
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ABSTRACT 
Antibodies have come a long way from those first 
isolated by hybridoma over 30 years ago to 
modern engineered fragments, constructed by 
rational design. The use of antibodies in cancer 
therapy is increasing rapidly, with 11 antibodies 
approved over the past decade and more than 500 
ongoing clinical trials involving monoclonal 
antibodies. The combination of the antibody's 
inherent characteristics with the growing pool of 
tumour-specific antigens has generated a wide 
array of antibody-derived tools that are specifically 
designed to suppress and eliminate cancer cells. 
This review will examine some of the many novel 
antibodies and antibody-based approaches that are 
currently being developed for clinical application 
as the new generation of anti-cancer agent therapies. 
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INTRODUCTION 
The last decade has seen a burgeoning use of 
antibodies (Abs) in cancer therapy. The inherent 
characteristics of these molecules - high specificity 
and affinity, low molecular weight and high 
clearance rate - are harnessed for the development 
of new therapeutic agents that are tailored for a 
specific subset of patients, according to the 
molecular phenotype of the malignancy, a concept 
which has come to be regarded as ‘personalized 
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medicine’. To date, 11 antibodies are approved for 
the treatment of cancer by the FDA, and two are 
pending approval after conclusion of Phase III 
trials (Catumaxomab, Pertuzumab). These include 
Abs targeting epitopes of haematological as well 
as solid cancers. In addition, a multitude of Ab-
fragments or derivatives are in various stages of 
development: of 495 in Phase III clinical trials 
with monoclonal antibodies (mAbs), 259 (52.3%) 
are intended for cancer therapy (from search 
results for ‘monoclonal antibody’, ‘interventional 
studies’, ‘Phase III’ on 21 September 2011). 
Antibodies consist of three distinct domains: two 
antigen (Ag)-binding domains (Fab) and a single 
constant fragment (Fc). Epitope selectivity is 
maintained through the Fab fragments, where 
three complementary determining regions (CDRs) 
- which are hyper variable segments - are located. 
The Fc portion is responsible for the elimination 
of the Ag by several mechanisms: antibody-
dependent cell cytotoxicity (ADCC) or 
complement-dependent cytotoxicity (CDC). ADCC 
is mediated through the binding of the Fc to Fc 
receptors, particularly FcγRIII, expressed by NK, 
DC, macrophages and mast cells. Binding the Ag-
bound Ab to the Fc receptor (FcR) activates the 
immune cells and promotes target-cell lysis. CDC 
is mediated by the binding of the Fc to C1q protein 
and onset of subsequent protein interactions leading 
to the generation of membrane attack complexes 
(MACs) on the target cell’s membrane, and to its 
lysis. These mechanisms were shown to govern the 
activity mediated by a number of FDA approved 
Abs (rituximab, alemtuzumab, ofatumumab, and 
trastuzumab) [1-3].  
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IgG1 Ab, ImClone) is currently in Phase III trial 
with patients with non-squamous or squamous 
non-small cell lung carcinoma (NSCLC). 
Zalutumumab (human IgG1, Genmab) is an anti-
EGFR Abbeing tested in Phase III trials against 
head and neck squamous cell carcinoma. Although 
overall survival was not significantly prolonged in 
Zalutumumab-treated patients, progression-free 
survival favoured this treatment [4].  
HER-2 (human EGF receptor 2) is overexpressed 
in 25-30% of invasive breast cancers and is 
associated with poor disease-free survival. 
Herceptin (Trastuzumab), the FDA-approved 
humanized IgG1 mAb, recognizes an epitope on 
the extracellular domain of HER-2 and is used for 
the treatment of metastatic breast cancer. It 
induces receptor-internalization and apoptosis. 
Herceptine has showed a 15-35% response rate as 
a sole agent [5]. Pertuzumab, another antibody 
targeting HER-2, acts in a similar manner to 
Trastuzumab by targeting a different epitope upon 
the HER-2 molecules. In recent Phase III trials in 
metastatic breast cancer patients, Pertuzumab 
was tested, in combination with Trastuzumab 
and Docetaxel, on previously untreated patients. 
Results showed an increase of six months in 
median-free survival in patients treated with 
Herceptine, Pertuzumab and chemotherapy without 
additive toxicity, compared to the control group 
[6]. MM-111, a bi-specific Ab targeting 
HER2xHER3, and Trastuzumab-DM1, a drug-
conjugated form of Herceptine, both target HER-2 
and will be discussed later. 
Angiogenesis is a physiological process in 
embryogenesis and development. This process is a 
hallmark of almost all solid tumour development. 
In tumour cell growth, the production of pro-
angiogenic compounds, such as vascular endothelial 
growth factor (VEGF), angiopoietins, placental 
growth factor, basic fibroblast growth factor and 
various cytokines, is upregulated [7]. These tumour 
vessels display aberrant growth patterns, and are 
usually irregular, heterogeneous and leaky. By 
targeting the vascular compartment with specific 
angiogenesis inhibitors, tumour growth can be 
inhibited and sometimes tumour regression can be 
achieved [8]. To date, Bevacizumab (Avastin) is 
the only anti-angiogenic mAb approved by the 
FDA for the treatment of breast, colorectal and 

