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extension unit of contrast file., Including - (CH2) rC (O) NRb (CH2CH2O) r- (seeing the 150th page the 1st section
in 1 description of contrast file). ., It is thus clear that wherein contained - NH- (CH2CH20) 2-., - (CH2) 2Cchar(39)s
(O) structure., Those skilled in the art carry out conventional the transformation in order to obtain the said structure
of this claim to above-mentioned structure easily., Its technological effect can be expected.

Claim 15-18 is quoted to claim 19. Further prescribing a limit to - NH- (CH2) nl-La-Lb-Lc-char(39)s structure.
Yet. 1 selection of still having instructed multiple extension unit of contrast file., Including - (CH2) rC (O) NRb
(CH2CH20) r- (seeing the 150th page the 1st section in 1 description of contrast file). ., It is thus clear that wherein
contained - NH-., -(CH2)rC(O)- - CH2CH20O-char(39)s structure., Those skilled in the art carry out conventional the
transformation in order to obtain this claim several kinds of said structures to above-mentioned structure casily., Its
technological effect can be expected.

Claim 20-21 all further prescribes a limit to specific joint design. Yet. The extension unit has been instructed to
contrast file 1., The selection of amino acid unit., And DXchar(39)s enlightenment has been given to select., Those
skilled in the art obtain the said antibody of claim 20-21 - medicine conjugate through limited experiment easily.,
Antibody - medicine conjugate that contrast file 1 provided has the technological effect of dwindling internal tumour
volume equally., The said conjugate of claim 20-21 does not possess unexpected technological effect (seeing 1
embodiment part of contrast file). .

In sum. When its claim of quoting does not possess creativeness., It does not possess outstanding substantive
characteristics and remarkable progress to subordinate to claim 16-21 yet., Be not conform to the regulation of the

22nd the 3rd section of patent law.

6. Claim 22-29 is not conform to the regulation of the 22nd the 3rd section of patent law.

Claim 22-24 quotes claim 1 or 15 respectively. The further average linking number of prescribing a limit to 1
kind of medicine - joint design of selection for 1 antibody. Yet. Contrast file 1 still discloses a 1-4 medicine module
and has been connected (seeing the 151st page the 3rd section in 1 description of contrast file). with antibody. Those
skilled in the art adjust and verify its curative effect to medicine - joint design for the average linking number of 1
antibody ecasily on the basis of contrast file 1.

Claim 1 or 15 is quoted to claim 25. Further prescribe a limit to the function of antibody. Yet. Contrast file 1
still discloses treats like CD22char(39)s antibody to B cell surface mark through using., Including using the antibody
(seeing the 63rd page the lst section in 1 description of contrast file). that the coupling has the cell toxic agent., It is

thus clear that having instructed, contrast file 1 adopts said antibody - the medicine conjugate of antibody preparation
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that has discernment target cell characteristic.

Claim 1 or 15 is quoted to claim 26. Further prescribe a limit to the type of target cell. Yet. Contrast file 1
discloses the target cell that is directed against for B cell malignant tumour (seeing the 63rd page the 1st section in 1
description of contrast file). .

Claim 27-29 quotes claim 1 or 15 respectively. Further prescribe a limit to the type of antibody. Yet. Contrast
file 1 still discloses treats like CD22char(39)s antibody to B cell surface mark through using., Including using the
antibody (seeing the 63rd page the 1st section in 1 description of contrast file). that the coupling has the cell toxic
agent., And other antibody all are the antibody that is directed against the known target in this ficld., Those skilled in
the art select according to specific disease type and therapeutic schedule easily., Its target effect can be expected.

In sum. When its claim of quoting does not possess creativeness., It does not possess outstanding substantive
characteristics and remarkable progress to subordinate to claim 22-29 yet., Be not conform to the regulation of the

22nd the 3rd section of patent law.

7. Claim 30-33 is not conform to the regulation of the 22nd the 3rd section of patent law.

Claim 30 medicine of asking for protection. It contains 1 or 15 said antibody - medicine conjugate or its salt of
claim. Aforementioned examination reports have been commented claim 1 or 15 in detail and have not been
possessed creative reason. Contrast file 1 still discloses provides the Pharmaceutical composition (seeing the 39th
page the Ist section in 1 description of contrast file). who contains any the aforesaid immune conjugate and
pharmaceutically acceptable carrier., Those skilled in the art expect preparing into the medicine with the antibody of
claim 1 or 15 - medicine conjugate or its salt easily., Its technological effect can be expected.

Claim 31 ask for protection antineoplastic and / or anticancer drugs. Aforementioned examination reports have
been commented claim 1 or 15 in detail and have not been possessed creative reason. Contrast file 1 still discloses
provides the Pharmaceutical composition that contains any the aforesaid immune conjugate and pharmaceutically
acceptable carrier., And use said Pharmaceutical composition in order to treat B cell proliferation nature disease for
the individuality., Said B cell proliferation nature disecase is selected from the lymthoma., (seeing the 39th page the
1st section in 1 description of contrast file). such as leukaemia., Those skilled in the art expect preparing into tumour
medicine and / or anticancer drugs with the antibody of claim 1 or 15 - medicine conjugate or its salt casily., Its
technological effect can be expected.

Claim 31 is quoted to claim 32. Further prescribe a limit to the type of cancer. Yet. Contrast file 1 still discloses

said cancer and has still included breast cancer., (seeing the 62nd page of last section in 1 description of contrast
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file). such as kidney cancer., Those skilled in the art expect coming the different kinds of cancer of treatment
through the type of replacement antibody and medicine easily., Its technological effect can be expected.

Claim 33 pharmaceutical composition of asking for protection. Aforementioned examination reports have been
commented claim 1 or 15 in detail and have not been possessed creative reason. Contrast file 1 still discloses
provides the Pharmaceutical composition (seeing the 39th page the st section in 1 description of contrast file). who
contains any the aforesaid immune conjugate and pharmaceutically acceptable carrier., Those skilled in the art expect
preparing into the pharmaceutical composition with the antibody of claim 1 or 15 - medicine conjugate or its salt
casily., Its technological effect can be expected.

In sum. The known general knowledge that combines this field on the basis of contrast file 1 technical scheme in
order to obtain claim 30-33 and ask for protection., Conspicuous as far as those skilled in the art., Claim 30-33 does
not possess outstanding substantive characteristics and remarkable progress., Be not conform to the regulation of the

22nd the 3rd section of patent law.

The applicant should answer the problem that the this notice book proposed in the appointed answer time limit
at the this notice book one by one. Answer the amend the patent application document in case of necessity.,
Otherwise this application will be difficult to get the Green Light. The applicant should accord with the regulation of
the 33rd patent law to the modification of applying for the file. The scope that must not exceed the record of former

description and claims.
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(Machine translation)

SIR

SUPERINTENDENT OF INDUSTRY AND COMMERCE

E. S. D.

REF: File NC2016 / 0000187

TITLE REQUESTED: "CONJUGATE OF ANTIBODY-DRUG ANTI-
RECEIVER 2 OF THE FACTOR OF

EPIDERMAL GROWTH (HER2) "

PUBLICATION: Gazette 780 of December 30, 2016

PRIORITY: JA 2014-017777 01/31/2014 JA
2014-168944 08/22/2014
JA 2014-227886 11/10/2014 APPLICANT:
DAIICHI SANKYO COMPANY, LIMITED

APPOINED: CAROLINA MERCEDES DAZA

MONTALVO

PROCEDURE: Appeal for Reposition against Resolution 12260

Of February 21 of 2018, by which a patent of invention is
granted

JUAN PABLO REYES VILLAMIZAR, of legal age, identified as it appears at the foot
of my signature, practicing lawyer, holder of the professional card number 44655 of the
Superior Council of the Judiciary, acting as attorney-in-fact of the company
LABORATORIOS LEGRAND SA, in the subject of the reference, in a respectful
manner and within the terms of the law, I file an appeal for reversal against the
Resolution 12260 of February 21, 2018 by which the patent application privilege is
granted to application NC2016 / 0000187.
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I PETITION

Plcasc, Mr. Supcrintendent, replace in full resolution 12260 of February 21, 2018, by which
the opposition presented was declared unfounded and the patent privilege requested was
granted in the file of the reference, and in its replacement issued another that, with based on
the arguments set out in this writing, declare that opposition founded and deny the privilege

of mentioned patent, proceeding then to the definitive archiving of the file in question.
In subsidy, it is requested to order the performance of a new patentability examination to the
request by the Directorate of New Creations, in which the arguments and evidence that I raise

in the present appeal arc considered.

Il. FOUNDATIONS OF THE RESOURCE AND REASONS OF INCONFORMITY.

Resolution 12260 of February 21, 2018 issued by that Superintendence presents the granting
of the patent benefit for the request of the reference, however, as set forth below, the subject
matter lacks features that grant it inventive level and industrial application to the Antibody-

drug conjugate claimed there:

2.1. The Technical Examiner declared our Opposition unfounded without providing
technical arguments on the document US20160287722 (quoted in the opposition):i) The
Examiner fails to demonstrate that document US20160287722 did not anticipate the
technical characteristics claimed, ii) Resolution 12260 does not establish how document
US20160287722 affected the patentability requirements of the subject matter, iii) The
Examiner did not identify documents other than those provided by our opposition and,
consequently, the document was not identified closer to the immunoconjugates claimed,

therefore, the patentability analysis was not performed correctly.

Resolution 12260 statcs that the forcgoing prescnted in the Opposition docs not invalidate

the matter claimed by the applicant due to:
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"The opponent argues that the invention lacks an inventive level compared to the
teachings of document US20160287722 because they disclose anti-HER2 antibody
conjugated with drugs derived from campothecins.

The applicant did not respond to the arguments of the opponent.

This Office evaluated the document provided by the opponent and with which it bases
its arguments for lack of inventive level and found that the document was published
on October 6, 2016, after the priority date of the request corresponding to January
31 of 2014. For the above, and taking into account that the opponent did not provide

any more technical elements this Dispatch considers the opposition unfounded.

Preciscly as stated in the resolution, it is necessary that the forcgoing cited by the opposition

did not prosper because:
a Document US20160287722 was published at a date after the priority date.

Faced with this particular, we express our disagreement with the argument that declares our
Opposition unfounded, because the Examiner limited himself to analyzing the date of
publication of the forcgoing and omitted to perform the proper technical analysis of the
document US20160287722. When limited in the technical analysis of the evidence provided
by the Opposition, the Examiner failed to consider our arguments and consequently did not
provide his technical opinion on the relevance or not in the analysis of the inventive level of

the matter claimed.

Another fact that I wish to highlight is that the Examiner did not identify other relevant
documents or the state of the art document closest to the subject matter, but simply concluded

in Oficio 15105 that there were no precedents related to the claim:

«The state of the art was determined based on the date of presentation of the priority
request:January 31, 2014, and did not find documents that anticipate the purpose of
this request. »Highlight outside the original text taken from Oficio 15105, Exp. N °
NC2016 / 0000187, numeral 6, p. 3 out of 4
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Taking into account the result of the search of the Technical Examiner-mentioned above-we
respectfully present our disagreement since the application NC2016 / 0000187 refers to an
antibody-drug-ADC conjugate, where the drug has an antitumor effect and is conjugated to
an anti-HER?2 antibody by a linker structure, (see specilication, p.1, In.5 to 9), specific form
the file NC2016 / 0000187 refers to an immunoconjugate containing trastuzumab, as

presented below:

anticusrpo~farmacs

o
W
.

Fradtizamah

Now, immunoconjugatcs or ADC's arc alrcady known in the technical ficld

- antibody-drug conjugatesWhich consist of an antibody, a drug and a linker, as follows:

Taken [rom htips://adcetris.com/ in ¢HL Consolidation/MOA March 2018
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By way of example, the Mylotarg® immunoconjugate is cited, which is composed of an anti-
CD33 monoclonal antibody linked via a linker to a cytotoxic agent called N-acetyl gamma

calicheamicin. Let's see:

CESDRIPT

Lrsiny

Tkt

B
}

.

¢

Taken from https://www.rxlist.com/mylotarg-drug.htm,March 2018

Another example is Adcetris®1, an immunoconjugate containing the monoclonal chimeric

antibody called brentuximab bound to an antimitotic agent called Vedotin2:

s

Brentuximab Peptide linker Auristatin E=
{chigG1)} -Cit-Vale {4 perig}
“Cys-8H {Hinge}

Taken from https://goo.gl/images/t1iSyR,March 2018

Taking into account that the file NC2016 / 0000187 is related to immunoconjugates that are
well known in the technical field, we do not agree with the Technical Examiner when he
argucs that there arc no documents anticipating the technical characteristics of the

immunoconjugate claimed, moreover

1 Both Adcetris and Mylotarg were immunoconjugates mentioned in the same specification.
2 Taken from https://newdrugapprovals.org/2013/02/03/health-canada-approves-adcetris-brentuximab-vedotinfor-the-treatment-of-relapsed-or-refractory-hod gkin-lymphoma-

hl-and-systemic-anaplastic-large-celllymphoma-salcl/



OnCusp
5197 of 14295 No. 1002

When the same file mentions the examples of Adcetris® and Mylotarg®3 (see page 1 of the
descriptive report), therefore, it is evident that the application does have valid precedents to
analyze the inventive level thereof, contrary to what has been argued by the Examiner who
does not even perform the exercise ol choosing the document closest to the subject matter

claimed.

AL this point it is concluded that the Examiner ignored the technical arguments ol the
opposition and omitted to study the technical matter revealed by the document
US20160287722 -upported by the opposition-, likewise, it did not identify documents other
than US20160287722 related to immunoconjugates or identify a nearby document to the
immunoconjugate containing trastuzumab claimed, in Consequently, a due analysis of

inventive level was not carried out.

2.2. The document US20160287722 is relevant for the analysis of the inventive level of
the application in question:i) US20160287722 discloses immunoconjugates containing a
cytotoxic drug, a binder and may contain an anti-HER-2 antibody, such as
trastuzumab, ii) Document US20160287722 is a divisional of US patent US7585491
published on September 23, 2004, iii) The documents US20160287722 and US7585491,
among others, anticipate the technical characteristics claimed by the file NC2016 /
0000187.

First, I would like to mention that the cover of the document cited in the opposition,
US20160287722, informs the reader that the data of this application and are related to other

US applications and patents published since December 2003. Let's see:

"This application is a divisional of US patent application Ser. No. 13 / 921,747, filed Jun. 19,
2013, which was a divisional of US patent application Ser. No. 13 / 845,694 (now US Pat. No.
9,133,268), filed Mar. 18, 2013, wich was a divisional of US patent application Ser. No. 13 /
586,281 (now US Pat. No. 8,425,912), filed Aug. 15, 2012, which was a divisional of US patent
application Ser. No. 12 /512,526 (now US Pat. No. 8,268,319), filed Jul. 30, 2009, which was a
divisional of US patent application Ser. No. 10/ 734,589, (now US Pat. No. 7,585,491), filed Dec.
15, 2003, which claimed

3 Which should not be admitted since the File is referring to trademarks, which reduces the clarity of the request
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Priority to US Provisional Application No. 60 / 433,017 filed Dec. 13, 2002, the contents of each of

which are incorported herein by reference in their intirety. »(cover (62), and paragraph [0001])

Such patents published prior to the priority date of the file
NC2016 / 0000187 -31 January 2014-, are presented below:

- US patent US9,133,268B2, entitled Immunoconjugates with an intracellularly-cleavable
linkage, by Govindan S., published on August 22, 2013

- U.S. Patent US8,425,912, entitled Immunoconjugates with an intracellularly-cleavable
linkage, by Govindan S., published on December 27, 2012

- U.S. Patent No. 8,268,319, entitled Immunoconjugates with an intracellularly-cleavable
linkage, by Govindan S., published on November 26, 2009

- U.S. Patent US7.585,491B2, cntitled Immunoconjugates with an intraccllularly-
cleavable linkage, by Govindan S., published on September 23, 2004

Taking the American patent US7,585,491 as a reference hereinafter, 1 will proceed to
demonstrate that this precedence efleclively anticipated the technical characteristics of the

file NC2016 / 0000187:

- US Pat. No. 7,585,491 tcachcs immunoconjugatcs containing a marker and a

therapeutic part:

«The invention relates to therapeutic conjugates with improved ability to target various
cancer cells containing a targeting moiety and a therapeutic moiety. The targeting and
therapeutic moieties are linked via an acid cleavable linkage that increases therapeiutic
efficacy of the immunoconjugate. »(US7,585,491, Abstract)

- It also teaches that monoclonal antibodies are used for the delivery of highly toxic

drugs:

«For many years it has been an aim of scientists in the field of specifically targeted drug
therapy to use monoclonal antibodies (mAbs) for the specific delivery of toxic agents to
human cancers. Conjugates of tumor-associated mAbs and suitable toxic
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Agents have been developed, but have had mixed success in the therapy of cancer, and
virtually no application in other diseases. The toxic agent is most commonly a chemotherapy
drug, although particle-emitting radionuclides, or bacterial or plant toxins have also been
conjugated to mAbs.

The advantages of using mAb-chemotherapy drug conjugates are that (a) the chemotherapy
drug itself is structurally well defined; (b) the chemotherapy drug is linked to the mAb protein
using very well defined conjugation chemistries, often at specific sites from the mAbs antigen
binding regions; (¢) mAbchemotherapy drug conjugates can be made more reproducibly than
chemical conjugates involving mAbs and bacterial or plant toxins, and as such are amenable
to commercial development and regulatory approval; and (d) the mAbchemotherapy drug
conjugates are orders of magnitude less toxic than radionuclide mAb conjugates.
»(US7,585,491, Col. 1, [n 15 to 35)

- It also reveals that the antibodics used in said conjugates can be anti-HER-2:

«In a preferred embodiment of the present invention, antibodies, such mAbs, are they used
to recognize or bind to markers or tumor-associated antigens that are expressed at high levels
on target cells and that are expressed predominantly or only on diseased cells versus normal
tissues, and antibodies that internalize rapidly. (...) Other useful antigens that may be targeted
using these conjugates include HER-2 / neu, BrE3, (...) »(US7,585,491, col 8, In 47 to 54 and
In 65 to 68)

- As for the therapcutic agent, the US patent US7,585,491 mentions that it can be

CampotecinAs stated below-:

«The chemotherapeutic agent is preferably selected from the group consisting of doxorubicin
(DOX), epirubicin, morpholinodoxorubicin (morpholino-D0OX), cyanomorpholino-
doxorubicin (cyanomorpholino-DOX), 2-pyrrolino-doxorubicin (2PDOX), camptothecin
(CPT), irinotecan (CPT-11), SN-38 (the uctive drug which is metabolically produced, in vivo,
Jrom the prodrug CPT-11), topotecan, taxanes, geldanamycin, ansamycins, and epothilones.
Targeting moiety is a monoclonal antibody (mAb). »(US7,585,491, Col. 5, In. 34 to 41)

- As for the binder, it mentions that it contains the maleimido group

RNy

. , and that can have more than one amino acid in the internal chain of the linker,
like this:

«The targeting moiety preference links to at least one chemotherapeutic moiety, more
prerably it links to about 7 to 12 said chemotherapeutic moieties. A preferred linker has the
Jormula:
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O

The linker optionally comprises a functional group at the N-terminus, at watersolubilizing
moiety at the C-terminus, and one or more internal amino acids with side chains available
for attachment to said chemotherapeutic moiety. The water-solubilizing moiety is optionally
DTPA, EDTA, TTHA, benzyl-DTPA, DOTA, benzyl-DOTA, NOTE, benzyl-NOTE, or N, N'-

dialkyl substituted piperazine. The functional group is optionally a thiol-reactive or an

"

amine-reactive group.

In summary, Govindan S, in his patent US7,585,491 (2004) discloses the structures of
immunoconjugates that may optionally contain an anti-HER-2 monoclonal antibody, a
cytotoxic agent similar to campothecin and a binding agent containing the maleimido group

and more than one amino acid, as claimed in the Colombian application in question.

23. Other documents showed techmnical characteristics that complement the
teachings of Govindan S. (2004):i) Wente et al. (2005), and Rowinsky (2005) anticipated
that the compound exatecan presented a great antitumor activity, ii) Acchione et al.
(2012) anticipated the factors to be considered for the choice of a linker that provides
stability and a good binding profile with the therapeutic target, iii) Inoue et al. (2012),
teaches the factors that must be taken into account to make the choice of the binding

agent for different cases.

At this point I wish to state that the Exatecan compound - which is mentioned in the main
claim granted - was already known in the state of the art as a compound with a high antitumor

activity.

This is how Wente et al. (2005), in the article titled:«DE-310, a macromolecular prodrug of
the topoisomerase-I-inhibitor exatecan (DX8951), in patients with operable solid tumors»,
presents the Exatecan compound

- DX-8951, as a synthetic analog of Campotecin with a broad antitumor activity, to which a
drug delivery system called DE-310 (a conjugate) was designed that increased the

accumulation of this cytotoxic at the level of the tumor tissue:
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«One of the recently introduced members of camptothecin analogs, exatecan mesylate (DX-
8951), is a synthetic water-soluble hexacyclic camptothecin analogue with broad anti-tumor
activity ... To use the potentially beneficial effects of DX-8951 over other camptothecins and
to enhance the accumulation of the drug in tumor tissues, DE-310 has been developed as a
drug-delivery system. Each molecule of DX-8951 is linked to a carboxymethyldextran
polyalcohol carrier via glycyl-glycyl-phenylalanyl-glycyl (GGFG) peptidyl spacer (Figure
1). Upon enzymatic cleavage, DX-8951 and glycyl-DX-8951 (G-DX-8951) are released from
DE310 [20]. The carboxymethyldextran polyalcohol carrier portion of DE-310 was designed
to impart greater tumor specificity to the molecule. The slow release of DX-8951 from the
carrier within the tumor provides for a level of localized chemotherapeutic activity. p. 339
and 340

Taken from Wente the at., 2005

CNE-rex-FA carvies
™
HO oy

£\ l’“

Lo -
L

' #
SESE. wN i
BGF 7 ‘3 2ONR HQ‘Z % “a
e R N G o ’
Kl SO et 3
,,,! R N i

& A 3 Qe

N
b HSCR9SY
£ on

Figure £, Chemizalstroctire of BE-410,

Also, Rowinsky (2005), in the book «Campotecine in Cancer Therapy», in his chapter
entitled: «Preclinical and Clinical Development of Exatecan (DX8951f)», published in 2005,
reports that the Exatecan developed by Daiichi pharmaceutical Co., had already gone through

clinical phases and that a prodrug -DE-310- has been developed for it:

«The main rationale for synthesizing extecan (DX-8951f, Daiichi Pharmaceutical Co., Ltd,
Japan) was to exploit physicochemical features of the camptothecins (CPTs) anticipated to
yield an increase in cost effectiveness compared with currently available CPT analogs such
as topotecan and irinotecan . The overall therapeutic profile sought in these efforts was greater
and broader than antitumor activity, decreased toxicity, and intrinsic activity without
requiring metabolic activation, which accentuate the fundamentally large interindividual
variability in the pharmacologic behavior of the CPT analogs and consequently in their
antitumor and toxicologic profiles . Exatecan has completed Phase I clinical development on
a broad range of schedules and is currently undergoing more focused disease-directed Phase
II and Phase III evaluations. Additionally, DE-310, a unique polymer prodrug of exatecan,
which was developed to achieve protracted systemic exposure to the active drug after a single
dose, is also undergoing early clinical development. »p. 317 and 318
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On the other hand, Inoue K., Kumazawa E., Kuga H., Susaki H., Masubuchi N., Kajimura T.
(2004), in the article entitled: «CM-Dextran-PolyalcoholCamptothecin Conjugate.», Teaches
the conjugate DE-310 obtained by optimizing the conjugate CM-Dex-PA-GGFG-DX-89514

and that showed superior antitumor efficacy:

«Thus for the application of a camptothecin analog DX8951f11, methanesulfonic acid salt of
DX-8951, to the conjugate system, we used the CM-Dex-PA carrier with molecular sizes
higher than renal filtration threshold to avoid rapid renal excretion and consequent maintain
a high plasma level of the drug conjugate. In preclinical studies, DE-310, which was obtained
by optimizing the conjugate system CM-Dex-PAGGFG-DX-8951, showed a long retention
of high conjugatelevels in blood, a preferential tumor-accumulation and sustained releases of
both DX-8951 and glycyl DX-8951 (G-DX-8951) in tumor tissue, and resulted in exhibition
Of a superior antitumor efficacy with a high therapeutic index by single iv dose. In addition,
the carrier moiety of DE-310 was shown to be depolymerized and excreted mainly into urine
after IV dose of DE-310. Phase I trials of DE-310 have been going in US and Europe, while
DX8951f is now in phase Ill. »P. 145 and 146

Now, Acchione et al., (2012) in its article "Impact of linker and conjugation chemistry on
antigen binding, Fc receptor binding and thermal stability of model antibody-drug
conjugates”, teaches that to choose the best linker according to each antibody, some factors

must be considered. Let's sce:

«... General 'rules' about the advantages or disadvantages of specific linkers or conjugation
methods are not well documented. Here we systematically evaluate the impact of linker and
coupling chemistry on the properties of two model IgG1 antibodies (Fig. 1A). The results
demonstrate some general trends concerning optimal linker strategies (...)

Overall strategyTo explore the effects of IgG1 structure, conjugation chemistry and linker on
ADC properties, we exploited two model 1gG1 scaffolds, with multiple linkers of variable
length and hydrophobicity. The linkers were used to attach the model drug biotin to amines,
reduced thiols, or oxidized carbohydrates on each IgG. In all cases, the form of biotin used
Jfor conjugation was biocytin, which allows for a facile amine coupling of the biotin. Amine
and carbohydrate linkers were purchased with this biocytin attached. For clarity, we refer to
the group as biotin rather than biocytin in the remainder of this report. The structures of the
linkers and biotin are shown in Figure 1B. For ADC identification, the subscripts 'N', 'T" and
'C’ refer to coupling to amines, thiols or carbohydrates respectively ...

Of the three functional groups investigated, thiol conjugation resulted in the greatest
decreases in observed Tm as monitored by DSC. Furthermore, the degree of change in Tm is
correlated with the number of biotin molecules linked to the

4 CM-Dex-PA means carboxymethyldextran polyalcohol, GGFG is the peptidyl-glycyl-glycyl-phenylalanylglycyl (GGFG) spacer and DX-8951 is the campothecin analogue.
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Antibody via thiols. The degree to which the molecule is independent of the length of the
linker used or its hydrophobicity when the molecule being attached to the antibody is small

and slightly hydrophobic. »P. 362

LA

L

2.4. The technical characteristics of the invention had been disclosed before the priority

date and therefore a technician versed in the matter -in order to solve the technical

problem posed- could have taken the suggestions of the foregoing presented here and

reach the conjugates . In this way, the incorrect and superficial analysis of priorities

made by the Examiner is demonstrated.

According to Resolution 12260, the main claim granted refers to an immunoconjugate with

the following characteristics:
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«1. An antibody-drug conjugate characterized by an antitumor compound represented by the
following formula:
Formula 1

Me

Is conjugated to an anti-HER?2 antibody as in the form of a structure
Drug-linker selected from the following group:
] o

N (‘hQCHZEHzﬂHZGHZAC(XO}G(;FE«NH»GHiDv(}-HkyC{:Q}\N

~ WE
e] e
- .\‘\:,g—& o
¢ e

. i8]

\L N CHCH CH, CHCH- OO GOFGHNH-OH, CH,-O-CH- O O o

's] (M"N

at

. Q

[kaaN

Where

Said drug-linker structure is connected to an antiHER2 antibody by a thioether bond which
is formed in a disulfide bond portion present in the hinge part of the anti-HER2 antibody, -
GGF( represents a peptide residue of -Gly-Gly-Phe- Gly-,

Y

Wherein the anti-HER25 antibody comprises a heavy chain and light chain selected from the
group:

a heavy chain consisting of an amino acid sequence consisting of positions 1 to 449 of SEQ

ID NO:1 and a light chain consisting of

5 It is noted that file NC2016 / 0000187 refers to trastuzumab when it claims "anti-HER?2 antibody". this based on the sequences "claimed" and revealed in the
specification:"The term" HER2 "as used herein, is used with the same meaning as HER2 proicin. Examples of the anti-HFER 2 antibody as used hercin may include,
but are not limited to, pertuzumab (International Patent Publication No. WO 01/00245) and trastuzumab (U.S. Patent No. 5821337). Trastuzumab is preferred.
However, the anti HER2 antibody of the present invention is limited thereto insofar as it is an anti HER2 antibody that specifically binds to HER2, and more
preferably having an internalization activity in cells expressing HER2 by binding to HER2. The term “trastuzumab” as used herein is also called HERCEPTINE
(R), huMAb4DS5 &, or thuMAb4DS5 8 and is a humanized antibody comprising a heavy chain consisting of an amino acid sequence consisting of amino acid
residucs. | to 449 of SEQ ID NO: 1 (Figurc 1) and a light chain consisting of an amino acid scquence consisting of amino acid residues 1 to 214 of SEQ ID NO:2

(Figure 2) »P 45 and 46, descriptive memory.
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An amino acid sequence consisting of positions 1 to 214 of SEQ ID NO:2 and
a heavy chain consisting of the amino acid sequence of SEQ ID NO:1 and a light chain
consisting of the amino acid sequence of SEQ 1D NO:2. »

As mentioned, US patent US7,585,491 - and its divisional US20160287722 - anticipatcs
immunoconjugates of a monoclonal antibody to treat breast cancer, ie an antiHER-2
antibody, such as trastuzumab and a cytotoxic compound, such as campothecin, and also

discloses several linker alternatives for this conjugate. Let's see:

[0003] «For many years it has been an aim of scientists in the field of specifically targeted
drug therapy to use monoclonal antibodies (mAbs) for the specific delivery of toxic agents to
human cancers. Conjugates of tumor-associated mAbs and suitable toxic agents have been
developed, but have had mixed success in the therapy of cancer, and virtually no application
in other diseases ... »

US20160287722

[0052] «... Antibodies useful within the scope of the present invention include mAbs with
properties as described above (and show distinguishing properties of different levels of
internalization into cells and microorganisms) (...) Other useful antigens that may be targeted

using these conjugates include HER-2 / neu, »US20160287722

Below is a comparison table between the characteristics granted by Resolution 12260 and the
contributions made by US20160287722, US7,585,491, Wente et al., Rowinski, Inoue et al.,

Acchione et al .:
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Exp. NC2016/ 0000187 US20160287722 187385491 Wente Rowinski Tnoue Acchione
1. An antibody-drug conjogate characterized in that E YES v§ Y Y
§ . ES ES
An antitumor compound represented by the following formula: St il Y Y
, ES ES
Formula | (campothecin
A, derivative)
ME\ _2\,;\.\(\ i
H
f \\\\/\J/ ™ ,}-N
\L.{\/ \(\
Hr'*“/
H /e
T {Bueem)
adrug-linker structure selected from the following YESS YESY YES YES YES YES

622, A method of delivering a camptothecin to atarget cell, comprising administering to an individual comprising the target cell in an immunoconjugate accordingto any of claims 1 to 21.

7 «The chemotherapeutic agent 1 selected from the group consisting of doxorubicin (DOX), epirubicin, morpholinedoxerubicin (morpholino-DOX), cyanomorpholine-

Doxorubicin (cyanomorpholino-DOX), 2-pyrrolino-doxorubicin (2-PDOX). camptothecin (CPT), irinotecan (CPT-11), SN-38 (the active drug which is metabolically produced, in
vivo. from the prodrug CPT- 11). topotecan. taxanes, geldanamycin, ansamycins, and epothilones. Targeling moiety is a monoclonal anfibody (mAb). »

U§7585491, Col. 5, In. 341041

g () a linker comprising a thiol-reactive functional group that binds fo a thiol group on the antibody

Wheein said chematherapeutic motety is attached to said linker via an intracellularly-cleavable motety that s cleavable by fntracellular esterases and comprises an ester formed from the
o-carboxylic acid of an amino acid, and said linker contains an o-amino acid and is of the formula:

Wheein R is an amino acid side chan, said amino acid selected from the group consisting of glyeine, alanine, valine, leucine, isoleucine, proling, serine, threonine, cysteine, methionine, asparagine,
¢lotamine, phenylalanine, tyrosine, ryptophan, lysine, arginine, histidine, aspartie actd and glotamic acid; and wherein X s  chemotherapeutic moety.
Apreferred linker has the formula:

\'\//?
i
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Anti-HER-2

Exp. NC2016/ 0000187

ino acid

f an am

in consisting o

bt cha

sequence consisting of positions | to 214 of SEQ ID

DONOT:Two

ig

g of the amino acid sequence of SEQ D NO:1L

and a light chain consisting of the amino acid sequence of SEQ 1D

NO:Two

!

Wherein said drug-linker stmcture 15 connected to an antiHER? antibody
by a thioether bond which is formed in a disulfide bond portion present in
the hinge part of the anti-HER? antibody, - GGHG represents a peptide
residue of -Gly-Gly- Phe-Gly-, and wherein the anti-HER? antibody
aheavy chain consisting of an amino acid sequence consisting of positions

comprises 2 heavy chain and light chain
1to 49 of SEQID NO:T and a |

Selected from the group:
And a heavy chain consistin
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As it is observed, the Exatecan compound was already known as well as the anti-HER2
antibody trastuzumab, and in the case of the linker, Inoue et al., Reveals that the maleimido
group can be accompanied by an amino acid residue of GGFG; consequently, the documents
of the state of the art anticipated the matter granted in Resolution 12260, (the cytotoxic

compound, the antibody trastuzumab, conjugates).

In view of the above, I ask you to analyzc the arguments presented with the usual rigor and
detachment, and that consequently the Office decrees, in addition to the denial of the request

in question, the file of the file that contains it.
Il ANNEXES

I request that it be considered as such, without prejudice to those that the Office considers

informally, the following:

- US Patent No. 7,585,491B2, entitled Immunoconjugates with an intracellularly-cleavable

linkage, by Govindan S., published on September 23, 2004. Whole document.

- Acchione, M., Kwon, H., Jochheim, CM, & Atkins, WM (2012). Impact of linker and
conjugation chemistry on antigen binding, Fc receptor binding and thermal stability of

model antibody-drug conjugates. mAbs, 4 (3), 362-37. http://doi.org/10.4161/mabs19449

- Kazuhiro Inoue, Eiji Kumazawa, Hiroshi Kuga, Hiroshi Susaki, Noriko Masubuchi,
Tetsuyo Kajimura. CM-Dextran-Polyalcohol-Camptothecin Conjugate DE-310 with A
Novel Carrier System and Its Preclinical Data. Pg 145-146

- Rowinsky E., "Campothecins in cancer therapy”, Chapter 14, Preclinical and Clinical
Development of Exatecan (DX-8951f) A Hexacyclic Camptothecin Analog. Humana
Press, New Jersey, 2005, pp. 317-318.
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-  Moritz N. Wente, Jorg Kleeff, Markus W. Buchler, Jantien Wanders, Peter Cheverton,
Stephen Langman and Helmut Friess. DE-310, a macromolecular prodrug of the
topoisomerase-I inhibitor exatecan (XX-8951), in patients with operable solid tumors.

Investigational New Drugs 23: 339-347,2005. Pg 339-340.

Mr. Superintendent,

JUAN PABLO REYES VILLAMIZAR
CC 80.419.709 of Usaquén
TPA 92.189 of CSJ



OnCusp

5210 of 14295 No. 1002
SENOR
SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
E. S. D.
REF: Expediente NC2016/0000187

TiTULO SOLICITADO: “CONJUGADO DE ANTICUERPO-FARMACO ANTI-
RECEPTOR 2 DEL FACTOR DE CRECIMIENTO
EPIDERMAL (HER2)”

PUBLICACION: Gaceta 780 de 30 de diciembre de 2016
PRIORIDAD: JA 2014-017777 31/01/2014

JA 2014-168944 22/08/2014
JA 2014-227886 10/11/2014

SOLICITANTE: DAIICHI SANKYO COMPANY,LIMITED
APODERADO: CAROLINA MERCEDES DAZA MONTALVO
TRAMITE: Recurso de Reposicion contra la Resolucion 12260

de febrero 21 de 2018, por la cual se concede una

patente de invencion

JUAN PABLO REYES VILLAMIZAR, mayor de edad, identificado como aparece
al pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional niumero
44655 del Consejo Superior de la Judicatura, obrando en calidad de apoderado de
la sociedad LABORATORIOS LEGRAND S.A., en el asunto de la referencia, de
manera respetuosa y dentro de los términos de ley, presento recurso de
reposicién contra la Resolucién 12260 de 21 de febrero de 2018 por la cual se
concede a la solicitud NC2016/0000187 el privilegio de patente de invencion.
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1. PETICION

Sirvase, Sefor Superintendente, reponer integramente la resolucién 12260 de 21
de febrero de 2018, por la cual se declard infundada la oposicidén presentada y se
otorgd el privilegio de patente solicitado en el expediente de la referencia, y en su
reemplazo emita otra que, con fundamento en los argumentos expuestos en el
presente escrito, declare fundada dicha oposicidn y niegue el privilegio de patente

mencionado, procediendo luego al definitivo archivo del expediente en cuestion.

En subsidio, se solicita ordenar la realizacidbn de un nuevo examen de
patentabilidad a la solicitud por parte de la Direccién de Nuevas Creaciones, en el

cual se consideren los argumentos y pruebas que planteo en el presente recurso.

1. FUNDAMENTOS DEL RECURSO Y RAZONES DE INCONFORMIDAD.

La resolucion 12260 del 21 de febrero de 2018 emitida por esa Superintendencia
presenta la concesidn del beneficio de patente para la solicitud de la referencia,
sin embargo, como se expone a continuacién la materia reclamada carece de
caracteristicas que le otorguen nivel inventivo y aplicacion industrial al Conjugado

de anticuerpo-farmaco alli reclamado:

2.1. El Examinador técnico declaré infundada nuestra Oposicion sin brindar
argumentos técnicos sobre el documento US20160287722 —citado en la
oposicion—: i) El Examinador falla en demostrar que el documento
US20160287722 no anticipaba las caracteristicas técnicas reclamadas, ii) La
Resolucion 12260 no establece como el documento US20160287722 afectaba
los requisitos de patentabilidad de la materia reclamada, iii) El Examinador
no identificé documentos distintos a los aportados por nuestra oposiciéon y,
en consecuencia, no se identifico el documento mas cercano a los
inmunoconjugados reclamados, por lo tanto, el analisis de Patentabilidad no

fue realizado correctamente.

En la Resolucidon 12260 se expone que las anterioridades presentadas en la

Oposicién no desvirtian la materia reclamada por el solicitante debido a:
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«Argumenta el opositor que la invencion carece de nivel inventivo frente a
las ensefianzas del documento US20160287722 porque divulgan
anticuerpo anti HER2 conjugados con farmacos derivados de
campoftecinas.

El solicitante no presento respuesta a los argumentos del opositor.

Este Despacho evalud el documento aportado por el opositor y con el cual
sustenta sus argumentos por falta de nivel inventivo y encontro que el
documento fue publicado el 6 de octubre de 2016, después de la fecha de
prioridad de la solicitud que corresponde al 31 de enero de 2014. Por lo
anterior, y teniendo en cuenta que el opositor no aporté mas elementos

técnicos este Despacho considera infundada la oposicion. »

Precisando lo expuesto en la resoluciéon, se tiene que las anterioridades citadas

por la oposicidn no prosperaron porque:

a. El documento US20160287722 fue publicado en una fecha posterior a la

fecha de prioridad.

Frente a este particular, manifestamos nuestro desacuerdo con la argumentacion
que declara infundada nuestra Oposicién, debido a que el Examinador se limitd a
analizar la fecha de publicacion de la anterioridad y omitid realizar el debido
analisis técnico del documento US20160287722. Al limitarse en el analisis técnico
de las pruebas aportadas por la Oposicidn, el Examinador fallé en considerar
nuestros argumentos y en consecuencia no brindd su opinidn técnica sobre la

relevancia o no en el analisis del nivel inventivo de la materia reclamada.

Otro hecho que deseo destacar, es que el Examinador no identificé otros
documentos relevantes ni el documento del estado de la técnica mas cercano a la
materia reclamada, sino que simplemente concluyé en el Oficio 15105 que no

existian anterioridades relacionadas con lo reclamado:

«El estado de la técnica se determind con base en la fecha de presentacion

de la solicitud de prioridad: 31 de enero de 2014, y no encontraron

documentos que anticipen el objeto de esta solicitud. » Resaltado fuera del texto

original tomado del Oficio 15105, Exp. N® NC2016/0000187, numeral 6, p. 3 de 4.
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Teniendo en cuenta el resultado de la busqueda del Examinador técnico —arriba
citado—, respetuosamente presentamos nuestro desacuerdo puesto que la

solicitud NC2016/0000187 se refiere a un conjugado de anticuerpo-farmaco —

ADC-—, en donde el farmaco tiene efecto antitumoral y esta conjugado a un

anticuerpo anti-HER2 mediante una estructura enlazadora, (ver memoria

descriptiva, p. 1, In. 5 a 9), de forma especifica el expediente NC2016/0000187 se
refiere a un inmunoconjugado que contiene trastuzumab, como se presenta a

continuacion:

Ahora bien, en el campo técnico ya son conocidos los inmunoconjugados o ADC’s
—conjugados de anticuerpo-farmaco—que constan de un anticuerpo, un farmaco y

un enlazador, del siguiente modo:

Tomado de ntips:fiadeatris.comy/_in_ okl Consolidation/MOCA, marzo de 2018
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A manera de ejemplo, se cita el inmunoconjugado Mpylotarg®, el cual esta
compuesto por un anticuerpo monoclonal anti-CD33 unido mediante un enlazador

a un agente citotdxico llamado N-acetil gamma calicheamicina. Veamos:

QUSRI

R i¥

Tomado de aiips://fww dist. comy/myleiarg-drug. him, marzo 2018

Otro ejemplo, es Adcetris®', un inmunoconjugado que contiene el anticuerpo
quimérico monoclonal llamado brentuximab unido a un agente antimitético
denominado Vedotin?:

Rrentuxinab Peptide tinker Auristatins = H
{ehigGhH LQitale {4 per igQ}
SOy~ SH {Ringed

Tomado de https://goo.gl/images/t1iSyR, marzo 2018

Teniendo en cuenta que el expediente NC2016/0000187 esta relacionado con
inmunoconjugados que son bien conocidos en el campo técnico, no estamos de
acuerdo con el Examinador técnico cuando sostiene que no hay documentos que

anticipen las caracteristicas técnicas del inmunoconjugado reclamado, mas aun

" Tanto Adcetris como Mylotarg fueron inmunoconjugados mencionados en la misma memoria descriptiva.

2 Tomado de https://newdrugapprovals.org/2013/02/03/health-canada-approves-adcetris-brentuximab-vedotin-
for-the-treatment-of-relapsed-or-refractory-hodgkin-lymphoma-hl-and-systemic-anaplastic-large-cell-
lymphoma-salcl/



OnCusp
5215 of 14295 No. 1002

cuando el mismo expediente menciona los ejemplos de Adcetris® y I\/Iylotarg®3
(ver pagina 1 de la memoria descriptiva), por lo tanto, es evidente que la solicitud
si posee anterioridades validas para analizar el nivel inventivo de la misma,
contrario a lo argumentado por el Examinador que ni siquiera realiza el ejercicio de

eleccidon del documento mas cercano a la materia reivindicada.

En este punto se concluye que el Examinador ignord los argumentos técnicos de
la oposicion y omitié estudiar la materia técnica revelada por el documento
US20160287722 -—aportado por la oposicion—, asi mismo, no identificd
documentos diferentes a US20160287722 relacionados con inmunoconjugados ni
identific6 un documento cercano al inmunoconjugado que contiene trastuzumab

reclamado, en consecuencia, no se realizé un debido analisis de nivel inventivo.

2.2. El documento US20160287722 es relevante para el analisis de nivel
inventivo de Ila solicitud en comento: i) US20160287722 revela
inmunoconjugados que contienen un farmaco citotéxico, un enlazante y
puede contener un anticuerpo anti-HER-2, como trastuzumab, ii) EI
documento US20160287722 es una divisional de la patente americana
US7585491 publicada el 23 de septiembre de 2004, iii) Los documentos
US20160287722 y US7585491, entre otros, anticipan las caracteristicas
técnicas reclamadas por el expediente NC2016/0000187.

En primer lugar, deseo mencionar que la portada del documento citado en la
oposicion, US20160287722, informa al lector que los datos de esta solicitud vy
estan relacionados con otras solicitudes y patentes estadounidenses publicadas

desde diciembre de 2003. Veamos:

«This application is a divisional of U.S. patent application Ser. No. 13/921,747, filed
Jun. 19, 2013, which was a divisional of U.S. patent application Ser. No. 13/845,694
(now U.S. Pat. No. 9,133,268), filed Mar. 18, 2013, wich was a divisional of U.S. patent
application Ser. No. 13/5686,281 (now U.S. Pat. No. 8,425,912), filed Aug. 15, 2012,
which was a divisional of U.S. patent application Ser. No. 12/512,526 (now U.S. Pat.
No. 8,268,319), filed Jul. 30, 2009, which was a divisional of U.S. patent application
Ser. No. 10/734,589, (now U.S. Pat. No. 7,5685,491), filed Dec. 15, 2003, which claimed

3 Lo cual no deberia admitirse dado que el Expediente se esta refiriendo a marcas, lo que resta claridad a la
solicitud.
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priority to U.S. Provisional Application No. 60/433,017 filed Dec. 13, 2002, the contents
of each of which are incorported herein by reference in their intirety.» (portada (62), y
parrafo [0001])

Tales patentes publicadas de forma previa a la fecha prioridad del expediente
NC2016/0000187 —31 de enero de 2014—, se presentan a continuacion:

- La patente estadounidense US9,133,268B2, titulado Immunoconjugates with
an intracellularly-cleavable linkage, de Govindan S., publicada en agosto 22
de 2013

- La patente estadounidense US8,425,912, titulado Immunoconjugates with

an intracellularly-cleavable linkage, de Govindan S., publicada en Diciembre
27 de 2012

- La patente estadounidense US8,268,319, titulado Immunoconjugates with
an intracellularly-cleavable linkage, de Govindan S., publicada en Noviembre
26 de 2009

- La patente estadounidense US7,585,491B2, titulado Immunoconjugates with
an intracellularly-cleavable linkage, de Govindan S., publicada en
Septiembre 23 de 2004

Tomando como referencia en adelante la patente americana US7,585,491,
procederé a demostrar que ésta anterioridad efectivamente anticipaba las

caracteristicas técnicas del expediente NC2016/0000187:

- La patente americana US7,585,491 ensefia inmunoconjugados que contienen

una parte marcadora y una parte terapéutica:

«The invention relates to therapeutic conjugates with improved ability to target
various cancer cells containing a targeting moiety and a therapeutic moiety. The
targeting and therapeutic moieties are linked via an acid cleavable linkage that
increases therapeutic efficacy of the immunoconjugate.» (US7,585,491, Abstract)

- También ensefna que los anticuerpos monoclonales son usados para la entrega
de farmacos altamente téxicos:

«For many years it has been an aim of scientists in the field of specifically targeted
drug therapy to use monocilonal antibodies (mAbs) for the specific delivery of toxic
agents to human cancers. Conjugates of tumor-associated mAbs and suitable toxic
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agents have been developed, but have had mixed success in the therapy of
cancer, and virtually no application in other diseases. The toxic agent is most
commonly a chemotherapy drug, although particle-emitting radionuclides, or
bacterial or plant toxins have also been conjugated to mAbs.

The advantages of using mAb-chemotherapy drug conjugates are that (a) the
chemotherapy drug itself is structurally well defined; (b) the chemotherapy drug is
linked to the mAb protein using very well defined conjugation chemistries, often at
specific sites remote from the mAbs antigen binding regions, (¢) mAb-
chemotherapy drug conjugates can be made more reproducibly than chemical
conjugates involving mAbs and bacterial or plant toxins, and as such are more
amenable to commercial development and regulatory approval; and (d) the mAb-
chemotherapy drug conjugates are orders of magnitude less toxic than radionuclide
mAb conjugates.» (US7,585,491, Col. 1, In. 15 a 35)

- También revela que los anticuerpos empleados en dichos conjugados pueden
ser anti-HER-2:

«In a preferred embodiment of the present invention, antibodies, such as mAbs,
are used that recognize or bind to markers or tumor-associated antigens that are
expressed at high levels on target cells and that are expressed predominantly or
only on diseased cells versus normal tissues, and antibodies that internalize
rapidly. (...) Other useful antigens that may be targeted using these
conjugates include HER-2/neu, BrE3, (...)» (US7,585,491, col 8, In 47 a 54 y In
65 a 68)

- En cuanto al agente terapéutico, la patente americana US7,585,491 menciona

que puede ser Campotecina — como consta a continuacién-:

« The chemotherapeutic moiety is preferably selected from the group consisting of
doxorubicin (DOX), epirubicin, morpholinodoxorubicin (morpholino-DOX),
cyanomorpholino-doxorubicin (cyanomorpholino-DOX), 2-pyrrolino-doxorubicin (2-
PDOX), camptothecin (CPT), irinotecan (CPT-11), SN-38 (the active drug which is
metabolically produced, in vivo, from the prodrug CPT-11), topotecan, taxanes,
geldanamycin, ansamycins, and epothilones. Targeting moiety is a monoclonal
antibody (mAb).» (US7,585,491, Col. 5, In. 34 a 41)

- En cuanto al enlazante, menciona que contiene el grupo maleimido

.y que puede tener mas de un aminoéacido en la cadena interna del

enlazante, asi:

«The targeting moiety preferably links to at least one chemotherapeutic moiety,
more prerably it links to about 7 to 12 said chemotherapeutic moieties. A preferred
linker has the formula:
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The linker optionally comprises a functional group at the N-terminus, a water-
solubilizing moiety at the C-terminus, and one or more internal basic amino acids
with side chains available for attachment to said chemotherapeutic moiety. The
water-solubilizing moiety is optionally DTPA, EDTA, TTHA, benzyl-DTPA, DOTA,
benzyl-DOTA, NOTA, benzyl-NOTA, or N,N-dialkyl substituted piperazine. The
functional group is optionally a thiol-reactive or an amine-reactive group.»

En resumen, Govindan S, en su patente US7,585,491 (2004) revela las

estructuras de los inmunoconjugados que opcionalmente pueden contener un

anticuerpo monoclonal anti-HER-2, un agente citotdxico similar a la campotecina y
un agente enlazante que contiene al grupo maleimido y mas de un aminoacido, tal

como se pretende en la solicitud colombiana en mencién.

2.3. Otros documentos ensefaban caracteristicas técnicas que
complementan las ensefianzas de Govindan S. (2004): i) Wente et al. (2005), y
Rowinsky (2005) anticipaban que el compuesto exatecan presentaba una
gran actividad antitumoral, ii) Acchione et al. (2012) anticipaban los factores
a considerar para la elecciéon de un enlazador que otorga estabilidad y buen
perfil de unién con la diana terapéutica, iii) Inoue et al. (2012), ensena los
factores que deben tenerse en cuenta para realizar la eleccién del agente

enlazante para diferentes casos.

En este punto deseo manifestar que el compuesto Exatecan —el cual es
mencionado en la reivindicacidn principal concedida—, ya era conocido en el

estado de la técnica como un compuesto con una gran actividad antitumoral.

