to this study: 1} Screening Perfod (0p to 28 davsy:
Patients undergoe sereening assessments o detarmine the eligibility forthe study. 31 338398
freatment Period (C1071 untl] intolerable toxicity and/or progression): Patients receive weatinent
every 2 weeks and undergo biopsies and other required assessments. 3} Folfow-ug Period
Patients ave assessed 30 days after their last dose of MM-398 for final safely assessments, and
every 2 months therealter Tor overall survival follow-up.

{80155 Dose-Liraiting Taxivity

HHRLY Dose-limiting toxicifies (DL T are detined as any of the following sventys that are
possibly, provably or definitely artnbutable to the combination of MM-398 and irihotecan, and
are considered (o be olimically significant. DUTs for the purposes of dose-escalationare
evaluated during 3 25-day perled following the first dose of the stiedy treatment. This includes
the two treatment oveles, Bach trestment oyele 18 2 weeks. Toxic#ttes are graded and

documented accordimy the MCLCTOAE (v4.05.

{69157 Nou-hematalogical dose-limiting toxicity is defived as:

86158} o Any Grade 3 or Grade 4 non-hematological toxioity with the specific exclusion
of:

j0615% B Grade 3 nausea, vomiting, diarrhea, musositis/stomatitis that

responds to maximal supportive treatment{s} within 3 days;
{68166} o Grade 3 liver enryme clovation, incluing ALT/ASTAGGT that

yesurns to Cirade <1 or baseling prior to the time for the next freatment eyele; and

{08161} o Orade 3 fever or infection

0016} @ Allergiv reactions that necessitate discontintation of study drug.

jO0 163 Hematological dose-Hmiting toxicity s defined as:

{0164 » Grade 4 neutropenia (absoluis neutrophi! cont, ANCY for > 7 davs Platelet

count <10.000/mn” on 2 separate days or requiring a platelet transtusion on 2 separate day

within g 7 day periad

{001465] @ Toxicity that causes g delay of » 14 davs between treatment cycles
{eaiss] & Febrile neutropenda despite G-CSF secondary prophylaxts
{04167} Dose Escoletion and Befinition of Aaximum Tolerpied Dose

18

24

CSPC Exhibit 1106
Page 233 0f 390



WO 2016/168451 PCT/US2016/027515

{00188} The objective of the dose escalation is to define, with g limited number of

patients, the safety and toxicity characteristics of MM-398 given with free rinotecan. Dose

A

escalation will follow a 3+3 dose escalation procedure as desertbed in Table 4. Evaluation of
safety data format least 3 patients who have completed 28 dayvs of dosing on study is roquirs
prior to defining & new dose and starting the next cohort. Afler the last pationt In each cohort
completes the DLT evaluation peried, the safety data, including labs, all adverse svaats (AES)
and any other relevant data collected, 18 assessed. Dostng will proceed to the next level after
agreement between the Investigators, Sponsor and Medical Monitor, Patients are enrolled in
cohosts of 3 for cach dose level. Dase escalation proceeds between each cohort and no intra-
patient dose escalation is allowed. 1§ sone of the first 3 patients experiences DLT, then dose
escalation mrocesds for the next cohort of patients, I 1 of 3 patients develop DLT, the cohort is
expanded o 6 patients. I no more than 1 of the 6 patients experience DLT, then escalation to the
next dose Jevel ocours. 2 of 3 or 2 of & patients develop DUT at a certain dose fevel, the dose
escalation is withheld and the privr dose Jevel 1s verified as maximum tolerated dose (MTD). A
minimum of 6 evaluable patients are treated at the MTD dose level and no more than 1 of'the 6
patients should experience DLT at this dose Jevel, If the bighest dose level is evaluated without a
DLT in the initial 3 patients, thay an additional 3 patients are enrolled. If no more than 1 of 6
patients experience DL T at the highest dose level, than this is declaved the MTD.

100169} Table 1: Bose Esealation Degision Rales

Number of Patients Action
with DLT at a &Given

Drose Level

Doutof3 Enter 3 paticnts at the next dose level
Toutof3d Bryter at least 3 more patients at this dose level,

s 110 of these 3 patlents experiences a DLT (e, no more than | of 6
for the entire cohort) dose gsealation proceeds to the next dose
level,

e If 1 orniore patients of this group suffers a DLT (te., 2 2 of 6 for
the entire cohot), then dose escalation 1§ stopped, and this dose is
declared to have exceeded the MTE. Three (3) additional patients
are entered at the next lowest dose leved 1f only 3 patients were

reated previousty at that doss.
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122083 - Dose escalation is stopped. This dese level is declared to have
exveoded the MTD. Three (3) additional patients are entered at the
pext Jowsstdose bovel if only 3 pattents ware treated previoushy at

that dose

Highest dose level Thisis the MTThand is generally the recommended stage 2 dose. AL
producing < 1 DUT out | least 6 patieats must be entered at the recommaended dose level,

of 6 patients

{08178 The final MTD after sequential MM-398 and CPT11 dose escalations will be
considered as the recovaniended dose for the Phase T shudy. Patlents whe experience a DET are
discontinned Trom the study. Patients whe aie non-compliant with study procedures, or

discontinue from the study during the DLT ovaluatinn period for reasons othier than toxichly, are

replaced.
{0017} Efticscy
008172 Tumar responses are svaluated avery §weeks afler starvol treatment, The

modified Respouse Evaloation Criteria in Solid wmors (RECIST version 1.1; Bisenhaver, E. A,
et ol (3069, BN, 432}, 228-47) is for this study o oblective tumor response assessment,
including confirmation of response within 28 days. The best overall response is the besl response
recorded from the start of treatment-until treatment {ailure, taking as reference for progressive
disease the smaliest measurements recorded since the treahment started. Survival ts assessed from
the date of randomization to the date of patient death, due 1o any cause, or 1o the last date the
patient was known 10 be alive tents whe were pot reported as having died at the time of the
analvsis are censored using the date they were last known to be alive. PFS {progression-free
survivall Is the time from the date of first dose of stady drag to she date of progressive disease
(RECIST criteria) or death (any cause), Death is vegarded as a progression gvent in those
patients, Patients without documented objeetive progression at the time of the final analysis are

censored at the date of their last objective humor assessment.

88173} Patient population

180174} Patignts must Sl all of the fellowing oriteria to be eligible for the study,
{80175] Inclusion criteria:

[0017¢] a. Agwe 18 = T3 years

{68177 B Histelogivally proven carcinona

{68178} e, Documented advanced or metastatic disease not suitable for complete

surgical reseotion

24
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(68179 d. Measurable lesions according to RECIST v1L T eriteria

I £, BECOG performance statas O ~

{08181] £ Bone marrow reserves as evidenced by:

[O8182] » ANC 2 LS x 1L without the use of bematopoietic growth factors
{00183} s platelets = 100 x 1671

[B0184] ® hemoglobin > @ g/dL (may be transfosed to maintain or exceed this
level)

OIS o, International Normalized Ratio fINRY < 1.5, oPTT <13 x UNL;

EXEMPTION: pationts ou full snticoagulation due 10 VTE must havean in-range INR (nsually

between 2 and 3).

08186} hr, Adeguate renal funston as evidensed by

{84187} s serum creatigine: <150 umold

[00188] 8 caleulated creativine clemancs > Shmlimin. (recommendation: 1
be calenlated according to the MDRD formula)

[B8189) i, total bilivubin < 1O x upper npormal Hmit {ULN)

{0619 i. Newmmal BCGor 00 without any elinically significant findings

{08191 k. Rﬁ:gular follow-~up feasible. A registered patient must be treated and

followed at the participating center.
108152] i Able to understand and sign an informed consent (or have g fegal

representative who is able to do so}

JE193 . Registration in & national bealth care system (CMU inaluded for France}.
{06194 Exclusion Criteria:
{00195] a. Active central nervous systemy tetastases (indicated by clinical symptoms,

cerebral edema, steroid vequirenent, or progressive dissase)

[08194] b. Bone-only disease
[aE97] . Chinfcally significant gastrointestinal disorder including bepatic disorders,

hleeding, tflammation, G obstruction, vr diarhea > made 1
LI d Fatients refractory to irinetecan (Le. prior exposure (o irinotecan-based

therapy with progressive disease as best respanse)

{80198} €, Known DLT responses to rinctecan
[BG28G] £ Patients known 1o be homooeygous tor UGTIAT *328
180261 . History of any second malignancy in the last 3 vears; patienis with prior

history of in-situ canceror basal orsquamous cell skin caneer we eligible. Patients with

)
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history of other malignancies are eligible i they have been contiuously disease-tree for at lea

D0262] h. Prior exposure to MM-398
08283 i Known hvpersensitivity to any aof the components of MNM-398, or vther

Hiposomal produsts

{08284 i Concurrent Hinesses that would be a relative contraindication to trial
participation, such as active cardiac or Hyer disease

{08285] N Severe arterial thromboembelic gvents {myocardial infarction,

unstable angina pectoris, stroke) less than ¢ months befors inclusion

[08206] » NYHA Class 1 or IV congestive heart fallure, ventricular
arrhythmias
1383871 k. Active infection ov an unexpiained fever > 38.5°C during sereening visits

¢

oron the firstscheduled day of dosing {at the discretion ofthe jnvestigator, patients with tumor
fover may be envolled), which in the investigator’s opinion might compromise the patient’s
participation in the trial oraffect thestady outcons
082081 1. Prior chemotherapy administered within 3 weeks, or within a tinse interval
less than at feast 3 half-lives of the agent, whichever is longer, priov to the first scheduled day of
dosing in this stady

[4028%] i Uncontrolled hypertension {defined as persistent systeliv blocd pressure
>130 mmHlg anddor diastolic blood pressure > 100 mmHyg), or history of hypertensive crisis, or

hypertensive encephalopathy

jOR214E B, Received radiation therapy in the last 14 days
#0214l Q. Major surgery or traumatic jnjury within the last 28 days
{80213} o Any other medical or socisl condition deerned by the Investigatar to be

likely to interfers with 2 patient’s ability io sign informed consent, cooperate and participate in
the study, or jnterfere with the interpretation of the resuhs

86213} . Pregnant of breast feeding; femalss of child-beartng potential must test
negative for pregnancy at the tme of enroliment based oo a urine or serum pregnancy test. Both
male aud female patients of reproductive potential must agree (o use a reliable method of birth

cowirol, during the study and for 3 months following the last dose of study drug.

2 &=

[B6214] £, Concomitant administration use with St John Worth
{0215] S. Concomitant administration of Hive sttenuated virus vaccine such as

vellow fover vaccine

062161 Study Tregtment Discontinuation
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B2 Patients may withdraw or be withdrawn frem the study atany time and for any
regson. Some possible reasons for sarly withdrawal include, bat are noet Himited to, the following:
Progressive neoplastic-diseass. An adverse event which precludes further participation.
Development of an Infercurrent medical condititn or eeid 5 concomitant tregtntent that
preciudes further participation. Noncomplancs with the protocol. Patient withdraws cansent.
Investigator removes the patient from the tral in the best interest of the patient. Study
termination by the Sponsor. Use of prohibited concomitant medications. Lost to follow up.
[08218] All procedures and evaluations required by the 38 day follow up visitare
completed when a pationt is discontinued from teatment, and the patlents should continue to be
followed-up for overall survival. Al patients who discontinue the irial as a result of an adverse
event must by followed until resolution or stabilization of the adverse event,

[0821%] Treatuwrent Period

LR EARELY: The treatment phase consists of § doge fevels. A 73 + 37 design is utitized.
Patients will be treated untit disease progression or unacceptable toxicity. Each dose cohort
starts with 3 patients, DLT evaluation period is during eycle 1 and 2 (28-days period).
Trinotesan dose Tevels 60 or 80 mpfm” diluted in 250 mi NaCl 6.9%, 1 bour iufusion,

HIRE-398 dose levels B0 or 120 mgfm2 ditated in 250 mi dextrose 5%, 9 mifsute infusion, The
MAI-398 infusion thine may be reduced to { hour starting with cyele 2 i no acute infusion
reaction has occurred in evele 1. Group B, patients with metastatic colorestal cancer, will veceive
q2w treatment with lfeucovorn 400 sag/m’. 2br infusion, S-fuorouracit 2400 mpin’, 46hy

infusion and bevacizuntab Smg 30-80 minute infusion, in addition 1o irinotecan and MM-388.

221 Schedule and Dose Modifieations

{80222} Specific dose modifications for irinotecan/MM-398

168223} datients are discontinued from study treatment if they

a0 34] ® Experience s DLT

{86215 @ Experience any of the toxicities definad below that do not resolve 1o
baseline within 14 days after the planned start of nest tregtment cycle

{60226} ® Require more than one dose reduction

1802371 Patients whao mest the above criterta are silowed to continve in the study i the

patient is receiving clinical benefit. Onee s dose has besn reduced, it eannot be escalated back o
the previous level, H Grade 3 (> 3 days) or Grade 4 therapy-associated diarrhea is L\pCI’iCﬂLCd by
a patient despite maximal use of aatl-diarrheal medications, the dose of irinotecan/MM-393

reduced w the naxt lower dosg level as defined in stage | for subsequent eycles. W Grade 3 (>3

N

days) or Grade 4 diarrhea is documented despite maximal use of anti-diarrheal drogs,

el

P )
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prophylactic antibiotics, and the dose reductions, the patient comes off protocol therapy, Patients
who have Grade 3 or 4 thrombocyiopsnia receive subssquent cyeles at the next lower dose level,
Retreatment at these lower doses is initiated when thrombocytopenia has normalized to Grade 2
o better. Patients who have Grade 4 neutropenia of » 7 days duration or febrile neutropenia
receive subsequent cyveles at the next lower dose leve! and miay receive prophylactic myeloid
growth factor treatment. Retreatment at these lower doses is initiated when the neutropenia has
normatized to Grade 2 or better, For nop-hematulogical toxicity, that meets the definition ofa
DLT, other than those specifically Hsted above, subseguent cyeles of therapy is administered at
the next lower dose fevel,

{08228} Manggement of Infusion Reactions

{08339} Therapy modifications for patients who develop infusional reactions to MM-398

foHow procedures outlined in Table 5

{66238] Table 2: Thevapy Modification After Infusion Heactions to MM-398

Grade ‘ Agtion
Grade | o If a patient develops a hypersensitivity reaction despite
Transient Jushing or rash, diphenhydramine prefreatment, stop the infusion and wait 30 o
drog fover < 38+ C (<1004 « &0 minutes (depending npon the reaction severity), Atthe
£ physician’s diseretion, # nuy be possible to resiane reatment
and by administering an H2 blocker approximately 30 minutes
Grade 2 before restarting the infusion. For H2 reeeptors antagonists, use
Rash, fushing, udicaria, the manufacturer recommends fumotidine 0.3 mgke IV
dyspaes, drug fever 38= C masimom dose 20 mg, rather than cimetidine, because it lacks
1004 < F) reported drug interactions, I famotiding is unavatlable,

administer ranitidine 1-2 mya/kg IV maximum dose 30 mg. Re-
attempt nfusion at a slower rae, possibly over 120 minutes,

o Ifgrade 1-2 infusion reactions reour with subsequent dose, add
dexamethasone 0.2 mgfkeg (max 10mg) IV or equivalent to
premedications above.

{Only dose interruption/discontimuation, but ot dose reduction is

required for allergic/infusional reactions)

Grade 3 o Stop infusion immediately and remove the infusion tube
Symptomatic o Administer diphenhydramine hyvdrochloride 1 mafkg IV (max
bronchospasm with oy 50 mg), dexamethasone 0.2mg/ke (max 10mg) IV {or

24
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without trticavia, allergys

related edema‘angioedema,

equivalenty, bronchodilators for bronchospasms, and other

medications as medically indicated, Hospital admission Is

hypotension ennsidered.
o Discontinue MM-398 treatment
Grade«d o Stop infusion iimediately and semove the infusion tube

Anaphyiaxis

o Administer diphenhydrsmine hydrochioride 1 mgfke {max
S0mg) IV, dexamethasone 0.2 mgdkp Gmax 10mg) TV {or
cquivalent), and other anaphylaxis medications as indicated,
Epinephring or bronchodilators should be administered as
inddicated. Hospital admission for observation may be indicated

o Discontinue MM-398 treatment

1680231] Dose adeptation for S-Hucronracl (Group 5}

FType of Toxielty

5.FL C, Infusion. Doses {nlgf‘mzfﬁ(mr:sﬁ}

NCICTC Grade NCYCTC Grade
Hemoglobin (any grade) none
Newtrophils Gr 3-4 and/or Platelets Gr 2-4 ' 2000
Nausea and/or Vomiting Grade 4 despite ' 20
pre-nyedication

Diarthea Grade 3-4 2000
Stomatitis Grade 3-4 2000

Hearts Grade 1

Stop treatrment

Skin Grade 3ord

2000

Allergy

Contact the medicat coovdinator for specific case

Neurncerebellar

Stop treatment

Local Tolerance {any Grade) none

- Alopecia {any Grade) none
Othet Toxicity clearly drug related:

- Grade 1 and 2 none

-{irade 3 2000

= Gradde 4 Stop

]
(7
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02321 Bose gdapration for bevdcizumad fGrean B
{82331 Dose of bevacizumab will not be reduced nor escalated. I serious bevacizamab

refated toxicity, bevacizumab will be suspended temporarily or definitively. Any grade 3 toxicity
attributable to Bevacizumab will require treatiment with Bevacizumab 1o be madified or
discontinued. Hoxicity resolves o £ grade 1 within 4 weeks, treatnaent will be restarted {on
schaduled days). No dose reductions of Bevacizumab are permitted, Missed doses of
Bevackzumab and combination chemotherapy will not be made ap. Any patient who develops
any one of the {ollowing toxicities attributabde 1o Bevacizumab should not recelve further
Bevacizumab: Grade ¢ foxicity; Grade 3 toxicity that dees not resolve to grade 1 or fess within 4
weeks: Arterial thromboembolic evenis; Gastrointestinal perforation. The schedule of study drog
administration will be maodified in the event of certain grades of adverse events, as summartzed

in the following Table.

FB0234] Table 3: Doxe Maedificetion of Bevecizmed
Event Activn to Be Takea
Grade3ord Al toxicity will be graded according to NCHUTC guidelines

thrombosis/embolism | Patients who develop Grade 3 or 4 thrombosis/embolism must
discontings  Bevaclzsmash  and  the {ollowing actiow b
recommended:

¢  Revacizumsb should be permanently disvostinugd in
patients why develop arterial thromboembolie svents.

s Grade 3 or 4 thrombosis: Hold Bevackzumab freatment for
2 weeks and then may be resumed durisg the peried of
therapeutic-dose anticoagulont therapy as soon as all of the
following criteria aremets

o The patient must be on a stable dose of anticoagulant
and, #f on warfarin, have an IHR withip the target rangs
{usually between 2 and 3) prior to restarting study drug
treatment

o The patient must not have had s Grade 3 or 4
Baemorrhagic event since entering the study

o The patfent must not bave had any evidence of tumour
invading or abuiting peajor blood vessels on any prioy
CF sean.

= Symptomatic  Grade 4 thrombesis:  Discontinue

Bevacizamab
Hemorrhage Grade 1 and 20 No dose modification

Grade 3 or 4 (first sccurrenge) Discontinue Bevacizumab.

g
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 Event Agtion to Be Taken

Proteinuris # | First ocourrence of protejusria:

Adjustmant of Bevacizumab admmmmtwn for proteimuta will oveunr
according to the following guidelines

o <2+ {(dipstick): Administer Bevacizumab as scheduled, NO
additional evaluation is required.

o 2+ , 3 and &+ proteinuria  (dipstick):  Administer

Bevacizumab as s"";eduind and collect 24-how wing
“‘i\.iih ine the total protein within 3 days prior to the noxt
‘ schedajed dose:

s 2d-hour protelnuria <2g Administer Bevactzumab  as
scheduled, Repeat dipstick is required before each
scheduled administration of Bevacizomab.

Bovacizumab freatment should be
4 hour total profein.

« 24-hour proteinurls /Zg
witliheld pending next 24

Repeat 24-hour wine protein 2g:  Administer
Bevacizumab as schedule. 2d-howr protein should be
furthor mondtored prior o each administration of
Bevacizumab ontif # has decreased to <1 g/24d-howe,
= Repeat 2d-hour wrine protein »2g: Beovacizumab
dose should be withheld uotil 24-howr protein has|
deorsased fo g, 24-hour protein should be further
monitored pnm to  each  administration  of
Bevacizutnab unti] it has decrsased to <1 g/24-hour.
Sceond and subsequent seourvence of < 3+ profeinuris (dipsticky
Administer Bevacizumab as scheduled gnd vo further 24-hour urine

protein is reguired.

Hyperseusitivity
reaciion
Hyperseasitivity = Treat patient (antihistaminics, corticosteraids)
reaction atiributable to
Bevacizumab grade 3 or
grade 4

Discontinue Bevacizumab

Gastrointestinal = Dizcontinue Bevacizumab
perforation
Clastrointestinal
peribeation o
deliscence

Hypertension {Patients should be monitored for the »tieveic.xpmen{ or worsening of

hypertension vig frequent blood pressure measurement. Daily home

Pmonitoring s encouraged. Blood pressure measurements should oveur

)
=3
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Event 5 Action to Be Taken

after the patient has been in s resting position for > § minutes. Repeat
measurement of blood pressure for verification should be undertaken if
the initial reading is > 140 munHg systolic andfor 2 90 mmiy diastolic

blood presaure.

s Orade | hypertension: Asvimpiomatioo transient (<24 hws) increase
by =20 mmHe {disstolic) or 1o >130/100 mmbg if previeusly
within normal range. Intervention not indicated.

s Orade 2 hypertension: Recirrent or persistent 24 hry o
symptomatic incregse by 320 mmByg (diastolic) or o >150/100
mmbie i previensly within pormal range. Monotherapy of anti-
hypertensive may be indicsted. Ouce controlled o <1500

¥

mnHe, patients may continue RBevactzumab therapy.

Pt

5

s (rade 3 hypertension: Reguiving more than ong anti-hypertensive
or mure intensive therapy than previously. Bevactzumab should be
withheld for persistent or symptomatic hypertension and should be
permanently discontinued if BP s not controlied.

s Grade 4 hypertension: Oceurrence of grade 4 hypertension should
lead to permanent discontinuation of Bevacizumab. All doses of anti-

hypertensive medicines should be recorded at all visits.

Wound Healing Hevacizumab therapy should not be initiated for at least 28 days
Complications following major surgery or until the surgical wound is fully healed, In
patients who experience wound  healing complications  duving
Bevacizumab treatment, Bevacizamab should be withheld sl the
wound i3 fully healed, Bevacizumab therapy should be withheld for

clective surgery,

{32351 Concomisant Therapy
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[80238] All conowrrent medical conditions and complications of the underlying
malignancy are treated with discretion secording to acceptably loval siandards of medical care,
Patienis recetve analgesics, antiometics, antibiotics, antipyretics, and blood products as
necessary, Although warfarin-type anticoagulant therapies ars permitted, careful monitoring of
coagnlation parameters is imperative, inorder o aveld complications of any possible drag
interactions. Al concomitant medications, inchading ransfusions of blood products, are
recorded on the appropriate case report form. Dexamethasone and a 5-HT3 blocker {e.
ondanselron or granisetron) ave admivistered to all patients as premedication unless
contraindicated for the individual patient. Antiemetics are preseribed as clintcally Indicated
during the study period. Use of granulocyte colony-stimulating factors (G-CSF) is permitted to
treat patients with neutropenia or neutropenic fever. Prophylactic use of G-CSF 18 permitied
onty i those paticnts who have had at least ooe episods of grade 3 or 4 neutropenia ov
neatropenic fever while receiving study therapy or have had documented grade 3 or 4
newtrepenia or neutropenic fever white receiving prior anti-veoplastic thevapy. Acute diasthea

and abdominal cramps, developing during or within 24 howrs after MM-398 administration. can

olinergic syndrowe. The syndromse s treated with atropine. Prophylactic or

ocour as part of a ch
therapeutic administration of atropive is considered i patients expertencing cholinergic
symploms daring the study unless clindeally contraindicated.

150237) Diarrhea can be debilitating and on rare occasions is potentially life-threatening.
Guidelines developed by an ASCO panel for treating chemotherapy-induced diarrhea have been
published (Benson AB, et al., (2004), J. Clin. Oncal. 2004, 225 2G18.2926 and Wadler, S, etal

(1998), J. Clin. Oncol. 1998; 16(9):3169-3178). Suggested pharmacological approaches include:

Oral loperamide administered as an initial $-mg dose followsd by 2-mg doses every 2 hours for
irinotecan inducid diarrhea; 2y every 4 hows for 5-FU induced diarchea, Daring the night, the

patient can take 4my every 4 hours for Irinotecan indeced diarrhea. Continue untl diarrhea-free

for = 12 hours. This dose and regimen is moderately effective. Do oot exceesd [6mg per day.
{8234 If loperamide fails o control diarrhea within 2dhours of onset then the use of

octreotide is considered, administered at doses ranging from 100 micrograms twvice daily to 300

micrograms three fimes daily. with a maxinum tolerated dose of 2000 micrograms three tinags

daily in a 3-day regimen.
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o239 Aptibiotics such as cefpodoxim and cefixime are considered for patients who
develop Grade 3 or 4 gasirointestinal {G1) toxicity following irinolecan+MM-398 therapy [42
The antibiotic are started § days prior (0 the stwrt of MM-3%¥ therapy only if the patient
experienced Grade 3 or S oolitis, debydration, disrrhes, abdominal pain, weight loss or vomiting
during prior therapy with MM-388, 't is not feasible to start cefpodoxime or cefixime § days
prioy to therapy with MM-398, give at feast | full day of cefpodoxime or pefiime prior to the
start of MM-398 course. Patients are advised to dvink water copioushy throughout treatment

{(z2liday).

{00344 Surgical excision of the fesions-is allowed under the following conditions:
{80241} Previous assessment of tumoral respense at least after 4 cyeles of treatment (2
monthsy,

{80242] Intent to achieve o complete surgival resection (RO After RO or R secondary

surgery {complote resectinn), patients will be remioved from the study. In case of complete

resection (R2). the patient remains in the study aud should recelve therapy according to tregiment

alivcation.
{80243} Prohibited Therapy
{68244 The foliewing drugs are noted inthe rinptecan prescribing information ag

interacting with irinotecan: 8t John's Wort, CYP3A4-inducing anticonvulsants {e.g., phenytoin,
piiencharbilal, aud carbamazepine). ketoconazole, traconazole, troleandomycis, erythromyein,
diltfarem and verapamil. Treatment with these agents and any other that interact with frinotecan

is avoided wherever possible.
{B8245] MM-398

{08246} MM-398 is irtnotecan {also known as CPT-11) encapsulated in 2 nanoliposomad
drug delivery system in the form of the suerose octasulfiate salt of irinotecan. It is supplied as
sterile, single-use vials contalning 9.5 mL of MM-398 at a concentration of 3 mg/mb. The vials

contain a .5 mL excess 1o facilitate the withdrawal of the label amownt Som each 10 ml vial

Cha
s
(o
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[00247] The labels carry required regulatory instractions. The frequency at which the
MM-398 is supplied to each individual center is adapted to the enrollment rate of the center and
takes into consideration the expiry date of the MM-398. The MM-398 is shipped 10 the Hospial
Pharmagist in sceordance with local requirements. Upon receipt of M3M-383, the Pharmacist
inventorigs the MM-398 and completes the shipping form. MM-398 mast be stored in a secured
limited-access refrigaration at 2 to 8°C, with protection from lght. Light protection s not
required during infusion. MM-398 is not to be frozen. Responsible individuals should inspect
vial contents for particulate matter before and afier they withdraw the drug product from a vial
into a syringe. The Hospital Phanmacist is responsible for the appropriate storage of the MM-368
at the study center. MM-398 must be diluted prior to adiministration. The diluted solution is
physically and chemically stable for 6 hours at rocan temperature (13-30°C) but o is preferved to
be stored at refrigerated temperatures (2-8°C), and protected from lght. The diluted solution
must not be frozen. Because of possible micrebial contamination during dilution, it is advisable
1o nse the diluted solution within 24 hours i refrigerated (3-8°C), and within 6 hours ikept at
room temperature {15-30%C). MM-398 s administered by intravenous (1Y) infusion over 90
minites at a dose of 60-100 mgiy” every two weeks, The first Cyvele Day 1 s a fixed day;
subsequent doses ave administered on the fivst day of sach cyele, +/- 2 days. Prior to
administration, the appropriate dose of MM-~398 is diluted in 3% Dextrose Injection solution
(D3W) to a final velume of ahout 230ml.. Care s taken net to use in-line filters or any diltents
other than DSW. MM-398 is not mixed with other drugs prior to infusion.

{0062481 The actual dose of MM-398 {0 be administered is determined by caloulating the
patient’s body surface arsa at the beginning of sach cyele. A 354 3% varianee in the calewdated
total dose allows for case of dose administration. MM-398 vials are single-use vials and unused
portions of a vial are net stoved for future use, The 80 minutes infusion period may be prolonged
because of acute infusion-associated reactions or any other clinical needs. The infusion time can
be reduced to 1 hour from cvele 2 if ne acute infusion reaction has ovcurred in cycle 1. All
patients are pre-medicated prior to MM-398 infision with standard doses of dexamethasone and
a 5-HT3 antagonist or other anti-emetic(s) according to standard institutional practices for

£

rivotecan administration. Atroping may be prescribed prophyiactically for patients who

Ed
experienced seute cholinergle symptoms in previous cycles,

[B0249] Frew Irinotecan
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{00230 Irinotecan HCL is.a well-known product, and available on the market as a sterile
aqueous solution -- see irinotecan HOH{CAMPTORARE) U8, Package Insert, Irinotecan is
administered in accordance with standard procedures, For storage conditions one should follow
the standard procedures for this compound. Other drugs should are not added 1o the Infusion
solution, Irinotecan is administered by intravenous (1V) infusion over 60 minutes at a dose of 90-
1540 mgf’ms every hvo weeks, §t is recommended that patients recsive premedication with
antiemetic agents per standard institutional practices. Prophyiactic or therapeutic administration

of atroping 15 considered in patients experiencing cholivergic symptons.

{0251} Brrue Infusion Extravasation
{252 Should extravasation of the study drug at the infusion site oocur, the steps below

areto-be followed: LIV isdiscontinued. 2. Infiltration i treated avcording to institutional

guidelines for infiltration of a mon-caustic agent,

[60253] Starily AsveIsmenty
{0254 A medical history includes alf pertinent prioy medical conditions, surgeries or
other medical procedures, Physical examination includes a careful assessment of ali bady

sysiems, including the skin: central amd peripheral nervous system, eyes, sars, nose and throat;
respiratery and cardiovascular systems; abdomen and extremities, Particular attention is made o
argas of possible neoplastic involvement. Vital signs include weight, resting bload pressure,
pulse, respiratory rate and temperature. The Eastern covperative oncology group {(ECOG)
Performance Score is oblained by guestioning the patient about thelr functional capabilities. A 12
jead RCG includes a deseription of the cardiae rate, thythm, interval durations and an overall
impression. Tumor response is evaluated according to the Response Evaluation Criteria in Solid
Tumors (RECISTY version 1.1, to establish disease progression by computed tomography of
MRy addition, uther radiographic or scintigraphic procedures (such as radionuclide bone
scans), are performed to assess sites of neoplastic invelvement. The same method of assessment
is used throughout the stady. Tnvestigators select target and nou-target lesions in accordance
with RECIST v1.1 guidelines (Eisenhauer, E. Ao, et al. {2009}, EIC, 452}, 228-47), Follow up
measurements and response confirmation are in accordames with these guidelines. In the event
the patient discontinues study treatraent for reasons othier than disease progression, a lamor
agsessment s completed ag soon as possible velative to the date of study termination, unless
performed within the priot 4 weeks, to ensure disease progression Is not present and 10 assess
overall disease status. It such patients, this assessment oceurs 1o later than the date of the 30

day follow up visit and future assessments continge o take place every 8 weeks during the

X
Tk
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follow~up period until objective disease progression or commencement of new anti-nenplastic

thetapy.
[BOZRA] Laborarory Procedures
{00256] A complete blood count includes a white blood count {WBC) and differential,

hemaoglobin, hematocrit and platelet count. Serum chemistry includes electrolvtes (sodium,
potassium, chloride and bicarbonate), BUN, serm creatinine, glucose, bilirubin, AST, ALT,
alkaline phosphatase, lactate éebydroges‘lase, aric acid, total protein, albumin, caleium,
magnesivnt aud phosphate. Whole blood siwd plasma sre collected to potentially identify factors
that may corrslate with tumor response and resistance to MM-398. Examples of potential
analyses include cytokine levels {o.g. MUSEL and .IL»&}, erowth factor markers {eg. IGFI and
EGFR family receptors and ligands) and enzyis levels {o.g. MMP9),  UGTIA family
polymorphism may also be tested for either or both of UGTTAT*28 and UGTIAL*G allele status,
The tumer marker CEA 15 analvzed by the local Tab. A coagulation profile includes a partial
thromboplastin time and an international normalized ratio, A urinalysis includes descriptions of
solor and clarity; pH: specific gravity; and anatyses of blood, glutose, ketones and total protein.
& microscopic examination of the urine, w include WBC, RBC, bacteria and casts is pertornred
if the ivinalysis is abuormal, A urine or serum pregnancy test is obtained for all females of
chikibearing potential. Exempt female patients will include those who bave undergone a
bilateral oophorectomy or fyysterectomy or who are menopaunsal {defined as absence of a
menstrual eyvele for at least 12 consecutive months), Plasma samples are collected during Cycle |
to determine the levels of MM-398/irinotecan, SN-38 aund SN-38G (SN-38 glucuronide, a less
active metabolite of SN-38, levels of which may vary with UGTIAL allele status). SN-38G/SN-

14
I

38 conceniration ratio may be caleulated. This ratio may be useful to guide dose adjustments of
rinotecan. The PK timepoints are outlined In the tables below. Optional timepoints can be
considered. Additional analvies which way impact the pharmacokinetics of MM-398 are also

measured from these samples for further anslysis on clearance-related issues, i they occur, such

as lipid-binding proteins.

2sd
15
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08237} Table 4: Sampmary of PX Timepolnts in Treatment and Follow-Up Phases

} , Iﬁ?mediatﬂiy prior to irfnotecan infusion on Cyele 1Day o
: 2 -5 myins
, } Hl Trimediately print o the MM-398 infusion on Gyl T
& Day | -5 mins
3 ! HA25 At the end of the MM-39% infusion 55 mins
B weds T R T
4 +2 hours giter the completion of the MM-398 infusion | i
- mins

E i H+6.3 | dhours after the completion of the MM-388 infusion & 1 hour

& 2 H+26.5 | 24hours after the completion of the MM-398 infusicn E2hours
3 - 48howrs after the completion of the MM-398 infusion,
7 immediataly prior to the Cyele | Day 3 post treatment &1 bow
biopsy

g '8 +168 howrs/7 days after the completion of the Cyele § +34

| Day I MM-398 infusion hours
. i3 Immediaiely prior o MM-398 infusion on Cycle 2 Day | =24
’ I hours
{00258 Tissue Collection
{08259 A biopsy is performed (primary tumor or metastatic lesion), i clnically
appropriate during the first tregtment cyvele (day 33, in order to isolate fumor tissue for further

analysis of pharmacodynamics. & minimum of three passes is vequired to isolate tumor materiat
for further analysis. 1f the tumor Blopsy is not feasible during evele 1, buth plasina sample and
tumor biopsy may be performed during cyele 2 (day 3} Archived FFPE tamor blocks or
uostained paraffin slides comaining tumor tissue, prepared at the time of nitial diagnosis and at

the time of metastasis (if avatlably), are collected from cach pasient.

80264 Jemage Dara Collection
B2 CT imaging data iy esed for evahution of RECIST v1.§ criteria. Volumetric

analysis can be performed independently, Assessment of image density and C1 beterogeneity or
other advanced analysis stratggios can be performed, as well,

{892562] Overall Survival/Post Stady Folfow-up

tad
e
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{86263} Overall survival data is collected afier a patient completes the 30 day follow-up
visit, every 2 moniths (+~ 1 week) from the date of the 30 day follovw-up visit, All patients ars

followed-up until death or study closure, whichever oecurs first,

264} Adverse Everst Reporting
[36265] Adverse Event An adverse event is any unioward miedical occurrence in a patient

adminisiered & pharmaceutical product and which does not necessarity have to bave a causal
relationship witl this treatment. An adverse event can therefore be any unfavorable and
unintended sign, including abnormal laboratory findings, sy mpwms. or diseases temporally
associated with the use of & medicinal praduct, whether or not considered related to the medicinal
product. Worsening of & medical condition for which the efficacy of the study drug is being

evaluated 18 consitdarad an adverse ovent

100266] Unexpected Adverse Event An wnoxpecied adverse ovent i3 one for which the
nature or severity of the event is not coasistent with the applicable product Information, e.g., the

Investigator’s Brochure,

136267} Sesious Adverse Event A serious adverse event (SAE) is any untoward medical

oceurrence thatat any dose that; Results in death. Is fife-threatening (an event in which the
patient was at risk of death at the time of the event; It does not refer 1o an event which
hypothetically might have caused death i3t were move severe). Requires in-patient
hospitalization or prelongation of existing hospitalization. Results in persistent or significant
disability/incapacity. Is a congenital anomaly ov birth defect. An SAE is also any other important
medical event that may not be immediately life-thveatening or result in death or hospitalization
hat may jeopardize the patient or may require intervention to prevent one of the other oulcomes
listed above. Examples of such events are intensive treatment in an ermergency roomn for allergic
bronchospasm: blood dyserasias or convulsions that do not result in hospitalization; or
development of drug dependency or drug abuse. The term “severe™ is often used to deseribe the
intensity {severity) of ag event. The event Hself may be of refatively minor medical signiticance
{such as a sovers headache), This is not the same ag “serfous”™, which is based on patient/event
cutcome or action criteria usually associated with events that pose a thyeat to a patient’s life or
functioning.