Target antigens 
The application of antibodies in the clinic is 
dependent upon the specific binding of these 
molecules to their target epitope, and the 
selectivity of this binding to the desired cells, and 
to these cells alone. This selectivity is achieved by 
the isolation and generation of antibodies and 
their derivatives towards Ags whose expression is 
localized to tumour cells. These tumour-associated 
Ags (TAA) can be divided into three groups, 
based on their expression profiles:  
1.  Ags derived from differentiation Ags 

expressed in a specific stage in the cell’s life, 
such as the cancer-testis family of epitope, 
including, among others, NY-ESO-1 and the 
MAGE-1. Other attractive epitopes are those 
specific to a certain cell lineage, such as the 
melanoma-specific gp100, MART-1, and 
Tyrosinase Ags, which are uniquely expressed 
in melanocytes. 

2. Epitopes derived of mutated intracellular 
proteins, such as β-catenin in colon cancer.  

3. Ags derived from gene overexpression/ 
amplification (e.g., HER-2/neu). 

 
Over-expressed antigens 
Over expressed molecules in cancer cells include 
several distinct families: the EGFR family, VEGF 
molecules, and distinct upregulated molecules, 
such as the carcino-embryonic Ag (CEA) and the 
epithelial cell adhesion molecules (EpCAM). 
Growth factors and their trans-membranal receptor 
tyrosine kinases (RTKs) play an important role 
in cell proliferation, survival, migration and 
differentiation, and thus have an active role in the 
development of tumours. The EGFR family, which 
includes EGFR, HER2/neu, HER3 (ERBB3) and 
HER4, is overexpressed, dysregulated or mutated 
in many malignancies: lung, brain, kidney, breast, 
colorectal and ovarian cancers, for instance. 
Cetuximab (Erbitux) and Panitumumab (vectibix) 
are two Abs approved by the FDA which target 
EGFR and share certain traits. Both act as 
antagonists of the receptor, and in addition 
prevent dimerization and RTK activation. In 
addition, Cetuximab also facilitates ADCC. Two 
other Abs targeting EGFR are currently undergoing 
clinical evaluation: Necitumumab (fully human 
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targeted by recombinant T-cell receptors (TCRs). 
However, the affinities of most TCRs produced 
until now are too low to enable detection of target 
structures under normal assay conditions. In 
addition, most of the recombinant TCRs that have 
been generated, mainly in a single-chain version, 
have been found to have limited stability [11-12]. 
In light of this, the new generation of Abs, which 
possess both the unique specificity of T-cells and 
the high affinity of an Ab, have great therapeutic 
potential. These soluble antibodies can be produced 
in large quantities, penetrate tumours better and 
exert biological activity that is similar to T-cells. 
They are also more efficient and less difficult to 
use in a therapeutic modality. TCR-like Abs have 
many advantages: they combine the features of 
both the cellular and humoral arms of the immune 
system; as antibodies, they can be produced as 
soluble, high-affinity, high-specificity molecules; 
and they have the ability of T-cells to inspect the 
intracellular state of cells, and help to detect and 
eliminate virus-compromised or transformed cells. 
TCR-like Abs have been used in research to study 
the nature of Ag presentation. The availability of a 
selection of TCR-like Abs targeting various 
melanoma epitopes have revealed that presentation 
of epitopes on cancer cells is not uniform. In one 
study, Michaeli et al. have found that, while 
MART-1 and gp100-derived peptides are expressed 
in moderate numbers on melanoma cells obtained 
from patients, HLA-A2/tyrosinase-369-277 complexes 
were presented in approximately 4000 complexes/ 
cell. This high presentation might be the root of 
the difficulty in detecting tyrosinase-specific T-
cell clones in patients, while MART-1 and gp100 
are among the more immunodominant epitopes 
[13]. Thus, TCR-like Abs serve as an important 
epitope selection tool for the clinic.  
Similar to mAbs that target specific tumour Ag, 
TCR-like antibodies are being used to mediate 
ADCC and CDC. In xenograft in-vivo models, 
Weidanz and colleagues generated a mouse IgG2a 
mAb RL4B specific to human chorionic 
gonadotropin (hCG)-β presented by HLA-A2 [14] 
and demonstrated that this mAb prevented 
and suppressed breast tumour growth. Another 
use of TCR-like Abs is in the generation of 
immunotoxins: in our lab, a TCR-like Ab targeting 
the melanoma differentiation antigen gp100, as 