Es asi como Wente et al. (2005), en el articulo titulado: «DE-310, a
macromolecular prodrug of the topoisomerase-Il-inhibitor exatecan (DX-
8951), in patients with operable solid tumors», presenta el compuesto Exatecan
-DX-8951, como un analogo sintético de la Campotecina con una actividad anti-
tumoral amplia, al cual se le diseid un sistema de entrega de farmacos
denominado DE-310 —un conjugado— que aumentaba la acumulacidn de este

citotdxico a nivel del tejido tumoral:
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«One of the recently introduced members of camptothecin analogs, exatecan
mesylate (DX-8951), is a synthetic water-soluble hexacyclic camptothecin
analogue with broad anti-tumor activity ... To utilize the potentially beneficial effects
of DX-8951 over other camptothecins and to enhance accumulation of the drug in
tumor tissues, DE-310 has been developed as a drug-delivery system. Each
molecule of DX-8951 is linked to a carboxymethyldextran polyalcohol carrier via a
glycyl-glycyl-phenylalanyl-glycyl (GGFG) peptidyl spacer (Figure 1). Upon
enzymatic cleavage, DX-8951 and glycyl-DX-8951 (G-DX-8951) are released from
DE- 310 [20]. The carboxymethyldextran polyalcohol carrier portion of DE-310 was
designed to impart greater tumor specificity to the molecule. The slow release of
DX-8951 from the carrier within the tumor provides for a sustained level of localized
chemotherapeutic activity.» p. 339 y 340

FEN-H4%Y

Flgzeee £ Cheeatun? synoters of DRE3M

Tomado de Wente el at., 2005

Asi mismo, Rowinsky (2005), en el libro « Campotecine in Cancer Therapy», en su
capitulo titulado: «Preclinical and Clinical Development of Exatecan (DX-
8957f)», publicado en 2005, divulga que el Exatecan desarrollado por Daiichi
pharmaceutical Co., ya habia pasado por fases clinicas y que se ha desarrollado
un profarmaco —DE-310- para el mismo:

«The principal rationale for synthesizing exatecan (DX-8951f, Daiichi
Pharmaceutical Co., Ltd, Japan) was to exploit physicochemical features of the
camptothecins (CPTs) anticipated to yield an increased therapeutic advantage
compared with currently available CPT analogs such as topotecan and irinotecan.
The overall therapeutic profile sought in these efforts was greater and broader
antitumor activity, decreased toxicity, and intrinsic activity without requiring
metabolic activation, which may accentuate the fundamentally large interindividual
variability in the pharmacologic behavior of the CPT analogs and consequently in
their antitumor and toxicologic profiles. Exatecan has completed Phase | clinical
development on a broad range of schedules and is currently undergoing more
focused disease-directed Phase Il and Phase |ll evaluations. Additionally, DE-310,
a unique polymer prodrug of exatecan, which was developed to achieve protracted
systemic exposure to the active drug after a single dose, is also undergoing early
clinical development.» p. 317 y 318
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Por otro lado, Inoue K., Kumazawa E., Kuga H., Susaki H., Masubuchi N,
Kajimura T. (2004), en el articulo titulado: «CM-Dextran-Polyalcohol-
Camptothecin Conjugate.», ensefna el conjugado DE-310 obtenido mediante la
optimizacién del conjugado CM-Dex-PA-GGFG-DX-8951* y que mostré una

eficacia superior antitumoral:

«Thus for the application of a camptothecin analog DX- 8951f11, methanesulfonic
acid salt of DX-8951, to the conjugate system, we utilized the CM-Dex-PA carrier
with molecular sizes higher than renal filtration threshold to avoid a rapid renal
excretion and thereby to maintain a high plasma level of the drug conjugate. In
preclinical studies, DE-310, which was obtained by optimising the conjugate
system CM-Dex-PA- GGFG-DX-8951, showed a long retention of high conjugate-
levels in blood, a preferential tumor-accumulation and sustained releases of both
DX-8951 and glycyl DX-8951 (G-DX-8951) in tumor tissue, and resulted in
exhibition

of a superior antitumor efficacy with a high therapeutic index by single iv dose. In
addition, the carrier moiety of DE-310 was shown to be gradually depolymerized
and excreted mainly into urine after iv dose of DE-310. Phase | trials of DE-310
have been going in US and Europe, while DX- 8951f is now in phase /ll.» p. 145y
146

Ahora bien, Acchione et al., (2012) en su articulo «/mpact of linker and
conjugation chemistry on antigen binding, Fc receptor binding and thermal
stability of model antibody-drug conjugates», ensefa que para elegir el mejor
enlazador de acuerdo a cada anticuerpo, se deben considerar algunos factores.

VVeamos:

«... General ‘rules’ about the advantages or disadvantages of specific linkers or
conjugation methods are not well documented. Here we systematically evaluate the
impact of linker and coupling chemistry on the properties of two model IgG1
antibodies (Fig. 1A). The results demonstrate some general trends concerning
optimal linker strategies (...)

Overall strategy. To explore the effects of IgG1 structure, conjugation chemistry
and linker on ADC properties, we exploited two model IgG1 scaffolds, with multiple
linkers of variable length and hydrophobicity. The linkers were used to attach the
model ‘drug’ biotin to amines, reduced thiols, or oxidized carbohydrates on each
1gG. In all cases, the form of biotin used for conjugation was biocytin, which allows
for facile amine coupling of the biotin. Amine and carbohydrate linkers were
purchased with this biocytin attached. For clarity, we refer to the group as biotin
rather than biocytin in the remainder of this report. The structures of the linkers and
biotin are shown in Figure 1B. For ADC identification, the subscripts ‘N’, ‘T and ‘C’
refer to coupling to amines, thiols or carbohydrates respectively...

Of the three functional groups investigated, thiol conjugation resulted in the
greatest decreases in observed Tm as monitored by DSC. Furthermore, the degree
of change in Tm is correlated with the number of biotin molecules linked to the

4 CM-Dex-PA significa carboximetildextran polialcohol, GGFG es el espaciador peptidilo glicil-glicil-fenilalanil-
glicil (GGFG) y DX-8951 es el analogo de campotecina.
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antibody via thiols. The degree to which the Tm was independent of the length of
the linker used or its hydrophobicity when the molecule being attached to the
antibody is small and slightly hydrophobic. » p. 362

2.4. La caracteristicas técnicas de la invencién habian sido divulgadas antes
de la fecha de prioridad y por ende un técnico versado en la materia —con el
animo de resolver el problema técnico planteado— habria podido tomar las
sugerencias de las anterioridades aqui presentadas y llegar a los
conjugados. De esta forma queda demostrado el incorrecto y superficial

analisis de anterioridades realizado por el Examinador.

Segun la Resolucion 12260, la reivindicacion principal concedida se refiere a un

inmunoconjugado con las siguientes caracteristicas:



OnCusp
5222 of 14295 No. 1002

«1. Un conjugado de anticuerpo-farmaco caracterizado porque un compuesto
antitumoral representado por la siguiente férmula:
Férmula 1

esta conjugado a un anticuerpo anti-HERZ2 como en forma de una estructura
farmaco-enlazador seleccionada del siguiente grupo:

iy

B

)3

p—

(N CHL,CH O O OH (Cf=ORGORENH-OH,-O-OH, 8205

R

N N OB, O -CE= O3 NEGH DR O-0H, 0L -G-OM,CH- GO BEFG-NELGH DR, OH O i
ié \/ ;\\;" g
4 Y
¥ s
en donde

dicha estructura farmaco-enlazador esta conectada a un anticuerpo anti- HER2
mediante un enlace tioéter el cual se forma en una porcién de enlace disulfuro
presente en la parte de articulacion del anticuerpo anti-HER2, - GGFG- representa
un residuo péptido de -Gly-Gly-Phe-Gly-,

y

en donde el anticuerpo anti-HER2® comprende una cadena pesada y cadena ligera
seleccionada del grupo:

una cadena pesada que consiste en una secuencia de aminoacidos que consiste
en las posiciones 1 a 449 de SEQ ID NO: 1 y una cadena ligera que consiste en

5 se pone de presente que el expediente NC2016/0000187 se refiere a trastuzumab cuando reclama
“anticuerpo anti-HERZ2", esto con base en las secuencias “reclamadas” y a lo revelado en la memoria
descriptiva: «EIl término “HER2” como se usa en la presente, se usa con el mismo significado como
proteina HERZ2. Ejemplos del anticuerpo anti-HER2 como se usa en la presente pueden incluir, pero
no se limitan particularmente a, pertuzumab (Publicacién de Patente Internacional No. WO 01/00245)
y trastuzumab (Patente Estadounidense No. 5821337). Se prefiere trastuzumab. Sin embargo, el
anticuerpo anti-HER2 de la presente invencién esta limitado a este en la medida en que es un
anticuerpo anti-HER2 que se une especificamente a HER2, y mas preferiblemente que tiene una
actividad de internalizacién en células que expresan el HER2 por unién a HERZ2. El término
“trastuzumab” como se usa en la presente es también llamado HERCEPTINA(R), huMAb4D5-8, o
rhuMAb4D5-8 y es un anticuerpo humanizado que comprende una cadena pesada que consiste de
una secuencia de aminoacido que consiste de residuos de aminoacidos 1 a 449 de la SEC ID NO: 1
(Figura 1) y una cadena ligera que consiste de una secuencia de aminoacido que consiste de
residuos de aminoacidos 1 a 214 de la SEC ID NO: 2 (Figura 2)» Pag 45 y 46, memoria descriptiva.
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una secuencia de aminoacidos que consiste en las posiciones 1 a 214 de SEQ ID
NO: 2y
una cadena pesada que consiste en la secuencia de aminoacidos de SEQ ID NO:
1 y una cadena ligera que consiste en la secuencia de aminoacidos de SEQ ID
NO: 2.»

Como se habia mencionado, la patente americana US7,585,491 —y su divisional
US20160287722— anticipa inmunoconjugados de un anticuerpo monoclonal para
tratar el cancer de mama, es decir un anticuerpo anti- HER-2, como trastuzumab y
un compuesto citotdxico, como campotecina, y también divulga varias alternativas

de enlazador para este conjugado. Veamos:

[0003] «For many years it has been an aim of scientists in the field of specifically

targeted drug therapy to use monoclonal antibodies (mAbs) for the specific

delivery of toxic agents to human cancers. Conjugates of tumor-associated

mAbs and suitable toxic agents have been developed, but have had mixed success
in the therapy of cancer, and virtually no application in other diseases...»
UsS20160287722

[0052] «... Antibodies useful within the scope of the present invention include mAbs
with properties as described above (and show distinguishing properties of different
levels of internalization into cells and microorganisms) (...) Other useful antigens
that may be targeted using these conjugates include HER-2/neu,»
UsS20160287722

A continuacién se presenta una tabla de comparacién entre las caracteristicas
concedidas por la Resolucién 12260 y los aportes hechos por US20160287722,
US7,585,491, Wente et al., Rowinski, Inoue et al., Acchione et al.:



OnCusp

5224 of 14295 No. 1002
Exp. NC2016/0000187 US20160287722 US7585491 Wente | Rowinski Inoue Acchione
' iclemo-4 i e ]
1. Un conjugado de anticuerpo-f4mmac caracterizado porgue 8l sl \\\\\\&\\\\&\\\\\\\\\\\N S| S|
un compuesto anttumoral representado por la siguiente formula; s SI' (derivado Sl Sl
Férmula 1 campotecing)
A
te s \/.'j‘\\/\ U
I
N
.‘n'::v'\¥""<’\/
i 4
.v/ v
® (Fratecan)
una estructura famaco-enlazador seleccionada del siguiente | SI° sI¥ Sl §l 8l Sl

"2 A mehod of delivering a camptothecin to a target cell, comprising administering to an individual comprising the target cell an immunoconjugate according to any of claims | o
1.

" The chemotherapeutc moiey i prefrably seected fom fhe group consistng of dosorubicin (DOX), epirubicin, morpholinodovorubicin (worpholino-DOX), cyanomorpholing-
dosorubicin (cyanomotpholine-DOX), 2-pvrroling-doxorbicin (2-PDOX), camplothecin (CPT), irinofecan (CPT-11), SN-38 (the active drug which is mefabolically produced, in
vivo, from the prodrug CPT-11), topotecan, taxanes, geldanamycin, ansamycins, and epothilones. Targeting moiety is a monoclonal anfibody (mAb).»

UST383491, Col. 3, In. 34 a4l

8 (c) a linker comprising a thiol-reactive functional group that binds to a thiol group on the antibody

wherzin said chemotherapeutic moiety is attached to said linker via an intracellularly-cleavable moiety that is cleavable by intracellular esterases and comprises an ester formed fom the
a-carboxylic acid of an amino acid, and said linker contain an -amino acid and is of the formula:

0\\{/3.;\]
(\ !
Y ( I Gf,
o el
I N N
:

wherein R is an amino acid side chain, said amino acid selected from the group consisting of glycine, alanine, valine, leucine, isoleucine, proling, serine, threonine, cysteine, methionine,
asparaging, ¢lutaming, phenylalaning, tyrosine, tryptophan, lysine, arginine, histiding, aspartc acid and glutamic acid; and wherein X is a chemotherapeutic moiety.

: A preferred linker has the formula;
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Exp. NC2016/0000187 US20160287722 US7585491 Wente | Rowinski Inoue Acchione
grupo Revela el gupo|Revela el qupo|Revela ¢l [Revela el |Revela el | Revela el
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en donde dicha estructura férmaco-enlazador estd conectada a
un anticuerpo anti- HER2 mediante un enlace tiodter el cual se
forma en una porcion de enlace disulfuro presente en la parte de
articulacion del anticuerpo ant-HER2, - GGFG- representa un
residuo péptido de -Gly-Gly-Phe-Gly-y en donde el anticuerpo

anti-HER2 comprende una cadena pesada y cadena ligera

seleccionada del grupo;

Una cadena pesada que consiste en una Secuencia de Anti-HER-2 AntiHER-2
aminodcidos que consiste en las posiciones 1 a 449 de SEQ 1D
NO: 1 y una cadena ligera que consiste en una secuencia de
aminodcidos que consiste en las posiciones 1 a 214 de SEQ ID

&\%&\\\ -

Q\\ :\ \\\§ .

e = N 1\&\&\
‘ .

en la secuencia de aminodcidos de SEQ IDNO: 2 \\ &&\\\%&%\%&&\
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Como se observa, el compuesto Exatecan ya era conocido asi como el anticuerpo
anti-HER2 trastuzumab, y en el caso del enlazador, Inoue et al., revela que el
grupo maleimido puede estar acompanado de un residuo de aminoacidos de
GGFG; en consecuencia, los documentos del estado de la técnica anticipaban la
materia concedida en la Resolucion 12260, (el compuesto citotdxico, el anticuerpo

trastuzumab, conjugados).

En vista de lo anterior, ruego se analicen los argumentos expuestos con el rigor y
detenimiento habituales, y que en consecuencia el Despacho decrete, ademas de

la negacién de la solicitud en comento, el archivo del expediente que lo contiene.
111. ANEXOS

Ruego que se tenga como tal, sin perjuicio de aquellas que el Despacho considere

oficiosamente, las siguientes:

- La patente americana US7,585,491B2, titulada Immunoconjugates with an
intracellularly-cleavable linkage, de Govindan S., publicada en Septiembre
23 de 2004. Todo el documento.

- Acchione, M., Kwon, H., Jochheim, C. M., & Atkins, W. M. (2012). Impact of
linker and conjugation chemistry on antigen binding, Fc receptor binding
and thermal stability of model antibody-drug conjugates. mAbs, 4(3), 362—
372 http:fidot org/10.4181/mabs 19448

- Kazuhiro Inoue, Eiji Kumazawa, Hiroshi Kuga, Hiroshi Susaki, Noriko
Masubuchi, Tetsuyo Kajimura. CM-Dextran-Polyalcohol-Camptothecin
Conjugate DE-310 with A Novel Carrier System and Its Preclinical Data.
Pag 145-146

- Rowinsky E., “Campothecins in cancer therapy”, Chapter 14, Preclinical and
Clinical Development of Exatecan (DX-8951f) A Hexacyclic Camptothecin
Analog. Humana Press, New Jersey, 2005, pag 317-318.
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- Moritz N. Wente, Jérg Kleeff, Markus W. Buchler, Jantien Wanders, Peter
Cheverton, Stephen Langman and Helmut Friess. DE-310, a macromolecular
prodrug of the topoisomerase-I inhibitor exatecan (XX-8951), in patients
with operable solid tumors. Investigational New Drugs 23: 339-347,2005.
Pag 339-340.

Sefor Superintendente,
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JUAN PABLO REYES VILLAMIZAR
C.C. 80.419.709 de Usaquén
T.P.A. 92.189 de C.S.J.



5228 of 14295

g,

e
%

R

%

v

i

it

inittes om y‘e,
tton of §.2484.
T f 03
addded, mrl the sotion containing Mhe o;wm-

RESRARGH ARTICLE

SD;, *\ :)\(, at room 3

v %exatuxe, ami
haw wished at 56°C (0.1 pes 3

~8DE, Q1

Tyrosine Kinase Receptor with Extensive

Homology to EGF Receptor Shares

Chromosomal Location with ey Oncogene

Lisa Coussens, Teresa L. Ydng-Feog,

Yu-Cheng Liao

Tllson Chen, Alane Gray, John MeGrath, Peter H, Seeburg

Towia

4. Libermanyn, Joseph Schiessinger, U Francke

Arthur Levinson, Axel Ullrich

Growth factors and their receplorns are
involved in the regalation of ceil profif-
eraiion, aml several recent fndings sug-
gest that they alse play a key role in
oneogeaesis (43 Of aporoximately 20
identified oncogenes, the three that bave
besn correlatésd with known cellular pro-
teins are each related to sither a growth
factor or s growth factor receptor. The B
chain of platelet-derived growth factor
{FDGE) i encoded by the proto-noco-
gene c-xix {2), the erb-B oncogene prod-
uet gpél is a truncated form of the ept
dermal growth factor (EGF) receptor 33,
and the proto~oncogess ofms may be
relaied or identical to the receptor for
macrophage colony-stinmlating  fastor
{CSE-15) (4).

The receptor-related omoogenes are
members of & gene family in that cach
bias tyrosine-specific preleln kinase ac-
tivity, and {8 associated with the plasma
membrane {3). Such features are alsp
shared by seversl other polypeptide hor
mone receptors, ncluding those for insu-

lin (6}, PDGF (M, 2ad nsulin-hke growih
facior 1 {IGF-1} (8); hence nyore connec-
tions may be found between tyrosine
kinase growih factor recepiors and tyro-
sing kinase onccgene producis.
Comparison of the complete primary
steuciure of the human EGE recepror ()
with the sequence of the avian orythro-
blasiosis viras (AEY) transforming gene,
v-2roB {/0), revealed close seguence
similarity; in addition, there were aming
artd carbioxyl terminal deletions thatl may
reflect key structural changes in the gen-
cration of aa oncogane from the gene for
a normal growth factor receptor (3, 91
Anocther oncegene, termed new, I8 also
related to v-erbB and was originadly
identified by it activation in sthylsitro-
sourea-induced rat neuroblastomas {45},
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In countrast to v-erbB, which encodes a
&8, 000-dalton truncated EGF receptor,
the nen oncogene product s 8 135,000
dalton cell surface antigen thet can be
detected by cross-reaction with polyclo-
nal antibodies against EGF receptor (J1);
nen may itsell be a stouciurally aliered
celi sudface receptor with homology o
the BGY receptor and binding specificity
for an unidentified ligand.

Using v-erhE ac a screching probe, we
isolated genomic and CDNA clonss cod-
mg for an EGF recepior-reiated, bul
slistine:, 138,000-dalton golypeptide hav-
fng afl the structural features of a celf
surface recoptor melocuie. On the baais
of its structoral homotogy, this putative
tecepior i3 a new member of the tyro-
sine-specific protein kinase fernily. 1t is
enceded by a 4.8-kb messenger RMNA
(mRRA)Y that is widely expressed in nor-
mal and mabignact Hestes. We have lo-
calized the gene for this protein to g2 of
chromosome 17, which is distinot from
the FOGF receptor locus, but comncident
with the sen onoogene mapping position
{223 We therefore consider the possibili-
ty that we have isolated and character-
ized the normal buman counterpent of
the rat seu oncogene,

Tyrosine kinase~type receptor gene and
vomplereptary DMNA. As part of cor at
tempts 1o isclate and characienze the
shromosoral gene coding for the Buman
ceilular homologne of the viral erbB gpél
polypeptide, ABV-ES4 erhB sequences
2.5kb Pva I fragment of pAEY) {15}
were used a5 a TPlabeled bybridization
probw for {he sereening of @ human geso-
mie DNA Hbeary at reduced stringensy

SCIENCE, VOL. 230
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({43, Clone de-ethB/Y was isciated; &
contained a hybridizing 1.8-kb Bam HI
fragment, which was subjected to DNA
sequence  analysis, The 1E38-bp se-
guence contains three complete and one
partial erbB-homologous cxons separat-
ed by short intervening sequences {(Fig.
B Comparison of this human gene se-
quence with our complete ¢DNA-de-
rived human BEGF receptor protein se-
quence {9} revealed 32 differences {187
percent}y within the 171 amino acid
stretch of combined exons, suggesting
that this gene fragment was not derived
from the human EGF recepior pene.
Since this gene may code for an un-
knowrt tyrosine  kinase-type receptor
that is closely related {6 the horean BGF
receptor, we named it HER2,

Northern blot asaiysis {45} with the
“piabeled 1.8-kb HERZ fragment as a
hybridization probe reveajed a 4.8-kb
mBNA {5 homan term placenta poiv{A™
BNA, distinet from the 5.8 and 10.5-kb
BGE receplor mBNA’s also present at
bigh levels in this tissne (Fig. 22, lage 1).
Thug, we had isolated a portion of an
FGF receptor-erbBerelated but distinet
gene. To obtain s complete primary
structure, (wo single-stranded synthetic
oligonucleotide probes (1§ were pre-
pared from HERZ exon sequence regions
that differed suificiendy {less than 60
percent nucleotide seguence homology}
fromy BGF receptor DINA  sequences
Fig. 1, 1 and 2) and used fo screen
& term pincenta complementary DNA
{eI3A) Bhrary of 2 X §6° independent
recombinant closes i gt (173, Fifty-
two clones were isolated; they hybeid-
ized strongly with both synthetic probes
and weakly with an BEGF receptor cDNA
fragmeat {(HER64-3} (9} contaiming the
homologons reglon within the fyrosine
kinase domain. One of these, AHFPR2-
436, had the longest cDNA jnsert (4.5
kb)), consisting of three Heo RI fragments
1.4, 1.5 and 1.6 kb,

The complete ¢<DNA seguence of this
clone is shows i Fig. 3. The longest
open reading frame starting with a me-
thionine codon codes for a 1235 amian
acid polypeptide (137,828 daltons) and
contains the 171 residues encoded by the
four exons i the 1.8-kp HERZ gene Bam
HI fragment (Fig. This 3765-bp cod-
ing sequence is Hanked by 150 bp of §
antransiated sequence and a TGA smp
codon, followed by 2 §27-nuclzotide 37
untransiated sequence. No stop codon is
found dn the §' untrassiated region. In
support of our assipument, however, the
imtintion codon at position 151 s flanked
by sequences that folow perfeciy Koo
zak’s rule {I8) for transiadon initiaiion.
The 3’ uniranslated sequence contains 2

& DECEMBER 1985

potential poly{A) addition signal se-
guence (AATATA} 12 nucleotides up-
stroam from a streteh of 15 adenyiate
residues. We are not corfain if this {A)z
siretch is part of a poly{A} tail or repre-
sents an internsl poly(A) stretch of a
{onger 37 untransiaied sequence.
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those for EGF and insulin (¢, /9. Such
features are apparent in the hvdropathy
profile 26} comparison (Fig. 4a). On the
basis of comparison, and on amieo
acid sequence alignment with the EGF
receptor (Fig. 4b, region 1), we predict a
21 amino acid signal sequence (Fig. 4b,

Abstract
has been identified and characis

oRCDgene producs:

. & novel poteaiind cell sneface recepror of the
rized by molecular cloning.
very similar to that of the huan epidermal growth factor receptor and the v
the chromosomal {ocation of the gene for this prowin is

fyrosing kinase gene family
1y primary seguence is
erb i

coincident with the nen oncogene, which suggests vhat the two geres may be

identical,

Comparissn of HEGEF receplor and
HERZ sequence. As already indicated by
the v-erbB sequence homology used to
isolate HERZ, the putative HER2 pro-
tein is very simifar o s overall deomain
organization and sequence fo the BOF
receptor. Mevertheless, there are differ-
ences that are likely {0 define a specific
biglogical role for the HERZ polypep-
tide.

The predicted HEK2 polypeptide con-
tains each of the domain features found
in Bormone receptor precursors, sach as

1}, an amino ferminal serine residue, and
a 632 amine acid paiative extraceliular
ligand-binding dowmain; a highly hydro-
phiobic, Z2-amine acid transmembrane
anchor domain separates the exiracelin-
e domain from & $80-residue-long car-
boxyvi-terminal  ¢vioplasmic  domain,
which possesses the highest homology to
v-31bB and othier members of the tyro-
sine kinasg fémilv,

The 832-amino acid, putative HERZ
tigand binding domain is abou 40 per-
cent hamcwgom with the §2t-residue

GALTGLHCCACTL

plai froSeciyed
TRYBSAGTIB RS

1561 CEAERCEACCTOARLATATGAR

GEREAETET

THGEAZEERTERETHA

sequence of the HERZ gene, A partial Hae Ul-Alus 1 genomic Hbrary (J4) o

LECCA YO TARARGUARGA FEAGRGCTCHEATY ra

CLCAGEAT TAGE!

CRAPBALCREGTARSETLIRTCT TCRDATCY

ATCFLYGENTTASGTETRATTET2TRAGA

+ human

i“tdi DINA in & Charon 44 was screensd using a radiotabeled 2.5-kb Py 13 fragment OE CAEY

{13} countnining sodin
described olsewhere (37},
independs
fragment and subsefs fheveoi were isol
segquenced (32). The infron-exon o

quences {79, Aming acid numberin

agnees for the tyrosine kinsss domain. Hybridization was ag
capt that 38 percent formamide was used at 42°C, Three

t ciones were isclated which shared a 1.8kb hybridizing Bam HI fragment. This
d, sub
on was de
based on the complate cDMNA seguence shown in Fip,
:ij@ sequence differsnces with the human BEGF receptor sequence ars shown it the
sed for the design of synthetic oligonuclectide probes 1 (30 nucleotides) and

d into M12mpi0 and M1lmpll, and
iermined by comparison with veerbB

2021 nudau? des) Awina acid seguence differences with the EGF receptor are shown above the

HERSZ sequence.
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extraceliular EGF binding domain of the
BEGE receptor. This homology includes
two cysteine-rich subdomains of 26 and
31 regulariy organized cysieino residnes
{Figs. 4 and 2c, subdomains 2 and 3), all
of which are conserved in the EGY re-
ceptor, The cvsteine residac spacing in
this region is siso homoclogous with the
singhe cysteine-rich domain in the nsulin
receptor n aubnpit (391, lo contrast,
HEK contains only sight potenttal A~
linked ghycosylation targei sites {Asn-X-
Thr or Ser) as comparcd to 12 in the
corresponding region of the BGF recep-
wor, Only five of these are couserved
with respect to their relative position in
cach polypeptide.

‘The hydrophebic, puiative membrane
anchor seguence located between resi-
dnes 653 and 676 (Fig. 4b, region 4} s
flanked at its carboxyi terminus by a
sivetch of amine acids of predominantly
basic character (KEROOQKIEKYTMRE)
313, as is found in the BEGF receptor
sequence (9 (Fig. 4b, region 3} This
wegion of the EGF receptor contains
T which plays a key role in protein
kinase C-medisted receptor modulation
{32). A homeologous threonine residue s
embedded in a basic snvironmers in the
HER? sequence at positden 883 (Fig. 4, 2
ard b .

The region of most extensive homolo-
gy (78.4 perceny) beiween EGE receptor
amd FER? (hepinning at residue 687)
extends over 343 amino acids and in-
ciudes sequences spesifying the ademo-
sine triphosphate (ATF) binding domain
(231 ansd tyrosine kinase activity (Fig. 4b,
region 63 {33, This region is also the most
conserved between v-erbB and BEGF re-
ceptor {95 percent) (¥3. The collinear
homeology between the BEGF receptor
erbB and HERZ ceases at position 1032,
bt dteoduction of gaps inie the BGF
eceptor or HERZ seqguences reveals
sontinued, aithough decreased, related-
ness (Fig. 4b, region 7). This sequence
alignment suggesis that the two genes
evolved by duplication of an ascestyal
receptor gene, and thal subseguenst -
cleotide sequence divergence in this car-
boxyl termingl domain led to diverged
biciogisal reles for the encodesd polypep-
fiades.

The carboxyl terminal domain of
HERZ is characterized by as uansually
high proline content (18 percenty and
predominant  hydrophilicity (Fig. 4a)
These general features are also found in
the BGF recepior carboxyl terminal do-
main with @ 1§} percent proline conlent.
The sequences in ihis rogion that are
found to be conserved are almost exciy-
sively centered around five fyrosine rese
dues, which incinde the major (Tyr')

1134

and two minor (L™, Ty % in vitw

antophosphorylation sites in the bumas
FOGF receptor (24) (Fig. 4, a and b)
Three of these fvrosine residues of
HER?Z (positions 1135, 1196, 1248} are
flanked by homologous  sequences
POPEYY, ENPEYL, and ENPEYL
(313, respectively (Fig. 4b, region 7).

HER? chromosemal locstion. In sin
hybridization of twe *Habeled BERZ
probes (egend, Fig. 3a) to human chro-
rmosemes resulied in specific labeling at
bands qiz—=g22 of chromosome 17 (Fig.
53). Metaphase celis (100} were analyzed
for each probe; 40 percent of cells scored
for HER? probe i (HERZ-1} had sitver
grains over 17g12->q22 (Fig. 5b). Of the
0% graing observed, 42 (20 porcent}
were Tound ai this specific region, with
ne other sile labeled above backgronnd,
For HER2 probe 2, 36 percent of cells
had siver grains over the gld—g22
tands of chromosome 17, Of all silver
prains, 17 percent (4272468} were localized
to this chromosomal rogion. A sscond-
ary sitgof hybridization with 3.3 percent
8/245) of sifver grains was detected af
bands pil-=gil.2 of chromaosome 7,

To test whether this secondary sife
represented cross-hiybridization with the
EGF receptor gene, in situ hyvbridization
was carried out with ‘H-labeled EGY

Fig. 1. Northern blot hypridization analysis of
aormal and matignant human tissues, (a) Foial
tissues; {ane 1) term placemta, (lane 23 20-
weeh placents, (fane 3} 20-week Hver, (lane 4
2W-week Kidoey, {lane 53 20-week lung, dans

&) 20-week 5. i) Embryonic fumors; dane
1y hepatobiastoma, (anss 2 and 3 Ewiog
sareoms, (Jane 4) rhabdomyocsarcoms, {fanes
5 and & neuroblastoma, (lane 7} Wilms® tu-
mor. Totzl poby{AY RINA was isolated as

¥

described (334 g per fang svas anadesnd on
@ 1 perceni formplidehpdesgause wd, PP
Labeled HERZ-1 and HER-2 {lagend to Fip. 5}
were ysed as hybridization probes umsder high
stringency conditions {53 peroent formamide,
IN Denhardt’s sclation, 5% standard saling
citrate (S8C), scnicated sshmon sperm DINA
{30 ppfmdy, 50 Wb sodives phosphate buffer
{pH 6.8), 1 mM sodium pyrophosphate, and
10wl ATP 31 42°C for 16 bowrs; flters
washed three times for 15 a3
with $.2X 88CL The flters were exposed at
—&0°C with a Cronex Lightning Plus intensi-
fying screen {Dupont} for 7 days. Rat ribo-
somal RNA's were used as size standards
(283, 4.8 kb: 185, L.¥ kb}. RNA sizes arg
given in Kilobases.

receptor subclone 64-3. OF 108 colls ex-
amined, 30 had silver grains at bands
pi3—qil.2 of chromoseme 7 and 3 per-
cent {5/168) of total prains were found
over qi2—q22 of chromosome 17, With
the other varant probe (HERZ-1) no
grain accomulation was observed af the
EGE receptor site on chromosome 7.

Southern blot anabysis 2533 of DNA
extracted from nine somatio cell hybrids
from hnman and rodent celis confirmed
the {ocalization of HERZ sequences {0
shromosome 17, Plabeled HER2
and HERZ-2 nrobes were hybridized to
the same set of oo Ri-digested DNA
samples. With HERZ-1, & 13-kb hybeid-
izing band was detccted in human DNA
{Fig. ¢, tane 1) and in DMA sawples
from hybrids coniaiming hurnan chromo-
some 17 (Fig. 5¢, lanes 6, 8, 10, and 12},
Likewise, hybndization oP HER2-Z 10 &
£.6-kb DNA fragment was observed in
tanman conrel DNA (Fig. 5¢, Jaus 1 and
i hybrids containing human chromo-
sorme 17 (Fig. So, lanes 6, 8, 10, and 12).
Chremoesome 17 was the only chromeo-
some with perfsct soncordant segrega-
tion: ail olher Chromosomes were eX-
claded by two or more discordani by
bods.

Replonal logslization to chromosoeme
17 was aiso coafirmed by Scuthern biot
anadvsis. In a3 moose-human hybrid con-
tpiniag a rearranged human chromo-
some 17 with region 17gli—gter, the
human HER? restriction fragments were
detected (Fig. Sc¢. lane 4). The HERZ
gene was therefors localized to region
{Tgl irater, in agreement with the ocal-
fration made by in site hybridizanon.

Fven though a low level of hybridiza-
tion with probe HER2-2 was seen at the
site of the FOF receptor gone o chro-
moseme 7, we were able o show that
this finding represenied- cross-hiybrid-
ization. In a coptrol experiment an
FEGE receptoy probe cross-hybridized to
the same extent with the HER? site on
§74.

Taken {ogether, the results of the in
sitt and Scuthern blot hytridizations
pormit the site of the HERZ sequences o
be further parowed down o bands
17g21-g22, with the major peak of silver
grains of band 17g21.

HER2 expression in normal and malig-
nant faeues. To obiain further clues re-
garding the function of this receptor both
in normal celis and in neoplasms, North-
etn hybridization analyses ({5} were car-
ried sut with soveral normsl haman tis-
sues and randomly coliected tumors. A
hyhridizing 4.8-kb mRMA was detected
in all human felal Bssues analyzed, in
cinding term placents, 2i-week plasents,
Hver, kidney, lung, and brain obimned
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from a single fetus (Fig. 22y, Two  BGF receptor mRNA's in term placenta  including kiduey, Hver, skin, fung, jeju-
wRNA’s, of 5.4 and 6.4 kb, wers alse  MRMA was observed under these ston-  swrm, wierus, stomach, and colon, cone
detected in term plaserua. Mo cross-  gent bhysndization conditions (legesnd, tained lower but significant areounts of
tiybridization with the 3.8-kb and 16.5-kb  Fig. 2}, MNoomal adult human tissues, the same 4.8-kb mRMA, Because of the
magnitude of fetal expression, we also
examined several embryonic  IRmors
{Fig. 2b}; each expressed large amounts
of the 4.8Kkb wanseript, althovgh oot
rore than that detected in normal feral

G

e

§ tissue,

N Thus, it appeacs that the HER2 gene ds
N % 3

N widely expressed, in both aormal adult
N ¥ B

§- tssues and in several normal fetal fis-
§' sues, While detacied in most andbryonic

§. TP tumors, the HERZ gene was nol present
§ at higher levels than in fetal tissucs; thus,
§ the patticular level may roflect the stale

of differentiation of a given fumor.
HER?2 structurally characterized as el
surface recepior. Using the iransforanng
gene of the avian erythroblastosis virus,
veerbB, as a bybridization probe, we
isolated genomic and cDNA sequenses
of an uncharacterized homan gess. The
1255 amino acid polypepide seguence

7

4
~

P

zit
e 2

s
I

v
=%

signal seguence; (i, i), cysteine-rich domains; (v}, transmembrane domain; (v}, protetn kinaze ¢ modufation domain; (vi), tyrosine kinase
domain; {vii}, signal transfer domain,
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%z Fig. 4 () Bydropathy analysis (30) of RER2 (1255 amino acids) coding seguences and comparison with EGF receptor (HERI 1210 aming
%‘\ Riffersnt receptor domains and ma extent of amine acikd sequence homology are indicated. The autophosphorviation tyrosines in the B
%\“ raceplor seguence are shows, 8% is a potentizl snslogue in HERZ. The signal ssquence s shown by fine shading, the cysteine-rich subdomains by
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derived from this cloned ¢<DNA& shows
exiensive homolagy 16 v-erbB and it
celliiar homologue, the human BGF re-
ceptor, and was therefore termed HER2.
Iis prirpary aming acid sequence dis-
plays all the structural features known to
defing a cell strface recepior for a poly-
peptide Hgand. This finding represents
the {solation and detaled structural char-
acterization of a putabve cell surface
receptor before detenmination of its spe-
ciiic figand, based selely on its structural
homology to another receptor gene. Ina

simifar case, the v-fims gene {35} was
characterized because of s oncogenic
activity, and was later determined io be

rdentical or related 1o the recepior for

CS8F-1, 8 hematopoietic growth factor
{4}.

Examination of the HER2 primary se-
quence reveals extensive collinearity
with the BEGF receptor sequence. De-
tailed sequence comparison of these two
cinsely related receptors, each baving
presumably  different biological roles,
provides important clues to the fanction-
al significance of the different regions of
the proteins. A bydrophobic amino fer-

minal sequence of HERZ presumably

functions as a signal seguence {Fig. 4b,
region 1) that, ke the pre-EGF receptor,
waould be cleaved after alanine {22} to
genorate an amind ferminal seriae; how-

cleavage affer givelns {(J9) may
aceur, since signal peptidass frequently
cleaves after small amino acid residues.
Again, 35 in the case of the EGF recep-
toy, the next 837 amino acids would
represent the extracelivlar domain of the
HER2 receptor that forms the binding
pocket for a specific poivpeptisde ligand,
Scme structural features in this domain
are highly conserved, while others have
diverged extensively, Of the 51 ovsteine
residues of the EOF receptor ligand
binding domain, 34 are conserved in
HEHRZ, of which 21 and 26, respectively,
are ciusiered in subdomains 2 and 3 (Fig.
4bY).  Sequences  between ihess con-
served, regndarly spaced cysteine resis
dues, as well as the ones flanking subdo-
mains 2 and 3 (Fig. 4b), have divergsd o
result in an overall homology of 40.6
percent {Fig, 4a).

Cysteine rich clusters (27) are found in
receptors for BGF (9), low-density lipo-
protein (2%), and insulin (79), &3 wall as
in the EGF precursor (29}, which s &
polential receptor (Pig. §). Since cyste-
ine-rich domains are found in a family of
cell surface receptors and potential re-
ceptors with very diverse functicns, they
are likely to form an cssential siruchural
backbone of the ligand binding dornain,
but not define ligand specificity. The
ligand affinity of cach of these receptors

& DECEMEER 1985

may be specified by sequences fanking
these cysteing resdue cluslers.

The presence of regularly repeated,
extracellular cysteine clusters (27) de-
fines 2 gene family that overlaps with
ancther gene family, the membrane-
spanning proteins that use an intrinsic
tyrosine-specific kinass activity in the
signa‘; transduction process {3) (Fig. 8
enic homologne of the
‘wi LSE’ i3 (wbayu snulating factor) re-
ceptor, coniains a tyrosing Kinase do-
main (26, but lacks cysteine-rich clus-
ters in is extraceiluliar domain, and thus
is only a member of this second pene
family.

Oaly § of the 12 potental N-loked
glycosylation sites of the BGF receptor
are conserved with respect to their ap-
proximate position in HERZ, which alsg
containg only cight such siles in this
extracetlular domain, The role of carbo-
fydrate side chain differences in defining
the biological function of these pradeins
reguires further investigation.
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The cyvtoplasmic domaims of EGF re-
ceptor and HER?Z also extubit siriking
regional differences in sequence homaoio-
2y. These differences (Fig. 4, a2 and b)
most lkely distinguish regions that de-
fine receptor-specific, ligand-induced
signal generation from support functdons
such as ATP binding and enzymatic tyro-
sing kinase activity.

Directly adjacent o the puiative trans-
membrane domadn, a chuster of 14 pre-
dominantly basic amino acids is found in
both HERZ and EGF receptor se-
quences, which may intsract with the
membrane phosphohpid head groups.
The The*™* residue, which is lecated
within this region of the EGF receptor, is
a phosphorylation subsirate site for re-
ceptor activity down-modulation by pro-
tein kinase {22}, The HER? saquence
sonfains a throoging fesidus at an analo-
gous position {686} (Figs. 3 and 42 and
vegion 3, Fig. 4b) and may therefore also
be subject to protein kinase © modula-
Hon.
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LGSR

Flg. 6. Schermatic compsrison
of HERI-relsied roolecule

Hatehed boxss indicate cysie-
ine-tich regions within exira-
cellutar or puiatively extracel-
lular domzins . The shaded re-
gion below the membrane bi-
layer tndicates the location of
the tyrosine kimase domain,
Black circles within the hmnan
insulin receptor (HIR) and v-
Fms strectures indicate cyste-

3
3
1
¥
H

tne rosiducs that are not is-

The snbsequent 341 residues are aot
only highly komoiogans to the EGE re-
cepior and the v-orbB oncogens, but slso
1o ail the other members of the sre family
of iyrosine Kinase oncogengs (22}, as
well as the B subumit of the resnlin recep-
tor (9. This sequence similarify sug-
gesis that ihis HERKI region encom-
passes ai least a portion of the kinase
domairn that may be activated by extra-
celbular ligand binding. A Gly X Giv XX
Gly sequence at HER2 position 727 and
a lvsine at position 733 are kuown from
stusdies on other members of this gene
family to be involved in ATP binding
(23). Overall, this HER? region {610 Fig.
4} is the most bomaeiogous o v-erbB
and BGF receptor (78.4 percenm:; g
4a), which explains why the initially iso-
inted genomic clone (Fig. 1} contaioed
exons coding for part of this tyrosine
Kinase domsio (plton. positions ale
shown in RFig, 3.

The region within the sequence of 3
tyrosine kinase receptor most likely to
be responsible for transiatinn of the acti-
vation - signals istitiated by specific,
extracellular Bgand hinding into physie-
logical action is localized at the carboxyl
termizms of the receptor polypeptide
chein, This region contains the 32-amino
acid sequence deletion that plays a cro-
cial role in the gencration of the AEY
transforming gene v-orbB from the EGF
receptor proto-oncogene (Fig 63 (341, a3
well as the tymsine residues that are
major {1173} .mc minor {1068 and 1148}
sites of lgand-indoced aut@phmp'zoryld-
fion n the BGF receptor (4 (Fig. 4,
and b). This reglon contains the mosi
extensive differences in length and pni-
mary stouciure between HER? and BGF
receptar/erbB. However, five of seven
tyrosines are conserved in HER2, in-
chading short surronoding sequences.
This sugzests thaf, like the conierved
evstsine residues in the Bgand binding

1138

chuded in cysteine clusters and
may be involved in heterote-
tramer (FIIR) or ligsad binding
pocket  formation  (vofimsh
BGEP, BGF precursor;
LDLR, LDL receptor; HERE,

doyeain,
serve an auxilary activity-contral func-

these iyrosine residues may

tion in the generation of a cytoplasmic
signal. Other seguences in this signal-
control and fransfor domain are Likely 1o
define specificity, which may inchude
recogition of possible substrates and/or
eofactors. Future work will be geeded to
determine if yresine 1248 of HERZ plays
2 tole annlogous o tyrosine 1173, the
mzjor antophosphorviation site of the
EGF receptor, and if carboxyl teranual
truncation may lead 16 the generation of
3 HER2:derived ancogenic polypeptide.
The oncogenc potentinl of the HERZ
gene is further suggested by its chromo-
somal location. Results of in sifu aad
Southern biot hybridizations enabled us
to assign the HER? gens to chromosome
§7 (37921-q23), precisely coinciding with
our previeus assignment of the uey onso-
gene (/) a teansforpung sequence iso-
lated from rat neurotisstoma {71}, As
documented elsewhere {12), owr results
with the it sex probe weore virtuaily
identical to those obtained with the lwo
HER? probes described here, except for
the lack of cross-hybridization of rat neu
zenomic sequence with the BOF recep-
for {ocus on chromosomne 7. Our map-
ping resufts support the notion that the
proto-oncogene aew and the HERZ gene,
although both are very Hkely not distinst
from each other. Further detatied aualy-
sis will be necessary to establish wheiher
they actually represent the same gene,
{an we obtain ¢lnés 1o the celiular rofe
of this putative recepior by examination
of its pene expression? Northers blot
hvhridization analysis  of  poly(A)”
RNA's from 3 varely of normal and
malignant tissuss implicates a role for
the HEBER? yeceptor-ligand systern i
many celb types in both fetal and adult
life. Highest levels of the 4.8-kb mBNA
were found in several fotal tlssues, which
ales cut 3 cell lineage--specific recepior

for a grawth or differeptiation factor and
is consistent with a more general rols o
fetel development. Mo clues were ob-
taiped from wumor RNA screeming o
snggest that increased expression was
involved in tumor generstion of growth,
In some tissues, such as teon placenta,
fetal kadney, and embryosic tumors, we
found additional farger (5.5, 6.4, and 7.4
Kb} mENA's hybridizing with our probe,
supgesting iranscriptional diversity or
the presence of homologous mBNA'S
fors closely refated to HER2 than to the
FGF receptor. Further experiments
should establish the bislogicat rele of the
HERZ gens, and its role in DHSOEENESS.
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AAAS-Newcomb Cleveland Prize
To Be Awarded for an Article or a Report Published in Science

The AAAS-Neweomb Clevelasd Poze is awarded annuaily
to the author of an ouistanding paper pubiished in Scisnce.

The 1985 corapetition stavts with the 4 January 1985 issue of

Seience and ends with the issue of 27 Decernber 1985, The
value of the prize s $5000; the winner aiso recaives a bronze
rnedal,

Heports and Articles that dnclude original research data,
theories, or syniheses and are fundamental contributions io
basic knowledge or fechmical achievements of far-reaching
consequence are eligible for consideration for the prize. The
paper must be a fiest-time publicativn of the aulhor’'s own
work. Reference {¢ pertinent earlier work by the authoer may
be icluded o give perspective,

Throughout the year, readers are tnvited to nominate papers
appearing in the Reports or Articles sections. Mominations
must be typed, and the foliowing information provided: the
title of the paper, {ssue in which it was published, author’s
name, and a brief statement of justification for nomination,
Morminations shoubd be subraitied 1o the AAAS-Newcomb
Cleveland Prize, AAAS, 1333 H Street, NW, Washington,
DC. 20005, Final selection will rest with & panel of dis-
tinguished scientists appointed by the editor of Science.

The award will te presented at a session of the AAAS
aunual meeting. in cases of multiple anthorship, the prize will
be divided equally between o among the anthors.
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Bevelopment of an Fe-Enhanced Anti-B7-H3 Monocional

Antibody with Potent Antitumor Activity

Deryk Loo', Raiph F. Alderson?, Francine Z. Chen', Ling Huang®, Wenjun Zhang?, Sergey Gorlatov?,
Steve Burke®, Valentina Ciccarone®, Hua Li®, Yinhua Yang®, Tom Son’, Yan Chen', Ann N. Easton',
Jonathan C. Li!, 3itt B. Rillerna', Monica Licea', Claudia Fieger!, Tony W. Liang', Jennie P. Mather',
Scott Keenig?, Stanford J. Stewart’, Syd Jehnsor?, Ezio Bonvini®, and Paul A, Moore?

Purpase: The goal of this research was to harmess a monocdlonal antibody (mAbl) discovery platiorm to
identify cell-surface antigens highly expressed on cancer and develop, through Fe opti
therapies twoward these wimor-specific antigens.
endent mAbs targeting the cell-swrface immunoregulatory B7-H3
protein were obtained through independent intact cell-based immunizations using human tissue progen-
itor cells, cancer cell lines, or cell lines displaying cancer stem cell properties. Binding studies revealed this
nat

ization, potent mAb

Experimental Designe Fifty inde

ely reactive B7-H3 mAb panel to bind a range of independent B7-H3 epliopes. Immunohistochemical
analys tayed strong reactivity 1o a broad range of burnag cancers while exbibiting
limited binding to normal human tissues. A B7-H3 mAb displaying exquisite tumor/normal differential
bindiog was selected for nanization and locorperation of an Yo domain modified to enhauce effecior-
ding

s showed thatasubser d

mediated antitumor function via increased affinity for the activating receptor CI 16A and decreased bir
to the inbibliory recepior CD328.

Results: MGA271, the resulting engineered anti-B7-H3 mAb, mediates potent antibody-dependent
ceilujar cytotoxicity against a broad range of turnor cell types. Furthermore, in human CD106A-bearing
transgenic mice, MCA271 exhibited potent antitumor activity in B7-IH3-expressing xencgraft models of

rensal cell and bladder carcinoma. Toxicology studies carried out in cyncmolgus monkeys revealed 1o

significant test article-related saf
Conclusions: This data supports evaluation of MCA271 clinical uidli
while valid

ety findings.

ty in B7-H3-expressing cancer,
ting a combination of a nontarget biased approach of intact cell immuanizations and immua-

nohistochemistry to identifv novel cancer antigens with Fo-based mAb engineering to enable potent
antitwmor activity. Clin Cancer Res; 18{14); 3834-45. ©2012 AACR.

ntraduation icidal mechenisms. Although sach targeted therapies have
shown dinical benefit, the responses are rarely sustained
and are often limited 1o subsets of patients expressing the
antigen {e.g.. amplified Her 3+ meiastatic breast cancer
patients treated with trastuzumab; refs. 1-3). More recently,
maodifications to mAbs have been ernployed including drug
conjugation, radionuclide labeling, and glycosylation or
amino acid substitutions in Fo domains that have shown
particdar therapeutic advantages in preclinical and clinical
studies. In the case of the latter, these Fc mod tions can
X : TI‘-\ﬂacrcﬁC—ZeAr‘-i-:s, inc., South San Francisco, California enhance vartable region-dependent signaling properties of
and “MacroGenics, Inc., Roohville, Maryland the mAb and Fc and immune celi-dependent effector
Note: Supplernentary data for this article are availahle at Clinical Cancer functions such as antibody-dependent cellular cytotoxicity
Researcn Qniine {httpr//clincancerres.aacriournals.org/). (ADCC; refs. 4, 5).

Corresponding Authors: Deryk Loo, MacroGenics, Inc., One Corporate ‘Fhe rationale for improving effector cell function has
Drive, South San Francisco, CA 94080. Phone: 650-624-2638; Fax: B50-

Antigens that are tumor specific or overexpressed on
cancer cells represent opportunities for development of
target-specific antibody-based therapeutics with a range of
possible therapeutic modalities. For example, unmodifie
IgGG1 monoclonal antibodies {mAb) directed to the EGF
receptor {EGFR} family, neutralize tumor-promoting activ-
ities of such molecudes through antiproliferative and tumor-

been suppaoried independently by the correlation of clinical

mai: leod@Macrogenics.com and Paul A, Moore, Macro- B N ! h N
40 Medical Center Drive, Rockvilie, MD 20850, Phone: 301- outcomes of mAb therapies with the natural poiymorph-

: 301-251-5321; E-mail: moorep@Macrogenics.com isms of oy receptors {FoyRs) in patients who participated in
doi: 10.1158/1078-0432.CCR-12-0715 these frials. The allelic FoyR variants show different affinities
©2012 American Association for Cancer Research. for the Pc domain of IgG1 and more favorable clinical

3834  Ciin Cancer Res; 18(14) July 15, 2012 AU R American Association frr Cancer Resenrch

Downloaded from clincanc

2¢. aacricumais.org on December 10, 2013. © 2012 American Association for Cancer Research.
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responses were observed in patients who were homozygous
for the higher atholty alleles ')" FoyR YA {CID32A) and. jo
particular, FoyR HIA (CD16A). These therapeulic mAbs
include rituximab for treatrnent of foilicular lyrnphoma
{4, 5), trastuzumab for treatinent of metastatic breast cancer
{n), and, albeit controversial, cetuximab for treatment of
metastatic clorecial cancer (InCRC; refl 7). These results
support the notion that potent immune-mediated effector
funciions can be clinically beneficial, and mAbs with
enhanced Fo-mediated activity may favor not only patients
with lower affinity allelic variants for Fcyfs but also :hoso
individuals who are homozygous for the bigher bindin
alleles. This strategy can be exploited for cell-surface cancer

targets (reespective of thelr causality in the ioitdation or
progression of the tumor.