{GHZaRY Docwmenring Adverse Events Adve st reporting begins on the date the

patient provides informed consent to participate i the study, Information is elicited regarding
the occurrencs of adverse everts througl epen-ended questioniug of the patient, physical
examination and revigw of laboratory results. All adverse events, whether serfous or not, are

recorded inthe source doeuments and the adverse event page of the case teport form {except as

N
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noted below). All new events, as well a5 those that worsen in kntensity or frequency refative to
basehine, which oceur after fivst administration of study drug through 30 davs following the last
dose of study drug, ave recorded. Adverse events are followed through resolation, where
possible. Adverse events that are onpoing #t the time of treatment discontinuation are followed
through the 30 day follow up assessment, Howaver, new adverse svents related 1o MM-30§
and/or irinctecan must.be reported any time the Investigator becomes aware of such an event,
gven F1his socnrrence Is more than 30 days after the last dose of study drug. Labovatory, vital
signs or ECG abmormalities are recorded as Adverse Events only if they are medically relevant:
symptomatic, requiring corrective treaiment, leading to discontinuation andfor fulfilling a

seriotsnass criterion.

{86269 Information reported in the deseription of each adverse event includes;
[BO27H 3 A modical disgnosis of the event (if a wmedival diagnosis cannot be

stermined, a description of each sign or syraptom characterizing the event are recorded)

127 ® The date of onget of the event

{02721 ] The date of resclution of the gvent

{82731 3 A& determination of whether the eveni is serious or not

[§02741 ] Action taken: none; change in the study drug administration (e.g.,

temporary interruption in dosing); drug treatment required; non-drug treatment required;

1ospitalization or prolongation of hospitalization required {complete serlous adverse event paga);
diagnostic procedure performed; patient discontinued from the study {complete Final Visit
Section of the case repart form)

[38275] ® Qutcome: resolved without sequelae; resolved with sequelae; event
resolving: event ongoing; patient died (natify the Sponsor immediately, and complete the Serious
Adverss Event page and the Final Visit section of the case report form}

j08276] Reporting Serious_ddverse Events Any SAEs oceurring during the sereening

period ave reported only if they are believed to be related to a protocel procedure. All fatal or
life-threalening adverse events or adverse event of special interest are reported. Within 24 hours
of the event, the Serious Adverse Event Form s faxed 1o the appropriste contsct whether full
information regarding the event is known vr not, Additionat follow-up is required if complete
information s not known, Source documentation of all examinations, diagnostic procedures, £1¢.,
which were com ;}13'@:({ with raspect i the event are included with the SAE fim.

{88277} i case of accidental or intentipnal overdose of any study drug, even if

asvmplomistic or not fulfilling o serfousness ctitgrion, the overdose is to be reported Immediately

J
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{within 1 working day) using the AR and SAE forms. Overdose will be defined as 2133% of
planaed dose.

H

108278} Letermining the Severitv and Relaiedness of ddverse Events Bach adverse event

is graded aceording o the NUI CTCAE Version 4.0(14 huag 2010 v.4.03 reforence), which may
be found at htipefevsneinth.gov/Bp HCTCAR Abouthtml. For events not Histed in the CTCAE,
severily is designated as mild, moderate, severe o {ife threatening or fatal which correspond to
Grades 1,2, 3, 4 and 3, respectively on the NCICTCAE, with the following definitions: Mild: an
event not resulting in disability o incapacity and which resolves without Intervention;
188279 Maderate: an event not resuiting in disabiiity or Incapgeity but which requires
intervention; Severe: an cvent resulting in temporary disability or fncapacity and which requires
intervention; Life-threatening: an cvent in which the patientwas at risk of death at the time of
the event; Fatal an ovent that results in the death of the patient.
{GR2EH The Investigator will attempt 1o determine if an adverse event is in soms way
related ta the use of' the study drug, This refationship is described as follows: Unlikely: The
event is clearly due 1o causes distinet from the wse of the study drug, such as a docuwmented pre-
existing condition, the effect of & concomitant medication a new condition which, based on the
pathophysiclogy of the condition, and the pharmacology of the study drug, would be unlikely
related W the use of the study drug: Possihier The event follows a reasonable temporal sequence
from administration of the study drug and the event follows a known response pattern to the
stady drag BUT the event could have been produced by ap intercurrent medical condition which,
based on the pathophysiotogy of the condition, and the pharmacelogy of the st‘miy drug, would
be unltkely related to the use of the study drug or the event could be the effect of 8 concomitant
medication; Probable: The svent follows a reasonable temporal sequence from administration of
the stady drug and the event follows a known response patiern to the study drag AND the event
cannot lave been reasonably explained by an intercurrent medical condition which ot the event
canpot he the effect of 2 concomitant medication; Definite: The event follows a reasonuble
temporal sequence frons administration of the study drug, the event follows & knowa response
patters to the study drug amd based on the known phammcalngy of the study drog, the event is

clearty related to the effec

w»

of the study drug; Unksows: Based on the evidence avallable,

gausatity cannot be ascribed

LAY Staristical Comsiderations
{0282 (reneral Stadistival Considerations The primary objective of this dose-gscalation

stugdy is to assess the safery and tolerability of MM-398 in combination with free irtnolccan and

1o determing the recommended dose ERI) for further studias sing this combination, when

A CSPC Exhibit 1106

Page 252 of 390



WO 2016/168451 PCT/US2016/027515

.
e

administered in patients with unresectable advanced cancer. Descriptive statistics are utilized for
safety, efficacy, snd pharammaldnetic parameters. Categorieal variables are summarized by
trequency distributions (number and percentages of patientsy and contingous variables are
summarized by descriptive statisiics (mean, standard deviation, median, minlmum, maximum).
All data are summiarized by MM-39§/rinotecan dase cohorts. The study pepulation for safety
and efficacy analyses is defined as all patients ewrotled in the study who receive at least a partial
infusion.of MM-398. Patients who exit the study prior to receiving study medication or who

withdraw in Cycle 1 for reasons uorelated 1o drug toxicity e replaced.

{80283] Deteriningtion of Sample Size Dose Escalation Phase
[00284] Approximately S dosing cohorts are svaluated, In this scenaio, the mininum

nunber of patignts treated is 18 (5 coborts ¥ 3 -+ 3 patieats) and the maximum number of patients
treated is 30(5 cohoris x 6 patients). The exact nauber of patients depends on the observed
safety profile, which determines the number of patients per dose leved, as well as the number of
dose escalations requived tomeet MTD. Escalation 1o the next dose cohert depends on the
background toxicity rate (Lo, probability of DLT at a given dose). The proposed plan for dose
sscalation provides at feast 90% pmba ity that dose escalation procesds at doses associated

with DLT probability of <10%. Table 9 shows the probability of escalation from cehort to

cohort with various toxjoity vates.

{8§’b5§ Tahle 8: Probahilitics of Dose Hsealation
Baskgroupd Toxicily Rate
1% AT 1% 0% 30% 40% 3%
- Initial cohort size is
3 0.94% 8973 {1906 0.70% | 0.494 103409 0172
{06286] Trectoment dssivament and Blinding This ts a dose-escalation, open-label study.
Therefore, ao randomization or blinding procedures 18 performed. Sequential cohets of patients

are ireated at each dose with the dose escalation scheme deseribed above

T,

{00387 Statistical Analvsis Disposition of patienis is presented by center and overall per

MM-398 conlaining dose cohorts as patients are-entered, treated, withdrawn and evaluable for
efficacy and for safety, Demographic characteristivs of patients are smamarized by MivIi-398
dose cohort using descriptive statisties. The tumor response achieved is assessed per RECIST
vi.1. The overall response rate (CRAPRY, us well as the rates for the individual categories of
response {fe, CR, PR, 81 and PD), are estimated by the persent of patients achieving these

criteria by dose cohort when possible and overall. The percent of paticnts who schieve elinical
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tenefit of response {CR + PR + 12y, the median duration of responae and the mediay
progression free survival are displayed per dose cohort and overall. Response rate per treatinent
armeare preseoted with corresponding 95% Cf cakoulated using the binomial disteibution,
Progression-free survival and overall survival are estimated using the Kaplan and Meler method,

[00288] drnalvsis of Sefety and Adverse Evenzs All paticnts who receive any amount of any

of the study drugs are included in the final summaries and Hstings of safety data, All safety
analyses are performed by dose level, treatment eycle and week, where appropriate. Summary
tables present the number of patients ohagrved with treatment-emergent adverse events and
cotreyponding percentages by dose cohort. The denominator used to caleulate incidence
percentages consists of pationts recetving at least one dose of MM-398 in that cohort. Within
each summary table, the ABsare categorized by MedDIRA body systern and preferred term,
Additionat subeategories are basesd on gvent intensity {severity graded according o CTCAE
v ) and relationship to study drug. Emphasis in the analysis will be placed on AEs classified
as dose limiting. Deaths and SAEs are tabulated on a per-patient basts. Frequencies of adverse
events are alsn summarized by body system and organs. Laburatory data is presented by dose
cohort and visit. Abnormal laboratory values are assessed according to NCECTCAE v4.0 where
possible.
{50289 Other qordvses Pharmaecokinetic parameters are derived trom blood PK samples
and are analyzed using descriptive statistics, jneluding the median, mean and 95% confidence
intervals around parameter estimates by dose level, All PK parameters inclode Caans T AUC
{arca under the concentration curve), clearance, volume of distribution at steady state (Vdgg), and
the terminal elimination half-life, Estimation of the pharmacokinetic parameters is performed
using standavd non-compartmental methods, Spearmay pairwise correlations-are computed
between the following measarements: Tumor associated macrophage levels. Tumor irinotecan
fevels, Tamor SN-38 and 8M38G levels, Graphical and regression methods are used 1o explore

potential relationships among correlated measuraments, fn addition, relationships between

pharmacodynamics markers and ¢fficacy response are evalvated in an expioratory mumier,
Analyses of pharmacodyuamics markers include alf patients with available data.

[6829¢] Endnotes

{00291 While the invention has been described in conpection with spee rabodinenis

thereof, it will bie understood that it is capable of fusther modifieations and this application is
intended to pover any variations, uses, or adaptations of the invention following, in general, the
principles of the fnvention and including such departares from the present disclosure that come

within known or customary practice within the art to which the invention pertains and may be
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applied to the essential features set forth heredn. The disclosure of each and every US,
international, or other patent or patent application or publication referred 10 herein is hereby

incorporated hereln by reference o its entivety,
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CLAIMS
What is claimed ix:
A method of treating & cancey in a patieny, the method comprising administering to the

patient & therapeutically effective amount of an anti~cancer drag, wherein the therapeutically

effective amount is administered by co-adininistration 1o the patiem of a} a first amount of the
drug in a sustained release injectable dosage form and bj a second amownt of the drog in an
bomediate release njectalide dosage form.
2. A drupg ina sustained release injoctable dosage form for use inva st amownt for oo

administration in combingtion with a second amemt of the drig In an ramediate release
injectahle dosage form, wherein the first amount combined with the second amound equals a

&
=

therapeatically effective amount of the drug,

5 The methad of laim 1, or the drug in s sustained release injectable dosage form of claim
2, wherein the co-adminisiration vialds an improved therapeutic index, aproved
pharmacokinetic profife, or therapeutic svuergy, as compared to administration to matched

patients of the first amount and the second amount as a combined amount, whergin the combined

arount {11 the sustained release injectable dosage form
4, The method of claim 1, or the drug in & sustained relesse injeetable dosage form of claim
2, wherein the sustained release aud immediate relsase dosage forms are both comprised within 2

single formulation and ave thereby Injecied together, and wherein the second amount is at feast

10%gof the fivst amount.

5 The methed of claim 1, or the deug i a sustained release injectable dosage form of claim
2, wherein the sustained release and inunediate release dosage forms of the drug ave comprised

within separate formulations and are mixed and injected weether simultansously, of ave inj jected

separately, said separate injections being performed simultancously or sequentially.

&. The method of claim § whereln the sequential administrations do not overlap and thereby

do not include a period of simultaneous administration.

E=4
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o

£4,

5.

A method of reating a cancer in a patient, the method comprising co-administering liposomal
frinctecan and free irinotecan o the patient, whereln the co-adiministering is carvied out tnai
feast 1 cycle, wherein the cycle is a period of T weeks, and whereln for each cyele:

{a) Hiposomal rinotecan is administered nnce at 1 dose of 60 or 88 my'm®; and

(b} free irinotecan is administered once at a dose of 90 or 120 mg/m”.
The method of claim, 7 wherein the cancer is an unresectable vancer.
The method oftclaim 7 or ¢laim ¥, whersin the canger 18 colorectal cancer,

The method of any ong of clalms 748, further comprising co-sdministering levcovorin and &

fluorouracii to the patient onee i each evele,

. The method of claim 10, whereln for sach cvele:

{¢) Jeucavorin is administered at a dose of 400 mghn™;

{d S-fluorcwracil is administered at a dose of 2400 m gfm‘“{.

. The method of any ong of claims 7-11, further comprising administering bevacizumab to the

paticnt.

The methed of claim 12, whereln the hevacizumab is administered once per cyvle by infusion

at a dose of § mg/kg or 10 mgike.

-

The method of any g of claus 7-13, wherein the cancer is metastatic colorectal cancer

. The method of any one of claims 12-14, whersin bevacizumab is administered intravenoasly

over 30-9¢0 minutes,

The method of any one of claims 10-15, whereln 3-fluorouraci is administered intravenously

over 48 hours.

. The method of any one of elaims H-16, wherein eucovorin is administered intravenousty

over 2 hours,
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18. A method of treating unreseciable advanced colorectal cancer in a patient, the method

19

21

[
[

A
Lrd

24

(]
tay

comprising co-administering each of Hposomal frinctecan and free irinotecan to the patient,
wherein the method comprises at Jeast | cyele, wherein the evele is a period of 2 weeks, and
wherein once for sach oyele

{a} the liposomal irinotecan is administered gt 2 dose of 60 or 80 mgim™;

(b} the free irinctecan is administered at 2 dose of 90 or 120 mgin™

. The method of claim 18, wherein the method fuvther comprises co-administeriug each of
leueovarin and S-Tluereuracit to the patient, wherein onee for each cyele
. - ; . A L
{c} leucovorin s administared at a dose of 400 mgim’™

{d} S~-fluorowracil 1 administered at a dose of 2400 mg/m-.

. The method of claim 19, wherein the method turther comprises co-adnnistering
bavacizumab to the patient, wherein onee for sach ovele:

{e} bevactzumab is administered at a dose of J mg/ke.
The method of any one of the preceding claims, whergin the liposomal irinntecan is
administered intravenousty over 98 minutes and the free irinotecan is administered
intravenously over 60 minutes, aprionally whereln, in cach cycle, the free irinotecan s

administered prior to the liposomal irinotecan,

2. The method of any one of claims 7-21, wheteln, in cach ¢yele, the free irinotecan and the

liposomal irinotecan are administered prior to the S-fluorouraci.

The method of any one of claims 7-22, whersin, in each cycle, the leucovorin is

administered prior to administration of the 3-fworouracil,

. The method of any one of claims 7-23, wherein, in cach cycle, the Hposomal irinotecan and

the frec irinotecan are administered prior to the leucovorin, and the S-flusrouracii.

. The method of any one of the preceding claims, wherein, in each cyele, the lipasomal
frinctecan is irinotecan sucrosofate Hposome injection (irinotecan liposome injection

MM-3981.

A3
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26. A foemulation of iposomal {rinotecan for co-administration with free inotecan,
hevacizamab, {eucovorin, and S-fluorouract! in at least one evele, whereln the eyele isa
period of 2 weeks, and wheretn, once in gach cyele:

{a} liposamal irinotecan is administered at a dose of 60 or 80 mgim®;

{h} free irinotecan is administered at a dose of 90 or 120 mg/m®;
{o} leuovorin s administered at a dose of 400 med w

(d) S-fluorouracit is administered at & dose of 2400 mg/m®; and

(e} bevacizumab s administered at a dose of § mgkg.

27. A formulation of liposemal irinotecan Kr co-administration with frez ivinotecan, in at lea
¢ cyele, wherain the cycle is & period of 2 weeks, and wherein, onee in each cvele:
{a) liposomal irinotecan is adminisiered at a doss of 60 or 8O mg/m™;

(b} free Irinotecan is administered at » dose of 90 or 120 mv’m

28, The formulation of claim 1% or 20, wherein the liposomal trinotecan {5 adnministered

intravenousty over &0 ninutes or B¢ minutes,

79. The formugdation of any onie of elaims 26-28, wherein the free irinctecan Is administered

intravencusty over 60 minntes.

30, The formulation of any one of claims 26 or 28-30, wherein the bevacizumab s administered

intravenousty-over 30-90 minutes,

31, The formudation of any one of claims 26 or 2830, whergin the S-fludrouracil is administered

intravenousty over 46 hours.

32. The formudation of any one of claims 26 or 28-31, wherein the leucovorin is administered

intravenously over 2 howrs.

33. The formulation of any one of clafms 26-31, wherein the liposomal fovmulation of irinotecan

is irinotecan suerosolate Uposome injeution {VIM-308)
! § \ :

34, A kit for treating a cancer in @ human patient, the kit comprising a first container holding 8
second container and & third contalner and {optonalty) instructions, the second container
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comprising a dose of liposomal irinotecan the third container comprising a dose of fee
irinotecan, and the mstructions calling for co-adnyinistering the tiposomal irnotecan andthe

free irinolecan to a cancer patient.

The method, drug or formudation of any of claims 122 or 4-34, wherein the co-administration

ey

esults inan improved therapeutic index, ot improved pharmacokinetics, or in therapeutic

Synergy.

36. A mathod of improving the pharmacokinetic profile of a drug treatment, the method

37. The method of elaim 36, wherein the uneneapsulated dro

»

comprizing administering the drug enterally or parenterally in doses separated by an interval
of a day or more, or a week, or two weeks, orthree weeks, or amoath or more, i
unencapsilated form, and co~adminisiering the same deug paventerally at the same interval in
a liposomally encapsulated injectable form, such that the pharmacokinetic profile is improved
in that the drug reaches therapeutic levels at a site of action faster than i administered paly in
the encapsulated form., and maimains therapeutic levels ot the site of action longer than if

administersd ot the same intervals only in the unencapsulated form,

")..

ug and the Hiposemally encapsalated

<3

drug are administered sequentially or simuoltaneousiy

3

38. The method of claim 37, wherein the deug i an anti-eancer drug selecied from a

topoisomerase | inhibitor, a topoisongrase H inbibitor, a taxane, a vinca alkaloid, 2 platinum

sals, an alkylating sgent, or an ant-mesabolite.

39, The method of clahm 38 wherein the topoisomerase T inkiibitor 18 irinotecan, SMN-38 or

topotecan, the topoisomerase 11 inhibitor Is an anthracycling, tenipeside, or etoposide, the
taxane is pachitaxel, dovstaxel, cabaritassl, of tesetaxel, the vivea alkalond is vineristine,
vinblastine, ot vinorelbine, the plativum salt is.oxalipiatin, cisplatin or carboplatin, the
atkylating agent is bendamusting, busutfan, carmustive, chlormbucil, cyclophosphamide,

Hosfamide, lomusting, mechiorethamine, melphalan, sireplazocin, thiotepa, or uramustine,

and the anti=metabolite is 5-FU, capecitabine, cytarabine, gemeitabine, methotrexate,

&

pemetraxed, or tegatur .
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40, The wethod of elaim 39, whergin the anthragyeline is doxorubicin, daunorubicin, bleomyein,

dactinomyoin, epirubicin, idarubicin, mtomycin, oF mitoxastrone.

41, The method of any ove of clalims 36-40, wherein the interval s two weeks.

2. The method of apy-one of claims 36-41, wherein the co-administration of the drug
unencapsulated form and of the sgme drug in liposomally encapsulated form produces an

improved therapeutic index, or improved pharmacokineties, or therapeutic synergy.

43, A method of treating a cancer in a patient, the method comprising at feast one cycle of co-
adrinisiration of 1} a chemotherapeutic sgent that Is & sustained release dosage form and 2) of
the same chemotherapeutic agent that s an tmnediate release dosage form, wherein the co-

sdministration of both dosage forms provides.an improved therapeutic index, or tmproved

pharmacokinetics. or therapeutic synergy.

44, The method of clainy 43 whepein the twa dosage {orros are both comprised within a single

formulation and are thereby injected together.

45, The method of claim 43 wherein the two dosage forms of the chemotherapeutic agent are
conprised within separate formulations and sre mixed and injected together simultancousty or

are injected separately, said separate injections being performed simultaneousty or sequentially.

46, The method of claim 48 wherein the sequential administrations do not overlap and

thereby do not include a period of simultaneous administration.

47, The method of any one of claimy 39-46 wherein the chemotherapeutic agent is an
alkyiating agent, an anti-nuetabolite, an anti-roicrotubule agent, & wppisomerase inhibitor ora

eytotoxic antibiosic.

48, The method of claim 47 wherein the alkylating agent is a nitrogen mustard, a nitrosoures,

pe

a tetrazine, an ariridine, an organoplatinum agent, procarbazine o hexamethyvimelamine.

48, The method of vlaim 47 whergin the antb-metabolite is an anti-folate, & Duoropyvrimidine,
a deoxynucleoside analopue, or & thiopuring.
46 o
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The method of claim 47 whereln the anti-microtubule agent Is a taxane, avinca slkaloid

30.
or vinea alkadoid derivative,

The method of claim 47 wherein the topoisomerase inhibitor is a campioihecin

oS S ¥
topoisomerase | inhibitor or a topoisomerase I inhibitor.

The method of claim 54 wherein the camplothecin topoisomerase | inhibitor is topotecan

;%

LY

Of tringtecan.
camptothecin fopoisomerase [ inhibitor is irinotecan

33 The method of ¢claim
chloride solation or 83

33

and the sustained relea
lease dosage fonm is in the

im 31 wherein the ¢
dosage form s in 2 liposomal, hyaluronate, or PEGylated form and the

form of an iringiecan hydro

immediate re
analogs or derivatives

n the sustajned release dosage form s liposomal
ole of co-administration:

¢ between 60

The methad of ¢laig 33 wherein
cach ¢y

54,
irinotecan sucrosofate and, for
he liposomal irinotecan sucrosofite ts administered at a dose ran

{a)
and 100 mg/m’; and
the irinotecan hyvdrochboride ix administered 4t a dose range betwesn 90 and 180

(6

rey
%

oyveles are at twe

o2
mgam.
55.  The method of claim S comprising a1 lea
week intervals.
latm 34, further comprising co-adminlstration of an effective antount of

36, The method nfc
<fluroaaracit,

gach of leucovorin {Tolinie acid) and 3

The method of elaim 47, further comprising co-administration of an effective amount of

§7.

gach of leucoveorin and 3-flurouraci].

el ovele of co-administration, the feucovorin is
of 2400

The methad of claim 57, wherain
fluorouract! s administered at a dose

58, The meth
administered at & dose of 400 mg/ny” and th
4 o
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39, The method of any one of claims 36-38, the method further comprising co-administering

an effective amount of an anti-anglogenic agent to the patient.

60, The method of claim 39 wherels the anti-angiogenic agent is bevacizumah,
&1, The method of claim 60 wherein the bevackzumah is co-administered at a dose of 3

me/kg G2W or HWrmpke Q2w or 15 mgdke (Q3W.

§2. Themethod of clainy 38, whetgin the opoisomerase § inhibitor 18 inotecan and the

liposomally encapsudated ringtecan is iripotecan suerosofale liposome Injection (MM-388).
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STABILIZING CAMPTOTHECIN PHARMACEUTICAL COMPOSITIONS

PRIORITY CLAIM
[0001] This patent application claims the benefit of U.S. Provisional Patent Application
Serial Nos. 62/242,835 (filed October 16, 2015), 62/242,873 (filed October 16, 2015),
62/244,061 (filed October 20, 2015), and 62/244,082 (filed October 20, 2015), each of which

is incorporated herein by reference in its entirety.

TECHNICAL FIELD
[0002] This disclosure relates to stabilizing pharmaceutical compositions comprising
camptothecin compounds, including liposomal camptothecin pharmaceutical formulations

stabilized to reduce formation of lyso-lipid formation during storage.

BACKGROUND
[0003] Camptothecin compounds (such as irinotecan or topotecan) can be used to treat a
tumor and/or cancer within the human body. For example, injectable liposome
pharmaceutical products for the treatment of certain forms of cancer can be prepared as
dispersions of liposomes encapsulating camptothecin compounds. The liposemal
camptothecin compositions can encapsulate the camptothecin compound together with a
polyanionic trapping agent within a liposome comprising cholesterol and one or more
phospholipid(s) (“PL”). However, the hydrolysis of phospholipids and the hydrolysis of the
active lactone structure in camptothecin can occur in camptothecin liposomes having one or
more phospholipids. The hydrolytic decomposition of a liposomal phospholipid such as a
phosphatidylcholine (“PC”+) can alter the release of the camptothecin compound, e.g.,
irinotecan, from the liposomes. The first step in the hydrolysis of PL (such as PC) can lead to
the formation of lyso-PL (such as lysophosphatidylcholing (“lyso-PC™), which is a
glycerylphosphocholine fatty acid monoester).
[0004] Liposomal camptothicin compositions are affected by pH in at least two respects.
First, the hydrolytic decomposition of liposomal captothecin {e.g., liposomal irinotecan)
phospholipids tends to be pH dependent, with a pH of 6.0 or 6.5 believed to minimize
hydrolysis of phosphatidylchcline. Conditions where the pH is above 6.5 tend to increase (1)
the conversion of camptothecin compounds, e.g. irinotecan, to the less active carboxylate
form and (2) the amount of lyso-PC in liposomes. Second, camptothecin compounds undergo

a pH-dependent conversion between a less active carboxylate form (predominating at neutral
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and alkaline pH) and a more active lactone form predominating at acidic pH. For example,
the conversion of the carboxylate form of irinotecan to the lactone form occurs primarily
between pH 6.0 (about 85% of the irinotecan is in the more active lactone form) and pH 7.5
{only about 15% of irinotecan is in the more active lactone form). At pH 6.5, about 65% of
irinotecan is in the more active lactone form.

[0005] The stability of phospholipid-containing liposomal camptothecins prepared at a pH
of 6.5 was unexpectedly found to be adversely affected by the formation of lyso-PC during
storage under refrigerated conditions (2-8 °C). For example, an irinotecan liposome
composition of Sample 12 (irinotecan sucrose octasulfate encapsulated in irinotecan
liposomes comprising DSPC, cholesterol and MPEG-2000-DSPE in a 3:2:0.015 mole ratio,
prepared at pH 6.5) subsequently generated levels of lyso-PC in excess of 30 mol% (with
respect to the total amount of phosphatidylcholine in the irinotecan liposome compositions)
during the first 3 months after manufacture (and over 35mol% lyso-PC generated during the
first 9@ months) of refrigerated storage (2-8°C).

[0006] Therefore, there remains a need for stabilized camptothecin pharmaceutical
compositions. For example, there is a need for more stable, improved liposomal formulations
of irinotecan generating less lyso-PC during refrigerated storage at 2-8 °C after

manufacturing. The present invention addresses this need.

SUMMARY
[0007] The present invention provides novel camptothecin pharmaceutical compositions
(e.g., liposomal irinotecan) with improved stability, including camptothecin liposomal
compositions comprising ester-containing phospholipids with reduced rates of formation of
lyso-phospholipid (“lyso-PL™) (e.g., lyso-phosphatidylcholine, or “lyso-PC"). The present
invention is, in part, based on the surprising recognition that liposomal compositions of
camptothecin compounds (e.g., irinctecan) can be manufactured that generate reduced
amounts of lyso-phospholipids after extended storage at 2-8 °C. The manufacture of such
stabilized liposomal compositions is made possible by the unexpected finding that controlling
specific parameters during liposome manufacture (the ratio of drug-to-phospholipid relative
to the amount of trapping agent, the pH of the liposomal preparation and the amount of
trapping agent counter-ion in the liposomal preparation) synergistically reduces the formation
of lyso-phospholipids during storage of the camptothecin liposomal preparation. The

invention provides extremely valuable information for designing and identifying improved
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liposome compositions, which are more robust, while reducing costs associated with the
development of such compositions.
{0008] Stabilized camptothecin compositions comprising one or more phospholipid(s)
(including PEG-containing phospholipid(s)), preferably form not more than 20 mol% of lyso-
PL (relative to the total liposome phospholipids) during storage for the first 6 months of
storage at 4 °C and/or not more than 25 mol% of lyso-PL during storage for the first 9
months of storage at 4 °C. The stabilized irinotecan liposomes preferably form lyso-PL at an
average rate of less than about 2 mol% (e.g., 0.5-1.5 mol%) lyso-PL per month during the
first 9 months of storage at 4 °C, following manufacture of the camptothecin compositions.
Preferred stabilized camptothecin compositions include irinotecan or a salt thereof (e.g.
irinotecan sucrose octasulfate) in liposomal irinotecan compositions comprising cholesterol
and one or more phospholipid(s) (including PEG-containing phospholipid(s)), that form not
more than 20 mol% of Ij,'so-PC (relative to the total liposome phospholipids) during storage
for 6 months at 4 °C and/or not more than 25 mol% of lyso-PC during storage for 9 months at
4 °C (e.g., during the first 6 and/or 9 months of stability testing after manufacturing). The
stabilized irinotecan liposomes can form lyso-PC at a rate of less than about 2 mol% (e.g.,
0.5-1.5 mol%) lyso-PC per month during storage at 4 °C (e.g., during the first ¢ months of
stability testing after manufacturing). Stabilized phosphatidylcholine-containing irinotecan
liposome compositions can generate less than I mg lyso-PC during the first 9 months of
stability testing at 2-8 °C after manufacturing.
- [0809] In a first embodiment, stabilized liposomal camptothecin compositions have a pH
greater than 6.5 (e.g., 7.0-7.5, including 7.25, 7.3 or 7.5) and comprise liposomes
encapsulating irinotecan and a sulfate polyanionic trapping agent (e.g, irinotecan sucrosofate,
or “S0OS8”) having an irinotecan/sulfate compound gram-equivalent ratio (“ER”) that is
greater than 0.9 (e.g., 0.9-1.1). The ER can be calculated for an irinotecan SOS liposome
preparation by determining molar amounts of liposomally ¢o-encapsulated irinotecan (I) and
sulfate compound (S) per unit (e.g., 1 mL) of the liposome composition, and using the
formula: ER = I/(SN), where N is valency of the sulfate compound anion (e.g., for
sucrosofate N is 8, and for free sulfate, SO4%, N is 2). Preferably, the sulfate compound (S) is
sucrose octasulfate, containing 8 sulfate moieties per mol of SOS.
[0010] In a second embodiment, stabilized liposomal camptothecin compositions are
obtained using particular ratios of the camptothecin, an anionic trapping agent and liposome-
forming phospholipids having a Stability Ratio (“SR™) that is preferably greater than about
950 (e.g., 950-1050), including irinotecan liposomes prepared with a SR of greater than about

CSPC Exhibit 1106
Page 271 of 390



WO 2017/066726 PCT/US2016/057247

990 {(e.g., 990-1,100, including 992-1,087). This embodiment provides manufacturing
ctitetia that are predicative of liposome stability as reflected by a Stability Ratio, as more
fully explained below. This embodiment of the invention is based in part on the discovery
that when phospholipid-based camptothecin-containing liposomes are made by reacting (1)
camptothecin compound(s) (e.g., irinotecan, topotecan, and the like) with (2) liposomes
encapsulating a polysulfated anionic trapping-agent (e.g., sucrose octasulfate), the stability of
the resulting drug-loaded liposomes depends on initial concentration of sulfate groups in the
trapping-agent-liposomes and the ratio of camptothecin encapsulated to phospholipid in the
liposomes. The Stability Ratio, is defined as follows: SR = A/B, where: A is the amount of
irinotecan moiety encapsulated in trapping agent liposomes during the drug loading process,
in grams equivalent to the irinotecan free anhydrous base, per mole of phospholipid in the
composition; and B is the concentration of sulfate groups in the sucrosofate (or other trapping
agent) solution used to make the trapping agent liposomes, expressed in mole/L (based on the
concentration of sulfate groups). The Stability Ratio surprisingly predicted dramatic
reductions in the formation of lyso-PC in phospholipid-based camptothecin-containing
liposomes, even at pH 6.5; phosphatidylcholine-containing irinotecan liposomes prepared
with a Stability Ratio of about 942 (Sample 3) generated about 36 mol% lyso-PC, compared
to about 24 mol% lyso-PC generated in irinotecan liposomes prepared with a Stability Ratio
of about 990 (Sample 2), after 9 months of storage at 4 °C (i.e., increasing the Stability Ratio
by about 5% resulted in a 34% reduction in lyso-PC generation under these conditions). In
contrast, increasing the Stability Ratio of irinotecan liposomes by about 30% from 724
(Sample 12) to 942 (Sample 3) resulted in about 1% more lyso-PC generated after 9 months
of storage at 4 °C (e.g., compare 35.7 mol% lyso-PC in Sample 3 to 35.4 mol% lyso-PC in
Sample 12).

[0011] In a third embodiment, novel stabilized compositions of liposomes encapsulating
irinotecan having reduced amounts of lyso-phosphatidylcholine (lyso-PC}) generated during

storage at 2-8 °C can comprise the irinotecan composition of formula (I), where x is 8.
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The liposomal irinotecan can comprise the composition of formula (1} encapsulated in
liposomes. Preferably, the composition of formula (1) is formed (e.g., precipitated) within
liposomes comprising cholesterol and one or more phospholipid(s) (e.g., including PEG-
containing phospholipid(s)). For example, the compound of formula (1) can be formed within
the liposomes by reacting (1} a camptothecin compound(s) (e.g., irinotecan, topotecan, and
the like) with (2) liposomes encapsulating a polysulfated anionic trapping-agent (e.g., sucrose
octasulfate), in a process that forms a stabilized liposomal irinotecan composition. Preferably,
the liposomal irinotecan composition has a pH greater than 6.5 (e.g., 7.0-7.5, including 7.25,
7.3 and 7.5).

[0012] Preferred stabilized camptothecin compositions include liposomal irinotecan
compositions comprising irinotecan or a salt thereof (e.g. irinotecan sucrose octasulfate)
encapsulated within irinotecan liposomes comprising cholesterol and the phospholipids 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC) and methoxy-terminated polyethylene
glycol-distearoylphosphatidyl ethanolamine (¢.g., MPEG-2000-DSPE) in an aqueous jsotonic
buffer, said liposomal irinotecan composition containing (or forming) less than 10 mol%
lyso-phosphatidylcholine (lyso-PC) after the first 3 months of storage at 2-8 °C, containing
(or forming) less than 20 mol% lyso-phosphatidylcholine (lyso-PC) after the first 6 months
(or 180 days) of storage at 2-8 °C, and/or containing (or forming) less than 25 mol% lyso-
phosphatidylcholine {(lyso-PC) after the first 9 months of storage at 2-8 °C (e.g., during the
first 9 months of stability testing after manufacturing).