NSCLC in combination with chemotherapy. There 
is, however, another molecule, Ramucirumab 
(Imclone), which is currently in use in advanced 
clinical trials. This human IgG1 mAb targets 
VEGFR2 and is being used to treat patients with 
gastric, hepatocellular, breast, colorectal and 
NSCL carcinomas. 
Carcinoembryonic antigen (CEA) is a tumour-
associated glycoprotein normally expressed on 
the luminal surface of the gut. However, it is 
overexpressed in a number of epithelial-derived 
tumours, including colorectal carcinoma, ovarian 
carcinoma and lung adenocarcinoma. Overexpression 
of this Ag is accompanied by its shedding from 
the membrane into the circulation. CEA, which 
has been targeted by mAbs in several clinical 
trials in a variety of applications, including 
radioimmunotherapy (RIT), ADEPT and 
radioimmuno-guided surgery, will be discussed 
further under the subsections. 
 
Differentiation antigens 
Differentiation Ags that are expressed in a 
restricted, well-defined manner in a specific cell 
lineage, but not on other tissues of a different 
histological origin, are promising candidates for 
targeted therapy. The most widely studied 
examples of differentiation Ags currently being 
used for targeted therapy are expressed by 
haematopoietic malignancies, including CD19, 
CD20, CD22 and CD30 on B-cell lymphomas; 
CD33, CD38, CD45 and CD64 on acute myeloid 
leukemias (AML); and the upregulated IL-2 
receptor on T-cell leukemias [8-10]. 
 
