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Abstract

The advent of monoclonal antibodies has allowed the development of tumour
directed therapies utilising antibody-dependent effector mechanisms and im-
munoconjugates (e.g. drug, isotope and toxin coupled antibodies) against human
malignancies. Preclinical studies in mouse tumour models have been most im-
pressive and have led to numerous clinical trials. Whereas the majority of these
phase I/II trials have been less impressive, a few trials have shown efficacy in
highly pre-treated refractory patients and have led to phase III trials. The thera-
peutic monoclonal antibodies examined in these trials will become clinically avail-
able in the near future.

In this review, various methods of utilising antibody-directed anticancer strat-
egies are presented, with emphasis on recent advances in the field. The advantages
and disadvantages of these methods together with the role of antibody-directed

therapeutics in cancer management are discussed.

Cancer now affects a large percentage of the pop-
ulation!! and although it can occur at any stage in the
life of an individual, most patients are middle-aged
or older. In the US alone, the National Cancer Insti-
tute estimates that this year approximately 1 228 600
new patients will be diagnosed with cancer [ex-
cluding carcinomas in situ (other than urinary blad-
der) or basal and squamous cell skin cancers], and
about 564 800 people are expected to die of the
disease.[?!

Despite considerable advances in the diagnosis
and therapy of cancer over the last 30 years, the afore-
mentioned statistics indicate that current cancer ther-
apies only provide a 40% probability that a patient
diagnosed with cancer today will be alive in 5 years
time. Surgery, radiation and chemotherapy fail to
cure many of the most prevalent cancers, and often
have serious adverse effects associated with their

use. There are numerous reasons for the failure of
these treatments; tumours that cannot be resected be-
cause of their location or metastatic spread, and poor
sensitivity to radiation and/or chemotherapy. The se-
vere morbidity that is often associated with the use
of chemotherapy and radiotherapy often makes them
less than an ideal form of therapy. The relatively low
therapeutic index of many drugsl®] results in severe
toxic effects on many normal tissues when used at
dosages necessary to kill tumour cells.

Therefore, new cancer therapies are being inves-
tigated which aim to specifically target tumour cells
for therapy, sparing normal cells exposure to the cyto-
toxic agent. To enable cytotoxic agents to be spe-
cifically targeted to tumour cells, monoclonal anti-
bodies recognising only the cancer cells for which
they are specific for are being utilised.

The immunological targeting of tumours dates
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Table I. Agents linked to monoclonal antibodies

Agents Examples

Toxins Pseudomonas exotoxin, ricin,

saporin, diptheria toxin

1310dine, ¥Technetium, PYttrium,

™indium, '8Rhenium

Anthracyclines:
Doxorubicin
Daunorubicin
Idarubicin
Nemorubicin

Antimetabolites:
Aminopterin
Methotrexate
Fluorouracil
Floxuridine
Cytarabine

Alkylating agents:
Melphalan
Chlorambucil
Mitomycin
Cisplatin
Trenimon
T-2 toxin

Antimitotic drugs:
Vinca alkaloids
Podophyllotoxin
Colchicine

DNA intercalators:
Ethidium dimer
Neocarcinostatin
Nitroacridine C921

Tyrosine kinase inhibitors:
Genistein

Carboxypeptidase

Alkaline phosphatase

B-lactamase

Glucose oxidase

Cytidine deaminase

TNFo

IFN

IL-2

Radiosensitisers

Photosensitisers

Isotopes

Drugs

Enzymes

Lymphokines

Sensitisers
Other Chemotactic factors

Fluorochromes

NMR contrast agents

IFN = interferon; IL-2 = interleukin-2; NMR = nuclear magnetic
resonance; TNF = tumour necrosis factor.

back to the 1890s with the attempted treatment of
cancer patients with antisera from dogs and in the
original ‘magic bullet’ concept of Paul Ehrlich,*! in
which antibodies are used to specifically target tox-
ins to tumour cells. Over the past 20 years consid-
erable research efforts have focused on developing
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targeting systems for the delivery of cytotoxic drugs,
radioisotopes and toxins to tumour cells as treat-
ment modalities (table I).

Monoclonal antibody-targeted therapy is based
on the presumption that differences in cell-surface
protein expression between cancerous and normal tis-
sues can facilitate the selective targeting of tumours
based on the unique specificity of monoclonal an-
tibodies for tumour associated antigens. Recent ad-
vances in the identification of tumour associated anti-
gens and oncoproteins have provided some ways of
distinguishing between normal and cancerous
cells, and with the advent of hybridoma technology,
these molecules are an ideal target for the produc-
tion of antibodies to be used in antibody based ther-
apies.