[0013] The irinotecan liposomes preferably comprise cholesterol, 1,2-distearoyl-sn-
glycero-3-phosphocholine (DSPC) and methoxy-terminated polyethylene glycol-
distearoylphosphatidyi ethanolamine (e.g., MPEG-2000-DSPE) in a 3:2:0.015 mole ratio,
encapsulating S00 mg (+10%) irinotecan per mmol total liposome phospholipid. Stabilized

liposomal irinotecan compositions preferably comprise irinotecan liposomes providing a total
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of about 4.3 mg irinotecan moiety per mL of the liposomal irinotecan composition, with at
least about 98% of the irinotecan encapsulated in the irinotecan liposomes (e.g., as irinotecan
sucrose octasulfate, such as a compound of Formula (I) above). Certain preferred liposomal

* composition are storage stabilized liposomal irinotecan compositions having a pH of 7.00-
7.50 (e.g., 7.0, 7.25, 7.3, 7.5) and comprising a dispersion of irinotecan liposomes
encapsulating irinotecan sucrose octasulfate in unilamellar bilayer vesicles consisting of
cholesterol and the phospholipids |,2-distearoyl-sn-glycero-3-phosphocholine (DSPC) and
methoxy-terminated polyethylene glycol (MW 2000)-distearoylphosphatidy] ethanolamine
{MPEG-2000-DSPE), at a concentration of irinotecan moiety equivaient to, in g of irinotecan
free anhydrous base, 500 mg (£10%) irinotecan per mmol total liposome phospholipid and
4.3 mg irinotecan per mL of the liposomal irinotecan composition, the storage stabilized
liposomal irinotecan composition stabilized to form less than 1 mg/mL Lyso-PC during the
first 6 months of storage at 4 °C. For example, certain preferred pharmaceutical liposomal
irinotecan compeositions comprise irinotecan or a salt thereof (e.g. irinotecan sucrose
octasulfate) encapsulated in irinotecan at 4.3 mg/mL irinotecan moiety, 6.81 mg/mL of 1,2-

| distearoyl-sn-glycero-3-phosphocholine (DSPC), 2.22 mg/mL cholesterol, and 0.12 mg/mL
methoxy-terminated polyethylene glycol (MW 2000)-distearoylphosphatidyl ethanolamine
(MPEG-2000-DSPE) in an aqueous isotonic buffer, said lipesome composition containing
less than 10 mol% lyso-phosphatidylcholine (lyso-PC) after 3 months of storage at 2-8 °C,
containing less than 20 mol% lyso-phosphatidylcholine (lyso-PC) after 6 months (or 180
days) of storage at 2-8 °C, and/or containing less than 25 mol% lyso-phosphatidylcholine
(lyso-PC) after 9 months of storage at 2-8 °C.
[0014] In some embodiments, the liposomal composition is made by a method comprising
contacting a solution containing irinotecan moiety with a trapping agent liposome
encapsulating a triethylammonium (TEA), and sucrose octasulfate (SOS) trapping agent at a
concentration of 0.4-0.5 M (based on the sulfate group concentration), as TEAsSOS
(preferably the TEAsSOS trapping agent solution)under conditions effective to load 500 g
(£10%) of the irinotecan moiety / mol phospholipid into the trapping agent liposome
containing PL and permit the release of the TEA cation from the trapping agent liposome, to
form the irinotecan SOS liposomes, and (b) combining the irinotecan SOS liposomes with 2-
[4-(2-hydroxyethy]) piperazin-1-yl]ethanesulfonic acid (HEPES) to obtain an irinotecan
liposome composition having a pH of 7.25-7.50, to obtain an irinotecan liposome

composition stabilized to form less than 10 mol% lyso-phosphatidylcholine (Lyso-PC) (with
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respect to the total amount of phosphatidylcholine in the irinotecan liposome composition)
during 3 months of storage at 4 °C.

[0018] For instance, the invention provides an irinotecan liposome composition comprising
stabilized irinotecan liposomes encapsulating irinotecan sucrose octasulfate (SOS) in an
unilamellar lipid bilayer vesicle approximately 110 nm in diameter consisting of 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC), cholesterol, and methoxy-terminated
polyethylene glycol (MW 2000)-distearoylphosphatidy] ethanolamine (MPEG-2000-DSPT:),
wherein the stabilized irinotecan liposomes are obtained by a process comprising the steps of’
(a) contacting irinotecan with a trapping agent liposome encapsulating a tricthylammonium
(TEA) cation, and sucrose octasulfate (SOS) trapping agent at a concentration of 0.4-0.5 M
(based on the sulfate group concentration), as TEASOS under conditions effective to load
500 g (£10%) of the irinotecan moiety / mol phospholipid into the trapping agent liposome
and permit the release of the TEA cation from the trapping agent liposome, to form the
irinotecan SOS liposomes, and (b) combining the irinotecan SOS liposomes with 2-[4-(2-
hydroxyethyl) piperazin-1-yl]ethanesulfonic acid (HEPES) to obtain an irinotecan liposome
composition having a pH of 7.25-7.50, to obtain an irinctecan liposome composition
stabilized to form less than 10 mol% lyso-phosphatidylcholine (Lyso-PC) (with respect to the
total amount of phosphatidylcholine in the irinotecan liposome compositions) during 3
months of storage at 4 °C,

[0016] The liposomal irinotecan compositions are useful in the treatment of patients
diagnosed with various forms of cancer. For example, liposomal irinotecan can be
administered for the treatment of small cell lung cancer (SCLC) without other antineoplastic
agents. In some embodiments, the liposomal irinotecan compositions are administered in
combination with other antineoplastic agents. For example, a liposomal irinotecan
composition, 5-fluorouracil, and leucovorin (without other antineoplastic agents) can be
administered for treatment of patients diagnosed with metastatic adenocarcinoma of the
pancreas with disease progression following gemcitabine-based therapy. A liposomal
irinotecan composition, 5-fluorouracil, leucovorin, and oxaliplatin (without other
antineoplastic agents) can be administered for treatment of patients diagnosed with
previously untreated pancreatic cancer. A liposomal irinotecan composition, 5-fluorouracil,
leucovorin, and an EGFR inhibitor (e.g., an oligoclenal antibody EGFR inhibitor such as
MM-151) can be administered for treatment of patients diagnosed with colorectal cancer.
[0017] Unless otherwise stated in this specification, liposomal compositions contain an

amount of irinotecan in grams (in free base or salt form) to moles of phospholipid in a ratio
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equivalent to that provided by either 471 g or 500 g (x10%) irinotecan free base per mol
phospholipid.

[0018] As used herein (and unless otherwise specified), “irinotecan moiety” refers solely to
the irinotecan lactone; i.e., the irinotecan lactone free base, anhydrous.

[0019] As used herein {and unless otherwise specified), the term “camptothecin™ includes
camptothecin and camptothecin derivatives including irinotecan, topotecan, lurtotecan,
silatecan, etirinotecan pegol, TAS 103, 9-aminocamptothecin, 7-ethylcamptothecin, 10-
hydroxycamptothecin, 9-nitrocamptothecin, 10,11-methylenedioxycamptothecin, 9-amino-
10,11-methylenedioxycamptothecin, 9-chloro-10,1 1-methylenedioxycamptothecin, (7-(4-
methylpiperazinomethylene)- 10,1 l-ethylenedioxy-20(S)-camptothecin, 7-(4-
methylpiperazinomethylene)}- 10,1 1-methylenedioxy-20(S)-camptothecin, and 7-(2-N-
isopropylamino)ethyl)-(208)-camptothecin, and stereoisomers, salts and esters thereof.
[0020] As used herein (and unless otherwise specified), “DLS” refers to dynamic light
scattering and “BDP” refers to bulk drug product.

[0021] In some embodiments, the liposomes of the present invention encapsulate one or
more agents that trap the pharmaceutical drug within liposomes (hereafter referred to as
trapping agents).

[0022] As used in this specification, “extended release compositions” include irinotecan
compositions that afford 80 to 125% of the following pharmacokinetic parameters when
administered to humans at a dose corresponding to 70 mg/m? of irinotecan free base once
every two weeks: Cmax 37.2 (8.8} pg irinotecan (as free base anhydrous¥mL and AUCow
1364 (1048) h-pg irinotecan/mL (for irinotecan); or (for SN-38), Cmax 5.4 (3.4) pg SN-38
(as free base anhydrousymL; AUCp. 620 (329) h'-ng SN-38/mL.

[0023] Unless otherwise indicated, liposomal preparations can comprise {e.g., spherical or
substantially spherical) vesicles with at least one lipid bilayer, and may optionally include a
multilamellar and/or unilamellar vesicles, and vesicles that encapsulate and/or do not
encapsulate pharmaceutically active compounds (e.g., camptothecins) and/or trapping
agent(s). For example, unless otherwise indicated, a pharmaceutical liposomal preparation
comprising camptothecin liposomes may optionally include liposomes that do not comprise a
camptothecin compound, including a mixture of unilamellar and multilamellar liposomes

with or without camptothecin compound(s) and/or trapping agent(s).
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BRIEF DESCRIPTION OF THE FIGURES
[0024] FIG. 1A shows a schematic of an irinotecan liposome which encapsulates an
aqueous space containing irinotecan in a gelated or precipitated state as the sucrose
octasulfate salt.
[0025] FIG. 1B shows an equatorial cross section of the irinotecan liposome in FIG. 1A.
[0026] FIG. 2A is a graph of the Stability Ratio values versus the relative amounts of lyso-
PC (mol%) of liquid irinotecan liposome compositions after 9 months of storage at 4 °C, the
liposome compositions having the designated pH values after manufacture but prior to
storage,
[0027] FIG. 2B is a graph of the Stability Ratio values versus the relative amounts of lyso-
PC (mol%) of liquid irinotecan liposome compositions after 6 months of storage at 4 °C, the
liposome compositions having the designated pH values after manufacture but prior to
storage.

' {0028] FIG. 2C is a graph of the Stability Ratio values versus the relative amounts of lyso-
PC (mol%) of liquid irinotecan liposome compositions after 6 months of storage at 4 °C, the
liposome compositions having the designated pH values after manufacture but prior to
storage.

[0029] FIG. 3A is a graph of the relative amounts of lyso-PC (mol%) versus the months of
storage at 4 °C of two irinotecan liposome compositions having a Stability Ratio of 1047 and
a pH of 6.5.

[0030] FIG. 3B is a graph of the relative amounts of lyso-PC (mol%) versus the months of
storage at 4 °C of two irinotecan liposome compositions having Stability Ratios of 992 and
942, respectively, and a pH after manufacture but prior to storage of 6.5,

J0031] FIG. 3C is a graph of the relative amounts of lyso-PC (mol%) versus the months of
storage at 4 °C of an irinotecan liposome composition having a Stability Ratio of 785 and a
pH after manufacture but prior to storage of 6.5.

[0032] FIG. 3D is a graph of the relative amounts of lyso-PC (mol%) versus the months of
storage at 4 °C of two irinotecan liposome compositions having a Stability Ratio of about
724, prepared using TEAsSOS at a sulfate group concentration of 0.65 M, and having a pH
after manufacture but prior to storage of 6.5.

00331 FIG, 4A is a graph of the relative amounts of lyso-PC (mol%) versus the months of
storage at 4 °C of three irinotecan liposome compositions having a Stability Ratio of about
1047 and a pH after manufacture but prior to storage of 7.25. Liposome sample 5 (open

square) was prepared at an irinotecan moiety concentration equivalent to that provided by 5
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mg/mL irinotecan hydrochloride trihydrate, while liposome sample 13 (closed triangle) was
likewise prepared at 20 mg/mL irinotecan hydrochloride trihydrate. The liposomes in samples
13 were prepared in the same way as in sample 3, but liposomal components (i.e.,
phospholipids, cholesterol, irinotecan and sucrosofate) per milliliter in the final liposome
composition were increased fourfold compared to sample 5.

[0034] FIG. 4B is a graph of the relative amounts of lyso-PC (mol%) versus the months of
storage at 4 °C of two irinotecan liposome cornpositions having a Stability Ratio of about
1047 and pH values after manufacture but prior to storage of 7.25 and 7.5.

[0035] FIG. 4C is a graph of the relative amounts of lyso-PC (mol%) versus the months of
storage at 4 °C of two irinotecan liposome compositions having a Stability Ratio of about 785
and pH values after manufacture but prior to storage of 7.25 and 7.5.

[0036] FIG. 5 is a graph of the concentration of lyso-PC (mg/mL) versus the months of
storage at 4 °C of three irinotecan liposome compositions having a Stability Ratio of 1046-
1064 and a pH after manufacture but prior to storage of 7.3.

[0037] FIG. 6 is a graph of the concentration of lyso-PC (mg/mL) versus the months of
storage at 4 °C in three irinotecan liposome compositions having a Stability Ratio of 1046-
1064 and a pH after manufacture but prior to storage of 7.3.

[0038] FIG. 7 is a graph of the estimated rate of lyse-PC (mg/mL/month) formation during
storage at 4 °C in irinotecan liposome compoéitions having various amounts of substituted
ammonium (protonated TEA).

[0039] FIG. 8 is a graph of the gram-equivalent amounts of irinotecan and sucrosofate in
the precipitate formed by combining, in aqueous solution, irinotecan hydrochloride trihydrate
and triethylammonium sucrosofate in various proportions, i.e., in gram-equivalent ratios from
1:9 to 9:1. The x-axis shows the relative gram-equivalent overall amount of
triethylammonium sucrosofate {SOS) in the samples, in reference to the gram-equivalent of
irinotecan free base anhydrous.

[0040] FIG. 9 shows a graph plotting the average particle size of 12 different irinotecan
sucrose octasulfate liposome product lot numbers stored over a period of 12-36 months at 4
°C, with linear regressions to the data obtained for each sample.

[0041] FIG. 10 is a graph of the particle size polydispersity index (PDI) of the irinotecan
sucrose octasulfate product lot numbers shown in FIG. 9, with linear regressions to the data

obtained for each sample.
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[0042] FIG. 11A is a graph of the pH of 13 different irinotecan sucrose octasulfate product
lot numbers stored over a period of 12-36 months at 4 °C, with linear regressions to the data
obtained for each sample.

[0043] FIG. 11B is a graph of the pH of 16 different irinotecan sucrose octasulfate product
lot numbers stored over a period of 12 months at 4 °C, with linear regressions to the data
obtained for each sample.

[0044] FIG. 12 is a graph of the concentration of lyso-PC (mg/mL) over 36 months in two
irinotecan liposome compositions, and best-fit linear regressions to the respective data points
obtained from each irinotecan liposome sample.

[0045] FIG. 13A is a representative chromatogram for Method A at full scale.

[0046] FIG. 13B is a representative chromatogram for Method A at enlarged scale.

DETAILED DESCRIPTION
[0047] Stabilized camptothecin compositions can include liposomes encapsulating one or
more camptothecin compound(s). Liposomes can be used for the administration of
pharmaceutical drugs, including chemotherapeutic drugs. The present invention provides
stabilized phospholipid-containing compositions of camptothecin compounds, e.g., liposomal
irinotecan, that generate lower amounts of lyso-phospholipids, e.g., lyso-PC.
[0048] Camptothecin lipomes can encapsulate a camptothecin with a trapping agent inside
of a lipid composition (e.g., a phospholipid-containing vesicle). For example, FIG. 1A shows
a schematic depicting an irinotecan liposome with a diameter of about 110 nm and having a
lipid membrane encapsulating irinotecan. The lipid membrane in this schematic contains the
ester-containing phospholipid MPEG-2000-DSPE, The MPEG-2000-DSPE lipids are located
in the internal and external lipid layer of the bilayer membrane, as a result of which their PEG
moieties are located within the liposome or at the liposomes’ external surface, respectively,
FIG. 1B shows a cross section of a particular embodiment of the generically depicted
liposome in FIG. 1A, in which the unilamellar lipid bilayer membrane includes DSPC,
cholesterol, and MPEG-2000-DSPE and encapsulates irinotecan sucrose octasulfate.
[0049] Tt has now been found that novel stabilized irinotecan liposome compositions
comprising ester-containing phospholipids can be made that have low levels of lyso-PC even
after extended storage at 2-8 °C, such as at 4 °C, including liposomes that encapsulate
irinotecan sucrose octasulfate (SOS) (irinotecan-SOS liposomes) and have significantly
reduced lyso-PC formation during refrigerated storage. The present invention is based in part

on a number of unexpected observations. First, irinotecan-SOS liposome compositions
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surprisingly have substantially less lyso-PC during refrigerated storage when the amount of
encapsulated irinotecan is increased relative to the amount of co-encapsulated SOS trapping
agent. Second, irinotecan-SOS liposome compositions surprisingly have less lyso-PC during
refrigerated storage when the pH of the aqueous medium containing the irinotecan-SOS
liposomes after manu‘facture but prior to storage is above 6.5. Third, irinotecan-S0S
liposome compositions Surprisingly have less lyso-PC when the amount of residual liposomal
trapping agent ammonium/substituted ammonivm cation assayed in the composition is below

100 ppm.

Constituent Lipids of Liposomal Campiothecin Compositions

[0050] A variety of lipids, especially phospholipids, are known in the art that can be
constituents of liposomes, such as phosphatidyl ethanolamine, and phosphatidyl serine, and it
is within the skill in the art to make liposomes with other such phospholipids. In some
embodiments, liposomes of the present inventions are compesed of 1,2-distearoyl-sn-glycero-
3-phosphocholine (DSPC), cholesterol, and methoxy-terminated polyethylene glycol (MW
2000)-distearoylphosphatidyl ethanolamine (MPEG-2000-DSPE). Below are described
preferred embodiments regarding the lipids present in liposome preparations disclosed herein.
[0051) The liposomal components can be selected to produce the liposomal bilayer
membrane which forms unilamellar and/or multilamellar vesicles encapsulating and retaining
the active substance until it is delivered to the tumor site. Preferably, the liposome vesicles
are unilamellar. The liposomal components are selected for their properties when combined
to produce liposomes capable of actively loading and retaining the active substance while
maintaining low protein binding in vivo and consequently prolonging their circulation
lifetime.

[0052] DSPC is preferably the major lipid component in the bilayer of the liposome
encapsulating irinotecan (e.g., comprising 74.4% of total weight of all lipid ingredients).
DSPC has a phase transition temperature (Tm) of 55 °C.

[0053] Cholesterol can preferably comprise about 24.3% of total weight of all lipid
ingredients. It can be incorporated to in an amount effective to stabilize liposomal
phosphelipid membranes so that they are not disrupted by plasma proteins, to decrease the
extent of binding of plasma opsonins responsible for rapid clearance of liposomes from the
circulation, and to decrease permeability of solutes/drugs in combination with bilayer

forming phospholipids.
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[0054] MPEG-2000-DSPE can preferably comprise about 1.3% of total weight of all lipid
bilayer constituents. Its amount and presence on the surface of the irinotecan liposome can be
selected to provide a minimal steric barrier preventing liposome aggregation. The MPEG-
2000-DSPE coated liposomes of the present invention are shown to be stable with respect to
size and drug-encapsulation.

[0055] In some embodiments, the lipid membrene of the liposome preparation is preferably
composed of the following ingredients: 1, 2-distearoyl-sn-glycero-3-phosphocholine (DSPC),
cholesterol, and methoxy-terminated polyethylene glycol (MW 2000)-distearoylphosphatidyl
ethanolamine (MPEG-2000-DSPE), in the ratio of approximately one polyethylene glycol
(PEG)-modified phospholipid molecule for every 200 non-PEG-phospholipid molecules.
[0056] In preferred embodiments, liposomes of the present invention are made from a
mixture of DSPC, cholesterol, and MPEG-2000-DSPE combined in a 3:2:0.015 molar ratio.
In preferred embodiments, liposome preparations of the present invention include 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC) at a concentration of about 6.81 mg/mL,
cholesterol at a concentration of about 2,22 mg/mL, and methoxy-terminated polyethylene
glycol (MW 2000)-distearoylphosphatidyl ethanclamine (MPEG-2000-DSPE) at a
concentration of about 0.12 mg/mL.

[0057] In more preferred embodiments, liposome preparations of the present invention
include 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPCY) at a concentration of 6.81
mg/mL., cholesterol at a concentration of 2.22 mg/mL, and methoxy-terminated polyethylene
glycol (MW 2000)-distearoylphosphatidyl ethanolamine (MPEG-2000-DSPE) at a
concentration of 0.12 mg/mL.

Campiothecin Composition Trapping Agents
[0058] In some embodiments, the liposomes of the present invention encapsulate one or

more agents that trap the pharmaceutical drug within liposomes (hereafter referred to as
trapping agents). The trapping agent preferably comprises a polyanionic compound with a
plurality of negatively charged groups, or comprises a combination of two or more different
such compounds. In non-limiting examples, the polyanion trapping agent is a divalent anion,
a trivalent anion, a polyvalent anion, a polymeric polyvalent anion, a polyanionized polyol, or
a polyanionized sugar. In the context of the present invention, the polyanionic trapping agent
can be a polyanionized polyol or sugar, such as a polyol or a sugar having its hydroxyl groups
completely or partially medified or replaced with anionic groups (anionized). In a non-

limiting example, polyanionized polyol or polyanionized sugar can include a polyol moiety
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or a sugar moiety along with anionic groups linked thereto. Preferably, at least one anionic
group of a polyanionized sugar or polyanionized polyol trapping agent is more than 50%
ionized in a pH range of pH 3-12, preferably pH 6.5-8, when in an aqueous medium, or,
alternatively, the anionic group(s) has a pKa of 3 or less, preferably of 2 or less. Ina
preferred embodiment, the trapping agent contains sulfate moieties having a pKa of 1.0 or
less, In a non-limiting example, a polyanion trapping agent can have a charge density of at
least two, three, or four negatively charged groups per unit, e.g., per carbon atom or ring in a
carbon chain or per monosaccharide unit in a sugar.

[0039] In some embodiments of the present invention, the release rate of the liposome
composition can be increased by using as a trapping agent a mixture of polyanionized sugar
or polyanionized polyol with one or more other monovalent or polyvalent anions, ¢.g.,
chloride, sulfate, phosphate, etc. In another non-limiting example of increasing the release
rate of the extended release composition, mixtures of different polyanionized sugars and/or
polyanionized polyols with various degrees of polyanionization are being used as trapping
agent.

[8068] In some embodiments, the degree of polyanicnization inside the liposomes of the
present invention is above 90%, or above 99%, or between 0.1% to 99%, 10% to 90%, or
20% to 80% of the total anion(s) inside the liposomes, e.g., with a liposome-entrapped
camptothecin or camptothecin-derivative compound.

[0061] In some embodiments, the trapping agent is a sulfated sugar and/or polyol.
Exemplary sulfated sugar of the present invention is sulfated sucrose including, without
limitation, sucrose hexasulfate, sucrose heptasulfate, and sucrose octasulfate (See Ochi. K., et
al., 1980, Chem. Pharm. Bull., v. 28, p. 638-641). Similarly, reaction with phosphorus
oxychloride or diethylchlorophosphate in the presence of base catalyst results in
polyphosphorylated polyols or sugars. Polyphosphorylated polyocls are also isolated from
natural sources. For example, inositol polyphosphates, such as inositcl hexaphosphate (phytic
acid) can be isolated from corn. A variety of sulfated, sulfonated, and phosphorylated sugars
and polyols suitable to practice the present invention are disclosed, e.g., in U.S. Pat. No.
5,783,568, which is incorporated herein by reference in its entirety. Complexation of polyols
and/or sugars with more than one molecule of boric acid also results in a polyanionized
(polyborated) product. Reaction of polyols and/or sugars with carbon disulfide in the
presence of alkali results in polyanionized (polydithiocarbonated, polyxanthogenate)
derivatives. A polyanionized polyol or sugar derivative can be isolated in the form of a free

acid and neutralized with a suitable base, for example, with an alkali metal hydroxide,
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ammonium hydroxide, or preferably with a substituted amine, e.g., amine corresponding to a
substituted ammonium of the present invention, in a neat form or in the form of a substituted
ammonium hydroxide providing for a polyanionic salt of a substituted ammonium of the
present invention, Alternatively, a sodium, potassium, calcium, barium, or magnesium salt of
a polyanionized polyol/sugar can be isolated and converted into a suitable form, e.g., a
substituted ammonium salt form, by any known method, for example, by ion exchange. Non-
limiting examples of sulfated sugar trapping agents are sulfated sucrose compounds
including, without limitation, sucrose hexasulfate, sucrose heptasulfate, and sucrose
octasulfate (SOS). EXeniplary polyol trapping agents include inositol polyphosphates, such as
inositol hexaphosphate (also known as phytic acid or IHP) or sulfated forms of other
disaccharides.

[0062] In a preferred embodiment of the present invention, the trapping agent is a sulfated
polyanion, a non-limiting example of which is sucrose octasulfate (SOS). Sucrosofate is also
referred to as sucrose octasulfate or sucrooctasulfate (SOS). Methods of preparing
sucrosofate in the form 6f various salts, ¢.g., ammonitum, sodium, or potassium salts, are well
known in the field (e.g., US Pat. 4,990,610, incorporated by reference herein in its entirety).
Sucrose octasulfate (also referred to as sucrosofate), is a fully substituted sulfate ester of

sucrose having, in its fully protonated form, the structure of formula (11):

HO,S0

HO,SO---

HO4SO \OSO3H 0SOsH
(D).

[0063] Methods of preparing sucrosofate in the form of various salts, e.g., ammonium,
sodium, or potassium salts, are well known in the field (see, e.g., U.S. Patent No. 4,990,610,
which is incorporated by reference herein in its entirety). Likewise sulfated forms of other
disaccharides, for example, lactose and maltose, to produce lactose octasulfate and maltose
octasulfate, are envisioned.
[0064] In some embodiments, the liposome formulations of the present invention comprise
a camptothecin compound such as irinotecan or topotecan and an anionic trapping agent such
as SOS. The liposomes of the present invention preferably include the camptothecin
compound in a stoichiometric ratio with the anionic trapping agent. For example, an

irinotecan liposome formulation can encapsulate irinotecan and a sucrose octasulfate in about
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an 8:1 mole ratio. Stabilized compositions of liposomes can encapsulate the irinotecan

composition of formula (I), where x is about 8:

CHy

-

The liposomal irinotecan can comprise the composition of formula (1) encapsulated in

liposomes. Preferably, the composition of formula (I} is formed (e.g., precipitated) within
liposomes comprising cholesterol and one or more phospholipid(s) (e.g., including PEG-
containing phospholipid(s)). For example, the compound of formula (I) can be formed within
the liposomes by reactiﬁg (1) a camptothecin compound(s) {e.g., irinotecan, topotecan, and
the like) with (2) liposomes encapsulating a polysulfated anionic trapping-agent (e.g., sucrose
octasulfate), in a process that forms a stabilized liposomal irinotecan composition. Preferably,
the liposomal irinotecan composition has a pH greater than 6.5 (e.g., 7.0-7.5, including 7.235,
7.3 and 7.5).

[0065] Preferred stabilized camptothecin compositions include liposomal irinotecan,
[0066] Stabilized camptothecin compositions include high-density camptothecin
compound(s) liposome formulations containing irinotecan or a salt thereof at an irinotecan
moiety concentration equivalent to that provided by from 4.5 to 5.5 mg/mL irinotecan
hydrochloride trihydrate (i.e., 3.9-4.8 mg/mL irinotecan free base anhydrous), and contain
DSPC at a concentration of from 6.13 to 7.49 mg/mL (preferably about 6.81 mg/mL),
cholesterol at a concentration of from 2-2.4 mg/mL (preferably about 2.22 mg/mL}), and
MPEG-2000-DSPE at a concentration of .11-0.13 mg/mL (preferably about 0.12 mg/mL),
and are characterized by the presence of low amounts of lyso-PC, if any, during refrigerated
storage (2-8°C), while also providing suitable amounts of the camptothecin compound(s),
preferably in a more potent lactone form. The present invention includes pharmaceutical
camptothecin compound(s) liposome compositions that can be stored under refrigeration (i.e.,
at 2-8 °C) for at least the first 6 months, preferably at least the first 9 months, following

manufacture without the formation of levels of lyso-PC above 20 mol%, More preferably, the
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present invention provides for compositions containing an amount of irinotecan moiety
equivalent to that provided by between 4.7-5.3 mg/mL irinotecan hydrochloride trihydrate
(i.¢., 4.1-4.6 mg irinotecan moiety free anhydrous base) (the irinotecan can be present as a
sucrose octasulfate salt encapsulated within the liposomes), along with (DSPC) at 6.4-7.2
mg/mL, cholesterol at 2.09-2.35 mg/mL, and MPEG-2000-DSPE at about 0.113-0.127
mg/mL. that contains no more than 20 mol% lyso-PC at 6 or 9 months when stored at 2-8 °C,

or no more than 2 mg/mL lyso-PC at 21 months when stored at 2-8 °C.

Calculation of Irinotecan/Sulfate Compound Gram-Equivalent Ratio (ER)

[0067] An irinotecan/sulfate compound gram-equivalent ratio (ER), can be calculated for
each irinotecan liposome preparation by determining molar amounts of liposomally co-
encapsulated irinotecan-([) and sulfate compound (S) per unit (e.g., | mL) of the liposome
composition, and using the formula: ER = I/(SN), where N is valency of the sulfate
compound anijon (e.g., for sucrosofate N is 8, and for free sulfate, SO4%, N is 2). For
example, the liposomal irinotecan sucrosofate composition that contains 7.38 mM irinotecan
and 1.01 mM sucrosofate (N=8) would have the ER of 7.38/(1.01x8)=0.913. Preferably, the
sulfate compound (S} is sucrose octasulfate, containing 8 sulfate moieties per mol of SOS.
The liposomal composition will have a pH of from 7.1 to 7.5 and have one of the following
ER ranges: preferably 0.85 to 1.2, 0.85-1.1 or most preferably from 0.9 to 1.05, such as
about 1.02. Alternatively the liposomal composition will have an irinotecan moiety amount
equivalent to that provided by 500 g (#10%) irinotecan free anhydrous base per mol
phospholipid and nd have one of the following ER ranges: preferably 0.85 to 1.1, most
preferably from 0.9 to 1.05, such as about 1.02.

pH of Stabilized Campiothecin Composition

[0068] The pH of the liposomal composition can be adjusted or otherwise selected to
provide a desired storage stability property (e.g., to reduce fonmation of lyso-PC within the
liposome during storage at 4 °C over 180 days), for example by preparing the composition at
a pH of about 6.5-8.0 or any suitable pH value there between (including, e.g., 7.0-8.0, and
7.25). In some embodiments, the pH is about 6.5, 6.6, 6.7, 6.8, 6.9, 7.0, 7.1, 7.2, 7.3, 7.4, 7.5,
7.6, 1.7, 7.8, 7.9, or 8.0. Irinotecan liposomes with particular pH values, irinotecan moiety
equivalent to that provided by irinotecan free anhudrous base concentration (mg/mL) and
various concentrations of sucrose octasulfate were prepared as provided in more detail as

described herein. More preferably, the pH after manufacture and before storage is between

CSPC Exhibit 1106
Page 285 of 390



WO 2017/066726 PCT/US2016/057247
18

7.1 and 7.5 and even more preferably between about 7.2 and 7.3, and most preferably about
7.25. The pH can be adjusted by standard means, e.g. using IN HCl or IN NaCH, as
appropriate.

[0069] In some embodiments of the present invention, the pH of the liposomal irinotecan
preparation after manufacture but prior to storage is above 6.5, preferably between to 7.2 and

7.3. In some embodiments of the present invention, the pH is from 7.2 to 7.5.

Compound Gram-Equivalent Ratio (“ER”) of Stabilized Campiothecin Compositions

[0070] Stabilized liposomal camptothecin compositions can have a pH greater than 6.5 and
comprise liposomes encapsulating irinotecan and a sulfate polyanionic trapping agent having
an irinotecan/sulfate compound gram-equivalent ratio (“ER”) that is greater than 0.9 (e.g.,
0.9-1.1). The ER can be calculated for an irinotecan SOS liposome preparation by
determining molar amounts of liposomally co-encapsulated irinotecan (I) and sulfate
compound (S) per unit (e.g., | mL} of the liposome composition, and using the formula: ER =
I/(SN), where N is valency of the sulfate compound anion (e.g., for sucrosofate N is 8, and
for free sulfate, SO4%, N is 2), 1 is the concentration of encapsulated irinotecan in the
liposome irinotecan composition, and § is the concentration of the sulfate groups of
encapsulated sucrose octasulfate in the liposomal irinotecan composition. Preferably, the
sulfate compound (S) is sucrose octasulfate, containing 8 sulfate moieties per mol of SOS.,
[0071] While the direct determination of the encapsulated sucrose octasulfate sulfate
groups concentration in the liposomal irinotecan composition (S-N) is preferred, S'N can be
determined from the liposome phospholipid concentration (P, mol/L), SOS sulfate groups
concentration in the inner space of the liposome {the SOS sulfate groups concentration in the
solution used to prepare a trapping agent liposome; parameter B, see Stability Ratio
definition herein), and the liposome internal (entrapped) volume, that is, the volume
sequestered within the inner space of the liposome vesicles, per unit of liposome
phospholipid (Ve, L/mol phospholipid):

S‘N=P-Ve'B
[0072] By way of example, for a phosphatidylcholine-cholesterol liposome obtained by
extrusion via 100-nm polycarbonate filters, entrapped volume can be close to 1.7 L/mol
phospholipid (Mui, et al. 1993, Biophys.J., vol 65, p. 443-453). In this case, quantitative
loading of irinotecan (molecular weight 586.7) into the SOS-encapsulating liposomes at 471
g/mol phospholipid and the SOS sulfate groups concentration of 0.45 M, will result in an ER
of
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(471/586.7)/(1.7-0.45) = 1.049
[0073] While at the SOS concentration of 0.65 M sulfate groups, the ER will be:
(471/586.7)/(1.7-0.65) = 0.726
[0074] Similarly, quantitative loading of irinotecan (molecular weight 586.7) into the SOS-
encapsulating liposomes at 500 g(+10%) /mol phospholipid and the SOS sulfate groups
concentration of 0.45 M, will result in an ER of about 1.11, while at the SOS concentration of
0.65 M sulfate groups, the ER will be about 0,77.

Preparing Stabilized Camptothecin Compositions

[0075] The stabilized camptothecin compositions can comprise camptothecin liposomes.
Liposomes have been used for the administration of pharmaceutical drugs, including
chemotherapeutic drugs. Various technology relating to drug-encapsulating liposomes and
methods of making the same are generally known in the art and are therefore not further
described herein in any detail. See, e.g., U.S. Patent No. 8,147,867, which is incorporated
herein by reference in its entirety.

[0076] In some embodiments, liposomes encapsulating one or more camptothecin
compound(s) within a vesicle comprises at least one phospholipid. The camptothecin
compound can, for example, be loaded or otherwise entrapped within the liposome in a multi-
step process comprising (a) forming a trapping agent liposome encapsulating the anionic
trapping agent and a cation within a liposome vesicle comprising phospholipid(s), and (b)
subsequently contacting the trapping agent liposome with the camptothecin compound(s)
under conditions effective to load the camptothecin compound(s) into the trapping agent
liposome and retain the camptothecin compound inside the liposome with the trapping agent
to form the camptothecin liposomes.

[0077] The camptothecin compound(s) can be loaded into the trapping agent liposomes
using a gradient across the liposome membrane, causing the camptothecin compound(s) to
enter the trapping agent liposomes to form the camptothecin liposomes. Preferably, the
trapping agent liposomes have a transmembrane concentration gradient of a membrane-
traversing cation, such as ammonium or substituted ammonium, effective to result in the
exchange of the ammonium/substituted ammonium in the trapping agent liposomes for the
camptothecin compound(s) when heated above the phase transition temperature of the lipid
components of the liposomes. Preferably, the trapping agent has a higher concentration in the
trapping agent liposome than in the media surrounding it. In addition, the trapping agent

liposomes can include one or more trans-membrane gradients in addition to the gradient
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created by the ammonium/substituted ammonium cation. For example, the liposomes
contained in the trapping agent liposome composition can additionally or alternatively
include a transmembrane pH gradient, ion gradient, electrochemical potential gradient, and/or
solubility gradient.

[0078] In some embodiments, the trapping agent used for the preparation of liposomes
{e.g., SOS and/or another sulfated polyel trapping agent, including acceptable salts thereof)
has a concentration of 0.3-08, 0.4-.05, 0.45-0.5, 0.45-.0475, 0.45-0.5, 0.3, 0.4, 0.45, 0.475,
0.5, 0.6, 0.7, or 0.8 M sulfate groups, ¢.g. these specific values £10%. In a preferred
embodiment, the trapping agent used for the preparation of liposomes is SOS and has a
concentration of about 0.45 or about 0.475 M sulfate groups. In a more preferred
embodiment, the trapping agent used for the preparation of liposomes is SOS and has a
concentration of 0.45 M or 0.475 M sulfate groups.

[0079] Preferably, the camptothecin compound(s) is loaded into the trapping agent
liposome by incubating the camptothecin compound(s) with the trapping agent liposomes in
an aqueous medium at a suitable temperature, e.g., a temperature above the primary phase
transition temperature of the component phospholipids during loading, while being reduced
below the primary phase transition temperature of the component phospholipids after loading
the camptothecin compound(s), preferably at about room temperature. The incubation time is
usually based on the nature of the component lipids, the camptothecin compound(s) to be
loaded into the liposomes, and the incubation temperature. Typically, the incubation times of
several minutes (for example 30-60 minutes) to several hours are sufficient,

[0080] Because high entrapment efficiencies of more than 85%, typically more than 90%,
are achieved, there is often no need to remove unentrapped entity. If there is such a need,
however, the unentrapped camptothecin compound(s) can be removed from the composition
by various means, such as, for example, size exclusion chromatography, dialysis,
ultrafiltration, adsorptioh, and precipitation.