To idemiify cell-surface cancer antigens suitable for mAb-
based targeting, we have characterized mAbs generated in a
target-unbiased fashion from intact cell immunizations of
serurn-(ree adapted Ussue progenitor cells or cancer cell
lines, including those exhibiting cancer stem cell properties
{8, 9). Immunchistochemical prefiling of these mAbs
reveals those displaying differential expressic
cancer tissues compared with normal tissue, whereas bio-
cherpical analyses identify the cell-surface cancer antigen
recognized {10). Here we describe characterization of a
panel of 50 iodependent xoAbs ideruified from this
approach that recognize the cell-surface protein B7-13
{CD276), amember of the B7 family of imrune regulators
{11). T re Himited normal tissue binding and broad tumor
reactivity exhibited by specific B7-H3 mAbs prompted
developmeut of MGA271, a fully bamanpized ani-B7H3
mADb bearing an engineered Fc domain optimized 1o

1 on human

-

enhance antitumor effector-mediated function through
combination of enhanced binding (o the activating receptor
CIIGA and reduced binding to the inhibitory recepior
CD328. To determine the clinical potential of MGA271,
antitumeor activity was evaluated in a series of murine
xenograft models and its toxicology profile evaluated in
Don-iuive prirates.

Cell lines

Renal (A498, 786-0, and ACHN), prostate {LnCap], lung
{SK-MES-1}, breast {MDA-MB-468), bladder (SW780 and
HT-1197), melanoma {UACC-62) cancer cell lines, and Raji
B-cell lyrophoma were obtained from American Type Cul-
ture Collection and cultured according to recommended
protocol for fewer than 20 passages.

Immunshistochemistry

O T-embedded, frozen tissues, and positive cootral B7-
H3-expressing Caki2 and FHs700T cells were sectioned at 7
wi. Following drying, sections were jocubated in 4°C
acetone, air d, then processed in a Dako Autostainer.
Formalin-fixed paraffin-embedded {FEPE) tissue micioar
ray sections were deparaffinized, rehydeated, then processed
in a Dako Autostainer. Endogenous peroxidase activity was
cquenched with 3% HoOs, then sonspecific binding sites
were blocked with 5% normal goat serum. Primary mAbs
{BRCA84D and BRCA69D) were detected using EnVision
horseradish peroxidase (FHRP) auti-mouse polymer (Dako})
in conjuncrion with 3,3’-Diaminobenzidine {Sigma-
Aldrich]. Slides were counterstained with hermatoxylin.

Protein engineering

chBRCA84D was generated by fusing the BRCA84D VL
and VH coding sequences to human cKappa or human
gamma 1 constant region ¢cDNA, respectively. To construc
hBRCA84D, humanized BRCAS4D VL (hBRCA84D VL}
and BRCAS4DD VH (hBRTCAB4 D VE) arnino acid sequences
were designed using the CDR sequences from the mouse
mAb BRCA84D and [ramework sequences from humar
germline V-kappa or VH segment, respectively. The
hBRCAB4D VL and hBRCAS4D VH coding sequences were
syothesized de novo, fused to the buman C-Kappa or huiman
gamma 1 constant region cDNA, respectively. Single muta-
tions, L46A in VL and A93G in VH, were introduced by site-
directed mutagenesis ¢ optimize the binding affinity for
B7-H3.

MGA27 1 was generated froro hBRCAS4D by exchangiog
its Pc domain for MGFc0264 (L235V, F2431, R292F, Y300L,
and P396L). hBRCA84D-aglycosyl was generated from
hBRCA84D by mutagenesis at the N-glyvcosylation site of

the WT Fc domain. Antibodies were produced in stably
wansfected Chinese hamster ovary cells.

ADCC

Peripheral blood monomuadlear cells {PBMC) were iso-
lated from healthy human donor blood (Ficoll-Pague Plus;
GE Healthcare). Target cells, effector cells, and antibody

WWw.aacrjouimais.org

Downloaded from clincanc

Clin Cancer Res; 18(14) July 15, 2012

3838

2¢. aacricumais.org on December 10, 2013. © 2012 American Association for Cancer Research.



5239 of 14295

3838

Downloaded from cfincan

OnCusp
No. 1002

Published OnlineFirst May 21, 2012; DOI: 10.1158/1078-0432.CCR-12-0715

Loo et al.

were incubated overnight in Dulbecco’s modified Eagle's
raedivim/F-12 containing 5% FRS. PBMC effector cells were
added ar ratios of 25:1 10 30:1. LDH release (Promega
Corp.) was measured after overnight incubation. Cytotox-
icity {96) = {experirmental cell lysis — antibody-independent
cell cytolysis)/{maximum target lysis — spontaneous target
lysis) x 100. Foy receptor genciypes were deterrnined by
sequencing PCR-amplified DNA. To evaiuate the ability of
maurine B7-H3 mAbs to support ADCC, FITCylated anti-B7-
H3 murine mAbs were mized with a bispecific DART (Dual
Aftinity ReTargeting CD16 xFITC) comprising specificity of
human CI316 and .'L.u:?scem isothiocyanate {#ITC) and
incubated with cancer targer cells together with resting
buman PBMC effector cells (371 = 30:1).

Mass specirometsy

GB8 antigen was lramunoprecipitated from A498 cell
membranes using biotinylated antibody and streptavidin-
coated resin (Pierce). After washing, antigens were elured
with low pH buffer and concentrated using Strataclean
beads {Agilent Technologies, Inc.), treated with reducing
saraple budfer, and subjected to SDS-PAGE. Antigen gel
bands were excised, subjected 10 enzymatic digestion, fol-
lowed by Bauid chromatography tandem mass spectrom
etry analysis.

Capture ELISA

A MaxiSorp ELISA plate (MNalge Nunc intl) was coated
with soluble human B7-H3-41g-His (0.3 pg/ml} in BupH
bicarbonate buffer {Thermo Fisher Scientific) overnight at
4°C. The plate was blocked with PBS containing 0.5%
bovine serum albumin {B3A) and 0.1% Tween-20 {PBST/
BSA) for 30 minutes. Antibodies were diluted in PBST/BSA
and applied to the FLISA plate for 1 hour. Following wash
with PBST, HRP-conjugated goat anti-rnouse lgG (H+L
dilution 1:10,000 10 PRST/BSA; fackson IoumunaeResearch)
was added for 1 hour, the plate washed and developed with
&0 pl/well of TMB peroxidase substrate and tegoioated
with 40 pl/well 1% H);"JA Absorbance at 450 nm {Ays0)
was determined and data analyzed using GraphPad Prism 5
sofliware.

SPR analysis of buman B7-H3 binding (o selected mAbs

Binding of the B7-H3 maAb panel to muwvan B7-H3
was a zed by surface plasmon resonance {SPR) in a
BlAcore 3000 biosensor {Biacore AB} as previously
described {12, 13). mAbs were captured on goat anti-
mouse F{ab'), fragment (Jackson immanoResearch) coat-
ed CM-5 sensor c*ups and mndmg curves obtained fol-
lowing injection of human B7-113{4[g)-1lis {R&D Sys-
terps). Experimental binding curves were 1‘.s<) generated
following injection of BRCAS84D and its hurnanized
forras 1o both buman and cynomolgus monkey B7-H3
on the CM-5 sensor chip. Data were analyzed using
BlAevaluation 4.0 software. Kinetic constanis, k,; aod
kg1 describing the binding of first arm of antibody to
immobilized antigen were estimated by global fitting
analysis of the association/dissociation curves 1o the

bivalent analyte interaction model. The equilibrium dis-
oy
i

saciation constant {(Kp) was calculated as Kp = kg1/Ka-

In vive efficacy

All mouse experiments were carried out under protacols
approved by the MacroCenics Institutional Animal Care
and Use Comunittiee {IACUC) mCDI6™ " hOmisat
RAG2™7 mice {mCD16 knockout mice expressing the
hCIDI6A-158F wansgene consistent with the disuibation
of CD16A in human tissues) were bred at MacroGenics.
Tumor cells {5 x 10° per mouse} in PBS + Matrigel were
implanted subcutaneousty and antbodies admisistered
intravenously weekly, beginning approximately 1 week
fellowing twmor iraplantation or after turnors of approxi-
mately 200 1o 300 mm? had been allowed to form. Tumor
sizes were rnonitored twice weekly by orthogonal measure-
menis with electronic calipers. Statistical differences ia
tumor sizes were assessed by 2-way ANOVAs and Bonfer-
roni postiest analyses {GraphPad Prism 5.02).

Pharmasokinetics/ioxicology siudies in cynomolgas
monkeys
Cynomolgus monkey experirnents were conducted at

SNBL U8A, which adheres to the regulations outlined in
the USDA Anirmal Welfare Act and the conditions specified
in the Guide for the Care and Use of Laboratoty Aniraals.
The study protocols were approved by the Testing Facility
IACUC. A siogle-dose study was conducted with 24 oyno-
molgus monkeys randomized into 4 groups {3/gender/
group) receiving vehide control or MGAZ71 at 1, 30, or
150 mg/kg by 6C-minute inravenocus infusion. Terminal
group animals (2/gender/group) were necropsied 7 days
toliowing dose administration. Recovery group aniraals {1/
gender/group) were euthanized 40 days following dose
administration for necropsies. A repeat-dose study was
conducted with 52 cynomolgus monkeys randomized into
5 groups receiving vehicle control (6/gender/proup) or
MGA271 (5/gender/group) weekly for 4 weeks at 1, 10,
30, or 150 mg/kg by 60-minute intravenous infusion.
Terminal group animals (4/gender/group for vehicle con-
wrol; 3/gender/group for MGA271) were necropsied 7 days
following the final dose administration. Recovery group
antimals {2/gender/group) were necropsied 70 days follow-
ing the final dose.

Identification of a panel of B7-H3 mAbs
Through a series of intact cell immunizations, we have
ined more than 1,500 mAbs reactive with antigens
sed on cancer cells (8). Antbodies discovered
e those recognizing common cancer antigens such
as l ( PR, HERZ, a[‘d (,[ A(,AM" md those binding umql

tial
by unm-.monistochemi;uy {Fig },A) e"h hhef{ a distinct
binding fingerprint across a panel of cancer cell lines,

suggesting reactivity to an alternate cancer-associated
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ity of \_:BS for l"‘L ? bv FLI%I\ using recomi er hu man B/ H3. D, anti B/ H’3 'nA BH(‘AMD ex
differential reactivity to lung sguamous carcinoma compared with normal adjacert lung tissue from the same patient specimer.

antigen. Tandem rpass spectrometry of protein immuno- and effector cells. This strategy obviates the lack of effecior
precipitated from A498 renal cell cawcinoroa cell mern- function iotrinsic in the majority of the rourine B7-H3

maAbs. All but one of the B7-H3 mAbs tested efficiently
redirected immune-mediated killing of B7-H3-posi
A498 renal cell carcinoma cells (Table 1),

branes by one mAb in the set, CRS, vielded several
peptides corresponding to B7-H3 (Iig. 1B}. A recombi-
nani B7-Fi3-based ELISA assay confirmed that GB8 {Fig.
1C}, as well as the other mAbs in the subset {data not
showp}, were reactive with B7-H3. 'The nwoor-specific Selection, humanization, and Foe-oplimization of

reactivity of set of mAbs prompted screening o BRCAB4D as a dlinical candidate for B7-H3-divected
larger panel f addi al mAbs and led to the identifi- interventions

cation of 30 B7-H3-reactive mAbs. A subset of the B7-
TT3-reactive mAbs, which recoguized nonaverlapping

epitopes on B7-H3 and displayed a range of biodiog

Among the panel of B7-H3 mAbs ix ly screened on
frozen tissue specimens, BRCAB4D exhibited the least reac-
tvity 1o nomnal dssues, while retaining strong reactivity

affinities, is shown in Table 1. with prostate, breast, colon, lung, gastric, and renal cancers
To determine the ability of the B7-1I3 mAb panel 1o {Supplementary Fig. 51A). As afurther test of the differential
support immmune effector cell-based interventions, mAbs reactivity of BRCA84D, analysis of reactivity toward lung

were tested for ADCC activity. This was assessed in a cell squarous carcinoma compared with normal adjacent lung

based cytotoxicity assay using a FITCylated panel of B7-H3
mAbs, logether wity a bispecific DART molecule recogniz-
ing FITC and CI}GA Q(,DE(A)&. DART; ref. 14). The
CD16A C DART moleadle engages the targeting mAb via
the FITC specificity and engages immune effector cells
through the anti-CD16 arm, thus bringing together target

tissue from the same patient specimen coniiooed that
BRCAB4D exliibited sirong reactivity toward the lung squa-
mous carcinoma, although exhibitiog minimal or no reac-
tivity toward the normal adjacent hung tissue (Fig. 1D). On
the basis of the immunchistochemical profile, binding
properties, biologic activity, and non-human primate
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in Vitro

Epitope Affindty redirected killing®
Antibady Isotype iyt cell line group (KD, nmol/l) % eytotoxicity)
BRCASHD lgGn MCF-7 A 2.4 82
BRCAS4D IgG1 MCF-7 B 28.3 72
GB8 lgG1 Fetal gall bladder progenitor G 22.7 33
OVCAB4 g Ovarian CSCs D 0.8 72
PROA1E7 IgGi H460 E 150 59
3E27 igG2b Fetal sweat gland progenitor F 263.2 15
TES? igGi Fatal testes progenitor G 45.3 83
“Redir d Killing of A4938 renal cell carcinoma tumor cells using FITCylated murine anti-B7-H3 mAbs iogether with bispecific

({CD16 < FITC) DART in the presence of resting human PRBMC effector cells

T = 30:1).

cross-reactivity, BRCAB4D was chosen for further develop-
ment. To generate MGA271, the coding sequences of the

murine IgG1 mAb variable light and heavy chain genes were
2 in-lrame with MGFcD264, an

humanized and then

an activating FoyR, CD 164, and decreased affinity for
the iohibitory FoyR, CI332B (12} Control humanized
BRCAB4D mAbs containing either the wild-type human
fgG1 Fc domain (RES240) or a mutated hurnan 1gG1 Fe
domain that lacks FoyR binding {RES240-aglycosyl} were
also constructed. The recombinant mAbs retained the bind-
ing affinity of the parental BRCAB4D mAb for both human
and cynomoigus monkey B7-H3 {Suppiementary Table S1).
Importantly, a survey analvsis confirmed the restricted
reactivity of MGA271 with a broad set of noomal tissues.
Membrane staining was lirnited to basal squamous epithe-
linm of the skin {1-2—, ¢ ional}] when tested at the
optimal staining concentration. Additional membranous

staiviog { 14, rare} of squamous epithelium of the esoph-
agus was observed when stained at 5 times the optimal
concentration. Cytoplasmic staining {1+, rare to occasion-
al} was observed in various epithelivm and siroma at the
optimal ¢ ation and was modestly increased in inten-
sity and frequency at 5 tiraes the staining concentration
{Supplementary Table 82). Because of the possible immune
repulatory capacity of B7-H3, reactivity of MGA271 in
lymphatic tissues was alse examined. No reactivity of
MGA271 with lymph node and spleen tissues was observed
{Supplementary Fig. S1B).

B7-H3 is highly expressed in multiple cancers with high
penetramnce

An expanded panel of FEPE tumor tissues was screened 1o
confirm the expression level and pepetrance of B7-113 in
cancer. Because BRCAS4 D does not perforin adeguately on

Moderate to high staining
Paositive staining {any grade) {2+ or greater}

Tissue Type Positive/iotal Y Positive Positive/Total YaPositive
Melaroma Primary 48/51 94 25/51 49
Metastatic 18/19 95 7/19 37
Total 86/70 94 32/70 §
Kidney cancer Primary 77/78 99 75/78 86
Prostate cancer Primary £8/69 89 51/09 52
Pancreatic cancer Primary 69/78 88 45/78 58
Gastric cancer Primary 100/115 87 100/115 a7
Breast cancer Primary 76/80 84 74/90 82
Ovaran cancer Primary 38/52 75 19/52 37
Metastatic 4/8 50 2/8 25
Totat 43/80 72 21/60 35

ceil lung cancer Primary 12175 16 6/75 £
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Prostate
adenccarcinoma

Ovarian
adenocarcinoma

A fenal clear celf
carcinoma

2e Conti Anti-B

B Renal ciear celi
carcinoma

Isotype control

isotype control
- w«

{arrows).

on paraffin-ernbedded tissues. The rumor reactivity against
a panel of sclid primary and moetastatic furoor lissue sam-
ples is summarized in Table 2. Representative examples of
low {1—), moderate {2-), and high {34} B7-H3 expression
leve cancer tissues, as detected by BRCAG9T3, are shown
in g 2A. In kidney cancer, substantial expression was
observed not only in tee epithelial component of the turmor
but also in the surrounding tumor vasculature (Fig. 2B).

Humasized/Fe-optimized BRCASAD (MGAZ71])
mediates potent ADCC in vitre

To confirm retention of ADCC activity and determine the
effect of the MGFe0264, MGA271 was compared with
chimeric BRCA84D {chBRCA84D, WT Fe domain}. burnaa-
ized BRCAB4D {RES240, WT Fc domain), and aglycosylated
humanized BRCA84D {RES240-agiycosyl, inactivated Fc
domain} using buman PBMC donors representing the 3
CID16A genotypes (low-affinity 158F homozygous, high
affinity 158V homozygous, and 1581/V heterozygous). As
shown in Fig. 3A and B, RE5240 mediates ADCC in vitro
agaiost B7-H3-expressing A498 renal cell carcinorna cells
with a potency equivalentto chimeric BRCAS4D, indicating
that humanization did not alter ADCC funciion. Impor-
tantly, MGA271 exhibited enhanced potency in the ADCC

s of 14, 2+, and 3+ staining on renal ¢

cell carcinoma,

e adenccoarcinoma, and ovarian adenccarcinoma. B, higher magnification image showing vascular endothelium staining in renal cell carcinoma

assay relative 1o RES240. The enhanced ADCC potency of
MGA27 1 was evident with PRMCs from all 3 CD16A donor
genotypes {Tig. 3A-C), with the greatest enhancement
observed for the homozygous low-binding 158F allele of
CD16A, consistent with the enhanced FoyR-binding char-
acteristic of MCA271 fc domain for this CD16A allele. As
expecied, RESZ40-aglycosyl did not mediate ADCC (Fg.
3C), indicating that the cytotoxic activity observed with
MGAZ71, RES240, and ¢chBRUAS41 is a function ol Fo/FeyR
interactions. The MCFc0264 Fe of MGA271 retained bind-
ing to cynomolgus rmonkey FoyR {13) and wanslated into
functional engagement, as shown by the ability of MGA271
ta mediate ADCC against A498 cells with cynomaelgus
monkey PBMCs {#ig. 30).

MGA27 I-mediated ADCC activity was determined for a
panel of tumor cell lines displaying a range of B7-113 cell-
surface expression and representing multiple cancer typ
including kidney, prostate, lung, breast, and biadder carci-
s well as melanoma (Supplementary Fig. 82). Al
cell lines that displayed detectable levels of B7-H3
expression  exhibited sensitivity to MGA2Z71-mediated
ADCC (Fig. 4). Counsistent with the enhanced ADCC
observed with MCA271 against A498 cells, MGA271 exhib-
ited enhanced ADCC potency relative to RES240 against ail

es,
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A CD16A-158 FNV human PBMCs B CD16A-1588 F/F human PBMCs
gg e MGA271 8 & MGA27T Fiwes & MGAR71 mediates i vitre
.. 70 ®RES240 o el ®RES240 /_{ ADGE on A495 renal cei
2 sod 4 chBRLAS4D ¥ 04 s chBRCABLD S carcinoma calls wi urnan PBMC
% 50 ‘g o / stor cells repres all 3
5 a6 % i /{ B8A-158 ger i with
3 30 5- 26 cynorroigus mﬁonkey PBERMC
e 20 . = 10- tor cells. Evaluation of the
R L R F@Mﬁ ty of MGAZ71 to mediate
[ s g - d . . \ . ADCC on the A498 renal cell
WE T A A e e 100 LLUE T L [ (L T | carciroma cell iine using resting
Conceniration {ng/mi) Concentration {(ng/mi.) PBMCs representalive of sach
C CD16A-158 genotype-—A, F/V; B,
CD16A-158 VV human PBMCs D Cynomolgus monkey PBMCs F/F; VA and compared with
80 i d control mok 3
56 :ggsi\z?q?g 409 & MOAZTT humanized BRCAS4D (RES240),
v RES240 agiyco ® RES240 ic BRCAB4D (chBROCAB4D),
£ a0 2 307 4 RES240 agiveo oy
£ £ g BROABAD {F
g ao % 20 D, evaluation of the ability of
E‘ 20 5. cynomoigus monkey PBMCs to
© © 10 support MGA271-mediated ADCC
AL = o8 on the A488 renal cell carcinoma
. g 5 g 3 N call fine.
'1:’9'Q w18t e et 02 18f 4o TS ) Y SV S
Concentration (ng/mkb} Concentration {(ng/mi.)

B7-M3-expressing tumor cell lines examined {data not
shown). In contrast, MCGA271 did not mediate ATMCC
against the B7-H3-negative Raji B-cell lymphoma.

MGA27T exhibits potent {u vive efficacy against renal
cell carcinoma xenografts

To evaluate the antitumor activity of MGA271 in vive,
xenagraft studies were carried out in mice that have the
murine CDI6 gene knocked out and are transgenic for
haman CI316A-158Y, the low-alfinity binding ailele of this
FoyR{mCD 167 hCD16A™ ). This model was developed to
overcorne the discrepancy in binding of the MGFo0264 Fo
domain to murine CB16, compared with the human
CD16A counterpart {13), and provides the greatest sensi-
tivity for evaluating the potential enhanced Fo-dependent
activity mediated by mAbs with engineered Fc domains. The
pharmacokinetics of MGA271 was evaluated at a dose of 3
mg/kg in mCD1677 hCD16A FOXNE nu/nu mice, The
estimated halflife of MCA271 was 249 hours with a Cyay of
43 pg/ml, supporting once weekly administration of
MGAZ71 in xenograft efficacy models.

Treairnentwith MGA271 once weekly for 5 weeks al doses
ranging from 0.1 to 10 mg/kg, initiated 7 days following
tumnor cell implantation, resulied in sustained inhibition of
the growth of A498 turnor xenografis over the course of the
50-day study {Fig. 5A). A cyiostatic response was achieved
aver the course of the study at doses of 0.5 mg/kg or greater,
with a near cylostalic response achieved at the 0.1 mg/kg
dos:

icacy studies were also carried out against 786-0 renal
cell carcinoma and HT-1197 bladder carcinoma tumor
xenografts. Treatment with MGA271 once weekly for 5

weeks at doses of 1, 2.5, and 5 mg/kg initiated 7 days
following tumer cell implantation resulted in sustained
inhibition of the growth of 786-0 wmor xenografts over
the course of the study (Fig. 5B). Tumor growth inhibition
was aiso observed with RES240 in this study; however,
growth inhibition by MGA271 was significantly greater
than that observed with the RES240, indicating that the
MGFc6264 Fe mediated enhanced antitumoractivity invive.
The tumor growth inhibition observed was Fc rediated, as
trealinent with RES240-aglycosyl did not iahibit tumor
growth {[ig. 5C). Potent antitumor activity was also
observed against HT-1197 tumor xenografis. Treatmen:
with MCA271 once weekly for 5 weeks at doses of 1, 5,
and 10 mg/kg, initiated 7 days following tumor impial
tion, led (o sustained inhibition of the growth of HT-119
turmnor xenografts over the course of the study {Fig. 5D). The
antituxpor activity of MGA271 was also evaluated (i a Jate-
treatment mode, wherein the 786-0 tumor xenografts were
allowed to grow 1o an average volume of approximately 260
min” before treatment. As shown in Fig. 55, once weekly
treatment with MGA271 at doses of 1 mg/kg or greater
resubted in a significant inhibiton of mumor growth. A5 or
10 mg/kg, a cytostatic response was achieved until day 52,
after which the average tumor volume of the 5 mg/kg
ireatment group yemained near predose admipistration
levels, whereas the 10 mg/kg group exhibited a nonsignift
icant trend toward relapse.

a-
7

D

Toxicokinetic and toxicology assessment in
cynomolgus monkeys

The toxicokinetic and toxicologic profile of MGAZ71 was
assessed in cynomolgus monkeys following a single
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ADCC was evaluated on B7-H3-positive cancer celi lines wi
MEB-438 breast adenocarcinoma; D, SW780 colon adenocarcinoma; E, ACHN renal
H, 786-0 renal cell carcinoma: |, B7-H3-negative Raji 2 cell iymphoma.

admninistration and 4 once weeldy adminisirations of
MGCA27 1. Cynomolgus monkeys exhibit MCA271 reactivity
comparable with that observed with human tissges. 1o
addition, cynomolgus monkey FoyRs bind to the optimized
Fe dormain of MGA271 (13}, and as previcusly shown {Fig.
3D}, cynomoigus monkey PBMCs were capable of mediat-
ing MGA271-dependent ADCC of a magnitude similar to
thai roediated by huroas PBMCs. No sigoificant adverse
MGA27 I-mediated changes were observed following a sin-
gle adminisiration and 4 once weekly administrations of
MGA271 at dose levels up to 150 mg/kg, the highest dose
examined. Minor transient MGA271 related elevations in
the serum level of interleulio 5 {[1-3), [L-6, and TNE-oc were
observed following administration of MGA271 {Suppl
mentary Fig. $3}, which were net accompanied by cin
s. A time- and dose-dependent recoverable reduc-
tion in creulating natural killer cells was observed following
administration of MGA271 (Supplementary Fig. 54) that,
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owing o the transient nature of the response, was not
considered adverse. On the basis of these results, the no-
observed-adverse-effect Jevel {MOAEL) B cynomolgus
mounkeys for MGA271 was established at 150 mg/kg. The
mean terminal half-life ranged from 8 to 12 days.

antigens ')ver@spie‘;s d in can-

! immunization and selection for
favorable tumor: yal tissue expression (8). These mAbs
recognize a spectrum of potential targets with some Boked
0 a funciional role in wumor lormation and/or progression
{e.g., adhesion racleades, growth factor receplors, receptor
tyrosine kinases, metabolic targets, and metalloproteases)
and others with an undiscovered role in tumorigenesis. The
selection of highly tumor-specific targets enables the latter
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noma, 786-0 renal cell carcinaoma, or H
control mAbs, or PES vehicle were adm
treatment mode; A-D) or 21 days {late treat
which the tumor volume for the

ment m
treatment group

category of antigens to be candidates for Fe-optirnization to
enhance the ability of the mAb o bind io activating Foy
receptors and mediate enhanced Fc-dependent antitumor
activities.
In this article, we have des
characterization of a panel of mAbs with spec
a protein overexpressed on many cancers, i
ing prostate {15-17}, renal (18), pancreatic (19, 20),
colorectal {21), non-small cell Tung (NSCLC; ref. 223},
ovarian {23), bladder {24}, melanoma {25}, and neu-
roectodermal (25) cancers and postulated to mediate
immunomoduatory activity {26}, Our immunohisto-
chemical analysis confirmed and extended published data
indicating B7-H3 is highly expressed across a variety of
solid cancers. We observed high levels of B7-H3 expres-
sion in kidney, prostate, pancreatic, breast, iric, and
ovarian ¢ >d expres-

cer, as well as melanoma, but Hm
sion in normal human tssues. B7-H3 expression was
obgerved in the epithelial compariment of the wmor as

hed statistical significance (P < 0.05) compared with 1gG treatment group.

1, the indicated

istered by intravenous injection once weekly {(arrows) at the indicated dose levels beginning 6 to 12 days iearly
erage tumor volume 260 1 oitowi

tumor cell impiantation. Asteri

5 indicate time point at

well as the tumor vasculature. It is worth noting that
genelic expression screens would noi have identified
B7-H3 as a turmor-specific target. B7-H3 mRNA has been
reported to be broadly expressed across nonmal organ and
immune tissues {27), whereas B7-I
is more limited in normal
study, 2 independent reports ¢ ibe differential B7-H3
protein expression on tumor tissues compared with nor-
mal dssues. A rpembrane-bound tumor-associated anti-
gen defined by the mAb 376 (28} and subsequently
d as B7-[13 (29} was reported to be expressed
on melanoma, glioma, neurcblastoma, sarcoma, and
breast cancer cells and tissues, but minimally or unde-
tectably expressed oo adult sormal tissues {28, 30}
Modak and colleagues {25) reporied thai the 8HY mAb,
whose binding antigen was ultimately determined to be
B7-H3 (31), ibited undetectable binding most
normal tissues and only limited cytoplasmic staining in
normal pancreas, stomach, liver, and adrenal cortex.
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Evidence suggests that posttransiational regulation by the
FRNA miR-29 may contribuate to the shserved lack of
correspondence between B7-H3 mRNA and protein
expression levels (313,

The functional role of B7-113 remains largely undissected
and controversial. Reports suggesting a costimulatory
rote io tnroune modulation for B7-H3 {27} have been
countered by a preponderance of evidence suggesting a
wnor-supportve role in terms of imnunologic escape
{11, 32-34) and increased resistance to treatment (35).
Overexpression of B7-H3 has been correlated with disease
severity and poor outcome in a growing sumber of cancer
types, including pathologic indicators of aqglesm"eneﬁs and
negative chioical cutcome in prostate cer {15173,
increased grade and decreased T-lympharyte in ﬁl.rah(m in
rnor nests and strorna in colorectal cancer {21), and a
reduction in T-lymphocyte infiltrates in NSCLC {22). B7-H3
expression on tumor-associated vascular endothelia sug-
gests addiional roles for B7-H3 that favor tumor growth
and progression, albeit by mechanism(s} s notyet uncovcr{d
Consistent with this notion, the presence of B7-H3 on t
epithelial or vascudature component of renal cell carcinoma
was associated with multiple adverse dlinical and patho-
featares and an of death {18}, In
1, i ovarian cancer, B7-H3 expression in tumor
vasculature was associated with significantly shorter patient
survival and higher incidence of disease recurrence (23}
Tumeor-specific efferts of B7-H3 have also been described.

wo stidies have shown that siRMNA knockdown of B7-
expression reduced cell adhesion, migration, and invasion
of melanoma and breast cancer cells {29} and prostate
cancer cells {36) in vitro, suggesting B7-13 may piay a role
in tumor progression and metastasis. Silencing of B7-H3
expression has 3lso been reported to regulate intraceliular
signaling of breast cancer cells and modulate chemotherapy
resistance {34). The derivation of a B7-H3 roAb from ao
ovarian cancer line displaying cancer stem cell {CSC} prop-
erties {Table 1; ref. 37) also wamanis exploration of the
expression and potential biologic role for B7-H3 on CSCs
and whether B7-H3 can serve as a therapeutic target for
CS8Cs in addition (o the broader wunor cell popu

Because the role of B7-H3 in tumorigenesis and
romune escape is not fully voderstood, and given the
exquisite tumor-specific expression of the target, the clin-
ical candidate mAb BRCA84D was engineered with an Fc
region that imparts increased affinity for the human
activating Foy receptor CD16A and decreased affinity for
the huaman inhibitoxy Poy recepior CD328 {12, 13). This
choice retlects the notion that enhancing the ability of
an mAb to mediate Fo-dependent activity may translate to
improved dlinical efficacy—a concept supported by clin-
ical data that correlate clinical outcome with Fey recepior
polymorphisms. Specifically, patients homozygous for
the higher alfinity variani of CD16A or CD32A have
more favorable dinical outcomes following irestroent
h ritximab for follicular lymphoma (4, 3), trastuzu-
mab for metastatic breast cancer (6), or cetuximab for
mCRC under certain settings {7). In the latter case, KRAS

ISt o N

miitations were associated with lower response rates to
cetuxirnab; however the high-affinity polvmorphism was
ws;mdzvted with more posiiive cutcomes irrespective of
RAS status. Thus, cetuxirnab mediates a pf)smve
respounse in mutated KRAS mCRC wunder
in which the EGFR pathway is constimtively active
and insen e to the divect cytostati syo of the
antibody, supporting the importance of the role of
fe-mediated mechanisms in the elficacy of cetuximab.
Consistent with the enhanced binding of MCA271 1o
CD16A, MGA A

271 exhibited enhanced ADCC activity
all B7-H3-positive cancer cell lines evaluated when
compared with forms of the mAb with a wild-type Fc
derain. Although strong correlations between B7-H3
expression and sensitivity to MGA271-mediated ADCC
cannot be rnade based on the tumor cell lines tested in this
study, overall the cell lines expressing the greatest level of
cell-surface B7-113 exhibited the greatest sensitivity. The
cytotoxic activity observed in vitro was reflected in the potent
antitumor activity in tumor xenograft models in vivo. Sig-
nificant inhibition of tumor growth and cytostasis with
xenongrafts representing renal cell carcinoma and
carcinoma was observed following weekly administration
of MGA27 1. The antitumor activity was dependent on the Po
region of the mAb and was enhanced in comparison with a
wild-type Foversion. Significani aotituroor activity was also
observed against a varlety of additional xenografts repre-
senting tumors of gast lung and colon cancer, and
melanoma {data not shown}. Consistent with the Hmited
expression of B7-H3 in normal tissues, MGA271 was weil
tolerated in cynomoigas monkeys, and the NOAEL was
determined to be 150 mgfkg.

The focus of our approach to developing MGA271 as an
anti-R7-113 mAb therapy has been on exploiting the favor-

able turnor/normal expression profile of B7-H3 1o prov,
thempeutic window for evhanced twmor cell killiog
through Fe-engineering. However, it is important to note
that MGA271 retains the poiential 1o target additional
mechanisms of a including dir \t]y modulating
tumor cell funcions, mediating anttumor vasculature
activities, and modulating tmunune suppressive activity.
These areas of potential therapeutic intervention remain t©
be explored and will be greatly facilitated by identification
of the B7-H3 receptor.

In summary, we have developed MCA271, a B7-H3-
reactive, Fe-engineered mAb that mediates potent antita-
mor activity in vifre as well as in tumor xenograft studies;
these data, together with its favorable safety profile in
cynomolgus monkey toxicology studies, support the eyplc-
ration of MCA271 in the weatment of B7-1I3-po
cancers f\phase[ I1a clinical study of MGA271 in patie
with B7-H3- positive metastatic or recu adenocarcino-
roa has been isitiated.

a

D:sclﬁsure of Potenhai Conflicts of lnterest
Chen, L Hua

Burke, V
llema, M.
ano DA
N b

n, E. Bonvini
in MacroG

WWw.aacrjouimais.org

Downloaded from clincanc

Clin Cancer Res; 18(14) July 15, 2012

3843

2¢. aacricumais.org on December 10, 2013. © 2012 American Association for Cancer Research.



5247 of 14295

3844

Downloaded from clincanc

Published OnlineFirst May 21, 2012; DOI:

Loo et al.

OnCusp
No. 1002

10.1158/1078-0432.CCR-12-0715

Koenig has held the title of president and CEO of MacroGenics Inc. The other

atithiors disclosed no potential condlicts of interest.

Authors' Contributions
Conception and design Lo, RE
Mdmcr, S. Koenig, S. jo! Of8, Ho
1 © afmethodology: D. Loo. K. A]dcmon 2. Chen, 1.
W, 8. Burke, H. Li, Y. Chen, ].C. Li, T.W. Liang, |.P. Mather
Arqmmlmn ()i data [ provided anjmals, acquired and sanaged patients,
prm/lded facilities, et - Alderson. W Gorlatov,

i .C. L . Rillema, M. Lice

ang, T.W. Liang, [.P.

. Huang,

tistics, camputatmnal analysis
Zhang, Y. Yang, T. 8o, 1.C. 1
Iu\e\mg 5{ Stewart, & )hncm‘: k. Bgnvm;

. Loo, RE. Alder
Li. T'W. Liang, &.

. E, Bnn\«m:, I" r& M

3 cacy and safety of humaniz
arti-HERZ mono "kyui arﬁxlmcy in women who have HERZ-cverax:
pressing metastatic breast cancer that has progressed after cherro-
therapy for metastatic disease. Jd Clin Oncol 1999;17:2639-48.

2. fones B, Shak 8, Fuchs H, Paton V, Bajsmonde A

Use of chemotherapy plus @ menocional antibody against HERZ

e ast cancer that overexpresses HERZ. N Engl J Med
2001;344:783-92.

3. -4, Van Cutsemn &, Khambata-Ford 8, Mayer Rd, Geld P, Stella P,

et al. Multicenter phase il and transiational study of cetuximab in
metastatic colorectal carcinoma refractory to irinotecan, oxaliplatin,
and fluoropyrimidines. d Giin Onool 2006;24:4914--21.

4. Cartron G, Dacheux L, igny P, Bardos P, Colombat
P, et al. Therapeutic ol i~-CD20 monoclonal
antibody and polymorphism in i receptor FogammafRiiiia gene.
Blood 2002;98:754--8.

5. Weng WK, Levy R. Two immunoeglobulin G fragrent C receptor
polvmorphisms independently predict response to rituximab in
patients with follicular lymphoma. J Clin Oncol 2003;21:3840-7.

8. Musociino A Naldi N, Bort B, Pezzucio I, Cap
et al. Immunogiobuiin G fragment C receptor poly
ciinical efficacy of trastuzumalk-based therapy in patierts witl h HER-

2/rieu-positive matastatic breast cancer. 4 Clin Onicol 2008;26:

Yohou M, Blan-

i. ir x,amofFugam'*aR rririia Rilla polymorghisms

3 rr*Ltaz:or:s on the ical outcome of patients with meta-

static colorectal cancer treated with cetuximab pius irinotecan. J Clin
Oncol 2608; 2-9.

8. ifoo DT, M r JP. Antibody-based identification of cell surface

for cancer therapy. Curr Opin Pharimacol 2008;8:

2. Roberts PE. isolation and establishment of human tumor stam calls.

Methods Cell Biol 2008;88:325-42.

noma fUmor Xenogr: int vivo, Mok Gancer Th

14, Zang X, Allison JP. The 87 family and cancer therapy: costimuiation
and ceinhibition. Giin Cancer Res 2007,13:6271-9,

12. Stavenhagen JB, Gorlatov S, Tuailion N, Rankin OT, LEH '2(

zation of therapeutic antibodie

vitro end controls turmor e;

actw;m g Fccamm° mcep* rs. Cancer Res thﬂ 97 8382 -33

hang W, Yang Y, Huang L, Burke §, et ai

ivity anc‘ *oyirokmm s analysis of M(‘AHZ}2 an anti-

2 rnonoclonal antibody with enhanced Fe-gamma receptor bind-

properties. Braast Cancer Res 2011;13:R123.

i3.

Admministrative, technical, or material support {i.e.,, reporting or orga-

nizing data, constructing databases}): D. Loo. T. Son
Study visiom: D. Loo, RE Alderson, L. Huang, W. Zhang, §. Koendg, 8.
P.A Maoore

fohnson,

The costs of public
payient of page chax
twertisernent in. accordar

< authors
Lechs
it Ti

of this article were defrayed in part hy the
j i sre be hereby marked

this fact.

Received March 1, 2012; rewscu May 7. 201

accepted May 9, 2012;

published OpnlineFirst May 21,

20,

21.

22,

23.

24,

28,

26,

27.

. Chavin G, Sheirin Y, Crispen PL, Boorjian SA, Roth T, Rangst i,

. Roth T4, S

Fusion
Chal-

S, editor.
s: Applications and

cations of bispec
protein technologies
Eenqe.. l\.ew Jersey: \/vrlny Biackweli 2012
HA, Seric AM, Reuter VE, East!
JA, et al ’37 H._ d B7x are highly expre n human
cancer and associated with disease spread and poor outcome.
Natl Acad Sci U 8 A 2007;104:16458-83.

Expression of immuncsuppresive B7-H3 ligand by hormons-tre:
prostate cancer tumors and metastases. Ciin Cancer Res 2009;15:
2174-80.

heinin Y, Lohse GM, Kuntz SM, Frigola X, inman BA, st al.
and expression by prostate cancer: a novel marker of
and potential target for therapy. Cancer Res 2007;87.

in Y, Roth 1., Lohse CM, Kuntz SM, Frigola X, ot al
Tumor cs_-.H and tumor vasculature expression of B7-H3 predict sur
in clear cell renal ceil carcinoma. Clin Canfer Res 2008:1 .
h DM, Ottenhausen M chinger M,
osito |, et Cxpression of B7-H3 is
associated with prolonged survival in human ‘ancreatin; cancer. BMC
Cancer 2009;9:463.
Yamato i, Sho M, Nomi T, Akahori T, Shimada i, Hotta K, et al. Clinical
importance of 87-H3 expression in hurman pancreatic cancer. Br J
Cancer 2009;101:1709-18.
Sun J, Chen L4, Zhang GB, Jiang J1,
significance and regulation of the
human colorectal carcinoma. Gancer imm
116371

i M, Tan ¥, ot al. Clinical
ulatory molecule B7-H3 in
nol immunother 2010:59:

8un Y, Wang Y, Zhao J4, Gu M, Giso
and B7-H4 expression in
2006'53'1 ti’j—‘:-‘: .

ke R, Leivert AKX, et al. B7-HC
it fung cancer. Lur

NOr-sri

expression of B7-H3 predicts aurvival in
Pathol cO .23 ‘,‘04—,5

ei' [xaks egL !a“\vy mol
ihologio corre!
2008;14:4800

Clin Cancer Res
Modak S, Kramer K, Guitekin S
antibedy &HS targets 3 novel cell surface antigen expre:

, Guo HF, Cheung NK. Monocional
ssed by
a wide spectrum of human solid tumors. Carncer Res 2001;61:
4048-54.

Hofrmeyer KA, Ray A, Zang X, The contrasting role of B7-H3. Proo Natt
Acad Sci U S A 2008;105:10277--8.
Chapoval Al, Ni J, Lau JS8, Wilcox RA, Fii
costimulatory molecule for T call activati
tion. Nat Immunol 2001;2:269-74.

DR, LiuD, et al. B7-H3: 8
n and IFN-gamma produc-

Clin Cancer Res; 18{14) July 15, 2012

Clinical Cancer Research

2¢. aacricumais.org on December 10, 2013. © 2012 American Association for Cancer Research.



5248 of 14295

OnCusp
No. 1002

Published OnlineFirst May 21, 2012; DOI: 10.1158/1078-0432.CCR-12-0715

Dlevelopment of Fe-Enhanced Anti-B7-H3 Monocional Artibody

28.

29,

30,

31.

. Castriconi R, Dondero A, Augugliaro R, C

biatt HM. Imai K, Ferrone S. Common antig
inants on h melanoma, glioma, neurchlastoma, and sar-
coma calls defined with mornoctonal antibodies. Cancer Raes 1881;41:
2714-7.

Chen YW, Tekie C, Fodstad Q. The immunoregulatory protein
human B7H3 is a tumor ociated antigen that reguistes turmor
cell migration and invasion. Curr Cancer Drug Targets 2008:8:
404--13.

Natzti PG, Glacomini P, Bigotti A, Imai K, Nicotra MR, Ng AK, et al.
Heterogeneity in the expression of HLA and turnor-associated anti-
gens by surgically removed and cultured preast carcinoma celis.
Cancer Res 1983;43: 8.

Xu H, Cheung iY, Guo HF, Chieung NK. MicroRNA miR-29 rmodulates
sion of immunoinhigitory molecule B7-H3: potential imglica-
tions for immune based therapy of human solid fumors. Cancer Res

2009:6¢€:6275-61.

i G, Camemolila B,
38 & neurchiastoma-

Sementa AR, et al. Ide tion of 4lg-B7-H3

33.

. Yaan H, Wei X, Zhang 3, Li C, Zhang X, Hou J. B7-H2 Over expressi

from an NK cail-

associated molecule that exerts a protective rob
mediated lysis. Pros Natl Acad Sci U S A 2004; 2640--5.

i icki WE, Stocki J, Majdic O, Bardst AF, et al. 87-
marn T-oell activation: No evidence for B7-
ion. Eur d Immunol 20098;38:1754-64.

. Buh WK, Gajewska BU, Okada H, Gronski MA, Bertrar EM, DawickiW,

The B7 family member B7-H3 preferentially down-regulates T
vpe 1-mediated immung responses. Nat Immunct 2003;4:

886908,
. Liu H, Tekle C, Chen YW, Kristian A, Znaoc Y, Zhou M, et al. B7-h3

increasas paclitaxel sensitivity by abrogating jak2/stat3
phosphorylation. Mot Gancer Ther 2014;10:960-71.

in prostate cancer promotes tumor cell progressicn. J Urol 2011;1

Srnith OH, Young P, Roterts PE, Mather JP. Estab-
ovarian serous carcinomas cell lings in serum free
media. InzAl-Rubesi, editor. Methods. New York: Elsevier Press; 2012,

WWw.aacrjouimais.org

Downloaded from cfincan

L AACHouUmalis.

Clin Cancer Res; 18(14) July 15, 2012

3845

i on December 10, 2013. © 2012 American Association for Cancer Research.



5249 of 14295

CEnpraduciion

T

Cemtutumat ozoganitin
ChAB-40%: a3 dMUC Htargated
falicheamicin therapeatic

$a2.

4 TMAC 544w CD224arketen
calicheamicin therapousic

s

Ashiey Publications
www.ashiey-pub.com

Dypert opindon and toncitsions

OnCusp
No. 1002

Review

Vaccines & Antibodies

Tumour-targeted chemotherapy
with immunoconjugates

of calicheamicin

Nitin K Damle

reology Discovery Ressarch,
Peard River, NV 103965, USA

Vveth Fhacmscenticals, 20074604, 4 North AMiddietown Kead,

Antibody-targsted chemotherapy is a therapeutic strateqy in cancer therapy
that invoives a monocional antibody specific for a tumour-associated anti-
gen, covalently linked via a suitablie Hnkar te g potent gyrotoxic agent,
Tumour-targeted delivery of a cytotoxic agent in the form of an immuno-
conjugate s expected to improve its antitumour activity and safety. Caill-
cheamicin is a cytotoxic natural product isolated from Micromonospora
echinospora that is st least 1000-foid more potent than conventional cyte-
toxic chaynotherapeutics. Calicheamicin binds DNA in the minor groove and
causes double-strand DNA breais, leading to cell death. Immunoconjugates
of calicheamicin targeted against tumour-associated antigens exhibit
turnour-specific cytotoxic effects and cause regression of established human
tumour xenografis in nude mice. Gerntuzumab ozogamicin is the first clini-
catly validated cytotoxic immunoconjugate in which 2 humanised anti-CD32
antibedy is linked to a derivative of calicheamicin, Gerntuzumab crogamicin
is indicated for the treatment of elderly patients with relapsed acute myeloid
feukaemia, A similar conjugate, inctuzumab orogamicing s being evaluated
at present in Phase | clinical trials in patients with non-Hodgkin's iymphoma,
A number of tumour-targeted immunoconjugates of calicheamicin are being
explorad praclinically at present for their therapeutic appiications,

Keywords: calicheami

in, cancer, chernatherapy, monacional sntibody, runeestars

Fupert Opin, Bicl Ther (Q004) 3(8)1445-1452

1. Introduction

Treatrnent of metastatic cancer with cytotoxic 3 COTIIMDG

therspeutic strategy that ha . The cyto-
toxic activity of existing chemotherspe
either cellular T

ery. Htis not u

tdivectly o

NA or micr

stubudes, or 0

sration in

COXINON Lo Wse various of Capeut

se their indd

order (o ma al therapeutic potential. A vast majority of the

chemotherapentic agents are administered as intravenous infusions. Althoug

<
L

G4
o
s
=
)

syaternic deltvery of potent eytotoxic agents can confer transient therapeutic banefi,

turpnours often devalop rasistance (o xic agents, resulting in disease relapse.

3 cannot diserimi-

Moreover, Systenie ivery of cyranoxic scherapeutic age

naEie

ween cancersus Ussues and novmal tssues, often resuiting in multorgan
toxicity. T hus, such agents can only be administersd to cancer padents for a Umited

i r of cycles, The inadequate antitumour therapeutic effects and indiscriminate
goxicity toward nermal tissues are the two major lmitations of conventional chemo-

therapy impetus t6 the development of vavious row

therspet

3 have
F

trategies,
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Tumour-targeted chemotherapy with immunoconjugates of calicheamicin

Anvibody-targeted chemaorherapy (ATC) is one such s

epy that velies on the use of monoclonal antibedies {mAbs}
T A

dfmtg 5 i LA
geting agers |12, The use of
t

specific for tumour- 233024 as fuamcnar-tar

in cancer therapy iz no
lenger a novel approach; a
therapeutics have been license

s humanised antibody

number of grhers are in
varicas phsses of clinieal evalnations and regulaiory re
TAA-specific mAbs
Hnamunotoxing o
moicrobes {3, or radicimmunathoerapy o

LV,

niave alse been used in the form of
 planits or

liver potent roxing dertved fr
deliver radioactive

isntopes Ml Two such madieiray
beenn Heensed for ¢h use in non-fHodgkins lym-
I addition, althaugh not an antibody, 2

motherapeutic agents have

"apel

fusion protein bei;wee," 3 sruncated form of 1L-2 and diphthe-

ria toxin has been approved for the treatment of 102 recep-
tor-positive cutanecus 1 cell Iysnphema [103).

ATC involves the wse of a pcﬁe*’-r cytotoxic agent that is
chemically attached ro the TAA-spe mAb via

finker o oreate a Cyinioxic tmmu:s-:x:cﬂ]‘i

a suitahie
When

linkage

gate 12}

ior, the covalers

introduced in the systemic cireui:

between the cytotoxic agent and the rargeting mAb in the

conjugate should not readily allow uptak

e

i the cytoloxic
agerit into the intraceliular compartments of normal tissues,
thus resuiting in veduced toxicity. In cortras:,
of the rrgeting mAb shouid allow the cytotoxic
Jugate to seek out TAAY tumour cslls in the body and deliv
the attached cytotoxic agent to the fumou Therelore,
the basic pramise of ATC is the focused intratuminural deliv-
sy, retention and accumulation of the pofent cytotoxic :
irwo the TAAS
miour efficacy anrd spare the TAA povnsal tissues of the

the specificiy

s Tnaang

turnour celis that heips maximise Hs ant

from the toxic effects of the same agent, resulting in a
ntly improved therapeutic index,

The co

i
ugh vari-

neept of ATC has been studied exte

riical and clinical sxplorations. Al

nurnber of pre

ous preclinical studies with trnmunoconiugates of seme of the

cytoiexic chemotherapeutio agents used at present |1 2| demon-

strated prorise, no significant clinjcal benefit was derived from

their clintcal eveluation undl ger
targ®, Wyeth Rea .arch}, which provided the |
rion of the ATC siateg

§ i May 2000 by vhe U5 FDA for s \h'a
patients with soute mysloid feukaemia (AM

waumah ozogamicin {vE iyl

clinical valida-

Cemzumah  czogamic

Rz

N was

a

{37

szogamicin is a CE3targeted mrosunoco
the natural product calicheanyicin,

ris are a family ol pot
¥

the enediyne (war-head} class, sym.hesxsed bv the o

Adicromermygre echinospera ssp. calichensis, which wes

w firse dis
rally eluci-

WA yath

covered in the mid-1280s and, subssquently, struct
dated at Ledede Laboratories {now a division of

Pharmaceuticals) {5-8. Gamma calicheamicin s the dominan

type of calicheaminins and s used i al studies discussed below.

Caarnina calichs

depend-

the generation of a diradical that then abstracts hydrogens from
the phosphodiester backbone of the LINA,
strand brosks 8-161, Such double-strand DINA breaks are difficult
o repair in oycling cells and often: result n apoptosis and cell
deathi. Although parnma calicheamicin may not be the mast
is at least 1G00-foid move potent than

ing double-

pOtent cyteioxie agent, |
24

COIVer, otoxic chernotherapeutic agents 8,61, Phue to its

xicities, therapsu-

narrow therapeutic index and late-emerping ¢

tic agplications of garema calicheamicin have niot been pursued,
In order to jroprove it stractural stability and therapeutic offect,
garnma calicheamicin, 3 trisulfide, has been chemically modified
o create 3 disulfide, Macetyl garoma calichearnicin dirnethyd
bsyedvazide (Caii"‘fr'ni\,’”* CatichiDMBE 5 10 1o 50-fold less
potent than garuma calichearrdoin, but s stitl 10— 100 tines
more potent than conventional chernotherapeutic agents 8- u]
CalichDMH can be suco iy conjugated o any mAb

2 2 fumour-targeted fh-‘emmiws'apmxi‘ir

destred specificity to o

agent. Th

made so far with

foflowing acoount reviews pre

y-targeted calicheamicin therapeut xS,

AT using immunoconjugates of CalichDME has been
studicd extensively in preciinical model systeras,
targeted tmmunoconjugates of CatichZMH 1
steong antituraour activity, both fz virre and @ wivg, against

Turpour-
2 shown

histologically diverse hunan Quiours grown as xf'uogi‘afts
immunoccmpromised mice o151 Based on the author’s own
preclinical studies and also those of others, the following
generalisations can be made about ATC. The success of the
ATC stratepy is infinenced by & combination of at lsast five

i

independent components:
TAA 1o be rarpeted
iAA»targeung antibody

= eyrotoxie apent (6 be argeted

* the linker used o conjugate the oytotoxic agent to the tar-
zeting antibody

* sensitivity of the tumour cells fo the targsted cytotoxic
agent

The foHlowing are the ideal features for esch of thess

components!