Preclinical studies have shown numerous ad-
vantages in the using monoclonal antibody-based
drug therapies compared with conventional che-
motherapy, including:

e the selective delivery of drugs to the tumour cell

e preferential uptake of drug immunoconjugate
by the tumour cell

e plasma clearance of the drug is greatly slowed
which results in higher levels of the drug re-
maining in the circulation and, therefore, pro-
longed exposure of the tumour cells to the drug

e greater drug localisation at the tumour site.

Whereas preclinical studies have shown prom-
ising results in the use of many drug immunocon-
jugates, clinical trials have revealed a number of
problems and limitations associated with this form
of therapy.

1. Monoclonal Antibodies as
Carrier Molecules

Since the initial ‘magic bullet’ concept of Paul
Ehrlich, many studies have been conducted in the
hope of utilising this approach to treat cancer.>¢] The
earliest studies used heteroantisera raised in goats,
mice, sheep, rabbits and horses immunised with can-
cer cells or their subcellular fractions.[”] Heteroan-
tisera were rendered relatively ‘tumour specific’ by
removing antibodies reactive with normal tissue
antigens through their adsorption by normal tissue
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homogenates. The lack of tumour antigen specific-
ity displayed by these reagents rendered these meth-
ods ineffective. The problems with tumour anti-
gen specificity were overcome through the advent
of hybridoma technology.[®] As a result of this tech-
nology, monoclonal antibodies possessing a unique
specificity for their target antigen could be readily
obtained, and greatly extended the possibilities of
targeting cytotoxic agents to tumours.

Monoclonal antibodies display numerous char-
acteristics which make them ideal candidates as
carriers of cytotoxic agents to tumour cells and as
single-agent therapeutic molecules. They are easily
produced, display a unique target specificity and
their affinity towards antigenic epitopes can be
readily selected for. These characteristics resulted in
monoclonal antibodies rapidly surpassing the use of
polyclonal preparations as carriers for the targeted
delivery of cytotoxic agents to tumour cells. The
development of monoclonal antibodies displaying
some degree of specificity for tumours allowed the
concepts of immunological targeting of tumours to
be readily explored, with studies demonstrating that
xenogenic monoclonal antibodies could not only
be safely administered to patients and localise on
tumours,®! but could also have a therapeutic effect
of their own in xenograft models!!%!] and in patients
with leukaemia and lymphoma.l'2-13]

Although therapeutic effects against cancers have
been detected using monoclonal antibodies alone,
and these responses have involved complement-
mediated effects or modulation of effector macro-
phages and natural killer cells,['4] initial clinical re-
sponses to serotherapy have been variable,!!>16] with
animal studies indicating limitations associated
with this approach.['”l However, as a greater under-
standing of the recruitment of effector functions by
naked antibodies is gained, the use of monoclonal
antibodies alone is increasingly contributing to can-
cer therapeutics. The variable tumour effects of mon-
oclonal antibodies alone may be improved by con-
jugation to cytotoxic agents, given that the cytotoxic
potential and mode of action of many drugs and tox-
ins are well understood as many have already been
utilised in the clinic.
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2. Antibodies Alone

Since antibodies are clearly able to function in
vivo after passive or active immunisation, particu-
larly against infectious disease, the question may be
asked as to the therapeutic efficacy of passively
administered monoclonal antibodies against cancer.
In the past, the use of antibodies alone has rarely been
successful because of factors including: (i) amount
of antibody bound; (ii) poor mobilisation of effec-
tor mechanisms by mouse antibodies; and (iii) the
development of immune responses to the foreign
immunoglobulin, referred to as human antimouse
antibodies (HAMA). However, the development of
strategies to overcome the main factors involved in
the poor results has resulted in renewed interest in
their use in naked form. Recombinant monoclonal
antibodies consisting of murine variable sequences
and human constant domains are now available and
some have been tested in clinical trials.!'8-20]

These recombinant ‘humanised’ antibodies bind
complement and have antibody-dependent cellular
cytotoxicity (ADCC) activity and, therefore, have
the potential in humans to activate effector functions
against the tumours that they are specific for. This
humanisation of murine antibodies has significant-
ly reduced HAMA responses associated with their
use. Alternatively, antibody constant domains have
been modified (e.g., altered hinged region) to im-
prove various functional activities for improved
therapy in humans.[>'1 More recently, additional ap-
proaches to increase the antitumour activity of
monoclonal antibodies in vivo by administering bi-
ological response modifiers such as interferons,[??]
interleukins(?3-2%] and colony stimulating factors
have been studied.[?¢]

The use of naked monoclonal antibodies for the
immunotherapy of cancer has involved the utilisa-
tion of various strategies including: (i) recruiting of
effector functions for the destruction of cancer cells;
(i) anti-idiotypic antibodies; and (iii) interference
with the growth and differentiation of malignant
cells. Although the use of anti-idiotypic antibodies
has shown favourable responses, particularly against
non-Hodgkin’s lymphoma, this approach is rarely
used today because of the financial and logistic

Drugs & Aging 1999 Jul; 15 (1)

Page 3



Panousis & Pietersz

limitations associated with the production of anti-
idiotypic molecules and hence will not be discussed
further in this review.