[0081] In some embodiments, the camptothecin liposomes are irinotecan liposomes. The
irinotecan liposomes can be prepared by a process that includes the steps of () preparing a
liposome containing triethylamine {TEA) as a triethylammonium salt of sucrosofate (TEA-
SOS), and (b) subsequently contacting the TEA-SOS liposome with irinotecan under
conditions effective for the irinotecan to enter the liposome and to permit a corresponding
amount of TEA to leave the liposome (thereby exhausting or reducing the concentration

gradient of TEA across the resulting liposome).
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Extraliposomal lonic Strength During Drug Loading of Camptothecin Liposomes

[0082] In some embodiments of the present invention, the camptothecin loading of the
liposomes is conducted in an aqueous solution at the ionic strength of less than that
equivalent to 50 mM NaCl, or more preferably, less than that equivalent to 30 mM NaCl
After drug loading, a more concentrated salt solution, e.g., NaCl solution, may be added to
raise the ionic strength to higher than that equivalent to 50 mM NaCl, or more preferably,
higher than that equivalent to 100 mM NaCl, preferably equivalent to between about 140-160
mM NaCl

Trapping Agent Cations

[0083] The cation of the present invention can be encapsulated into the trapping agent
liposomes in an amount effective to provide for the loading of the camptothecin compound(s)
into the trapping agent liposomes, when heated ahove the phase transition temperature of the
lipid components as described above. The cations are selected so that they can leave the
trapping agent liposomes during the loading of the camptothecin compound(s) into the
liposomes. Extra-liposomal cations can be removed after the preparation of the liposomes
loaded with camptothecin compound(s).

[0084] In some embodiments of the present invention, the cation in the liposome together
with the trapping agent is a substituted ammonium compound. In some embodiments of the
invention, the substituted ammonium compound has a pKa of at least about 8.0. In some
embodiments of the invention, the substituted ammonium compound has a pKa of at least
about 8.0, at least about 8.5, at least about 9.0, at least 9.5, at least 10.0, at least 10.5, or at
least 11.0 as determined in an aqueous solution at ambient temperature. In some
embodiments of the invention, the substituted ammonium compound has a pKa of about 8.0~
12.0, about 8.5.-11.5, or about 9.0-11. In a preferred embodiment, the pKa is about the pKa
of TEA, or about the pKa of DEA.

[0085] Non-limiting examples of such substituted ammonium compounds are compounds
of the formula: N(R1)(R2)}(R3)}(Rs)" where each of Ry, Rz, R3, and R4 are independently a
hydrogen or an organic group having up to 18 total carbon atoms, and where at least one of
R1, Ra, Ry, and Rs is an organic group that is a hydrocarbon group having up to 8 carbon
atoms, which can be an alkyl, alkylidene, heterocyclic alkyl, cycloalkyl, aryl, alkenyl, or
cycloalkenyl group or a hydroxyl-substituted derivative thereof, optionally including within

its hydrocarbon moiety one or more S, O, or N atom(s) forming an ether, ester, thioether,
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amine, or amide bond. The substituted ammonium may be a sterically hindered ammonium
compound (e.g., having at least one of the organic groups with a secondary or tertiary carbon
atom directly linked to the ammonium nitrogen atom), Also, at least one of Ri, Rz, R3 and Ra,
must be hydrogen. Preferably, the substituted ammonium cation is triethylammonium

- (protonated TEA) or diethylammonium (protonated DEA).
[0086] The concentration of the substituted ammonium cation within the trapping agent
liposome can be reduced as the camptothecin compound is loaded into the liposomes
encapsulating the anionic trapping agent under conditions effective to form the camptothecin
compound liposomes. The liposomes of the present invention can include an anionic trapping
agent and an ammonium or substituted ammonium cation that is subsequently removed
and/or replaced by the camptothecin compound loaded into the liposome in a subsequent
drug loading step.
[0087] In a preferred embodiment, the concentration of the ammonium or substituted
ammonium cation within the camptothecin compound liposomes is low enough to provide
low amounts of lyso-PC after refrigerated storage for prolonged periods of camptothecin
liposome preparations that contain phospholipids. For example, as discussed in Example 3,
including the data in FIG. 7, reduction in the amount of lyso-PC formation was observed in
irinotecan SOS liposome preparations having less than about 100 ppm of the substituted
ammonium cation, preferably between 20 and 80 ppm, preferably less than about 50 ppm,
even more preferably less than about 40 ppm, still more preferably less than 30 ppm.
[0088] In some embodiments, the irinotecan SOS liposomes (such as Samples 24-29; Table
10 of the Examples) comprise less than 100 ppm, or about 15-100 ppm substituted
ammonium SOS trapping agent counter ion. In some embodiments, the irinotecan SOS
liposomes (such as Samples 24-29; Table 10 of the Examples) comprise about 15-80 ppm
substituted ammonium. In some embodiments, irinotecan SOS liposomes comprise about 40-
80 ppm substituted ammonium. In some embodiments, the irinotecan SOS liposomes (such as
Samples 24-29; Table 10 of the Examples) comprise about 80-100 ppm substituted
ammonium. In a preferred embodiment, the substituted ammonium present at any of the

above-mentioned ppm concentrations is derived from TEA or DEA.

Stability Ratip of Stabilized Camptothecin Compositions

[0089] When phospholipid-based camptothecin-containing liposomes are made by reacting
(1) a camptothecin drug with (2) liposomes encapsulating a polysulfated anionic trapping-

agent, the stability of the resulting drug-loaded liposomes depends on the ratio of the
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camptothecin, an anionic trapping agent and liposome-forming phospholipids as defined by a
Stability Ratio of at least about 950, as defined below. The Stability Ratio depends on the
initial concentration of sulfate groups in the trapping-agent-liposomes and the ratio of
camptothecin encapsulated to phospholipid in the liposomes. As used herein, the Stability
Ratio (“SR™) is defined as follows:
SR = A/B,

where:

a. A is the amount of irinotecan moiety encapsulated in trapping agent liposomes

during the drug loading process, in grams equivalent to the irinotecan free anhydrous

base, per mole of phospholipid in the composition; and

b. B is the concentration of sulfate groups in the sucrosofate (or other trapping agent)

solution used to make the trapping agent liposomes, expressed in mole/L (based on the

concentration of sulfate groups).
[0096] With respect to the determination of the Stability Ratio, the number of moles of
phospholipid in the liposome preparation is determined by assay, such as described in the
Examples. The irinotecan moiety amount (A above) is calculated accordingly for conducting
liposome loading.
[0091] With respect to the determination of the Stability Ratio, the concentration B of
sulfate groups in the sucrosofate (or other trapping agent) solution, expressed in mole/L, is
calculated as the concentration of sucrosofate (or other trapping agent disclosed herein) (in
mole/L) in the solution that is added to lipids (which are typically dissolved in alcohol,
typically in a volume that is 10% or less than the volume of the trapping agent solution added
to the lipids). Thus for sucrosofate, the concentration B of sulfate groups is the concentration
of sucrosofate multiplied by 8 (i.e., the number of sulfate groups in one sucrosofate
molecule), or muitiplied in accordance with the number of sulfate groups of the particular
trapping agent used. (See Example 1.)
[0092] In some embodiments of the present invention, the Stability Ratio and the pH are
both increased to greater than 6.5. Thus, in certain preferred embodiments of the present
invention, the Stability Ratio is 942-1130, and the pH is from 7.2 to 7.5, and the irinotecan
and SOS trapping agent are present in the liposome composition in an about 8:1 molar ratio.
Preferably the Stability Ratio is 942-1130, the pH is about 7.25, and the irinotecan
composition and SOS trapping agent are present in the liposome in an 8:1 molar ratio. The
amount of lyso-PL, and in particular, lyso-PC, in formulations of lippsomes encapsulating

other camptothecin compounds may be controlled in a similar fashion.
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[0093] For example, the novel stabilized irinotecan liposome preparations can have 80%
less lyso-PC compared to irinotecan SOS liposomes prepared according to other processes
(e.g., 80% less lyso-PC than observed in comparative Sample 12 afier 9 months of
refrigerated storage). A (comparative) liposomal irinotecan of sample 12 was prepared with a
Stability Ratio of about 724 by heating a lipid mixture having a 3:2:0.015 mole ratio of 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC), cholesterol, and methoxy-terminated
polyethylene glycol (MW 2000)-distearoylphosphatidyl ethanolamine (MPEG-2000-DSPE),
in the presence of triethylamine (TEA) and sucrose octasulfate (“SOS” or “sucrosofate™) in a
8:1 mole ratio [(TEA)sSOS] at a sulfate group concentration of 0.65 M to generate TEA-SOS
trapping agent liposomes. After removal of (TEA);SOS not encapsulated in the TEA-SOS
trapping agent liposomes, irinotecan was loaded into the resulting preparation containing the
TEA-SOS trapping agent liposomes using a solution of irinotecan under conditions resulting
in the removal of TEA and loading into the liposomes a total amount of irinotecan provided
by 500 g (x10%) of irinotecan anhydrous free base per mole of phospholipids in the TEA-
SOS trapping agent liposome preparation. The pH of the irinotecan liposome composition
was 6.5 (measured in accordance with the subsection “pH Measurements” in the Examples
section herein), with 4.3 mg of irinotecan moiety in the irinotecan liposomes per mL of the
irinotecan liposome composition. These phosphatidylcholine-containing liposomal irinotecan
compositions generated levels of lyso-PC in excess of 30 mol% (with respect to the total
amount of phosphatidylcholine in the irinotecan liposome compositions) during 3 months

(and over 35mol% lyso-PC generated during 9 months) of refrigerated storage (2-8°C).
y g

Calculation of Stability Ratios and Lyso-PC Amounts in Exemplary Embodiments

[0094] A series of different irinotecan liposome preparations were made according to the
methods described herein (additional experimental details for preparation and
characterization of each sample are included below in the Examples). The amount of lyso-PC
measured in each of the irinotecan liposome preparations is summarized in Table 1A (lyso-
PC measurements taken aftet 9 months of refrigerated storage) and Table 1B (lyso-PC
measurements taken after 6 months of refrigerated storage, for a sub-set of the samples listed
in Table 1A). Each irinotecan liposome preparation contained unilamellar bilayer liposomes
of about 110+20 nm, preferably 110410 nm in diameter encapsulating irinotecan with a
sucrose octasulfate trapping agent. The liposomes were formed from a mixture of DSPC,
cholesterol, and MPEG-2000-DSPE having a 3:2:0.015 molar ratio and then loaded with

irinotecan at a concentration of about 471 g irinotecan moiety (irinotecan or a salt thereof
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providing an amount of irinotecan moiety equivalent to 500 g (x10%) of irinotecan HCI
anhydrous) per mole phospholipid. Each irinotecan liposome preparation contained different
amounts of the SOS trapping agent and were formulated at different pH values. The amount
of lyso-PC was measured in each irinotecan liposome preparation at various times, including
a measurement of all samples after 9 months of continuous refrigerated storage (at 4 °C). All
samples in Table 1A were loaded using a protonated TEA counter-ion for SOS (i.e., loading

irinotecan into liposomes encapsulating various concentrations of TEA3SOS, as specified in

Table 1A).
Table 1A: [rinotecan Liposome Stability Ratio and Lyso-PC (after 9 months at 4 °C)°
Sample Molar (M) Stability Ratio pH [mol% Lyso~PC]
concentration of at 9 mos.
sulfate groups in
the sucrosofate
entrapped in the
liposomes
Comparator 0.65 724 6.5 354
(12)
] 0.45 1047 6.5 254
2 0.475 992 6.5 23.6
3 0.5 942 6.5 35.7
4 0.6 785 6.5 35.8
5 0.45 1047 7.25 11.1
6 0.45 1047 6.5 17.4
7 0.45 1047 7.25 8.1
8 0.45 1047 7.5 7.1
o 0.6 785 6.5 34.7
10 3.6 785 7.25 29
11 0.6 785 7.5 28.7
13 0.45 1047 7.25 13.8
14 0.65 724 6.5 32.1

2 Measured according to Method B, as described herein.

[0095] FIG. 2A shows a plot depicting the amount of lyso-PC measured in each sample in
Table 1A after 9 months of storage at 4 °C. Sample 12 is labeled as a Comparator in Table 1A
and FIG. 2A. Samples Having both a Stability Ratio greater than about 900 and a pH of
greater than 6.5 (e.g., 7.25 and 7.5) contained less than 20 mol% lyso-PC after 9 months of
refrigerated storage at 4 °C. FIG. 2C is a graph of the Stability Ratic values versus the relative
amounts of lyso-PC (mol%) of liquid irinotecan liposome compositions after 6 months of
storage at 4 °C (data in Table 6). The data points indicated with open circles correspond to
irinotecan samples having a pH of greater than 6.5 (7.25 or 7.5) measured after manufacture

but prior to storage. The data points indicated with diamonds correspond to irinotecan
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samples having a pH of 6.5, measured after manufacture but prior to storage. The Stability
Ratio was calculated as defined herein, during the manufacture of each sample. The mol%

lyso-PC was measured after the first 6 months of storage following the manufacture of each

sample.
Table 1B: Irinotecan Liposome Stability Ratio and Lyso-PC (after 6 months at 4 °C)®
Sample Molar (M} Stability Ratio pH [mol% Lyso-
concentration of PC] at 6 mos.
sulfate graups in the
sucrosofate
entrapped in the
liposomes

1 0.45 1047 6.5 19.5
2 0.475 992 6.5 17
3 0.5 942 6.5 26.5
4 0.6 785 6.5 302
5 0.45 1047 7.25 7.1
6 0.45 1047 6.5 14,6
7 0.45 1047 7.25 74
8 0.45 1047 7.5 54
9 0.6 785 6.5 29.8
10 0.6 785 7.25 24.1
11 0.6 785 7.5 22.8
13 0.45 1047 7.25 9.72

b Measured according to Method B, as described herein.

[0096]1 FIG. 2B shows a plot depicting the amount of lyso-PC measured in each sample in
Table IB after 6 months of storage at 4 °C. Samples having both a Stability Ratio greater than
about 989 and a pH of éreater than 6.5 (e.g., 7.25 and 7.5) contained less than 20 mol% lyso-
PC after 6 months of refrigerated storage at 4 °C.,

[0097] FIGS. 3A-3D are plots showing the mol% of lyso-PC in irinotecan liposome
preparations selected from Table 1A and 1B having a pH of 6.5. Lyso-PC was determined
after storage of each sample at 4 °C for 0, 1, 3, 6, 9, and/or 12 months, These plots include a
linear regression line to the data, as an estimate for the rate of increase in lyso-PC (mol%)
over time in each sample. A summary of the slope, y-intercept, and R? values for each FIG. is

shown in Table 1C below,
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Table 1C: Mol% of lyso-PC vs. refrigerated storage time (months) at pH 6.5

FIG. | Sample | Stability Ratio |  y-intercept Slope R?
(mol% lyso- | (mol% lyso-PC
PC) per month)
3A 1 1047 2.8 2.6 0.9909
3A 6 1047 4.8 1.5 0.97763
3B 2 992 3.5 2.2 0.9999
3B 3 942 6.8 3.2 0.9996
3C 4 785 11.1 2.8 0.9370
3D 12 724 14.3 2.3 0.6838
iD 14 724 9.6 2.4 0.9096

[0098] In some embodiments, the stability of an irinotecan liposome preparation containing
irinotecan SOS encapsulated in liposomes of about [00 nm (e.g., 100 = 20 nm) in diameter is
significantly increased in irinotecan liposomes where the Stability Ratio is greater than 942.
By maintaining the constant drug loading ratio of 500 g (10%) irinotecan moiety (as
explained above, based on the free base anhydrous) to total phospholipid, but varying the
concentration of SOS trapping agent, the effect of the Stability Ratio on the formation of
lyso-PC in the liposome preparation was evaluated. Table 2 provides a summary of the
amount of mol% lyso-PC detected in the irinotecan liposome preparations in Table |
formulated at the same pH as the (comparative) Sample 12 (6.5), but at different
concentrations of SOS trapping agent (i.e., at different Stability Ratios). Table 2 illustrates
that having a Stability Ratio of greater than 942 as to irinotecan liposomes containing a SOS
trapping agent and irinotecan reduce the formation of lyso-PC during refrigerated storage.
Reducing the amount of SOS trapping agent {i.e., increasing the Stability Ratio) by up to 30%
relative to the Comparator irinotecan liposome preparation resulted in a slight increase in the
amount of lyso-PC by about 1% after 9 months of refrigerated storage. However, increasing
the amount of SOS trapping agent in an irinotecan liposome preparation having a Stability
Ratio of above 942 results in a significant and unexpected decline in the amount of lyso-PC
(mol%) present after 9 months of refrigerated storage at 4 °C. For example, a subsequent 5%
incremental increase in the Stability Ratio above 942 (i.e., a Stability Ratio of 992 in Sample
2) resulted in a dramatic decrease of the amount of lyso-PC (mol%) present by 34%,
compared to Sample 3, equivalent to 2 33% decrease in the amount of lyso-PC (mol%s)
compared to Sample 12 (as measured at 9 months of refrigerated storage at 4 °C). Overall,
after 9 months of refrigerated storage at 4 °C, reductions of lyso-PC (mol%) of about 28-51%
were achieved by raising the Stability Ratio of irinotecan liposome above 942, compared to

Comparator Sample 12, In some embodiments, the irinotecan SOS liposome compositions

CSPC Exhibit 1106
Page 295 of 390



WO 2017/066726 PCT/US2016/057247
28

have a Stability Ratio of above 942, In preferred embodiments, the irinotecan SOS liposome
preparations have a Stability Ratio of 942-1130 or greater (e.g., Stability Ratios of 992-1047).
Table 2: Irinotecan Liposome Stability Ratio and Lyso-PC (after 9 months at 4 °C, pH 6.5)

| 2 3 4 5 6 7
Sample Stability | Lyso- %SR % lyso-PC | Incremental | Incremental
Ratio PC increase @ 9mos %SR % lyso-PC

@ relative to | relative to increase | (@ 9 months
: 9mos | comparator | comparator
12 724 354 0 0 0 0

(Comparator)
9 785 34.7 +8.3 -2 +8 -2
3 942 35.7 +30 +1 +20 +3
2 992 23.6 +37 -33 +5 -34
6 1047 17.4 +44 -51 +6 26
1 1047 254 +44 -28 +6 +8

[0099] Table 2 illustrates the criticality of having a Stability Ratio of greater than 942
(preferably greater than 950, and most preferably greater than 992) in stabilizing irinotecan
liposomes at pH 6.5 containing a SOS trapping agent and irinotecan, to reduce the formation
of intra-liposomal lyso-PC during refrigerated storage. Overall, reductions of intra-liposomal
lyso-PC of about 28-51% during storage for 6 months at 4 degrees C were achieved by
preparing irinotecan liposome compositions at pH 6 having a Stability Ratio above 950 (e.g.,
950-1050). Reducing the concentration of SOS trapping agent used in preparing the trapping
agent liposomes (i.e., increasing the Stability Ratio) by up to 30% relative to the
corresponding concentration of SOS trapping agent used to prepare the Comparator
irinotecan liposome preparation {compare samples 3 and 12) resulted in a slight increase in
the amount of lyso-PC by about 1% after 9 months of refrigerated storage. However,
increasing the amount of SOS trapping agent used to form the trapping agent liposomes prior
to irinotecan loading to form an irinotecan liposome preparation having a Stability Ratio of
992 or higher resulted in a significant and unexpected decline in the lyso-PC formation after
the first 9 months of refrigerated storage of the resulting irinotecan liposome after
manufacturing. For example, the data in Table 2 shows a 5% increase in the Stability Ratio
above 942 resulted in a 34% decrease in LysoPC after 9 months of storage at 4 degrees C
(Sample 2 compared to Sample 3). Increasing the Stability Ratio from 992 (Sample 2) to
1047 (a 6% increase in SR) resulted in a 26% reduction in Lyso-PC generated after 9 months
of storage at 4 degrees C (Sample 6 compared to Sample 2}, and an 8% increase in Lyso-PC

generated after 9 months of storage at 4 degrees C (Sample | compared to Sample 2).
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Accordingly, preferred irinotecan SQOS liposome compositions have a Stability Ratio of above
1000, including irinotecan SOS liposome preparations with a Stability Ratic of 1000-1200 or
greater (e.g., Stability Ratios of 1053-111).
[00100]) In some embodiments of the present invention, the stability of an irinotecan
liposome preparation containing irinotecan SOS encapsulated in liposomes of about 100+20
~nm, preferably 100£10 nm, in diameter is significantly increased by raising the pH of the
preparation after manufacture but prior to storage above pH 6.5. By maintaining the constant
drug loading ratio of 471 g or 500 g irinotecan moiety (as explained above, based on the free
base anhydrous) per mol phospholipid but varying the pH of the final pH of the irinotecan
liposome composition, the effect of the pH on the formation of lyso-PC in the liposome
preparation was evaluated. Table 3 provides a summary of the amounts of lyso-PC in
irinotecan liposome preparations in Table | formulated at different pH valuves. Table 3A
reports data from Table 1 for irinotecan liposome preparations, formed by loading liposomes
(encapsulating TEAsSOS at a sulfate group concentration of 0.6 M} with a total of 471 g
irinotecan moiety (as explained above, based on the free base anhydrous) per mole of
phospholipid (i.e., a Stability Ratio of 471/0.6 or 785). The % change in lyso-PC formation
was calculated with respect to both Sample 4 and Sample 9 {both of which had pH 6.5 after
manufacture but prior to storage). Table 3B reports data from Table 1 for irinotecan liposome
preparations, formed by loading liposomes (encapsulating TEA:SOS at a sulfate group
concentration of 0.45 M) with a total of 471 g irinotecan moiety (as explained above, based
on the free base anhydrous) per mole of phospholipid (e.g., a Stability Ratio of 471/0.45 or
1047). The % change in lyso-PC formation was calculated with respect to both Sample 1 and
Sample 6 (both of which had pH of 6.5 after manufacture but prior to storage).
Table 3A: Irinotecan Liposome Preparation pH and Lyso-PC (after 9 months at 4 °C, 471 g
irinotecanmoiety/mol phospholipid, 0.6 M SCS sulfate group concentration)

Sample Stability | Lyso- pH % lyso-PC @ | % lyso-PC @
Ratioc | PC@ 9mos relative | 9mos relative
9mos to Sample 4 | to Sample 9
4 785 35.8 6.5 0 +3%
9 785 34,7 6.5 -3% 0
10 785 29 7.25 -19% -16%
11 785 28.7 7.5 -20% -17%
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Table 3B: Irinotecan Liposome Preparation pH and Lyso-PC (after 9 months at 4 °C 471 g
irinotecan moiety/mol phospholipid, 0.45 M SOS trapping agent concentration)

Sample Stability | Lyso- pH % lyso-PC @ | % lyso-PC @
Ratio | PC@ 9mos relative to | 9mos relative
9mos Sample 1 to Sample 6
1 1047 25.4 6.5 0 +46%
6 1047 17.4 6.5 -31% 0
3 1047 11.1 7.25 -56% -36%
7 1047 8.1 7.25 -68% -53%
13 1047 13.8 7.25 -46% -21%
8 1047 7.1 7.5 -72% -59%

[00101] In the data in Tables 3A and 3B above, increasing the pH from 6.5 to 7.25 or 7.5
reduced the amount of lyso-PC by about 15-20% for irinotecan SOS liposomes having a
Stability Ratio of 785 (Table 3A) and by about 20-70% in irinotecan SOS liposomes having a
Stability Ratio of 1047 (Table 3B). This was unexpected in view of prior reports showing that
a pH of 6.5 as optimal for minimizing phosphatidylcholine hydrolysis (Grit, M et al,
“Hydrolysis of partially saturated egg phosphatidylcholine in aqueous liposome dispersions
and the effect of cholesterol incorporation on hydrolysis kinetics,” The Journal of pharmacy
and pharmacology (1993) v 45, Is 6, pp 430-495).

[00102] FIGS. 4A-4C depict plots showing the mol% of lyso-PC measured after storage of
each sample at 4 °C after 0, 1, 3, 6, and/or 9 months in irinotecan liposome preparations
having a pH of 7.25 or 7.5, selected from Table 1A and 1B. These plots include a linear
regression line for the rate of increase in lyso-PC over time in each sample. A summary of the
slope, y-intercept, and R? values for each FIG. is shown in Table 4 below. Lower amounts of
lyso-PC were observed in irinotecan liposome preparation samples having a Stability Ratio
above 942 (e.g., 1047) and pH of 7.25 or 7.5 (e.g., comparing samples 5, 7 and 13 to sample
10 in FIGS. 4A and 4C at pH 7.25, or comparing sample 8 in FIG. 4B to sample 11 in FIG.
4C at pH 7.5). Also, more lyso-PC was measured after 9 months in the itinotecan liposome
preparations having a Stability Ratio below 942 (e.g., 785 in Samples 10 and 11, both having

more than 20 mol% lyso-PC after 6 months, even at a pH above 6.5).
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Table 4: mol%s lyso-PC vs. refrigerated storage time (months) at pH >6.5

FIG. | Sample | pH Stability y-intercept (mol% Slope R?
' . Ratio lyso-PC) {mol% lyso-
PC per month)

4A 7 7.25 1047 24 0.63 0.9217
4A 5 7.25 1047 0.73 1.1 0.9946
Wl s 1047 12 14 0.9999
4B 8 7.50 1047 1.3 0.65 0.9805
4C 10 7.25 785 8.6 2.4 0.9732
4C 11 7.50 785 8.4 2.3 0.9731

Table 5: moi% lyso-PC at SR>942 after 6 and 9 months refrigerated storage

FIG. | Sample [ pH Stability | [mol% [mol% Lyso-PC)
Ratio Lyso-PC] | at @ mos.
at & mos.

3B 2 6.5 992 17 23.6

3A 1 6.5 1047 19.5 254

3A 6 6.5 1047 14.6 17.4

4A 5 7.25 1047 7.1 11.1

4A 7 7.25 1047 7.4 8.1

4B 13 7.25 1047 9.72 13.8

4B 8 7.5 1047 54 7.1

Additional Camptothecin Compositions

[00103] Camptothecin compositions can be extended-release compositions comprising one
or more camptothecin compound(s) and one or more phospholipid(s) that generate reduced
amounts of lyso-phospholipid(s) after periods of refrigerated storage, i.e., 2-8 °C, following
manufacturing of the camptothecin composition (e.g., starting when the camptothecin
composition is sealed in a sterile container for pharmaceutical administration.

[00104] The stabilized extended release compositions can include a matrix composition
comprising a camptothecin compound and phospholipid or other component(s) that can
hydrolyze to form lyso-phospholipids. The matrix composition can be configured as a
liposome encapsulating the one or more camptothecin compound(s) within a vesicle
comprising the phospholipid(s) and other components, such as cholesterol and a lipid
covalently linked to PEG.

[00105] In some embodiments of the present invention, the matrix composition is stabilized,
for example, by preparing the matrix composition with an amount of an anionic trapping

agent and an amount of a camptothecin compound, as well as a specific pH in the medium
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containing the matrix composition, effective to reduce the amount of lyso-phospholipid
formation in the matrix composition.

[00106] In some embodiments of the present invention, the extended-release composition is
a nanoparticle comprising triethylammonium sucrosofate (SOS) and irinotecan releasably-

* associated with a composition comprising a lipid and/or biocompatible polymer (e.g., a
cyclodextrin, biodegradable polymer such as PGA (polyglycolic acid), and/or PLGA
{poly{lactic-co-glycolic acid)}).

[00107] In other examples, the extended release formulation is a matrix composition
comprising a releasably-associated compound such as topotecan, etirinotecan, and/or
irinotecan (e.g., nanoparticles or polymers releasably entrapping or retaining the
camptothecin or camptothecin derivative compound), The matrix composition can include a
biccompatible polymer such as polyethylene glycol (PEG) or functionally equivalent
materials. In a preferred embodiment, the biocompatible polymer is polyethylene glycol
(MW 2000). In a more preferred embodiment, the biocompatible polymer is methoxy-
terminated polyethylene glycol (MW 2000).

[00108] In some embodiments, the extended release formulation can comprise a
camptothecin compound conjugated to a biocompatible polymer such as a cyclodextrin or
cyclodextrin analog (e.g., sulfated cyclodextrins). For example, the extended release
formulation can comprise a cyclodextrin-containing polymer chemically bound to a
camptothecin compound (e.g., itinotecan and/or SN-38). A cyclodextrin-camptothecin
conjugated compound can be administered at a pharmaceutically acceptable dose. Examples

~ of camptothecin-cyclodextrin conjugate include a cyclodextrin-containing polymer conjugate
and related intermediates.

[00109] In some embodiments of the present invention, the extended-release composition
comprising a lipid and/or biocompatible polymer comprises a lipid matrix and/or complexing
agent(s), such as cyclodextrin-containing compositions formulated to retain the camptothecin
compound(s) during storage and then release the compound within the patient’s body.
[00110] In some embodiments of the present invention, the matrix composition comprises a
phospholipid, such as a phosphatidylcholine derivative, that is stabilized to reduce the
formation of lyso-PC during refrigerated storage.

[00111] Preferably, the extended release composition is prepared by a multi-step process
comprising the steps of: (a) forming a matrix composition comprising a trapping agent, and
(b) contacting the matrix with the camptothecin compound under conditions effective to

stably retain the camptothecin compound in a resulting extended-release composition
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comprising the trapping agent and the camptothecin compound associated with the matrix
composition in a manner permitting the desired release of the camptothecin compound within
a subject’s body upon administration to the subject.

[00112] In a preferred embodiment, the extended-release composition of the present
invention contains irinotecan or a salt thereof in an irinotecan moiety concentration
equivalent to that provided by 4.3 mg/mL irinotecan free anhydrous base per mL, while also
containing less than about 1 mg/mL (or less than about 20 mol%a) lyso-PC at 6 months of
refrigerated storage at 4 °C. In a preferred embodiment, the extended-release composition of
the present invention contains irinotecan or a salt thereof in an irinotecan moiety
concentration equivalent to that provide by 4.3 mg/mL irinotecan free anhydrous base per
mL, while also containing less than about 2 mg/mL (or less than about 30 mol%) lyso-PC at
12 months of refrigerated storage 2-8 °C, even more preferably at about 4 °C.

[00113] The extended-release composition can comprise liposomes. Liposomes typically
comprise vesicles containing one or more lipid bilayers enclosing an aqueous interior.
Liposome compositions usually include liposomes in a medium, such as an aqueous fluid
exterior to the liposome. Liposome lipids can include amphiphilic lipid components that,
upon contact with aqueous medium, spontaneously form bilayer membranes, such as
phospholipids, for example, phosphatidylcholines. Liposomes also can include membrane-
rigidifying components, such as sterols, for example, cholesterol. In some cases, liposomes
also include lipids conjugated to hydrophilic polymers, such as, polyethyleneglycol (PEG)
lipid derivatives that may reduce the tendency of liposomes to aggregate and also have other
beneficial effects. One such PEG-lipid is N-(methoxy-PEG)-oxycarbonyl-distearoyl-
phosphatidylethanolamine, where PEG moiety has molecular weight of about 2000, or
MPEG-2000-DSPE. Liposomes typically have the size in a micron or submicron range and
are well recognized for their capacity to carry pharmaceutical substances, including
anticancer drugs, such as irinotecan, and to change their pharmaceutical properties in various
beneficial ways. Methods of preparing and characterizing pharmaceutical liposome
compositions are known in the field (see, e.g., Lasic D. Liposomes: From physics to
applications, Elsevier, Amsterdam 1993; G. Gregoriadis (ed.), Liposome Technology, 3
edition, vol. 1-3, CRC Press, Boca Raton, 2006; Hong et al., US Pat. 8,147,867, incorporated
by reference herein in their entirety for all purposes).

[00114] In some embodiments, the liposomes are prepared as described in one or more
Examples or other embodiments herein, but the concentration of the final liposome

composition is increased so that the formulation contains an irinotecan moiety concentration
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equivalent to irinotecan hydrochloride trihydrate at a concentration of about 10, 15, 20, 25,
30, 35, 40, 45, or 50 mg/mL. In some embodiments, the irinotecan moiety concentration is
equivalent to irinotecan hydrochloride trihydrate between 5-10, 10-20, 20-30, 30-40 or 40-50
mg/mL. In some embodiments, the liposome compositions mentioned under this section are
used to treat brain tumor or any other condition in a mammal, as described U.S. Patent No.
8,658,203, which is incorporated herein by reference in its entirety.

[00115] The formulation of liposomes encapsulating irinotecan can be an injectable
fonnulatic;n containing liposomes (including injectable formulations that can he subsequently
diluted with a pharmaceutically acceptable diluent prior to administration to a patient). In
some embodiments, the amount of irinotecan or a salt thereof is added to liposomes
containing one or more trapping agents, where the irinotecan is present at a concentration of
irinotecan moiety equivalent to, in grams of the irinotecan free anhydrous base, 200 g, 300 g,
400 g, 500 g, 600 g, or 700 g per mol phospholipid. In some embediments, the irinotecan is
present during the dnig loading process at a concentration of irinotecan moiety equivalent to,
in grams of the irinotecan free anhydrous base from 200 to 300 g, from 400 to 550 g, from
450 to 600 g, or from 600 to 700 g per mol phospholipid. Preferably, about 500 g (+10%)
moiety loaded into irinotecan liposomes per mol liposome phospholipid, including 471 g
irinotecan moiety per mol total irinotecan liposome phospholipid. Specific examples herein
include measurements of stabilized irinotecan liposomes containing 471 g irinotecan moiety
per mol total liposome ﬁhospholipid, as well as irinotecan liposomes containing 500 g
irinotecan moiety per mol total liposome phospholipid.

[00116] In some embodiments, the concentration of the irinotecan moiety equivalent to that
provided by the irinotecan free anhydrous base in the liposome preparation is about 2.5, about
3.0, about 3.5, about 4.0, about 4.3, about 4.5, about 5.0, about 5.5, or about 6.0 mg/mL. In
some embodiments, the concentration of the irinotecan moiety, equivalent to that provided by
the irinotecan free anhydrous base in the liposome preparation, is 2.5-3.5, 3.5-4.5, 4.5-5.5, or
5.5-6.5 mg/mL. Most preferably it is 4.5-5.5 mg/mL. In preferred embodiments, the
concentration of irinotecan moiety in the liposome preparation is about 4.3 mg/mL irinotecan
free base anhydrous per mL, and in a more preferred embodiment, it is 4.3 mg/mL irinotecan
free base anhydrous per mL. The liposome preparation can be a vial containing about 43 mg
irinotecan free anhydrous base in the liposome preparation having a volume of about 10 mL,
which can be subsequently diluted (e.g., into 500 mL of a pharmaceutically acceptable

diluent) prior to intravenous administration to a patient.
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[00117] Thus some embodiments of the invention provide a method of producing an
irinotecan liposome preparation comprising stabilized irinotecan liposomes encapsulating
irinotecan sucrose octasulfate (SOS) in an unilamellar lipid bilayer vesicle consisting of 1,2-
distearovl-sn-glycero-3-phosphocholine (DSPC), cholesterol, and methoxy-terminated
polyethylene glycol (MW 2000)-distearoylphosphatidyl ethanolamine (MPEG-2000-DSPE),
comprising the steps of: (a) contacting a solution containing irinotecan with a trapping agent
liposome encapsulating a triethylammonium (TEA) cation, and sucrose octasulfate (SOS)
trapping agent at a sulfate concentration of 0.4-0.5 M (provided from TEAsSOS) without
irinotecan under conditions effective to load 500 g (+£10%) of the irinotecan moiety per mol
phospholipid into the trapping agent liposome to form the irinotecan SOS liposomes, and (b)
combining the irinotecan SOS liposomes with 2-[4-(2-hydroxyethyl) piperazin-1-
yl]ethanesulfonic acid (HEPES) to obtain an irinotecan liposome preparation having a pH of
7.25-7.50, to obtain an irinotecan liposome preparation stabilized to form less than 10 mol%
lyso-phosphatidylcholine (lyso-PC) (with respect to the total amount of phosphatidylcholine
in the irinotecan liposomes) during 3 months of storage at 4 °C.

[00118] Storage stabilized irinotecan liposomes can be prepared in multiple steps
comprising the formation of a TEA containing liposome, followed by loading of irinotecan
into the liposome as the TEA leaves the liposome. The first step can include forming the
TEA-sucrosofate containing liposome by hydrating and dispersing the liposome lipids in the
solution of TEA sucrosofate. This can be performed, for example, by dissolving the lipids,
including DSPC and cholesterol, in heated ethanol, and dispersing the dissolved and heated
lipid solution in the TEA-sucroscfate aqueous solution at the temperature above the transition
temperature (Tw) of the liposome lipid, e.g., 60 °C or greater. The lipid dispersion can be
formed into liposomes having the average size of 75-125 nm (such as 80-120 nm, or in some
embodiments, 90-115 nm), by extrusion through track-etched polycarbonate membranes with
the defined pose size, e.g., 100 nm. The TEA-sucrosofate can include at least 8 molar
equivalents of TEA to each molar equivalent of sucrosofate to obtain a solution that can have
a sulfate concentration of about 0.40-0.50 M, and a pH (e.g., about 6.5) that is selected to
prevent unacceptable degradation of the liposome phospholipid during the dispersion and
exirusion steps (e.g., a pH selected to minimize the degradation of the liposome phospholipid
during these steps). Then, the non-entrapped TEA-SOS can be removed from the liposome
dispersion, e.g., by dialysis, gel chromatography, ion exchange or ultrafiltration prior to
irinotecan encapsulation. These liposomes can be stabilized by loading encugh irinotecan into

the liposomes to reduce the amount of TEA in the resulting liposome composition to a level
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that results in less than a given maximum [evel of lyso-PC formation after 180 days at 4 °C,
or, more commonly, at 5 + 3 °C, measured, e.g., in mg/mL/month, or % PC conversion into a
lyso-PC over a unit time, such as, mol% lyso-PC/ month. Next, the TEA exchanged from the
liposomes into the external medium during the loading process, along with any unentrapped
irinotecan, is typically removed from the liposomes by any suitable known process(es) (e.g.,
by gel chromatography, dialysis, diafiltration, ion exchange or ultrafiltration). The liposome
external medium can be exchanged for an injectable isotonic fluid (e.g. isotonic solution of
sodium chloride), buffered at a desired pH.