T-cell receptor-like Abs 
MHC class I plays a central role in the immune 
response against a variety of cells that have 
undergone malignant transformation. Endogenous 
proteins are processed and loaded on MHC-I 
molecules, which then migrate to the membrane. 
This presentation allows immune cells such as 
CD8 T-cells to survey the intracellular state of 
protein expression. Malignant transformation of 
the cell (as well as viral infection) is manifested 
in a shift in the normal expression pattern of 
intracellular proteins, and this shift is made 
detectable by the change in the pattern of peptides 
presented. These MHC-peptide complexes can be 
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by each of the parent-hybridoma cells. This method 
suffers from several limitations; only a tenth of 
the molecules are bi-specific, and sequential 
purifications of these Abs are needed in order to 
obtain homogenous preparation. In addition, 
immunogenicity arising from rat or mouse IgG 
molecules may inhibit repeated administrations of 
the BsAb. Despite its limitations, several Abs 
generated in this way have gone to clinical trial 
with one being approved [21]. Other methods of 
BsAbs generation include chemical crosslinking 
of either whole IgG molecules or Fab fragments 
[22-24]. The aforementioned limitations were 
solved by the production of recombinant BsAbs. 
The genetic engineering of BsAbs generated 
several types of such molecules, with two main 
forms: tandem single-chain Fv (TaScFv) and 
diabodies. These formats are the result of the 
recombination of the antibody’s variable domain. 
TaScFv are two ScFv molecules connected by a 
linker [25-28]. Another example is MM-111, which 
is the molecule produced from two ScFv Ab 
fragments, targeting ErbB2 and ErbB3, linked to 
human serum albumin by a polypeptide linker 
[29]. This molecule is currently under Phase I 
trials in patients with HER-2 positive cancer. In 
contrast to TaScFv, which are monomeric 
molecules, diabodies are heterodimeric molecules 
joined together by a linker too short to allow 
assembly of the variable domains located on the 
same chain, thus favouring an inter-chain binding 
[30].  
Bispecific T-cell engager molecules (BiTEs) 
represent a class of bispecific single-chain 
antibodies that enable polyclonal activation, 
redirection of cytotoxic T-cells against target cells 
and formation of lytic immunological synapse. 
One of the ScFv molecules targets the tumour 
surface expression marker, and the other targets 
either the CD3 molecule (component of T-cell 
receptor complex in T-cells), or CD16 (surface 
marker of NK cells). BiTEs achieve activation of 
T-cells at very low doses and effector-target 
ratios, without the conventional requirements of 
MHC-I ligation to the TCR [31-33]. Epitope 
distance to the target cell membrane and Ag size 
were identified as factors that determine the BiTE 
efficiency [34]. BiTE Abs are currently being 
tested for a solid tumour (EGFR, Her2, CEA, 
EpCAM, EphA2, MCSP) as well as for leukemic 
 

well as MART-1 and TRAP, was linked to a 
truncated Pseudomonas exotoxin (PE) molecule. 
These immunotoxins exhibited cytotoxic activity 
in an Ag-specific and HLA-A2-restricted manner, 
and were found to prevent specific tumour growth 
at nontoxic doses using xenograft models [15-17]. 
TCR-like antibodies may be used in therapies and 
in diagnosis of HLA-matched patients. When 
tumour biopsies are available, the tumour Ag 
presentation hierarchy of a certain patient can be 
evaluated using TCR-like Abs, leading to 
personalized treatment. The availability of TCR-
like antibodies directed to several epitopes 
associated with a certain tumour type raises the 
possibility of a cocktail-like treatment composed 
of antibodies recognizing different Ags. However, 
further development of this approach needs to be 
tested experimentally. 
 
Bi-specific antibodies 
As suggested by their name, bi-specific antibodies 
(BsAbs) combine two Ab-targeting moieties 
specific to different epitopes. BsAbs have been 
developed over the past two decades, but only in 
the last five years has this class of Abs really 
taken off, with three antibodies currently in Phase 
III clinical trials pending approval. BsAbs have 
several advantages over mAbs: the ability to 
physically attract effector cells to the target (cell 
retargeting, see BiTE), thereby causing a cytotoxic 
effect and killing off target cells; secondly, the 
development, characterization, efficacy and safety 
testing of a single antibody are significantly less 
costly than the validation of two or even three 
separate Abs. To date a single BsAb has been 
approved by the European Union (catumaxomab, 
2009). Three BsAbs are in advanced Phase II 
clinical trials: FBTA05 (Trion/Fresenius's), which 
targets CD20 on lymphoma cells and CD3 
on T-cells as B-cell lymphoma treatment; 
blinatumomab (Micromet) for acute lymphoblastic 
leukaemia; and MM-111 (Merimack), which 
targets HER-2 and HER-3. 
Initially, BsAbs were generated using hybridoma 
technology [18]. In this method, two hybridoma cells 
which generate Abs with different specificities are 
fused, yielding a hybrid-hybridoma cell [19-20]. 
This quadroma generates antibodies by random 
pairing of the heavy and light chains contributed 
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modified into creating what was envisioned a 
century ago by Paul Ehrlich as 'magic bullets'. 
These modifications, whether through genetic 
alterations or chemical conjugation, are harnessing 
Ab properties such as specificity, favourable 
pharmacokinetics, selectivity, biodistribution and 
the functional activity of the Ab to a potent drug 
or toxin molecule. Abs are conjugated to toxins, 
drugs, HLA molecules, radioisotopes and prodrugs, 
to name just a few, and are used in anti-cancer 
therapy as well as in imaging. To date, three 
immuno-conjugates have been approved by the 
FDA - Tositumomab-131I (Bexxar), Ibritumomab 
tiuxetan (Zevalin), Brentuximab vedotin (Adcetris) 
- and another two are at advanced stages of 
clinical trialing - Naptumomab estafenatox, and 
Trastuzumab emtansine. 
 