TAA:

e high levels of homogenous surface expression o tumaur

ce

o {f the TAA s expressed on normal cells, §
be confin

& o

¢ antibody bound to TAA should be internalised for efficient

with no expre

1 GR Nornal

dd to fineages whose fess is ne

intraceintar delivery of the conjugated cytotoxic agent

¢ TAA should not be present in soiuble form In clreuiation in

guantities that may interfere with tumour-targeing of the

cunjagaie

= affinity of the targeting mAb for TAA should be sufficiently

B {eg, Ky 100G pM ~ 1 M)

targeting sntibodies with
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ultrahigh affinity (K1 < 280 pM) were not able to distribute
evenly throughour the tarnour mass and were concenirated

primmarily ou the perivascular repions within the tumour [16]
= the targeting mAb should be either humanised or fully

buman o aveid immuonogenicity in harnans, chirmeric
mAbe can be used if there s sufficient evidence of their lack
of Immnunogenicity in humans, othier alterss

ives, sach as

the use of ‘de-irnrounised’ :mt:budiea. can alse be considered

¢ i antivody fragroents are used, such as Fab', Flab},, sclhv,
distody ot roinibody, they "hduki s fropacted sufficient
hydredynamic volume € prevent theic rapid clearsnce via

fiitration through the kKidoeys (17

Cyrotoxic agent;

* gytotoxic agent to be rargeted should be more potent than

Ntz being used ina non-

conventinnal chemotherapentic ags

targeted imanner at presant, antibody targeting may allow a
Emited namber of molecules 1o be deliversd to the tumour

and, thaus, the antibody-medisted tumour-targeted delivery

of the conjugared cytotoxic drugs with gn
perierate greater antitumony activity fhan that QFf Non-tar-

20 POICNLY

peted conventional cytotoxics
* gytotoxic agent should be able to reach its intended intrac-
elbslar moleeular target {predominantly nuciear DNA or

sytoplasmic microtubules)

@ cytotoxic agent is preferabiy not a substrate for druapg efflux
puraps thay may infinence i3 intracelintar accurmidation
and targeti

* cytotoxic agent should not profoundiy
kinetic and functional properties of the targeting antibody

aiter pharmaco-

Linkar:

= the linker used to conjugate the cytotoxic agen: 1o the tar-
geting mAb should be stable in the extracelinlar compart-

ment of the peripheral hiod

= the i

ihage hetween the cytotoxic agent and the targeting

mAb should be conditionally stable, allowing the release of

the -:img in the intracelludar compartmerss, such

, foowhich the internalized veg

byso-

SOITHES sfas often traffic

The fellowing ascount focuses on three distinct nmuno-

of calicheamicin that have been advanced to their

clinical evalization.

2. Gemturumab ozogamigin

Gemtuzumeb  ozogamicin, also known  as Mylotarg  or
CMA-ET6, is the fisst cytotoxic pormuncconiugate o be
by the US FIDA for clinical use {18,101, [t is a0 immu-
in in which a humasnized {pf34
CI33 antibody, hPE7.5, s conjugated to CalichiDMB

via 3 tybrid 4-{4 " -acetylphenoxy) buraneic acid (AcBut) linker.

approved

hesricin and the targeting antibody

invoives an acid-labile hydrazone functionality that facilitates
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Danle

tease of CalichDMH from irs conjugated statz urwder
conditions such a3 those in the lysosomal ve N
uf e mtuvum‘:b u:m;zom cin s CE¥33, a myeloid

67 kDa adhesion molecule, a member of the Sipiec family of

o

sialic acid-hinding lectins and aiso a
which binds specificathy ©2 3-lnk

member of Ip superfamily,
siahvl vesidues dispiayed

on various glycoproteins. 1t is expressed on the surface of cells
of all maturational stages of the myeloid lineage, but not on
CD34 hematopoistic stem cells 261, Hs increased expression
on malignant cells of myelold Hneages has made it an atirac-
tive target fc

s the treatment of rayeloid leukasmias, Gemtuzu-

mals crogarmicin birsds CI333 with high aifinity and is rapidly

mterpaslised inie hysosornal vesicles wherein the scidic pH
hvdrolysis of the hvdeazone: functionsiity,

<5 cellular DMNA, lsading to celi

facilitaies th refeas-
ing calichearoicin, which atta

death

: selectively oyt
CI3%" leukasmic oells elative fo those
: expression of (01033, and also caused tegression of

-6} xenografts io nude mice 1L
Gemtuzumab ozogamicin is indica §
patients with CD33Y AML in first relapse who are = 80 years
old and who are not considered candidates for other oytotoxic

chemotherapy {t5,18.21-24), The clinically recommended dose

toxic in wire against

the treatrmient of

mickn 5 9 mg/m® administered as a 2-h
intravenous infusion for a totat of taa
two weeks @ 2 efficacy and safety of gerutuzumab ozo

n avaluated to 277 patienis
open-iabel studies in patients with 330
o studies included 84, 95 and 92
crively, Fo the first two sludies, patients were

of gertuzumab czoga

usions adniinisterad

part, The

o m:r’u as a single agent have bae

sivigle-arm,

duration  of
w5 2 BO ware
23 Lo have lasted for

age with 3 {irst remission
the third study, ouly pati
enrolled and their first remission ha

3 months. Patients with secondary leukeemia or white
bso:,d cetf (WRBO) rounts = 30.000/31 were sxciuded. Some

patients were leukoreduced with hydroxyurea ot leulapheresis

to lower WBU counts below 38,000/41 in order to minimise
the risk of turmour lysis syndrome. The treatment course
included vwo doses of gerntuzumab osogamicin at ¥ mg/m?
separated by 14 days and g Z8-dsy foliow-agp

dose. Althougn smalter doses hag elickied responses i earlier

after the last

at s 2 . .
dies, the 9 mg/m® was chosen because it wouid be expect“d
o saturate all L33 sites, regardless of lenkaemis burden.

total of 157 patients were 2 60 old. The primary end point

0['

the three clirdesl studies was the rate of complete rexis
{CR}, which wa

defined as!

& Jeukaernic blasts abs

nt from the peripheral Bleod

¢ 2 5% blasts o the bone marrow, as meassured by morphol-
ogy studies

¢ haemoglobin = 9 g/dl ph

phil count 2 Q)UO,’;L

* red cell and platelet-transfusion independe

s 2 100.06

/i, abscluts

&

ness
(ne red celf
transfusions for 2 weeks, 110 platelet fransfosions for 1 week}
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n addition o OR, a 4 response category, CRp, was
defined a3 pattents fncluding

tisfying the definition of CR,

M

platelet waosiusion independence, with the exception of
platelet recovery of = 100,000/l This cate
hecause the frestment with gemtuzurnab ozogamicin appears
to detay platelet recovery in some patients, Clindeal eguiva-
feree between OR and CRp responses has not yet been estab-
., All patients were premadicated with aminaphan
- 160G mp and diphenhydramine 50 mg to decre
{rowth  factors  and

sory was added

ESR

acute  infusion-related S}’mpYOﬂ'ﬂ

virokines were not permitted. Use of prophylactic antibiotics
The median relapse-free survival of the

n was 8.8 months, The

was not specified.
42 patients who attained rernissi
arnn rate of gemtuzamab ovogamicin i3 nof
greatly dissiuilar in the eiderly {289 in 2 68 years of age) and
vounger (34% in < 60 years of age} patients with AML in first
. For alde AML in first relapse who are
wot candidates for other cyieiexic chemotherapy, gerntazu-

averall rep

velaps v parients with

it

mab orogamicin remains 2 meaningfal therapeutic optior.
Studiss  conducted  postregisiration of gemtuzumab  ozo-
overall response rate observed in
s of gemtuzurnab ozogamicin has been
> postapproval phase {23,241

gamicin sugges
Prisse [
maintain

Adthough
onin -~ 28 —

gemturamab 1 caused

30% of the patients with n

CGZeRAYni compiste

psect AN,

TR

the remaining 70% of the treated patierds demonstrated 3
i1s.19.2i-240 The inabil-

variable resporse in the Phase H triais
of gem
induce remission in hese D & aorre!ated with fhe surface
n of MIDRI/Pgp-1 and MRPI and increased dye
ix, Bl v fhe surface expres-

ity

exprassic

efflux activity by leukasmic bi

-z8). Calicheamicin &

sion of CI233 or its iuternlisaiion
substrate for the MDR1/Fg
ble for ex

biting roulti-druag resistance on
the surface of leukasmic blasts is consistent with the clinically

molecuiss respon

observed resistance 0 gevniuzuy nzogarmicin  therapy.

2 correlation beiween the clinical resist-

Even though there is 2
ance of my
and thei

3 leskaemic blasts to gemtuzumab ozogamicin

pression of drug efflux pumps, there may be
yet unclearly defined mechanisms undarlying the
zumab ozogamicin, io

emiuziimab

s, the uhchpd PEsis

sorne i vinrg studies

czggarnicin was pavtiaily reduced by n’u:iti»-drug resistance-
FSCR33 and

jtivity o conju-

reducing  agents, such as cyclosporin A,
MEBZDY res). Whethe
gated ecalichearnicin can
remains (o be det
Thie safety profile of bemtu/x mab
the three Phase [T studies in relapsed AML patients was dis-
vinct from that of stendard induction chemotherapy, The
treatment wit canab ozopamicin was genevally well-

clindcal advant

ohserved in

L gernt
vrelsted adverse events rveported for the

toleraved, [nfusic

142 patienits in the Phase  stadies included chiils, fever and

hypotension. These infusion-velated symptams occurred

oSt patiends receiving germtusumad ozopamicin, despite

3-1 purnp and the expression of

arid acetami-

prophylactic treatment with antih

nophen. The incidence of infusion-related events was less

b ooze-

commaon during the second infusion of gernruzum
gamicin. In addicion, National Cancer Institute (NCI} prade
3 or 4 haematclogical toxicity with neutrepenia snd thrors-
Bocytoperia was cornmonly obeserved with gerstuzumah ozo-

which is consistent with the my i

gamisin,
d cytotoxicity of gemtueumad ozogamicin 18,180 Yari-
that are often seen with traditional corm-
ther

targ
s othier toxicit
bination chen

such  as &l

cardictoxicity or cerebellar toxicity, were absent in patie

treated with geminzuraab ozogamicin,  Approxirat
quarter of the parients treated with gemiunamal czogarmicin
extiibired NCT prade 3 or 4 elevation of serum bilirubin aud
transaminases, indicative of Hver toxicity tf
and reversibie {1823, The clinically observed
and iiver toxicities emtuzurnal ezsgamicin are oon

at was transient
wtological

with those observed during preclinicsl safety avaluation in
{Wyeth Research, unpute
iished). None of the patients in the Phase H trials exhibited
an antibody response to the humanised antibody or the cali-

vats and cynomeoligus monkeys

cheamicin-linker complex.
The most striking maniiestation of the hepatic

TOX (Jr\: (9]

gemtuzurmab ozogamicin is the development in < 1020 of the

reated patierss of often fatal hepatic venn-necitsive disease

{HVOD),

drome, ot

also known as hepatic sinusoidal obstruction syn-
waly, hepatic portal hyperren-

wracterised by hepatomeg

sion, hepatic neerosty, subendothellal  oedema,  stnusoidal
fibrosis and, occasionally, fibrous venular acclusion (26.3 1. The

BYOD was more proncunced in those patients who received
hematopoietic stern ceil wansplant after the perntuzurmab vzo-
i therapy. The incidence of BVOD in patents not
receiving hematopoietic stern cell transplant was lower than that
of patients recelving hematopoietic stem cell transplant after
The developrnent of hRWOD
rRRFOPGILt 56

gamry

gamituzumab ozogamicin therapy.
i% nOL enoormnraon N patients receivin

iransplant after standard  corabinati herapy

Both the preclinical and clinical studies conducted with gen-
: gam.(m ndicate ity potential {or cansing hepatic

crosts, increased serum

ik 0z

jeity
transarninases and  bilirubin

f\hhough reversinie
necrosis was 3

amoigns monkeys during

injesl safety  evahs gemiuziznab  ozogamicin,
studies {Wyeth Research,
observed BYOD in gemiu-

3 avent

s

RV was pever seen in
unpublished), Whether or net the
zumah ozogamicin-treated patients §5 2 C
slistied §31). The incid

33 -targets

of VD was

ot yet heen estat
N0t r:orrei.—amd with rhe ramission

induction in the AML

patients ested with pemitasuineh ozegandcin. it hias been
coulated that gen ozogami
wlar svents that leads to sinusoidal ebstruction, rather than

ng hepatic necrssis {31 frrespect

s of

tuzamah 0 r.r\ggr-:frs 35

of the molec-

directiy cau
uiar mecharismis) undertying the devet
ssnctated BV, expos
in prior to myeloablative allogenelc stem ©

spment of gemtuzumab

2 o gemtuzumal 0zo-

GZogATIC
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has heers idenvified to increass the

sk of developing WVOD
irs this AML patient population 135.38).

More recently, gerntuzumab ozogamicin has been evabua-

ated in combination with cytarabine and daunorubic
the treatroent of untreated AML patierus with

prornising

resuits, This combination therapy was well-tolerated in
Phase 1 clintcal stadies, with lower incider hernatopoi-
etic and hepato ity and greatly irsproved remission

induction {~ 809} 135381 More imporiantly, there was a low
incidence of BVI3D in these Phase H studies. The abifity of
v has

geratuzamab ozogamicin to cause ramils

dnf'ummvred in patients wit
MA 39.40], 4
fuzinab

acufe promyelocytic leukae-

At present, additional stud e evaluaring gemi-

ozogstaicing N com rion with, or as  an

alternative to, other chemotherapeutic agents used in
AML jez42
icity, gemtuzumab ozogamicin still remains a meaningful
option for oider patients with relapsed AME. In re

of vhis feature, gemiuzumah ozopamicin has been added to

1. Despite its potential for treatment-related tox

2COZHLON

the Naional Cornprehensive Cancer Nerwork  practice

suidelines to oncologiste ze;zardino the treatment of AMI
Ongoing and Future studies w
in cornbination with conventional chem
first-line patients with AML, will indicate how wide
couid be used in the treatment of this snd other malignan-

th S,Gl:"f!l"uﬂ):}" ozogamicin,

erapy in e ove

NERLS
cigs of the my=loid lineage,

3. CMiB-401: a MUC1-targeted calicheamicin
therapeutic

The first opportunity to evalnate antitumour activity of

conjugated calicheamnicin in solid tumouss
with CMB-401, This conjupate targets the MULCT mole

was presented

cule {polyepithelial mucin or CL227), which is aberrantly
glyoosylated and overexpressed on the surface of various epi-

e

lung,
renal carcinge-
CMB-4081 s a
that recopnises the

1 roshignancies  including breasr, <

oesophageal, gastric, ovarian, pancreatic a
{. Tre wargeting antibody :s::erj in
antibody {(hCTMO
of MUCT and is rapidly internaiised

roas 43
humanised $glG4
peptide oore epiiog
when bound t the
MUTCH carcinoma cells

coll-surface MUICT on the surface of
i14-48],

This antibody rargered o
human MUCT does nint crossreact with MUCT homologues

ncluding rodents

in experimental animal arud primates,

Juct

imaging 'BQL‘\‘deS L0
helled KO TMO L indicated the superiority of RUTMOL
over other clinically tested anti-MUCE antibodies in its
tumiour upiake and accuomalanion jaeasl. CMB-401 s com-

ed in cancer patients with radiola-

HUTMOT covalently Buked to NMacetys g.amma
's:-‘thy] acid via the
ortant foature in w

f of

Pt
i-stabie ‘Amide’

h CMB-481 dufers
of acid-tabile

caficheami
finker ne imp

28]

from gemt

A

hydrazone functionatity in the Hnkag:
the drug in CMB-401.
are bel

0 the targeting

such

*ibndj onjugate

Tomore externsive

jeved to require muc
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Damle

inrraceliud

ar pr ing in order 1o rejease the drug from its
in order to be effective,
s s target cells,

is, vt‘/{R- 401 exhibited strong
17 breast, lung, epidermoid
and ovarian carcinoma celf lines and caused regression of astab-
fishad MUCIY twesst, and epidermoid  carcinoma
xenografts in nude mice {Hamanu et af, manuscript in preps-
cation). P i safery profile of CMB-401 was similar to
that of gemtueumab ozogsmicin, Strong antitumonr activiey of
CMB-401 sgainst established carcinoma xenografts supported

copjugated state. Az @ result,

i requires internal

nl fuynour mod

In preciin
anticumour activity against MUC

tung

£

its evahsation in cancer patierss with MUCY carcino

CRMB-401 was
trigd in 32 patients with progre
noma not amenable o

nas.

se {

initially svaluared in a two-centre |
ver epliheiial ovarian carcl-
G otherapy 146
h sverage of 3.2
3 up to four cycles

previ : 3
of dual infusion of 35 mg/m? of unc:e)rgjugaied ang-MUCT

mAl BOUTRO) as 2 predose, fallowed by doses of CMB-401
starting from 2 mg/m® and progressing up o 18 mg/m® The
predosing with unconiugated hUTMO prior to the admix
CMBAAGE was deemed es:
MUCT sites in wormal tissues and soluble MUCT antigen in
circulation 5471 n order o anbance the debivery of
CNB-481 o the tumour cells, CMB-401 was genersily well-
tolerated, However, transient fever, smosts and dose~degend-

tration of L antial o saturate the

ent jncrease in malais
tive prophylacis. World Health Organization grade 3 — 4
5, irvespective of causality, included predomir

e in patienis ¢

urred, necessitating rou-

toxicitie

nausea/vomiting {76%6) and anaemia (21%), and in< 1§

. Hver

the patients, 2 loeytopenia,  thvownbocytopern
transaminases, sepsis and haem ’)ﬂhagf’ The maxitnum toler-
ated dose was reached at 16 mg/m?2,

of the paripnis had >

aring

=3

0% rr‘éuctmv‘ in civoulating ‘f “LE?

Qw 11 (?\:’.u---@i see msd 0

Hle safety profile.

'\:Ctinn in oamour Bulk

hiave an accepia

MB-401 was evalu-

firical trial as monotherapy for the

Based on its scceptable safety profile,

ated in a Phase 1§ o reRi-

mevit of 21 paderns with recurrenit platinumi-sensitive

spithelial gvarian carcinoma 48] Tumoir response and serim
CATZE levels w ed hefore and after ¢ treatineng,
Afrer an initial predosing uraconjugated RCTMEO,
{UMB-48 was administe < at 18 mpfin? over 63 min for up
to seven coycies, with 4 weeks between cycles. Nineteen
ved follow-

53855

L]

with

patients were evaluable. Measurable changes
ceation of CMEB-401 4
{PR). CMB-401

iergs with  apl

ing ad not meet the eriteria for

partial remis was not affeciive as monoe-

fal ove

therapy for pa fcinia.
e gvenis experienced by o
3, asthendn {80%), abdorninal pain (62%], he

ache (B798), ancrexia {379 and diarrhoea {(37%}, mos

tients i this study inciuded
4

ade tevel of 1 or 7. Diue ro the fac
CMB-401.

was discontinued.

k of clinicaily
further developmern of

E (’pt.ib-(’ efficacy of
CMB-441
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Qv

easons underiying the fack of clinicat & stoxic affect against CI22% cells and, in various

ary

‘-3 481 remain uilc/qﬂuruj thc tack of therapeutically models of buroan B cell lyrmphomas, csused dose-depend-
meaningiul tumour-targeting of the conjugate, io part due o ent regression of both sroall and large establishes B lym-

vits and

high levels cudaring soluble MUCT in pati g
scid-stable linker inn CMB-401, may have con- {vpaximum tolerated non

sgrafts, produning cun

with therapautic ind

:thal dose/minitnum afficacious

presenice of 2

triatad to the dinjcally obsgrved fack of s antitumour of! dose) of > 1 pa g, Cures are defined by turmous-free sur-

cany. Whether or nnot replacing the acid-stable linker in vival for = 13 days after the inttlation of therapy of estab-
CMEB-401 with the acid-labile AcBut Hnker would have pro- tished xenografis. UMC-544 also caused long-tevm survival

of severe combined immunodeficient m

vided betfer antitwrmour activity in patlents reypains unes : with systemi-

siored. However, the high levels of circulsting MUCT antigen cally disseminated human B lymphoma #5821 The targsting
in the appropriste patient population may neutrslise any mAb, G844, had no effect on the growth of B lymphomas
advantage conferred by this acid-iabile linker. in nude mice over a wide range of doses, consistent with its

effector function-deficien: igG4 isorype. The preciinical

4. CMC-544: a CD22-targeted calicheamicin antiturncur efficacy obssrved with CMC-544 strongly sup-
therapeutic ports is evaluation as a targeted chemotnerapeatic in

pationts with B cell malignancies. Preclinical safety of
Antibody-targeted calicheamicin theraspy has been appiied - CAC-544 has been evaluated in rats and cynomolgus mon-
ther 1o B tymphoid mal 2 molecuiar keys, CINZ2E from neither of th

s species §s recopgnised by

targer 23,141 T2, a m?mh rof ig xuwvn":.r‘a 1y, is a sialic actd- 25/44, the rargeting agent in CMUC-544. Therefore, the

Ginding lt:(;uu {Sigtec-2}, which binds «2,6-linked stalic acid chserved safety features of UMO-544 are reflective of

rature B lymphoid lineage and s BUEIGeN -0 o effects of rmmuncconjupates of cali-

expressed  preferentially on both normal and  malignant cheamicin. o this regerd, preclindeal profiles of both gem-
B celis 49 51, Anribedies bound to CI322 are internalised rap- tzamab axagamicin and CMC-544 are sirnilar. CMC-544
nd, thas, D127 for targeted delivery of cyto- is being evaliated at presens in Phase [ clinical orials in
xic agents in order o obhtain a4 therapeusic advautage. patients with nor-Hodgkins B lymophoma. Therspeutic
OMC-544  {inotuzumab czogamicin, Wyeth Research) is a applications of CMC-544 in other malignancies ¢
322 targered calicheamnicin therapeutic agent in which calf- B tymnphoid lineage are also envisaged. L,ML—&)*‘M mnay
chm;raicir; i conjugatﬁd to a E*umamsed E-FCJI anti-»(‘r)zz prove to be an effective chemotherapeutic option for th

treatment of B lymphoid malignancies.
ne m';umndi BIOUGD
simnilar to gemiuzumab umgamiain (C?IT.A-STS}‘ except that 5. Expert opinion and conclusions
these two conjugates recognise distinet melecular targets,

CMC-544 binds human CDZ22 with subnianomolar affinity Antihady-targ

it chemother using immunoconiugates of

vl conjugation o caiir:heamicm does not significantly atfect caticheamicin can be an effective therapeutic strategy for
pinding to CL . The CDZZ-rnedisted targsted human caneers, Uzlichearnicin immamoconingates targetad (o

intraceiiniac deiivery of cahf:heamu,m hrings about cellular antigens overzxpressed on cancer celis

arrest inn G27M phase, followed by cell death. therapeutic advancement whose

ent an nporiant

application sy

CMC-544 has been studied exiensively in prechinical result in the aveilability of roeaningful therapeutic options in

e

nagement of nu

dels of human B cell lymphoma. It oxerted s potent and the clinical ma

aZnant diseassss.

5. GOLDENRERG

ed arsiibodies o the the

30 Advsncing role of of catichasmicin research. Crern Féara

Des. (ZGUGH §:1241-1870,

mancer, Lanter el fmmunsthen 7. LEE M, DUNNET CHANG C s ai:
{2003; 52(53.251- Catichesmicing, 2 novel family of antibiotios.
5, PAALL AN, LECHEVALIER MP Steuctural elucidations of catichear
LECHEVALIER HA er 2/ Cativheamicins. £ s Cheers, Sor {1092} 114.985
o agvet family of spiitumor antisistics @ FEIN N, i A MOGAHREMN W,
faxonamy, fermestaiion o
vioper tins, /i Aneibiotics (1688}
47{4}:558-583.
6. THORSON J, SIEVERS E, AHLERT §
er it Lnderstanting and expiofiiog o w HINMAN LM, HAMANN PR,

wall E

WALLACE B 2 ol Preparation and

characterizatian of menecinral antibody
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Abstract

Exatecan mesylate (DX-8951f) is a new hexacyclic camptothecin analogue with favorable
attributes compared to topotecan and CPT-11, including watersolubility, greater potency
against topoisomerase |, lack of esterase-dependent activation, broad antitumor activity, and
low cross-resistance against MDR-1 overexpressing tumors. in preclinical studies, the
compound demonsirated a favorable toxicology profile with hematologic dose-limiting toxicity
and moderate gastrointestinal toxicity, linear pharmacokinetics, P450 hepatic metabolism
{(CYP3A4 and CYP1A2), and predominately fecal excretion. The results of six U.S. and
European phase | clinical trials as well as two Japanese studies are presented including
fotal DX-8951 and lactone DX-8951 pharmacokinetics. The toxicity profile was similar for all
schedules of administration. Hematologic toxicity was dose-dependent and reversible.
Neutropenia was dose-limiting in minimally pretreated patients, whereas neutropenia and
thrombocytopenia were dose-limiting in heavily pretreated patients. Non-hematologic toxicity
included moderate gastrointestinal toxicity (nausea, vomiting > diarrhea), transient elevation of
hepatic transaminases, asthenia, and alopecia. Two cases of acute pancreatitis not predicted
by preclinical toxicology were also observed. Antineoplastic activity was detected in several
solid tumor types: non-small cell lung cancer, extrapulmonary small cell cancer, colorectal
cancer, hepatocellular cancer, and sarcoma. Antitumor activity was seen in CPT-11 and
topotecan-resistant tumors. Pharmacokinetics were linear within the dose range tested. A
pharmacokinetic/pharmacodynamic model predictive of DX-8951f-induced neutropenia in
individual patients was developed. The daily x5, every 3-week schedule with the drug
administered as a 30-minute intravencus infusion was selected for future phase |l clinical
trials based on its superior antitumor activity.

PMID: 11193901 [PubMed - indexed for MEDLINE]
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ABSTRACT: Exalecan mesylate (DX-83581f) is a new hexacyclic camptothecin
analogus with faverable sitributes compared to fopotecan and CPT-11, includ-
ing watersolubility, greater potency against topoisemerase I, lack of esterase-
dependont activation, broad amtitumor aciivity, amd low cross-vesistances
against MDR-1 overexpressing tnmors. In preclinical studies, the compound
demonstrated g favorable toxicology profile with hemsisiogic dose-limiting
toxicity snd moderate gastroiniestinal {oxicity, Hnear pharmacokinctics, P45H
hepatic metabolisim (CYP3A4 and CYPIAZ), snd predominately fecal excre-
ton. The resadts of six U8, and Earopean phase ¥ clinteat trials as well as two
Japanese studies ave presented including total BX-8951 and lactone DX-8951
pharmacokinetics. The foxicity profile was similar for all schedules of sdmin-
istration. Hematologic toxiclty was dose-dependent snd reversible. Neuirs-
penia was dose-limiting in minimally pretreated patients, whereas neutropenia
and thrembaocytopenia were dose-limiting in heavily pretreated paticnis. Non-
hematologic toxicity included moderate gastrointestinal toxicily (Rauvsea, vem-
iting>diarrhea), iransient elevation of hepatic transaminases, asthesia, and
slopecia. Two cases of acuie pancreatitis not predicted by preclinical toxivalogy
were also observed. Antineopiastic activify was detected in seversl solid tumor
types: non-small coll lung cancer, extrapuimonary small celi cancer, solprectal
cancer, hepatocelinlar cancer, and sarcoma. Aniitunmer activity was seen in
CY¥1-11 and topolecan-resistant tumors, Phavmacokineiies weve linear within
ihe dose range tested. A pharmacokinetic/pharmacodynamic model predictive
of D3X~8%51 {f-induced nenivopenia in individusl patients was developed, The
daily =8, every 3-week schedule with the drug administered as 3 30-minnte fo-
travenous infusion was selected for future phase ¥ cliniceal trisks dased on ids
superior sniifemor activity.
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synihesized
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DX-85%318 Monomethanesuifonate difiydraie
DX-8951: Aphydrous free base

Molecular Weight: 587.98 (DX-8951f, monomethanesulfonate dihydrate)
43545 (DX-8951, anhydrous free hase

FIGURE 1. Chemical siructure of DX-88511

free-base form of the drug is referred 1o as DX-&3351. The chemical struciure s
L.rqu in Figurr . Similar to other campiothecin derivatives, the lactone form of
RAST ix hydralyzed into an open-ring hydroxy-acid form. The two spe [Sol
exist in solution according to a reversible pH-dependent eguilibrium, DX-B351 was
approximately 3 drmes more potent than SN-38, the active “mesabolite of CFIS11, 10
nore polent than topotecan, and 20 times more potent than camptothecin as an
r of topoisomerase [ activity in vitre, and § times more potent than SMN-38 as
an inhibitor of DNA synthests, The fnhibition of human topoisomerase | by the lac-
tone form was about “f)()»fv’;id muore potent than thai by the hydroxy-acid form.

in cell-b assays, X -B951f was 7--38 times more acive than SN-
38 or topniecs ide range of hresst, fung, pastrointestinal, prosiats, brain,
and pediairic tumor celt linss, DX-8351f was alse offective in inhibiting
of clonogenic cells from buman bead and neck, fiver, non-small cell lung
fon, and ovarian and prostate twmors in vitro, DX- has shown actt
against-n wide wnge of human tumor xenograli in nude mice, inciuding gastric,

nerantio, colon, bre ovary, and ors, U bn addition, DX-8951F exhabii-
od potent antiinmor activity in ap iniracra M.I xenografl of human RH 30 rhab-k)m\;-
osarcoma, wmuvine fung and live tastasis models, and early and late disease
models of human acute myeiogenous feuken 57 Beveral fn vitro aud in vive exper-
trnents using human tumor cell lines and drug-resistant variants bave demonstrated
DXR9ST, unitke SN-38 or topotecan, is not affecied by mechanisms of drug re-
ased on the ovmg,\pw‘,\.mu of F glycoprotein or the decraase in k
ropoisomerase | mRNA or prowin.® DX 9 1Fis not a subsirate for the P 4 zlyco
tein muliidrug carrier asszociated wath the MDR phenotype, whereas topoteca
SIN-3R are we ,;.L substrates. Stadies in the i vive homologous Meth A mo
ma mode! demonsirated that a cyclical dosing patiern gave superior antitumar
activiiy, at lower doses of DX-B9SLE, than was seen with single dose adnsinistration.
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FEGURE 2. DX-8351 metabolites.

Preciinical pharmacologic and toxicologic studies were performad in rodents and
dogs. MI-DX-89511 and high-perfommance ligquid chromotography were used for
ditferential guarntitication of total drug and Izctone. Pi\“:rmac‘ﬁkm e studies in mice
and dogs 3}:( swed that the ¢4 for iactone and total X855 milar, that the area
under the concentration time curve (AUC) for the Iactone was approximately 30%
uf the fotal Evuo AU, and that the AUC was tinearly relsted 1o the dose. The distri-
bution of BX-8951 into ues was reporied In ail species tested. Very {ow levels
were detected in brain tissue, Therefore, DX-8931 duss not appear v cross the intact
biaod brain barrier. PX-8951 15 ighiy boeund to plasma protewn

fn vifre, the observed plasmoa protein binding values wore apgroximately 93% in
e rat, 86% in the dog, 96% in the monkey, and 7% in man. Metabolic in vitre stud-
ies using humar liver microsomes indicate that TYP3A4 and CYPI A of the P45
supexmrmiy of epzymes play key roles in the metabolism of DX{-895 t
the formation of two bydroxylated metabolites, UM-1 and UM-2 (Fig. 23,510
mor activity of both metabolites (s much less porent than that of DX-8935 1
The pr cipal ronie of EXCH ri:uh was the feces {70-90%), whereas 10-25% of the
1 The toxicity profile was consisient across animal
werpia, neuiropenta, lymphopenta, and ihmmhm,y»
piestinal toxicity (vomifing, diarrhea), an ologic
Lsty W achf:-'jule« and dose-dependent. Necstropenia was the dose-lmiting tox-
icity. The dog was the wmost sensitive species. The human sguivalent of the 143 dog
toxic dose low w 4 o determine the starting dose for ea
ule of adminisi human clipical frials

GLOBAL PHASE [ CLINICAL DEVELOPMENT

33895 1F was tested a»w-dmb O i
opment plan in the Unit
best dosing regimen for ium;
isi siandardize
Anjions of dose-l
(\GH\) nciusion and exci

waciuding:
oxictiy {DLTY and maxip
and supp

wolerated :
ve therapy. Data were ex-
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TABLE 1. Paralle! development in 3 vegions
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for miniraally (MP) and teavily pretreated patients {H¥P}. HE patients were defined
as those who had received more than 5ix conrses of alkylating-ageni—contatning che-

mntherapy {oF more than four courses of carboplaiin}, radiation therapy to more thau

25% of hematopoiotic reserves, and two oy more counses of mitmmycin € or mirg-
surea, Al toxic effecis were graded aceording to the Mational Cancer Institute Com-
mon Toxicity Criteria. DET was defined febrile (238.5°C) or S-day grade 4
neutropenia; other grade 4 hematologic oo ¥ grad 4 vowmiting with maximum
suppastive care; any grade 3 nonhematclogic toxicity {exchuding nausss and vomit-
ing); any grads 3 or higher adverss e\/“m requiting lniensive care treating or the
tnabifity 10 stast a second course after a -week delay due (o toxivily, The MTD was
defined as the dose ar which 209 of patients expevienced DLT ducng the Sest

PHARMACOKINETIC AND PHARMACODYNAMIC ANALYSIS

The pharmacokin Qs of DX-R851 were detersuned in all phase T studics
{(PRTGO to PRTOOS) ramia;d no%ompcu tmental and comparimental phatma-
tic methodolog was used in addinon o non-
compartmental analysis in ovder to obtain additional protein kinase (PK) parameters,
i betier aJ;:df:rstzmss‘iug <% cokinetics of the drug, as well as more infonna-
tion on the rela
logical effects as it relates o tox g
Compartmental PP analyses were performed with a population methedelogy
(1253 in order to obtain more robust estimations of the individzs;s} PK and PRK/FD
parametars, ¥ No evidence of nonlinear pharmacokinetics {e.g., *hockey-siick™ pro-
files, change in clinination of the diug between different stedy davs) could be seen
when looking at each individual patient plots of plasma concentrations versus time
following admintstration of the drug by different regimens. Discnnupanon between
aneic modeis was pesie ned for each stndy by minimizing the
riterion tesi and optim zing both the fitted versus the observed
sus tirne and the weighted s versas the observed values re-

ia s"-namp im most appropriate pharmacokinetic modsl to deseribe DXESST plas-
ma concentrations and excreted urinary amounts for each study is prese i

ned in

be drug was given by a 24-hour infusion and concentrations availa for
¢ (PRTO0D), the quality of the fittng was as good ustag a two-
mpartment model. Therefore, the first modal was chosen bacause i is
i When DDX-89516 was given as 3 “4-“30113 infusion and concenteations avail-
able for only 6 houre after a dmfg a smék compartnen model fitted the data as weil
as the two- or ¢ e Bt Surprising, as a 24-
hour-hour con distribution phase {hence, 2 two-compart-
ment appears arument), and the lack of plasma obsarvations
after 6 hours prevents capiuring the rerminal eHmination phase of the drug
{hence, 2 one- ompazxmcrt appears as good as a threg-cornpariraent), The relation-
shig vetween the pharmacokinetics of DDXS951 and iis ';harmcu d:cai effects on
platelets and neutrophils was inves
indicated that BDXE g

24 hours afier a
or thre

OnCusp
No. 1002



OnCusp
5264 of 14295 No. 1002

DE JAGER #f al.: DX.3951¢ 263

TABLE 2. Distribution of Patients (& = 1635}

Sohedule 30-min tnfusion 24-b infusion
41 glwk [4:5]
5 14
4 1-5giwk  (08) 38 25
4] 28
wh X3 gdwk (E} iz 27

521 day IV

Vpl

BV Intravenous administration rate (mgfy;, Voo Canival voleme of disinbuiton ),
CLa!: dietributional Clevmnce batwamn Yol and Vo .6)

Vpl. Figst pariphesal volorae of disinbation (L),

142 disteivutional cleannce peiwenn Vp2 ans Ve {Lag,

Wpd Sacond paiphessl volume of disvibutioa (LY,

Clp: Ravat cieamanc s (Wl Cloygp. ton-ransd slesrance (L,

FREURE 3. Strociura) pharmocokinetic model for B3X-8951.

curve [AUCT) was related to the decreases tu the neutrophil and platelst counis in ev-
ery subject. All neutrophil and platelet counts were therefore modeled in each ¢
ject using the indirest responss PK/PD meodel.!?

PATIENT BISTRIBUTION

A total of 201 patienis wers enrailed tn phase | studies: atents recaived D1X-
8951 as a 30-misute indusion and 74 patients were treated by intermittent 24 -howy
or continuous 5-21-day infusions. The distnibution by study is shown i TasrLs
The 3--21 day centinuons infusion study was stili ongoing at the thne of this writing.

TOXICITY

i
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TABLE 3, Comparison of PK wodels for 3aninuie and 24-hour conlinzous infusions

Most appropr
model o deseribe g
concentrations of DXE8S 1

d fonrogime
Study X38951 Samplin

PRTOG2  30-minufe constant infu-  Multiple plasma samples

5 consacu- 5

v | oand day 5 {aniid

fiours after each

i3
3, and 4

FRT

Muliple pk

Z-compartment linear PR

nodel

PRTO04 TOUY C 3 Multiple plasma sa
sions every woek {or 3 during tnfusion &

weeks nwours after the infusion

on weeks Land 3.

TARLE 4 DY-B451E: phase I studies MTDs

>MTD
5
{mpfmeiday}

Privr treatment

7 MEPHY

6.5 0.8 Mp
HP
a2
3.5 HP
1.2 MP
HP
MP
HP
MP
HP

No
B

S
[

N
)

N
&

£
5

N
~ N
A W

06

ny

patic

s, whereas seuiropenis and thrombooytopania were dose-Hmiting in }
tients, Deutroaphii and platelet count nadirs scoun on days 13 and 15,

recovery by day 22 in mhost pationts receiving DX-8951F i I-week courses. In swud-
ies i which DDX-89511 was given 2 d-week course, nonhamat
: de 1 or 2) gasirointesting

cd mostly of mikl to modera
. stonatitls, astd

ni and reversible ele > WM
thore w

X 4 H
fule are shown in TapLs

acuie pan

nrinuie in
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Y

CLd
& AYZ o3

AUC

¥

{stribationad sleerance betwesn Vo and Vi (L7
Vp: peripheral volume of distritutian (LY,
Chy: Renwd clesranns (M) (g nonerenal clearsnce (L)
AU Prediciad toial exposure of the deug folowing an adminisiersd dose (maghil}
¥ay: Zaro-order formation rais constaat; K fivst-ocder formation rade consiaat
AN Absoliste nauirephil counts; Kot First-order elimination rate canstant of newtrpphils

FIGURE 4. Steocwrsl pharmocokinetics pharmacodysamics mode! for DX-8851,

Vaines for the MTDs and stopping doses (>MTD) are listed n TaBee 4. The MTDis
for MP parienis were greaier than the MTDs for BP patients except for the single-
dose, svery 3 weaeks (30-minute) regimen for which a single MTED was datermined
for MP and HP patienis. This study mvelved ooty 12 patients, and the MTE was
close 1o the SD. The nuwber of dose escalation steps in each study reflecied the
MTD/SD rattos and d4id not comrelnte with the dese escalation method. B was oot
possitle to evaiuate the impact of the moditied continual reassessment meathod in
these studies because of the smasil pumber of patients and because the upicion of in-
vestigators prevailed over the modified continual reas: ent raethod-assigned
doses af toxic dose fevels.

jes

ANTINFEOPLASTIC ACTIVITY

id tumor types inely :
atl cell cancer, colorectal
on, including minor
e oRr, prosiste cancer, and
periteneal cancer. In particular, antitumaor ac cen in CPT-1 i—resistant and
topotecan-resisiant cancers. 73 The daily x5 (30-rainure), weekly 3 and the 5-21

ity was detected in several 3
hrng cancer, axtrapulmonary sp

Antitumor act
sponses in non-small ce
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TABLE 5. Phase I studies: average P parameters

Pharmseokinetic methodology

Nogeompartmentat Popudation compar

TARLE & PK parameters: single dose, g3 weeks (n = 13}

Plasma Urinary excretion

AUC AUL Gy

<

m};;:\;// AU L AUCH ¢ rom (€] L(t:i;;
3 Q2% 2 0.1% .04 & G018
K G, 005 1 0.0
0.28 = 0.0% .04 4 0.0
(3,30 £ 0.08 (.04 5 Q01

ami CASCQ, 1999

Fusion} regimens appeared o be more active than the single-dose
-hour intermitient regimens, There was no corrslation between the
suruber of patenis showing antitmar effects and the dose intensity of the re
used in individual studies. The daily x5 (30-minuste) regimen, which appe
the best inladpiis of antineoplastic activity, was selected for phase § i
wihing MTDs for MP and HP pacients were selected as g

nen
ared o be

the ¢t

PHARMACOKINETICS AND FHARMACODYNAMICS

urunary of the ave 2 PK parameters along with thed i
all phase i A be found in TAe
re tinear within the range of dos
lated to dose. Theare was no accun 3
the dadly X35 vegimen in most pailents, Clearancs and
Both o 8851 and ity Inctone form were measured
2y s (A~ minuie) study oo
of the AUC of the toral [X-8851, 7T ¥
AUC, In 7o of the drug was reco
i thie UM o ite and D20-8351, Pharmaco
afars were ot different whether caiculaied by 2 nonce 4 compartmen-
raethod, The intenndividual variabihity was within 2o The PR Oomodet

vidual vaita
5§ 2089
fy re-
sver 5 days with
-independent.

erindi
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fanon of the drug ta
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15y
.

nN [ b
(=] (=] (=3
£ F F

DX-8951 plasma concentration (meg/L)
=

g \"’w«. \*“w\.
s g g 5
ol 20 40 80 80 140

Tine {(hour)

PIGURE 6. Comparison of prod
sentative patient (PRT GG2)

od sad sheerved plasma concenvations in s vepre-

CONTLUSION
D2-89311 is a new camptothecin devivative that was selecied for phase 1 clinical
trials based on favorable characierisiios identified duning preclimceal development
cluding broad spectrira in vifro and ig vive agitumor activity, the relative absence of
cross-resistance with CPT-11 and topotecan, and & better safety profile than that of
CPT-11. These prec o3l sheervaiions were pradictive of resubte of the uaman
phase 1 climeal ted,
has baen estab may be
Ly was
t-emetics In

S

moderaie, oo ing of nausea and vomiting conwolled by stapdard a
contrast o0 CPTH, severe diarthea was not obsorved with DX-8851 (iher noen-
dose-limitin i sient elevation of ragsamingses, rood-
erate alopec n to the favorable safety profile of DX-
8957, thedr within the dose range Hsied, and an-
titumor activity was detected including that against CPT-11 and topotocan-resistant
tumors. Based on the faverabi sults obiained in phase 1 clinical davelopment, dis-
ease-crienfed phase I studies of DX-8351F were initiated. The daily
wWe sistered as an {30-minaie) inlraven
showed the most antiinimss stected for phase 11«

every 3
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1erials,

ks schedule, with the drug ad
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erbB-2 Is a Potent Oncogene When Overexpressed in
NIH/3TS Cells

Pisg Paoro D1 Frore, Jacaryw H. Piercy, Marrsias H. Kraus,
OrzsTe SpgarTo, C. Rrcarer King, STUART A, ASRONSON

A wide variety of human tRmors contain an a.mpixﬁed or overexpressed e#bB-2 gene,
which encades a growth factor receptor-like protein. When sv6B-2 complementary
DXNA was expressed in NIF/3TE cells under the control of the 8V40 promoter, the
gene lacked transforming activity despite expression of detectable levels of the 098-3
protein. & further Sve- to teafold increase in its expression under influence of the long
terminal repeat of Moloney murine leukemia vieus was associated with activation of
e#9B-2 as a potent oncogene. The high levels of the eréB-2 product associated with
malignant transformation of NIH/ZTS cells were observed in human marmroary tumor
cells that overcxpressed this gene. These findings demonstrate 3 new mechanism for
acquisition of pocogenic properties by genes encoding growth factor receptor— ~fike
proteing and provide 2 Runctional basis for the role of theiv overexpression in the
development of human malignancies.
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Variable Qccurrence of the urdB Intron in the T-Even
Phages Suggests Intron Mobidity

JoaN PEDERSEN-LANE AND MARLENE Brusony

The bacteriophage T4 nedB gene, cocoding nuckeoside diphosphate reductase subunit
B, vontains a self-splicing group 1 intc*vcn'mg seguence. The #edB intron was <hnwn 0
be abiént From the geodwmey of the closaly vkt Teaven phisges T2 ind 6. B
for vaslalle infdtoy distribation” was }mmi«:} by sneroesstalyvic 1‘3"“-911 U

triphosphate labeling of T-even RNAs, DNA and RNA By bridization maivscs, arud
DMNA seqnmcma stuchts.. The results indicare the nonessentiad nature of the intron in
ardB expression and phage viability, Furthermore, they snggest that either precise
imtron loss from T2 and T'6 or lateral intron acquisition by T4 occurred since the
evoiution of these phages from & common ancestor, Intron movement i the course of
T-even phage divergence raises provocarive questions about the origin of these self
splicing clements in prokaryotes,
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Antibody-targeted leucinostatin A

Franco Dosio®, Maurizio Ricci® Paola Brusa®, Carlo Rossi®, Luigi Cattel™*
*Isituta di Chimica Formaceutica Applicata, University of Turin, Turin, !raly
Metiture di Chimica Farmaceutica € Fecnica Fanmaceuica, University of Perugio, Perugia; Hely

Received 3 Decormber 1993, accapted 2 May 1994

Abstract

This paper desictibes chemical modification of the toxie agent Leucinostatin A-and its conjligation withia monocional antibody.
The molecule, isolated from a culwore Ritrate of Pascilomyces marquandii {Massee) Hughes, is.2 nonapeptide antibiotic with
eytotoxic and phytotexic properties. To evaluateits toxicity, and to improve its specificity as-an antitumor agent, the nolecuie
was conjugated to the monoctonal antibody AR-3, specific to human coforectal and ovarian carcinomas. The targeting ability of
AR-3, beanng different amounts of toxic agent, was | tested | on ielaed and unrelated ¢ ccll lines. Smhu_ly of the ester linkage ..

betweesi Eencinostitin A and AR-3 was also studied.

In this study we show that coupling of Leuclnostatin A with a umer-ditected monocional amibndy'is & practical way to
increase both the cytotoxiciy and selectjvity of the chemotherapeutic agent.

Kevwords: Leucinostatin Ay Monocl

al antibody; Drug-targeting; Astitamoral agent

1, Tatroduction

Monoclonal antibodies {mAbs) have potential 2%
targeting vehicles for the specific delivery of eytotoxic:
chemotherapeutic “agents;, toxic peptides; biological
response modifiers and therapeutic radionuclidies [1].

_So far, both high molecular weight toxins (MW 30—
60 kDa) such as ribosome inactivaling protéins. [2—4]
and also smali molecules (MW about | X 10° dattons)
such,as the antitumor drugs doxorubicin and vincaalka-
loids [5,6] and polypeptide-like compounds such as.
cyclosporin [ 7] have been linked to mAbs.

“The nonapeptide antibiotic Leucinostatin A 1 (Fig:
1) is a cytotoxic and phytotoxic molecule (MW 1217)

“* Correspondenee to: Prof. Lulgi Cated, Iatiuote df Chirmica Fars
macewtica Applicata, c.s0 Raffasllo 31, 10125 Torino. tel
{+ +39).11.6707697, fax {4+ +390[LGTO7695, cnuil
dasin@silver.ch.unitp.it

0168-1659/94/507.00 @ 1994 Elzcvier Scirnce B.V. A) rights reserved

S5DIG168-3659(94)00050-8

isolated from culturg filtrates of Pa;«:l'lamyces mar-
guandit {Messec) Hughes [89]. It is remarkably
active against gram-positive bacteria, yeast and fungi
[9-11]; and shows anlitumor activity in selid Erlich
carcinoma and murine lenkaemic cell lines [ 10]. Leu-
cinostatin A is quite Toxie in vivo, the LDy, ranging
between 0.8 mg/ke (i.p.) and 5.4 mg/kg (oral) [11].
The cytotoxic effect has been ascribed to inhibition of
mitochondrial ATP synthesis leading 1o uncoupling of
oxidative phuspharylanon [¥2). More recently [ 13] it
has been shown that Leucinostatin A has ionophoric
properties facilitating transport of cations through the
plasma membrane.

In the present work our aim wasto enhancr. both the
antiturnor activity and the specificity of Laucinostatin
A by conjugating it to the monsclonal entibody AR-3,
able to recognize human ovarian or colerectal carci-
noma cells [14]. This approach has the further
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"
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4: o} Succingt L

stotin: & Conjugotes:

R CO-~CHy~CH;~CO-MAD

Fig: 1. Lentinostatin A and detivatived.

advantage of prolofging the binlogical haif-life of the

tipophilic Leucinostatin A, for which a rapid in vivo.

degradation can be expected [ 10]. Furthermore, con-
jugation with AR~3 antibody has been shiown o lower
the blood clearance of the ricin toxin [15].

We report here increased amtiumour activity and
increased selectivity of Leucinostatin A. for the target
hpman adengcarcinoma cell line HT-22 after conju-
gation with AR-3.

2 Material and methods
2.4, Leucinostatin A extraction and purification

Leucinostatin A (1) {molecularweight 1218.6) was
obtalned from benzene extracts of Pagcilontyces mar-
quandi (Massee) Hughes culture broth by extensive
flash chromatography fractionation on silica gel col-
wmns it 2 nitrogen aimosphere. CHCl; was used as
cluent, and 1o this CH,OH and NH; were added in
increasing proportions up to & fnal compostiion
CHC1,-CH,0H-NH; 90:9:1. After solvent évapora.

fion the white: residug was crystallized several: times.

using dry acetone and cthyl acetate. Further details of
the procedure are reparted elsewhers {1},

2.2. Derivatization of Leucinostatin with succinic
aeid

Fifty mg of X (41 sumel)} were dissolved in 400 ul
of anhydrons N,N-dimethylformamide (DMF). To 48
mg of succinic acid {410 gmol) previously dried, dis-
solved in 300 ul of DMF and tricthylamine; 116 pl (80.
pmol) of the DMF Leucinostatin solution were added.
The solution was sticred, chilled at — 20°C, and 70 ul
of isobutylchlorformate were added dropwise, The
reaction mixture was matntained fiest a1 — 20°C for-30
min and then at 4°C. Thie mixed anhydride was added
1o the 1 solution, the temperature was raised 1o 50°C
and the reaction was siitred and maintained for 72 hat
30°C, Under these conditions no insolublé material was
present. After TLC evaluation (Rf10.67, Ri Succinyl-
Leucinostatin A (2) 0.4 in CHCI,-CH,OH-NH,
80:18.5:1.5), the reaction mixtare was extracted with
2 X5 mi of water and 2% 5. ml of 5% NaHCQ,. Com.
pound 2 was purificd from unreacted 1 by preparative
silica gel TLC (Merck; Milan, Italy). using CHCl,-
MeOH-NH, (80: 18:2) as eluent to give 20 mg of 2
(yield 52%). To evaluate the NMR and mass specira
the compound was further purificd by flash chromatog-
raphy using CHCl,-CH,0H-NH; (93:6:0.9) aseluent
under a stream of nitrogen. The appropriate fractions,
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previously monitored by NMR, were recombined to
yield pure compound 2 (6 mg).