[00119] In some embodiments, irinotecan liposome compositions containing about 3.9-4.7
mg/mL of irinotecan and less than 20% lyso-PC after 180 days at 4 °C can be obtained when
the amount of TEA is less than about 25 ppm, or less about 20 ppm. Raising the pH of the
irinotecan liposome composition outside the liposome can also storage stabilize the irinotecan
sucrosofate liposomes containing more than 25 ppm TEA, resulting in irinotecan liposomes
having less than 20% additional lyso-PC formation after 180 days at 4 °C. For example,
irinotecan liposome compositions containing about 4-5 mg irinotecan/mL and 100 ppm of
TEA and having a pH of about 7-8 outside the liposome can also have less than 20% lyso-PC
formation after 180 days at 4 °C. In another example, liposome compositions containing
about 3.9-4.7 mg/mL irinotecan and a pH of the liposome outer medium in the range of 7-8,
with the amount of residual TEA of less than about 25 ppm (or preferably, less than 20 ppm),
the amount of lyso-PC accumulated in the liposome composition over 180 days at 4 degree C
can be 10 mol.% or less.

[00120] The invention thus provides an irinotecan liposome composition comprising
irinotecan sucrosofate encapsulated in a phospholipid liposome having a Lyso-PC Stability
Ratio of at least 990 {e.g., 990-1100, or about 1111)

[00121] The invention also provides an irinotecan liposome composition, the composition
comprising 4.3 mg/mL{x:10%) moiety equivalent to that provided by irinotecan free
anhydrous base and 0.4-0.5 M concentration of sulfate encapsulated in a vesicle comprising
DSPC and cholesterol in a 3:2 molar ratio, and a ratio of 400-600 g irinotecan /mol
phospholipid in the vesicle.

[00122] The invention also provides irinotecan liposome composition comprising a total of
about 4.3 mg irinotecan moiety/mL, with at least 98% of the irinotecan being encapsulated
with sucrose octasulfate (SOS) at a irinotecan:SOS mole ratio of about 8:1 within a liposome
composition, the liposomes having an average size of 75-125 nm. The size of the stabilized

high-density irinotecan liposomes is preferably about 110 nm (£20 nm), and more preferably
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110 nm (+10 nm) (measured after liposomal drug loading). Preferably, at least about 95% of
the irinotecan in the pharmaceutical composition is encapsulated within the liposome. The
liposome preferably comprises DSPC and cholesterol in a 3:2 molar ratio.

[00123] The invention can also provide a method of producing a pharmaceutical comprising
stabilized irinotecan liposomes encapsulating irinotecan sucrose octasulfate (SOS) in an
unilamellar lipid bilayer vesicle consisting of 1,2-distearoyl-sn-glycero-3-phosphocholine
(DSPC), cholesterol, and methoxy-terminated polyethylene glycol (MW 2000)-
distearoylphosphatidyl ethanolamine (MPEG-2000-DSPE), comprising the steps of: (a)
contacting irinotecan with a trapping agent liposome encapsulating a triethylammonium
(TEA) cation, and sucrose octasulfate (SOS) trapping agent at a sulfate concentration of 0.4-
0.5 M, as TEAsSOS without irinotecan under conditions effective to load the irinotecan
moiety into the trapping agent liposome and permit the release of the TEA cation from the
trapping agent liposome, to form the irinotecan SOS liposomes, (b) combining the irinotecan
SOS liposomes with 2-[4-(2-hydroxyethyl) piperazin- [-ylJethanesulfonic acid (HEPES) to
obtain an irinotecan liposome preparation having a pH of 7.25-7.50, to obtain an irinotecan
liposome preparation stabilized to form less than 10 mol% lyso-phosphatidylcholine (lyso-
PC) (with respect to the total amount of phosphatidylcholine in the irinotecan liposomes)
during 3 months of storage at 4 °C, and (c) formulating the combination of irinotecan SOS
liposomes and HEPES as a pharmaceutical.

[00124] In some embodiments of these methods, the irinotecan SOS liposomes in the
irinotecan liposome preparation contain a total of less than 100 ppm TEA. In some
embodiments, the unilamellar lipid bilayer vesicle consists of 6.81 mg/mL 1,2-distearoyl-sn-
glycero-3-phosphocholine (DSPC), 2.22 mg/mL cholesterol, and .12 mg/mL methoxy-
terminated polyethylene glycol (MW 2000)-distearoylphosphatidy] ethanolamine (MPEG-
2000-DSPE). In some embodiments, the irinotecan liposome preparation comprises a total of
500 g (+10%) irinotecan per mol of total stabilized irinotecan liposome phospholipid, and at
least 98% of the irinotecan in the irinotecan liposome preparation is encapsulated within the
irinotecan liposomes. In some embodiments, the irinotecan liposome preparation further
comprises 4.05 mg/mL 2-[4-(2-hydroxyethyl} piperazin- I-yl]Jethanesulfonic acid (HEPES).
In some embodiments, the irinotecan liposome preparation further comprises 8.42 mg/mL
sodium chloride. In some embodiments, the irinotecan liposome preparation, has an
irinotecan moiety concentration equivalent to that provided by about 4.3 mg/mL irinotecan
free anhydrous base. In some embodiments, the stabilized irinotecan liposomes encapsulate

irinotecan and SOS in a compound of formula (1), where x=8.
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[00125] In some embodiments, the composition contains less than 2 mol% lyso-PC after 3
months of storage at 2-8 °C. [n some embodiments, the composition contains less than 5
mol% lyso-PC after 3 months of storage at 2-8 °C. In some embodiments, the liposomal
composition contains less than 10 mol% lyso-PC after 6 months of storage at 2-8 °C. In some
~ embodiments, the composition contains less than 10 mel% lyso-PC after 9 months storage at
2-8 °C, In some embddiments, the composition contains less than 5 mol% lyso-PC after 6
months of storage at 2-8 °C. In some embodiments, the composition contains less than 5
mol% lyso-PC after 9 months storage at 2-8 °C. In some embodiments, the composition
contains less than 2 mol% lyso-PC after 6 months of storage at 2-8 °C. In some
embodiments, the composition contains than 2 mol% lyso-PC after 9 months storage at 2-3
°C. In some embodiments, the composition contains less than 10 mof% lyso-PC after 12
months storage at 2-8l °C. In some embodiments, the composition contains less than 5 mol%
lyso-PC after 12 months storage at 2-8 °C. In some embodiments, the composition contains
less than 2 mol% lyso-PC after 12 months storage at 2-8 °C. In some embodiments, the
composition containing less than 10 mol% lyso-PC after 24 months storage at 2-8 °C. In
some embodiments, the composition contains less than 5 mol% lyso-PC after 24 months
storage at 2-8 °C. In some embodiments, the composition contains less than 2 mol% lyso-PC
after 24 months storage at 2-8 °C. In some embodiments, the composition contains less than
100 ppm of a substituted ammeonium. In some embodiments, the composition contains
between 20 and 80 ppm of a substituted ammonium compound, which is protonated TEA or
DEA.
100126] In other embodiments, the stabilized camptothecin composition is provided as a kit
comprising one or more component vials for the preparation of the camptothecin
composition. For example, a kit for the preparation of liposomal irinotecan can include the
following (stored in separate containers or separate portions of the same container:
* an irinotecan sclution (e.g., irinotecan HCI for injection);
* a liposome encapsulating a trapping agent (e.g., trapping agent liposomes formed
from a sucrose octasulfate solution); and
e instructions for combining the irinotecan solution and the trapping agent liposomes to
form a liposomal irinotecan composition comprising a therapeutically effective
amount of irinotecan encapsulated in liposomal irinotecan liposomes (e.g., $00 g
(£10%) irinotecan per mol total phospholipid in the trapping agent liposomes, and

4.3 mg total irinotecan per mL of liposomal irinotecan composition).
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Therapeutic Use of Camptothecin Compositions

[00127] The camptothecin compositions - including irinotecan liposomes and other
compositions and preparations disclosed herein of the invention can be used in therapy and
methods of treatment, and or in the preparation of medicaments for the treatment of disease,
such as cancer. In some embodiments, a therapy comprises administration of a camptothecini
composition for the treatment of cancer. For example the cancer is selected from the group
consisting of basal cell cancer, medulloblastoma cancer, liver cancer, rhabdomyosarcoma,
lung cancer, bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck,
cutaneous or intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of
the anal region, stomach cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the
fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, Hodgkin's disease, cancer of the esophagus, cancer of the
small intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic lymphomas,
cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma, carcinoma of the
renal pelvis, neoplasms of the central nervous system, primary central nervous system
lymphoma, spinal axis tumors, brain stem glioma and pituitary adenoma, or a combination of
one or more of these cancers. In some embodiments the cancer is pancreatic cancer,
optionally adenocarcinoma of the pancreas, such as metastatic adenocarcinoma of the
pancreas, for example where disease progression has occurred following gemcitabine-based
therapy. In some embodiments the cancer is ovarian cancer. In some embodiments the cancer
is small cell lung cancer. In some embodiments, the cancer is biliary tract cancer.

[00128] When used as a therapy, the liposome composition may be used in a treatment
regimen with one or more other compounds or compasitions. The administration of the
liposome composition with one or more other compounds or compositions may be
simultaneous, separate or sequential. The one or more other compounds or compositions may
be further therapeutics, e.g. further anticancer agents, or may be compounds which are
designed to ameliorate the negative side effects of the therapeutic agents. In some
embodiments, the liposome composition is administered with leucovorin. In some
embodiments, the liposome composition is administered with 5-fluorouracil (5-FU). In some
embodiments, the liposome composition is administered with leucovorin and 5-fluorouracil

(5-FU). This three-way regimen can be used to treat pancreatic cancer, as discussed in the
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previous paragraph. 5-FU can be administered at a dose of 2400 mg/m?, and leucovorin can
be administered at a dose of 200 mg/m2 (1 form) or 400 mg/m? (1 + d racemic form). In
some embodiments, the composition is also administered in a treatment regimen with
gemcitabine,

[00129] In some embodiments where the liposome composition is used to treat ovarian
cancer, the liposome compositicn is administered with a PARP (poly ADP ribose
polymerase) inhibitor.

[00130] In some embodiments, the extended release matrix can be a nanoparticle (e.g. silica
or polymer) or a polymer aggregate (e.g., PEG polymer) configured to retain the trapping
agent. During drug loading, the matrix can be contacted with the camptothecin compound
under conditions effective to retain both the camptothecin compound and the trapping agent,
forming the stable extended release formulation.

[00131] In some embodiments, stabilized camptothecin composition is an irinotecan SOS
lippsome preparation is formulated for intraparenchymal administration to a patient during a
convection enhanced delivery therapy. The concentration of the irinotecan moiety, equivalent
to that provided by the irinotecan free anhydrous base in the final liposome preparation is
about 17, about 20, about 25, about 30, about 35, or about 40 mg/mL. In some embodiments,
the concentration of the irinotecan moiety, equivalent to that provided by the irinotecan free
anhydrous base in the final liposome preparation is 17-20, 17-25, 17-30, 17-35, or 17-40
mg/mL. Most preferably, the total concentration of the irinotecan moiety, equivalent to that
provided by the irinotecan free anhydrous base (e.g., as irinotecan sucrose octasulfate) in the
irinotecan liposome preparation is 17 mg/mL, or 35 mg/mL. The liposome preparation can be
in a sterile container enclosing irinotecan sucrose cctasulfate liposomes in the liposome
preparation at an irinotecan moiety concentration equivalent to that provided by about 17
mg/mL or about 35 mg/mL or 17-35 mg/ml irinotecan free anhydrous base for local
administration to a patient {e.g., into the brain of a patient diagnosed with a glioma, to a
location within the brain as part of a convection enhanced delivery therapy). The 17-35
mg/mL concentration of irinotecan liposomes can be equivalently expressed as the amount of
irinotecan free anhydrous base present in 20-40 mg of irinofecan hydrochloride trihydrate,
per mL of the irinotecan [iposome preparation. For example, the liposomal irinotecan
preparation can be administered into the brain of a patient (e.g., via one or more catheters
surgically placed in an intra-turnoral location) at doses providing a total of irinotecan moiety
equivalent to that provided by 17 mg, 26 mg, 52 mg, or 70 mg total irinotecan free anhydrous

base. The irinotecan total volume of the irinotecan liposome preparation delivered into the
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intra~tumoral location within the brain of the patient can be about 1-2 mL (e.g., 1.0, 1.5, or
2.0 mL) over a period of about 2-4 hours (e.g., 2-3 hours, 3-4 hours, or 2-4 hours).

[80132] The irinotecan liposomes preferably contain irinotecan sucrosofate encapsulated
within a vesicle formed from lipids comprising DSPC and cholesterol in a 3:2 molar ratio.
The vesicle can also contain a polyethylene-glycol (PEG) derivatized phospholipid, such as
MPEG-2000-DSPE. The amount of MPEG-2000-DSPE can be less than 1 mol% of the
liposome lipid (e.g, about 0.3 mol.% in a vesicle consisting of DSPC, cholesterol and MPEG-
2000-DSPE in a 3:2:0.015 molar ratio). The PEG can be distributed on both the inside and
the outside of the liposome lipid vesicle enclosing the irinotecan. The encapsulated irinotecan
is preferably in the form of a salt with sulfate ester of sucrose (sucrosofate), such as
irinotecan sucrosofate (CAS Registry Number 13613 17-83-0). Preferably, at least 95% and
most preferably at least about 98% of the irinotecan in the irinotecan liposome composition is
encapsulated within a liposome vesicle, with a total irinotecan moiety concentration of about
3.87-4.73 mg irinotecan (free anhydrous base) per mL of the irinotecan liposome
composition. The pH of the irinotecan liposome composition is preferably about 6.5-8.0
outside the liposome, or about 6.6-8.0, 6.7-8.0, 6.8-8.0, 6.9-8.0, or 7.0-8.0, and preferably
about 7.2-7.6. In some embodiments, the pH is about 7.2-7.5. In some embodiments, the pH
is about 7.25. In other embodiments, the pH is about 7.25-7.5. In other embodiments, the pH
is about 7.4-7.5.

Combination Embodimenits

[00133] The features from the numbered embodiments herein can be combined with features
from other embodiments disclosed here, including both embodiments referring to
compositions and embodiments referring to preparations.

[00134] The methods set out above share features in common with the embodiments of the
compositions and preparations set out elsewhere in the specification because they relate to the
production of these compositions and prepatations. Features disclosed in respect of the
compositions and preparations may also be combined with the methods disclosed in the
preceding paragraph. Accordingly, the features of the preceding subsections, and elsewhere
herein, such as in the numbered embodiments section below, can be combined with the
features disclosed in the methods in the paragraphs of this subsection.

J00135] For example, the following are examples of various combinations of embodiments
disclosed and/or exemplified herein:

* An irinotecan liposome composition that, after storage for 180 days at 4 degrees C,
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contains about 3.9-4.7 mg/ml of irinotecan moiety and less than 20% lyso-PC.

¢ An irinotecan liposome composition comprising irinotecan sucrosofate encapsulated in a
phospholipid liposome having a lyso-PC Stability Ratio of at least 990 (e.g., 990-1100, or
about 1111).

¢ Anirinotecan liposdme composition, the composition comprising 4.3 mg/mL{%10%)
irinotecan moiety and 0.4-0.5 M concentration of sulfate encapsulated in a vesicle
comprising DSPC and cholesterol in a 3:2 molar ratio, and a ratio of 450-550 g irinotecan
/mol total phospholipid in the vesicle.

e An irinotecan liposome composition comprising a total of about 4.3 mg irinotecan
moiety/mL, with at least 98% of the irinotecan being encapsulated with sucrose
octasulfate (S08) at a irinotecan:30OS mole ratio of about 8:1 within a liposome
composition, the liposomes having an average size of 75-125 nm.

e The composition of any preceding embodiment, wherein the irinotecan liposome is
obtained by a process comprising the step of contacting irinotecan with
triethylammonium (TEA) sucrosofate encapsulated within the phospholipid liposome.

e The composition of the preceding embodiment, wherein the concentration of TEA-SOS is
about 0.40-0.50 M.

¢ The composition of any of the preceding embodiments, wherein the size of the liposome
is about 110 nm (£10%).

« The composition of any of the preceding embodiments, comprising about 433 g
irinotecan moiety/mol phospholipid.

¢ The composition of any of the preceding embodiments, wherein the irinotecan liposome
composition contains less than about 100 ppm of triethylamine.

¢ The composition of any of the preceding embodiments, wherein the irinotecan liposome
composition is a solution of liposomes in a liquid, wherein the liquid outside of the
irinotecan liposomes has a pH of about 7.0-8.0, for example 7.25-7.5, such as 7.25,
optionally wherein the liquid outside of the irinotecan liposomes is a pharmaceutically
acceptable injectable fluid.

¢ The composition of any preceding embodiments, comprising irinotecan moiety in the
amount equivalent to that provided by 4.5-5.5 mg/ml irinotecan hydrochloride trihydrate.

¢ The composition of any preceding embodiments, wherein at least about 95% of the
irinotecan in the irinotecan liposome composition is encapsulated within the liposome,

e The composition of any of the preceding embodiments, wherein the liposome comprises
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DSPC and cholesterol in a 3:2 molar ratio, such as wherein the liposome comprises
DSPC, cholesterol, and MPEG(2000)-DSPE at the molar ratio of 3:2:0.015.

e The composition of any of the preceding embodiments, having a Stability Ratio of 990-
1200.

s The composition of any of the preceding embodiments having liposomally encapsulated
irinotecanfsucrosofa.te gram-equivalent ratio of at least 0.9, at least 0.95, at least 0.98, at
least 0.99 or essentially 1.0.

o The composition of any of the preceding embodiments wherein liposome phospholipid
contains no more than 20 mol% lyso-PC after storage for 180 days at about 4 degrees C.

¢ The composition of any of the preceding embodiments wherein the irinotecan liposome
composition further comprises a pharmaceutically acceptable injectable fluid having a pH
of about 7.0-8.0 outside the irinotecan liposome, comprises 4.3 mg/mL irinotecan
calculated as a free base, and is optionally obtained by a process comprising the step of
contacting irinotecan with triethylammonium (TEA) sucrosofate encapsulated within the
phospholipid liposome, optionally having a concentration of encapsulated TEA
sucrosofate of about 0.40-0.50N,

¢ The composition of any preceding embodiments wherein the composition comprises
about 433 g irinotecan moiety/mol phospholipid, and not more than about {00 ppm of
triethylammonium encapsulated within the phospholipid liposome.

o The composition of any preceding embodiments which has an encapsulated
irinotecan/sucrosofate gram-equivalent ratio of at least 0.9,

~* The composition of any preceding embodiments in which at least 90%, such as at least
92%, at least 95%, at [east 96%, at least 97%, at least 98% or at least 99% (in other
words, essentially all) of the encapsulated irinotecan sucrosofate is in the precipitated or
gelated form of a stoichiometric salt comprising eight molecules of irinotecan per one
molecule of sucrosofate.

¢ The composition of any preceding embodiments, in which at least 98%, such as at least
99%, of the encapsulated irinotecan sucrosofate is in the precipitated or gelated form of a
stoichiometric salt cbmprising cight molecules of irinotecan per one molecule of
sucrosofate.

¢ The irinotecan liposome composition of any preceding embodiment having no more than

about 100 ppm of triethylammonium (TEA).
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e The irinotecan liposome composition of any preceding embodiment, having no more than
about 20 ppm of triethylammonium (TEA).

e The irinotecan liposome composition of any preceding embodiment having a total volume
of about 10 mL.

e The irinotecan liposome composition of any preceding embodiment, comprising 6.81
mg/mL 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), 2.22 mg/mL cholesterol,
and 0.12 mg/mL methoxy-terminated polyethylene glycol (MW 2000)-
distearoylphosphatidy| ethanolamine (MPEG-2000-DSPE).

¢ The irinotecan liposome composition of any preceding embediment, comprising
polyethylene glycol both inside and the outside of the irinotecan liposome.

e A stabilized injectable unit dose irinotecan liposome composition formulated for
administration to a patient, the composition comprising a dose of irinotecan sufficient to
deliver 70 mg irinotecan per m? of the patient body surface area, wherein:

o at least 99% of the irinotecan is encapsulated in a vesicle comprising phospholipid
and cholesterol and wherein up to 20 mol.% of the phospholipid is lyso-PC, the
balance being DSPC, wherein the vesicle is in an injectable fluid having the pH in
the range of 7.0-8.0; or

o the injectable unit dose liposome composition is a unit dose of the liposome
compositions of any one of the embodiments above.

s An injectable irinotecan liposome unit dosage form comprising:

o at least about 98% of the irinotecan in the unit dosage form encapsulated ina
liposome comprising phospholipid, said phospholipid containing not more than
about 20 mol.% lyso-PC; and

o a liposome composition according to any one of the embodiments above.

e The unit dosage form disclosed in an embodiment above, wherein the irinotecan is
encapsulated in a vesicle enclosed by a lipid membrane consisting essentially of 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC), cholesterol, and methoxy-terminated
polyethylene glycol (MW 2000)-distearoylphosphatidyl ethanolamine (MPEG-2000-
DSPE).

¢ The unit dosage form of embodiment 29 or 30, wherein the unit dosage form comprises at
least about 6.81 mg/mL 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), about 2.22
mg/mL cholesterof, and about 0.12 mg/mL methoxy-terminated polyethylene glycol
(MW 2000)-distearoylphosphatidy] ethanolamine (MPEG-2000-DSPE}) L.
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The unit dosage form of any of the embodiments 29-3 |, wherein the unit dosage form
further comprises 2-[4-(2-hydroxyethyl) piperazin-1-yl]ethanesulfonic acid (HEPES) as a
buffer'and sodium chloride as an isotonicity reagent.

The liposome composition according to any one of embodiments 1-27, or unit dose
according to any one of embediments 29-32, for use in therapy.

The liposome composition or unit dose disclosed in an embodiment herein for use in
treating cancer.

The liposome composition or unit dose for use disclosed in an embodiment herein,
wherein the cancer is selected from the group consisting of basal cell cancer,
medulloblastoma cancer, liver cancer, rhabdomyosarcoma, [ung cancer, bone cancer,
pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or intraccular
melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the fallopian
tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's disease, cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the central nervous system, primary central
nervous system lymphoma, spinal axis tumors, brain stem glioma and pituitary adenoma,
or a combination of one or more of these cancers.

The liposome composition or unit dose according to any above embodiment, wherein the
cancer is pancreatic cancer, optionally adenocarcinoma of the pancreas, such as
metastatic adenocarcinoma of the pancreas, for example where disease progression has
occurred following gemcitabine-based therapy.

The liposome composition or unit dose according to any above embodiment, wherein the
cancer is colon cancer.

The liposome composition or unit dose according to any above embodiment, wherein the
liposome composition or unit dose is for use with leucovorin and/or 5-flurouracil,
optionally wherein administration of liposome composition or unit dose, leucovorin

and/or 5-flurouracil is simultaneous, separate or sequential.
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The liposome composition or unit dose according to any one of embodiments above,
wherein the liposome is administered in a dose to provide an amount of irinotecan
equivalent to 80 mg.‘frn‘z of irinotecan hydrochloride trihydrate.

A method of treating metastatic adenocarcinoma of the pancreas after disease progression

following gemcitabine-based therapy in patient in need thereof, comprising intravenously

administering to the patient an injectable irinotecan liposome unit dosage form of any of
the embodiments herein or the unit dose according to any embodiments above,

comprising at least about 98% of the irinotecan in the unit dosage form encapsulated in a

liposome comprising phospholipid containing less than about 20% lysc-PC in an amount

providing an amount of irinotecan equivalent to 80 mg/m? of irinotecan hydrochloride
trihydrate

A storage stabilized liposomal irinotecan composition having a pH of 7.00-7.50 and

comprising a dispersion of irinotecan liposomes encapsulating irinotecan sucrose

octasulfate in unilamellar bilayer vesicles consisting of cholesterol and the phospholipids
1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC) and methoxy-terminated
polyethylene glycol (MW 2000)-distearoylphosphatidyl ethanolamine (MPEG-2000-

DSPE), at a concentration of irinotecan moiety equivalent to, in g of irinotecan free

anhydrous base, 500 mg irinotecan per mmol total liposome phospholipid and 4.3 mg

irinotecan per mL of the liposomal irinotecan composition, the storage stabilized

liposomal irinotecan composition stabilized to form less than 1 mg/mL Lyso-PC during 6

months of storage at 4 °C,

The liposomal irinotecan composition of an embodiment above, made by a process

comprising steps of:

(a) forming a lipid dispersion in a solution made from DEA3SOS having a sulfate
concentration of from 0.4 te 0.5 M and a pH between from 5 to 7, the lipids in said
dispersion being DSPC, cholesterol and MPEG-2000-DSPE in an about 3:2:0.015,
respectively, mole ratio;

{b) extruding the lipid dispersion between 60-70 °C through at least one 0.1 pm
membrane to form liposomes;

(c) substantially removing ions derived from DEA;SOS and/or DEASOS that are outside

the liposomes;
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(d} contacting the liposomes at a temnperature between 60-70 °C with a solution made
using irinotecan free base or irinotecan salt, thereby forming a preparation of
liposomes encapsulating irinotecan;

(e) substantially removing substances derived from the TEA3SOS and/or DEA;SOS and
irinotcan ingredients that are outside the liposomes; and

(f) adjusting the pH of the composition to be from 7.0 to 7.5.

¢ The liposomal irinotecan composition of any embodiment above, wherein the lipid
dispersion is extruded through at least two stacked 0.1 um polycarbonate membranes.

* The liposomal irinotecan composition of any embodiment above, where the liposomes
have a mean size of 110 nm as determined by dynamic light scattering and where the size
is determined by the method of cumulants.

¢ The liposomal irinotecan composition of any embodiment above, having a total irinotecan
moiety content equivalent to of 4.3 mg/m] irinotecan free base anhydrous.

¢ The liposomal irinotecan composition of any embodiment above, wherein:

in step (a) the liposomes are formed from DEA3SOS having a sulfate concentration of
between 0.43-0.47 M; and

in step (d) the solution made using irinotecan free base or an irinotecan salt has an
irinotecan moiety content equivalent to 500 g {(x10%) of irinotecan free base anhydrous
per mole of DSPC; and

in step (f) adjusting the pH of the composition to be from 7.2 to 7.3.

*  The liposomal composition of any one of the previous embodiments, containing less than
1 mol% lyso-phosphatidylcholine (lyso-PC) prior to storage at about 4 °C, and 20 mol%
or less (with respect to total lippsome phospholipid) of lyso-PC after 180 days of storage
at about 4 °C.

s The liposomal composition of any embodiment above, containing 20 mol% or less (with
respect to total liposome phospholipid) of lyso-phosphatidylcholine (lyso-PC) after 6, 9 or
12 months of storage at about 4 °C.

s The liposomal irinotecan composition of any embodiment above, comprising a total of
6.1 to 7.5 mg DSPC/m], 2 to 2.4 mg cholesterol /ml, and 0.11 to 0.13 mg MPEG-2000-
DSPE/m], all in an aqueous isotonic buffer.

# The liposomal irinotecan composition of any embodiment above, wherein the liposomal
irinotecan comprises the irinotecan liposomes in an isotonic HEPES aqueous buffer at a

concentration of between 2 and 20 mM.
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¢ The liposomal irinotecan composition of any embodiment above, further comprising
sodium chloride at a concentration of from 130-160 mM.

¢ The liposomal irinotecan composition of any embodiment above, wherein the irinotecan
encapsulated in the liposomes is in a gelated or precipitated state as a sucrose octasulfate
salt.

"o The liposomal irinotecan composition of any embodiment above, wherein the irinotecan
liposomes have a diameter of 95-115 nm, as measured by quasi-elastic light scattering.

e The liposomal irinotecan composition of any embodiment above, comprising a total of
6.81 mg DSPC/ml, 2.22 mg cholesterol /ml, and 0.12 mg MPEG-2000-DSPE/ml, 4.05
mg/mL HEPES aqueous buffer and 8.42 mg sodium chloride/mL.

¢ The liposomal irinotecan composition of any embodiment above, having a pH of 7.25,
wherein the irinotecan liposomes have a diameter of 110 nm as measured by quasi-elastic
light scattering.

e The liposomal irinotecan composition of any embodiment above, forming less than 1
mg/mL lyso-phosphatidylcholine (lyso-PC) after 6 months of storage at about 4 °C.

¢ The liposomal irinotecan composition of any embodiment above, made by a process
comprising steps of:

{a) forming a lipid d.ispersion in a solution of DEAgSOS having a sulfate concentration of
about 0.45 M and a pH of about 6.5, the lipids in said dispersion consisting of 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC), cholesterol and methoxy-terminated
polyethylene glycol (MW 2000)-distearoylphosphatidy] ethanciamine (MPEG-2000-
DSPE) in a mole ratio of 3:2:0.015, respectively;

(b) extruding the lipid dispersion between 60-70 °C through at least one 0.1 pm
membrane to form liposomes;

{c) removing ions derived from DEA3sSOS that are outside the liposomes;

(d) contacting the liposomes at a temperature between 60-70 °C with a solution made
using irinotecan hydrochloride trihydrate, to form a preparation of liposomes
encapsulating about 500 g (£10%) irinotecan per mol total liposome phospholipid;

(e) removing substances derived from the TEAsSOS and irinotcan ingredients that are
outside the liposomes; and

(f) adjusting the pH of the composition to be about 7.3.

¢ The liposomal irinotecan composition of any embodiment above, comprising a total of
less than 100 ppm of DEA.
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- & The liposomal irinotecan composition of any embodiment above, comprising a total of
less than 100 ppm of DEA,

o The liposomal irinotecan composition of any embodiment above, wherein at least 98% of
the irinotecan is encapsulated in the irinotecan liposomes after 6 months of storage at
about 4 °C,

# An irinotecan liposome preparation comprising stabilized irinotecan Jiposomes
encapsulating irinotecan sucrose octasulfate (SOS) in an unilamellar lipid bilayer vesicle
approximately 110 nm in diameter consisting of 1,2-distearoyl-sn-glycero-3-
phosphocheline (DSPC), cholesterol, and methoxy-terminated polyethylene glycol (MW
2000)-distearoylphosphatidyl ethanclamine (MPEG-2000-DSPE), wherein the stabilized
irinotecan liposomes are obtained by a process comprising the steps of:

{a) contacting irinotecan with a trapping agent liposome encapsulating a
diethylammonium (DEA) cation and sucrose octasulfate (SOS) trapping agent at a
concentration of 0.4-0.5 M (based on sulfate group concentration) as TEASOS
without irinotecan under conditions effective to load 500 g {x10%) of the irinotecan
moiety per mol total liposome phospholipid into the trapping agent liposome and
permit the release of the DEA cation from the trapping agent liposome, to form the
irinotecan SOS liposomes, and

(b} combining the irinotecan SOS liposomes with 2-[4-(2-hydroxyethyl) piperazin-1-
yl]ethanesulfonic acid (HEPES) to obtain an irinotecan liposome preparation having a
pH of 7.25-7.50, to obtain an irinotecan liposome preparation stabilized to form less
than 10 mol% lyso-phosphatidylcholine (lyso-PC) (with respect to the total amount of
phosphatidylcholine in the irinotecan liposomes) during 3 months of storage at 4 °C.

o The irinotecan liposome preparation any embodiment above, wherein the irinotecan 303
liposomes in the irinotecan liposome preparation contain a total of less than 100 ppm
TEA.

e The irinotecan liposome preparation of any embodiment above wherein the unilamellar
lipid bilayer vesicle consists of 6.81 mg/mL 1,2-distearoyl-sn-glycero-3-phosphocholine
(DSPC}, 2.22 mg/mL cholesterol, and 0.12 mg/mL methoxy-terminated polyethylene
glycol (MW 2000)-distearoylphosphatidy! ethanclamine (MPEG-2000-DSPE).

o The irinotecan liposome preparation of any embodiment above, comprising a total of 500
mg irinotecan per mol of total stabilized irinotecan liposome phospholipid, and at least

98% of the irinotecan in the irinotecan liposome preparation is encapsulated within the
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irinotecan liposomes.

* The irinotecan liposome preparation of any embodiment above, wherein the irinotecan
liposome preparation further comprises about 4.05 mg/mL 2-[4-(2-hydroxyethyl)
piperazin- | -yl}ethanesulfonic acid (HEPES) at a pH of about 7.25-7.50.

=  The irinotecan liposome preparation of any embodiment above, wherein the irinotecan
liposome preparation further comprises about 8.42 mg/mL sodium chloride.

s The irinotecan liposome preparation of any embodiment above, having a total of about
4.3 mg irinotecan per mL of the irinotecan liposome preparation.

¢ The composition of any preceding embodiment, wherein the irinotecan liposome is
obtained by a process comprising the step of contacting irinotecan with ammonium
encapsulated within the phospholipid liposome.

* An irinotecan liposome preparation comprising stabilized irinotecan liposomes
encapsulating irinotecan sucrose octasulfate (808) in an unilamellar lipid bilayer vesicle
approximately 110 nm in diameter consisting of 1,2-distearoyl-sn-glycero-3-
phosphocholine (DSPC), cholesterol, and methoxy-terminated polyethylene glycol (MW
2000)-distearoylphosphatidyl ethanolamine (MPEG-2000-DSPE), wherein the stabilized
irinotecan liposomes are obtained by a process comprising the steps of:

(a) contacting irinatecan with a trapping agent liposome encapsulating a ammonium
cation and sucrose octasulfate (SOS) trapping agent under conditions effective to load
500 g (£10%) of the irinotecan moiety per mol total liposome phospholipid into the
trapping agent liposome and permit the release of the ammonium cation from the
trapping agent liposome, to form the irinotecan SOS liposomes, and

(b) combining the irinotecan SOS liposomes with 2-{4-(2-hydroxyethyl) piperazin-1-
yt]ethanesulfonic acid (HEPES) to obtain an irinotecan liposome preparation having a
pH of 7.25-7.50, to obtain an irinotecan liposome preparation stabilized to form less
than 10 mol% lyso-phosphatidylcholine (lyso-PC) (with respect to the total amount of
phosphatidylcholine in the irinotecan liposomes) during 3 months of storage at 4 °C.

s An SN38 liposome preparation comprising stabilized liposomes comprising irinotecan
and/or SN-38 in a liposome comprising 1,2-distearoyl-sn-glycero-3-phosphocholine
{DSPC), cholesterol, and methoxy-terminated polyethylene glycol (MW 2000)-
distearoylphosphatidyl ethanolamine (MPEG-2000-DSPE), stabilized to form less than 10
mol% lyso-phosphatidylcholine (lyso-PC) (with respect to the total amount of
phosphatidylcholine in the liposomes) during 3 months of storage at 4 °C.
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» The irinotecan liposome preparation of any embodiment above, wherein the stabilized
irinotecan liposomes encapsulate 30-100 ppm TEA or DEA, irinotecan and SOS in a

compound of formula (I}, where x is 8.