2.1 Recruiting of Effector Functions

Effective treatment of malignant disease with
monoclonal antibodies alone depends on the re-
cruitment of host effector mechanisms such as com-
plement, ADCC and phagocytosis/cytostasis of
monoclonal antibody coated tumour cells.?”] The
anticancer effect of naked monoclonal antibodies
has been shown to be dependent on the Fc portion
of the antibody molecule and its isotype. Human ef-
fector cells which express the Fc receptor are capa-
ble of mediating ADCCI?8! and it has been shown
that interleukin (IL)-2 can also activate these cells
to facilitate ADCC against target cells.?] Several
studies in animalsP% and patients[?>132] have com-
bined IL-2 with monoclonal antibodies and demon-
strated antitumour effects.

In patients with stage III colorectal cancer, anti-
body treatment has been shown to reduce the overall
death rate by 30% and decrease the recurrence rate
following potentially curative surgery by 27%.[33]
Preclinical studies into the effect of monoclonal
antibodies against renal cell carcinomas have been
promising.[>* Renal cell carcinoma is relatively re-
sistant to chemotherapy and radiotherapy, and most
monoclonal antibodies raised against human renal
cell carcinoma induce little complement-dependent
cytotoxicity or ADCC. In this study,* a chimeric
antibody (ch-G250) comprising a murine variable
region which recognises a tumour associated anti-
gen expressed on 95% of primary and 80% of meta-
static renal cell carcinomas, was engineered onto the
constant region of human immunoglobulin (Ig)G1
isotype. This antibody facilitated potent ADCC
against several renal cell carcinoma cell lines and
clinical radio-localisation studies demonstrated the
relative tumour-targeting potential of this antibody.

The most promising recent results on the use of
a naked monoclonal antibody against human can-
cer comes from recent phase III results of an anti-
CD20 antibody, rituximab (Rituxan®, IDEC Phar-
maceuticals/Genentech). Of 151 evaluable patients
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with relapsed low grade or follicular non-Hodgkin’s
lymphoma, 76 responded to treatment with rituxi-
mab as a single agent for an overall objective re-
sponse rate of 58 to 50%, including 6 to 10% com-
plete responses. In combination with chemotherapy,
phase II results indicate an overall 100% response
rate, with 63% complete responses.[331 Although
these results are undoubtedly impressive, the use of
monoclonal antibodies alone on most other cancers,
particularly solid tumours, have failed to produce
such results.

2.2 Blocking Antibodies

Monoclonal antibodies that interfere with the
growth and regulation of cancer cells, by ‘blocking
the accessibility of these tumours to stimulating
molecules’, have shown some encouraging results
in recent phase I clinical trials and preclinical stud-
ies. In a recent phase I trial,[] in 13 patients with
previously treated small cell lung cancer (SCLC), the
use of a murine monoclonal antibody (2A11) pro-
duced 1 complete reduction of radiographically de-
tectable tumour lasting 4 months, whilst 4 patients
(33%) had stable disease. 2A 11 is a monoclonal anti-
body which binds to gastrin-releasing peptide. Since
SCLC cells express and secrete gastrin-releasing
peptide which binds to receptors and stimulates
growth of these cancer cells, the high affinity bind-
ing of 2A11 to gastrin-releasing peptide impairs this
interaction. Anti-epidermal growth factor receptor
(EGFR) blocking antibodies have also been evalu-
ated in recent phase I trials.

In 1 study,*”] the first rat monoclonal antibody
(Mab ICR-62) to EGFR was administered to 11 pa-
tients with squamous cell carcinoma of the head and
neck, and 9 patients with squamous cell carcinoma
of the lung with all tumours expressing EGFR. No
serious toxicities were observed with the use of the
rat antibody and only 4 of 20 patients developed hu-
man anti-rat antibodies (HARA). Localisation of the
antibody to tumour membranes was seen. Anti-
EGFR antibodies have also been evaluated in a re-
cent preclinical study against human prostate car-
cinoma.P8! In prostate cancer, a correlation exists
between overexpression of EGFR and poor clinical
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prognosis. Since late-stage metastatic disease is char-
acterised by a change from paracrine to autocrine
expression for transforming growth factor (TGF)-o.
(ligand for EGFR), the blockage of this interaction
using a monoclonal antibody [anti-EGFR mono-
clonal antibody 225 (C-225)] may offer a means of
therapeutic intervention of this disease. C-225, ei-
ther alone or in combination with doxorubicin, sig-
nificantly inhibited tumour progression of tumour
xenografts in nude mice.