H-NMR (CDCl,) & 0.85-~1.53 (m, 54 H, two pri-
mary, 10 secondary and 6 tertiary C-CH, signals), 3.11
{5, 6H. N(CH,),) 6.8 (1H, 4d, T= 16 and 6 Hz), 6.33.
(1H. d, J=6Hz, CH-CH= CH-CO-); 492 (dd, 1H,
J=11l2and 2.5 Hz). EAB-MS; m/3 1318(M + ¥, 1300
(M+-H0)

T obtain labelled 2 a'similar preparation was done
in the presencs 'of 200-ul of**C-succinic acid (47.8
mCi/mmol) (AmershamInt., Buckmghamahxre UK.
The!'C-succinylaied: Leucinostatin' A- had a specific
activity of 61 Ci/mmol; as measuredin a scintillation-
LS-5000TD beta-counter { Beckman Insir:, Fullerton,
CA, USA). The purity of Ihe compound was checked
using a Systemn 200 Imaging Radioscanner.{ Canberea-
Packard Insir., Downers grove; IL, USA).

2.3. Conjugarion of succinyl-Leucinostatin A with
monoclonal antibody

-Compound 2 was dissolved in 800 ul of anhydrous
DMF and stored at —20°C. To an aliquet of 0.7 mg.
(0.52 pmol) of 2,20 i, with a radicactivity of B0000
cpm, was added 0.1 mp of N-(3-dimethylaminopro-.
pyl)-N'-ethylcarbodiimide hydrochloride in. 10 pl, and
0.06 mg of N-hydroxysuccinimide in 10 ul. After 30
rin at 20°C, 20 pl of the crude Nohydroxysuccinimidyl
ester of succinyl-Ledcinostatin A {3) were added to 2

mg of monoaclonal antbody AR-3 (13,3 nmof) in 03

mi of 0.1 M phosphate buffer, pH 7.5,0.1 M NaC1 (20

molar excess of 3). The reaction was maintained al
20°C with stirring for 30 min and then at 4°C for 24 o
65 h. After centrifugation 1o remove a mixture of pro-
tein- and unreacted 3, the supematant was purified by
gel centrifugation (4 ml P6DG BioRad get (Bio-Rad
Lab.; Richmond, Ca, USA)) and the derivatized anti-
body was collected and stored al 4°C. By cvaluation of
the cecovered protein, using UV absorption at 280 am
with E™* = |.4 md radioactivity measurements; the
degree of derivatization was detgrmined.

2.4. Conjugation of succinyl-Leucinostatin A with
bovine RG

Using the above procedure, a selution of bovine 1gG

{10 mg/1.5 mt) was derivatized. In this case, to check
the degree of derivatization as a function of time, sev-

-

eral samples wené withdrawn and purified by gel cen-
trifugation (2 mi of gel for 0.1 ml of reaction mixturs).
Three different time/témperature protocols were used
to vary the degree of derivatization. Different molar
excess ratios of crude 3-were used (10, 20 and 40).

2.5, ELISAs.

HT-29 "(human. colorectal’ adenocarcitoma) or
MeWo (human melanoma) cell lines were seeded in
96 ‘well microtiter plates (Greiner GmbH; Krems-
munster, - Austia) ahd matntained . in RPMF 1640
medium containing 10% foetal calf serum (FCS) 2nd.

0.1% antbictics, at 37°C in 2 5% CO, himidified:

atmosphere unil 2 monolayer was formed. On fixed
cells, serial dilutions of AR-3 end conjugates {100 jl)

were added. After washing, the wells were treated with.

peroxidase-labeiled goat anti-mouse [gG and the affin-
ity capability of the conjugates (4) were: correlated

with. the. colour developed (405 nm with a Titertek:
Multiscan MK (Flow Lab., USA)) by incubdtinga-

solution” of ABTS {2-2'-azinobis: { 3-cthylbenz-thia-

rolinesulfonic acid) and HyO; (KPL lab., USA) with:

cells.

2.6, Inkibision of cellular protein synthasis

The method of Cattei et al. {3} appropriately mod- -

ified was followed. 3 X 10*/well of HT-29 and MeWo

cells, mainained as described above, were seeded in:

microtiler plates and incubated for 3 h to allow. celis
adhesion. Various concentrations of antibody {in 100
gd), and AR-3 conjugates 4 were added in triplicate
and incubated for 72 h. The supernatanis were removed

and after washing the cells were incubated for 16k with.

200 ui of medium containing 1 uCi of'H-Leucine (58
Ci/mmole) (Amersham). The cells were removed
from the plates using Nonidet P-40 (Sigma, St Louis,

ML, USA) and the incorporated radioactivity measured

in the beta-counter. The fesults were expressed as per-
centage’H-Leucine incomoration with respect to the
controf (i.e. absence of Inhibitor, 150000 CPM for HT-
29 and 60000 CPM for MeWo), background values
being subtracted.
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27. Stabillty of the ester linkage between
Leucinostatin A and sucrinic acid

Radiolabelled 2 {3 s of DMF solution) was weaied:
in a 96 well microtiter plate with 200 pl gach of sterile:
FCS, RPMI 1640 with 10% of FCS, and mouse serum.
and incubated at 37°C in 2 humidified atnosphere, Al
different times the solutions wers extracted with CHCI,
(32 ml) with MeOH. Samples were taken. from 40
min to 98 h. The extracts were evaporated and resus-
pended.in 100 gl of MeOH; 10 1l were measured in
the beia counter, while 90 11 were applied to TLC plate
(6.25 mm, Merck) and eluted with CHCl,-MeOH-NH;
(90: 18:2), The radjoactive spots were detected with
a System 200 Imaging Scanner ¢ Rf 2 0.4, Rf succinic
acid 0.01). The ratios of intensities of radioactive spots
were measured by integration using NSCAN software
(Packard). The experiments were done in triplicate.

2.8. Stability of Leucinostatin A-AR-3 conjuigate in
tissue culture medium’

Fifty gl of a sterile solution of conjugate 4 (6,7
Leucinostatin A groups/mAb) were incubated in 500
1) of RPMI 1640 with 20% FCS in'a 24 well microtiter
plate at 37°C in a humidified atmosphers for 72 h. The
solutions were. treated with 20% trichloroacetic ‘acid
{TCA) and washed three times with 5% TCA. The
protein pellet waswashed with dry acetone and counted
in the beta-counter.

. & Resvlts and discussion

Leuntinostating are membets of a large class of pep-
tide antibiotics that incorporate a variety of modified
aminoacids and blocking groups.

X-ray diffraction studies (18] and conformational:
behaviour in solition { 17] have shown that Leucinos-
tatin A folds in a regular right-handed -helix having a
positive-charged ammonium ion at the C-terminal, a
hydrophobic core and twe arms made by a hydrophilic:
decanoy! residucand a hydrophobic N-terminal moiety
respectively.

The overall shape of Leucimostatin A makes the mol-
‘ecutfe poorly soluble in water as well as chemically
rather unreactive.

YHEBLIAOTY,
Eh,

K2

&
=
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reaclion lime (h)
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16 24 32 40 4B 56 6%
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Fig:2. Time-dependent desivatization of bovine IgG by reaction with
different amaunts of 3 { molarexcess 10 fold, triangle: 20Hold, eircle:
4 fold, squore) wsing the carbodiimide method, as described in
Material and Methods. Panel A reection at 4°C; panel B at 20°C.

Generally, a drug to be conjugated with an antibody
requires a-suitable reactive group for covalent attach-
ment to the linker. We chose the partially reactive
hydroxyl group present on the é-hydroxydecanoyl res-
idue as starting-point for linkage with a suecinyl spacer
Zroup.

The succinylation of Lencinostatin A was accom-
plished by preparing the reactive mixed succinic anhy-
dride through reaction with ischutylchloroformate. The
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Fig: 3. Immunoeniymatic assay of the specific capacity of AR-3 and
Lencinostatin A-conjugates on HT-29 target cells. Symbols: AR.3
(O} derivatized with 1.0 (#). 3.7 {A) and 67 (A} groups of
Leuciriastatin A.

mixed anhydride intermediate reacted with Leucinos-
1atin A anly after several b at- 507 giving the succinyl
derivative 2 in good yield (52%).

The'H-NMR spectrum of 2 showed, beside a signal
pattern similar to that found for Leucinostztin A, a
signal 2t 452 ppm indicating the presénce of an ester
function.

TheC-NMR spectra disclosed 62 signals typical of
pure Lescinostatin A together with four new resonance
signals attesling the presence of a succinyl group. The:
structure of 2 was also confirmed by mass spectra,.

To determine the degree of the antibody conjugation,
labelled 2 was also prepared by using’*C-labelied-suc-
cinie acid. The next step was covalent coupling of 2 to
AR-3 while maintaining the selubility of the resulting
immunaconjugale 4 as well-as the activity of the mAb
and the drug. _ ‘

We previously tested the availability of the -amino
group of lysine residues in AR-3 for covalent linkage
with N-hydroxysuccinimide heierobifunctional rea-
gents [3]. Thus, to conjugate the succiayl-derivative 2
to the mAb, we decided to convert the carboxylate
group of the drug into the N-hydroxysuceinimide deriv-
ative 3.

The reactior was performed in DMF; in which all
reagents were cornpletely soluble. The active interme-

diate was not isolated: and the. mixture was directly

added to the protein soluton. Initially we- selected

bovine IgG as amodel to test the formation of a stabile
amide bomd between. the e-amino lysine groups and 3
(Fig. 2). Duc to the low solubility of 3 in water, the
solution appeared cloudy. To obtain asufficient degree.
of derivatization (at Jeast 1 residue of 3 per moles IgGY

the reaction was continued for 24 h'at room tempera-
ture.
A 1:1 molar ratio-in the conjugate 4 was obtained:
even if the reaction proceeded at 0° in the presence of

100

=
<

60

40;

3 .
% of HM-leu incorperction

w07

19~

Leuainpatotin A Molod cenc.

2

H-Liew incarporation

% of

165

G::-':

Leucinoslalin A Mofar canc. ®
Fig, 4. Cynotoxic activity on target {panel A) and control (pancl B)

cell Tines. The permantage of activity is expressed as*H-Leusine:

impmauon'with-m 10 the intarnat conwrol. Symbols: AR-3
derivatized with 1.0 (O}, 1.7 (0 and 5.7 (O) zroups of Leuci-
aostatin A, Derivative 2 iz shown as A and 3 a8 A,
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a much higher molar excess.of the rcaciwe molecule.
Consequently, to prepare the AR- 3 conj jugatc 4, acou-
pling procedure was designed which applied a40 moiar
excess of Y and maintained the temperature for 30 min
at 20° and then 24 or 65 h aL 4%,

Under thesc conditions the ability of the immuno-
conjugate o recognize the targeted membrane antigens
was maintained as shown by the ELISA evaluation
{Fig. 3). In fact, when oné or 6.5 Leucinostatin A
proups were introduced into the protein, the decrease
in antibody specificity was onty 5% and. 12%, respec-
tevely. - _

All the derivatized antibodies where tested by elec-
trophoresis in denaturing conditions to check the for-
marion of high molecular weight polymers; this showed
that the proportion of dimerized AR-3 was less than
7%. To test the cytotoxicity of conjugate 4, the protein
synthesis inhjbition assay [3] was nsed since Lenei-
nostatin A has been shown to suppress protein synthesis
in L 1210 murine Jeukaemic cells i a concentration of
10 pg/ml [ 101, probably as a consequence of strong
discrganisation of cell membranes.

To evalvate the selectivity of conjugare 4 we com-
pared protgin synthesis inhibition both. on. targeted
human colorectal carcinoma cells and on unrelated
human melanoma MeWo cell line. Inhibition of *H-
Leucine incorporation was measured and plotted as a
funciion of conjugate concentration (Fig. 4). With
anligen-positive HT-29 cells the toxicity of derivative
3 was increased 72 times when linked (6.7 Leucinos-

.

tatin A groups/mAb) to AR-3. With antigen negative
MeWo cells there was an increase in toxicity of 1.5
times, which we do not consider significant.

To determine the selectivity ratio between the cell.
lings, - the cytotoxicity of 4 (6,7 Leucinostatin A
groups/mAb) was compared on aniligen-bearing and.
antigen-lacking cefl lines.. This was' done by
normalising the [Cg values of 3 on MeWa to the cor-
responding values on antigen-béaring HT-29 cal]s A
ratio of 45 was obtained (Table 1).

The toxicity of the conjugate was also found to be
strictly related to the number of molecules of Leuci-
nostatin A beund. Highest activity was shown by ihe
conjugate having a mean of 6.7 groups of 2 linked 10

the antibody. Reducing the ratio to 3.7 lowered both
the cytotoxicity and the selectivity. Thus 4 bebaves like:

many anli-cancerdrugs for which acritical intracellular
coticentration is riceded to achievé a sufficient eytotox.
icity £19]. '

The activity shown by the mAb-toxin conjugate [4]
toward the HT-29 carcinoma cell finc showed that the
linkage between the mAb and the Eeucinostatin A-
succinyl moiety was cléaved once the immunoconju-
gate entered the target cell, possibly via mediated
endocytosis, in a way that regenerated the free drug in
active form. However, it is also possible that some
conjugate internatization occurred by non-specific pine
ocytosis. Such non-specific. cytoloxicity  has .been
observed with a number of antbody-drug conjugates
{20-221.
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Fig: 5. Release of *C-succinic acid from succinyiat
A [2): The percentage of aster cheavage was messured by radicactive,
mount and TLE analysis of compound 2 after incubation in foeta] calf
seram (Q), monse serem { O} and RPME with 10% foetal calf sarum
(A

To deterrmine whether. this partial non-specificity
was due to clearance of the conjugate during the cellular
test time, the stability of the conjugate was checked by
incnbation of labelled 4 with complete culture mediom
for the same length of time as that of the protzin inbi-
bition assay. After 72 h ai 37° in a controlled ammos-
phere at least 90% of the radioactivity was recovered
associated with the protein fraction,

Succinylation had no effect on the cytotoxicity of
Leucinosiatin A. Thus, the succinyl derivative 3 could
be considered & good pro-drug candidate since the suc:
cinyl derivatization of 1 enhanced the water solubility
of the drug without affecting its biologlecal activity. It
was also sufficiently. stable in mouse or foetal caif
serum, where only 10-18% of the toxic moiety was
released after 48 h (Fig, 5).

In conclusion we obtained a covalent conjugate
hetween a monoclonal antibody and the cytatoxic pol-
ypeptide Leucinostatin A which retained both the tar-
geting spesificity of the antibody and the biological
activity of the drug, ferthermore the coupling procedure
employed consisied of mild reactive steps.

Conjugate 4 induced a local fise of dug cuncenn'a-
tion resulting in a 72-fold increase in toxicity, Further:
more, the: conjugatz seemed to- be prefetentially
target-specific as shown by a selectivity factor of 45.

Y 75\%“;1,1:_%0)1‘?

44
pil
o

4

These results show that coupling of Leucinostatin A
with a tamor-directed mAb is a very practical methed.
to increase both the cytotoxicity and the selectivity of
this chemotherapeutic agent.
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Anibody
of cytotoxic wmolecules, thereby tak
developmernt of the mAbs and oyiot
is making rapid progress but rem

stability in the Bloodstrean: while allowing efficient payioad releas

drug conjugates {ADCs) combine the specificity of monocional antibodies GuAbs) with the potency
vantage of the best characteristics of both components. Along with the
a3, the demgﬂ of chemical lHnkers to covalently bind these building blocks
challenging. Recent advances have resulted in linkers haviag increased

within the tumor cell

INTRODUCTION

After cardiovascular diseases, cancer represents the scoond
most comraon cause of death in the Western wordd and is a
major area of focus for the pharmasceutical industey, Surgery
:.mzi mdintherapy are generaity used when a tumor is localized
to & cortain tissue, but chemotherapy is needed when metastasis
tias necarred. Degpite extensive research, most anticancer drugs
have nonspecific toxicity. Ry targeting the ceil cycle and thereby
kilting rapddly proliferating cedls, they do not exphoitly dis-
criminate between healthy and tumor tissues and only gain a
Hirsited selectivity for malignant cells. Such cytotenic drugs have
a namrow therapeutic window, which Hinits their efficacy and
resulis in severe side effects. Due 1o a lack of selectivity. diug
concentrations that would eradicate the tumor can often not be
30 In addiion, tumors can develop resistance against
anticancer drugs after prolonged treatment. Therefore, achieving
imaproved wmor selectivity through targeting of oytotoxic drags
to the cancer ceils is needed.
A pronising approach to achisving a more selective rnent
s targeted pr:)drz,g therapy (7). Antibody —drug conjugales
(ABDCsY are ideal candidates for such prodrugs. ADCs aw
tonal aniibodies (nAbs) linked 16 ceib-kallag drage
1o their high binding spesificity for tumor-specific
reAbs can be used as vehickss 1o targst cell-killiag
pq.\mds to tumor cella. Unigue or overexpressed, tumor-specific
anllgent can be found in a wide range of human mor solls
{(2). Some mAbs have the ability to recog cifically
bind to these wmor-associated antigens. They can be ased as
single ageats for the peatrnent of cancer ¢ binding
gens aud induction of an unological
w target cancer celt (55, However, therapeutic
by the extent o which the aniibs dy
1& u,s to cell death, Monoclonal antibodi are extrernely
nmm g fus their {a But somstines L’UEFCdH"’
ieir oW, fhicient ai

ihe

bulin with radios 1ct1v~ ‘V~lup-3‘> '0‘
gure i), yielding highly ~Ucr1ﬁc ADC_:

can be ‘v'icwed as sophistcated delivery systemn
autitureor cyiotoxic drugs. The mAb puides the oxin precursor

ry @jonza.cont

10102 4/5c80C2018

201G Am

e

3

mAb linker

payload

Figure i, Schemntic represantation of an aptbody—drg <

ajugate.

to the target cancer cell, where the prodrug can be converted
chemically andfor erzymatically 1o the parent drug and unfold
s cytotoxic activity. The ADC 35 exposed to different conditions
on ifs jc)usvaev from the biood vessels 0 the molecular target in
the temor tissue, The mode of actic sellalar o moh: suslar
level is complax, with each step bringing its own c'm,lcnge\:

a. Cirestation. The ADC roust bohave like a naked ant ibody
when oiroulaiag in the placma. In partientac, the finker roust

2 stable in il.., bloodstream to limit the damage to heakthy
tisens. Decomposition or decay would refease the cyiotoxin
hefore being dctivered to the target site.

3. Andigen Binding. 3 is necey
retains high immunoatfinity. Attach wompound
£ the mAb must thus not disturb s binding specificity.

¢. Internalization, A sufficient intraceliular concentration of
the drag mast be achieved. This allenging because antigen
targets on cel bur.amﬁ are ofte prosent t in limited numbers
and the e won process for antigen—antibody complexas
iz frequently

jugated mAb

oy

aiized, the ADE has io ef-
wioxic drug kn iis active fonm

ficiently refease the original ¢y

inside the tumor ceil
. Brug Action. The inherent potency of th e re
rust be sufficient to kill the tumor cel
tion. To achieve significant cyiowxcity, fvery potent drugs
with subnanomolar 1T {as froe drug) boocomcs necessary. ft
hias been shown that m,.npourds found e be foo toxic when
tested as a stand chemotherapy agent are suiiable candi-
for ADY payioads. Tt foxins can be 108 1o 1080 o
toxic than traditional anticancer agents.
- molar Joading of the drug on the mAb can be mmed ©
achieve the desired potency. Because of poinds () and (@), link
of several dru Y DeCesEArY W ¢

wed drag
oncenira-
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i« the antibody, the body roay recagnize the conpugate damaged
forra of the protein and quickly clears it from the sysiers, proving
points {3} sndior (b} to be problematic. The extert of drug
subsiitedion may also affect pharmacokinetics, so that most of the
s 2—4 deugs per antibady give the bast therapeutic window {8, 9).
Em avoid the irserference with the antigen recognition, the drugs
ideatly fink at the Fo or sonstant rega on Gf the mAL
does not participate in binding to the antigen (point {0}, Fo regain
the full eytotoxic p of the drugs, cleavable Hukers releasing
the drug roolecule at the target sile in uamodified form ¢
developed 0 ﬂda‘ s point {d}, although these also affect
stability of th Therolore, the right balance between
plasrna stability a ient drug refease at the target cell has ¢
be found.

The insights gained dus
decade have g ,uii-:u it a
drugs {(4—

new in !uf:cs and
r rechnologies used
¢ deugs o« ’
ai 1d as su

jnker is 2 smal E bL-' Lfiill“zll ;nui
for stability in¢i
and efficient ele

ase is based upon
5\!0}‘3(,}’[1@-.‘ hotween the plasma and some
cyts)plwn‘u wents. Linkers were chosen that were stable
in the blood i
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N

once the ADC entered the lower pH environraent found inside
2 cell. The focus in the early days of ADC development was
an acid-cleavable hydrazone linkers that were relatively stable
pH {blovdstream: pH 7.3—7.5}, but were undergoing
sis oo internalized into the milidly acidic endosoruss
; 6.5y and lysosomes {pH 4.5—5.4)

Fo the 1990, Bristol-Myers Squmbb scientists covalently haksd
doxorubicin, an intercalating apent that biocks DNA rcp.u‘anur‘
and s used a5 chemwothorspeustic agent, 0 the bummanized mAb
f-rnalermidocs-
sidues of the Lewis-Y specific

néb, The preciinical activit £ BESG-doxorabicin {4, That )
were remarkable, but despite the use of sight dogs per mAb
ruofecuie, the amonnt of conjugate needed to achieve these effects
it vive were high (>100 mghkg), This was presurably
refatively fow potency of doxorabicin (Il of C3—02 #M for

BRI6 (0 Doexornbicin was connected over a {6
oY I-nyeronv Huker {o cysteine

humnan carcinoma lines (773, whercas subnanom are
nowe typically seen for ADC payicads). Morecver, the haifdife of
the drug in the blood was approximaiely 43 b, which is short

corapared 1o the half-lives of 10 weeks of the nake
BR2S mAb in humans. The compound later failed fo show
sufficient clinical efficacy.

The firat and 5o far sole mAb linked to a cytotoxic payload that
fas been given eguistory appoval s Wyelh's gemtuzamab
czogarcicin {2, Mylotarg, Chant 2} {(JZ2—14). The dmg was
uppfovrd by the US Food axd Drug Adrdaisiration (FIDAY in 2000
for use in patents over &0 suffering from relagsed acuie )ﬂ"(‘]\)b yEic
jeukemia {(AMLY, the most common ferm of fsuken duke
Gemtuezaraab ozogamicin (2) consists of N-acetyl-y :
1 enediyne antibictic that binds to the minor groeve of DMA
d causes double-strand breaks leading 1o apoptosis) covalently
ttached fo humanized anti-CD3 3 tibody (P&7.6) via a
sunctienal Hnker. The 4-( : cyybutanoic acid molety

altows for attachment tn ur‘aﬂ.’ -exposed lysines of the antibody
over an amide bond and forras an acyl hydrazone linkage wi
N-acetyl-y-calicheamicin dimethyl hydrazide. Upon nternalization
of the AL, the calicheamicin prodrag s released by hydrolyas
of the hydrazone in lysosomes of the CLA%-positive §
'E‘h-ﬂ hy biy‘i:ahxiil\' 01" an Bnee jugzim’ ﬁnm'mr,s,:dte

in

&

i3

~ud‘ as g]ut.‘ihwm’ in rnost pre
mselds, rht: hydrasone Hik duced ADCs with higher patency

: sponding ing yate 3 providi '1;;
nis miAb the disulfide slone is imsuficic

circulating reduced thig
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Scheme 1. Presumed Helease Mechanism of MMAE (7} from ADC § Incorpsrating & Valine-Citrulline Peptidic Linker

Table 1. Compared Stalilitics of Eneyme-Labile and Chemically Labile Linkers in ADCs with MMAKE Cogjupated to ¢BRIG mADb

ADC Linker Falf-Hve Half-live Maximum
mouse piasma humas plasma tolevated dose
“Natine- 39 days™® 230 days* ) ke
citrulling
Phenyialanine- 12.3 days™ 80 days™ n/a
lysine
y .
Hydrazons 2G days 15 mglkg

* projecied hali-life

cificient reicase of the drug ta the target celll interestingly, with
the murine mAb CTMOT, ADRC 3 showed activities equal to or
even preator than that of the comresponding hydrazone conjupgate 2
in several dnp wire and dn vive wmor models, revealing that this
conclusict i3 not general (J6). In chinical nwever, comgound
3 had only iimited evidence of activity

Myviomarg has med hmited successes due 10 a narrow thera-
peutic wi The linker is*(rsm(ﬂ(»g, based on pH-dependent
release mochamsm i3 possibly not sufficiently stable and ton
much of the drug is being released in the bloodstres
pharmaecokinenc data have shown that the mean half
Mylotarg is 72 & (7.5 MNoretheless, the development of < M(
S44 (inotuzuraah oZoganucing, wf‘igq is a humanized anu-CD2Z2
suAb ideastically sttached to M-acetyl-y-calicheamicin dimethyl

hydra via the actd-} {4 -scetyiphenoxybutanoic acid
finker is ongolng at W wugh this ADC is closaly related

to Mylotarp, good stabtlity was in both human plasma
and serum {rate ol hydrotysisof 1.3 Liday overddaysy{J7, i8).

Disulfide bonds can be an alternative to acid-labile vd“a?\-ne
{inke i inis case, the rel iz d[mbumd 0o

intracellular concentration of glutathione
iripepiide {¢ present in micromotar concen
whereas it5 concentration ta the cymplaq S 6 -.E:-, n xih'\‘::)hr
ip o 100G-fold higher). This is especially true for tumor

l!a, where irreguiar blood flow ieads to hypoxic
(clev‘r ased oxygen jovel), resulting in enbanced activity of
seductive enzymes and therefore even oy ghutathions
conceniraiions. in ithe abse uifide

nee of sulfydryl gronps,
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bBowds are thermodynamicaily stable and vide reasonably
good stability in the bioodstream.

An exaraple of an intraceliniarly cleavable disnifide-based
finker already discussed above (see “amide” coujugate 3}
Other examples taxoid ADC payloads, conjupated via a
disulfide-bearing 4-mercaptopenianoate inker 0 mAbs dirscted

vih factor recepior 49 However, the
(s where the immunoglobulin
pe of Huker to ImrnanoGen’s drags
. These potent thiol-confaining may-
ntimitotic agents that bind 1o twbalin and
cmbly. Afier internalization of the ADC
via antigen-reediaied endocywsx' 4 defivery 1o lysosormes by
vesicular trafficking, the wmAb believed o be degraded,
affording lystne dervatives jinked 1o the oxin (22} Farthes
intraccilular modifications like cleavage of the disulfide Hoker
throngh a disuifide exchange, and finally thiol methylation
presumably catalyzed by intrecellular methyliransferases, gener-
ate potent derivatives of DM or DiM4 (22} These methylated
drugs are uncharged, enabling them o pass back out through
cell mermbranes 16 broaden thelr attack; the drug not only kills
from inside the cefl, but aise knocks out adjacent celis within
the tumor that are not argeted by the antibody (22} The linker
of compound 4 {CThart 3} nevertheless proved (o be relatively
iabie in wivo (alf-Bfe of 47 b in raidce) (24). Replaceraent
ME by DM4 structurally leads to the introduction of two
methyi substituents on the carbon atorn geminai to the disulfide
bond, thereby Limiting the ivility for reducing agents.
Consistent with th i 5 exhibils an
increased half-life of 162 h o mice.

DM or DM4 &
ansine analGgues are
inhibit microtubule

m

ENZYME-LABILE LINE

Chemi y labile Hinkers often suf
Q[a! iHiy. An afiernanve approa eve hetier oo
of the drug release invoives imking a dvug to an &
vin a peptide Hokage, The free drug can be :~;§>c
cleaved from the carner by the action of fyscsomal p
{e.; ntoal elevated
certain {umor i ek <
have good serun stal
active outside cells E}chdils(: ¢
and inhibition b Serum profe

om Himited ple

ate
rable pH con
se inhibitors,
ronfaining dipeptide
] s of mAbs with mono-
methyl auristatin B (\4;\1;\ <, 7} andd FO(MMAF), two
aurisiatin derjvatives that bind t ubuhzx and inhibit macre-
tubule assembly. A \;aime—cxe.a. rowas designed to
provide high piasran siabilay (haif : and monkey
of 6.0 and 9.6 days, respectivaly) as well as 2 eleav fage site
for proteases {243, Efficient hydrelysis of the dipeptide linker
by cathepsin B has been established o virro. After enzymaiic
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Chart

cleavage, LS-elindaation of the s
4-aminobenzyl group will occur,
active form (Scheme 1) This sel
needed to spatially separate the drug from
enzymatic cleavage (27). Otherwise, the hu‘l'y

el inaimg spacer
the s

irve influence on the kinetics of the pepiic

>

cess to the enzyme’s active sife can be a
dasraa stabilities of ADCS pearing enzyme-
iabile vahnp ciirulline or phenylalanine-lysine Unkers (6 3

&, respeciively) with AN ¥ equipped with & chemically
fabile hydrazone linker conoecting MMAE with the ¢BR36
mabh :sh(x verid mmresuwel dvantage of the ide
ii ( ma, the ADC 6, featur
p&pl.di(‘ v -3 'tm'im-', decved linker, exhibiis an abmost
100-fold inc 223 d abshty compr r:"! to i! dra one refative
E} and the £

2FONG Hnk
a lower (i vive toricity {28). Several AL
peptidic inker are in clindcal dwﬂ'u ment, v'z h the
d being cACH for 2133{-
pusitive hematologic |

In addition o ANeter
aiiachmem of di i
as 2 v 10 vary hie rale 01 druw raiease.
and fnkmbd ty {26, 3H. For MMAF, it could ':. hown that
iinking the mAb over a dipeptide I r‘}e* to the CHenminug of
the dfuz, can lead o further tmprovement of Ihe therapeutio
window,

The superiority of enzyme-labile lickers was also shown for
doxorubicin derivatives coningaiad 10 mAbs (77, 32). With this

143

:\.-)‘"L

l=!\.\£’(i E‘fil\/iﬂ\}* and MMAF,
1us was studied

otency
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Scheme 2. Presumed Refease Mechanism of CBI-Containing Drug 18

sivatepy, the immunolngical specificity of BRSS mAb—peptide—
doxorubicin coupugaies 18ax and 106 g( had 4} was significantly
improved compatcd to that of the corresponding lyd;‘u I
ate X {77}, demoustratug again the smportance of
ructure for the ADC properties.

'ont'zmir‘g finkers have been suceessiully used with
{i2-1065-derived toxins, CC-1065, duocarmyycins, and other
cyclepropapyroleind-4-one {UPE B Chart 5) derivatives
potent mino-groove inding DNA alkyiating agents. According
i Boger et 21, eyciop '*'abfsm._(mioi 4-one analogues {CBL 12)
are chemically more stable, biologically more potent, and
syntheiically more accessible than thelr parent compounds
incorporatag the natreal TP alkylation subunit (335, In analogy
to a duncarmiycin prodsg (34), the seco-{7B] presz*n*':er B3 wag
developed. This compound, which was poste 3how
improved pharmacokinetics, will provide the CBi 1.10};1&6 iz
vig Winstein cychzaton {35} A further imnproyerment was
achicved By protecting the phenolic hydroxyl group with an
enLyme- dabile (&“'Mn’:d{» as i -iuwa!wc 14 du,fmh.r 2 the
U)’JL y \;f the mm‘n g i

20

¢ mtrogen {36 )
Using mwr i‘l;MAb ivvh}.dlugv. ex (umug\!
pound 14 0 2 mAb via a peptichic lmkm b Conceplually,
thiz approach i3 a double pr odxuz S[lﬁfi‘g' It does not only
imiprove the drug’s therapeutc ¢
specific mAb, bat additiona
agent thal has reduced p(ien\v md \hul nsinim
ects before be released intraceliniarly by carboxyes
. The two activi steps needed (o irigger the release
active drug (Scheme 2) may lead o an enlarged
ic window,
> ef al. bave reported that the ©B prodrugs 15 and
igwer toxicilies due to the reduced reactivity of

K

TRt

ER3ITHOL

=

ondary chloride compared to the primary chioride
in 13 and i4 (59—<«7). Such derivatives with
ondary chlorides (see, for o o, A 1% Chart &)

are used in Byatarga’s Spacelink garion technniogy
{47, E ) (a:r E\r owledge, no data ed on {he

gs with a compie-
bas developed

E) C e

Qr,

SHnGi

Seattle

AVEEES]
/1D
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from A 17

and 21 {(Chacd 6": containing an anino-CBI and a
16 -3 1 aayl d, respoectively (43}, Hecause of the
l.yuuplmbi(nv of tlis
focused on developing bydrophitic poptide-inker derivatives
that prevenied aggregation. This was a ved by use of a
maore bydrophilic v ssine sequence (compared 1o valine-
citrulline as in ADC 6) and incorporating a tetralethylens
zhycol) unit between the reAb and the peptide linker, The
direct attachment of the linker w the amine of the UBI
building block (as in 28) or over 2 self-imroelative p-
aminobenzy! spacer to the corresponding hydroxyl group of
the aza-CUB1 toxin {as in 21} pmh T HIMANODUS
f ion of the active toxin in the plasma. Only the
“‘Jiymc-aw cleavage of the Hnker after internaiization of the
ADC into the cancer cell triggers the release of the prodrug
that can now be transform into the DNA-alkylating
cyclopropyl derivative via & Winstein cyslization.

Another type of enzyme-labiie linker was recently reported
by Seatile Genetics (44). In this case, a carbohydrate molety
serves as the cleavage site. g }wdmpl"i‘ir‘ nature should iimit
gation. Intere stmg]\. the J-glucoronide muoiety n ADC
8 *ml direcily linking the ADC with the pavluad Meverthe-
age by A-ghicuronidase triggers the 1.6-elimin
ratiag the free drug 23 (Scheme 3307
was also used in ADCs beaving € dTpEnth

class of molecsles, afiention was

the

58 c].,,
of the spacer §
carb rate mokt
coin analogues (45)

NONCLEAVABLE LINKERS

has reported the fortuitous discovery of a
noncleavable thivether bond 1o tink M) o mAbs (22, -
Derivative 24 was actually prepared as a control ¢ pr“'ﬂvﬂf
bt surpeisingly, this noncieavable thi e ther Boked ADC als:
proved very potent, The reicase me ism is believed to
occur via internaiizaiion of the ADC followed by degre
of the mAb componert in the fys alting in the
tease of the maytansineid drug 25 3 via the linker
fGoa fysine y ne. This chemical modidicatron of the drug
m'i ol diminish its evitotoxic poteniial, This form of the drug
charged and presumably not able to diffuse into
. Heuce, it cannot kill adjacent fumor cells
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that do not express the target an ﬂkcn {anttgen-negative celis) noncleavable Hnkers were found (o be be

Besides this by-stander effect {22), there 18 an additional presumably resulting in an improved i}"'zizpc,utza mic
reason why cleavabtle linkers muy have w breader efficacy. use of novncleavable linkers has thus become an important
Although internalization is often the common inttial activation feature of DumunoGen TAP (furmor-activated prodeug)
process {or both cleavable and -und cavable linkers (223, conjugation technology. This 1s best exemplified by the
ADCs with cleavable ; > active even when promising clinical resulls obtained by Genentech’s trastu-
]w are poorly inte ¢ explanation zumab-DM I (T-DM1 for HERZ-posiiive metastatic breast

ctular space, the cancer {48},
Seattle Genctics rade

ig that, when the linker is clea '{‘J ing xtr

free drug subsequently permeates the cell to reach 3 th

Thie mechaniem is not operating for ADCOS incorporating na v, that the eleavable ¢

poacleavable linkers, which must be internalized and de- te replaced by a noncleay:

graded within the cell to become active. They are thus 26, art 73 while retain {

df*f‘er dent on the biology of the target cell specirometry showed that the released G(uf‘ was a cysteine-
The in wive siability of the thicether-linked ADC 24 adduct of MMAF, presumably resulting from reAb degrada-

proved, w nh a half-fife of 134 & in mice, suporior fo that fon within byscaornes as
compounds 4 and $ (47 and 102 k, respectively). ADCs with 24, MMAE, although ©

pate
was 6ot

o

Chart 7
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Scheme 3, Pastuisied Release WMechanism of UBLI-Containing Drug 23 from ADC 22

Seheme 4. Relonse of Mayiansine Dirag-Derivative 25 through mcieties that have achieved greater ip vive stability. T6 spare
Eysosomal Begradation of ADC 24 nﬁniat"!c,t tissues from chemotherapeutic damage, noncleav-
el able Hakers were recenily devel Opdd They are thus far the

moat stable Hokers used in ADC is recent development
may shift some of the fufure chziii&:ngﬁ in ADC development
from the Hoker technology toward finding cytotoxic drugs
that reizain their polency when beavuag a covalentdy atiached
SN tinker. The improved linker stability and reduaced toxicity,
Towever, come together with grester tacgel depeudence than
in the case of cleavabie hn}\e;s. ADCs with noncleavabie
linkers must be internalized and degraded within the cell,
whereas compounds with oleavable inkers may be acnuve
against targets that are poorly internalized through extracel-
Jular drug release and drug erary into tumor celle, Similarly,
Eilling of bystander antigen-negative cells through targeting
of antigen-positive cells {collateral toxicity) e presuraably
only pessibie with cleavable Bukers. The Louza ADC team
thins believes that ne general Baker decign exiats for alf ADCs
or caneer types. Despiie significant progress, cach mAb must
be examined separately 8 order to optbmize 2 speni
delivery system,

24

pprriienin
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CLONING OF THE MURINE TROP2 GENE: CONSERVATION OF A PIP,-BINDING
SEQUENCE IN THE CYTOPLASMIC DOMAIN OF TROP-2

Tarek Br Seweny!, Mara FogNaro? and Saverin ALBERTL

Winir of Experimental Oncology, Depariment of Cell Biology and Oncology, dstituto di Ricerche Farmacologiche Mario

Negri—-Consorzio Maric !

Trap2 is a novel caldhon sigoal teansdrene exprossad g
High levels by most Burmag carchmas, Tedevelop snaniraal
model v suady the function of this mlecule in vive, we bave
cloned the murine Trop2 gene. Using hurman TROPT prifvers,
we groplified by POR a sogowent of murine Tropd, This wi
used 13 & probe it clong a full-leageh geve by bybrddizat
® genoads Hhiary, The slaned swring Tropl geone bs funes
sional; as wudicited Hy seguencing and by sxprossion after
transfection, The muring Tropd i« 37.9% shilar to s Ruman
hearoiogue, with the Mghestconservationin the sxtracstiular
region betwésn residues 86 and 8% Esxssriialy ol yysinines
are eonserved beéfwesn the bBuman zad the awring genes;
suggesting conservaion of the Tropl disulfide bridges and of
ity overall structure: Intriguingly, thesoytoplasmic tail of
Tropl shows g highly conserved ghnsphatidylinasitel 4.5
bisphosphats (PR Biading sequeree, which overlaps with a
arofein kinase O phosphurylation site, Thus, Wy spaculate
thax PIP: redght rogudate the phosphorglation state of Tropl
angd playa roly in its signal rsreduction. Marine Tropl mBhig
i detestad ity parmish kidnew, ung, ovary and tesds, stinilanly
por the human gene interestingly, the highast levals ol expiese
sion ave: found o inmortalived beratinocytes. Since Tropd tv
undetectable in undifferentiated spindie cell carcinomas, this
suggests a preferential expression at sacly stages of tumor
progression. Int. . Cancer 75:374-330, I938,

@ 998 Wiley-Liss, Inc.
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used for both th
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Following stand
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et al., 1995 s thus bk prey
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growth (Assoian, 19971 A similar potential role of Trop2 would be
consistent with the high expression of thi a tmor cells
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chimeric mENA between cyclin D, ster repulator of the G-8
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not shown),
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in a nested PCR amplification. PCR products were  procedures {Aasubel ef al,, 1939} The murine TropZ/KLH was
yeed by Scuthern blotting, using as probes the corresponding  cmmulsified in complete breund Huvant and injected
ions of the homan TROFZ gene. Hybridizing bands wers  rabbits (500 ug per animal). Subseguent iremunizations
ified, subcloned inte pBluescript SK' (Stratagene, La Iolls,  plete Freund’s adjuvant were pr‘r'ormcd at d-week i
Y and soguenced, Proosdu wevolving animals and their cate were con dL.vtcd in
conformity with the nstitational guideiines and with national and
intemational laws and guidelines.

Genowmic cloning

Several phage, cosmid or YAC mouse genomic libraties were
seresned by PCR or by hybridization, using as probes the human  Western blof ana
TROFZ o the morine TropZ fragments amplified by PCR. A
successful sereemng was performed on a muring genomic
bda Bl Pimii@ ibrary (kindly & . ML Bavis,  gansfected or control cells were an aivLLd b’»’
Stanford, TAJ, ag as a probe the F2 trive Tropl FCR sferred to nitrocetiutose filters. Piiters wer pre~ hyb;idized in
fragraent (Ta 1} Filters wers h‘f‘b”d” d &t high sttt S9 wilk for 18 he and hybridized 1o the same solution with
Was b»d #55°C gnti-marine Trop2 anti-scrum for | hr at room temperatuve. Pilters
; {) ne PC““ ve clone Was  wore washed for 20 min zod farther incubated with goat anti-rabbit
“nd guuﬁe-:j by 2 susoessive rounds of screeuing. The wroxidase (Calbiochem, La Jola, CA). Aber \’»’B_S’h'ﬁél, antibody
i by Southem blot using various indi reveaied by enhanced chemiluminescer {ECL;
stered aleng the buman TROP? open reading frame Amg sk yiesbury, LR,

bysis

cstern blots were g
Brieily, celi ,cmbmn' DYEara

=ORF‘ P kb Xba [ segiment that contatned the cotire murine
it Trop ()R}- was isolatsd ar.,i sequanced. DNA fransjection
aved DNA wencing {VEL&?’{E}‘C _'{mpZ Wwas :«:ubcmncamm the mame
ed 1o D& spquencing was performed following g;}as;&;d pBllneo (Lin of ol 1990: k
b we (Sambronk e ai, 1999) using T7 Sent RT ' 1);1\!15;).})»\.& transfection was perfurmed by cale
aved -:(‘] veland, O, R S co-precipiialion (Aivu and Herzenberg, 1988}, Trans
erce . = were selected in medium containing 300 ug/ml geneticine.
lated Southery and Northern blot analyses
. . Compuier seguence analysis
Total RMA was extracted frore murine i 5o X
WmENA was exacied from frosh CSTBLA monse organs spap- DMNA s Sequences worc analyze .m:ag, Genetios Computer Group
frozen n lguid nitrogen (Sarmbrook er ol, 1989). Genomic DMA  PFOBTERS (?).)’ef_ mux ai,\““}‘ 1984). ¥ ﬂpt‘“{“) diagnnal ¢
frore the differest scurces was also « exizacied {Ssmbrock et ai, 1} t’rj,(fvuf:"iﬁ@ ?ZU“ /H‘A‘l’tL and "’E}_i LUT program MUR‘“
1989, Alherii and Fornarc, 19901 Hestiction cnzymes weore  Coaboiien COnSeryanca ‘m:ﬂ%% be P m"’fi]b(_’lrs of the T;n?
and purchased from New Enpgland Biolabs (Beverly, MA) or Boshringer- family w e ,‘urmad with the LINEUP, PILEUP and BOX-
us et Mannhoim (Mansheim, Gc;mfnw Southetn and Northem hybeid- SHADE programs.
WA izations were pafuorged at high siripgency (Samn)ol’ KL al.,
. ¥, 1”5‘)3 Ten micrograms of DMA, 20 ug of total RMA or g of RESULTS
E{jl‘}; transfer and hy o toaded per lan i »}_),‘-\A 1%’{9 3%.5, POR arnplificarion of murine Tropl
g 3 ‘zrmsf:;r and hyvbudization were verifi me srepatable signal . ) i ) . . .
bl 4 8L intensity among different cellular sources AFTENA (see below). Lawstrmggncy }1§'E>x'5§12a11§;s1 of murine genomic lib .r\f‘ssl\yxih
: trnan TROP2 led to the isolation of several spurisusly bybridizing
Frodu o of recombinant murine Trop2 in Escherichia coli clones {(data aot shown}. Thus, we searched for a wnvine TropZ

A recombinant murine TropZ was synthesized. =fly, the e 1o 5‘» uee d in hl"h bmﬂ‘“‘ﬁ"“ 11{‘“"1"" 53 f"”‘“"“ Wf* arapii-
F2-R2 TropZ segment was sabcloned in the galactose-indncible
OB~ LU vector {Qlagen, Chatsworth, CAY The correctness of the
ORF was confivmed by DINA sequencing. Svnihesis ol the

ccombinant murine Trop2 was induced by 0.2 m PTG for S b, betwesn residuss 110 ami té :

The & histidine-tagged recomabinant murine Tropl was purified by fragment was amplified using J 2 311"0ﬂiid des, B,

af?":mty chromatography on a ch coluran ({ageny T4, B RZ (Table §, Fig. 1) inanes R Afer sequencing, the
¢

\afacinrer’s fustruc The pugty of the 533 bp baod was used a3 3 fsmi‘mahztarv Creening.

foifowing the s 3.
protein was verified by BAGE.

resombinant T ™ "

Nlosing of gencmic puiring Tro

Anti-vaprine TronZ anti-ser - . . . e N
ANERILIIRG (P04 IL-SEXE After an initial fallure 10 jsolate by bytridization murise Trope

Rabbir anti-mouse Tropl ana sera were produced as desd from several geno braves (Super-Cosi cosmuids [Swratagene]
{Ausubel er @, 1959). BricHly, the recombinant murine Trop2 C:mrﬂrz—4 and RIH yh es, and YA s [Genome Syateras, St Louts,

profein was cross-Hinked to kryho!e timpet bemoeyaniu (KI HY  MOD, we soreened by POUR a 1298V genomis Hbrary in lambda
{Signea, St Louis, MO) with glutarak ie?m e following standard  FIX I and showed that it contataed a murine Tropl. Five hundred
thousand piage e this Hbrary weee plated, :mufv&rw {o

i i and bybidiz ed with the murine F2-R2 seg-

er 3 rounds of screening, we ‘._Uiaibd
ncy Southern biois identified
entire coding eogion, 25

TABLE [ - PRIMERE USED IN THE POR AMPLE ANEION OF

BMOUSE TROP2

licina

Priraar Sequence
- w2 )a.nd t mk bv

§ i (,I’\xr/&T(’Q‘N’”RACAAY(‘ATCG\R"T‘
: - AR

Sequence aralysis
T‘)e U Imp._ gene

is introniess, ke ite human counterpst
sporhing the hypothe that TROF2Z
TROP! inthe g:‘.m}mfz {Linnent

egn.ji

G id\r.iica ’md 87 J,/-, aimﬂaar £0 &‘u*t n
piot of mpvine Trop? corespouds o thal




5309 of 14295

1 BETCEOGAGLTGRECOTCT CHOTAGG CECCOTEETIC 79
71 GCGEGLUCAS 'I‘SGTTT\,\ TC‘T&'E‘GG £ AGCAGATEGC
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CLOMING QF THE MUORINE TREGPZ GENE
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PATENT COOPERATION TREATY
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INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220
PD20-9009WO ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/JP2015/002020 10 April 2015 (10-04-2015) 10 April 2014 (10-04-2014)
Applicant

DAIICHI SANKYO COMPANY, LIMITED

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.
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This international search report consists of a total of sheets.

It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

I:l atranslation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6 bis(a)).
With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.

Certain claims were found unsearchable (See Box No. II)

Unity of invention is lacking (see Box No llI)

00® O

4. With regard to the title,
the text is approved as submitted by the applicant
I:‘ the text has been established by this Authority to read as follows:

5.  With regard to the abstract,
the text is approved as submitted by the applicant

D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No.
El as suggested by the applicant
l:l as selected by this Authority, because the applicant failed to suggest a figure
D as selected by this Authority, because this figure better characterizes the invention
b. none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (January 2015)
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International application No.

INTERNATIONAL SEARCH REPORT PCT/JP2015/002020
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:
a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D on paper or in the form of an image file.

b. EI furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:

I:I in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)
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Minimum documentation searched (classification system followed by classification symbols)
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Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, EMBASE, WPI Data
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A WO 2012/019024 A2 (IMMUNOGEN INC [US]; 1-38
SETIADY JULIANTO [US]; SKALETSKAYA ANNA
[US]; RUI) 9 February 2012 (2012-02-09)
cited in the application
Claims 1, 40
A WO 2012/064733 A2 (MEDIMMUNE LLC [US]; 1-38
DIMASI NAZZARENO [US])
18 May 2012 (2012-05-18)
Figure 11; page 120, example 8
X,P WO 20147061277 Al (DAIICHI SANKYO CO LTD 1-38
[JP]) 24 April 2014 (2014-04-24)
claims 1, 50-54

D 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)

"O" 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

9 July 2015

Date of mailing of the international search report

20/07/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bettio, Andrea

Form PCT/ISA/210 (second sheet) (April 2005)




OnCusp

5317 of 14295 No. 1002
INTERNATIONAL SEARCH REPORT .
Information on patent family members PP
PCT/JP2015/002020
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2012019024 A2 09-02-2012  NONE
WO 2012064733 A2 18-05-2012 EP 2638066 A2 18-09-2013
JP 2014505463 A 06-03-2014
US 2013330350 Al 12-12-2013
WO 2012064733 A2 18-05-2012
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unt {ANGY = 1508 cells/mm®  platsler enuaot
= 100000/ mnd®, hemogiobin 2 9.0 g/dl, serum cre-
atining = L5 ;"LgidL. total hillrabio = 1.5 mgfdi, and
sennm alaning aminoiransferase or aspartate aming.
transferase seomws = 2.9 tmes the upper it of noc
mal o = 58 tmes the uppsr Hmit of noraud for
patisnts with Hver metastase )f}forxm-rj consend was
shiained In writing from alf patients according o reg-
ulatory and institetional guidelines.

Patlents were sxchuded from the study I they had
a prior bistory of known aliergy 1o camprothecin ot its
derivatives or if they had received prior radiation thee-
apy e > 50% of Bone mamow-beardng bone. Patlents

Exoteran {(FX-88511} for Broast Cavclnowma/Eetown ot sl [E

must have recovered fully from any provicus surgery
and frorn aoy toexic sffects induced by previous che-
motfnf‘p\« or radiothers; u,r Patisniy alse were ex-
chiuded i they had a imts, of nther malignancoy
“Cpi for !zOﬂ nJLP'Jm:L S\iﬂ carcinorme 8T carcinema
bounless thedr disease was

for Jxaz dwa fm gn Ipast 5 years; if they had
a M‘.!")Vv}’& brain maetastasis; or i they had a conourrent
severe or uncontrolied medical dis

e of the
esyiate, women of
chifid-be 'mm aga who were not using reliable menos
of contraception or women whe were pregnant of
factating also were excluded.