Ab cytokine/chemokine conjugates 
(Immunocytokines) 
Studies have shown that the tumour's inability to 
appropriately activate the immune system, rather 
than the absence of tumour Ags, is the reason for 
impaired immune responses to tumours. Thus, 
immunotherapy evolved rapidly as a concomitant 
treatment with chemotherapy and radiotherapy, 
improving anti-tumour responses. However, 
systematic administration of these factors caused 
severe adverse effects (AE) due to the necessity to 
concentrate cytokines locally within the tumour 
area [52-53]. Moreover, advanced neoplasms are 
often dispersed and inaccessible to localized 
intratumour cytokine injections. The conjugation 
of cytokines to Ab/Ab fragments targeting tumour 
epitopes solves this problem in patients with 
advanced stages. These immunocytokine conjugates 
exhibit rapid clearance rates (2-3 hours) which 
enables the administration of highly effective 
cytokine concentration without AE.  
Several cytokines are used in this fusion method, 
such as GM-CSF, IL-12 and TNFα, with the 
most important cytokine being IL-2. IL-2 is a 
proinflammatory cytokine, which upon binding to 
its receptor on T-cells, stimulates the growth, 
differentiation, and survival of Ag-selected T-cells 
via the activation of the expression of specific 
genes [54-55]. Several IL-2-conjugated Ab-targeting 
moieties are currently in clinical trials, 
both in Phase I and II. huKS-IL2 (EMD 273066) 

epitopes (CD19, CD33) [35-40]. The use of BsAbs 
harbors potential activation of regulatory T-cells 
and the attenuation of the effector response [41]. 
To date, several BiTE Abs are in ongoing clinical 
trials. MT110 (CD3xEpCAM), has been shown to 
target primary colorectal cancer stem cells and 
inhibit tumour formation in cell lines [42], as well 
as in freshly isolated samples [43]. Blinatumomab 
(MT103, CD3xCD19) has shown favourable 
indication in treatment of B-cell non-Hodgkin’s 
lymphoma and B-ALL in Phase I studies, with a 
total of 11 major responses (4 complete responses 
(CR) and 7 partial regressions (PR)) [44-45]. In a 
Phase II study in ALL patients with persistent 
minimal residual disease (MRD) after CR, an 80% 
response rate was achieved [46]. In a separate 
study in three children with B-precursor ALL and 
recurrence after an allo-matched unrelated donor, 
CR was achieved. Currently Phase II studies are 
in progress in patients with B-ALL and NHL. 
FBTA05 (anti-CD20×anti-CD3) has shown to 
induce higher cytotoxic reactions than Rituximab 
and Alemtuzumab in vitro [47-48], and is 
currently in Phase II trials in patients with B-cell 
lymphoma. Catumaxomab, a mouse/rat-derived, 
trifunctional Ab, targets the epithelial cell-
adhesion molecule (EpCAM) on tumour cells and 
CD3 on T-cells [49-50]. This Ab activates T-cell 
lysis of target cells in addition to ADCC mediated 
through its Fc region. This BsAb is approved by 
the EU, and recently concluded a Phase III trial in 
patients with malignant ascites due to epithelial 
cancers. 
In addition to their functional advantages, the 
small size of BsAb molecules (~60 kD) enables 
them to penetrate solid tumours, thus reducing 
the recommended treatment dosage up to 15,000 
times that of monoclonal Abs [44]. It also, 
however, promotes their rapid clearance from the 
serum. Current clinical protocols use long-term 
intravenous injections to maintain effective 
dosage in the bloodstream [51]. 
 