Although blocking monoclonal antibodies to
gastrin-releasing peptide and EGFR are providing
encouraging results in preclinical studies and phase
I trials (gastrin-releasing peptide), the therapeutic
efficacy of these treatment strategies in more ad-
vanced trials remains to be seen. Nonetheless, the
potential of utilising the unique specificity of
monoclonal antibodies to block important ligand-
receptor interactions required for the maintenance
of the malignant phenotype by certain tumour types
should not be understated and warrants further
evaluation.

3. Immunoconjugates

Four different agents can be used to arm antibod-
ies against cancerous cells —isotopes, drugs, toxins
and enzymes. Many examples of each of these moi-
eties have been used for preclinical studies (table I),
but few have progressed beyond phase I/II studies.
At present, it is debatable which is the ideal entity
to use — each have their advantages and disadvan-
tages (table II). While enzyme-antibody conjugates
have been studied widely for use in prodrug activa-

Table Il. Comparison of immunoconjugates

tion and the use of antibody pre-targeting strategies
are appearing in the literature, in this review, we will
focus on the salient features of the 3 direct therapeutic
moieties: isotope, drug and toxin-immunoconjugates.

3.1 Isotopes

The use of isotopes in the formation of antican-
cer immunoconjugates has been a popular choice as
they are readily available, in general, are easily con-
jugated to antibodies and, as they are radiolabelled,
the in vivo distribution, half life and tumour accu-
mulation can be easily detected. They are mostly non-
immunogenic and their small size, relative to pro-
teins and drugs, aids tumour penetration. These
characteristics have resulted in more clinical stud-
ies being undertaken with radiolabelled antibodies
than with any other form of conjugate, in particular
with !3liodine, although more recently *yttrium has
been used.[*’]

Radionuclides potentially useful as immuno-
conjugates can be divided into 3 major groups:
halogens, technetium/rhenium and other metals
(table III). The main disadvantages associated with
radionuclide use lies in the need to handle large
amounts of radioactive material and that isotopes,
particularly yttrium, can irradiate normal tissues
(such as bone marrow) as well as cancerous tissue
because of their strong emission energies. This last
problem can be overcome by storing autologous
marrow prior to treatment for post-therapy reinfu-
sion. Whereas in this case the irradiation of bone
marrow is an unwanted adverse effect associated
with the use of radionuclide, compared with drug-

Parameter Isotope Drug Toxin/enzyme
Chemistry Easy Difficult Easy

Yields High Medium Low
Stability/half-life Variable Good Good

Handling Difficult No problem No problem
Tumour heterogeneity Good Not good Not good

Damage to surrounding tissues Yes No No

Damage elsewhere Yes No Yes
Anti-conjugate antibodies No Usually no Yes (toxins)
Access to tumour Good Good Depending on size
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or toxin-labelled antibodies, at the cellular level the
irradiation of surrounding tissues may in fact irra-
diate and destroy tumour cells that do not bind the
immunoconjugates (as they lack the antigen or have
a low density of antigen expression). In comparison,
toxin and drug-based immunoconjugates would
not be able to effect these cells as tumour cell erad-
ication can only be facilitated following the bind-
ing of the immunoconjugate to antigenic epitopes
on the surface of the cell. In practice this has yet to
be conclusively proven.

Some of the best results obtained yet with immun-
oconjugates in patients have been against lymphoma’s
with 3liodine labelled anti-CD20 antibodies and
non-myeloblative doses of '*'iodine-tositumomab
(Bexxar®, Coulter Pharmaceuticals).[*041] Myelo-
blative doses of '3liodine-tositumomab have pro-
duced even better therapeutic results. In another
lymphoma trial, the use of *!iodine-lym-1 (anti-
HLA-DR) antibodies provided some promising re-
sults,[*?! and the use of ytrrium-BrE-3 antibodies
in breast cancer were promising.[*}] For the other

Table lll. Radionuclides for monoclonal antibody radiolabelling

radioisotopes listed, preclinical studies have been
performed, but few clinical trials.