Treatment Plan

All treatroents were given on a iz, Ex-
afecan mesylate was provided b, rRaceLi-
tical Corporation. Vials condainiog 2 mg of cxatecan
mesylate (anhydrous free-hase eguivalent) were re-
consttured with ponnal saline to obtaln & stock of 8.3
migd ml solution. Care was waben (o ensure that exats.
can mesylate did not mix with any dextrose sobition in
the infusion Hoe, because this agent s incoampatihde
with destrose schigions,

Heavily pretreated pationls 1P inchaded patients
who hasl received > 8 courses of alkylating agent-
contalning rhcmotz‘exapy {Lr > & courses o mﬂwph
m,, radiotherapy to > 2 afixe’zmm;,s 2tic reserves,
or = 2 courses of mitemycin C or a nitrosoures, All
other paiients wers considered mmzr’ml by pretreatad
(AP} patienss. Bxatecan mesviate wae siven inisialfy at
3 dose of 3.5 mefm® 1o MP patients. The first 5 pa-
tierite  developed prolonged reatropenia, and e
stavting duose was changed to {4 mgfro® Exatecan
mesylate was given inbially af a dose of 0.3 mgirn® m
HP patienis. Troatiment was administered over 30
mirmies into a psmphera; vein or thoough a catheter
tsing a progranvmed volumetric pump system: every
day for 5 days. This reglroen was repeated avery 21

va for at least 2 courses oy woid the patlent experi-
other disease progression or inmmanageable
aftey
every bwo courses of mw:mv Al lesions wers men-
sured bidimensionall y. I Grade 7 or severe nautiops-
nia. thromboovtopenia, and all assnciated nonbhema-
tologie todeirles (excluding alopesial snd recovery to
Grade G or 1did not oscur by Day 38, then the patient
was taken off the study, For patients whe experienced
Grade 3 ponhematclogle toxicity, the dose was re-
duced by one dose iy or spbaeguent cousses,

Nu eoncarrent antifumor rrestment was allowed
while the patiens was on the study. With the sxoeption
of anzihomor reatment, patients were allowed to con-

1

enced
taniclly, Patlerds wers evaluated for response
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sl was indtiated

ther medical treafimen
> 38 days prior to siudy enty. Pa 3 received Gl
supportive sute, inchieling biood produst rransfusions,
antibiptics, ant rheals, and ansige-
reatent withy cof-
- Lo plevent neutropenia was

e ar

'mv-s’r mi'mnz, f'a o
uo pesmited

Fretoontment and Follow-up Sludiss

A 12-irad electrocardingrare, a chast X-ray, aned oihar
eadiologic studies, ag indicated for Lumor assessment,
were performed within 28 daye before the initation of
exatgcan mesviow treatment. The location, ype, and
size of all measarabie 1e~<ﬁmq were recohed, and at
least one lesion represpntative of each invalved argan
site was Evlf,cxie,as history was recorded, and
a plysical examination was performed belore the start
of treatmf;nt a‘),:? before each treatroent course. All

i :‘E me'm:,mu andt ]’iaf’}"ﬂﬂ;"zc}[ test resuits
m; fernales of r—‘pm\iqcmﬂ poteniial. were ohained 7
days or fewer before the initlation of treatment, Carn-
Pete blood counts with blood cell diferential were
obtained wesbly while patdents were on the study. In
addition, when the patients ANC decrsassd o
<2 100G/ m, hematelegic mositering was porformed

fwine weskly wruil ANC {aﬁ’?’]s e ted. Serom chem-
istry valzes, neluding creatinine, total bilirobio, atka-
ine phosphatges. uaoswouinases, albumin, amylass,
Upase, and electrolyies, were obinined hefore treat-
oxenk, weekly dudog the frst course of weammaeny, and
prior {o each su?}s @Ol course. Values for turmor

L
markers CAZT ndd carrinfs“mbwoxa}c antigen were
measired wr“"iy snly

if haseline vakuss were ele-
yated. Abnosoal wjues werg manitored wdll they
nonmatized. Urinalyses were done befors trestroent
and prior 1o each coursy of therapy with stady drug,

Al wrde effects weres graded scoording o Mational
Cancer Institute Commnn Toxicity Oriteria.’® Tumor
T2SpOnge was assessed m.:nc,m;ng o madified South-
western Oncology Group response oriteria’! Tumor
reassessment was pﬂnur:vz <i by the same methods
used o gstablish bascline roesswrements. Por all pa-
tienis who responded o bealment [compiet2 re.
sponses [CHs] and partial responses [PRs)), response
was confirmed 4--8 weeks after it was frst docu-
mented, At the timee of the condusion of protocel
pattisipetion, all patenss underwent repeat history
and physicad sxaminations and repeat clinical izhora-
mry assessments {as noted above), and clinical re-
sponse was decurnented. Any ongoing adverss evends
that could be related o exatenan mesviate were fol-
towed oot resehation,

25 CL" toiat plear

Sarpling Bchedule and AnaivBos! Asgay

PY blood sarnples were collected from each patient
during the fust couese of exaiecro mesylate. Serial
Blogad s«-ampleq were collected over 24 haurs on Day 1

arid aver 2 howrs on Day 3. Cn Day &, sarnples weare
obtained before the start of the infusion {time §), at
.48 hours (39 pimavtes ints the nfosion), and at the
following sampling time windows: 8.5-2.0 ha‘:s:s's, 2.0
8.0 hours, and 24.0 houars {priorto the start of nfusion
one Bay 23 after the end of the infusion. O Day &,
‘Sai“”piﬂ‘«’ were obtained before g stant of the infusion
{time 8, ab 0.48 hours (39 minetes o the infosion),
and after the god of the infosion within the campling
nime window 8.5-2.0 hours. The blood draws t'u.sn
during the sampliog Ume windows 0.5-2.8 hours and
4.0-8.40 hours were obtained at specific times acnord-
ing o g randomization scheme (0.5 hours, L9 hours,
1.5 howrs, 2.0 howrs, 4.0 hours, 4.5 hours, 5.0 hours, 5.0
hours, 7.6 hoars, and 8 he;ul:, reqpvs‘rw& v

The bined was collented io a heparinized tube and
centrifuged at 2000 rpm for i3 x’zz_inutrﬁs 0 separats Qui
the plasron. The plasma was then ansfeored o a
smnple tubs andd ozen immediatedy at — 20 °C. Al
coliected plasma was ot and forwarded oo MDS
Fharma Services Ino. (Montread, Canadal for PK ansl-
veis. Exatecan was analyzed in plasrua using a vall-
dated b serloepance. Hguid  oheomarogsaphy
oetbed. The fovwer et of guenindion was 8301
ng/mi.

PH Analysiy
Thus. linear PK models that inciuded two and rhree
COmparnnents were inv*wig'mlci for thelr guality of it
0 ronximam likelihood analysis with ADAPT- IR
The ulmpluet msded that ¥t the plasoras concenimtions
of exatecan mesylate best was 3 two-compartment PX
wndet (Fig, 11 A three-compariroent FK raodel did not
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significantly based oo visual Inspection
of the graghs and evaluation of perrinent indicators of
gm}m;e\u of {3 The roodel discrimination proessss o
our evaluation was based on the minimization uf the
valiues of the ANAIKE information critsrion test, of the
objective funcrion, and of the residual varisbiiity. An
sddditional criterion concidered in the disctmination
process was the maximizazion of the aversge coefft
1emmdf°1 ey .mon. ?}\ pa J"“c’ were caloulated
2 wo-sigge
oy dhay to
d o ensure
meters defined and
sg the two-compartment ¥K model were Yo
(c n;ra} vohune of distriburion; Limd®) ¥p (periphersl
volume of distribution; Léim®), CLld (disirihorional
clearanne: L per hour per o™, sod CL (total clearance;
L par hour per m%) Ik 'mg the ;i}pu%dimn analysis,
the clearances (CL and Ol and the volumes of dis-
fooand V) were Bt to the average, ohaerved
body surface area of } 82 m?
All plasma concentrations of sxatecan mesylaie
wars swdeled simultanesusiy by using 2 weighting
procedure of W, (the weight W] associated with sach
Inedividuad Hon tme puin
v“\:smfssm calointind
uls,u},atﬁd for each obsarvas
fa + b * V¥, where & gl b e
the addiive and propostions srror of this vadanee
model, respectively.

gnprove the

;J’itz%ﬂi 3

Stalistical Design
This was an open-label, Phase I study of exatecan
mesyiaie In patients with metastatic breast carcinoma,
The primary eodpoint was overal] response rate (CRs
arvd PRs). Antiiumor activity was evaluated in teons of
the proportion of patiesds with responsive disease and
by calosdating the S8% canfids nwrval for re-
sponse. Treaimend foxichy and Kapisn-Meler asti-
mates of dme o wogression alse were determined.
The opilmal, two-stage design by Simon was -
ployed to deterniine the sampie slze® The nall by
pothesis was that the mpra? respoose rate would be
= 5% versus the alternative hypothesis that the overall
response rate woisld hs, = 20%. During the firet siage,
12 svaluable patients wers envoiled. Because at lsast a
PR owas cheerved, accrual condoued o a total of 37
patienis who were considersd evaluable for response.
This design yielded 0.50 probability of a positive result
if the true response e was = 20%. [f yisbided 2 2= 0.99
probabiliy of 2 pegative resolt ¥ the trus response rate
was & 3%. with = 0.54 probability that the study
would be terminated early because of lack of efficacy.

Exgtonan {UR-BR511) for Breast Caroinoma/Ssteva of sl 483

TABLE |
Patient Charsetesistios (n = 39

Charamreristic Na, o putients (%)

BERULTS
Fatant Ehemc&‘wmtsw
Farty \‘Eme

& i the stady,
of 40 jpativns ] walle for ihe assessenors of
safety aod effleacy, because 1 patient witkulrew con-
sent before dosing. Al evaluable patents had s bisio
iogically confirmed dlagnosis of invasive breast carci-
noma s clinical evidence of metastade dissase, The
median age was 32 vears {rangs, 28-6% years). The
madian BOOG performance status was 1. All svaluabls
parv&n"‘ el received prior arghoacyeline-based and
taxane-based therapy eithier in the adjuvant sexting or
for menstarie braasy carcinoma {Teble 1),

Teoatment Delivered and ToxicHy
wersil, 172 courses of therapy with exatecan mesylate
{median, 4 courses; range, 1-18 courses) were deliv-
ersd during the study, Five MP patients received a
total of 8 courges of sxatecan mesviate ot 0.5 mgin?®
per day (median, 1 sourse: vange, 18 courses). In ¢ of
those patlents (80%), the dose of exutecan mesyiats
was redoced by 20% for subsequent courses. Tweniy-
three MP patients were freated initlally with exatecan
maesylare at (.4 mglo’® per day. OF these, 5 patisnis
{22%) patents required a 1-doss-level veduction on
subsequent courses due o hematolugic toxdedy




OnCusp

5322 of 14295 No. 1002

B4 CARCER  Seplomber 1, 2003 7 Yolume 88 7 Bumbier 5

TABLE 2
Treatrmunt Summary {# = 3%

Ao o orieraes

Tewrezn mesviate

dhee: deve N of patiems™ Toust Ramgr

o

syfaie at 2
fznts had

Eever: TP p a1z receivad axatecan me
doss of 0.2 mg/m” per day. Twe of thoss

disease progression after the frst courss. Two patiends
mpeived a Podose-level reduction on subsequent

courses of reatment with stody drsg beeause of Grade
3 beptologic toxicity. n one patierd, the dose was
escalated from 0.3 mg/m® ra 8.4 mgin® (Table 21
The safety data are suounarized io Table 3, Thirty-
aing patients were gyaluable for taricity. Neutropenia
was the dose-Yinutiog toxicity, with Gy aac 3 and 4
nestropenia ooowring in 46% and 33% of patienss,
respactivaly. Two patiends developed infections asso-
ciated with poutropenic fever, Other Grads %4 hema-
ieloglc yonicities included leukepenia, ansmda, and
thrombocoytopenia in 51%. 8%, and 18% of patients,
wespeolively. No evidence of cumulative hematologic
toxicity was observed e patients whbo recelved muld-
ple courses of study dmg Wemrdy all nedbernatologic
> effects ware mild (Grade 1 or 23 The most com-
mon nonhematologe toodoity was fatigos, which was
reparied by 69% of patients. Nausea was reporfed by
approvimately 66% of patents, and 51% of patients
experienced enpesls, Diarthise was reporied by approx-
irnaiely 30% of patierss, However, no petient meguired
therapy beyond the uaua! and customary medizations,
and no patlent had associsted debiydration that re-
guiresd either iniravenous hydration or hoapiializa-
fion, Stornaiitts snd alopecis were often mild, and
each orowrred I approsimady 30% of patents. No
deaths pocumred in association with an adverse event.

arein

figsponse

Thirty-nine patienis were evalusble for efficacy, and
37 patienus were evabuated for response. Two padents
(5,19} were not evaluamed for nrnor resporss due 1o
patient refusal io continue treaiment. No CRs wers
aheerved. Thees pationts (V.7%) had PR, 4 patients

(i0.3%) hnd e rmn response and remalned stalk
> & maonths, 16 patients (41.40%) had stable i
and 14 patizntz (35.9%) had prograssive dises
sumraary of ?.'he sSpanse rates s presented in iagla 4.
2 patients who sclieved a I'E were MP patienss
wio began treatment &t the dose level of 6.4 mp/m®
Three paternds whe achleved 3 mdnor responde were
MEP patients who began treaunent a1 the dose fevel of
0.4 mgfm®, and L wagan MPp fed Wi b :
ment 32 the dass level of 6.5 mg/m™ All mtr:e patients
who achieved PR had liver metastasss. The median
time to progression was 8 months, and the median
survival was 14 rnondhg {[Fig. 2).

FE Analvsis
3 43 proencs envolied in the soady, 37 patients had
thelr PE profile asseassd, Light patients prasentad wie
usually high coocentrations st the end of the infusion
giroe poiot {28 roioutes oo the infusion). They were
deamed anomalous becanse they were approximately
21 goes higber thao the average peak concentraion
observed in the other patients {eg. on Dav 5, the
anomalous exatecan mesylale concentration rasge
was 401.3-2848.4 ng/ml, z'cmgmrﬁ(i with the gverage
of 25.5-203.8 ng/mb). In addition, although these ex-
atecan mesviate coneenuratons werg 21 tmes higher,
the sifier concentrations seen in the rest of the profilss
were similar 1o the sther patients (e.g., on Dav 5, the
exaivcan mesviaie conceniration range was $.4-58.5
ng/mi, compared with ¢.4-51.1 ng/mi). Therefore,
wo different popelation PX analvees were pe rEn~mer{
fo the fret analysis (Analysis A, alf concentration tme
poings were kept wheress in the second analysis
{Analysis B), these anmmalous concerevations stmply
were temoved. The twe analyses yielded simiar re-
sults for the PE parameter polnt estimates {mean value
resuiis within 1 standard deviation of each other). The
inferindividual varlability (CV) of the PX parameters
was lower in Anabysis B (CV% puge, 1-489%) com-
pared with Analysis A {(CV% range, 41-1D1%; daia re-
ained oo filel The resson for the presence of these
abn rraliy high pesk concentrations is unclear, hur it
is po mssibie that these samyples were taken from the arm.
where the infusion was rupoing iostead of the con-
tradaterad anm. We believe that the resulis from Anal-
ysis B are unbiased, and they are the resulis disoussed
7 the curcend astivke, However the results from both
anabyses are presented o Table 5 for Zﬂfulinﬁtui, {
purposes, Figure 2 shows g ‘spagheiti plot’ of ail the
fitred end cbsorved conceniration e polnis fore
patient i the siudy.

4
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TABEE 3
Mast Commnn Fosicitier By Srade for AR 172 Cowvees

Exaigcan (BX-88811 for Srewst Carsinoms/Estpva st st S5

Gende of toudcity: ni, of patiense (%4

b

Tide effect i

3 F3 b Total

TaBLE &
Hesponse Bates (1 = 38 patients)

Roupimee culegry

DISCUSsION
Phase | studies of exatecan mesyizte showed anti-
umor activily (o patients with a vatiety of epithelial
mratignancies, inchsding breast carcinoma b in the
current siy
bate i patiénds with & ) veir and @K
ane-resistant. oiziastatic breas: carcinema  was
modest (8% However, approximately 20% of pa-
tients achieved either an obisctive teeponse or wers
stable for at lezst 6 months while they were receiv-
ing therapy.

The

vt cell division'™ " Cumpared with other cangito-
hesing exa wesviate ks approvimutaly 3 timss
more potent than 3N-38, 10 times more potent than

topotecan, ard 20 times mos potent than camproth-
eein as an iohibitor of ropoisomserase § and @ & 5
tirpes more potent than SN-38 a5 an inhibiior of DNA
synibesis ™ The sotitumor activities of exatecan me-
sylate have been studied in a number of different
miodel systema ™ To cell-based evtotoxicity assays, ax-
ateran roesyiate showed impressive antiproliferative
activity against 3 wide racge of tumor coll lnes, in-
cluding breast carcinoms, lung carcinoma, gastris cas-
cinorma, and colon carcioorma, >S9 and it was effec-
tive indokibiting the growth of clenogenic cslls from
uman huraors.® Inovive, it was shown that scatecan
mesyiate had booad antiturnor sotivity against a largs
panel of hurnan twoor xenografie in bode mice. in-
cloding SN-O8-resistant aud vincristing -resisant ao-
rmcrs "

An integrated olirdodd development plan for exate-
can mesylate led to parafisl Phase T studies evaluating
vatious dosing schedudes, From these grudies, it was
determdoed that the dose-Hmiting tovicity of exatecan
mesyiate was hematologic toxiolty for all dose sched-
ules used® % Neutropenie was the dose-lmiting
toxic everw inr MP patients, whereas both neutropenia
and ihrsmbocytopenta were G dose-Hmiting toxis
evenis for F{P patients, The wovicity prodile appeared 1o
be dose-related and predictable, and i appeared to be
consistent with preclinicval taxicology result The
wxicity profile of exatevan mesylate among patients in
the cartent study was sivnilar 1 that reported previe
ously, with neurapenia the princips) doss-limiting
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toxicity. Coropared sith OPT-12, inowhich the primary
toxicity was diarrhes,™ gastrointestinal toxicities, in-
chiuding diarvhea, nauses, and amesis, were roild o
moderate when they eccurred, Dither nonhersatolo
adcities, such as fatigue and slopscia, aleo weare nxild
wr nodeaie.

Previous studies showed that the PK behavior of
expiecan mesviate s Hnear beowesn the adminis-
{

5 fhis maeans that the plasma clearance
(0L} and the volume of disidibution [Ves) did not
change betweer the lowest dose group and the
highest dose group. This lnearity was ohserved
again in the current patient population. in addition,
exafecan mesyiate was associated with a termingd
elimination half-lHfe of 8 hoors, a total body clear-
ance (CL)Y of L4 L per hour per m?® and a ol
violume of distribution Vss) of 12 L/m”. These val-

IS
b

FGURE 3. otsarved (oats) and Sted (solid lingt concenirations o7 gach
patient over B9 5 days of adminishation {‘spaghee pek,

ues are cormisient with the values seen when sxats.
can mesylate was admindsiered to patients with ad-
vanced solid maligoanciss or advanced leukemia®’

The efficacy of cmpiothenio anadngs in paiients
with solid tumors appears to be schedule-dependent
Hecently, Perez et o™ reported preliminary data from
3 vandomized Phase § study of OFT-11 io patieats
with mgtastatic breast carcinoma, In thar sidy, pa-
tients wers randomized 1o recedve CPT-11 160 mpfm®
weekly X 4 and then had 2-week tesi, or they were
randdomized to receive OFT-13 240 mg/m?® every 3
weaks. Patents had to have previous exposurs o g-
ther an anthracycline or g iaxane. In that study, hath
seheduies ware (edorated well The preliminary re-
sponse rate was 28% for both groups. Although all
patients in the current study had ressived &
thraryelines and (axanes, the possibility of ¢
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nt activity cannog be excluded, fk o (‘if‘
pravienty had exe (‘iir‘ $h3 °E L0 BNAL
therapy at the E-,E{‘n»\re“x‘-l,
that the gant
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Contact Customer Services at www.epo.org/contact

Fairbairn, Angus Chisholm
Marks & Clerk LLP

90 Long Acre
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ROYAUME UNI

Date

09.08.17

Reference

Application No./Patent No.
PN821491EP 15743738.5 - 1468 / 3101032 PCT/JP2015000355

Applicant/Proprietor
Daiichi Sankyo Company, Limited

Communication
The extended European search report is enclosed.

The extended European search report includes, pursuant to Rule 62 EPC, the supplementary European
search report (Art. 153(7) EPC) and the European search opinion.

Copies of documents cited in the European search report are attached.

M

0 additional set(s) of copies of such documents is (are) enclosed as well.

Refund of the search fee

If applicable under Article 9 Rules relating to fees, a separate communication from the Receiving Section
on the refund of the search fee will be sent later.

Should you wish to further prosecute this application in the examination phase, your attention is drawn to
the provisions of Rule 70a EPC. An invitation to respond to the extended European search report will be
issued shortly (R. 70(2) EPC).
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Application Number

EP 15 74 3738

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A WO 2011/011474 A1l (ENZON PHARMACEUTICALS 1 INV.
INC [US]; SAPRA PUJA [US]) CO7K16/28
27 January 2011 (2011-01-27) A61K31/4745
* claims 1,3 * A61K39/395
————— A61P35/00
A PATRICK J. BURKE ET AL: "Design, 1 C07D491/052
Synthesis, and Biological Evaluation of
Antibody-Drug Conjugates Comprised of
Potent Camptothecin Analogues",
BIOCONJUGATE CHEMISTRY,
vol. 20, no. 6, 17 June 2009 (2009-06-17),
pages 1242-1250, XP55079987,
ISSN: 1043-1802, DOI: 10.1021/bc9001097
* Scheme 2 *
* the whole document *
A,D EP 0 916 348 Al (DAIICHI SEIYAKU CO [JP]; |1
DRUG DELIVERY SYSTEM INST LTD [JP])
19 May 1999 (1999-05-19)
* page 11 *
————— TECHNICAL FIELDS
E EP 2 907 824 Al (DAIICHI SANKYO CO LTD 1 SEARcHED (PO
[JP]) 19 August 2015 (2015-08-19) A61K
* the whole document * A61P
The supplementary search report has been based on the last
set of claims valid and available at the start of the search.
Place of search Date of completion of the search Examiner
Munich 2 August 2017 Skulj, Primoz
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another II_D : document cited in the application

document of the same category
A : technological background

O:non

P : intermediate document document

: document cited for other reasons

-written disclosure & : member of the same patent family, corresponding
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ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 15 74 3738

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

02-08-2017
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2011011474 Al 27-01-2011 AU 2010276261 Al 02-02-2012
CA 2768494 Al 27-01-2011
CN 102481364 A 30-05-2012
EP 2456464 Al 30-05-2012
JP 2013500253 A 07-01-2013
KR 20120104158 A 20-09-2012
US 2012171201 Al 05-07-2012
WO 2011011474 Al 27-01-2011
EP 0916348 Al 19-05-1999 AT 273715 T 15-09-2004
AU 723392 B2 24-08-2000
CA 2257245 Al 11-12-1997
CN 1227499 A 01-09-1999
DE 69730332 D1 23-09-2004
DE 69730332 T2 22-09-2005
DK 0916348 T3 06-12-2004
EA 199900004 Al 24-06-1999
EP 0916348 Al 19-05-1999
ES 2229354 T3 16-04-2005
ID 18298 A 26-03-1998
JP 4137183 B2 20-08-2008
KR 20000016558 A 25-03-2000
NO 985666 A 04-02-1999
PT 916348 E 29-10-2004
W 527183 B 11-04-2003
usS 6436912 Bl 20-08-2002
US 2003171262 Al 11-09-2003
WO 9746260 Al 11-12-1997
EP 2907824 Al 19-08-2015 AU 2013328111 Al 12-03-2015
CA 2885800 Al 17-04-2014
CN 104755494 A 01-07-2015
EP 2907824 Al 19-08-2015
HK 1210477 Al 22-04-2016
JP 5953378 B2 20-07-2016
JP 6030267 Bl 24-11-2016
JP 2016196484 A 24-11-2016
JP 2017036274 A 16-02-2017
JP W02014057687 Al 05-09-2016
KR 20150067149 A 17-06-2015
PH 12015500667 Al 18-05-2015
RU 2015113767 A 10-12-2016
SG 11201502887W A 28-05-2015
TW 201420117 A 01-06-2014
2 US 2015297748 Al 22-10-2015
= US 2016279259 Al 29-09-2016
o)
)

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82
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ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 15 74 3738

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

02-08-2017
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2014057687 Al 17-04-2014

EPO FORM P0459

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

page 2 of 2



OnCusp
5330 of 14295 No. 1002

Information on Search Strategy - Pilot phase (see 0J 2015, A86) Application Number

The type of information contained in this sheet may change during the pilot for improving

the usefulness of this new service. EP 15 74 3 738

TITLE: ANTI-HER2 ANTIBODY-DRUG CONJUGATE

APPLICANT: Daiichi Sankyo Company, Limited

IPC CLASSIFICATION: CO7K16/28, A61K31/4745, A61K39/395, A61P35/00, CO7D491/052
EXAMINER: Skulj, Primoz

CONSULTED DATABASES: NPL, DOSYS, CA

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH:
IPC:

CPC:

FI/F-TERMS:

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION:
tratuzumab exatecan conjugate
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European Patent Office

Patentamt
European 80298 MUNICH
o Patent Office GERMANY
Office européen Tel: +49 89 2399 0
Fax: +49 89 2399 4465

des brevets

Application No.: 15743 738.5

The application and the invention to which it relates seem to meet the requirements of the EPC. Upon
presence of a valid request for examination and consideration by the examining division, a communication
under Rule 71(3) EPC may be issued.

The further procedure with respect to this application is dependent upon the result of the search for prior art
under Article 54(3) EPC* which will be carried out at least 18 months from the date of filing of the application
under consideration. If such prior art is found, a communication under Rule 71(1) EPC will be sent. The
communication under Rule 71(3) EPC can be issued only after that search has been carried out and if no
such prior art is found.

* It is to be noted that Article 54(4) EPC 1973 continues to apply to European patent applications still pending,
filed before 13.12.2007
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dem Urheberrechtsschutz und/oder anderen Schutzarten fur schriftliche
Werke unterliegen koénnte. Die Vervielféltigung urheberrechtlich
geschutzter Texte, ihre Verwendung in anderen elektironischen oder
gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne
ausdrickliche Zustimmung des Rechtsinhabers nicht gestattet.

Veuillez noter que les ouvrages de la littérature non-brevets qui sont
cités, par exemple les documents scientifiques ou techniques, etc.,
peuvent étre protégés par des droits d'auteur et/ou toute autre protection
des écrits prévue par les l|égislations applicables. Les textes ainsi
protégés ne peuvent étre reproduits ni utilisés dans d'autres publications
électroniques ou imprimées, ni rediffusés sans I'autorisation expresse du
titulaire du droit d'auteur.

Please be aware that cited works of non-patent literature such as
scientific or technical documents or the like may be subject to copyright
protection and/or any other protection of written works as appropriate
based on applicable laws. Copyrighted texts may not be copied or used
in other electronic or printed publications or re-distributed without the
express permission of the copyright holder.
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Europdisches European Patent Office

Patentamt 80298 MUNICH
0) Patent Office GERMANY

Office européen
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Questions about this communication ?
Contact Customer Services at www.epo.org/contact

Fairbairn, Angus Chisholm
Marks & Clerk LLP

15 Fetter Lane

London EC4A 1BW
ROYAUME UNI

Date
04.02.20

Reference Application No./Patent No.

PN816532EPB 19206764.3 - 1108

Applicant/Proprietor
Daiichi Sankyo Company, Limited

Communication

The extended European search report is enclosed.

The extended European search report includes, pursuant to Rule 62 EPC, the European search report
(R. 61 EPC) or the partial European search report/ declaration of no search (R. 63 EPC) and the
European search opinion.

Copies of documents cited in the European search report are attached.

M 0 additional set(s) of copies of such documents is (are) enclosed as well.

The following have been approved:

B4  Abstract M Title
O The Abstract was modified and the definitive text is attached to this communication.

The following figure(s) will be published together with the abstract:

Refund of search fee
If applicable under Article 9 Rules relating to fees, a separate communication from the Receiving Section
on the refund of the search fee will be sent later.

Should you wish to further prosecute this application in the examination phase, your attention is drawn to
the provisions of Rule 70a EPC. An invitation to respond to the extended European search report will be
issued once the date of publication of the European search report has been mentioned in the European
Patent Bulletin (R. 69(1), R. 70(2) EPC).
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Information on Search Strategy - Pilot phase (see 0J 2015, A86) Application Number

The type of information contained in this sheet may change during the pilot for improving

the usefulness of this new service. EP 19 20 6764

TITLE: ANTIBODY-DRUG CONJUGATE

APPLICANT: Daiichi Sankyo Company, Limited
IPC CLASSIFICATION: A61K47/68

EXAMINER: Bettio, Andrea

CONSULTED DATABASES: NPL, WPI

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH:
IPC:

CPC: A61KA7/6817, A61K47/6851, A61K47/6889
FI/F-TERMS:

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION:
anti-B7-H3 antibody-drug conjugates

EPO FORM P04A42
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Datum Blatt Anmelde-Nr:
Date cf Form 1507 Sheet 1 Application No: 19 206 764.3
Date Feuille Demande n°:

The examination is being carried out on the following application documents

Description, Pages

1-446 as originally filed

Sequence listings, SEQ ID NO

32 as originally filed

Claims, Numbers

1-24 as originally filed

Drawings, Sheets

1-22 as originally filed
Reference is made to the following documents; the numbering will be adhered to in the
rest of the procedure.

D1 WO 2008/116219 A2 (SLOAN KETTERING INST CANCER [US]; CHEUNG
NAI-KONG V [US]) 25 September 2008 (2008-09-25)

Art 76(1) EPC

The present application has been filed as a divisional application in the sense of Art
76(1) EPC from the earlier application EP18152381.

The subject matter of present claims 1-24 appears to have no basis in the above
mentioned earlier application.

Thus the requirements of Art. 76(1) EPC are not fulfilled.

Art 54 and Art 56 EPC

The problem to be solved by the present application is the provision of an anti-tumor
drug having an excellent therapeutic effect and safety (page 8, lines 2-6 of the present
application).

EPO Form 1703 01.91TRI
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Datum Blatt Anmelde-Nr:
Date cf Form 1507 Sheet 2 Application No: 19 206 764.3
Date Feuille Demande n°:

D1 (claims 8, 10, 11) represents the closest prior art and discloses a method for
improving the prognosis or prolonging the survival of a subject bearing a tumor
comprising administering to the subject a composition comprising a monoclonal
antibody 8H9 recognizing a 41g-B7H3 antigen. Said antibody may be conjugated to a
cytotoxic agent such as a radioisotope.

D1 does not teach neither the antitumor compound nor the linkers of present claim 1.
The objective problem is the provision of alternative antibody drug conjugates

The data disclosed in the examples of the present application show that antibody drug
conjugates (ADCs) falling under the subject matter of claim 1 do have an in vivo
antitumor activity

Nothing in the prior art suggests the use of a cytotoxic compound combined with one of
the linker disclosed in claim 1 for the preparation of an ADC wherein the antibody is an
anti-B7-H3 one; the subject matter of the present claims is therefore novel in the sense
of Art. 54 EPC and inventive in the sense of Art. 56 EPC.

EPO Form 1703 01.91TRI
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DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate,

Relevant CLASSIFICATION OF THE

Application Number

of relevant passages

to claim

APPLICATION (IPC)

A

WO 2008/116219 A2 (SLOAN KETTERING INST
CANCER [US]; CHEUNG NAI-KONG V [US])

25 September 2008 (2008-09-25)

* claims 8, 10, 11;

the whole document *

D. LOO ET AL: "Development of an
Fc-Enhanced Anti-B7-H3 Monoclonal Antibody
with Potent Antitumor Activity",

CLINICAL CANCER RESEARCH,

vol. 18, no. 14, 15 July 2012 (2012-07-15)
, pages 3834-3845, XP055092714,

ISSN: 1078-0432, DOI:
10.1158/1078-0432.CCR-12-0715

* the whole document *

NAKADA TAKASHI ET AL: "Novel antibody
drug conjugates containing exatecan
derivative-based cytotoxic payloads",
BIOORGANIC & MEDICINAL CHEMISTRY LETTERS,
PERGAMON, AMSTERDAM, NL,

vol. 26, no. 6,

1-24

1-24

INV.
A61K47/68

TECHNICAL FIELDS
SEARCHED (IPC)

8 February 2016 (2016-02-08), pages A61K
1542-1545, XP029436554,

ISSN: 0960-894X, DOI:

10.1016/J.BMCL.2016.02.020

* the whole document *

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

Munich

27 January 2020

Bettio, Andrea

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document
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ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 19 20 6764

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

27-01-2020
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2008116219 A2 25-09-2008 CA 2680111 Al 25-09-2008
CN 101687021 A 31-03-2010
EP 2121008 A2 25-11-2009
JP 2010523478 A 15-07-2010
JP 2014088411 A 15-05-2014
JP 2016020346 A 04-02-2016
KR 20100014527 A 10-02-2010
US 2010143245 Al 10-06-2010
WO 2008116219 A2 25-09-2008

EPO FORM P0459

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82
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Bitte beachten Sie, dass angeflhrte Nichtpatentliteratur (wie z.B.
wissenschaftliche oder technische Dokumente) je nach geltendem Recht
dem Urheberrechtsschutz und/oder anderen Schutzarten fur schriftliche
Werke unterliegen koénnte. Die Vervielféltigung urheberrechtlich
geschutzter Texte, ihre Verwendung in anderen elektironischen oder
gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne
ausdrickliche Zustimmung des Rechtsinhabers nicht gestattet.

Veuillez noter que les ouvrages de la littérature non-brevets qui sont
cités, par exemple les documents scientifiques ou techniques, etc.,
peuvent étre protégés par des droits d'auteur et/ou toute autre protection
des écrits prévue par les l|égislations applicables. Les textes ainsi
protégés ne peuvent étre reproduits ni utilisés dans d'autres publications
électroniques ou imprimées, ni rediffusés sans I'autorisation expresse du
titulaire du droit d'auteur.

Please be aware that cited works of non-patent literature such as
scientific or technical documents or the like may be subject to copyright
protection and/or any other protection of written works as appropriate
based on applicable laws. Copyrighted texts may not be copied or used
in other electronic or printed publications or re-distributed without the
express permission of the copyright holder.
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Date
10.05.17
Reference Application No./Patent No.
PN821121EP 148747454 - 1466 /3088419 PCT/JP2014006421

Applicant/Proprietor
Daiichi Sankyo Company, Limited, et al

Communication
The extended European search report is enclosed.

The extended European search report includes, pursuant to Rule 62 EPC, the supplementary European
search report (Art. 153(7) EPC) and the European search opinion.

Copies of documents cited in the European search report are attached.

M 0 additional set(s) of copies of such documents is (are) enclosed as well.

Refund of the search fee
If applicable under Article 9 Rules relating to fees, a separate communication from the Receiving Section

on the refund of the search fee will be sent later.

Should you wish to further prosecute this application in the examination phase, your attention is drawn to
the provisions of Rule 70a EPC. An invitation to respond to the extended European search report will be

issued shortly (R. 70(2) EPC).
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Application Number

SUPPLEMENTARY
EUROPEAN SEARCH REPORT EP 14 87 4745

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of g?f;;n‘le;r:tv;ztil;;r;c;g:tlon , where appropriate, tlje(l;laavi;nt ﬁkéf%ilﬁé‘{llo(l}lp%l; THE
Y T. M. CARDILLO ET AL: "Humanized 1-20 INV.
Anti-Trop-2 IgG-SN-38 Conjugate for C07K16/28
Effective Treatment of Diverse Epithelial A61K31/4745
Cancers: Preclinical Studies in Human A61K39/395
Cancer Xenograft Models and Monkeys", A61K47/68
CLINICAL CANCER RESEARCH, A61P35/00
vol. 17, no. 10, 3 March 2011 (2011-03-03) C12N15/09
, pages 3157-3169, XP055044596,
ISSN: 1078-0432, DOI:
10.1158/1078-0432.CCR-10-2939
* Anti-TROP2 antibody conjugated to SN-38
for the treatment of cancer: see abstract
results and discussion *
Y WO 2011/068845 Al (IMMUNOMEDICS INC [US]; |1-20
GOVINDAN SERENGULAM V [US]; GOLDENBERG
DAVID M) 9 June 2011 (2011-06-09)
* Administering to a subject with cancer
an Anti-Trop-2 antibody or antigen-binding
fragment thereof conjugated to a
therapeutic agent which can be TECHNICAL FIELDS
camptothecin: see par. 9, 12, 16 (see SEARCHED (PO
"camptothecins") and par.205-218; claims * A61K
Y US 2008/131363 Al (GOVINDAN SERENGULAM 1-20

[US] ET AL) 5 June 2008 (2008-06-05)

* Conjugates of anti EPG-1 (anti TROP2)
antibodies and antitumoral agents,
including camptothecin, for use in the
tretment of cancer *

_/__

The supplementary search report has been based on the last
set of claims valid ‘and available at the start of the search.

Place of search Date of completion of the search

Munich 2 May 2017

Veronese, Andrea

Examiner

X : particularly relevant if taken alone

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention
E : earlier patent document, but published on, or
after the filing date

Y : particularly relevant if combined with another
document of the same category
A : technological background

O : non-written disclosure
P : intermediate document

D : document cited in the application

L : document cited for other reasons

& member of the same patent family, corresponding
document

page 1 of 3
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DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE

of relevant passages

to claim

APPLICATION (IPC)

Y

MORITZ N WENTE ET AL: "DE-310, a
macromolecular prodrug of the
topoisomerase-I-inhibitor exatecan
(DX-8951), in patients with operable solid
tumors",

INVESTIGATIONAL NEW DRUGS ; THE JOURNAL OF
NEW ANTICANCER AGENTS, KLUWER ACADEMIC
PUBLISHERS, BO,

vol. 23, no. 4, 1 August 2005 (2005-08-01)
, pages 339-347, XP019206092,

ISSN: 1573-0646, DOI:
10.1007/S10637-005-1442-2

* Conjugate of Exatecan (DX8951) and a
polysaccharide via a spacer containing the
-Gly-Gly-Phe-Gly- tetrapeptide moiety, and
its use as antitumoral agent *

YUSUKE OCHI ET AL: "A possible mechanism
for the long-lasting antitumor effect of
the macromolecular conjugate DE-310:
mediation by cellular uptake and drug

1-20

1-20

TECHNICAL FIELDS

. . . SEARCHED IPC
release of its active camptothecin analog Pe)
DX-8951",

CANCER CHEMOTHERAPY AND PHARMACOLOGY,

SPRINGER, BERLIN, DE,

vol. 55, no. 4, 1 April 2005 (2005-04-01),

pages 323-332, XP019334130,

ISSN: 1432-0843, DOI:

10.1007/500280-004-0911-1

* Conjugate of Exatecan (DX8951) and a

polysaccharide via a spacer containing the

-Gly-Gly-Phe-Gly- tetrapeptide moiety, and

its use as antitumoral agent *

- / -

The supplementary search report has been based on the last
2 set of claims valid ‘and available at the start of the search.

Place of search Date of completion of the search Examiner
3 .
8 Munich 2 May 2017 Veronese, Andrea
% CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
2 E : earlier patent document, but published on, or
§ X : particularly relevant if taken alone after the filing date
2 Y : particularly relevant if combined with another D : document cited in the application
- document of the same category L : document cited for other reasons
5 A technological backgroUNnd e e e e e he e bt et e er e e en s
Q O : non-written disclosure & : member of the same patent family, corresponding
o P : intermediate document document
w
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Application Number

EP 14 87 4745

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
Y YOSHINOBU SHIOSE ET AL: "Systematic 1-20

Research of Peptide Spacers Controlling
Drug Release from Macromolecular Prodrug
System, Carboxymethyldextran
Polyalcohol-Peptide-Drug Conjugates",
BIOCONJUGATE CHEMISTRY,

vol. 20, no. 1,

21 January 2009 (2009-01-21), pages 60-70,
XP055333870,

ISSN: 1043-1802, DOI: 10.1021/bc800238f
* The Gly-Gly-Phe-Gly sequence for
preparing drug conjugates capable of
releasing the active agent in vivo: see
abstract, results and discussion *

The supplementary search report has been based on the last
set of claims valid ‘and available at the start of the search.
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Place of search Date of completion of the search Examiner
Munich 2 May 2017 Veronese, Andrea
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or

X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application

document of the same category L : document cited for other reasons
A technological backgroUNnd e e e e e he e bt et e er e e en s
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document
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WO 2011068845 Al 09-06-2011 CA 2782194 Al 09-06-2011
EP 2506881 Al 160-10-2012
WO 2011068845 Al 09-06-2011

EPO FORM P0459
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TITLE: ANTI-TROP2 ANTIBODY-DRUG CONJUGATE
APPLICANT: Daiichi Sankyo Company, Limited

IPC CLASSIFICATION: CO7K16/28, A61K31/4745, A61K39/395, A61K47/68, A61P35/00,
C12N15/09

EXAMINER: Veronese, Andrea
CONSULTED DATABASES: NPL, BIOSIS, MEDLINE, REAXYS
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The examination is being carried out on the following application documents

Description, Pages

1-252

as published

Claims, Numbers

1-20

filed with entry into the regional phase before the EPO

Drawings, Sheets

1-27

as published

Drawings, Figures

1-44

as published

The following documents were mentioned in the European and in the International
search reports; the numbering will be adhered to in the rest of the procedure.

D1

D2

D3

D4

T. M. CARDILLO ET AL: "Humanized Anti-Trop-2 IgG-SN-38 Conjugate for Effective
Treatment of Diverse Epithelial Cancers: Preclinical Studies in Human Cancer Xenograft
Models and Monkeys", CLINICAL CANCER RESEARCH, vol. 17, no. 10, 3 March 2011,
pages 3157-3169, XP055044596

WO 2011/068845 A1 (IMMUNOMEDICS ING [US]) 9 June 2011
US 2008/131363 A1 (GOVINDAN SERENGULAM [US] ET AL) 5 June 2008

MORITZ N WENTE ET AL: "DE-310, a macromolecular prodrug of the topoisomerase-I-
inhibitor exatecan (DX-8951), in patients with operable solid tumors", INVESTIGATIONAL
NEW DRUGS ; THE JOURNAL OF NEW ANTICANCER AGENTS, KLUWER ACADEMIC
PUBLISHERS, BO, vol. 23, no. 4, 1 August 2005 (2005-08-01), pages 339-347,
XP019206092, ISSN: 1573-0646, DOI: 10.1007/S10637-005-1442-2

EPO Form 1703 01.91TRI
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D5 YUSUKE OCHI ET AL: "A possible mechanism for the long-lasting antitumor effect of the
macromolecular conjugate DE-310: mediation by cellular uptake and drug release of its
active camptothecin analog DX-8951", CANCER CHEMOTHERAPY AND
PHARMACOLOGY, SPRINGER, BERLIN, DE, vol. 55, no. 4, 1 April 2005 (2005-04-01),
pages 323-332, XP019334130, ISSN: 1432-0843, DOI: 10.1007/500280-004-0911-1
D6 YOSHINOBU SHIOSE ET AL: "Systematic Research of Peptide Spacers Controlling Drug
Release from Macromolecular Prodrug System, Carboxymethyldextran Polyalcohol-Peptide-
Drug Conjugates”, BIOCONJUGATE CHEMISTRY, vol. 20, no. 1, 21 January 2009, pages
60-70, XP055333870, ISSN: 1043-1802, DOI: 10.1021/bc800238f
D7 US 2011/293513 A1 (IMMUNOMEDICS, INC.) 1 December 2011
D8 IKUO MITSUI ET AL.: "A New Water-soluble Camptothecin Derivative, DX-8951f, Exhibits
Potent Antitumor Activity against Human Tumors in vitro and in vivo", JPN. J. CANCER
RES., vol. 86, 1995, pages 776-782, XP009059567,
D9 JP 2009 538629 A (GENENTECH, INC.) 12 November 2009
D10 JP 2008 521828 A (SEATTLE GENETICS, INC.) 26 June 2008
D11 JP 2005 511627 A (SEATTLE GENETICS, INC.) 28 April 2005
D12 WO 00/25825 A1 (DAIICHI PHARMACEUTICAL CO., LTD.) 11 May 2000
D13 JP 2012100671 A (AMGEN INC.) 31 May 2012
D14 JP 2013 534906 A (INDIANA UNIVERSITY RESEARCH & TECHNOLOGY CORP.) 9
September 2013
D15 WO 2014/061277 A1 (DAIICHI SANKYO CO., LTD.) 24 April 2014
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Amendments (Art.123 (2) EPC)

The claims were amended, but no basis for the amendments has been provided. The
basis for all amendments cannot be found in the voluminous set of documents
forming the application as filed. The applicant is required to provide such basis.

Novelty (Art.54 EPC)

None of the documents mentioned in the search report describes conjugates
comprising exatecan and TROP2 antibodies. Thus, the claimed matter appears to be
new.

Inventive step (Art.56 EPC)

The present application relates to the provision of conjugate compounds which can be
used as anticancer agents. The claimed compounds comprise a residue of Exatecan
(a camptothecin derivative), linked to a TROP2 antibody via a spacer containing a
tetrapeptide having the sequence -Gly-Gly-Phe-Gly-. The TRPO2 antibody is used for
targeting the cancer cells, whereas the tetrapeptide is chosen because it is cleaved
by enzymes present in the targeted tissue. The following prior art documents leave no
doubts that conjugates of camptothecin derivatives and TROP2 antibodies were
already known before the relevant date.

Document D1 (from Cardillo) describes the anti-TROP2 antibody hRS7, which is the
preferred antibody described in the present application, conjugated to SN-38, an
analogous of camptotecin which is structurally very similar to the claimed compound
exatecan. This conjugate incorporates some of the structural elements of the spacer
present in the claimed agents, and also a cleavable peptide: see figure 1. The
conjugate is proposed for treating cancer: see abstract results and discussion, Table
1; Figures. The authors indicate that, on the basis of the results, the conjugate has a
significant effect against a range of human solid tumor types: see conclusions.

Document D2 (WO2011068845) discloses an Anti-Trop-2 antibody or antigen-binding
fragment thereof, conjugated to a therapeutic agent, which can be camptothecin: see
par. 9, 12, 16 (see "camptothecins") and see in particular par. 205-218 and the
claims, describing a conjugate comprising the camptothecin derivative SN-38 and the
TROP-2 antibody hRS7. The results reported in the example indicate that the
conjugate comprising the TROP-2 antibody is more potent compared to other
antibodies targeting cancer cells (see par. 298).

Document D3 (US20080131363), discloses conjugates of anti EPG-1 (anti TROP2)
antibodies, including the preferred antibody hRS7, with antitumoral agents, including
camptothecin, for use in the treatment of cancer: see par. 8, 9, 31-32, 37, 41, 148,
149; examples 4, 5, claims. See in particular par. 15, 92 claim 8 referring to
camptothecin.

EPO Form 1703 01.91TRI
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Some further conjugates of hRS7 and SN38 are mentioned in document D7
(US20110293513), cited in the international search report.

Starting from any of these documents (e.g. from D1 or D2) as closest prior art, the
underlying technical problem can be regarded as that of providing a further drug
conjugate suitable for treating cancer. When confronted with this problem, the skilled
person would certainly consider replacing SN-28, mentioned in these documents, with
other analogous camptothecin derivatives. When looking for such alternative
compounds, he would take into account the teaching of the following documents:

D8 (from lkuo), mentioned by the ISA, describes the preparation of the camptothecin
Exatecan (DX-895-1) and its utility as an anti-cancer agent. This document also
indicates, that this compound is 6 times more potent compared to SN-38. This
teaching provides a clear incentive to replace SN-38 with exatecan.

Furthermore, document D5 (from Yusuke) describes DE-310, a conjugate between
Exatecan (DX8951) and a polysaccharide polymer scaffold, the two moieties linked
via a spacer containing the -Gly-Gly-Phe-Gly- tetrapeptide sequence and the use of
such conjugate for providing a long lasting anti-cancer effect: see abstract, the
introduction the restults and the discussion. Document D4 (from Wente) confirms that
DE-8951 is an effective agent for treating solid tumors: see abstract and results.

Other camptotecin conjugates containing the relevant tetrapeptide sequence in the
linking moiety are described in document WO0025825, cited by the ISA (D12, see
also the corresponding European family member, EP1155702 and in particular claims
33-34, 37-38). Finally document D6 describes the rationale of using the claimed
tetrapeptide sequence.

Thus, together, these documents teach that 1) there are good reasons for replacing
SN-28 with exatecan in anticancer therapy 2) exatecan is suitable for conjugation to
other larger macromolecular moieties 3) the -Gly-Gly-Phe-Gly- tetrapeptide sequence
is suitable for cleavage and delivery of the active moiety at the target site.

The other features characterising the claims on file, e.g. the presence of a succinimid
linkers or short chains of polyethylenglycol are commonly known in the art, as shown
in the aforementioned prior art documents and in the other documents mentioned iby
the ISA. Furthermore, the selection of these features or others, such as the specific
sequences now indicated in the amended claims, is not associated to particular
unexpected technical effects. Thus, even if new, the presently claimed conjugates, as
well as the compositions comprising them and their use for the relevant therapeutic
applications, do not involve an inventive step (Art.56 EPC).

EPO Form 1703 01.91TRI
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Bitte beachten Sie, dass angefuhrte Nichtpatentliteratur (wie z.B.
wissenschaftliche oder technische Dokumente) je nach geltendem Recht
dem Urheberrechtsschutz und/oder anderen Schutzarten fir schriftliche
Werke unterliegen konnte. Die Vervielfdltigung urheberrechtlich
geschutzter Texte, ihre Verwendung in anderen elektronischen oder
gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne
ausdrickliche Zustimmung des Rechtsinhabers nicht gestattet.

Veuillez noter que les ouvrages de la littérature non-brevets qui sont
cités, par exemple les documents scientifiques ou techniques, etc.,
peuvent étre protégés par des droits d'auteur et/ou toute autre protection
des écrits prévue par les législations applicables. Les textes ainsi
protégés ne peuvent étre reproduits ni utilisés dans d'autres publications
électroniques ou imprimées, ni rediffusés sans l'autorisation expresse du
titulaire du droit d'auteur.

Please be aware that cited works of non-patent literature such as
scientific or technical documents or the like may be subject to copyright
protection and/or any other protection of written works as appropriate
based on applicable laws. Copyrighted texts may not be copied or used
in other electronic or printed publications or re-distributed without the
express permission of the copyright holder.
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Communication
The extended European search report is enclosed.

The extended European search report includes, pursuant to Rule 62 EPC, the supplementary European
search report (Art. 153(7) EPC) and the European search opinion.

Copies of documents cited in the European search report are attached.
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0 additional set(s) of copies of such documents is (are) enclosed as well.

Refund of the search fee

If applicable under Article 9 Rules relating to fees, a separate communication from the Receiving Section
on the refund of the search fee will be sent later.

Should you wish to further prosecute this application in the examination phase, your attention is drawn to

the provisions of Rule 70a EPC. An invitation to respond to the extended European search report will be
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European

Patent office SUPPLEMENTARY
EUROPEAN SEARCH REPORT

Office européen
des brevets

EPO FORM 1503 03.82 (P04C04) N\

DOCUMENTS CONSIDERED TO BE RELEVANT

OnCusp
No. 1002

Application Number

EP 13 84 7461

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
E EP 2 907 824 Al (DAIICHI SANKYO CO LTD 1-54 INV.
[JP]) 19 August 2015 (2015-08-19) C07K16/28
* claims; paragraph 180 * A61K39/395
----- A61P35/00
T NAKADA TAKASHI ET AL: "Novel antibody A61K31/4745
drug conjugates containing exatecan A61K31/48
derivative-based cytotoxic payloads”, A61K47/48
BIOORGANIC & MEDICINAL CHEMISTRY LETTERS,
PERGAMON, AMSTERDAM, NL,
vol. 26, no. 6,
8 February 2016 (2016-02-08), pages
1542-1545, XP029436554,
ISSN: 0960-894X, DOI:
10.1016/J.BMCL.2016.02.020
* the whole document *
A WO 037015826 A1l (TANABE SEIYAKU CO [JP]) [1-54

27 February 2003 (2003-02-27)
* page 28 *

TECHNICAL FIELDS
SEARCHED  (IPC)

AG1K
The supplementary search report has been based on the last
set of claims valid and available at the start of the search.
Place of search Date of completion of the search Examiner
The Hague 6 May 2016 Bettio, Andrea

CATEGORY OF CITED DOCUMENTS

X: particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
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This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

06-05-2016
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2907824 Al 19-08-2015 AU 2013328111 Al 12-03-2015
CA 2885800 Al 17-04-2014
CN 104755494 A 01-07-2015
EP 2907824 Al 19-08-2015
HK 1210477 Al 22-04-2016
KR 26150067149 A 17-06-2015
PH 12015500667 Al 18-05-2015
SG 11201502887W A 28-05-2015
TW 201420117 A 01-06-2014
US 2015297748 Al 22-10-2015
WO 2014057687 Al 17-04-2014
WO 03015826 Al 27-02-2003 AR 035137 Al 14-04-2004
AU 2002328093 B2 05-05-2005
BR 0212036 A 17-08-2004
CA 2457056 Al 27-02-2003
CN 1545423 A 10-11-2004
EP 1418947 Al 19-05-2004
HU 0401351 A2 28-12-2004
KR 20040027972 A 01-04-2004
MX  PAG4001599 A 08-07-2004
NO 20041194 A 19-03-2004
NZ 530947 A 28-04-2006
RU 2275913 C2 10-05-2006
TW 1313609 B 21-08-2009
UA 75450 C2 17-05-2004
WO 03015826 Al 27-02-2003
ZA 200400917 A 25-08-2004
3
2
e

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82
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Information on Search Strategy - Pilot phase (see 0J 2015, Ag6) Application Number

The type of information contained in this sheet may change during the pilot for improving

the usefulness of this new service. EP 13 84 746 1

TITLE: ANTIBODY-DRUG CONJUGATE PRODUCED BY BINDING THROUGH LINKER HAVING
HYDROPHILIC STRUCTURE

APPLICANT: Daiichi Sankyo Company, Limited

IPC CLASSIFICATION: CO7K16/28, A61K39/395, A61P35/00, A61K31/4745, A61K31/48,
A61K47/48

EXAMINER: Bettio, Andrea
CONSULTED DATABASES: BIOSIS, EMBASE, EPODOC, MEDLINE, NPL, WPI

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH:
IPC:

CPC:

FI/F-TERMS:

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION:
conjugates according to present claim 1 ‘
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The examination is being carried out on the following application documents

Description, Pages
1-5,7-40, 42-89, filed with entry into the regional phase before the EPO
91-426

6, 41,90 received on 07-12-2015 with letter of 07-12-2015

Claims, Numbers

1-54 filed with entry into the regional phase before the EPO

Drawings, Sheets

1/20-20/20 filed with entry into the regional phase before the EPO

Reference is made to the following document; the numbering will be adhered to in the
rest of the procedure.