(0

{00136] In one embodiment, the irinotecan liposome composition disclosed herein isa

stabilized irinotecan liposome composition comprising irinotecan sucrosofate encapsulated in
a phospholipid liposome having a Lyso-PC Stability Ratio of at least 990 (e.g., 990-1100, or
about 1111), wherein the liposome composition comprises at least one of the following
features:
(i) the size of the liposome is about 110 nm (£10%),
(i) the composition comprises about 433 g or at least about 433 g irinotecan moiety/mol
phospholipid
(iii)the composition contains less than about 100 ppm of triethylamine,
(iv)the composition comprises a pharmaceutically acceptable injectable fluid having a pH
of about 7.25 outside the irinotecan liposome,
(v) the liposomes comprise DSPC and cholesterol in a 3:2 molar ratic
(vi)the composition has a lipesomally encapsulated irinotecan/sucrosofate gram-
equivalent ratio of at least 0.9, at least 0.95, at least 0.98, or essentially 1.0; and
(vii) at least 90%, such as at least 92%, at least 95%, at least 96%, at least 97%, at least
98% or at least 99% (in other words, essentially all) of the encapsulated irinotecan
sucrosofate is in the precipitated or gelated form of a stoichiometric salt comprising
eight molecules of irinotecan per one molecule of sucrosofate.
[00137] In one embodiment, the irinctecan liposome composition disclosed herein is a

stabilized irinotecan liposome composition comprising irinotecan sucrosofate encapsulated in
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a phospholipid liposome having a Lyso-PC Stability Ratio of at least 990 (e.g., 990-1100, or
about 1111), wherein:
(i) the size of the liposome is about 110 nm (£10%),
(if) the composition comprises about 433 g or at least about 433 g irinotecan moiety/mol
phospholipid
(iii)the composition contains less than about 100 ppm of triethylamine,
(iv)the composition comprises a pharmaceutically acceptable injectable fluid having a pH
of about 7.25 outside the irinotecan liposome,
(v) the liposomes comprise DSPC and cholesterol in a 3:2 molar ratio
(vi)the composition has a liposomally encapsulated irinotecan/sucrosofate gram-
equivalent ratio of at least 0.9, at least 0.95, at least 0.98, or essentially 1.0; and
(vii) at least 90%, such as at least 92%, at least 95%, at least 96%, at least 97%, at least
98% or at least 99% (in other words, essentially all) of the encapsulated irinotecan
sucrosofate is in the precipitated or gelated form of a stoichiometric salt comprising
eight molecules of irinotecan per one molecule of sucrosofate.
[00138] Embodiment 1; A storage stabilized liposomal irinotecan composition having a pH
of 7.00-7.50 and comprising a dispersion of irinotecan liposomes encapsulating irinotecan
sucrose octasulfate in vesicles consisting of cholesterol and the phospholipids 1,2-distearoyl-
sn-glycero-3-phosphocholine (DSPC) and methoxy-terminated polyethylene glycol (MW
2000)-distearoylphosphatidy] ethanolamine (MPEG-2000-DSPE), at a concentration of
irinotecan moiety equivalent to, in grams of irinotecan free anhydrous base, 500 mg (+10%)
irinotecan moiety per mmol total liposome phospholipid and 4.3 mg irinotecan moiety per
mL of the liposomal irinotecan composition, the storage stabilized liposomal irinotecan
composition stabilized to form less than 20 mol% Lyso-PC during the first 6 months of
storage at 4 °C,
[00139] Embodiment 2: A storage stabilized liposomal irinotecan composition having a pH
of 7.00-7.50 and comprising a dispersion of irinotecan liposomes encapsulating irinotecan
sucrose octasulfate in unilamellar bilayer vesicles consisting of cholesterol and the
phospholipids 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC) and methoxy-terminated
polyethylene glycol (MW 2000)-distearoylphosphatidyl ethanolamine (MPEG-2000-DSPE),
at a concentration of irinotecan moiety equivalent to, in grams of irinotecan free anhydrous
base, 500 mg (+10%) irinotecan moiety per mmol total liposome phospholipid and 4.3 mg

irinotecan moiety per mL of the liposomal irinotecan composition, the storage stabilized
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liposomal irinotecan composition having an irinotecan/sulfate compound gram-equivalent
ratio of 0.85-1.2.

[00140] Embodiment 3: A storage stabilized liposomal irinotecan composition stabilized to
form less than 20 mol% Lyso-PC during the first 6 months of storage at 4 °C, the liposomal
irinotecan composition made by a process comprising steps of:

(a) forming a lipid dispersion in a solution made from TEA3SOS and/or DEA3SOS
having a sulfate concentration of from 0.4 to 0.5 M and a pH between from 5 to 7, the
lipids in said dispersion being DSPC, cholesterol and MPEG-2000-DSPE in an about
3:2:0.015, respectively, mole ratio;

(b) extruding the lipid dispersion between 60-70 °C through at least one 0.1 um
membrane to form liposomes;

(c) substantially removing ions derived from TEA{SOS and/or DEA3sSOS that are outside
the liposomes;

(d) contacting the liposomes at a temperature between 60-70 °C with a solution made
using irinotecan free base or irinotecan salt, thereby forming a preparation of
liposomes encapsulating irinotecan;

(e) substantially removing substances derived from the TEAsSOS and/or DEAsSOS and
irinofcan ingredients that are outside the liposomes; and

(f) adjusting the pH of the composition to be from 7.0 to 7.5.

[00141] Embodiment 4: The liposomal irinotecan composition of any one of embodiments
1-3, made by a process comprising steps of;

(a) forming 2 lipid dispersion in a solution made from TEA3SOS having a sulfate
concentration of from 0.4 to 0.5 M and a pH between from 5 to 7, the lipids in said
dispersion being DSPC, cholesterol and MPEG-2000-DSPE in an about 3:2:0.015,
respectively, mole ratio;

{b) extruding the lipid dispersion between 60-70 °C through at least one 0.1 pym
membrane to form liposomes;

{c) substantially removing ions derived from TEAsSOS that are outside the liposomes;

{d) contacting the liposomes at a temperature between 60-70 °C with a solution made
using irinotecan free base or irinotecan salt, thereby forming a preparation of
liposomes encapsulating irinotecan;

(e) substantially removing substances derived from the TEASOS and irinotcan
ingredients that are outside the liposomes; and

(f) adjusting the pH of the composition to be from 7.0 to 7.5.
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- [00142] Embodiment 5: The liposomal irinotecan composition of embodiment 4, wherein
the lipid dispersion is extruded through at least two stacked 0.1 pm polycarbonate
membranes.

[00143] Embodiment 6: The liposomal irinotecan composition of any one of the previous
embodiments, where the liposomes have a mean size of 110 nm as determined by dynamic
light scattering and where the size is determined by the method of cumulants.

| [00144] -Embodiment 7: The liposomal irinotecan composition of any one of the previous
embodiments, having a total irinotecan moiety content equivalent to of 4.3 mg/ml irinotecan
free base anhydrous.

[00145] Embodiment 8: The liposomal irinotecan composition of any one of embodiments
3-6, wherein:

in step (a) the liposomes are formed from TEA3SOS having a sulfate concentration of
between 0.43-0.47 M; and

in step (d) the solution made using irinotecan free base or an irinotecan salt has an
irinotecan moiety content equivalent to 500 g (x10%) of irinotecan free base anhydrous per
mole of DSPC; and

in step (f) adjusting the pH of the composition to be from 7.2 to 7.3.

. [00146]1 .Embodiment 9: The liposomal composition of any one of the previous
embodiments, containing less than 1 mol% lyso-phosphatidylcheoline (lyso-PC) prior to
storage at about 4 °C, and 20 mol% or less (with respect to total liposome phospholipid) of
lyso-PC after 180 days of storage at about 4 °C.

[00147] Embodiment 10: The liposomal composition of embodiment 9, containing 20
mol% or less (with respect to total liposome phospholipid) of lyso-phosphatidylcheline (lyso-
PC) after 6, 9 or 12 months of storage at about 4 °C.

[00148] Embodiment 11: The liposomal irinotecan composition of any one of the previous
embodiments, comprising a total of 6.1 to 7.5 mg DSPC/ml, 2 to 2.4 mg cholesterol /ml, and
0.11 to 0.13 mg MPEG-2000-DSPE/ml, all in an aqueous isotonic buffer.

[00149]1 Embodiment 12: The liposomal irinotecan composition of any one of the previous
embodiments, wherein the liposomal irinotecan comprises the irinotecan liposomes in an
isotonic HEPES aqueous buffer at a concentration of between 2 and 20 mM.

[00150] Embodiment 13: The liposomal irinotecan composition of any one of the previous

embodiments, further comprising sodium chloride at a concentration of from 130-160 mM.
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[00151] Embodiment 14: The liposomal irinotecan composition of any one of the previous
. embodiments, wherein the irinotecan encapsulated in the liposomes is in a gelated or

precipitated state as a sucrose octasulfate salt,

{00152]) Embodiment 15; The lipesomal irinotecan composition of any one of the previous

embodiments, wherein the irinotecan liposomes have a diameter of 95-115 nm, as measured

by quasi-elastic light scattering.

[00153] Embodiment 16: The liposomal irinotecan composition of any one of the previous
- embodiments, comprising a total of 6.81 mg DSPC/ml, 2.22 mg cholesterol /ml, and 0.12 mg

MPEG-2000-DSPE/ml, 4.05 mg/mL HEPES aqueous buffer and 8.42 mg sodium

chloride/mL.

j00154] Embodiment 17: The liposomal irinotecan composition of any one of the previous

embodiments, having a pH of 7.25, wherein the irinotecan liposomes have a diameter of 110

nm as measured by quasi-elastic light scattering.

[00155] Embodiment 18: The liposomal irinotecan composition of any one of the previous

embodiments, forming less than | mg/mL lyso-phosphatidylcheline (lyso-PC) after 6 months

of storage at about 4 °C.

[00156] Embodiment 19; The liposomal irinotecan composition of any one of the previous

embodiments, made by a process comprising steps of:

(a) forming a lipid dispersion in a solution of TEAsSOS having a sulfate concentration of
about 0.45 M and a pH of about 6.5, the lipids in said dispersion consisting of 1,2-
distearoyl-sn-glycero-3-phosphocholine {DSPC), cholesterol and methoxy-terminated
polyethylene glycol (MW 2000)-distearoylphosphatidyl ethanolamine (MPEG-2000-
DSPE) in a mole ratio of 3:2:0.015, respectively;

(b) extruding the lipid dispersion between 60-70 °C through at least one 0.1 pm
membrane to form liposomes;

(c) removing ions derived from TEA3SOS that are outside the liposomes;

{d) contacting the liposomes at a temperature between 60-70 °C with a solution made
using irinotecan hydrochloride trihydrate, to form a preparation of liposomes
encapsulating about 500 g (x10%) irinotecan per mol total liposome phospholipid;

{(e) removing substances derived from the TEAsSOS and irinotcan ingredients that are
outside the liposomes; and

(f) adjusting the pH of the composition to be about 7.3.

[00157] Embodiment 20: The liposomal irinotecan composition of any of the previous

embodiments, comprising a total of less than 100 ppm of TEA.
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[00158] Embodiment 21: The liposomal irinotecan composition of any one of the previous
embodiments, comprising a total of 30-100 ppm of TEA or DEA.

[00159] Embodiment 22; The liposomal irinotecan composition of any one of the previous
embodiments, wherein at least 98% of the irinotecan is encapsulated in the irinotecan
liposomes after 6 months of storage at about 4 °C.

[00160] Embodiment 23: The liposomal irinotecan composition of any one of the previous
embodiments, comprising the irinotecan composition of formula (I) within the irinotecan

liposomes, where x is 8:

OO

- HQ450

HOB0,  DSOM —x

a

0O50;H

HOS0-- o=
HOsST  OSDH OSOH
(.

EXAMPLES

[80161] The synthesis and characterization of several irinotecan liposome preparations is
described in the following Examples. Unless otherwise indicated in the Examples, these
irinotecan liposomes can be obtained by the following multi-step process. The invention
therefore also provides methods of making irinotecan liposomes in line with the preparative
methods set out in this subsection and in the Examples, and variations and combinations
thereof.

[00162] First, liposome-forming lipids are dissolved in heated ethanol. These lipids included
DSPC, cholesterol, and MPEG-2000-DSPE. Unless otherwise indicated, the DSPC,
cholesterol, and MPEG-2000-DSPE are present in a 3:2:0.015 molar ratio. The resulting
ethanol-lipid composition is dispersed in an aqueous medium containing substituted
ammoniumn and polyanion under conditions effective to form a properly sized (e.g. 80-120
nm or 95-115 nm etc.), essentially unilamellar liposomes containing the substituted
ammonium ion and polyanion trapping agent (SO8). The liposome dispersion can be formed,
¢.g., by mixing the ethanolic lipid solution with the aquecus solution containing a substituted

ammonium ion and polyanion at the temperature above the lipid transition temperature, e.g.,
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60-70 °C, and extruding the resulting lipid suspension (multilamellar liposomes) under
pressure through one or more track-etched, e.g. polycarbonate, membrane filters with defined
pore size, e.g. 50 nm, 80 nm, 100 nm, or 200 nm. Preferably the substituted ammonium is a
protonated triethylamine (TEA) or diethylamine (DEA) and the polyanion is sucrose
actasulfate (SO8), preferably combined in a stoichiometric ratio (e.g., TEAsSOS). The
concentration of the TEA3SOS can be selected based on the amount of irinotecan loaded into
the liposomes (e.g., to substantially or completely exhaust the concentration loading gradient
across the liposome, and/or provide a liposome containing SOS and irinotecan in about a 1:8
mole ratio). For example, to prepare irinotecan SOS liposomes with 471g or 500 g irinotecan
moiety/mol phospholipid, the TEAsSOS used preferably has a concentration of about 0.4-0.5
M sulfate groups (¢.g. 0.45 M or 0.475 M of sulfate groups, or 0.45 M or 0.475 M S508), All
or substantially all non-entrapped TEA or SOS is then removed (e.g., by gel-filtration,
dialysis, or ultrafiltration/diafiltration).

[00163] The resulting trapping agent liposomes (e.g., encapsulating substituted ammonium
compound such as TEAsSOS or DEA3SOS) are then contacted with an irinotecan solution
under conditions effective to load the irinotecan into the trapping agent liposomes (i.e.,
conditions that allow the irinotecan to enter the liposome in exchange with TEA leaving the
liposome). The irinotecan loading solution (e.g. at 15 mg/ml of anhydrous irinotecan-HClI,
which can be prepared using corresponding amounts of irinotecan-HCI trihydrate) preferably
contains an osmotic agent {e.g., 5% dextrose) and a pH of 6.5 (unless otherwise stated, pH
values are mentioned in this specification were determined at room temperature). Drug
loading is facilitated by increase of the temperature of the composition above the transition
temperature of the liposome lipids (e.g., to 60-70 °C) to accelerate the transmembrane
exchange of substituted ammonium compound (e.g., TEA) and irinotecan. In some
embodiments, the irinotecan sucrosofate within the liposome is in a gelated or precipitated
state.

[00164] The loading of irinotecan by exchange with substituted ammonium compound (e.g.,
TEA or DEA) across the liposome is preferably continued until all or substantially all of the
substituted ammeonium compound (e.g., TEA) is removed from the liposome, thereby
exhausting all or substantially all of the concentration gradient across the liposome.
Preferably, the irinotecan liposome loading process continues until the gram-equivalent ratio
of irinotecan to SOS is at least (1.9, at least 0.95, 0.98, 0.99, or 1.0 (or ranges from about 0.9-
1.0, 0.95-1.0, 0.98-1.0, or 0.99-1.0). Preferably, the irinotecan liposome loading process
continues until at least 90%, at least 95%, at least 98%, or at least 99%, or more of the TEA is
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removed from the liposome interior. In some embodiments of the present invention, the
irinotecan SOS liposome composition prepared in this manner using TEAsSOS contain less
than 100 ppm TEA. In some embodiments of the present invention, the irinotecan SOS
liposome composition prepared in this manner using TEAsSOS contain 20-100 ppm, 20-80
~ ppm, 40-80 ppm, or 40-100 ppm1 TEA.
[00165] Extra-liposomal irinotecan and substituted ammonium compound {e.g., TEA or
DEA) can be removed to obtain the final irinotecan liposome product. This removal can be
facilitated by a variety of methods, non-limiting examples of which include gel (size
exclusion) chromatography, dialysis, ion exchange, and ultrafiltration/diafiltration methods.
The liposome external medium is replaced with injectable, pharmacologically acceptable
fluid, e.g., buffered (pH between 7.1 to 7.5, preferably pH between 7.2 and 7.3) isotonic
saline. Finally, the liposome composition is sterilized, e.g., by 0.2-micron filtration,
dispensed into single dose vials, labeled and stored, e.g., upon refrigeration at 2-8 °C, until
use. The liposome external medium can be replaced with pharmacologically acceptable fluid
at the same time as the remaining extra-liposomal irinotecan and ammonium/substituted

ammeonium ion (e.g., TEA) is removed.

Quantification of Trapping Agent
[00166] For the purpose of the present invention, the liposomal trapping agent and

substituted ammonium compound counter-ion (¢.g., TEAsSQOS) is quantified based on the
concentrations used for preparing the liposomes and calculated based on the number sulfate
groups of the trapping agent. For example, a 0.1 M TEA3SOS would be expressed herein as
0.8 M/L sulfate because each molecule of SOS has eight sulfate groups. In cases where a
different trapping agent is used, this calculation would be adjusted, depending on the number

of anionic groups (e.g., sulfate groups) per molecule of trapping agent,

Quantification of Lyso-PC in Irinotecan Liposome Preparations

. [00167] The amount of lyse-PC in the irinotecan sucrose octasulfate liposome preparations
tested to obtain data in FIGS. 11B and 12 was obtained by the HPLC method (“Method A™),
which is described in Example 9.

100168] A different preparative (TLC) method (herein, “Method B™) was used obtain the
lyse-PC measurements from Samples 1-23 herein, the lyso-phospholipid was determined by
the following TLC method followed by phosphate analysis, rather than the HPLC method

(Method A) discussed immediately above. The following steps were followed to measure
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lyso-PC by Methad B. An aliquot of liposome sample containing approximately 500 nmol
phospholipid (PL) (e.g. 0.05mL of a 10 mM PL liposome solution) was desalted using a PD-
10 column {GE Healthcare) equilibrated with water. The sample is eluted from the column
with water and divided into three portions containing approximately 150 nmol of PL each,
then dried under vacuum using a centrifugal concentrator (Savant Speed Vac Concentrator,
Model#SVCI100X). The dried lipids were dissolved in 30 pl of chloroform/methanol (5/1,
valfvol) and applied to the non-adsorbent region of a normal phase silica gel TLC plate
(Uniplate by Analtech, cat # 44921) using a glass syringe. The TLC was run with a mobile
phase consisting of chloroform/methanol/30% ammonium hydroxide/water (60/40/2,5/3.75,
viviviv) and the lipid visualized using iodine vapor. Determination of the PL was conducted
by scraping the spots corresponding to phospholipid and lyso-phospholipid on the TLC into
separate 12 x 75 mm borosilicate tubes for subsequent phosphate analysis.

1001691 The quantification of molar amounts of liposomally co-encapsulated irinotecan and

sulfate compound is provided in the Examples.

Materials

[80170] For preparing samples 1-5 and 13 in Example 1 and samples 12 and 14-18 in
Example 2, USP GMP grade irinotecan hydrochloride ((+)-7-ethyl-10-hydroxycamptothecine
10-[1,4"-bipiperidine]-1"-carboxylate, monohydrochloride, trihydrate, CAS Reg. No. 100286-
90-6) was purchased from SinoPharm (Taipei, Taiwan); 1,2-distearoyl-sn-glycero-3-
phosphocholine (DSPC) and methoxy-terminated polyethylene glycol (MW-2000)-
distearoylphosphatidylethanolamine ((MPEG-2000-DSPE } were purchased from Avanti
Polar Lipids (Alabaster, AL, USA); ultrapure cholesterol (Chol) was obtained from
Calbiochem (La Jolla, CA, USA); and sucrose octasulfate was obtained from Euticals {Lodi,
ltaly).

[00171] For preparing samples 6-11 in Example 1, irinotecan hydrochloride trihydrate was
obtained from PharmaEngine (Taiwan); 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC)
and methoxy-terminated polyethylene glycol (MW-2000)- |
distearoylphosphatidylethanolamine ((MPEG-2000-DSPE ) were purchased from Avanti
Polar Lipids (Alabaster, AL, USA); ultrapure cholesterol (Chol) was obtained from
Calbiochem (La Jella, CA, USA); and sucrose octasulfate was obtained from Euticals (Lodi,
Italy).

[00172] For preparing samples 19-23 in Example 8, Vinorelbine (VNB) was obtzined from
the pharmacy as a solution of vinorelbine tartate 10 mg/mL (Glaxo-SmithKline), and
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topotecan (TPT) powder was obtained as a gift from Taiwan Liposome Company (Taipei,
Taiwan),

J00173] All other chemicals, of analytical or better purity, were obtained from common
suppliers.

[00174] Methods: The following methods were used in preparing Samples 1-5 and 13
(Example 1) and Samples 6-11 and 19-23 (Example 2), and Samples 12, and 14-18 (Example

3), to the extent not indicated otherwise below.

Triethylammonium Sucrose Octasuifate Preparation

[00175] Triethylammonium sucrose octasulfate (TEAsSOS) and diethylammonium sucrose
octasulfate (DEAsSOS) were prepared from the sodium salt of sucrose octasulfate using ion
exchange chromatography. Briefly, 15 g of sucrose octasulfate (sodium salt) was dissolved in
water to give a sulfate concentration of 2.64 M. A Dowex 50W-8X-200 cation exchange resin
was employed to preﬁafe the acidic form of sucrose octasulfate. Defined resin was washed
twice with 2 vol of 1 N NaOH, then with ddH:O (doubly distilled water) to neutral pH,
washed twice with 2 vol of | N HCI, and finally washed to neutral with ddH:O and then
repeated. A column was poured to a volume of 450 mL of resin and washed with 3 vol of 3 N
HCI, and then rinsed with ddH;O until the conductivity reaches less than 1 pS/em. The

. sucrose octasulfate (sodium salt) solution (approximately 10 % of column capacity) was
loaded on the column and eluted with ddH20. The coflumn eluent was monitored using a
conductivity detector to detect the elution of the sucrose octasulfate from the column. The
acidic sucrose octasulfate was then titrated with triethylamine or diethylamine to a pH in
between 6-7, and the sulfate content determined using a method modified from B. Sorbo et
al., Methods in Enzymology, 143: 3-6, 1984 (see Sulfate Determination). The solution was

- finally diluted to a sulfate concentration corresponding to .65 M sulfate. The pH was
typically in the range of 6-7. Residual sodium was determined using a sodium electrode, and

any solution with residual sodium above 1 mol-% was not utilized further.

Sulfate Group Delermination

[00176] Sulfate content in the sucrose octasulfate solutions was determined with a
turbidimetric-based assay. Solutions consist of: (1) 15 g PEG 6000 and 1.02 g barium acetate
in 100 mL water; (2) 142 mg sodium sulfate in 1 mL water; (3) Barium working solution: add
dropwise 0.1 mL of the sodium sulfate solution to 100 mL barium solution while stirring.

This solution should equilibrate for 1 hour before use and can be stored no longer than one
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week; (4) 0.4 M trisodium citrate solution; (118 mg trisodium citrate/mL water); and (5)
sulfate standard at 10 mM diluted in water from 1 N sulfuric acid. Using borosilicate test
tubes the standards and solutions were made to a final volume of 100 pl. The standards were
made in the range of 0.2-1 pmol sulfate (20-100 pl of the 10 mM standard). For samples of
0.6 M sulfate solution, a dilution of 1/100 and volume of 100 pl (0.6 pmol) was used. Each
100 pl sample/standard was treated with 100 pl of 70% perchloric acid and heated at 110-120
°C for 12 minutes. After cooling, 0.8 mL of the 0.4 M trisodium citrate solution was added
followed by vortexing. A 0.25 mL volume from a stitring barium working solution was
transferred to each tube and vortexed immediately. All samples/standards were allowed to
equilibrate for 1 hour followed by vortexing and measurement of the absorbance at 600 nm.
A linear standard curve of SO4 concentrations versus OD600 was used to determine unknown

S04 concentrations.

Sucrose Octasulfate Determination by HPLC
[00177] The concentration of sucrose octasulfate (mg/mL) in a sample can be calculated

based on the area of the sucrose octasulfate peak produced from a standard of known
concentration. The calculated concentration of the sucrose octasulfate is then used to
calculate the concentration of sulfate (mM) in a sample.

[00178] The sample to be analyzed is chromatographed by HPLC using a Phenomenex,
Bondclone 10 p NH, 300 x 3.90 mm, PN 00H-3128-C0, or Waters pBondapak NHz 10 pm
125 A, (3.9 mm x 300 mm), Part No. WAT(84040 using a mobile phase of 0.60 M
ammonium sulfate, pH 3.0 eluted at 1.00 mL/min at a column temperature of 40 °C. Samples
are detected by a refractive index detector, which is also at 4 0°C, for example, using an
Agilent HPLC with Refractive Index Detector. USP Potassium Sucrose Octasulfate
heptahydrate is used as a reference standard; CAS 76578-81-9, CAT No. 1551150,

[00179] The SOS assay standard and assay control samples are integrated using a baseline to
baseline integration. The TEA-SOS samples are then integrated using a baseline to baseline
integration. This may be performed manually beginning the baseline before the void volume
valley to the end of the SOS tail, then dropping a line at the start of the TEA peak and the low
point between the two peaks. Note: If a single baseline beginning before the void volume
valley to the end of the SOS tail crosses the low-point between TEA and SOS peaks, two
separate lines may be used that will approximate the baseline to baseline approach. TEA-80OS
samples will show a TEA peak at a relative retention time of approximately 0.45 to the

retention time of the SOS peak.
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Drug Analysis

[00180] HPLC analysis of irinotecan was conducted on a Dionex system using a Cis reverse
phase silica column (Supelco Cig column, 250 mm x 4 mm inner diameter, particle size of
Spm) preceded by a Supelco Cis guard column. A sample injection volume of 50 pl was
used, and the column was eluted isocratically at a flow rate of 1.0 mL/min with a mobile
phase consisting of 0.21 M aquecus triethylammonium acetate pH 5.5 and acetonitrile (73:27,
v:v). Irinotecan and SN-38 typically eluted in 5.1 min and 7.7 min respectively. Irinotecan
was detected by absorbance at 375 nm using a diode array detector, and SN-38 was detected

by fluorescence (370 nm excitation and 535 nm emission}.

Phosphate Determination
[00181] The following phosphate determination method was used for analyzing Samples 1-

23. A modified Bartlett phosphate assay can be used to measure phospholipid (PL). Standards
ranging from 10-40 nmol of phosphate were placed in 12 x 75 mm borosilicate tubes and
treated exactly as the samples. Sulfuric acid (100 pl of 6 M H2SO4) was added to each tube
placed in a heating block and heated to 180 °C for 45 minutes. Hydrogen peroxide {20 pl of a
30% solution) was added to each tube and then heated at 150 °C for 3¢ minutes. Ammonium
molybdate (0.95 mL of a 2.2 g/l solution) and ascorbic acid (50 pl of a 10% aqueous solution)
were subsequently added to each tube. After vortexing, the tubes were developed in boiling
water for 15 minutes and then cooled to room temperature. For lysolipid analysis using thin-
layer chromatography (TLC), the silica was pelleted by centrifugation at 1000 rpm for 5
minutes, and the blue color was measured in the supernatant by reading the absorbance at 823

nm. Samples not containing silica can eliminate the centrifugation step.

Drug Retention and Stability

[00182] Liposomal irinotecan stability (in terms of drug retention) was determined by
separating the liposomaj irinotecan from extraliposomal irinotecan using PD-10 (Sephadex
G-25) size exclusion columns. Drug leakage was determined by comparison of the irinotecan
(HPLC) to PL (described in Phospholipid Determination) ratio before and after separation of
the extraliposomal irinotecan. Degradation of the irinotecan was determined by observation
of additional peaks in the chromatogram after HPLC analysis. The irinotecan-to-phospholipid
ratios and the drug encapsulation efficiencies are calculated using formulas 1 and 2 below,

respectively.
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(1) Irinotecan-to-phospholipid ratio (g Irinotecan/mol PL) = [Irinotecan] (mg/mL) *1000
[phospholipid] (mM)
(2) Encapsulation efficiency (%)= ([rinotecan-to-phospholipid ratio)AC

(Irinotecan-to-phospholipid ratio)BC
where (Irinotecan-to-phospholipid ratio)AC is the drug to phospholipid ratio after purification
on the G-25 size exclusion column and (Irinotecan-to-phospholipid ratio)BC is the drug-to-

phospholipid ratio before purification on the column.

Determination of encapsulated and free irinotecan in liposomal compositions

[00183] Liposomally encapsulated and free (non-encapsulated) irinotecan in the irinotecan
sucrosofate liposomal compositions of Examples 3 and 4 was determined using a cartridge
adsorption method. Oasis 60 mg 3 cc HLB cartridges { Waters) were conditioned by
sequential passage of 2 mL methanol, | mL HEPES-buffered saline (HBS; 5 mM HEPES,
140 mM NaCl, pH 6.5), and 0.5 mL of 10% human serum albumin in normal saline, followed
by 1 mL of HBS. Liposomal irinotecan sucrosofate compositions were diluted with normal
saline to about 2.2 mg/mL irinotecan, and 0.5 mL aliquots were applied on the cartridges.
The eluate was collected, the cartridges were rinsed with two portions of HBS (1.5 mL, 3
mL), and the rinses combined with the eluate to make a liposome fraction. The cartridges
were additionally rinsed with 1.5 mL HBS and eluted with two 3-mL portions of methanol-
HCI (90 vol.% methanol, 10 vol.% 18 mM HCI). The eluates were combined to make the free
drug fraction, Liposomal drug fractions were transferred into 25-mL volumetric flasks, and
free drug fractions were transferred into 10-mL volumetric flasks, brought to the mark with
methanol-HCI, mixed well, and the liposome fraction flasks were heated for 10 minutes at 60
9C to solubilize the drug. Upon cooling, the solutions were filtered, and irinotecan was
quantified in both fractions using reverse phase HPLC on a Phenomenex Luna C18(2)
column, isocratically eluted with 20 mM potassium phosphate pH 3.0 methanol mixture
(60:40 by volume) with UV detection at 254 nm. The drug peaks were integrated, and the
amount of irinotecan in the samples was calculated by comparison to the linear standard
curve obtained under the same conditions using irinotecan hydrochloride trihydrate USP
reference standard. The drug encapsulation ratio was calculated as a percentage of

encapsulated drug relative to the total of free and encapsulated drug in the sample.
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* pH Measurements
[00184] The pH was always measured at ambient temperature (i.e., 20-25 °C) using a
potentiometric standard glass electrode method. The pH of liposome formulations was
measured accordingly by putting the glass electrode into the liposome formulation and

obtaining a pH reading.

Analysis of samples for TEA/DEA ppm

[00185] Samples analysis was performed by headspace gas chromatographic (GC)
separation utilizing gradient temperature elution on a capillary GC column (50 m x 0.32 mm
x 5 pm Restek Rtx-5 (5% phenyl-95% dimethylpolysiloxane)) followed by flame ionization
detection (FID). A sample preparation and a standard preparation were analyzed, and the
resulting peak area responses were compared. The amount of residval amine (e.g., TEA or
diethyl amine (DEA)) was quantitated using external standards. In the case of TEA, the
standard was > 99%,. Other reagents include Triethylene glycol (TEG), sodium hydroxide,
and deionized (DI) water.

[00186] GC conditions were: carrier gas: helium; column flow: 20 cm/sec (1.24 mL/min);
split ratio: 10:1 (which can be adjusted as long as all system suitability criteria are met};
injection mode: split 10:1; liner: 2 mm straight slot (recommended but not required);
injection port temperatu‘rc: 140 °C, detector temperature; 260 °C (FID); initial colurmn oven

temperature: 40 °C; column oven temperature program:

rate (°C/min) temperature (°C) hold time (min)
n/a 400 0

2 100 0

20 240 17

54 min Runtime
[00187] Headspace Parameters: platen temperature: 90 °C; sample lcop temperature: 100 °C;
transfer line temperature: 100 °C; equilibration time: 60 minutes; injection time: 1 minute;
vial pressure: 10 psi; pressurization time: 0.2 minute; shake: on (medium}; injection volume:
1.0 mL of headspace; GC Cycle Time: 60 minutes {recommended but not required).

" [00188] If no TEA is detected, report as “none detected;” if TEA results are <30 ppm,
report as < QL (30 ppm); of TEA results are > 30 ppm, report to a whole number.
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Determination of Liposome Size

[00189] Liposome particle size was measured using dynamic light scattering (DLS) using a
Malvern ZetaSizer Nano ZS™ or similar instrument in aqueous buffer (e.g., 10 mM NaCl,
pH 6.7) at 23-25°C using the method of cumulants. The z-average particle size and the
polydistersity index (PDI) were recorded. The instrument performance was verified using
Nanosphere NIST traceable standard of 100 nm polymer (Therme Scientific 3000 Series
Nanosphere Size Standard P/N 3100A, or equivalent with a certificate of analysis that
includes Hydrodynamic Diameter). As used herein, “DLS” refers to dynamic light scattering

and “BDP” refers to bulk drug product.

Example 1: Effects of SOS Trapping Agent Concentration and pH onlLiposomal Irinotecan
Preparation Stovage Stability

[00190] The aim of this study was to determine, among other things, any changes in the
physical and chemical stability of liposomes encapsulating irinotecan and sucrose octasulfate
(SOS) trapping agent when stored at about 4 °C for certain periods of time. For this study, the
liposomal concentration of the SOS trapping agent was reduced, while the ratio of 471 g
irinotecan moiety per total mols of phospholipid was maintained.

[00191] A series of irinotecan SOS liposome preparations were prepared in a multistep
process using different concentrations of SOS trapping agent and adjusting the pH of the final
liposomal preparation to different pH values. Each of the irinotecan SOS liposome
preparations contained irinotecan moiety concentration equivalent to 5 mg/mL irinotecan
hydrochloride trihydrate. Irinotecan SOS liposome preparations of Samples 1-5 and 13 were
prepared by a multi-step process of Example 1.

[00192] DSPC, cholesterol (Chol), and PEG-DSPE were weighed out in amounts that
corresponded to a 3:2:0.015 molar ratio, respectively (e.g., 1264 mg/412.5 mg/22.44 mg).
The lipids were dissolved in chloroform/methanol (4/1, v/v), mixed thoroughly, and divided
into 4 aliquots (A-D). Each sample was evaporated to dryness using a rotary evaporator at 60
°C. Residual chloroform was removed from the lipids by placing under vacuum (180 ptorr} at
room temperature for 12 hours. The dried lipids were dissolved in ethanol at 60 °C, and pre-
warmed TEAsSOS of appropriate concentration was added so that the final alcohol content
was 10% (v/v). The lipid concentration was approximately 75 mM. The lipid dispersion was
extruded at about 65 °C through 2 stacked 0.1 pm polycarbonate membranes (Nuclepore™)
10 times using Lipex thermobarrel extruder (Northern Lipids, Canada), to produce liposomes

with a typical average diameter of 95-115 nm (determined by quasielastic light scattering; see
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subsection “Determination of Liposome Size™). The pH of the extruded liposomes was
adjusted as needed to correct for the changes in pH during the extrusion. The liposomes were
purified by a combination of ion-exchange chromatography and size-exclusion
chromatography. First, Dowex™ IRA 910 resin was treated with 1 N NaOH, followed by 3
washes with deionized water, and then followed by 3 washes of 3 N HCI, and then multiple
washes with water. The liposomes were passed through the prepared resin, and the
conductivity of the eluted fractions was measured by using a flow-cell conductivity meter
(Pharmacia, Uppsala, Sweden). The fractions were deemed acceptable for further purification
if the conductivity was less than 15 pS/cm. The liposome eluate was then applied to a
Sephadex G-75 (Pharmacia) column equilibrated with deionized water, and the collected
liposome fraction was measured for conductivity (typically less than 1 pS/cm). Cross-
mermmbrane isotonicity was achieved by addition of 40% dextrose solution to a final
concentration of 5% (w/w) and the buffer (Hepes) added from a stock solution (0.5 M, pH
6.5) to a final concentration of 10 mM.

[00193] A stock solution of irinctecan was prepared by dissolving irinotecan*HCI trihydrate
powder in deionized water to 15 mg/mL of anhydrous irinotecan-HCI, taking into account
water content and levels of impurities obtained from the certificate of analysis of each batch.
Drug loading was initiated by adding irinotecan in an amount of 500g irinotecan HCI
anhydrous (corresponding to 471 g irinotecan ftee base anhydrous) per mol liposome
phospholipid and heating to 60 + 0.1 °C for 30 minutes in a hot water bath. The solutions
were rapidly cooled upon removal from the water bath by immersing in ice cold water.
Extraliposomal drug was removed by size exclusion chromatography, using Sephadex G75
columns equilibrated and eluted with Hepes buffered saline (10 mM Hepes, 145 mM NaCl,
pH 6.5). The samples were analyzed for irinotecan by HPLC and phosphate by the method of
Bartlett (see subsection “Phosphate Determination™). For storage, the samples were divided
into 4 mL aliquots, and the pH was adjusted using 1 N HCl or | N NaOH, sterile filtered
under aseptic conditions, and filled into sterile clear glass vials that were sealed under argon
with a Teflon® lined threaded cap and placed in a thermostatically controlled refrigerator at 4
°C. At defined time points, an aliquot was removed from each sample and tested for
appearance, liposome size, drug/lipid ratio, and drug and lipid chemical stability.

[00194] With respect to Example 1, liposome size distributicn was determined in the diluted
samples by dynamic light scattering using Coulter Nano-Sizer at 90 degree angle and

presented as Mean + Standard deviation (nm) obtained by the method of cumulants.
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{00195} Irinotecan liposome preparations of samples 1-5 and 13 were further obtained as
follows. The freshly extruded liposomes comprised two groups each incorporating TEAsSOS
as the trapping agent at the concentrations of (A) 0.45 M sulfate group (112.0+16 nm), (B)
0.475 M sulfate group (105.0£16 nm), (C) 0. 5 M sulfate group (97+30 nm), and (D) 0.6 M
sulfate group (113+10nm). Samples 1-5 and 13 were loaded at an initial ratio of 471 g
irinotecan free base anhydrous per mol total lippsome phospholipids and purified as
described above in the Example 1 description (equivalent to 500 g irinotecan HCI
anhydrous). Samples 1, 5 and 13 were derived from extruded sample (A); sample 2 was from
extruded sample (B); samples 3 and 4 were from extruded samples (C) and (D), respectively.
Following purification, pH adjustment was made using 1 N HCl or 1 N NaOH prior to
sterilization and the filling of the vials. Data from samples 1-5 are shown in Table 7
(Example 1), and data from sample 13 is shown in Table & (Example 2).