3.2 Cytotoxic Drugs

The conjugation of anticancer drugs to mono-
clonal antibodies is chemically difficult as most of
the drugs in common use are hydrophobic and are
conjugated with difficulty to hydrophillic antibod-
ies. A number of methods have been developed and
most rely on conjugation of the drug through modi-
fication of the drug moiety. Carboxylic acid group-
containing drugs are activated by forming N-hy-
droxysuccinimide esters which can then react with
antibody amino groups to form amide linkages be-
tween the drug and antibody.[*4] Hydroxyl group-
containing drugs are reacted firstly with succinic
anhydride to introduce a carboxylic acid group and
then coupled to the antibody utilising methods sim-
ilar to other carboxyl group containing drugs.[*’]
These and other methods have been extensively re-
viewed elsewherel* and resultin 4 to 10 drug mol-
ecules being conjugated per molecule of antibody.

Isotope Half-life Energy (KeV) Decay Comments

Halogens

31odine 8 days 182 v, B High energy; good local toxicity; y emissions
for imaging

1230dine 13h 159 Auger Low energy radiation capable of specific cell
kill if near nucleus

125)0dine 60 days 27-35 Auger Low energy radiation; commonly used for
preclinical characterisation

21 Astatine 7.2h 5900 o High energy radiation capable of cell killing
with few emissions

Technetium/rhenium

99MTechnetium 6.0h 140 v Inexpensive; ideal for imaging

185Rhenium 3.7 days 11008, 137y v, B Can be used in both imaging and therapy

188Rhenium 17h 21108, 155y v, B Carrier free

Other

9Oyttrium 2.5 days 2200 B High energy B emissions for cell killing

"ndium 2.8 days 274 Y Suitable for imaging

212Bismuth 1h 6100 o Some B emissions

213Bismuth 47 min 8400 o Some B emissions

32phosphorus 14.3 days 1700 B Pure high energy B emitter

KeV = kiloelectron volts.
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In general, the conjugation procedure can result
in up to a 10-fold decrease in drug activity and a
loss in antibody activity. The deleterious effects of
conjugation on antibody and drug activities tend to
increase as the number of drug molecules conju-
gated per molecule of antibody increases. There-
fore, a compromise must be reached where enough
drug is conjugated to permit the delivery of a ther-
apeutic dose to the tumour cells, while not compro-
mising the conjugate through losses in activity.

An interesting exception to this rule has been
observed when using alkylating drugs such as chlor-
ambucil or melphalan wherein an increase in drug
activity has been observed.[*7] Following conjuga-
tion, the drug-antibody conjugates are generally
stable and display specific anti-tumour effects with
minimal adverse effects in vivo. As noted in table I,
although neither isotope nor drug-antibody conju-
gates are likely to be immunogenic, it is possible
for these entities coupled to antibodies to act as hap-
tens and there has been a report of the vinca alka-
loid used in a vinca alkaloid-antibody conjugate
being immunogenic.[*8]

3.3 Toxins

Toxins are usually of plant or animal origin and
most work has been done with either whole ricin or
ricin A chain. Most of these toxic molecules consist
of 2 chains — one which binds to carbohydrate res-
idues present on virtually all cells (B chain), and a
second, the A chain, which is toxic intracellularly.
Ricin is extremely toxic, with 1 molecule of ricin
able to inhibit the protein synthesis machinery and
lead to cell death. Since intact ricin molecules can
bind to almost all cells through the B chain, iso-
lated A chains have been conjugated to antibodies
for therapy.[*9] Because intact ricin is generally more
potent than A chain derivatives, methods have been
developed which can mask the carbohydrate bind-
ing site on the B chain.[%31]

Chemical linkage of protein toxins to antibodies
is generally straight forward and relies on the use
of disulphide bridges. However, this procedure is
not very efficient and immunoconjugate yields are
generally low. Although extremely toxic to cancer

© Adis Infernational Limited. All rights reserved.

cells, this toxicity can also lead to nonspecific tox-
icities, especially against liver tissue. Ricin A-chain
immunoconjugates have been reported to bind to
the liver. However, deglycosylation of these com-
pounds has partly overcome this disadvantage.
Further disadvantages include the relatively large
size of toxin molecules (e.g. Mwt = 65 000 for ri-
cin) and the development of antibodies to the tox-
ins as they are immunogenic.

3.4 Which of These Agents to Choose?

As indicated in table II, all of these immuno-
conjugates have advantages and disadvantages as-
sociated with their use. Although at this time it is
important that preclinical and phase I/II trials are
conducted so that value of existing and emerging
immunoconjugates can be compared, ongoing and
planned phase III clinical trials, together with ac-
ceptance and continued use by the medical com-
munity, will ultimately dictate the overall useful-
ness of immunoconjugates against cancer.

4. Clinical Examples of
Immunoconjugates

As mentioned in section 3.1, by far the most
commonly used moiety for clinical studies into im-
munoconjugates against cancer have been isotope-
antibody conjugates, rather than drugs or toxins. In
this section we will highlight illustrative examples
of the use of these immunoconjugates.