Antibody conjugates and fusions 
Apart from using Abs in their native or fragmented 
form, where antibodies may produce anti-cancer 
effects via a variety of mechanisms such as ADCC 
and CDC, apoptosis via blockage of signals and 
neutralization of circulating ligands, Abs are also 
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immunocytokine in breast cancer patients, where 
F16-IL2 is given in combination with doxorubicin 
or paclitaxel. A third derivative, L19-TNFα 
immunocytokine, has recently completed a Phase 
I study as a sole treatment in colorectal cancer 
patients. 
 
ADEPT 
The non-specific toxic side-effect of chemotherapy 
on normal tissues is a major issue that severely 
limits the application of chemotherapeutic drugs 
in the clinic. As stated earlier, antibody conjugates 
can deliver anti-tumour payload to specific tumour 
tissues, thus reducing systemic toxicity and 
increasing efficacy. Antibody-directed enzyme 
prodrug therapy (ADEPT) is a dual-stage 
treatment, where the antibody and the effector 
molecule are administered separately. In this 
method, an enzyme is conjugated to an Ab 
targeting the TAA and administered to the patient. 
Enzymes should have high catalytic activity and 
not have any active human counterpart to avoid 
endogenous activation of the prodrug in normal 
tissues [65]. In the second stage of the treatment, 
after the Ab has cleared from circulation, a 
prodrug is administered. Once the prodrug has 
reached the tumour site, it is cleaved to an active 
mature form, and a cytotoxic effect is elicited. 
Due to the high concentration and localization of 
the enzyme at the tumour site, a high dosage of 
the active drug is concentrated in this location and 
the majority of the effect is elicited on Ab-enzyme 
targeted cells. A variety of enzymes and prodrugs 
have been used. The ideal enzyme should be 
easily accessible, easy to link to an antibody while 
retaining its own functionality, and capable of 
being used with minimum immunogenicity. The 
ideal prodrug should be converted to a toxic drug 
by the appropriate enzyme, with minimum 
toxicity when not activated, and upon activation 
should have a steep dose-activity curve. Several 
enzymes are used in this method, such 
as CarboxypeptidaseG2 [66-68] and Human 
β-glucuronidase [69], for instance. In a Phase I 
clinical study conducted by Mayer et al. anti-CEA 
Ab conjugated to a bacterial carboxypeptidase G2 
derived fusion protein was administered to 
patients with colorectal, breast, peritoneal, or 
esophageal cancer. When the Ab has cleared the 
serum (<0.005 units/mL as measured by HPLC), a 
 