D1 EP 2 907 824 A1 (DAIICHI SANKYO CO LTD [JP]) 19 August 2015
(2015-08-19)

Art 84 EPC

The wording of present claims 50 and 52 does not allow the skilled person to
understand whether the claimed subject matter is directed to a method or to a
compound/composition, thus rendering the subject matter of said claims unclear in the
sense of Art 84 EPC.

Art 53(c) EPC

Present claims 53 and 54 are directed to methods of treatment of the human/animal
body, thereby contravening Art 53(c) EPC.

Art 54(3) EPC
D1 published on 19.08.2015 claims the priority date of 11.10.2012.

Its content as filed is therefore considered to be comprised in the state of the art
relevant to the question of novelty, pursuant to Article 54(3) EPC.

EPO Form 1703 01.91TRI
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This earlier application (claims; paragraphs 180, 314) shows: antibody drug
conjugates according to the formula of present claim 1 wherein LP is the tetrapeptide
GGFG for the treatment of the same tumors disclosed in the present application.
Alternative LP sequences such as GGF, DGGF, DDGGF, EGGF, GGFG,
SGGF,KGGF, DGGFG, GGFGG, DDGGFG, KDGGFG, GGFGGGF are also
disclosed.

Thus, it is prejudicial to the novelty of the subject-matter of claims 1-54 of the present
application.
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cités, par exemple les documents scientifiques ou techniques, etc.,
peuvent étre protégés par des droits d'auteur et/ou toute autre protection
des écrits prévue par les législations applicables. Les textes ainsi
protégés ne peuvent étre reproduits ni utilisés dans d'autres publications
électroniques ou imprimées, ni rediffusés sans l'autorisation expresse du
titulaire du droit d'auteur.

Please be aware that cited works of non-patent literature such as
scientific or technical documents or the like may be subject to copyright
protection and/or any other protection of written works as appropriate
based on applicable laws. Copyrighted texts may not be copied or used
in other electronic or printed publications or re-distributed without the
express permission of the copyright holder.
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Daiichi Sankyo Company, Limited

Communication

The extended European search report is enclosed.

The extended European search report includes, pursuant to Rule 62 EPC, the supplementary European
search report (Art. 153(7) EPC) and the European search opinion.

Copies of documents cited in the European search report are attached.

B 0 additional set(s) of copies of such documents is (are) enclosed as well.

Refund of the search fee

If applicable under Article 9 Rules relating to fees, a separate communication from the Receiving Section
on the refund of the search fee will be sent later.

Should you wish to further prosecute this application in the examination phase, your attention is drawn to
the provisions of Rule 70a EPC. An invitation to respond to the extended European search report will be
issued shortly (R. 70(2) EPC).
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drug conjugates containing exatecan CO7K16/28
derivative-based cytotoxic payloads”, A61K39/395
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8 February 2016 (2016-02-08), pages A61K47/48
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* Page 28 *
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The examination is being carried out on the following application documents

Description, Pages

1-416 filed with entry into the regional phase before the EPO

Claims, Numbers

1-26 filed with entry into the regional phase before the EPO

The following document has been cited in the international search report; the
numbering will be adhered to in the rest of the procedure.

D1 JP 2009 538629 A (GENENTECH, INC.) 12 November 2009 (2009-11-12)

Art 123(2) EPC

Present claim 21 discloses a tetrapeptide of sequence GGGF. Basis for such
sequence cannot be found in the application as filed.

Consequently the subject matter of present claim 21 contravenes Art. 123(2) EPC.

Art 84 EPC

Present claim 16 discloses "the antitumor drug....which is applied to the lung
cancer...".

The claim's wording does not allow to distinguish whether said wording is directed to a
product claim or to a method claim, thereby rendering the subject matter of said claim
unclear in the sense of Art 84 EPC.

Art 54 and Art 56 EPC

The problem to be solved by the present application is the provision of an antitumor
drug having an excellent therapeutic effect and safety (page 8, lines 1-6 of the present
application).

D1 (claim 217), representing the closest prior art discloses antibody drug conjugates
wherein monomethylauristatine analogs are conjugated to an antibody via a linker
comprising the dipeptide val-cit.
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The use of antibody drug conjugates comprising the peptide linker GGFG and the
exatecan analog of present claim 1 is neither disclosed nor suggested in the prior art.

Also the compounds of present claim 26 are novel and inventive because they
represent intermediates useful for the synthesis of compounds according to claim 1.

Thus the subject matter of present claims 1-26 is novel in the snese of Art 54 EPC and
inventive in the sense of Art 56 EPC.
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express permission of the copyright holder.

XS CPRTENFRDE



OnCusp
5365 of 14295

No. 1002
Europisches European Patent Office
Patentamt 80298 MUNICH
0) Patent oftice GERMANY
Office européen

des brevets

Fairbairn, Angus Chisholm
Marks & Clerk LLP

90 Long Acre

London WC2E 9RA
ROYAUME UNI

Questions about this communication ?
Contact Customer Services at www.epo.org/contact

Date
11.08.17

Reference Application No ./Patent No.
PN821970EP 15776810.2 - 1468 / 3130608 PCT/JP2015001922

Applicant/Proprietor
Daiichi Sankyo Co., Ltd.

Communication
The extended European search report is enclosed.

The extended European search report includes, pursuant to Rule 62 EPC, the supplementary European
search report (Art. 153(7) EPC) and the European search opinion.

Copies of documents cited in the European search report are attached.

M

0 additional set(s) of copies of such documents is (are) enclosed as well.

Refund of the search fee

If applicable under Article 9 Rules relating to fees, a separate communication from the Receiving Section
on the refund of the search fee will be sent later.

Should you wish to further prosecute this application in the examination phase, your attention is drawn to

the provisions of Rule 70a EPC. An invitation to respond to the extended European search report will be
issued shortly (R. 70(2) EPC).

A\SG\\QS Pa fe”fa/,,i

7
N <
N <
& .
=
. w©
2 E
>
3 =
-3 o
% s
% N3

o,

9, 2
0ing a0

EPO Form 15078 06.12 page 1 of 1



5366 of 14295

des

Europiisches
Patentamt

European
Patent Office

SUPPLEMENTARY

brevets

EUROPEAN SEARCH REPORT

OnCusp
No. 1002

Application Number

EP 15 77 6810

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Rele\{ant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
E EP 2 907 824 Al (DAIICHI SANKYO CO LTD 32,34 INV.
[JP]) 19 August 2015 (2015-08-19) CO7K16/32
* claims 35-49 * A61K31/4745
----- A61K39/395
A WO 20117011474 A1l (ENZON PHARMACEUTICALS |1 A61P35/00
INC [US]; SAPRA PUJA [US]) CO7K5/072
27 January 2011 (2011-01-27) CO7K5/083
* the whole document * CO7K5/103
----- CO7K7/06
Y PATRICK J. BURKE ET AL: "Design, 1,6-8,
Synthesis, and Biological Evaluation of 17,18
Antibody-Drug Conjugates Comprised of
Potent Camptothecin Analogues",
BIOCONJUGATE CHEMISTRY,
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Information on Search Strategy - Pilot phase (see 0J 2015, Ag6) Application Number

The type of information contained in this sheet may change during the pilot for improving

the usefulness of this new service. EP 15 77 6810

TITLE: (ANTI-HER2 ANTIBODY)-DRUG CONJUGATE
APPLICANT: Daiichi Sankyo Co., Ltd.

IPC CLASSIFICATION: CO7K16/32, A61K31/4745, A61K39/395, A61P35/00, CO7K5/072,
C07K5/083, CO7K5/103, CO7K7/06

EXAMINER: Skulj, Primoz
CONSULTED DATABASES: NPL

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH:
IPC:

CPC:

FI/F-TERMS:

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION:
tratuzumab exatecan conjugate
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The examination is being carried out on the following application documents
Description, Pages
1-732 filed with entry into the regional phase before the EPO
Claims, Numbers
1-34 filed in electronic form on 26-04-2017

Drawings, Sheets

1/5-5/5

D1

D2

D3

D4

filed with entry into the regional phase before the EPO

EP 2 907 824 A1 (DAIICHI SANKYO CO LTD [JP]) 19 August 2015
(2015-08-19)

WO 2011/011474 A1 (ENZON PHARMACEUTICALS INC [US]; SAPRA
PUJA [US]) 27 January 2011 (2011-01-27)

PATRICK J. BURKE ET AL: "Design, Synthesis, and Biological
Evaluation of Antibody-Drug Conjugates Comprised of Potent
Camptothecin Analogues”,

BIOCONJUGATE CHEMISTRY,

vol. 20, no. 6, 17 June 2009 (2008-06-17), pages 1242-1250,
XP55079987,

ISSN: 1043-1802, DOI: 10.1021/bc9001097

EP 0 916 348 A1 (DAIICHI SEIYAKU CO [JP]; DRUG DELIVERY
SYSTEM INST LTD [JP]) 19 May 1999 (1999-05-19)

The claimed subject matter

1

The present application relates to a bioconjugates of an anti-HER2 antibody
(such as trustuzamab) and exatecan and the anticancer uses of these
bioconjugates.

EPO Form 1703 01.81TRI
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Novelty

2 The claimed subject matter is not novel in the sense of Art.54(3)

21 The intermediate compounds of claim 32 are not novel over D1. See claims
35-45 of D1. There is especially a novelty destroying overlap between claim
32 and the claim 35 of D1.

2.1.1  The specific intermediates of claim 33 seems novel over D1, however the
following is noted: Because D1 was published as WO 2014057687 during the
priority year, the applicant is requested to submit the translation of the priority
document and indicate the basis for each of the structures in present claim 33
in said priority document.

2.2 Also claim 34 is not novel. It relates to a linker which is (at its simplest) L'-L2-
LP.

2.2.1 L2-canbe abond, L is a simple dipeptide (such as diglycyl). L' can be a
succinimidyl derivative, but can be also CH2-CO-NH-CH2-CO or CO-CH2-
CO-. The structures thus cover the following structure CH2-CO-NH-CH2-CO-
which is the diglycyl residue and the subject matter of claim 34 boils down to
Gly-Gly-Gly-Gly. Such tetrateptide is not novel. For other novelty destroying
compounds see claim 47 of D1.

2.3 The prior art does not disclose the bioconjugates of an anti-HER2 antibody

(such as trustuzamab) and exatecan wherein the linker comprise the GGFG
tetrapeptide linked to exatecan by at least a further -NH-CO- spacer. The
subject matter of claims 1-31 is thus novel.

Inventive step

3

3.1.1

3.1.2

The problem to be solved by the present application is the provision of an
antitumor drug having an excellent therapeutic effect, which is excellent in
trems of antitumor effect and safety (paragraph 13 of the present application).

D2 discloses in claim 3 a bioconjugate comprising an anti-HER2 antibody and
a drug similar to exatecan (an another camphotecin analogue): The linker
comprises branched PEGylates structures.

D3 reviews the camphotecin analogue bioconjugate and e.g. on Scheme 2
discloses a similar maleimide stretcher on an oligopeptide linker connected to
drugs similar to exatecan.

EPO Form 1703 01.81TRI
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3.1.3

3.2

3.3

3.4

3.5

3.6

D4 discloses the exatecan functionalised with a GGFG tetrapeptide.

D2 or D3 relate to the same aim as the present application (i.e. treating breast
cancer by bioconjugates of camphotecin analogue - see the introduction
portion of both documents). D2 is specific to an anti-HER2 antibody but also
D3 in the introduction implies such binding - see the reference to the citations
6 and 7 of D3. Because the present linker comprises an oligopeptide (LP) and
such oligopeptide can be found in D3 (Scheme 2) additionally linked to a
maleimide linker, D3 is taken as the closest prior art.

The differences between the closest prior art and the subject matter of the
claims are represented by:

-the linker used in the bioconjugate

-the cytotoxic agent.

No technical effect is derivable by said difference. The resulting objective
technical problem may therefore be formulated as the provision of alternative
bioconjugate.

The solution is provided with the structures of claim 1. These structures in the
most simple embodiments boil down to L'-L-L".This is however exactly the
partial structure of the linker on Scheme 2 of D3 ( L'-is maleimide on a
stretcher , L2 is a bond and LPis a dipeptide.

A skilled person however knows from D4 (see e.g. p. 10) that an olige-peptide
can be linked to the exatecan directly when making conjugates through its
amino side group and recognises that the specific structure (Ph-CH,-O-CO-
NH) depicted on the right to the dipeptide on Scheme 2 of D3 is not
necessary because left col. on p. 1246 purports that such linkages are
needed for the conjugates with aliphatic alcohols. In as far the structure boils
down to dipeptide of Val-Cit (or its analogues Val-Lys), also such structure is
obvious.

Clarity

4
4.1

4.2

The claims are unclear

The "drug" claims 25ff seem to relate to the "pharmaceutical compositions” or
to medicinal use claims that should be reworded into proper "for use" format.
Itis not clear how e.g. claims 25 and 28 differ.

Method of use claims are not allowed at the present priority date.

EPO Form 1703 01.81TRI
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4.3 The reasons for multiple independent claims in the same category are not
given.
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Bitte beachten Sie, dass angefiihrte Nichtpatentliteratur (wie z. B.
wissenschaftliche oder technische Dokumente) je nach geltendem Recht
dem Urheberrechtsschutz und/oder anderen Schutzarten fir schriftliche
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geschitzter Texte, ihre Verwendung in anderen elektronischen oder
gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne
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Veuillez noter que les ouvrages de la littérature non-brevets qui sont
cités, par exemple les documents scientifiques ou techniques, etc.,
peuvent étre protégés par des droits d'auteur et/ou toute autre protection
des écrits prévue par les législations applicables. Les textes ainsi
protégés ne peuvent étre reproduits ni utilisés dans d'autres publications
électroniques ou imprimées, ni rediffusés sans l'autorisation expresse du
titulaire du droit d'auteur.

Please be aware that cited works of non-patent literature such as
scientific or technical documents or the like may be subject to copyright
protection and/or any other protection of written works as appropriate
based on applicable laws. Copyrighted texts may not be copied or used
in other electronic or printed publications or re-distributed without the
express permission of the copyright holder.
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Tmpeupiogy

Auntigens of human trophoblasts: A working hyvpothesis for their role
in normal and abnormal pregnancies

{placenias/immunity /oncofetal/membranes}

W. PAGE Fatnk* ANNE TEMPLET R, E. LOVINS®, AND NANCY ‘aMiTu#

sy South Cveding, 3805: T B
oy St ¥ s as Hospital 2

juasy of Celt Pathology,
el School, Sonsos,

partaent of Buste arid Clinical Enmunokary and Siobiokiry, Medical University of South
{ Busparch Qentes, Northwick Pack Flospital, Fareow, ‘Jidmt"u England; and g

Aﬁ‘ﬁ RACT  This repost deserihes the preparstion and and certain buman cell lines. These data, together with pub-
terization of autisers W human rophohlicd mvmbraneg, lished reports from other laboratories, make it possible to con-
R*&hhxt antiseen seeed eadned to Feophollast nocreoilit pragared struct a working hypothesis for the role of trophoblast mem-

feventin] nltvacontvifingation: Axdibodies to servem profeins b e § . . :
were removed by solid-phase immunoabsorption with normal brane autigens in nermal and abnormal pregnancies.

human serum, and indivect immunofivorescence experiments } N
with eryostat septions of human pleventus showed that theabs MATERIALS AND METHODS
seirbedantiteophoblast sers voncted with bophohlasts as wigl
syl stedng E’wi?\‘ and endothelivm of cherionic villi, The

Trophoblast membranes were prepared from freshly collected,

antisera also produced membrane flusrescence when stadied term, normz{i placentas by the differential uliracentrifugation
on viable lymphooytes and certain human cell lines. These techninue of Smith et al. (4). Pellets contained large armounis
anti-trophoblast sera were also lymphocytetexic, and this ve- of alkaline phosphatase [specific activity 0.89 with p-nitro-
action was sholished by prior abserption of the antisera with phenyl phosphate as substrate (3)], indicating the presence of

feukocytes. The leukocyte-absorbed antitrophoblast sera ze-
tained their ability to react with trophoblasts and cortain buman were injected intramuscularly with 2 mg of the membrane
soll Binex, Bot no longer reacted with Iy m;ﬁmwl&s s placental N , . L

Bteisonind Solls rik snatothel it T, paterveies of teaphoblast preparation in 2.5 wl of Freund’s complete adjuvant containing
iembrany wigens ars thas delined: one present on trophos 1 mg of Mycobacterium tuberculosis per ral, boosted 6 weeks
blasts and cortain s ooll lisies (tmmnws) Jes;gsmwd Tk Iater with a further 2 mg interperitoneally, and bled after 12
and the other on Bophoblaste and lvmphisey THawe fibror days. Each rabbit received membrane preparations from a
blaste, and endotheluns Qentatively designated Thg), & working separate, normal placenta The antisera were assayed for

trophoblast membranes (6). Twelve cutbrad Old English rakbits

hypethesis s proapnsed ».mumr that norasal preghaney invelves : (e in activity as an additional check &

the gen »ttms;pai St TR mhzwqe:em W b}sqiwtig t implantation a“h,"ﬁ zmicroglobulio activity as an “fidlm) nal check for the
and extrance of trephnbiasts info the maternal eirculation, This purity of membranes used as antigens since we and others bave
fotalvas dmdcliveion sbailar to allogensic coll stimulidion sl previously reported (7-8) that, in contrast t© cells of the villous
vesadbs tn aubibedios that block sitlier the recogition or eyfe- stroraa, hurnan trophoblasts lack Gg-microgiobulin. None of the

toxicity of TA,. Failure to mount this response allows TAy rece antisera contained anti-Sg-microglobulin activity, as measured
einition and trophoeblast inenopsthelogy. Vapedtmental sl by radicimmunoassay

elinical stadies in sepport of this wmking Fypothesiy, particus s ) S .
tasly invalving shostion;and tosemis, mn cited fum pablicied The antisera raised against trophoblast peliets contained

reports. precipitating astibodies o several serus proteius, particwlarly
. o - IgG, transferrin, and a-Z-macroglobulin, as measured by im-
Several provocative ideas have been put forward suggesting munoelectrophoresis against pooled pormal human serum and
that the mechanisms responsible for the integrity of the tro- Ouchterlony gel diffusion against 1gG, transferrin, and «-2-
phoblast homograft are essentially immunologicat in nature (1), macroglobulin. To remove these activities we passed each an-
In humans the functional interface between mother and fetus tiserum through a eolumn of Sepharcse-bound normal human
is the trophoblast (2), and immwune reactions occurring on this serurn (10) and then heat-inactivated each one (56° for 30 min)
merbrane wmﬁd seemn to be central to the well being of the and absorbed each with two volumes of pocled, washed, and
graft. Detailed investigation of trophoblast antigens is thus a packed haman erythroevies. After these procedures, antisera
necessary prerequisite to an understanding of the imreunclegy were negative by both immuncelectrophoresis and gel diffusion
of the materno-fetal relationship, vet current information is against normal buman serum, IgG, trausferrin, and a-2-mac-
lirnited almost entirely to cell produets of trophoblasts such as roglobulin and are hereafter referred to as anti-trophoblast sera.
homan chorionic gonadotropins and pregnancy-associated The flucrescein isothivcyanate (FITO) conjugate (Wellcome
globrding (3}, As a fizrst step in more precisely defining antigens Beagents, Beckrnan, Kent, England) of sheep anti-rabbit Ig used
_of the trophoblast membranes, we have studied the specificity for immwunofluorescence microscopy was also chromatographed
of heterolegeus sntisera to human trophoblasts. In this report over an immunecabsorbent cohxma of Sepharose-bound normal
we describe evidence suggesting that human trophoblast human serurn to remove heterophilic antibodies, and both
membranes countain two major groups of antigens: one that is anti-trophoblast sera and FITC-conjugates were ultracentri-
shared between trophoblasts and normal peripheral white blocd fuged at 100,000 X g every week to remove IgG aggregates
wik and a second group that is shared between trophoblasts which are capable (11) of reacting with Fe receptors of fetal

s s s : stem vessel endothelinm as well as with mononuclear blood
lhe costs of publivation of this article were defrayed in part by the cells.

payment of page charges. This article wust therefore be hereby marked _—
“advertisement” in accordance with 18 U, S L §1734 solely to indicate Abbreviations: FITC, fluorescein isothiocvanate; Pi/NaCl, phos-

this fact. phate-buffered saline.
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Tissue and Cell Membrane Immunohistology. Central
cotviedon tissuss from fresh, normal human placentas were
snap-frozen in 2-methylbutane that had been cooled with tiguid
nitrogen, and 4-um sections were prepared with a cryostat.
Sectiens were washed 1 br in pH 7.2 phosphate-butfered sadine
{P;/NaCl) at 5° and reacted with dilutions of normal rabbit sera
and anti-trophoblast sera at room temperature for 20 min, The
slides were washed twice in an excess of PiNaCl for 15 main per
wash, reacted for 20 min with the FITC conjugate sera of sheep
anti rabbit Ig, washed three tirues in P;/NaCl and mounted in

% glycerol iy pH 8.6 PiNaCl Preliminary titration experi-
ment‘: according to F aulk and Johnson (12} indicated that
anti-trophoblast sera could be used at 1:150 dilution and con-
jugate at 1:60. The preparations were then exarmined by
transmitted light from an HBO-50 mercury are larop for im-
munahucaiescence with a Zeiss Universal microscope fitted with
an FITC interference primary filter, Tiyoeda dark ground
condenser with toric lens, & 320 barxier filter, and & 40X pla-
napochromatic ebjective, B?ockmg and absorpiion controls were
done according to Faulk and Hijmans (13). Photographs were
made with Ektachrome film.

For experiments involving cell suspenstons, 5 X 10% of human
cell lines Hela, AVs, or Hep-2, or by the normal buman pe-
vipheral blood mononuclear cells prepared by the Ficoll-Iso-
pacgue technique {14) were reacted for 20 min with increasing
dilutions of normal rabbit control sera or anti-trophoblast sexa
in Eagle's minimal essential medium containing 3% fetal calf
seram. The cells were then washed twice in wedinm and
reacted for 20 min with serial dilutions of the FITC sheep
anti-rabbit Ig. After the cells were washed three times they were
suspended in 30% glycerol in F;/NaCl and exarnived by epi-
illumination for membrane immunoflucrescence with a Leitz
erthoplan microscope fitted with an FITC dichoric mirror and
a 84X planapochromatic objective. Preliminary titration ex-
perimeants indicated that membrane immuunofivorescence ex-
periments could be satisfactorily performed with anti-tro-
phoblast sera at 1:100 dilution and its conjugate at 1:3G.

Cytotoxicity Experviments. Ten microliters of human pe-
ripheral bleod mononuclear cells at 2 X 10%/ml was added to
an eqgual volume of double serial dilutions of control pr anti-
trophoblast sera and incubated at room teroperature for 1 hr,
after which 28 gl of rabbit complement (Buxted }‘\‘;hbit Ca,
Buxted, England} was added before incubation at 87° for 30
min Cells were removed with a micropipette and cytotoxicity
was measured by counting cells in a bemocytomester aftex ad-
dition of 0.1% trypan blue.

Absorption Experimoents. Anti-trophoblast sera were diluted
1:10 in P;/Na{l absorbed 6-11 times with packed leukoeytes.
Cells for ab:,orpticu were prepared from human blood in citrate
by mixing with an equal volume of 3% gelatin in Pi/NaCl and
sedimenting at 37°. Supernatant cells were washed, counted,
and packed at a concentration of 59 3 10 leukocytes per tube
immediately before absorption. Abserptions were done af roorn
temperature for 40 min with mixing. This procedure was re-
peated until the cells used for abserption were negative tor
rabbit Ig by membrane immunoflucrescence. fo other ab-

exprviments, ulttacentrifuge-prepared tropheblast
i pollets were used. Morsrecently, shsaeptiva-control
LXPCllmbnts have been done with ultracentrifuge-prepared
trophoblast pellets extracted with hypertonic salt and solubilized
in nonionic detergent. For this, pellets were extracted for 12 hr
in 3 M Bl to remove plasma membrane or plasma protetuos,
and the KCl-washed material was solubilized in 1.0% deoxy-
cholate aceording 1o Faulk ¢ af. (15). The KCl-extracted, de-
tergent-solubilized trophobiast cell merobranes were dialyzed

served AT
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s, 1. Emmunmtammg of humdn bidcenta with (Left} anti.
trophoblast serum and (Right} leukoeyte-absorbed & anti-frophobiasi
serum. Note staining of tropheblasts, pligental vessel shdathalium
and calls of the villous strom @il anti-trophoblast serawy {£078) and
staining reactions Hmited to ‘m@phob}as&: with leukocyte-absorbed
anti-trophoblast serum (Right). (=324,

against §.15 M carbouate buffer (pH 7.83{F{NaCl, onpitaining
Q. 1/(. deoxycholate and 10 roM sodiura azui{- at yoons teme.
perature and adjusted to a protein conceniration of 0.5 mg/
ml

RESULTS

Specificity of Anti-Trophoblast Sera for Troghoblasts, Each
of the 12 anti-trophoblast sera was studied for trophoblast
specificity by indirect immunoflorescence of 25 normal
human plancentas. Brilliant flucrescence of trophoblasts was
produced by all antisera (Fig. 1 left), and titration of individual
antisera showed little variation of different placentas, suggesting
that there was na type specificity. Staining of fetal stexn vessel
endothelium and some cells of the villous stroma was also ob-
t *E‘ff N
The s csumv of trophobdast «mnuw bewe A:xtswrogﬁmht s
e tostesd b the privcipd :u}*n_»:\tx shsm‘pt, By
smvmﬁimg to Molornstek et ol § Heentrantad, ﬁe~
et <s§xshmmd tmph\siwhz%& eall mvmhmnw Valumefors
: I mativers wers done with sk
dH fm' } hx‘ at »i“ iuliowm“ii

=

bilized im;‘«isnbiﬁ\t i
wntnfus\s oty For 1 f\‘:

e ftatned nsithier ti‘(‘{?i\@iﬂ%\i* o xay ol

el cor sponents sy dn Fig el Inaddition, the antira

shaorbed with membrane preparstions front 15 different pla-

cenias iaﬁed to stain any aspects of chorionte villi, suggesting
SN e wt‘cf:'xtmt%

Spcificity and Cytotosiolty of Anti-Trophablast Sens tor
Other Cells, The sntiste c}piwiﬂas{ sera wers stadied fop athet
winwbrars specificitisg by epl-ilhunination impiupainorss
Sénde niing wixxosl peip!
Reanan aamion (A V), Hepd, and Hela eelic The fraysarcel]
Yy rexd mseh more intensely than the pe ipherat blond
snnorinclesr collé with wititrophalilast sera { Fig & right) AR,
v allexprrinients, Sreater than 08 3 of the ih ST
&s with the above rasults nsing traphohlasts, stadniug of me-
aonuiesr celly, & Ve Heap- X sod Belis collowaste smovesd by
abaoy o of anti Jhﬂ?:sfaxi st with either intact altza
centrifupe-prepared raphoblast microdil or with defesgent
sofubilized trophoblast cell membranes.

<) hloed wiotonuclear ol s
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Fig. 2. Ymmunostaining of {(Left) peripheral blood moenonuaclear
cells and (Hight) Hep-2 cells with anti-trophoblast serum. Note dif-
ference in intensity of staining of anti-trophoblast serum for blood

mononuclear and Hep-2 cells. (x400.) Hela and AV; eslls were
similarty statned, although Hela cell staining was removed by leu-
kocyte absorption {(X20) of the antiserum,

Since the rabbit aniti-human trophoblast membrane sera
contained antibodies reacting with cell membranes of periph-
eral mononuclear cells, we also studied their oytotoxic effset.
All antisera were oytotoxic for mononuclear cells from 10 dif-
ferent cell donors (Fig. 3} The least cytotoxic antiservm caused
o foss of viability of 30% of the cells at 1:800 dilution; the most
cytotoxic antiserum caunsed 3 30% viability at 1:8000. The
cud-point for each was within two double serial dilutions {or
all 10 dovors, suggesting that these antisera contained no
speeiticities for individual HLA antigens.

in order o test the specificity of cylotoxicity of anti-tro-

100+

80~

o
N

% Cytotoxicity
>
2

Ca 3{WBC x 6)‘-3-.»“_“
R

1Co 10(WBC x 7)aes

Co 9(WBE x 1T)a, s ™,
e NRS B SRt
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phoblast sera for human peripheral blond mononuclear cells,
the anti-trophoblast sera were absorbed with human peripheral
leukooytes. After 11 absorptions, nene of the antitrophoblast
sera were more oytotoxic than normal (nonimmauue) rabbit
serurn, even at Hiers as low as 1:80 (Fig. 3). Indeed, some of the
anti-trophoblast sera lost lymphoeytotoxicity activity after as
few as six absorptions with leukocytes (Fig. 3).
Immunchistelogical Specificity of Leukooyte-Absorbed
Anti-Trophoblast Sera. Although lenkocyte-absorbed anti-
trophoblast sera were no longer eytotoxic for peripheral blood
mononuclear cells, upon examination of cryostat sections of
placentas it was found that as many as 20 absorptions with
leukocyies did not noticeably diminish the intensity of tro-
phoblast staining (Fig. 1 right), although staining of cells in the
mesenchyrmal stroma and the endothelial staining of fetal stem
vessels in chorionic villl was reraoved. This pattern of imnan-
nostaining was not affected either by absorption of the antise-
rumn with homan placental akaline phosphatase (Sigma
Chemicals, 5t. Louis) or by blocking experiments using unla-
beled antisera to human chorionic gonadotropin {National
Institute of Biological Standards, Holly Hill, England) or to the
placental glycoproteins SP; and PPy (kindly supplied by
Behringwerke AG, Marburg, Germany). No cther human
tissues, including cryostat sections of Hver, kidney, lung, spleen,
brain, pituitary, ovary, testes, pancreas, storoach, and small and
large bowel, were stained with the anti-trophoblast sexn after
feukocyte absorption. In contrast, the leukocyte-absorbed (X20)
anti-trophoblast sera caused brilliant merabrane fluorescence
of & population (25-40%) of AV and Hep-2 cells. Continued
absorption of these reagents with lenkocytes did not cause a
further loss of AV, or Hep-2 cell staiuing, indicating that ab-
sorption was complete with 20 absorptions. Thus, in sumunary,
trophoblast antigens, as studied by the specificity of heterclo-
gous anti-trophoblast sera, can be classified into two major

o s

T + TR ¥ € x * ¥ k4
3¢ 100 00 400 800 1600 J200 6400 12,800

¥iG. &
sera are designated by Ce. Cytotoxicity exp

Serum DBilution s
Cytotoxicity and absorption experiments of anti-tvophoblast serum for peripheral blood mononuciear cells. Different anti-trophoblast
rirments ars shown in the upper three lines. Lower thre

ines plus normal vabbit serum (NRS) are

the same anti-trophoblast sera after leukocyie (WBC) ahsorption the designated number of times. Note that after leukocyte absorpiion the
anti-trophoblast sera wsre no more cytotoxic for blood mononuclear cells than was novmal rabbit serum.
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groups: ot that i shared betwaen trophoblasts and eattain
homan el Hines, and ony thatis shased hetweon rophobl

and normal human periphest blood motenuclesc ealle.

DEISCUSSION

Wepropnee that the group of sutigens that so
trophohbets (g 1 righe) and haman soll Husy (g 2 righty
fus tentatively dedgastnd X TR rophoblast antigens, 1 sl
Fhistantiseri b these antigeny be dese ribed as 8pt-THy. Mk
Lacly, we propose that the grosp of wntigess redponsible for the
spesificity of anti-rophoblast sers for peripherad blond
enatwsieer velle (B 2 ) leukocyter {Fig. ), aud ple-
cental vissel exdotheliom (Fig. 1hft be tentatively designated
&t Tap (trophoblast antigens, 8}, and that antibodies to thess
antigers be desoribnd 46 wnti-Tay This gronping of busasn
fraphohiast wetigeosss T and Tag cary bevazed te fnterpuet
thes rosult of an mportant previoss invedigation dote tn s,
Boer st al, (T reported thit hetarologous stisera o edf -
phoblasts cuusse abortion 1 pregtant rals'as eath by
soene of the pregrsnt muthery Hawever, when thie sutisera
were absorbed with ext lymphoeytes, the e igators phserved
andy abiortion withowt mpternad death. Avcteding Lo eoe pro-

shegrad bty

posed nomencluture, 1t owould appees Shat Drmphiocete abs
soepiion retoverd el T, ths dlifninating the serumtsabdiity

< wred Teaving the oncoleted Ty
spocifieity, which rosdiated tomnne dsmage ta troptobladts
cansing shortion without pistesnal dedtly ‘

P outdata sve shipuld like tosngpedt that pormyd Bumn

progragey invalses 3 waternal immeme respatze o thie dyine
phoevte crowreaskive imphoblest antigen, T Suchantibindt

vl be oxpivated febind by Ty gresent fn dorhal plaoed:
SBuppert for thitenmes fronttws Bnesof svidonce: Fird antis
3 CEw & y: a " . 3. & : P
boding of makeroad oogin tat recogoire and block coatain

Tpmphonyte frmctionseay by elated from plicentss of bathombse
TI8Y weed huovens (381 sndsecond, stadlar yot mrs spenitio
Blocking sntibodies of Iymphooy! i

fred tn niatecrslseeg {30 Bvanthenghe these :
‘oortain Jenaphoovis responses in oifvo, thelr function taouls
Edished, 145 howevr, intexesting that seothers whe
taek it Bifro cvidince of ey blaoking fretors dotend to su-
(201 Arabseree of Blooking finction

bl

T it of
e weigh 1o prt feovard i working hypatd
smmiebivfoge S nanial g
persrversopathulogy of sbmorss;
awpes thad ay
W Nl y a1 ehortics 1 to be wverted) s thedaok
of an effeotive response 1o Ty Thisoan theen safly b wes
complishied by rocaoting an antibody responss te TAy which
teihibits sither recogoition of ar tytotoxioity to T Thiseculd
aperationslly be done it & hapiererartiar system where
frraphaoy sormactive Tz Grterproted by mother asTsoh
antigen] i the hapten and the puscletal trophoblast TA; Uy
terpreted by mother ax "Toseign b odigen s fhe pareter This
wearkd sxplaio the presencs aban sntibndy with sossreastive
spcoibisity for antigens on host Hasues, Bug has the marked

crstivabditxdvaniage ot possitidy generatiog exliyusdiated
sty fo Ty However, the osed for cooperation of careler

F el i Baptes-carriorvy st can be cironmees '
veedl stimulating {213 providing that antigen-

Ingerie
1 cells are presont in the repiplont (32, 23} and that 3 gradts
i, 29 Suvensbel toplane

sorsos-host reaction e dudwe 5, 8 ,
fatidn i growthoof theblastnoystte s bvpeat graftesrsuphost

i ponoarning
grpnoy that bs refevant o the
pregonncles. Qne radittonally

Slarant” to the glacents] bomogratt. -
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reaction, trophoblast tursors being the most extrese type of this
example, and it is well documented that proliferation of the
erabrye and plepents are aceonipanied by the pasage of tro-
phnblasts {allogeneic cells) inte the roother voireulnting (24,
2353 :

* There is ample information from normad sabiocts tsuppmt

o presevee of antigen-binding B brmphocytes foor Vel T
tigens i congditions of lowrtne tolerance, sush s shewwen by
Bariblnge @ al, for thyroglobadin (28), and we bave recontly
praducad svidency furthe provesve of trophoblastreaitive
fynphorytoicade sntibadies 1 the sera of preguant and nul-
shiscts with systesic lupus erythematosus (27). The
: sctlier i thur endowed with antigen-reactive B
Temphouvtes for trophoblagt antigons and shig receivey alls
sencie membranes {tropheblests] subseguent the lmplanta-
g arsd proliferstion of the Masteest i ber uteres, Fndight of
thede abiervations, we soggest that the production of ast-Tag
in normal pregnancy results from allogeneic call sthoolation
of maternal TA; antigen-reactive cells by trophoblast reem-
branes. We presently envision that these antibodies function
to block either the recugnition or cytotoxicily of TAy, bat the
role of helper and suprassor cells in this reaction has yatta be
established.

This mechanism for the immuncbiology of normal preg-
siray: chald Fadl i the shogeneie effect failed, vesnlting in
penvamiti st Taand whartion, O sadforr of s potens
tadly rnmusspathologivad effeet Srgwn From 8 renent report
by Kemndos et ol (28} thut abertiins are thore traquent oo
ples who shisre commen Hl- & sotigens: Shared Mstocompas
tikility antigevg would Siminish the posibility of alligeieiv sall
stirnutation of TAg-reactive raaternal B cells, thus allowing TA,
recognition and sbortion. This concept could abo apply to other
conditions of abnormal pregnancies. For exaraple, Jenkins ef
al. {29} bave reported that in toxernia there is a greater degree
of HLA compatibility hetweenwanplessnd Febrmy of al. have
reported] that tosemi i vk less pobusion Fwamen who heve:

recaivad o blebd tansfusion before becoming pregnant (30},
Ths shiservation of inorowsed spontanests abortion in BLA

apatible couplas i vopdistent with the shove hiyputhestsof

: j peeeifeck and, i the hinal transtusdon
stuuehis il suguest that TAg and histolscompatible
leukoeyte sxitigens in the bload transtusion prinedithe feeiph-
ents for more effective allogeneic recognition during preg-
naney, By the same token, toxemia without prior transfusion
conld serve to sbrogate allogensic recognition in subsegnent
pregnancies, accounting for the more frequent appasvancs of
toxernia in the first pregnancy.

In closing, it should be emphasized that we do not suggest that
foeriiia is avosiated with particalar HEA trpes lnotwith:
i duereased homu « sugeested by Bedman and
Roxdimer (813, which s nuite suother nastter], wnid soh stsogl
ations have not indeed been shown to exist (32), although the
Qepres of provatal HLA sorspekibility was not stadied (32).
aanis sunhias TA  seal TAg are himsever coded
s, elthough maost Kiwsen aritigens of the major
histoeampatihility compleX ave abnent frewir trophoblasts (9),
it is not unlikely that HLA compatibility between the mother
and father will be associated with materno-fetal TAg compa-
tibility, thus deminishing the posibility of sisternal datt-Tas
and thereby allowing TA; recoguition and disedse. Thesy tdess
will oot ohergs as Koowdedge of tropheblust antigens
sapasids, but in thelr presgnt state they do seein to forny 8
warking hepothesie which draws suppert both from cug own
experimental work as well as from thit published reports of
others.
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Characterization of Murine Monoclonal Antibodies Reactive to Fither the Human
Epidermal Growth Factor Receptor or HERZ2/men Gene Product

Brian M. Fendly,! Marcy Winget, Robert M. Hudziak, Michael T, Lipari, Mary Aona Napier, and Axel Ullrich
Deparimsenis of Medivinal and Anafytical Chemissry {8, M. F.. M. W.{, Developmental Biviogy {R. 8. 8., A U, end Medicingd and Biomolecubar Chemirery

4T L, MAN] Cengntech, dnc., Soush Sen Franciso, Cofifornia 84080

ABSTRACY

High levels of expression of either the epidermal growth factor recep-
tor oF the receptor-dike HERYwew geve product piBSH™ have been
ohserved in a vastety of human mslignencies. Becruse of the sssociation
of this high level expression with certuin human fumors, we have geser-
sied 8 paned of monoclsnal antibudies specific for either the epidermal
growth factor receplor or pI18SM ¢g study their structurs, function, sud
sutigenic domains i the sormal and neoplastic sintes. We used the
epidermoid corcinoma Yine A43Y {o generate Hve monacivnal sntibodies
which immunoprecipiinie the epidermnl growth factor recepior. These
monocianal astibodies bind to the extrscellular domain of the epidermal
growtk factor receptor snd semonsirste yaviable effects on epiderssal
geawih facter binding. We nsod 8 stably transfocted NIH JT2 call Hize
expressing the HERZ/new gone to produce and chrracterize 1§ monvelo-
sl wstibodies which immunoprecipitate pi88™% These mownockonal
antibodios Bind o the extraceliviar domsin of pISSH™ and 48 woe cross-
resct with the vpidermad growth factor veoeptor. The chavecteristics and
potentisl spplications of these monociens! avtdbedics will be dlscussed.

INTRODUCTION

Alterations in growth facior receptor structure and level of
expression have been implicated in the process of abnormal
growth comtrol, transformation, and oncogenesis, Some of these
receptors share homology with retroviral oncogenes, have in-
trinsic tyrosine Kinase sctivity, and are genevally referved @0 as
srotooncogenes {for review sce Ref, 1}, Included in this group
of receptors is the epidermal growth factor receptor which is
the cellufar homologue of the aviasn vetrovirus oncogene v-erdB.
The piRSWERE gegduct’ of the human EGFR related gene
{HERZ/new} is a receptor-like iyrosine kimase without any
oncopens homelogue identified in a retrovirus. The EGFR and
pIBSNERY are sismilar but distinet glycoproteins encoded by
genes located on buman chromosomes 7 {2, 3) and 17 {4},
respectively, The EGFR and pI85"™ have approximately 40%
homology in their extracellular ligand binding domeins and
8% homeology in their intracellular ATP binding and tyrosine
kinase regions a5 determined by their predicted primary amino
acid sequences {4}, The EGFR is a A4, 170,000 single chain
ghycopratein of 1,186 amino acids with a 621-amino acid,
exteacellular, NH -terminal domain (5, 6). This extracellufar
domain of the EGFR binds the S3-amino acid, M, 6,025 EGY
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3The stbrevirtions used are: piSs, Ad, 185,800 proteisg gpi2d, A, 130,00
glysoprotein {other prateins and glycoproteins simitarly designated arel, EGFR,
epidersmal growth faetor receptor; EGE, epidermal growsh fctor; MAD, mono-
cional sntibady: DMEM, Duibeoco’s modified Eogle's medinm; HEPES, 4-(2-
hydronyethyl}-{-piperazincesbanesuifonic scid; WGA, wheat germ aggludinin-
Sepharose; PBS, phosphate bullered seline, pfd 7.2; ELISA, enzyme linked
immunosorbent assay; PBST, PBR-O.O3% Tween 28 BTG, 3¢ ma HEPESH3%
Triven X-106-18% glycerol; RAM-SPA, prosein A-Sepharose coated with rabbit
siti-monse 186 SDS, sodium doderyt sulfate: HNEG, 10 my Hepes- 150 mm
NeCl-1 ma eshyleneglyest bis {d-sminoerhyl etherk- NNV AN tetraacetic ackd,
10% glyserol: FITEC, Buarescsin isothiocyanste; FBS, fotsl bovine serumy; FACS,
fleorescence aotivated celt sorter; RMF, relative mean fluovescence.

{7} as well as the S¥-amine acid, A, 8,008 transforming growth
factor @ (8}, In both cases binding of the growth factor results
in activation of the receptor associated tyrosing kinase {3, 10).
The pl85™ receptor is also 2 single chain, M. 185,000
glycoprotein of 1,255 amine acids with a 632-amino acid,
extraceliular domaln which is thought to bind an unknowsn
ligand {1, 4}

Amplification of expression of the EGFR is associated with
human cervical and owvarian carcinomas (11}, epidermal squs-
mous cell carcinomas {12}, and malignant gliomas {13} Am-
plification of the HER2/mex gene has been found in mammary
sland carcinomas (14-18), and ovarian cancer {17) and is
associated with the most aggressive forms of breast and ovarian
tumors and poor progeosis from these cancers (17, 18) In
addition, amplification of HER2/new has also beesn shown in
other human adenocarcinomas inchuding salivary gland {18},
stomach, and kidney {20} The MAbs to these cell surface
stveoproteins and MAbs which are specific to phosphoryiated
fyrosines were generated to investigste expression of these
protooncogenes in tumor cell Hines and o study the structure/
function relstionships and antigenic domains of these receptors.
We performed extensive specificity studies on the MAbs raised
o either the EGFR or pi8SH™™ 1o evaluate shared antigenic
sites on these relatod structures since these MAbs are candidates
for the development of receptor based tumor therapies, in vive
and ir vitro diagrostics, as well as important reagents for the
development of assays 1o moniaor the in viro effects of recepior
modulation.

MATERIALS AND METHODS

Cell Lines and Iscistion of Recepiors from Cells. The human epider-
moid carcinoma Ad31 cell Bine (23} was used for isolation of the EGFR
{32, since this cell line has been shown to express 2-3 X 10* copies/
cell of the EGFR (21, 23-25) A431 cells were grown 1o confluence 5t
37C and 1% CO; atmosphers in medivm consisting of DMEM/
Han's F-12 {38/58, v/¥), 8% fetal calf serum, 15 mnmt HEPES (o
7.2}, 30 units/mi penicilfin, and 10 sg/mi strepromycin. The corlls wers
salubitized in 1% Triton X-100 (26), and the EGFR was partially
purified by WGA affinity chromatography. Edution of the receptor was
achieved with 40 wmum HEPES, pH 7.5, contzining §.3 v A-acetyigie-
cosassing, 8.15 M NaCl §.2% Triton X- 100, and 18% giyceral, Protein
concentration was determined by the method of Bradiord (27} The
affinity {spproximately 20 opm) of the solubifized receptor and the
reveptor comceniration (approximately S pmol receprov/my protein)
were determined by Scatchard snalysis of '1-EGF binding (18). EGF
{Sigma, St. Lowis, MO} was jodi 3 by the standard chioramine-T
method (29). Tyvosine kinase activity was measwred in the presence of
RO i/l {v-"PIATP, 10 um ATP, 4 mm Melh, v 2 mre MnCl in
20 ma HEPES, pH 7.5, containing 8.1% Tritan X-100, and 16%
glycers!, HER2/rex transfected NIH 373 cells, NIH T3/ HERZ- 3400
{30), expressing approximately 1 X 10° pIRS7F®2 molecuies/eell (data
not shown) were grown to confluency in the sbove media. The cells
were exiracted with 1% Triton X-100 ang the membrane protein
pIRSER! was partially purified by WGA affinity chromatography as
described above. The tvrosing kinase activily was measured as shove
except the concentration of [v-PlATP was 10 4Ci/mi and there was
no untabeled ATP in the kinase solutinn.
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Generations of Monocionsl Antibadies Specific for the EGFR.
BALB/c mice were immunized with 24 % 10° A431 colls in PBS, ip.
an woeks O, 2, 4, and 6. The immunized mice were tested for an
antibody response by immunoprecipitation of “Plabeled EGFR, The
mrice with the highest seeum titers wers given Lv. injections of a WA
purified A43] mambrans extract during week 18, Three duys later their
splenocytes were fused with mouse myeloma Hne X83-Ag8.633 (31},
using 58% polyethylene ghcol 4000 by the procedurs of Ot and Her-
aenberp {32). Fused cells sere plated at & density of 2 X 107 colls/well
in 96-well microtiter plates {day D) and hybridoma selection was begun
on day | with 10% fetal csif serum in DMEM medis containing
hypoxanthine/aeaserine {33}, Beginning on day 1§ hybridems supes-
natants were sereened for the presence of RGFR spectfic antibodies as
deseribed below.

Generstion of Monnclonal Antibadics Specific for pI8S™S*% MIH
3T3/HERZ 34 cells were harvested with PBS containing 25 m
EDTA snd were used to immunize BALB/c mize. The mice were given
injections Lp. of 187 cells in 0.5 mi PBS on weeks &, 2, 8, and 7. The
miice with antisers that immunoprecipitsted 2P Inbeled p 857N were
given b.p. injections of a WGA purified pi§37%2 membrane extract on
weeks @ and 13 This was followed by an i.v. injection of 0§ mi of the
pi839T* preparstion and the splenocyies were fused as described for
the anti-EGFR fusions. The hybridoma supesnatants wese sereened by
ELISA as describied below,

Genesstion of Mionociens) Astibodies Specific for Phosphotyresine.
BALB/v mice were tmrsunieed s.6, with 200 ug of phosphotyramine
coupled 1o keyhole limpet hemocyanin by using a heomoscatyt finker
(34} in Freund's adjuvant on weeks G, 2, 4, and §. The mouse with
positive antisera that immunopsecipitated P-phosphorylated EGEFR
most efficiently was immunized v, with phosphotyramine keybole
firapet hesocyanin i3 PBS on week 8 and the splenocytes were fused
as described above. The initial screen was an ELISA on phosphotyra-
mine coupled to soybaan trvpsin inhibitor. KLISA positive porental
culinre supernatants were furthes sasayed by imvmunoprecipitation with
Mg phosphoryleied EGER as described befow,

Encyme-lisked Immuncsorbent dssays. ELISAs were performed 35
initial screens of fusioms, 1o wmoniiss the pursification of the anti-
pi3S¥R o anti-EGFR MADs, initial sereens of the phosphotyraming
fugions, and as one approsch 1o determine the cross-resciivity between
ant-EGFR 2nd ant-pi887% Mabs, fmmuns {3 {(NURC Raskilde,
Denmark} microtites plates were coated with T pg/ml of either the
WGA affinity purified pl83", WG4 affinity purificd EGFR mers-
brane preparations, or phosphotyramine coupled 1o saybean frypsin
inhibitor 3n PBS overmight at 4'C or for 2 b at room temperature.
Antigen coated plates were washed with PEST and MAD samples were
incubated for (-2 b at room femperature on ] shaker. Plates were
washed with PRST and gost anti-mouse 1gG conjugated with horse-
radish peroxidase {Tago, Burlingame, TA) was added and incubated
for § h. The plates were washed with PBST and 100 shiwell of o~
phenylenediamine dihydrochloride substrate (Signar) were added 2t 8.5
mg/ml in §.65 ¢ citrate/phosphste buffer. The reaction was stopped
after 15~30 min at room temperature with 100 pifwell of 2.5 v H;8G,
and ahsorhance was determimed at 492 nm on & multiscan plate render
{Flow, Mal.ean, VAL

Purification of MAD frem Ascites. Selected ELISA positive hybrido-
mas were cloned twice by Hmiting dilution and ascites fuid conaining
specific MAbL was praduced in pristane primed BALB/C mice (353
Antibodies were pursified from the ascites fuid by protein A-Sepharese
{Fermentech, Inc,, Edinburgh, Scotland), wsing established procedures
{36}, stored sterile in FBS at 4°C, and further characiorized in 2 vasinty
of immunoassays.