4.1 Isotopes

The potential of monoclonal antibodies in the
radioimmunotherapy of cancers has been recog-
nised for some time but, to date, clinical success
with radioimmunotherapy has been limited. Most
radioimmunotherapy studies are conducted with the
medium energy [ emitter '3'iodine [0.6 MeV (mil-
lion electron volts)], as labelling antibodies with
this radionuclide is relatively straight forward and
the gamma emissions of this isotope allow for tu-
mour imaging and quantitative biodistributive
studies. Clinical studies in this area have been ex-
tensively reviewed and only recent studies are

Drugs & Aging 1999 Jul; 15 (1)
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Table IV. Clinical studies with isotope-antibody conjugates

Disease No. of Antibody (isotope)  Toxicity Response References
patients
B-cell ymphoma and 20 Lym-1 ("37) Moderate 10% CR, 85% PR, 5% PD 42
B-cell leukemia
B-cell lymphoma 25 anti-CD20 Myelosuppression 18/21 objective responses, 16 CR 40,41
tositumomab (1) (stem cell reinfusion)
Ovarian cancer 12 B72.3 (1¥)) 2CR,4PD,1SD,5PR 52
Ovarian cancer 25 HMFG (°°Y) Myelosuppression Tumour regression in 1 patient, ascites 53
decrease in 1 patient
Ovarian cancer 27 CC49 ("7Lu) Arthralgia, 1/13 patients with gross disease had 54
myelosuppression >50% tumour reduction, 7/9 patients
(<1cm nodules) progressed and 2/9
disease free at 4-5mo. Microscopic
disease — 4/5 disease free at >6 to 35mo
Non-Hodgkin’s 16 LL2 ("31) Myelotoxicity 2 PR, 2 mixed responses, 1 NR in 5 55
lymphoma evaluable patients
Hodgkin’s disease 45 Anti-ferritin (°°Y) Haematological 62% response in 29 assessable patients, 56

9/18 CR (2-26mo)

Colorectal cancer with 10 Anti-CEAF6 ("*")  Haematological 1PR, 28D, 6 PD 57
liver metastases

CEA expressing 13 Anti-CEA NP-4, Haematological 6 SD (3.5-7mo) 58
tumours HAMA (311)

CEA = carcinoembryonic antigen; CR = complete response; HAMA = human antimouse antibodies; HMFG = human milk fat globule; NR =
no response; PD = progressive disease; PR = partial response; SD = stable disease.

summarised in table IV. The radionuclide *®ytrrium
is an attractive alternative to '3!iodine owing to its
high energy pure § emissions (2.3 MeV) and rela-
tively short half-life. With ®ytrrium, dose-limiting
toxicity frequently results in myelosuppression as
Pytrrium, when dissociated from antibody, accumu-
lates in bone and causes marrow toxicity. The advent
of new macrocyclic bifunctional chelating agents
consisting of a moiety for antibody attachment and
a metal chelator,[>*:%0] has allowed the production
of more stable *ytrrium immunoconjugates with
favourable biodistribution characteristics.[61-63]
To date, most clinical studies with 3liodine-
immunoconjugates have been conducted against
lymphomas. It is within this group of haematologi-
cal malignancies that the most impressive clinical
results have been obtained to date and this form of
therapy is crossing the threshold to becoming the
standard mode of treatment. Initial studies using
BBlipdine-lym-1 (anti-HLA-DR) indicated that B-
cell lymphomas and leukaemias appeared highly
radiosensitivel*2] and impressive results have been
obtained using !3'iodine-labelled antibodies in

© Adis Infernational Limited. All rights reserved.

these diseases. In recent studies myeloblative doses
of Bliodine-tositumomab with autologous stem cell
rescue have yielded response rates in excess of 90%
with 79% complete remissions, and remission du-
ration over 3 years.[4!]

Whereas radioimmunotherapy is most success-
ful against lymphomas, in solid tumours the initial
preclinical studies which showed radiotherapy to
be superior to chemotherapy, have not lived up to
expectations when subjected to clinical trial. In 1
study, a complete clinical remission was noted in a
patient with refractive ovarian cancer treated with
amurine anti-carcinoembryonic antigen (CEA) an-
tibody, anti-CEA-monoclonal-antibody-'3'T-MN-
14.164] Grade 1 thrombocytopenia and grade 2 leu-
copenia were reported following the second of 3
injections. However, all adverse effects were tran-
sient with both reversing within 6 weeks. In a recent
phase I/II study using '3'iodine-labelled anti-CEA an-
tibody F6 F(ab’); in 10 patients with non-resectable
liver metastases from colorectal cancer, 9 patients
with radiological evidence of liver metastases
showed uptake of the radiolabelled antibody.[>”]
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The only toxicity observed was haematological and
tumour response was evaluated in 9 out of 10 pa-
tients with 1 patient showing a partial response of
1 metastasis and a stable evolution of the metastases,
2 patients had stable disease and 6 showed tumour
progression. In a trial examining radioimmuno-
therapy in breast cancer using !3'iodine-labelled
ChL6 antibodies, 6 of 10 patients treated had clin-
ically measurable responses to treatment, and 5 had
responses that lasted greater than 1 month.