[00196] Irinotecan liposome preparations of samples 6-11 were further obtained as follows.
The freshly extruded liposomes comprised two groups each incorporating TEAsSOS as the
trapping agent at the concentrations of (A) 0.45 M sulfate group (116210 nm) and (B) 0.6 M
sulfate group (115.0£9.0 nm). Samples 6-8 were derived from extruded sample (A), and
samples 9-11 were from extruded sample (B). Following purification, pH adjustment was
made if necessary by addition of 1 N HCl or | N NaOH as appropriate. Sample 12 was
prepared as described in Example 2 and is included in Table 7 for comparative purposes.
[00197] Irinotecan liposomes with the extra-liposomal pH values, irinotecan free base
concentration (mg/mL) and various concentrations of suctose octasulfate for certain
irinotacne liposome compositions are listed in Table 6 (6 months storage at 4 degrees C) and
Table 7 below, and were prepared as provided in more detail as described herein.

[00198] FIGS. 4A-4C are plots showing the mol% of lyso-PC in irinotecan liposome
preparations selected from Table 7 having a pH of greater than 6.5 (i.e., 7.25 or 7.5 as
indicated in each FIG.). Lyso-PC was determined with Method B (TLC) disclosed herein,
after storage of each sample at 4 °C for the first 1, 3, 6, and/or 9 months. These plots include
a linear regression line to the data for each Sample, as an estimate for the rate of increase in
lyso-PC (mol%) over time in each sample. Surprisingly, increasing the pH of the irinotecan
liposome preparations above 6.5 (e.g., 7.25 and 7.5) decreased the amount of Lyso-PC
measured during refrigerated storage at 4 °C compared to irinotecan liposomes formed at
comparable Stability Ratios. This trend was apparent at various concentrations of liposomal
irinotecan. For example, with respect to liposomal irinotecan compositions prepared at a

strength of about 4.3 mg irinotecan moiety/mL, the mol% lyso-PC levels measured in
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Samples 5 and 7 were significantly lower at all data points (after the first 1, 6 and 9 months of
storage at 4 °C after manufacturing) compared to the mol% lyso PC levels measured for
Sample 1 at pH 6.5 (data in Table 7).  Similarly, with respect to liposomal irinotecan
compositions prepared at a strength of about 18.8 mp irinotecan moiety/mL, the mol% lyso-
PC levels measured in Sample 13 was significantly lower at all data points (after the first 1
and 9 months of storage at 4 °C after manufacturing) compared to the mol% lyso PC levels
measured for either Sérﬁple 12 or Sample 14 at pH 6.5 (data in Table &).

Table 6: Lyso-PC Measurements after 6 Months of Refrigerated Storage

Dru Irinotecan sucrosofate] | Y%lyso-PC Ly 50 l?C
Sample [ pH (mg/mgL} (g);f“’l [ mM : (1y 80 d) Sﬁ:t'i':y
1 6.5 4.7 471 56.25 19.5 1047
2 6.5 4,7 471 59.375 17 992
4 6.5 4.7 471 75 30.2 785
5 7.25 4.7 471 56.25 7.1 1047
6 6.5 4.7 471 56.25 14.6 1047
7 7.25 4.7 471 56.25 7.4 1047
8 7.5 4.7 471 56.25 54 1047
9 6.5 4.7 471 75 298 785
10 7.25 4.7 471 75 24.1 785
11 7.5 4.7 471 75 22.8 785
13 7.25 4.7 471 56.25 9.7 1047

[00199] Additional results from comparative stability studies in Example 1 are provided in
Table 7 below. The mol% of lyso-PC was determined after storing the liposome preparations
at4°Cforl, 3, 6, 9, and/or 12 months, as indicated in Table 7. For each sample, Table 7
provides the concentration of SOS used to prepare the liposome, expressed as molar
concentration of sulfate groups (one molecule of SOS includes 8 sulfate groups). Unless
otherwise indicated, all of the irinotecan liposomes in Table 7 were prepared using an
irinotecan moiety (as explained above, based on the free base anhydrous) to total
phospholipid ratio of 471 g irinotecan moiety {equivalent to the amount of irinotecan moiety
in 500 g anhydrous irinotecan HCI salt) per mole total liposome phospholipid, respectively.
Table 7 also contains the stability ratio for each sample, calculated as the ratio of 471 g
irinotecan moiety (based on the free base anhydrous) per mol phospholipid, divided by the
concentration of sulfate groups in moles/L used to prepare the liposomes. The liposomes of

the samples described in Table 7 each had a measured size {volume weighted mean) of

CSPC Exhibit 1106
Page 336 of 390



WO 2017/066726

69

PCT/US2016/057247

between about 89-112 nm and an irinotecan encapsulation efficiency of at least 87.6%.

Encapsulation efficiency was determined in accordance with subsection “Drug Retention and
Stability.”

Table 7: Irinotecan Liposome Preparations with Various Stability Ratios and pH (liposome
vesicles formed from DSPC, cholesterol (Chol), and PEG-DSPE in a 3:2:0.015 molar ratio)f

Sample | pH Molar Stability Time | Mol % Lyso- Size %SN38
cancentration Ratio (months) PC
of sulfate
groups in the
sucrosofate
entrapped in
the liposomes
12 6.5 0.65 M 724 0 3.8 (£0.6) 110.3£19.7
1 18.3{x1.2) | 120.1£12.3 0.5
3 32,7 (£1.9) | 107.6+20.2 0.3
9 35.4 {£0.5) 101.2£26.0 0.3
12 37.9 106.4+26.0 0.2
4 6.5 0.60 M 785 1 10.1 (0.3} 107.6£12.4 | 0.030
3 109.5¢£13.0 | 0.014
6 30.2 (x0.9) | 105.3x17.7 0
9 358 (£0.6) | 105.7+£27.9 | 0.005
9 6.5 0.60 M 785 1 11.3 (=0.8) | 107.6£26.6
3 22.1(x1.3) | 108.6x13.4 | 0.016
6 29.8 (x1.9) 112.6£9.4 | 0.010
9 34.7 (£1.2) 111.1+15.2 | 0.005
10 7.25 06M 785 1 9.6 (x0.8) 98.9+7.0
3 16.9 (x1.1) | 1084+11.8 | 0.01]
6 24.1 (+0.8) 103.0+£8.9 | 0.010
9 29.0 (20.6) | 105.9£23.8 | 0.005
11 7.5 0.60 M 785 i 9.33 (£0.5) | 102.2£23.6
3 17.1 (£5.01) | 102.6+9.8 0.012
6 22.8 (£0.7) | 105.9<18.1 | 0.010
9 28.7 (£3.1) 112.4+15.3 0.005
3 6.5 050 M 942 i 9.9 (£0.2) 109.7+13.7 | 0.024
3 104.7+12.6 | 0.014
6 26.5 (=0.3) | 106.6£12.7 ()]
9 35.7 (=0.6) $8.5+36.5 | 0.006
2 6.5 0475 M 902 1 5.7 (£0.2) 89.4+31.9 0.028
3 84 9+33.8 0.018
6 17.0 (z0.4) 93 4426.0
9 23.6(+1.0) | 102.6+18.8 | 0.006
1 6.5 045 M 1047 | 5.0 (0.1 108.5:13.6 | 0.036
3 98.6+31.3 0.022
6 19.5 (0.6) | 112.6+11.4 0
9 25.4 (£0.6) | 93.8+27.90 0
6 6.5 045 M 1047 1 5.6 (x1.37) | 106.7+18.2
3 9.6(x1.4) 96.4+26.0 0.051
6 14.6 (£0.5) 98.2+24.0 0.01
9 17.4 (z0.4) | 109.2+12.6 | 0.006
5 7.25 045 M 1047 1 2.0 (x0.3) 106.4+18.5 | 0.033
3 103.9x18.8 | 0.015
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Sample | pH Molar Stability Time | Mol % Lyso- Size %SN38
concentration Ratio (months) PC
of sulfate
groups in the
sucrosofate
entrapped in
the liposomes
6 7.1 (x0.4) 107.2+17.3 0
9 11,1 0.1} | 100.0£28.1 | 0.007
7 7.25 045M 1047 1 3.2(=0.3) 105.3x13.1
3 3.8 (£0.5) 104.1£16,7 | 0.022
6 7.4 (£0.5) 105.5x13.4 | 0.010
9 8.1 (0.7 107.3£13.0 [ 0.006
8 1.5 045M 1047 | 2.2 0.1) 102.8=14.2
3 2.80.1) 103.5+11.1 | 0.018
6 5.4 (x0.2) 91.8+28.6 | 0.010
9 7.1 (x1.2) 108.2+19.0 | 0.006

¢ Measured according to Method B, as described herein.

[00200] The results from this storage stability study demonstrated that a reduction of the
concentration of SOS trapping agent {measured as the molar concentration of sulfate) used in
the preparation of the liposomes, while the ratio of irinotecan free base anhydrous (in g) to
total liposome phospholipid (in mol) was kept constant, resulted in greater storage stability of
the irinotecan SOS liposomes, as measured by the amount of lyso-PC detected in the
irinotecan liposome preparation after 6 and 9 months of refrigerated storage at 4 °C. In
liposome preparations manufactured to a pH of 6.5 (see “pH Measurements™ method
described herein), reducing the concentration of SOS trapping agent during liposome
manufacture lead to a reduction of amounts of lyso-PC detected in liposome preparations
after storage at 4 °C.

[00261] Without being bound by theory, it is believed that once purified from the
extraliposomal trapping agent during preparation, the interior space of the liposome is
acidified. This may be due to the redistribution of the amine component of the trapping agent
salt from inside to the outside of the liposome following removal of extraliposomal
TEA;3SOS, with a deposition of a hydrogen ion intraliposomally at each occurrence. Added
drug, such as irinotecan, capable of protonation, also distributes between the exterior and the
interior space of the liposome. Protonation of the drug distributed in the interior of the
liposome and binding of the protonated drug to sucrosofate effects intraliposomal loading of
drug and results in a reduction in the intraliposomal concentration of both TEA and hydrogen
ions, decreasing the extent of intraliposomal acidification.. In the case of irinotecan liposome
it is postulated that at a drug load of 500 g irinotecan hydrochloride (ie. 471 mg itinotecan)

/mol liposome phospholipid with SOS at a sulfate concentration of 0.6 M, there is incomplete
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exhaustion of the excess intraliposomal TEA. While not being the basis for retaining the drug
in the liposome, this may provide for an acidic liposomal interior, which may contribute to
the degradation of the drug and lipid components of the liposome as seen with samples 7 and
13. In contrast, samples & and 5 have identical drug loads of 500 g irinotecan hydrochloride
(ie. 471 mg irinotecan moiety) /mol, but lower SOS concentrations of 0.45 M sulfate and
0.475 M sulfate, respectively. In these particular cases, the levels of lysolipid measured are
lower. Finally, it is apparent that the most stable liposome formulation combines the higher
drug/trapping agent ratios with the higher external pH (i.e., pH 7.25).

[00202] The irinotecan liposomes of samples 1-11 retained good colloidal stability up to 9
months at 4 °C, as judged by the absence of precipitation and the relatively narrow and
reproducible particle size distributions, where the irinotecan moiety concentration
corresponding to 4,71 mg/mL irinotecan free base anhydrous. Irinotecan was efficiently and
stably entrapped with minimal leakage (<10%) over extended periods of storage (see “Drug
Retention and Stability” method described herein).

[00203] Samples 1 and 2 had identical initial loads of about 471 g irinotecan moiety (as
explained above, based on the free base anhydrous) per mole phospholipid, but lower SOS
concentrations of 0.45 M sulfate groups and 0.475 M sulfate groups, respectively. Similarly,
samples 6, 7, and 8 had a lower SOS concentration of .45 M sulfate but the same drug load
of 471 g irinotecan moiety (as explained above, based on the free base anhydrous)/mol
phospholipid, result in a considerably lower lyso-lipid contentt (7-17% after 9 months).
[00204] Increased levels of lyso-PC were measured in samples at pH of 6.5 regardless of the
drug load or trapping agent concentrations during liposome manufacture, reaching up to 35
mol% of the phospholipid for some samples (1, 2, and 3). Adjustment of pH to 7.25 rendered
the liposomes less susceptible to lyso-PC formation, with levels reaching 9.72 % of total PC
(e.g., compare lyso-PC levels in samples 1 and 13). Samples with higher drug to trapping
agent concentration ratios and higher pH formed less lyso-lipid, as seen in samples 7 and 8
having 7-8 mol% lyso-lipid after 9 months. The combination of a higher drug trapping agent
ratio and higher pH (e.g., compared to Sample 12) reduced lyso-lipid formation. The most
stable liposome formulation combines the higher drug/trapping agent ratios (i.e. Stability
Ratios above 942 defined with respect to the amount of irinotecan free base) with the higher
external pH above 6.5 (e.g., comparing samples | and 13)}.

[00205] Furthermore, the % SN38 measured in the irinotecan liposome preparations 1-11
over 9 months was not greater than about 0.05% SN3§ (i.e., relative amount of SN38 by

comparison to irinotecan and SN38), while sample 12 irinotecan liposome preparation had
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from 0.20-0,50% SN38 measured over the same time period (determined by “Drug Analysis”
method described herein). In each of samples (-5 and 13, irinotecan was stably entrapped
with fow leakage from liposomes (less than 13%; determined by “Drug Retention and
Stability” method described herein) and low conversion to the active cytotoxic SN-38, less
than 0.1%, and in sampics stored at higher pH (7.25), less than 0.05%.

Example 2: Increasing Concentration of Irinotecan Liposomes in a Liquid Preparation
[00206] The aim of this storage stability study was to determine any changes in the physical
and chemical stability of liposomal irinotecan SOS when stored at 4 °C. During this study,
the concentration of the sucrose octasulfate (SOS) trapping agent used for liposome
preparation was kept at a sulfate group concentration of 0.65 M, while varying: (1) the initial
counter ion of the SOS trapping agent during the preparation of the irinotecan liposomes
(using TEAsSOS or DEASOS), (2) the ratio of the amount of irinotecan free base anhydrous
(in gram) to phospholipid (in mol) (about 471 g or 707 g irinotecan moiety (as explained
above, based on the free base anhydrous) per mole phospholipid), (3) the concentration of the
irinotecan free base anhydrous in the liquid irinotecan preparation (4.7 mg/mL or 18.8
mg/mL encapsulated irinotecan (based on the equivalent concentration of irinotecan moiety
from irinotecan hydrochloride trihydrate} in the liquid irinotecan liposome preparation), (4)
the pH to which the irinotecan liposome preparation was adjusted (pH 6.5, or 7.25), and (5)
the buffer of the irinotecan liposome preparation (HEPES or histidine).

[00207] The formulation parameters investigated include: liposome size, drug to
phospholipid ratio in the irinotecan liposomes, the irinotecan drug encapsulation efficiency
and general appearance, the presence of irinotecan degradation products, and lyso-PC (in
mol%) formation.

[00208] A series of irinotecan SOS liposome preparations were prepared in a multistep
process using different concentrations of SOS trapping agent relative to encapsulated
irinotecan and adjusting the pH of the final liposomal preparation to different pH values.
DSPC, cholesterol (Chol), and PEG-DSPE were weighed out in amounts that corresponded to
a 3:2:0.015 molar ratio, respectively (730.9 mg/238.5 mg/13.0 mg). The lipids were dissolved
in chloroform/methanol (4/1, v/v), mixed thoroughly, and divided into 2 aliquots. Each
sample was evaporated to dryness using a rotary evaporator at 60 °C. Residual chloroform
was remaved from the lipids by placing under vacuum (180 ptorr) at room temperature for 12
hours, The dried lipids were dissolved in ethanol at 60 °C, and pre-warmed TEAsSOS or
DEA3sSOS (at a concentration of 0.65 M sulfate group) was added so that the final alcohol
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content was 10% (v/v) and the samples were designated A and B, respectively. The lipid
concentration was approximately 75 mM. The lipid dispersion was extruded through 0.1 um
polycarbonate membranes (Nuclepore™) 10 times, to produce liposomes with a typical
average diameter of 95-115 nm. The pH of the extruded liposomes was adjusted as needed
(with 1 N NaOH) to the selected preparation pH. The liposomes were purified by a
combination of ion-exchange chromatography and size-exclusion chromatography. First,
Dowex™ IRA 910 resin was treated with 1 N NaOH, followed by 3 washes with deionized
water, and then followed by 3 washes of 3 N HCI, and then multiple washes with water. The
conductivity of the eluted fractions was measured by using a flow-cell conductivity meter
{Pharmacia, Uppsala, Sweden). The fractions were deemed acceptable for further purification
if the conductivity was less than 15 pS/em. The liposome eluate was then applied to a
Sephadex G-75 (Pharmacia) column equilibrated with deionized water, and the collected
liposome fraction was measured for conductivity (typically less than 1 pS/cm). Cross-
membrane isotonicity was achieved by addition of 40% dextrose solution to a final
concentration of 5% (w/w), and the buffer (Hepes) was added from a stock solution (0.5 M,
pH 6.5) to a final concentration of 10 mM.

[00209] A stock solution of irinotecan was prepared by dissolving 326.8 mg irinotecan*HCl
trihydrate powder in 20.0 mL deionized water to 15 mg/mL of anhydrous irinotecan-HCI,
taking into account water content and levels of impurities obtained from the certificate of
analysis of each batch. Drug loading was initiated by adding irinotecan free base anhydrous
at 500g/mol or 750g/mol phospholipid and heating to 60 + 0.1 °C for 30 min in a hot water
bath, The solutions were rapidly cooled upon removal from the water bath by immersing in
ice cold water. Extraliposomal drug was removed by size exclusion chromatography, using
Sephadex G75 columns equilibrated and eluted with Hepes buffered saline (10 mM) (HBS),
pH 6.5 for sample A and histidine buffered saline at pH 7.25 for sample B. The samples were
analyzed for irinotecan by HPLC and phosphate by the method of Bartlett (see Phosphate
Determination).

J00210] For storage, the samples were divided into 4 mL aliquots, and the pH was adjusted
if necessary using 1 N HC1I or 1 N NaOH, sterile filtered under aseptic conditions, and filled
into sterile clear glass vials that were sealed under argon with a Teflon® lined threaded cap,
and placed in a thermostatically controlled refrigerator at 4 °C. At defined time points, an
aliquot was removed from each sample and tested for appearance, size, drug/lipid ratio, and

drug and lipid chemical stability.
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[B0211]) The liposome size was determined in the diluted samples by dynamic light
scattering using Coulter Nano-Sizer at 90 degree angle and presented as Mean + Standard
deviation (nm) obtained by the method of cumulants.

[00212] The results from comparative stability studies are provided in Table 8 (for samples
prepared using TEASOS trapping agent starting material) and Table 9 (for samples prepared
using DEAzSOS trapping agent starting material).

Table 8: Irinotecan Liposomes prepared with TEA:SOS Trapping Agent in Hepes Buffer (10

mM)d
Sample | Final | [irinotecan)/ Molar Stability | [irinotecan] Time Mol %
Prep total mol | concentration ratio g/mol (months) | Lyso-PC
pH PL of sulfate
groups in the
sucrosofate -

entrapped in

: the liposomes
12 6.5 471 0.65M 724 5 0 3.8(x0.6)
1 18.3 (¢1.2)
3 32.7 (£1.9)
9 35.4 (20.5)
12 37.9 (x0.5)
14 6.5 471 0.65M 724 20 0 3.8 (20.6)
1 15.9(x0.6)
3 19.2(x0.3)
9 32.1(x0.5)
12 36.0(x0.8
13 7.25 471 0.45M 1047 20 1 2.6 (£0.6)
6 9.72 (x1.9)
9 13.8 (+1.0)

d Measured according to Method B, as described herein,
[00213] Sample 13 (Example 2, Table 8) was stored at a concentration 4 fold greater (20 mg
irinotecan/mL}) than samples 1-5 (Example 1} and still retained good colloidal stability, with

no observable aggregation or precipitation.
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- Table 9: Irinotecan Liposomes prepared with DEAsSOS Trapping Agent at a sulfate group
concentration of 0.65M, pH 7.25.)*

Sample | mg [irinotecan)/ | Stability Time Mol % Size %
irinotecan | total mol PL Ratio (months) Lyso-PC 8N38
/mL
15 18.8 471 724 0 2.6{x0.2) | 106.8x18.3
1 8.8(+1.2) 106.3£26 | 0.05
3 6.9(+0.8) 85.9+30.8 | 0.08
9 9.6(+0.5) 97.1£12.0 | 0.05
12 11.0(=0.4) | 116.14+26.6 | 0.04
16 18.8 707 1086 0 2.0 (£0.6) | 101.0+23.0
1 0.9(x0.1) | 112.3£23.5 | 0.01
3 0.93(x0.5) | 93.2+25.0 | 0.09
9 2.3¢x0.1) 99.2+19.7 | 0.03
17 4.7 707 1086 0 2.0 (0.6) 101.0=23
1 0.4 (x02) | 112,6+233 | 0.07
3 1.1 (x04) | 102.4%162 | 0.05
9 1.5(x0.2) | 99.5x15.8 | 0.06
12 1.5 (£0.1) 106.2+22.5 | 0.04
18 18.8 707 1086 0 2.0 (£0.6) 101.0%23
1 0.7 (x0.3) | 108.1£23.7 | 0.0l
3 0.4 (x0.4) | 100.2£18.0 | 0.04
9 0.1 (x0.1) 98.1=18.3 | 0.03
12 1.5 (0.1} | 100.0+26.5 | 0.01

¢ Measured according to Method B, as described herein,
[00214] The freshly extruded liposome sizes encapsulated either (A) TEAsSOS at 0.65 M

sulfate (113.0£23.8nm) or (B) DEAsSOS at 0.65 M sulfate groups (103.2+21.1nm) (the only
exception being sample 13, which had 0.45 M sulfate groups). From (A), samples 12 and 14

and from sample (B) samples 15-18 were derived, with samples 12, 14, 15, and 16 being

loaded at 471 g irinotecan free base anhydrous (equivalent to 500 g irinotecan HCI

anhydrous) per mol total liposome phospholipids and samples 16-18 being loaded at 750 g

irinotecan moiety (as explained above, based on the free base anhydrous) per mol

phospholipid. Following purification, pH adjustment was made using 1 N HCl or | N NaOH

as appropriate and as described in Tables 7 and 8 to ¢ither pH 6.5 or 7.25. Sample 12 was

prepared as described in Example 1 and is included in Table 8 for comparison purposes.

[00215] The data showed that the liposomes retain good colloidal stability up to a year at 4

°C, as judged by the absence of precipitation and the relatively narrow and reproducible

particle size distributions. Secondly, it is apparent that the colloidal stability was also good

for more concentrated samples when stored at high pH and ai elevated drug to phospholipid

ratio, indicating that at irinotecan moiety concentrations equivalent to 20 mg/mL and 40

mg/mL of irinotecan hydrochloride trihydrate, the liposomes are stable and resist formation

of aggregates.
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[00216] In all cases, irinotecan was stably entrapped in liposomes with low leakage and low
conversion to the active cytotoxic SN-38 (i.e., relative amount of SN38 by comparison to
irinotecan and SN38); less than 0.5 mol% in all cases, and with the exception of sample 12,
less than 0.1 mol% SN-38. Data were obtained by “Drug Retention and Stability” method and
“Drug Analysis” method described herein.

[00217] Increased levels of lyso-PC were measured in samples that had been adjusted to pH
6.5 and prepared at a ratio of 471 g irinotecan moiety (as explained above, using an
equivalent amount of 500 g irinotecan HCl anhydrous) per mole of phospholipid, reaching
36-37 mol% (of the total phosphatidylcholine) for samples 12 and 14, whereas adjustment of
the pH to 7.25 rendered the liposomes less susceptible to lyso-lipid formation, with lyso-PC
levels approaching only 11 mol% (of the total phosphatidylcholine) after one year for Sample
15.

[80218] Changing the liposomal pH from 6.5 to 7.25 had no detrimental effect on colloidal
stability or drug leakage.

Example 3: Storage stability of stabilized irinotecan liposomes with varying amounts of TEA
(SOS trapping agent counter-ion)

[00219] Irinotecan liposomes were prepared by loading irinotecan into liposomes
encapsulating sucrose octasulfate (SOS) and a substituted ammonium counter ion (e.g.,
protonated TEA). The effect of changing the residual amount of the substituted ammonium in
the drug loaded irinotecan SOS liposome was evaluated by making multiple irinotecan SOS
liposomes containing varying amounts of the encapsulated residual substituted ammonium
ion, storing these irinotecan SOS liposomes under refrigeration at 4 °C for 6 months and then
measuring the amount of Lyso-PC (in mol%) in these irinotecan SOS liposomes.

[60220] The data demonstrated that reducing the amount of substituted ammonium jon
within irinotecan SOS liposomes results in lower levels of lyso-PC after 6 months of
refrigerated storage at 4 °C. In particular, irinotecan SOS liposomes having less than 100
ppm (e.g., 20-100 ppm TEA) substituted ammonium exhibited lower levels of lyse-PC
formation after 6 months of refrigerated storage 4 °C.

[00221] Six lots (Samples 24-29) of liposomal irinotecan sucrosofate were prepared
according to certain embodiments of the invention, following the protocols described herein,
having thé Stability Ratios of 1046-1064, lipid composition of DSPC, cholesterol, and
MPEG-2000-DSPE at the molar ratio of 3:2:0.015, respectively.
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[00222] The amount of lyso-PC in Table 10 was determined by HPLC (Method A herein).
Table 10: Irinotecan liposome preparations at pH 7.3 (irinotecan SOS encapsulated in
vesicles formed from DSPC, cholesterol (Chol), and PEG-DSPE in g 3:2:0.015 molar ratia)

Sample | D Irinotecan | DL pH [ Irinotecary | TEA | Lyso PC Lyso- | mol%
(lot) {mm) | mg/mL ratio SOS gram ppm | initial PC Lyso-
g/mol equiv ratio mg/mLf rate PC at
mg/mL | 180
- /month | days®
24() (110 | 4.51 502 | 7.3]1.02040.012 | 16 | 0.060 0.0077 | 2.2
25 (109 | 4.38 517 [ 73] 1.01840.031 | 14 0.059 0.0124 | 3.0
26(3) | 109 | 443 481 7.3 [ 0.963+0.008 | 39 0.148 0.0309 | 6.9
27(4) | 107 4.43 469 7.3 | 0.965x0.019 | 79 0.081 0.0313 | 54
28(5) 1108 1443 487 | 7.3[0.983+0.021 | 18 0.060 0.0126 | 2.8
20(6) [112 (443 503 [ 7309070009 | 100 | 0.110 0.0585 | 10.1

f Measured according to Method A, as described herein.
¢ Measured according to Method A, as described herein.
[00223] The liposomes {100-115 nm} were obtained by extrusion of the lipid dispersed in a
TEA-SOS solution (0.4-0.5 M sulfate) through 100-nm polycarbonate membranes
(Nuclepore), purified from extraliposomal TEA-SOS by tangential flow diafiltration buffer
exchange against osmotically balanced dextrose solution, loaded with irinotecan by raising
the temperature to 68 °C, and stirring for 30 minutes, quickly chilled, and purified from
extraliposomal TEA and any unencapsulated drug by tangential flow diafiliration buffer
exchange against buffered physiological sodium chloride solution. The irinotecan sucrosofate
liposome composition was filter-sterilized by passage through the 0.2-pm membrane filters,
aseptically dispensed into sterile glass vials, and incubated under refrigeration conditions (5 =
3 °C). At the refrigerated storage times of approximately 0, 3, 6, 9, and in some cases, 12
months, duplicate vials of each lot were withdrawn and analyzed for the amount of
accumulated lyso-PC using HPLC method with evaporative scattering detector. The liposome
compositions were also characterized by the particle size, irinotecan and liposome
phospholipid concentration, pH of the liposome composition, irinotecan/sucrosofate gram-
equivalent ratio (Iri/SOS ratio) and residual triethylammonium (protonated TEA) (as
triethylamine). The mean particle size (D) and polydispersity index (PDI) were determined
by DLS method using Malvern ZetaSizer NanoZS™. Irinotecan concentration in the
liposome compositions was determined by HPLC. Total phospholipid was determined
spectrophotometrically by the blue phosphomolybdate method after digestion of the
liposomes in sulfuric acid/hydrogen peroxide mixture.

" [00224] Drug/lipid (DL) ratio was calculated by dividing the drug amount (as free base

anhydrous) in g by the molar amount of liposome phospholipid in the liposome preparation.
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Liposomaliy-entrapped SOS was quantified after passage of the liposomes through a
Sephadex G-25 gel-chromatography column (PD-10, GE Healthcare) eluted with normal
saling, To determine the Irinotecan/SOS gram-equivalent ratio, 0.1-mL aliquots of the eluted
liposome fractions, in triplicate, were mixed with 0.05 mL of 70% perchloric acid,,

- hydrolyzed at 95-100 °C for 1 hour, neutralized with 0.8 mL of 1 M sedium acetate, filtered
to remove insoluble lipid products, and the amount of sucrosofate-derived sulfate groups in
the filtrates was quantified by turbidimetry using barium-PEG reagent essentially as
described under Methads. Another set of triplicate aliquots of the same liposome eluates was
lysed in 70% acidified (0.1M HCI) aqueous isopropanol and assayed for irinotecan by
spectrophotometry at 365 nm. The irinotecan/sucrosofate gram-equivalent ratio (1ri/SOS
ratio) was calculated in each eluted liposome fraction by dividing the measured molar
concentration of the drug by the measured molar concentration of the sulfate groups. The pH
was measured as described in subsection “pH Measurements.” TEA was quantified by
headspace gas chromatographic (GC) separation utilizing gradient temperature elution on a
capillary GC column followed by flame ionization detection (FID). Results are expressed as
ppm (parts per million) of TEA. Levels of TEA are determined by external quantitation
against a standard.

[00225] Thedatain 5, 6, 7, 10, 11A, 11B, and 12 was obtained from liposomal irinotecan
samples prepared by loading 0.4-0.5 M TEAsSOS trapping agent liposomes with about 400-
600 mg (e.g., about 500 g) irinotecan moiety per mol total phospholipid (Stability Ratios
ranging from about 1000-1200) and a pH after manufacturing of about 7-.0-7.5 (e.g., about
7.25). The amount of lyso-PC in each of these liposomal irinotecan samples was measured at
the time points indicated in FIG. 5-7 using the HPLC method of Example 9.

[00226] The lyso-PC accumulation data (in mg lyso-PC/mL liposome composition) were
plotted against the storage time, as shown on FIG. 5 (Samples 24-26/Lots 1-3) or FIG. 6
(Samples 27-29/Lots 4-6). A linear correlation was observed, where the lyso-PC
accumulation varied from about 0.008 mg/mL/month to about 0.06 mg/mL/month, the higher
rates being characteristic for the compositions with higher TEA amounts, The amounts of
lyso-PC accumulated at day 180 (about 6 months) of storage were determined from the linear
approximation of the multi-point data (FIGS. 5A and 5B) and expressed as mol% of PC
taking the molecular weight of lyso-PC equal to 523.7 g/mol. All six lots (Samples 24-29; see
Table 10) accumulated less than 20 mol% of lyso-PC at day 180 of refrigerated storage. The
lots with less than 20 ppm TEA and Iri/SOS gram equiv. ratio of more than 0.98 showed the
least lyso-PC accumulation (less that about 0.015 mg/mL/month, lyso-PC at day 180 —3.0

CSPC Exhibit 1106
Page 346 of 390



WO 2017/066726 PCT/US2016/057247
79

mol% or less); the lots with less than 80 ppm TEA accumulated lyso-PC at the rate of about
0.03 mg/mL/month, or less, and had less than 7 mol% of lyso-PC at day 180; the lot with 100
ppm residual TEA accumulated lyso-PC at the rate of about 0.06 mg/mL/month, and had
about 10 mol% lyso-PC at day 180.

[00227] FIG. 7 is a graph showing the rates of lyso-PC accumulation (in mg/mL/month)
stored at 5 £ 3 °C plotted against TEA content (in ppm) in the stabilized irinotecan
sucrosofate liposome compositions, along with the linear regression line derived from the
data. Five additional lots of liposomal irinotecan sucrosofate were prepared similarly to
Example 3. The preparations were stored at irinotecan moiety (as explained above, based on
the free base anhydrous) of about 4.3 mg/mL irinotecan free base anhydrous per mL and
periodically analyzed for lyso-PC formation and TEA content as described in Example 3. The
rates of lyso-PC accumulation were calculated as the slopes of linear regression lines
obtained by fitting to the lyso-PC data over storage time for each lot and plotted against the
TEA content with averaged TEA readings of the BDP/DP paired lots (FIG. 6). As follows
from the graph, preparations that had about 25 ppm or less of TEA accumulated lyso-PC at
the rates less than 0.02 mg/mL/month (less than 2.5 mol% lyso-PC increase over 130 day
period); preparations that had less than about 70 ppm TEA accumulated lyso-PC at the rate of
less than 0.033 mg/mL/month (less than 4.3 mol% lyso-PC increase over 180 day period),
and all preparations had less than about 100 ppm of TEA and accumulated lyso-PC at the rate
of less than 0.062 mg/mL/month (less than 8.0 mol% lyso-PC increase over 180 day period).
[00228] Samples 24, 25, and 28 each have less than 20 ppm (e.g., about 10-20 ppm)
substituted ammonium ion (protonated TEA) and have the lowest amounts of lyso-PC
observed after 6 months of refrigerated storage at 4 °C (2.2-3 mol% lyso-PC). Comparing
samples 26 and 27, incréasing the amount of residual substituted amine trapping agent
counter-ion (e.g., protonated TEA) in the itinotecan SOS liposomes from about 39 ppm to 79
ppm (a 103% increase) was accompanied by an unexpected drop on the amount of lyso-PC
observed after 180 days (from 6.9 mol% to 5.4 mol%, a 22% reduction in lyso-PC).
However, further increasing the amount of residual substituted ammonium ion {(e.g.,
protonated TEA) in the irinotecan SOS liposomes from 79 ppm (Sample 27) to 100 ppm
(Sample 29) (i.e., a 27% increase) was accompanied by an additional 87% increase (i.e., from
5.4 mol% in Sample 27 to 10,1 mol% in Sample 29) in the amount of lyso-PC observed after
6 months of refrigerated storage at 4 °C,

CSPC Exhibit 1106
Page 347 of 390



WO 2017/066726 PCT/US2016/057247
80

Example 4: Interaction of irinotecan with sucrosofate
[00228] FIG. 8 is a graph showing gram-equivalent amounts of irinotecan and sucrosofate in
the precipitate formed by combining irinotecan hydrochloride and triethylammonium
sucrosofate in aqueous solution at various proportions of sucrosofate (SOS) as described in
Example 4.
[00230] When a solution of irinotecan hydrochloride is combined with liposomes containing
triethylammonium sucrosofate, a hydrogen ion can be scavenged and an irinotecan
sucrosofate salt can be formed. To study the reaction between irinotecan and
triethylammonium sucrosofate, we prepared 25 mM (16.93 mg/mL) aqueous solution of
irinotecan hydrochloride trihydrate USP and 250 meg/L (31.25 mM) solution of
tricthylammonium sucrosofate {TEA-SOS) (essentially as described in the “Methods™
section). Aliquots of irinotecan hydrochloride solution were diluted with water, heated to 65
°C, and combined with aliquots of TEA-SOS solution to produce a series of irinotecan-SOS
gram-equivalent ratios between 9:1 and 1:9, at the overall gram-equivalent concentration of
both compounds together equal 25 meq/L. The samples were quickly mixed by vortexing,
incubated at 65 °C for 30 minutes, chilled in ice-water, and allowed to equilibrate overnight at
4-6 °C. In all samples, precipitation was observed. The next day, the samples were
centrifuged at 10000xg for 5 minutes and at 14000xg for another 5 minutes, and clear
supernatant fluid (over a loose, copious white to slightly tan precipitate) was isolated and
analyzed for the amounts of non-precipitated irinotecan and SOS essentially as described in
the Examples to determine the amount and composition of the precipitate. The results were
plotted against the gram-equivalent percent of SOS in the sample (FIG. 8). In the range of 20-
80 equivalent % of SOS the graphs for both components consisted of two linear branches that
met at the value of 50 equivalent %, indicating that irinotecan and sucrosofate formed an
insoluble salt with the stoichiometry of one irinotecan molecule per one sulfate ester group of
sucrosofate (that is, eight molecules of irinotecan (IRI) per one sucrosofate (SOS) molecule):
8 IRL.HCI + TEAsSOS = (IRI.H)%SOS | + TEACI '
[00231] Despite pronounced differences in the molecular size and shape of a protonated
irinotecan molecule and a sucrosofate anion, their salt surprisingly kept close stoichiometry —
eight molecules of protonated irinotecan for one sucrosofate molecule - even under the large
excess of either compoﬁent (FIG. 8). Thus, irinotecan sucrosofate can exist in the liposome in
a poorly soluble, precipitated, or gelated form. The fact that the precipitating salt keeps its
strict stoichiometry allows the process to advance to the point when mostly all or essentially

all sulfate groups of sucrosofate are bound to the drug molecules. Consistent with the
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irinotecan-sucrosofate gram-equivalent ratio measurements of Example 6, the process of
irinotecan loading to obtain a stable liposome of the present invention, in some embodiments,
can comprise liposomal precipitation of the stoichiometric drug salt until at least 90%, at least
95%, or even at least 98%, and in some cases, essentially all free liposomal sucrosofate is
depleted from the liposomal aqueous phase through precipitation and/or gelation of its

irinotecan salt.