Ragioimmunopracipitation of (v PJATE Phospharyinted Receptors.
Radivimmungsprecipitations were performed by first avtophospharyiat
ing the appropriste Triton X-1060 cell fyzates with [v-"PIATE in kinase
buffer containing 180 »Cifmi [YOPIATR, S uM ATF, 2 mm Mall, 4
m MgClhy, and the WGA purified oxtvacts of either the piBSHIRI (35
ug/mis or the EGFR {(87.5 pe/miy in HTG buffer for 30 min af reowm
temperature, The kinase mixture, 8¢ ul, was then mixed with I gp of
the appropriate MAb, diluted to 50 uf with BTG builer, and incubated
for 1 h 2t room iemperature, Protein A-Sepharose TL4B, 58

{Phavmacia, Uppsals Sweden), costed with § me/mi rabbit anti-mouse
G to enbance binding of all IpG subclasses, was added and incubated
for 1 h at room temperature. Sampies were washed twics with HTG
and once with PBS containing 8.2% deoxycholate and $.2% Twees 280,
Reducing SRS wie butfer oo ing 30 um g-mercaptoethanol-21%
SDS in 14 mas Tris, pH 6.8, S8 x4, was added to the palisted immu-
nocomplexes and the samples were heated to 90°C for § min. The
RARM-SPA was separated by cenirifuging for 2 min st 16,000 X g and
the supernstant was losded on & 7.5% SDS polyacrytanide get (37},
elacirophoresed at constant 3G-mA current and followed by austoradi-
opraphy 0 determine the relstive molecular weights of the bound
autophosphosrylated proteins,

Radivi precipi of PS&) ysteine Labeled Receplors. Sub-
confluent colt culiures in 180-mm plates were washed once with oys-
teine-free DMEM and incubated overnight in 2 mi of cystetne-fres
media contaiming 10% dislyzed fetal bavine serum and 8.5 mCi {8}
cysteine {Amersham, Arlington, IL). The Iabeling medium was aspi-
rated and the cells were rinsed with HNEG bufier at pH 7.6, The cells
were tysed with §.5 mi of HNEG buffer with 1% Triton X-190 and 1.5
mn MOl (Jysis buffer), diluted swith §| mi HMEG and 1% BSA
{dilution buffer}, and the ceff mombrane fragments were removad by
cemrifisgation 5t 10,000 X g. The kabeled celf extract was preincubaied
with RAM-SPA for 3¢ min at voom temperaturs and centriftged ss
above 1o remove labeled proteins whichk bound nonspecifically. This
preabsorbed extract was divided inle 4-8 samples and incubated with
2 ug of the appropriate MADR {or 30-60 min, The washing, immune-
pracipitation, and electrophoresis steps were performed as described
abave,

Radicimmunoprecipitstion of Nenglyvesyinted Reveptors, Ceils ware
harvested by irypsinization, counted {Coulter Counter), and plated into
186-mme cubiure dishes, A431 and NIH 3TI/HERI 3.0 vells were
plated at 2 X 10° or & X 19* celis/dish, respectively, and, after 8 3-h
attachment period, the antibintic wnicamyein at 3 pg/mi wag added 10
the expesimental plstes, Tell ysates were prepasred sftey o fuwther 6-h
incubstion and the smi-EGFR and the snti-pi85"™ R MAb tmmung-
precipitations were (- *PIATP {abeled by autnphosphorylation a1 4°C,
washed, elsctvophoraszd, and ansivzed by autoradingraphy as described
above, The polvoional rabbit antibody, G-HICT7, raised agsinst the
carboxy termingl 17 aming scids of pIRSTEN? (38), was used 15  vonirol
autiserun 8 mmunopracipitate plESTT wrespective of glveosviation.
Rimilarly, the pelyclonal mouse antibody, RI/1088, raised 3o the
BGFR, was used as the positive contral for immuncprecipitation of the
EGFR irespective of ghycosylation.

Isatyping of MAks. Isotyping of the MAbs was performed by using
the Pandex Serzen Machine and anii-mouse g0 conted particies
Polystvrene Pandex asssy pasticles, I mi of a 3% solutionr, were incu-
Bated with 1.9 mg of affinity purified rat anti-mouse IgG {Pelfreer,
Rogers, AT} in carbonate buffer at pi 9.6 for | h &3 room temperatuse,
The beads were washed twice with PRS and resuspended i 30 ml of
PES at $.25% particles. Coated particies, 20 .k, were added to 20 pi of
the appropriate MAD supernatants in wells of ¥andex microtiter plates
ansh hacisbated on g shaker 8¢ roos wmperaiave for 38 wmin, The plates
were washed and FITC conjugated rat monocional anti-moeuse isotype
specific reagents {genvvous pift of David Suck, Becton-Dickinson
Monociona Center) were added 38 1-2 pp/mik in PBET. Samples were
incubated 18 min, washed, and the fluorescence was guantitated by the
Pandex software.

Epitope Determinntion by sk Comperitive Binding Analysis. Cross-
biocking studies wore done on both panels of MAbDs by direct flvores-
cence on intact cells by using the Pandex Screen Machine to quantitate
{luorescence. Each MAD was conjugnted with FITC, using established
pracedures (393, Conflvent monolsyers of 4430 or NIF IT3/HER2-
340 tells were trypsinized, washed once, snd resuspended at §.75 x 16¢
cetl/mi o cold PRS containing 0.57% B8A (BSA/PHS) and 0.1% KaN;.
A finsl concentration of 1% Iatex pariicles {(IDC, Portland, OR} was
added to reduce clogging of the Pandex plate membranes. Cells in
suspensinn, 30 ul, and 20 o} of purified MAbs (108 sg/mi o 0.1 wg/
miy were added 1o the Pandex plate wells and incubated on ice for 3¢
min, A predetermined dilution of FITC-isbeled RAbs in 20 o was
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sdded 1o each well, incubated for 30 min, washed, and the fluorescence
was guantitated by the Pandex.

Biscking of EGF Binding by Amti-EGFR MAbs. To determing if any
of the anti-EGFR MAbs blocked EGF binding to the EGFR on intact
colls, 200 s of A431 celis {5 X 10® celis/mi} were mixed with 200 ol of
various concentrations of sither purified MAbs or unlabeled murine
FGF (Sigma), in triplicate, starting at § gy, 1.0 ma/ml or 188 xp/mi,
respectively, and incubated 30 min on ice, Muring "PLEGF, 6 x ¢
com in 100 o, was added to each sample and incubated an additional
30 min on ice. Cells were washed once, counted on th gamma counter,
and percentage of bound counts was caleuisted and the average of
iriphicates plotted.

i % Staining of Cells, The cell fines A431 and the
breast adenocarcinoma celf Hne SK-BR-3, proviously showm 0 express
amplified lovels of pl83NE™ (48, 41}, were wsed 3o charactevize the
EGFR and piUs™™? specific panels of MAbs by FACS techmigues.
Confluens monviayers of cells were harvested with 25 mm EDTA in
PES, washed, and resuspended at § X 10* celis/mi in PBS containing
1% FBS (1% FBRS/PRS). An stiquey, | mi, of eack cedl line was added
to 10 up of the appropriste Mab and incubated for 1 & on e, The
cells were washed twice with 1% FBS/PBS and incubated with FITC
conjupated Flab'), fragment of goar ani-mouse IgG specific antibody
(Zywmed, Scuth San Franciseo, CA), for 38 min orn ice, The ceils were
washed twice and resuspended in 8.5 mi of 1% FBS/PBS and analyzed
on an EPICS 783 (Coulter, Hialesh, FL) FACS using 300 wmW of 483
nm argom taser light for excitation and measuring emitted Hight with a
525 mam parrow band pass filter,

Iulibition of AGIY Growth by Ami-EGFR MAbs. 4431 cclls were
nlsted into 35-mem culture dishes at 1.8 % 107 cells/dish. Either an
unrelated, isotype contrel MAD 356 {anti-gpi20 of human immung-
deficiency virus), the anti-EGFR MAbs, or the anti- 18592 RMAD 4135
were sdded on day 8 at ) final concentration of 2.5 xg/mb (16.7 nm).
After 7 duys the celis were ramoved from the piates by wrypsinization
and the total celf sumber was determined by Coulter coumter. The
difference in growth of celis trented with the experimental and comtrol
MAabs is expressed as the ratio of their respective cell numbess, Each
RMAD was assayed in duplicate and the celi counts were averaged. As
an additionsl positive comral, EGF at 40 ng/mi (§ nm) was included;
previnus work has shown this 10 be growth inhibitory for 4431 cells
{42, 83).

RESULTS

ELISA Characterization of MAbs. Since these anti-FGFR
and anti-p1857ER? MADLs could be used to develop important
diagnnstic reagents, g variety of immunoclopical techniques were
used to determing their reactivity and specificity. The ability of
the purified MAbs to bind 1o immobilized WG A purified EGFR
or pl85HR? was determined by ELISA. Relative activities of
the antibodies at varions concentrations, measured 25 4oz nm
were determined and the results at [-gg/mi MAD concentrations
are presented (Fig. 1). Four of the five anti-EGFR MAbs (5G3,
6%, 1349, and 1808} were specific for the EGFR, with their
reactivity with p1 857582 5 hackground levels. In contrast, MAb
3G appeared to bind to both the EGFR and pi85"*% Our
MAD 13A9 had reactivity to EGFR equivalent to the well
characterized antt-EGFR MAD 188 {generous gift of Joseph
Schiessinger, Rorer Biotechnology, fne.} deseribed easlier {34},
The anti-pi 85 MAbs exhibited positive but variable reac-
tivity against immobilized pi85™®? in ELISA and nonc of
these MAbs reacted with immobilized EGFR,

MAb Immupeprecipitation of P Labeled Receptors, The
specificity of the MAbs was also evaluated by utilizing radicim-
munoprecipitation on P labeled proteins. Purificd MAbs were
reacted with {y-?PJATP aviophosphorylated EGFR and
pIRSTER? recentor preparations (Fig. 23 Al the MAbDs raised
to A431 cells immunoprecipitated EGEFR, with Mabs 13A8
and {08 being the most efficient. MAD 3G2 also precipitated a
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Fig, §. Besults from FLISA measuring the relative sercivities of either the
purified anti-EGFR MAbs (upper) o the anti-pl85™=%* MAYs {fower), ¥ ¥ ug/
wit, with immebilized WGA sffinity pusified membrane extracts from A431 ()
and NEN ITI/AHER2- B0 388,

sirong piBSTER band by comparison to the FGFR band precip-
itated by this antibody {Figs. 24 and 3}, These precipitation
results are consistent with the ELISA results showing cross-
reactivity of MaAb 3G2 with both EGFR and pI185Y*™ coated
plates. The MAbs sgainst pI8S™™™ precipitated pi8372 and
not the BGFR {Fig. 2}, None of the anti-pi857%%* MAD precip-
itations of the EGFR were above background levels of the
negative MAbs 5B6 {anti-gpi20 of buman immunndeficiency
virus) or 40.1. 01 {anti-human B surface antigen of hepatitis 8
virus), which gave some weak background bands due to slight
overexposure of the autoradiography Slm prior to photograph-
ing. The MAbs specific for phosphotvrosine were also generated
to investigate growth factor receptor structure and function
including the associated tyrosine kinase activity. The anti-
phosphotysosine MAb 382 was pursued since it cfficiently
immunoprecipitated both the EGFR and pi&S™F* (Fig. 3}
MAb SE2 did not react with either phosphoserine or phospho-
threonine {data not shown} and has also been useful in immu-
noblotting of phosphorylated EGFR receptors {45},

MAR Immunnprecipitation of P SiCysteine Labeled Receptors.
The antigen specificity of the MAbs was further confirmed by
immunoprecipitation of the EGFR and pi8S™™ from extracts
of A431 aad SK-BR-3 cells metabolically labeled with [8}-
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Fig. 2. Autorsdicgraphy of 7.5% SDS-polyscyyiamide gel elestrophavesis of
{v-PIATE lsbeled protwins immunoprecipitated by sither ant-EGFR 8MAbs (4,
Lanes §-12) or anti-piBENE MAbs (4, Lanes F3-18, 8, Losser §-74) from cliher
the A43Y (odd sumsbdersd dunes) or the NIH IVI/HERY- 340 {#ven sumbered
fanesy WGA purified extracts, Magetive controt MAbs: SBS {anti-gpl 20 of human
immunodeficiensy virug, Il Lones 25 and J6) and 30,3 H1 (ami-curface antigen
B of hepnsitis, [gG2s; Lanes 17 angd 18) are inclsded 83 isorype contsols.

3G2 1348 408 g2

9. 3. Autossdiography of 7.5% SDS-polyacrylamide gol electrophoresis of
EUPIATR autophisphorylated, lebeind EGFR and g3 comparing st
BUER, enti-pI8PR™) ond anti-phoishotyrosing Mabe. The pISXURS exengiss
Ak run in the odd mumbered lanes and the BGFR exirects ave vun in the even
Rumbersd lanes, Arti-EGFR MADs (Lanes {-4), ani-pi83™? 2Ab {Lanes §
and &) snti-phosphotysosine MAb {Lanes 7 snd 8} and conirol Mab (lanes #
and 40)

cvsteine (Fig, 4). All the anti-EGFR MAbs precipitated the
EGFR from the extracts of 8 labeled A431 ceils with no or
few addittonal bands being precipitated from this heterogeneous
extract of iabeled cellular proteins by comparison to the nega-
tive controls (Fig. 44 ). The MAbs 13A3 and 108 were the most
efficient at immunoprecipiiation and this trend is consistent
with the immunoprecipitations using v->*P-labeled EGFR (Fig.
24 In addition, MAbs 13A%, 108, and 5G3 also precipitated

9 IS F
GHEETSTIRETEE5988¢

Fig. 4. Autoradiography of 7.5% SDS-polyscrylamide ged electrophaoresis af
P*Sicysteine jabeled proteins immunoprecipitated by anti-RGFR MAbS or anti-
DIESH™ M ADS using {A) 4433 cells and (8) SK-BR-3 cxlle.

the EGFR from the extract from SK-BR-3 cells {Fig. 48). None
of these EGFR MAbs, including MAb 3G2, precipitated
185N fram the [PSloysteine fabeled SK-BR-3 extracts, The
lack of detectable pI&SHR? jn the immunoprecipitation of
{MSlcysteine labeled pI85T™ by the anti-EGFR MAb 3G2
may be due to the relative lower specific activity of the S
vevsus VP labeled receptors.

The anti-p i 859 R Abs IER and 7F 3 were the most efficient
in precipitating [PSlovsteine Iabeled pI&SRTRE 204, 2HIL,
4135, SBR, 7C2, and 703 were intermediate, while 3H4 and
SES were the least efficient {Fig. 48). None of the plg§Hs2
MAbs immunoprecipitated the EGFR. These data are consist-
ent with the rank order observed in the immunoprecipiiations
with sutophosphorylated piBSHER2,

Mab Immusoprecipiistion of Native snd Deglycosyiated Re-
ceptors. To determine whether individual MAD binding epitopes
are protein or carbohydrate in composition, immunaprecipita-
tions were performed on 7P labeled, wsicamycin trexted, and
native EGFR from A431 cells and pi83"*"* from NIM 373/
HER2-340. The awtoradiography bands from the MAb immu-
noprecipitations were compared with those from appropriste
poiyclonal antisera, following the rationsle that those sntisers
bound both glycosylated and ungivoosyiated receptors. Anti-
EGFR MaAbs 3G2, 5G3, 6C5, 1349, 13C35, and 108 immuno-
precipitated both the native (A4, 170,004 and the Jower molec-
ular weight {approximately M. 140,000), deglveosylated forms
of the EGFR (Fig. S4). The pl48 band appears only in the
tunicamychn treated A431 cells and not in the unireated cells
prepared by the same method. The anti-hepatitis MAb 40.1H1
reproducibly bound to a deglycosylated determinant on the
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Fig. 5. Auorsdiogrsphy of unicamyein treated, pastiafly nonglycosylated, {v-
BPATY (ebelvd A4 proteins immnneprecipiiid by the snti-EGFR MAbs {4}
ar NIH ITUWERI 300 proteins i 51
(8). In A, Lanes 2-3, 3-6, and §-P are inmunoprecipitations with ant-EGFR
*MAbs; Laaes 4 and 7 fre immenoprecipitaiions with unglycosylsted and sative
proteins, sespectively, wisth mowse antiserum o the EGFR and Lanes § snd 10
2re mepative MAD immuaoprecipitstions with 376 {anti-gpt 20 of human inwmu~
nogdeficiency vives) and 40,383 {anti-surface antigen B of hepatitis virug) respee-
sively, with parigily degiycosyines proteins, In &, Lanes /-5, 7, &, ang i6-82
28 InuBUBROPracipitaticns with anti-plRSYTAY Mabs; Laner 6 and § are immu-

precipiRash with a mi of deglycosyiated and native proteins, respec-
tively, with antiserum, G-HICTYT, 1o the COOH terminus of p2 857 and Lanes
33 angd §4 ase negative MAY immunoprecipitations as is 4.

EGFR. This cross-reactivity was not seen with the anti-gpi20
Mab 9F6. The ant-p1 857" MAbs 3H4, 588, 6E%, 7C2, and
7F3 bound preferentialiy to the lower molscule weight, degly-
cosylated pl85¥%%2 (agproximately A, 170,008}, whereas 204,
JH1E, 45, and T3 bound preferentially to the glycosylated
form of pIRS¥™ and 3ES bound equally to the native and
degiyensylated forms of pI&5U™ by comparison 1o the poly-
clonal antisera G-H2C17 {Fig. $5). As with the deplycosylated
EGFR, the lower molecular weight band appears ounly in the
funicamycin treated NIH 3T3/HERZ-3400 colls and not in the
untreated cells prepared by the same method. The immunalog-
ical characteristics of the MAbs described including isotype,
immunogen, ELISA reactivity, immunoprecipitation results,
and epitope analysis and composition are summarized in Table
i,

Ant-BGFR MAbs Blocking of EGY Binding. The anti-EGFR
Mabs were evaluated fos their ability to block the Bgand
binding to the EGFR on A431 celis {Fig. ¢). The anti-EGFR
hMAbs SG3 and 65 inhibited '**I-murine EGF ligand binding
to receptor on A431 cells by 40-50% at an IgG concentration
af 0.6 pri. MAb 19CS showed 40% inhibition of '’I-EGF
binding at 6.0 wv, while MADL 188 inhibited '"P1-EGF binding
by 23% o an IgG concentration of 0.06 am. MAD 1349 did
not inhibit even a1 § pm, but instead appeared to enhance iodo-
EGF binding. The unlabeled murine EGF control blocked ')-
EGF binding by 95% 3t 6.0 and .6 um.

FACS Analysis of MAbs Binding to Cells. To determine
whether the MAbs couvld bind to and distinguish EGFR and
piBSHER? g the surface of viable cells, FACS analysis was used
with A431 and SK-BR-3 cells and the RMF of the molecules
bound was calculated for cach MAb {Fig. 7% The anti-EGFR
MABs bound to A431 cells with BMF valuves at {east 10{-fold
greafer than those measused on SK-BR-3 cells. This trend is

consistent with the EGFR immuncprecipitation resalts from
A431 and SK-BR-3 with the anti-EGFR Mabs (Fig. 48).
Although weak, all the EGFR MAbs, except 13A9, bound to
the EGFR present on SK-BR-3 cells. The inconsistency with
anti-EGEFR MAD 13A% in imsnunoprecipiiation and FACLS
analysis may reflect an EGFR epitope which is sequestered on
intact A431 cells, With the exceplion of MAbs SBR and 6E9,
the anti-pi857%%? MAbs bound to SK-BR-3 cell with RMF
values vasging 10~ 1o 100-fold greater than the 4431 cell values.
These results are consistent with observed EGFR copy numbers
of 1.2 X 10% and B.7 x 10° for A431 and SK-BR-3 cells,
vespectively,® and 3 relative pi855%? expression of approxi-
mately 20-fold lower on A431 and 18-fold higher on SK-BR-3
cells, by comparison to the EGFR expression on these cell
tines.* The NIH 3T3/HER 234 colls express 1.0 X 10° copies
of pI8SHERE We have not determined the nymber of murine
EGFR expressed by NIH 3T3/HER2-340 colls, Fig. 3 demon-
straies that the anti-EGFR MAD 13A9 immunoprecipitates 8
weak pl70 band from this cell line. Until we determine whether
the entive anti-EGFR Mab panel binds 1o murine EGFR, the
specificity of either the EGFR or pIBSR™ specific Mabs
should be concluded from the reactivity dai penerated with the
human A431 and SK-BR-3 cell lines.

Growih Inhibitory Effects of Ansi-EGFR MAbs on 4431 Celis,
We also investigated whether any of the anti-EGFR MAbs had
growth inhibitory effects on A431 cells i vifro. Anti-EGFR
MAabs 8G3 and 6C5, at final concenteation of 16.7 nng, inhibited
A431 cell profiferation by approximately 85% when compared
5 the A431 cell proliferation in the presence of anti-p s
hMab 4123 control (Fig. ). This level of growth inhibition was
eguivalent to that of the EGF controf at & nst. Anti-EGFR
MAbs 1349, 108, 3G2, and 19C5 had A43} growth inhibitory
effects ranging from 58 o 30%, respectively. Hudsiak ef of.
{38) performed similar & vitro growth inhibition experiments
with the anti-pI857°%* MAbs and demonsirated that 4535 was
the most effective growth inhibitor of SK-BR-3,

MSCUSSION

We have used the established human epidermoid tumor fing,
A431, and a stably transfected murine cell lime expressing the
HER2/ney gene, NIH-3TI/HERZ- 350, 88 iMmBRrogens (o pro-
duce MAbs which bind to the EGFR or pi185%%%2 on the surface
of human cefls. The resultant MAbs were used {0 investigate
the oxpression and compare antigenic determinanis on the
extraceiiniar domains of the EGFR and the related pi8§HeRY
Several groups have produced EGFR specific MAbs {{43, 46—
49} partial list], some of which recognize soncasbohydrate
determinants and react with the EGFR an a variety of cefls
However, there has been little published antigenic characteriza-
tion of these antibodies with respect to thelr CPoss-reaciivity
with pi83HER2 Schechier or @i {50) has shown that rabbi:
antisers raised to EGEFR from A431 cells will immunoprecipi-
tate pis™ from NIR ITH cells iransfected with the rat,
ethylnitrosourea-induced acu oncogene. In contrast, the anti-
rat pi&3™“ MADR 7.16.4 described by Drebin er af, {31) doss not
react with either the human pl185P%%2 gr the human EGFR
{50). The previous description of piBS™™? specific MAbs,
reported by van de Vijver e ¢d. {52}, did not address the question
of cross-reactive determinants present on both the RGFR and
pI8SHER2 Regults from tmmunoprecipiiation experiments with
immune perfusion sera (data not shown) from our BALB/c

3 2. Winges, personal rommenicRiicn.
4G, D, Lewis, personal communication.
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iwmmunopreciphietions): bands aqgual 1o nagative conirel = —) wr‘ak bamis bu: dm’wr than negative conirnd = 4 modersiely ksrwd bands = 43 stronghy exposed
bangds = 44+, Epltope data fetters sssigned 10 rey divid 4 shsough . MAbs ware gans:dtmﬁ 10 share sn epiwpe if ench blocked binding
of the ather by S0% or gresier in compmwn 10 an frvelevam MAb w:‘ufo! The epitose cowg ipitaiions with cach MAR from
wmisamycin treaied cofls i shows, & MAR & interprated o bind prodossinantly to cither 3 {) protein determingms if that MAD binds preferentially to deglycosylated
or equatly 1o badh she native and deglycosyisied forms of the BGFR or plE5SH5™ or (¢} carbohydrate determinant if that MAD biads prefersntiatly ¢ the native forms
of the EGFR or pi8SHERI, FACK $ats selumn: fuarescence staining of either 4431 celfs by the anti-EGFR MAbs or SK-BR-3 cells by the ania-p?i’.“"’"‘ MAbs egual
10 the nsgetive contret MALS = ~; 3-8.Joid higher then she negative conwols = 41 M-2%-fold highes than the segative controls = -+ ) > 106-fold higher than the

ftion vec $ by §

r!?:;is‘dive'w&ixcﬂs'wﬂ--&i
£ &8 Sousss 3. Schi
 nd, 703 done.

100 five ami-BEGEFR MAbs define at least three epitopes on the
sxtepceliular domain of the EGFR. One of these epitopes is
2 0 shaved by piSS™ 7 apd is recognized by ¥MAb 3G2. The
a ; pIBSMER READs recognize at feast four epitopes on the exira-
5 s cellular domain of pi85YE™? und none of these epiiopes are
w shared with the EGFR. Experimenis with the {runcated, extra-
b celinlar domain of the piRSYH*2 molecule {data not showa}
P 40 indicates anti-pi 85N RiADs SBS and GES bind to epitopes
- very close o the trancmembrane domain and may not be
& ' accessible to antibody binding on the surface of intact SK-BR-
z 3 cells as compared ta soluble pi85%E* receptors.
e 2 The binding site recognized by the individual MAbs was
% evatuated for its protein or carbohydrate composition by suni-
z 204 camycin inhibition of glycosylation. The five EGFR specilic
€ MAbs bind preforrentially to the protein backbone of the
" . ) . EGFE, This is in conirast {0 many anit-EGEFR MADs reporied

6.600 2.806 .65
MAb or EGF CONCENTRATION {uid}

Fig. 6. MAD btocking of the °l-murine EGF binding to 4331 cels. Fresented
sre the dose-response curves with gurified mnti-EGFR MAbs 8CS (X}, 5G3 {(#),
3G {43, 19CS {O), 13a2 (&), 108 {0 compared o EGF {4} snd anti-phospho-
twazine MAD SE2 (8], The resulis are plotted ss perozniage of inhibition
cosmpssed 0 maximal (P1.EGF binding in buifer.

mice immunized with cither A431 or NIH IT3/HERZ-340 cefls
showed no detectable antibodies which recognize shared, fm-
munodominant epitopes on preparations of EGFR or pigshes,
The resulting hybridomas produced from these mice were eval
uated for antibody binding specificity to the EGFR o pigshee
using either soluble receptors or intact cells, The specificity of
these RMabs for Triton X-108 solubilired receptors was deter-
mined by ELISA on immobilized WGA purified membrane
exeracts and by immunoprecipitation using sither extracys of
[P8leysteine metabolically labeled cells or [v-WPFIATP sute-
phosphorvisted membrane extracts. Reactivity with exiracel-
tular dosmains of the receptors was determined by immunofiu-
orescence by using the Pandex screen machine technnlogy and
FACS analysis on intact, viable cells. We have shown that our

that hind to carbohydrate blood group determinants found on
the EGFR of A43% (47, 48} which are not expressed on the
EGFR from other human cells. We have shown that our highest
affinity anti-EGFR MAbs immunoprecipitate the EGFR from
both A431 and SK-BR-3 cells. By comparisorn, 5 of the 18 anti-
piBSHERT MiAby bind preferentially to the protein backbone
while the remsining 5 MAbs bind sither selectively to the
giveosyiated receptor or sguatly to both forms. The significance
of the epitops composition recognized by the anti-piRERER
MAbs may be elucidated as we continue to charscterize the
tissue distnibution and epitope expression of piR3Y ™ fa var-
fous tnmors and sormal tissues.

Hudziak 2 af {38) has shown that several of the ang-
pI85HERY M Abs inhibit breast tumor cell fine prokiferation in
vigro, In an effort o parform similsr stedies on the BGFR
specific MAbs, we determined the growth inhibitery sffects of
the anti-EGFR MAbs on the 4431 cell line. MAbs 5G3 and
S5 showed the greatest imbibition (85%) of cell proliferation.
The cell proliferation data are consistent with the results ob-
tained when the anti-EGFR MAbs were tested for blocking of
mumrine 'BLEGE binding fo recepior on intact A431 cells.
MAbs 5G3 and 605 demonstrated the strongest bBlocking of
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the EGF binding (45% inhibition), while 1905 and 108 show
wenker EGF blocking (25-40% inhibition}, and 1349 and 3G2
did not block munine EGF binding (o A431 cells. These resulis
could refiect the mechanism by which Mabs to the EGFR
inhibit A435 cell division ia vitre. Similar receptor blocking
experimnents with the anti-pI&S7™ MAbs await identification
of the putative ligand.

It appears that in mice the major immunodeminant deter-
minants on the EGFR and pIRS™S® are not in the homologous
regions comprising 40% of the extraceliular domains of these
receptors. §t has previously beem shown that a memsbrane strue-
ture sharing homologous extracelular regions te the EGFR
and pISSHR? eyicts in Drosophila (33, 54). A high degree of
conservation throughout evelution, in certain extracellular re-
gions of the EGFR and pI85¥ %, could be accompanied by a
fack of immunogenicity in these regions. Since two of the EGFR
specific MAbs described here partially block EGF binding, it is
fikely that at least one of the immunogenic, nophomologons
epitopes on the EGFR is located in or near the Hgand binding
site, The possibility does exist that we have broken immunolog-
ical tolerance to the murine EGFR, and future experiments,

1251
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i Siisses s in,

3.8
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1348 1908 108 40§
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Fig. 8. The totad number of A431 oalls, sfter 2 7 day growth periad with either
RIAb at 2.5 sg/mi or EGF 26 40 ng/mil. is compared using the anti-EGER MAbs
and anti-pl 857N A3AL SDX. The relative proliferation is catoutated by dividing
the toinl A33} cells in the prescnor of anB-EGFR MADLS by the toisl A431 oells
ir the presence of anti-pl 8579 Mab 2D5,

pending identifivation of murine cell line{s) which overexpress
the BGFR, will include evaination of these EGFR MAbs for
species specificity. We have observed by FACS analysis (data
not shown) that our pI8S¥ER? MAbs do not bind to the endog-
enowus see on the surface of RAT-1 cells indicating that, like
MAb 7.18.4, they bind to p 185" epitopes that may be species
specific. This resslt might be predicted since the anti-p) BSHER?
MAbs resulted from fusions in the murine system and mice
may be tolesant to comserved deteyminsnts on pl8SHEY,
Whether the immunocgenie, nonhomologous regions on
pIRSHER are iy the putative lpand binding pocket will require
further investigation,

Overexpression or altered forms of the EGFR andfor
DIRSR aox found In avanyforms of humaw oiscers including
cepvionl, oPRFS, squamont 3doRpCCitDREE,  and primary
breast tumors, In the case of breast and ovarian cancer, amph-
{ication of HER2/men expression is associated with approxi-
mately 30% of the primasy tumors tested and is corselated with
metastatic disease and poor propnasis {17, 18). The location of
these receptors on the surface of cells, prognostic significance
and probable causal role makes them very attvactive targets for
production of monoclonal antibodies for immunodizgnostics
and immuosnotherapy. Immunohistochemistry data on wwmor
biopsy tissue could be useful in determining the aggressiveness
of therapy depending on the level of p 18572 expression, These
MAbs would also be candidates for in vive radicimaging for
detection of relevant primary tumaors and micrometastases, The
receptor nature of these antigens, inchuding surface location,
figand binding, and receptor/ligand complex mternalization,
makes {umors expressing these receptors potential targets for
immunotherapeutic ntervention utilizing antibodies as radi-
ocanjugsies, drng carders, of immunetoxins. An alternate ap-
proach would be to explott the ligand blocking characteristics
of spme receptor specific dMAbs and deprive wansformed cells
of their intracelinler signal transduction. This has been dem-
onstrated with EGPR specific MADs where EGF blacking is
the mechanism for growth inhibition on EGYF dependent celis
{43, 55}. The anti-p185¥™ MASs should be usefind reagents 1o
investigate similar roceptor/ligand studies on piR5F 2 and may
facilitate identification of the putative Hgand,

We are optimistic that diagnostic and therapeutic applica-
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sions of MAbs specific for receptor refated molecules associated
with human malignancy will aliow exploitation of this probabile
causal refationship in transformation and the process of once-
genesis,
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RESPONSE TO AMENDMENT

The amendment and response and translations filed 10-6-2017 has been entered into
the record. Claim 5 has been cancelled. Claims 1-4 and 6-11 are pending. Claims 14, 7 and

9-11 are under examination.

Notice of Pre-AlA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AlA.

The text of Title 35 of the U.S. Code not reiterated herein can be found in the previous

office action.

Priority
It is noted that PCT/JP2015/000355, and Foreign priority applications filed 1/31/2014. 8,
22/2014 and 11/10/2014 are all in Japanese and no English translations have been filed. As
such, the instant filing date 7-28-2016 is the priority date for prior art purposes.

Applicant has filed Certified Translations of Foreign Applications:

" JAPAN 2014-017777 01/3172014
JAPAN 2014-168944 08/22/2014
JAPAN 2014-227886 11/10/2014

Applicant asserts that the instant filing is a “mirror image” of PCT/JP2015/000355. No
certified translation of PCT/JP2015/000355. The instant application (USSN 15/221,851; filed 7-
28-2106) is filed under 36 USC 111 as a continuation of PCT/JP2015/000355. The foreign
priority documents are more than one year than the instant filing date and as such, filing of
certified translations of the Foreign Priority documents only, is insufficient to establish an earlier
priority of the instantly claimed invention.

A certified copy of the international application (and an English translation of the
international application) may be required by the examiner to perfect the claim for benefit under
35 U.S.C. 120 and 365(c) if the international application did not originate in the United States
and such is hecessary, for example, where an intervening reference is found and applied in a
rejection of one or more claims. See MPEP 1895.01.

Applicant’s assertion that the instant application is a “mirror image” of
PCT/JP2015/000355 is insufficient to establish priority and a Certified translation is required to
establish priority.
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Election/Restrictions

This application contains claim 6 and 8 drawn to an invention nonelected and treated
without traverse. A complete reply to the final rejection must include cancellation of nonelected
claims or other appropriate action (37 CFR 1.144) See MPEP § 821.01.

Objections/Rejections Withdrawn
Duplicate Claim Warning
The advisory with respect to claim 5, under 37 CFR 1.75 as being a substantial duplicate

thereof is withdrawn in view of the cancellation of claim 5.

Rejections Maintained
Please note that USSN 14/436,485, 14/435,114, 15/180,203, 15/187,179 have earlier

effective filing dates.

Claim1-5, 7 and 9-11 stand provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claim 39, 40-44, 48-50 of copending Application No.
14/436,458 in view of Chamberlin et al (8,802,820 with an earlier filing date of October 31,
2007) and EP 1155702 A1 published 11-21-2001; of record for reasons made of Record in the
Office Action Mailed 7-7-2017.

Applicant’s request that the rejections be held in abeyance until allowable subject matter
is identified. This is not persuasive, USSN 14/436,458 is now allowed, but not issued and has

an earlier effective filing date.

Claims 1-5, 7 and 9-11 stand provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 13, 14, 20, 21, 22-26 and 30-33 of copending
Application No. 14/435,114 in view of Chamberlin et al (8,802,820 with an earlier filing date of
October 31, 2007) for reasons made of record in the Office Action mailed 7-7-2017.

Applicant’s request that the rejections be held in abeyance until allowable subject matter

is identified. This is not persuasive as the ‘114 application has an earlier effective filing date.

Claims 1-5, 7 and 9-11 stand provisionally rejected on the ground of nonstatutory double

patenting as being unpatentable over claims 1-8 of copending allowed but not yet issued
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Application No. 15/180,203 in view of Chamberlin et al (8,802,820 with an earlier filing date of
October 31, 2007) for reasons made of record in the Office Action mailed 7-7-2017.
Applicant’s request that the rejections be held in abeyance until allowable subject matter

is identified. This is not persuasive as the ‘114 application has an earlier effective filing date.

Claims 1-5, 7 and 9-11 are rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-8 now issued Application No. 15/187,179 published as US
Patent 9,808,537 in view of Chamberlin et al (8,802,820 with an earlier filing date of October 31,
2007) for reasons made of record in the Office Action mailed 7-7-2017.

Applicant argues that the rejection over-reaches in that products used to treat different
diseases are somehow not patentable distinct goes well beyond the law. This is not persuasive,
as Applicant has not addressed the rejection as a whole. The rejection as stated provides for a
different antibody and it is noted that both the antibody of the ‘179 application and the instant
application are claimed to be useful for treating breast cancer. As such, since the drug was
known to treat cancer and the antibodies both known and claimed for treatment of breast cancer
the substitution is of one breast cancer tumor targeting antibody for another breast cancer tumor
targeting antibody is prima facie obvious. Applicant was previously notified that should the
‘203 application issue in the interim, the rejection will be converted to an actual double
patenting rejection.

The rejection is maintained.

Claims 1-5, 7 and 2-11 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 1-16 of copending 15/285,156 in view of
Chamberlin et al (8,802,820 with an earlier filing date of October 31, 2007) for reasons made of
record in the Office Action mailed 7-7-2017.

Applicant’s request that the rejections be held in abeyance until allowable subject matter
is identified. The argument that the ‘156 application is noted, however until the time as

allowable matter is indicated, the rejection is maintained.

Claims 1-5, 7 and 9-11 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 1, 2, 5, 18, 19 and 21-28 of copending 15/302,803
optionally in view of Chamberlin et al (8,802,820 with an earlier filing date of October 31, 2007)

for reasons made of record in the Office Action mailed 7-7-2017.
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Applicant’s request that the rejections be held in abeyance until allowable subject matter
is identified. The argument that the ‘156 application is noted, however until the time as
allowable matter is indicated, the rejection is maintained.

Claim Rejections - 35 USC § 103
It is noted that a certified translation of PCT/JP2015/000355 has not been filed to
establish priority. The filing of the certified translation of the Japanese applications
alone is insufficient inasmuch as the instant application was filed more than one year
after the filing of the Japanese applications. As such, the instant filing date 7-28-2016 is
the priority date for prior art purposes is maintained.

In the event the determination of the status of the application as subject to AIA 35 U.S.C.
102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the
statutory basis for the rejection will not be considered a new ground of rejection if the prior art

relied upon, and the rationale supporting the rejection, would be the same under either status.

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obvioushess
rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102, if the differences between the
claimed invention and the prior art are such that the claimed invention as a whole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be

negated by the manner in which the invention was made.

Claims 1-5, 7 and 9-11 are rejected under 35 U.S.C. 103 as being unpatentable over
WO 2014/061277 published 4-2-2014 hereinafter references as 277, English language
equivalent of specification and claims provided from European family member in view of
Chamberlin et al (8,802,820 with an earlier filing date of October 31, 2007) is maintained for
reasons made of record in the Office Action mailed 7-7-2017.

Applicant argues that the rejection is not proper because once the present application
has been accorded its proper priority date, the WO 2014/061277 will become an exception
under 35 USC 102(b)(2)(C). This is not persuasive as the rejection was made as a 103 based
upen 102(a)(1) and the exception does not apply in this instance and priority has not been

properly established. Should Applicant properly established priority then the rejection would be
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applicable under 35 USC 102(a)(2). It is noted that Applicant has not provided the evidence and
statement required to establish common ownership pursuant to MPEP 717.02(b) Il and 37 CFR
1.104.

“The following statement is sufficient evidence to establish common ownership of, or an

obligation for assignment to, the same person(s) or organizations(s):

Application [the application serial number] and reference(s) [the patent identifier of the
commonly owned applied art] (whether U.S. patents, U.S. patent applications, U.S. patent
application publications, or WIPO patent publication were, at the time the invention was
effectively filed, owned by [the name of the person(s), organization(s), and/or business

entity(ies) that own the application and the commonly owned applied art].

The applicant(s) or the representative(s) of record have the best knowledge of the ownership of
their application(s) and reference(s), and their statement of such is sufficient evidence because
of their paramount obligation of candor and good faith to the USPTO.”

Status of Claims
Claims 1-5, 7 and 9-11 stand rejected. Claims 6 and 8 are withdrawn from
consideration.

Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time policy as
set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
however, will the statutory period for reply expire later than SIX MONTHS from the mailing date

of this final action.
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Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to Patricia Duffy whose telephone number is 571-272-0855. The examiner
can generally be reached on 7:30 am - 4:00 pm. If attempts to reach the examiner by telephone
are unsuccessful, the examiner’s Supervisor Gary Nickol can be reached at 571-272-0835.

The fax phone number for the organization where this application or proceeding is
assigned is 571-273-8300.

//PATRICIA DUFFY/
Primary Examiner, Art Unit 1645
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High expression of TROP2 correlates with poor prognosis in
pancreatic cancer
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and has been targeted by astibody-mediated immunotherapy

) isease {Riethrmuller ef al, 1998; Ruan ef al, 2003},

v (Yoo el gl 19971 Treatment reglmens The human trophoblast cell surface anti
¥

excinding surg TROP2 {also

followed at present are ineffective and do not grolong patient termed GATE a transmemnbrane glycopretein found to be
survival significantly, Survival rates for the 15-209% of patients expressad at high levels by various types of human carcinemas
‘

whty have resectable dises first presentation are disappointing, {Fradet et al, 1984; Stein et @l 199%q; Mokashima 2f af, 2004). In
ending on the status of resection margins and survounding contrast, normal epithelial ussues show Jitde or no TROPZ
nph nodes, Moreover, the prognosis is poor even for those who expression: {Stein ef al, 1993a; et af, 1997} TROP2 is

B undergo complete (RO} resection, The S-yesr overall survival eacoded by the GAZ33- ts intrenless, formed by
rate for all siages is approximately whereas after radical exen-~shuffling and e gene through
jeoduodenectomy it has been reported to range from 25 10 mBNA lnrermadiate (Linoenback , 1993). Recently, TROP2

i i, 2000; Temal ef af, 2005}, To date, thers are no anti At ammaus cell carcinomas of

with tumour aggressiveness
: § al, 2006; Fong er af, 2008}
Moreover, Wang ef @i {2008) were able to identify TROP2 as an
C cancer. oncogene and an atiractve therapeutic target lo colon cancer.
{(EpCAM, These findings indicate a2 petential role for TROP2 in remeur
TROFZ) o be progaosic for a vanety of epithelial cancers {Gastl develeprm n this retrosg e study, we
ef al, 2000; Vargs et af, 2004; Fong of al, 2008}, GAY33 s a member evaluated TROPZ amtigen expresston sund jis correlation with
of a farnily of at least two closaly related genes {GAFEZ-1; TACETDE clinicopathologic features in pancreatic cancer.
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whom formalin-fixed, paraffin-embiedded tissue samples were
ilabie, diagnosed between 1990 and 2008 at the Departrent
Pathology, Innsbruck Medical University, were included in this
retrogpective study. Patients with other pancreatic malignasncies,
ary mucinous adenccarcinoma, acinar
celi carcinorma and malipnant endocrine tuinsars, were excluded,
All tumour specimens were raciassified on hematoxylin-and-eosin-
stainied slides, and histological type and tumeour grade were
ssessed by a patholegist (PM) using standard diagnostic
crife :

contacting the physicians in charge. Tumao 3
cassified acvording o the WHG cdassification and  staged
according to the tumour node wetsstasis classification {Sobin
and Fleming, 1997} Overall survival was defined as the pericd of
time from ial dingnosis to death or last contact, that s, date of
ast follow-up visit. Progres free survival was defined as i
time from surgery with cura ntent to apprarance of dis
recarrence or evidence of new lesions detected by compuied
tomography.

Imrounohistechemistey

TROPZ expression was detenmined by lramunchistochemistry
using a purified goat polyclonal antibody detecting the recombi-
nant fuman TROPZ extracellular domain at a dilution of 1:30
{AFS50, R&D Systemns, Inc., Minnzapoiis, MM, USA) as described
carlier (Foeng ef af, 2008}, Colon carcinoms samples with various
TROPZ expression levels (no, low, mederate, or high expression)
were used 43 positive and wnegaiive contrels. In addition, i0
sawples of normal panc L fissue wer cted from patients
undergoing pancreatic surgery at lmnsbruck Medical University.
TROPL antigen overexprassion was evaluated by two independent
ehsarvers {PM and D) using light microscopy inm a blinded
maner, Discordant cases were reevaluaied on z deulde-beaded
microscope to achieve a consensus. Asntigen expression was
defined as the presence of spe staining on surface membranes
of tamour cells, TROPZ overexpression was evaluated for each
tissue sample by caleulating a total immunostaiaing score as the
product of a2 proportion and intensity scorve. The proy
described the estimated fr m of positive-stained tumour cells
{0, mones; 1, << I0%; 2, 10-50% 3, 51-80%; 4, >80%). The
intensity score represented the estimated staining intzasity {4, no
staining 1, wealk; 2, moderate; 3, strong). The total score ranged
from § o 120 As descebed earller, TROPZ ‘oversxpression’
was defined as a total score of more than 4 (Fong er af, 2008},
Pepresentative  micrograghs  of tumours  wi dominant
membrapous statning of TROPZ are shown jn Figure f.

Statistical analysis

is was performed using the Sratistical ¥
ces S, wversion 104, i
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undergone primary surgical intervention, whereas 34 {279%)
patients wers considered inoperable (¥ cases unknown). Palliative
surgery inciuded palliative bypass or endoscopic bile duct stenting.
I indicaied, patients received standard pemcitabine-based
chemotherapy according o thelr clinical stage and performance
status, In 17 patienis, exact staging accovding to UVICC was not
feasible.

Imomunchistochemistry

As reported eaxlier, isiets of Lange

wans displayed no TROPZ
atic

statning {Stein ¢f al, 19934}, whereas in normel panc
epitheliumm TROP2 expression was weak to moderate {Pigure i)

In  comirast, moderate-to-strong  homogenseus  merpbranous
expression of TROP2 was detected fn 108 (35%) of 197 carcinoma
specirpens, Strong TROPZ expression {score ¥-12) was {ound tn 57
{2993 of 197 cases, moderafe expres 3
cases, weak expression {score §-4) in 76 {39%)
expression (scove 0) ia 2 (6% of
our sarlier defined criteria {Fong et @i,
be overexpressed in 109 {55%) of 197 cases.
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1o 14 months {score 1~-4), 19
re 8- 121} with increasing
idercified TROP2Z over
i topether with a negative resection margin as an
independent proguostc  facror  for  poor  overall  survis
{Tabie 3a) Subszguently, a defailed analysis for the subgroup of
patients who underwent surgery with curative intent {#== 134} was
performed,

i was 15 month
months (score 5-8) and 7 months
ng scores. Multivariate analysis
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{#<G.01; Figure 3B}, Tsbie
for patients treatad surgically with o
refined by stepwise removal of variables, Regarding overali
al, TROFZ overexpression together with a pegative resection

been identified to be an independent proguestic

TROP2 overexpres-
o tnvelvernent by

sion was independent of nodal status and ma
the tumour.

DISCUSSION
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This study describes the progus
cancer. Qverexpres:
197 tumour sample
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Dwing to s immunogenic properties in cancer patients, active an
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have been developed (Riethumuiler 2 all 1998 de Bono ef

The functional ro

(=%

and might regulate tumeoeur cel
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the cytoplasmic domain of TRUP2 contains several potenital
phosphoryistion sites and TROPLZ cress-linking antibedies can
cause a tran yintracetinlar calcium levels (Rasu er al,
1995; Ripani et af, 1998). Moveover, it has been shown that human
s can express an oncogenic hybrid mRNA betwesen
TROP2 and cyclin U, a master regulator of the cell cyce
{Terrinani er af, 2001}, Interestingly, TROPZ seems to be (nvolved
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in reguiating the shift between cell migration and differentiation in
; nordivm Is {Villablanca et af, 2006}, However, its physio-
iggical ligand is still unknown. Schon et al (1993} were able tw
demanstrate that EpCAM can un
that cleavage may activate EpCAM signalling, Similar mechaniems
have been hypothesised for TROPZ (Fornaxs e af, 15995) Revently,
TROFZ sxprassion was shown 1o corrslate with invasive tumaonr
pheastypes and pour prognosis {OBhmachi ¢t al, ; Pong et «l,
20683, In pancreatic cancer, TROFPZ was previcusly reported to be
highly zxprassed {Jacobuzin-Donabue of af, 2002}, wherras Wang
et al {2008} identited TROPZ as an oncogene and a potential
thesapeutic tasget in colon cancer. In {act, blocking experisnenis
with anti-TROP2 antibodies revesled that TROPL can cont
sunour cell migration and invasion. Moreover, &
expression prompted an anchorage-independent g
cancer celis.
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ABSTRACT: DE-310 is a macromolecular carrier conjugate containing an anti-fumor camptothecin derivative, DX-8951, which
is conjugated to a water-soluble polymer via a peptide spacer. Assay methods have been developed for the determination of a
polymer-bonded DX-8951 conjngate, DX-8951, and Glyeyl-E3X-8981 concentrations in murine Meth A tumor tissue. Free DX~

8951 and Glyeyl

-DX-8951 were extracted from tumor tissue homogenates by protein precipitation and analyzed by LOMS/MS

{method I). Conjugated DX-8951 was isolated by solid-phase extraction after digestion with a thermolysin. The productive

¥

phenylalar
8951, and conj

oyl-BX-8951 w

analyzed by LO/MS/MS (method if). The lower limits of quantitation of DX-8951, Glycyl-DIX-
gated DX-8951 were 1.36, 1.34 and 73.7 ng/g (as DX-8951 equivalent}. These iwe methods showed satisfactory

sensitivity, precision and accuracy. To study the pharmacokinetics of DE-310, it would be of great help to assay the polymer-
bonded DX-8951 and its released drugs in tumor tissue. Copyright © 2004 John Wiley & Sons, Ltd.

KEYWORDS: LC/MS/MS; DE-316; camiptothecin; tumor; tissue

INTRODUCTION

DE-310 is a macromolccular carricr  conjugaic
containing DX-8951, which is conjugated 1o a
carboxyvmethyldextran polyalcohol via a glycyl-glyeyl-
phenylalanyl-glyeyl-peptide spacer (Fig. 1). DX-8951 is
a free form of DX-8951f [exatecan; monomethanec-
sulfonate  salt  of (15.95)-1-amino-9-ethyl-5-fluoro-
1,2,3,9,12,15-hexahydro-9-hydroxy-d-roethyl-10H 13 H
benzo{delpyrano[3’,4":6,7}indolizino|1,2-b]quincline-
10,13-dione]. Scveral different drug delivery systems
have been developed for camptothecin analogs to
reduce their severe systemic toxicities and to enhance
their antitumor eftects. DE-310 s designed to permit
specific distribution to tumor tissue and infra-tumoral
cleavage by lysosomal enzymes based on the EPR
(enhanced permeability and retention) effect named
by Maeda er al. (Matsumura and Maeda, 1986; Maeda
et al., 2000; Maeda, 2001). This enzymatic cleavage is

s and Physico-
hovatory, P¥atichi Pharmaceutical Co.
Tokyo 134-8630, Japan.

Lid, ;
E-mail: ogumablg@daiichi

Abbreviations used: APCI, aunosnheuc ressure chemical ionization;
EPR, enhanced permeability and retention; MRM, multiple reaction
monitoring; MTD, maximum folerated dose; QC, quality conirol.
Published online 12 October 2004

Copyright © 2004 John Wiley & Sons, Ltd.

supposed o provide a desited active product. From
a pre-clinical study, it was suggested that cleavage of
this linkage releases free DX-8951 and Glyeyl-
DX-8951 (G-DX-8951) (Fig. 2} into the blood stream
(Inoue et al, 2003). To study the pharmacokinetics
of DE-310, it would be of great help to assay the
polymer-bonded DX-8951 (conjugated DX-8951) and
its released drugs (DX-8951 and G-DX-8951) in tumor
tissue.

Several analytical methods have been developed
for studying polymer-bounded anticancer drugs. Previ-
ous work on a polymer-bounded camptothecin deriva-
tive {MAG-CPT) has demonstrated that the total
levels of CPT (free CPT plus polymer-bounded CPT)
are deternrined after atkaline-mediated hydrolysis of
MAG-CPT (Fraier er al, 2000; Schoemaker er al,
2001). The lower Hmits of quantitation (LLOQs) of this
method were 100 ng/mL. of total and 1 ng/ml. of free
CPT for 50 and 250 uL. of human plasma. A sensitive
HPLC method for a different water-soluble polymer-
bounded compound, doxorubicin {(PK1), has also been
developed (Fraier ef of, 1995). Total (polymer-bound
plus free) doxorubicin was determined after acid hydro-
lysis to release doxorubicinone as aglycones from
free or polymer-bounded doxorubicin. The LLOQs of
this method were 5.1 ng/ml of bounded doxorubicin
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