Although lymphoma is the form of cancer best
studied and responsive to radioimmunotherapy, solid
tumours refractory to other forms of therapy have
displayed some responses in phase I/II trials. It is
believed that this form of therapy against solid tu-
mours is best targeted to minimal residual disease
and in the future this should be the prime target for
the use of immunoconjugates.

4.2 Drug-Antibody Immunoconjugates

Impressive preclinical data on the use of drug-
antibody immunoconjugates in the treatment of
cancer has led to their use in clinical trials (table V).

Table V. Clinical studies with drug-antibody conjugates

Whereas most are phase I trials carried out in pa-
tients with advanced disease have less than impres-
sive results, the results of recent phase II trials on
the use of a new investigational immunoconjugate
(CMA-676) in patients with acute myeloid leukae-
mia have been most promising.[74] Of 39 patients
treated in a study determining appropriate dosing for
patients with leukaemia, 2 patients achieved com-
plete remission of the disease for approximately 6
months. In addition, 7 patients achieved ‘morpho-
logical remission’— the temporary removal of all
leukaemia cells from the blood. The immunocon-
jugate used in this study has utilised an anti-CD33
monoclonal antibody coupled to the extremely po-
tent anticancer drug calicheamicin. Calicheamicin
is known to be approximately 1000-fold more ac-
tive than doxorubicin against murine tumours, and
its ability to cause double-stranded DNA breaks at
very low concentrations is believed to be respon-
sible for its potent antitumour activity.[”] CMA-
676 is now in a pivotal clinical study in 13 centres
in North America. Supporting European studies
have begun.

Disease No. of patients Drug

Toxicity

Response Reference

Colorectal and ovarian 4
cancer

Vindesine None

None 65

Neuroblastoma 7 Daunorubicin, Marrow depression 3/7 NED, 1/7 PR, 2/7 MR 66
chlorambucil
Colon cancer 41 Neocarzinostatin Leucocytosis fever 3/8 tumour decrease, 3 67
pain relief
Various 23 Doxorubicin Rash, chills, fever, 5/23 MR 68
haemopoetic depression
Colon cancer 10 N-acetyl melphalan ~ Serum sickness 3/9 MR 69
Various 19 Mitomycin Thrombocytopenia, diarrhoea, 1 SD 70
Gl bleeding
Colon cancer 13 Vinca alkaloid Gl tract toxicity, abdominal pain  None 71
Various 43 Doxorubicin, Doxorubicin: fever chills, rash ~ 5/43 (doxorubicin) 72
mitomycin haemopoetic depression
alopecia. Mitomycin: fever
chills, rash, thrombocytopenia
Non-small cell lung 5 Methotrexate Fever, chills, vomiting, None 73
cancer diarrhoea
Acute myeloid 39 Calicheamicin Fever, chills, some degree of 2 CR, 7/39 ‘morphological 74

leukaemia

liver toxicity in 3/39

remission’

CR = complete response; Gl = gastrointestinal; MR = minor response; NED = no evidence of disease; PR = partial response; SD = stable

disease.
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It is clear from the effectiveness of CMA-676 that
the need for extremely potent drugs in the develop-
ment of drug-antibody conjugates is paramount.
Since the high specificity of monoclonal antibody al-
lows for the delivery of high levels of the drug to
the tumour with minimal systemic toxicity, and tu-
mour imaging in patients has shown that the pro-
portion of monoclonal antibody localising to the
tumour is usually less than 0.01%,[7%1 only immuno-
conjugates carrying potent anticancer drugs can be
expected to produce significant positive clinical re-
sults.