Example 5: Preparation and solubility determination of irinotecan sucrosofate.

[00232] An amount of 1.64 g of irinotecan hydrochloride trihydrate was added to 160 mL of
water acidified with 0.008 mL of 1 N HCI, and heated on a 65 °C water bath with stirring
until the drug was dissolved. Five mL of 0.46 M (based on sulfate concentration)
triethylammonium sucrosofate were added with intensive stirring, and stirred for five minutes
more. A yellowish oily precipitate solidified into a brittle mass after overnight storage at 4-6
°C. The mass was triturated with a glass rod to give fluffy off-white precipitate and incubated
under refrigeration for 25 days. The precipitate was separated by centrifugation, and the
supernatant solution was discarded. The pellet was resuspended in five volumes of deionized
water, and precipitated by centrifugation; this washing step was repeated two more times
until the pH of the suspension was about 5.8. Finally, the pellet was resuspended in an equal
volume of deionized water to give about 26 mL or the product, having an irinotecan content
of 46.0 mg/mL (free base) (yield 84% of theory). An aliquot of the product was solubilized in
1 N HCI and analyzed for irinotecan (by spectrophotometry at 365 nm in 70% aqueous
isopropanol-0.1 N HCI) and for sulfate after hydrolysis in a diluted (1:4) perchloric acid
using a barium sulfate turbidimetric assay. The molar ratio of irinotecan to SO4 was found to
be 1.020 £ 0.011. Aliquots of the irinotecan sucrosofate suspension werc added to deionized
water to the final drug salt concentration of 0.93, 1.85, and 3.71 mg/mL. The samples were
incubated with agitatioﬁ at 4-6 °C for 22 hours, the solid material was removed by
centrifugation for 10 min at 14000 g, and the supernatant fluid was analyzed for irinotecan by
spectrophotometry. The concentration of irinotecan in solution was found to be 58.9 +£ 0.90
micro-g/mL, 63.2 £ 0.6 micro-g/mL, and 63.4 + 1.3 micro-g/mL, respectively, that, on

average, corresponds to an irinotecan sucrosofate molar solubility of 1.32x10-° M.

Example 6: Various frinotecan Liposomes
[00233] All the experiments for this example were conducted using a 25mm extruder,
hollow fibers, or tangential flow filtration (TFF) set-up for the initial diafiltration step, micro
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scale drug loading, and a TFF set-up for the final diafiltration followed by EAV filtration.
Due to the limited volume of the drug loaded material, the final filtration after dilution was
done using a 20 cm? EAYV filter in a biosafety cabinet instead of two EBV filters.

Table 11:

Sample 31a | 31b 32a 32b 33 34
(2a) | 2b) | (3a) (3b) (4) (5)

Encapsulated 4.56 | 4.68 4.65 4.58 52 5.1

Irinotecan

Concentration (mg/mL)

% Encapsulated 984 | 992 | 982 99.3 99.7 | 99.8

Irinotecan (%)

DSPC: cholesterol mol 3.03: 1.00 2.96: 1.00 3:1 3:1

ratio

Irinotecan:phospholipid | 486 | 486 458 458 502 | 481

ratio (mg/mol)

pH 728 | 728 | 6.41 6.41 7.3 7.3

Particle Size 90-130 (0.05) 110 109

Measurement (0.10) | (0.05)

{USP729) (nm) (PDI)

Lyso PC Concentration | <0.060 | 0,175 ] 0.076 | 0573 | 0.24 | 0.79

(mg/mL)

Lyso-PC concentration | 4.04 12.72 5.11 | 1643

(mol%)*

h Measured according to Method A, as described herein.

[00234] Referring to Table 11, a series of different irinotecan liposomes were prepared
having different amounts of lyso-PC. Unless otherwise indicated, the irinotecan liposomes
encapsulated irinotecan sucrose octasulfate in a vesicle consisting of DSPC, cholesterol, and
MPEG2000DSPE in a 3:2:0.015 mole ratio.

[00235] Sample 30 (lot 1) was obtained by preparing the liposomes as described in Example
1 {(except as indicated in this Example) and then holding the extruded liposomes for 8 hours
at 72 °C after liposome extrusion, pH adjusted to 6.2-6.9 at the end of 8 hours, resulting ina
composition with about 45 mol% lyso-PC (i.e. about 1.7 mg/mL}. The time of MLV
preparation was considered as time 0. This experiment was performed using an aliquot from
the baseline experiment 1. The composition of sample 30 (lot 1) was prepared with liposomes
having a lower DSPC:cholesterol mol ratio (about 2:1 instead of 3:1 in other samples). The
resulting irinotecan liposome composition had a high level of lyso-PC (i.e., greater than 1
mg/mL and greater than 40 mol% lyso-PC).

[00236] Samples 31a and 31b (lots 2a and 2b) were prepared using the process of Exampie 1
with modifications to test the effect of increasing the TEA-SOS solution concentration in the

liposomes prior to irinotecan drug loading and the effect of decreasing the irinotecan drug
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loading ratio by 15% on the characteristics of the resulting irinotecan liposome compositions.
The material of sample 31a (2a) was obtained by forming liposomes having vesicles
comprising DSPC and cholesterol (in the ratio provided in Table 11) encapsulating a solution
of TEA-S0S at a 0.5 M sulfate group concentration to form multilamellar vesicles (MLVs)
and contacting these liposomes with irinotecan hydrochloride solution in the amount of 510 g
irinotecan free base anhydrous/mol of PL to load the drug into the liposomes. The material of
sample 31b (2b) was obtained by maintaining the liposome composition of sample 3 1a (2a)
for 1 week at 40 °C, then analyzing the sample again. The resulting irinotecan liposome
compositions of samples 31a and 31 b (2a and 2b) both contained very low levels of lyso-PC
(i.c. less than about 0.06 mg/mL or 4 mol% in sample 3 la (2a) and about 0.175 mg/mL in
sample 31b (2h)).

[00237] Samples 32a and 32b (lots 3a and 3b, respectively) were prepared using the process
of Example 1, with modifications selected to study the combined effect of formulation buffer
pH and decreased irinotecan drug loading ratio. The material of sample 32a (3a) was obtained
by forming liposomes having vesicles comprising DSPC and cholesterol (in the ratio
provided in Table 10) encapsulating a solution of TEA-SOS solution to form MLVs and
contacting these liposomes with irinotecan to load the drug into the liposomes, forming
irinotecan sucrose octasulfate within the liposome at the irinotecan drug loading ratio
indicated in Table 11 (lower irinotecan drug loading ratio than samples 33 (4) and 34 (5)) ina
buffer selected to provide a pH of about 6.50 (instead of a pH of about 7.25 in sample 30 (1)).
The material of sample 32b (3b) was obtained by maintaining the composition of sample 3a
for | week at 40 °C, then analyzing the sample again. The resulting irinotecan liposome
compositions 32a(3a) and 32b (3b) both contained low levels of 0.076 mg/mL and 0.573
mg/mL lyso-PC, respectively.

[09238] Samples 33 (4) and 34 (5) were prepared according to the methods described in
Example 1. The material of sample 33 (4) and 34 (5) was obtained by forming liposomes
having vesicles comprising DSPC and cholesterol (in the ratio provided in Table 11)
encapsulating a solution of TEA-SOS solution to form MLV’ and contacting these liposomes
with irinotecan to load the drug into the liposomes, forming irinotecan sucrose octasulfate
within the liposome at 500 g irinotecan moiety (based on the free base anhydrous)/mol
phospholipid in a buffer selected to provide a pH of about 7.25 (instead of a pH of about 6.5
in samples 3a and 3b). The resulting irinotecan liposome compositions 3a and 3b both

contained low levels of 0.24 mg/mL. and 0.79 mg/mL lyso-PC, respectively.
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[00239] FIG. 12 is a graph showing the amount of lyso-PC measured in sample 33(4)
(circles, lower line) and sample 34(5) (“+” data points, upper line). The rate of lysc-PC
formation was higher in Sample 34 (5) than Sample 33 (4). The linear fit to the data points in
FIG. 12 was as follows:

Sample 33 (4): lyso-PC, mg/mL = 0.0513596 + 0.00847[4* Accumulated Age

Sample 34 (5): lyso-PC, mg/mL = 0.1766736 + 0.0279783* Accumulated Age
The total lyso-PC concentration of the irinotecan liposome preparations in Samples 33 and 34

were (.24 mg/mL and 0.79 mg/mL at 22 months, respectively.

Example 7: Irinotecan Liposome Injection (ONIVYDE®)
[00240] One preferred example of a storage stable irinotecan liposome preparation is the
product marketed as ONIVYDE® (irinotecan liposome injection) (Merrimack
Pharmaceuticals, Inc., Cambridge, MA). The ONIVYDE® product is a topoisomerase
inhibitor, formulated with irinotecan hydrochloride trihydrate into a liposomal dispersion, for
intravenous use. The ONIVYDE® product is indicated, in combination with fluorouracil and
leucovorin, for the treatment of patients with metastatic adenocarcinoma of the pancreas after
disease progression following gemcitabine-based therapy.
[00241] The recommended dose of the ONIVYDE® product is 70 mg/m? administered by
intravenous infusion over 90 minutes once every 2 weeks. The ONIVYDE® product is
administered in combination with leucovorin and fluorouracil for the treatment of certain
forms of pancreatic cancer. The recommended starting dose of the ONIVYDE® product in
these pancreatic cancer patients known to be homozygous for the UGT1A1*28 allele is 50
mg/m? administered by intravenous infusion over 90 minutes. [ncrease the dose of the
ONIVYDE® product to 70 mg/m? as tolerated in subsequent cycles. There is no
recommended dose of the ONIVYDE® product for patients with serum bilirubin above the
upper limit of normal.
[00242) The ONIVYDE® product is administered to patients as follows, First, the calculated
volume of the ONIVYDE® product is withdrawn from the vial. This amount of the

. ONIVYDE® product is then diluted in 500 mL 5% Dextrose Injection, USP or 0.9% Sodium
Chloride Injection, USP and mixed by gentle inversion. The dilution should be protected
from light. The dilution is then administered within 4 hours of preparation when stored at
room temperature or within 24 hours of preparation when stored under refrigerated conditions

[2°C to 8 °C (36 °F 10 46 °F)). The diluted solution is allowed to come to room temperature
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prior to administration, and it should not be frozen, The dilution is then infused over 90
minutes without the use of in-line filters, and the unused portion is discarded.

100243] The ONIVYDE® product is formulated with irinotecan hydrochloride trihydrate, a
topoisomerase inhibitor, into a liposomal dispersion for intravenous use. The chemical name
of irinotecan hydrochloride trihydrate is (S)-4,11-diethyl-3,4,12,14-tetrahydro-4-hydroxy-
3,14-dioxo1H-pyrano[3°,4":6,7]-indolizino[ 1,2-b]quinolin-9-yl-[ 1,4 bipiperidine]-1°-
carboxylate, monohydrochloride, trihydrate. The empirical formula is C33H33N4Os-HCI-3H20

and the molecular weight is 677.19 g/mole. The molecular structure is:

Q -
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[00244] The ONIVYDE® product is provided as a sterile, white to slightly yellow opaque
isotonic liposomal dispersion. Each 10 mL single-dose vial contains the equivalent of 43 mg
irinotecan free base at a concentration of 4.3 mg/mL irinotecan free base anhydrous per mL
(i.c., 4.3 mg irinotecan moiety/mL). The liposome is a unilamellar lipid bilayer vesicle,
approximately 110 nm in diameter, which encapsulates an aqueous space containing
irinotecan in a gelated or precipitated state as the sucrose octasulfate salt. The vesicle is
composed of 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC) 6.81 mg/mL, cholesterol
2.22 mg/mL, and methoxy-terminated polyethylene glycol (MW 2000)-
distearoylphosphatidyl ethanolamine (MPEG-2000-DSPE) 0.12 mg/mL. Each mL also
contains 2-[4-(2-hydroxyethyl) piperazin-1-ylJethanesulfonic acid (HEPES) as a buffer 4.05
mg/mL and sodium chloride as an isotonicity reagent 8.42 mg/mL.

[00245] Irinotecan Iipdsome injection is a topoisomerase 1 inhibitor encapsulated in a lipid
bilayer vesicle or liposome. Topoisomerase 1 relieves torsional strain in DNA by inducing
single-strand breaks. Irinotecan and its active metabolite SN-38 bind reversibly to the
topoisomerase 1-DNA complex and prevent re-ligation of the single-strand breaks, leading to
exposure time-dependent double-strand DNA damage and cell death. In mice bearing human
tumor xenografts, irinotecan liposome administered at irinotecan HCl-equivalent doses 5-fold
lower than irinotecan HCI achieved similar intratumoral exposure of SN-38.

[00246] The plasma pharmacokinetics of total irinotecan and tota] SN-38 were evaluated in
patients with cancer who received the ONIVYDE® product, as a single agent or as part of
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combination chemotherapy, at doses between 50 and 155 mg/m2, and 353 patients with
cancer using population pharmacokinetic analysis.

[00247] The pharmacokinetic parameters of total irinotecan and total SN-38 following the
administration of the ONIVYDE® product at 70 mg/m2 as a single agent or part of

combination chemotherapy are presented below.

Table 12: Summary of Mean (+Standard Deviation) Total Irinotecan and Total SN-38

Total Irinotecan Total $N-38
Dose, Cas AU, 1y L Va Cioax AUC,., Ly
(mg/m) | [pgml) | [bpeml] [h) [Lh) [L] [ng/ml] | [engml] [h
{n=25) =23} (u=23} (n=23) (n=23) (n=25) (u=13) (n=13)
10 12 1364 258 .20 4.1 34 620 67.8
(8.8 {1048) (15.7} 10.17) (L5) (3.9 329 {34.5)

C oy Maxinmm plnsma concentration

AUC, 1 Aren under the plasig concentiation cwrve extrapolated 1o thme nininy
ty;: Tenminal eluninarion Lalf-1ifz

CL: Clearance

Vg Volume of disteibnstion

100248] Over the dose range of 50 to 155 mg/m2, the Cmax and AUC of total irinotecan
increases with dose. Additionally, the Cmax of total SN-38 increases proportionally with
dose; however, the AUC of total SN-38 increases less than proportionally with dose.

[00249] Direct measurement of irinotecan liposome showed that 95% of irinotecan remains
liposome-encapsulated, and the ratios between total and encapsulated forms did not change
with time from 0 to 169.5 hours post-dose.

[00250] The ONIVYDE® product should be stored at 2 °C to 8 °C (36 °F to 46 °F), should
be protected from light, and should not be frozen.

[00251] Multiple ONIVYDE® product preparations were placed on long term stability and
analyzed over 12-36 months of storage at 2-8 °C (refrigerated conditions). Results are plotted
in graphs in F1G. 9, 10, 11A, and 11B, as described below. In one study, the particle size
(FIG. 9) and Particle Size Distribution (FIG. 10) were measured for 12 ONIVYDE® product
preparations over 12-36 months. The PDI remained well below 0.1, and below about 0.05, for
all samples. In another study, the pH (F1G. 11A) was measured for 13 different ONIVYDE®
product preparations over 12 -36 months. The pH remained above 6.8 during the study for all
samples. In another study, the amount of lyso-PC (FIG. 11B) was measured over 12 months
for 16 different ONIVYDE® product preparations, during refrigerated storage. The amount
of lyso-PC remained below 1 mg/mL for all samples.

[00252] For the purposé of determining the irinotecan free base concentration in the
ONIVYDE® product embodiment at different time points of storage, irinotecan free base is

quantified as provided in the “Example” section. For the purpose of determining the lipid
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composition of the ONIVYDE® product embodiment at different time points of storage,
lipids are quantified using standard HPLC methodologies that are standard in the art.
[00253] For the purpose of determining the mean patticle size (D) and polydispersity index
(PDI) of liposomes of the ONIVYDE® product embodiment at different time points of
storage, the DLS method in conjunction with a Malvern ZetaSizer Nano ZS™ was used.
[00254] For the purpose of determining the presence of lyso-PC in the ONIVYDE® product
embodiment at different time points of storage, lyso-PC is quantified as described in the
“Examples” section. Additionally, it is also contemplated within the context of the present

invention that lyso-PC may be quantified by HPLC as described in the specification.

Example 8: Topotecan and Vinorelbine Liposomes

[00255] The aim of this storage stability study was to determine any changes in the physical
and chemical stability of topotecan (TPT) liposomes and vinorelbine (VNB) liposomes
prepared with a sucrose octasulfate trapping agent, when stored at 4 °C. Specifically, the

- study examined whether, during liposome manufacture, reducing the sucrose octasulfate
(SOS) trapping agent concentration from 0.6 M to 0.45 M sulfate groups, while maintaining
topotecan or vinorelbine to phospholipid ratio as indicated below per mol phospholipid,
would have an effect on the amount of lyso-PC present in the liposome samples. Similarly,
the effect of increases in the pH from 6.5 to 7.5 was examined, to determine whether this pH
increase reduced the presence of lyso-PC in the liposome compositions. TPT and VNB were
encapsulated with a SOS trapping agent in liposomes containing DSPC, cholesterol (Chol),
and PEG-DSPE in a 3:2:0,015 molar ratio. The formulation parameters investigated include:
solution pH (6.5-7.5), concentration of the sucrose octasulfate trapping agent during liposome
preparation (0.45-0.6 M sulfate), the drug encapsulated (TPT or VNB), and the drug to lipid
ratio (500 g TPT HCI per mol phospholipid during liposome loading; for VNB, from 350 to
450 g VNB moiety per mol phospholipid during liposome loading). The various
physicochemical properties of the liposomes that were monitored during this stability study
were; liposome size, drug to phospholipid ratio, drug encapsulation efficiency, general
appearance, and lyso-lipid formation.

[00256] DSPC, cholesterol (Chol), and PEG-DSPE were weighed out in amounts that
corresponded to a 3:2:0.015 molar ratio, respectively (790.15 mg/257.8 mg/14.0 mg). The
lipids were dissolved in chloroform/methanol {4/1, v/v), mixed thoroughly, and divided into 2
aliquots (A and B). Each sample was evaporated to dryness using a rotary evaporator at 60

°C. Residual chloroform was removed from the lipids by placing under vacuum (180 ptorr) at
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room temperature for 12 hours. The dried lipids were dissolved in ethanol at 60 °C, and pre-
warmed TEA3SOS of appropriate concentration was added so that the final alcohol content
was 10% (v/v). The total phospholipid concentration was approximately 75 mM. The lipid

~ solution was extruded through 0.1 pm polycarbonate membranes (Nuclepore™}) 10 times, to
produce liposomes with a typical average diameter of 95-115 nm. The pH of the extruded
liposomes was adjusted as needed (with 1 N NaOH) to pH 6.5 if necessary. The liposomes
were purified by a combination of ion-exchange chromatography and size-exclusion
chromatography. First, Dowex™ IRA 910 resin was treated with 1 N NaOH, followed by 3
washes with deionized water, and then followed by 3 washes of 3 N HCI, and then muitiple
washes with water. The conductivity of the eluted fractions was measured by using a flow-
cell conductivity meter (Pharmacia, Uppsala, Sweden). The fractions were deemed
acceptable for further purification if the conductivity was less than 15 pS/em. The liposome
eluate was then applied to a Sephadex G-75 (Pharmacia) column equilibrated with deionized
water, and the collected liposome fraction was measured for conductivity (typically less than
| pS/cm), 40% dextrose solution was added to achieve a final concentration of 5% (w/w),
and the buffer (Hepes) was added from a stock solution (0.5 M, pH 6.5) to a final
concentration of 10 mM.

[80257] A stock solution of topotecan hydrochloride was prepared by dissolving 50 mg in 10
mL deionized water. Drugs were added to liposome solutions at the drug/lipid ratio indicated
for each formulation in the results Table 13. For TPT loading, the pH was adjusted to pH 6.0
prior to loading. Vinorelbine was added directly from the commercial USP injection solution
from the pharmacy, and the pH of the resulting mixture adjusted to 6.5 with 1 N NaOH prior
to heating. Drug loading was initiated by heating the liposome/drug mixtures to 60 °C for 30
minutes. The solutions were rapidly cooled upon removal from the water bath by immersing
in ice cold water. Extra liposomal drug was removed by size exclusion chromatography,
using Sephadex G75 columns equilibrated and eluted with Hepes (10 mL} buffered saline
{HBS), pH 6.5. The samples were analyzed for irinotecan by HPLC and phosphate by the
method of Bartlett (see Phosphate Determination).

[00258] For storage, the samples were divided into 4 mL aliquots, and the pH was adjusted
if necessary using 1 N HC1 or 1 N NaOH, sterile filtered under aseptic conditions, and filled
into sterile clear glass vials that were sealed under argon with a Teflon® lined threaded cap
and placed in a thermostatically controlled refrigerator at 4 °C. At defined time points, an
aliquot was removed from each sample and tested for appearance, size, drug/lipid ratio, and

drug and lipid chemical stability. The liposome size was determined in the diluted samples by
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dynamic light scattering using Coulter Nano-Sizer at 90 degree angle and presented as Mean

= Standard deviation (nm) obtained by the method of cumulants.
[00259] The results from comparative stability studies are provided in Table 13.

PCT/US2016/057247

Table 13: Topotecan and Vinorelbine Liposomes preparved with TEAsSOS Trapping Agent

{0.6N SOS sulfate groups, stored at 2 mg/mL drug concentration)

Sample | Drug [gram of pH Time Mol % Size£SD
drug]/ total (months) Lyso-PC!
mol PL

19 TPT 500° 6.5 0 0 115.049.5
| 122(x0.71y | 107.3x16.9
3 25.0{x0.9) 108.449.1
6 25.9(+0.5) 102.3£252
9 29.0(x1.4) 108.6+19.2

20 . TPT 500 7.25 0 0 115.0+9.5
1 10.0(20.4) 109.0£16.8
3 19.0(x0.5) 108.6:15.8
6 23.3(22.2) | 105.5:13.6
9 29.4(x3.1} 110.6+12.1

21 VNB 350 6.5 0 0 115.0£9.5
1 2.2(1.1) 105.3£16.7
3 105.8+18.1
6 9.5(x1.2) 102.8+8.9
9 9.5 (£0.6) 103.4+23.3

22 VNB . 350 71.25 0 0 115.0+£9.5
1 1.3(x0.1) 105.3x16.7
3 105.8=18.1
6 5.0 (0.5) 102.8+8.9
9 5.5(22.6) | 103.4+23.2

23 VNB 4350 6.5 0 0 115.0+9.5
1 0.3(x0.1) 90.6+29.6
3 104.7221.2
6 ALY | 1064167
9 3.4(x0.3) 133.3x16.6

i Measured according to Method B, as described herein.

1500 g topotecan HCI per mol total phospholipids

[00260] The effect of storage media pH on the production of lyse-lipid in topotecan loaded
liposomes was not observed in Samples 19 and 20. Both formulations in samples 19 and 20
exhibited close to 30 mol% lyso-lipid after 9 months, even though sample 19 was stored at
pH 6.5 and sample 20 was stored at pH 7.25.

[00261] In contrast to Eoth the liposomal camptothecins, liposomal vinorelbine was more
resistant to lipid hydrolysis, in that the highest amount of lyso-lipid measured was in sample
21, having 9.5 mol% lyso-lipid after 9 months. Although less pronounced, we can alsc detect

a dependence on the Stability Ratio and storage media pH. Higher Stability Ratio resulted in
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reduced lipid hydrolysié {compare samples 21 to 23). A pH of 7.25 also reduced the amount
of observed lipid hydralysis (compare samples 21 to 22).

Example 9: HPLC Method for Measuring Lyso-PC (“Method A")

[00262] The amount of lyso-PC in the irinotecan sucrose octasulfate liposome preparations
tested to obtain data in FIGS, 11B and 12 was obtained using HPLC with detection by
evaporative light scatteﬁng. A suitable HPLC method (referred herein to “Method A"} is a
quantitative method used to measure the amount of stearic acid, lyso-PC, cholesterol, and
DSPC (1,2-distearoyl-sn-glycero-3-phosphocholine) in the drug product. The liposomes are
dissociated into their individual lipid components using a methanol-tetrahydrofuran solution.
The lipid components are quantitated using reverse phase high pressure liquid

chromatography equipped with an evaporative light scattering detector.

Sampie and Standard Preparation

Standard Preparation:

LysoPC

[00263] A five point standard curve is prepared by diluting appropriate quantities of
LysoPC with 85:15 methanol-tetrahydrofuran to target final concentrations of 4, 8, 20, 32,
and 40 pg/mL.

Stearic Acid

[00264] A five point standard curve is prepared by diluting appropriate quantities of stearic
acid with 85:15 methanol-tetrahydrofuran to target final concentrations of 2, 4, 10, 16, and
20.4 ug/mL.

Cholestero!

[00265] A five point standard curve is prepared by diluting appropriate quantities of
cholesterol with 85:15 methanol-tetrahydrofuran to target final concentrations of 90, 144,
183.7, 224.9 and 266.6 pg/mL.

DSPC

[00266] A five point standard curve is prepared by diluting appropriate quantities of DSPC
with 85:15 methanol-tetrahydrofuran to target final concentrations of 220, 352, 449, 549.8,
and 651.7 pg/mL.

Assay Control

[00267] An assay control is prepared by diluting stearic acid in diluent (85:15 methanol-
tetrahydrofuran) to a target final concentration of 9.0 pg/mL and 18.0 pg/mL.
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- Sample Preparation:
[00268] Samples are prepared by diluting each sample in 85:15 methanol-tetrahydrofuran
solution to a target final DSPC concentration of 475 pg/mL.
Solution Stability
[00269] The test samples standards, and assay controls have demonstrated acceptable
stability in solution for up to 48 hours when siored at ambient temperature.

" Instrument and Instrument Parameters
[00270] A suitable high pressure chromatographic system equipped with an evaporative
light scattering detector capable of changing gain and filter settings throughout a run, if need
be, to ensure proper peak detection. The instrument operating parameters are listed in Table
14.
Table 14: Chromatographic Conditions

Chromatographic Chromatographic Conditions and Set Points
Parameter
Column Phenomenex Luna C8(2) 100 pm, 150 mm x 3 mm
with guard column Phenomenex C8 4x2.0mm
Injection Volume 20 uL
Column Temperature 30°C
Flow Rate 1.0 mL/minutes
Mobile Phase A 100 mM Ammonium Acetate pH 4.0
Mobile Phase B Methanol
. Gas Pressure: 3.5 bar
ELSD Settings Temperature: 40°C
Time Mobile Phase A Mobile Phase A
(minutes) (%) (%)
0 15 85
. 3 8 92
Gradient 6 0 100
9 0 100
2.1 15 85
12 15 85
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Table 15: System Suitability
Parameter Acceptance Criteria
Chromatographic profile of diluent blank, working
Eluticn Profile standard, and assay control are comparable to the

examples shown in the test method.

Average plates 22000 for DSPC and Cholesterol in
calibration standard level 5 (n=5 injections)
Average tailing <1.5 for DSPC and Cholesterol in
calibration standard level 5 {n=5 injections)
Signal-to-noise >10 for LysoPC peak in calibration
standard level 1

%RSD <6.0 for LysoPC, stearic acid, DSPC and
Precision cholesterol in in calibration standard level 5 (n=5
injections)

R?>0.99 for LysoPC, stearic acid, DSPC and

Plates

Tailing

Signal- to-noise

Linearity cholesterol standard calibration curves.

Accuracy %Recovery =901 10% for DSPC and cholesterol
within standard calibration curves

Accuracy %Recovery = 80-120% for stearic acid control

[00271] Each lipid concentration is determined by analyzing the sample peak area to the
standard curve. A second order polynomial equaticn (quadratic curve) trend line is used to
calculate the lipid concentrations of lyso-PC and Stearic Acid. A linear trend line is used to
calculate the lipid concentrations of DSPC and cholesterol.

[00272] A representative chromatogram is presented in FIG. 13A and FIG. 13B,

[00273] AM references cited herein are incorporated herein by reference in their entirety.
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CLAIMS
1. A stofage stabilized liposomal irinotecan composition having a pH of 7.00-7.50 and
comprising a dispersion of irinotecan liposomes encapsulating irinotecan sucrose octasulfate
in vesicles consisting of cholesterol and the phospholipids 1,2-distearoyl-sn-glycero-3-
phosphocholine (DSPC) and methoxy-terminated polyethylene glycol (MW 2000}
distearoylphosphatidyl ethanolamine (MPEG-2000-DSPE), at a concentration of irinotecan
moiety equivalent to, in grams of irinotecan free anhydrous base, 500 mg (x10%) irinotecan
moiety per mmol total liposome phospholipid and 4.3 mg irinotecan moiety per mL of the
liposomal irinotecan composition, the storage stabilized liposomal irinotecan composition

stabilized to form less than 20 mol% Lyso-PC during the first 6 months of storage at 4 °C.

2. A storage stabilized liposomal irinotecan composition having a pH of 7.00-7.50 and
comprising a dispersion of irinotecan liposomes encapsulating irinotecan sucrose octasulfate
in unilamellar bilayer vesicles consisting of cholesterol and the phospholipids 1,2-distearoyl-
sn-glycero-3-phosphocholine (DSPC) and methoxy-terminated polyethylene glycol (MW
2000)-distearoylphosphatidyl ethanolamine (MPEG-2000-DSPE), at a concentration of
irinotecan moiety equivalent to, in grams of irinotecan free anhydrous base, 500 mg (+10%)
irinotecan moiety per mmol total liposome phospholipid and 4.3 mg irinotecan moiety per
mL of the liposomal irinotecan compeosition, the storage stabilized liposomal irinotecan

camposition having an irinotecan/sulfate compound gram-equivalent ratio of 0.85-1.2.

3. A storage stabilized liposomal irinotecan composition stabilized to form less than 20
mol% Lyso-PC during the first 6 months of storage at 4 °C, the liposomal irinotecan
composition made by a process comprising steps of:

(a) forming a lipid dispersion in a solution made from TEAgSOS and/or DEAsSOS
having a sulfate concentration of from 0.4 to 0.5 M and a pH between from 5 to 7, the
lipids in said dispersion being DSPC, cholestercl and MPEG-2000-DSPE in an about
3:2:0.015, respeétively, mole ratio;

(b) extruding the lipid dispersion between 60-70 °C through at least one 0.1 pm
membrane to form liposomes;

{¢) substantially removing ions derived from TEA3SOS and/or DEAzSOS that are outside

the liposomes;
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(d) contacting the Iibosomes at a temperature between 60-70 °C with a solution made
using irinotecan free base or irinotecan salt, thereby forming a preparation of
liposomes encapsulating irinotecan;

{e) substantially removing substances derived from the TEA3SOS and/or DEASOS and
irinotcan ingredients that are outside the liposomes; and

(f) adjusting the pH of the composition to be from 7.0 to 7.5.

4, The liposomal irinotecan composition of any one of claims 1-3, made by a process
comprising steps of:

(a) forming a lipid dispersion in a solution made from TEA3SOS having a sulfate
concentration of from 0.4 to 0.5 M and a pH between from 5 to 7, the lipids in said
dispersion being DSPC, cholesterol and MPEG-2000-DSPE in an about 3:2:0,015,
respectively, mole ratio;

{b) extruding the lipid dispersion between 60-70 °C through at least one 0.1 pm
membrane to form liposomes;

(c) substantially removing ions derived from TEAsSOS that are outside the liposomes;

(d) contacting the liposomes at a temperature between 60-70 °C with a solution made
using irinotecan free base or irinotecan salt, thereby forming a preparation of
liposomes encapsulating irinotecan;

(e) substantially removing substances derived from the TEAgSOS and irinotcan
ingredients that are outside the liposomes; and

(f) adjusting the pH of the composition to be from 7.0 to 7.5,

5. The liposomal irinotecan composition of claim 4, wherein the lipid dispersion is

extruded through at least two stacked 0.1 um polycarbonate membranes.

6. The liposomal irinotecan composition of any one of the previous claims, where the
liposomes have a mean size of 110 nm as determined by dynamic light scattering and where

the size is determined by the method of curnulants.

7. The liposomal irinotecan composition of any one of the previous claims, having a

total irinotecan moiety content equivalent to of 4.3 mg/ml irinotecan free base anhydrous.
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8. The liposomal irinotecan composition of any one of ¢laim 3-6, wherein:
in step (a) the liposomes are formed from TEAsSOS having a sulfate concentration of
between 0.43-0.47 M; and
in step (d) the solution made using irinotecan free base or an irinotecan salt has an
irinotecan moiety content equivalent to 500 g (£10%) of irinotecan free base
anhydrous per mole of DSPC; and
in step () adjusting the pH of the composition to be from 7.2 to 7.3.

9. The liposomal composition of any one of the previous ¢laims, containing less than 1
mol% lyso-phosphatidylcholine (lyso-PC) prior to storage at about 4 °C, and 20 mol% or less
(with respect to total liposome phospholipid) of lysc-PC after 180 days of storage at about
4°C,

10.  The liposomal composition of claim 9, containing 20 mol% or less (with respect to
total liposome phospholipid) of lyso-phosphatidylcholine (lyso-PC) after 6, 9 or 12 months of

storage at about 4 °C.

11, The liposomal irinotecan composition of any one of the previous claims, comprising a
total of 6.1 to 7.5 mg DSPC/ml, 2 to 2.4 mg cholesterol /ml, and 0.11 to 0.13 mg MPEG-
2000-DSPE/ml, all in an aqueous isotonic buffer.

12.  The liposomal irinotecan composition of any one of the previous claims, wherein the
liposomal irinotecan comprises the irinotecan liposomes in an isotonic HEPES aqueous

buffer at a concentration of between 2 and 20 mM.

13,  The liposomal irinotecan composition of any one of the previous claims, further

comprising sodium chloride at a concentration of from 130-160 mM.,

i4.  The liposomal irinotecan composition of any one of the previous claims, wherein the
irinotecan encapsulated in the liposomes is in a gelated or precipitated state as a sucrose

octasulfate salt.
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15.  The liposomal irinotecan composition of any one of the previous claims, wherein the
irinotecan liposomes have a diameter of 95-115 nm, as measured by quasi-elastic light

scattering.

16.  The liposomal irinotecan composition of any one of the previous claims, comprising a
total of 6.81 mg DSPC/ml, 2.22 mg cholesterol /ml, and 0.12 mg MPEG-2000-DSPE/ml,
4.05 mg/mL HEPES aqueous buffer and 8.42 mg sodium chloride/mL.,

17.  The liposomal irinotecan composition of any one of the previous claims, having a pH
of 7.25, wherein the irinotecan liposomes have a diameter of 110 nm as measured by quasi-

elastic light scattering.

18.  The liposomal irinotecan composition of any one of the previous claims, forming less

than 1 mg/mL lyso-phosphatidylcholine (lyso-PC) after 6 months of storage at about 4 °C.

19.  The liposomal irinotecan composition of any one of the previous claims, made by a
process comprising steps of:

(a) forming a lipid dispersion in a solution of TEAsSOS having a sulfate concentration of
about 0.45 M and a pH of about 6.5, the lipids in said dispersion consisting of 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC), cholesterol and methoxy-terminated
polyethylene glycol (MW 2000)-distearoylphosphatidyl ethanolamine (MPEG-2000-
DSPE) in a male ratio of 3:2:0.015, respectively;

(b} extruding the lipid dispersion between 60-70 °C through at least one 0.1 pym
membtane to form liposomes;

{c) removing ions derived from TEA3SOS that are outside the liposomes;

(d) contacting the liposomes at a temperature between 60-70 °C with & solution made
using irinotecan hydrochloride trihydrate, to form a preparation of liposomes
encapsulating about 500 g (=10%) irinatecan per mol total liposome phosphalipid;

(e) removing substances derived from the TEASOS and irinotcan ingredients that are
outside the liposomes; and

(f) adjusting the pH of the composition to be about 7.3.

20.  The liposomal irinotecan composition of any of the previous claims, comprising a

total of less than 100 ppm of TEA.
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21.  The liposomal irinotecan composition of any one of the previous claims, comprising a
total of 30-100 ppm of TEA or DEA.

22.  The liposomal irinotecan composition of any one of the previous claims, wherein at
least 98% of the irinotecan is encapsulated in the irinotecan liposomes after 6 months of

storage at about 4 °C,

' 23.  The liposomal irinotecan composition of any one of the previous claims, comprising

the irinotecan composition of formula (I) within the irinotecan liposomes, where x is 8:

HO,;50 HOMS0,  DSOM Jx
HO,80 ----D—,Z—)\/osoﬂ“
¢ 0
HO,50 D504 O%04H
(0.
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