4.3 Toxins

There have been several clinical trials with toxin
antibody conjugates. These have been with ricin, ricin
chain A and pseudomonas exotoxin (table VI). Dose-
limiting toxicity for whole ricin antibody conju-

Table VI. Clinical studies with toxin-antibody conjugates

gates is mainly hepatotoxicity, whereas ricin A chain
conjugates can give rise to capillary leak syndrome.
In a recent phase I study on the use of an anti-CD25
ricin chain A immunotoxin in patients with refrac-
tory Hodgkin’s lymphoma,®4 responses included 2
partial remissions, | minor response, 3 stable disease
and 9 progressive diseases. Given these patients were
heavily pretreated, these results indicate clinical ef-
ficacy of this new immunotoxin. The first report of
immunotoxin activity against epithelial tumours is
a phase 1 trial on the use of immunotoxin LMB-1
[anti-Le(Y) monoclonal coupled to pseudomonas
exotoxin](®] in 38 patients who had failed conven-
tional therapy and whose tumours expressed Le(Y)
antigen. Objective antitumour activity was observed
in 5 patients, 18 had stable disease and 15 progressed.
A complete remission was observed in a patient with
metastatic breast cancer to supraclavicular nodes.[8%]

Disease No. of Conjugate Toxicity Response Reference
patients

Metastatic colon cancer 17 791T/36-Ricin A Decrease serum albumin, fever, 5/17 mixed 77
proteinuria, mental status change responses

Metastatic breast cancer 4 260F9-r-Ricin A Bodyweight gain, oedema, dyspnea, = None 78
hypoalbuminaemia

Metastatic breast cancer 5 260F9-r-Ricin A Fluid overload None 79

Metastatic melanoma 20 XMME-001 RTA + Capillary leak syndrome None 80

cyclophosphamide
H65-Ricin A
(aCD5-Ricin A)

Cutaneous T-cell ymphoma 14

B-cell lymphoma 25 o-B4-blocked Ricin
Metastatic melanoma 20 Xomazyme-Mel
Refractory Hodgkin’s 15 RFT5-SMPT-dgA
lymphoma (aCD25-Ricin A)
Solid tumours 38 LMB-1-P.exotoxin
Leptomeningeal neoplasia 8 454A12-rRA

(«TFR-Ricin A)

Non-Hodgkin’s lymphoma 23
Metastatic colorectal cancer 12

IgG-HD37-SMPT-dgA
XMMCO-791/RTA

Myalgia, mild hypoalbuminaemia with
bodyweight gain, oedema, fevers

Hypoalbuminaemia and

4PR (3-8mo) 81

1CR,2PRand 82

thrombocytopenia 8 MR
Oedema, bodyweight gain, 1CR (12mo), 1 83
hypoalbuminaemia MR (3mo)
Vascular leak syndrome 2PR,1MR, 3 84
SD
Vascular leak syndrome 1CR, 5 85
objective
responses, 18
SD
CSF inflammatory response at 4/8 >50% 86
high doses reduction of
tumour cell
counts in CSF
Acrocyanosis 1PR,1CR 87
Non-cardiac pulmonary oedema None 88

CR = complete response; CSF = cerebrospinal fluid; IgG = immunoglobulin G; MR = minor response; P = pseudomonas; PR = partial

response; SD = stable disease; TFR = transferrin receptor.
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The major dose-limiting toxicity was found to be
vascular leak syndrome.

5. Summary and Future Directions

At this time, the use of naked antibodies and
immunoconjugates in cancer therapy is viewed pes-
simistically by many. However, such views are in-
appropriate given the results from clinical trials re-
ported over the 5 years and results yet to be formally
reported. In the case of lymphomas, radioimmuno-
therapy is crossing the threshold of becoming a stan-
dard mode of treatment. Thus far, mostly phase I/I
trials have been conducted with any toxic moiety of
isotope, drug or toxin conjugated to antibody and,
therefore, it is too early to determine the efficacy
of these agents.

Traditionally, these studies are performed in pa-
tients with advanced disease who are unlikely to dis-
play major responses to these new forms of therapy.
For the most part, most agents are potent, specific,
relatively non-toxic and successfully target tu-
mours. Preclinical studies have been impressive and
positive responses noted in vivo. Although problems
with HAMA are a major impediment to the use of
murine monoclonal antibodies, the further imple-
mentation of chimeric, humanised or fully human
antibodies as immunoconjugates will solve this prob-
lem. The relative non-toxicity of the treatment should
encourage the development of new anticancer agents
which on their own are far too toxic to be utilised,
but when coupled to antibodies can be used in hu-
mans.

Although outside the scope of this present review,
genetic engineering techniques are being utilised
to manufacture recombinant antibodies with better
tumour targeting characteristics. It can be envisaged
that in the future most or all patients with stage I/11
disease will receive immunoconjugate therapy, to-
gether with more traditional forms of therapy, after
surgery, irrespective of whether microscopic dis-
ease is detected or not. The unique specificity of
monoclonal antibodies of being able to reach micro-
scopic tumour deposits, outside the reach of surgi-
cal intervention, makes them ideal reagents in this
regard.

© Adis Infernational Limited. All rights reserved.
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