and hu14.18-IL2(EMD 273063) are humanized 
anti-EpCAM (huKS) or humanized anti-
disialoganglioside GD2 antibodies, respectively, 
in which a human IL-2 molecule is genetically 
linked to the carboxy terminus of each IgG-heavy 
chain, making the intact molecule bivalent with 
respect to IL-2 [56-57]. Following a Phase I study 
[58], EMD 273063 was used in Phase II trial on 
patients with relapsed or refractory neuroblastoma. 
Of 36 patients, minimal disease was only found in 
23 patients using [I123] metaiodobenzylguanidine 
(MIBG) scintigraphy and/or bone marrow (BM) 
histology. Five had CR and none of the others 
responded (including 13 with advanced stage 
cancers) [59]. A Phase II study is being conducted 
on patients with stage III+ melanoma. EMD 
273066 was used in a Phase Ib trial in 
combination with MTX on patients with ovarian, 
lung, colon, and prostate cancer, as well as one 
each with melanoma, acinic cell carcinoma and an 
unspecified adenocarcinoma. EMD 521873 is 
another form of immunocytokine in which the Ab 
is conjugated to IL-2. In this molecule the IL-2 is 
mutated (D20T), causing it to be 20 times less 
toxic than a wild-type in its natural state when 
conjugated with IL-2 [60]. EMD 521873 is in 
Phase I trials as sole treatment or in combination 
with radiotherapy. 
By applying phage-display technology, the Neri 
group has developed three Abs specifically targeting 
the alternatively-spliced extra domain A (EDA) 
and B (EDB) of Fibronectin and A1 domain of 
Tenascin-C (F8, L19 and F16, respectively) 
[61-63]. These Abs were conjugated to several 
cytokines and are used in Phase I and Phase II 
trials. L19-IL2 (ScFv antibody targeting EDB-FN, 
[62]) was used in a Phase I trial, in which RD 
of IL19-IL2 was determined. AE in this study 
included fever with chills, nausea, vomiting, 
asthenia, oedema, skin rash, pruritus, elevated 
serum creatinine levels and pain at tumour site 
[64]. Currently other Phase I trials are performed 
in pancreatic cancer patients where L19-IL2 is 
given in combination with Gemcitabine. Phase II 
studies are currently underway with L19-IL2 
administered either as a sole treatment or in 
combination with other agents - Dacarbazine in 
patients with advanced melanoma and Gemcitabine 
in patients with pancreatic cancer. Multiple-Phase 
I/II studies are performed with F16-IL2 
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Ab specifically binds must be a membrane-
expressed epitope which cannot be shed into 
circulation. This will prevent systemic cytotoxicity 
and will enable the internalization of the cytotoxic 
payload into the cell. Both IgG form and a ScFv 
diabody were evaluated for efficient tumour 
uptake. The balance between tumour penetration 
and clearance rate plays a significant role in this 
comparison, where, although a ScFv Ab exhibits 
more accumulation intratumour, its clearance rate 
is substantially faster. Therefore, in order to avoid 
an increase in drug concentration, IgG1 is the 
preferred form of Ab conjugation [74-75].  
Gemtuzumabozogamicin (Mylotarg), an anti-
CD33 mAb conjugated to calicheamicin, was the 
first Ab-drug conjugate approved by the FDA 
for treatment for AML [76]. However, it was 
withdrawn due to failure to show any evidence 
of improved rates of CR or survival, with a 
significantly higher rate of fatal induction toxicity 
(5.8% in the Mylotarg-chemotherapy versus 0.8% 
in the chemotherapy-alone) [77]. Other Ab-drug 
conjugates are currently in several stages of 
clinical trials: Brentuximabvedotin (SGN-35), a 
chimeric IgG1Ab, targets CD30 and is conjugated 
to monomethylauristatin E (MMAE) through a 
valine-citrulline peptide linker. In a Phase I study, 
36 out of 42 patients studied (86%) exhibited 
tumour regression. Of 16 patients with disease-
related symptoms at baseline, 13 (81%) patients 
became symptom free [78]. A Phase III trial is 
currently recruiting where SGN-35 is given as 
a single agent (NCT01100502). Another ADC 
at Phase III is trastuzumab-DM1. Unconjugated 
trastuzumab (Herceptine) was first approved by 
the FDA for treatment in metastatic breast cancer 
in 1998. DM1, a semi-synthetic analogue of 
maytansine, is conjugated through a succinimidyl 
4-[N-maleimidomethyl]cyclohexane-1-carboxylate 
(SMCC) linker. Phase II studies exhibited an 
objective response rate of 32.7%-47.8%, and 
clinical benefit (CR, PR or stable disease 
>6 months) was 46.4%-57.1% [79]. Phase III trials 
are currently recruiting patients (NCT01120184, 
NCT01419197, NCT00829166). Inotuzumab 
Ozogamycin is a third ADC currently recruiting 
for a Phase III trial. This ADC targets CD22, and 
is conjugated to the same active derivative as 
Mylotarg. It is used as treatment in NHL patients 
in combination with rituximab compared to a drug 
 

bis-iodo phenol mustard prodrug was administered. 
The enzyme dimerizes to become functional, 
forming a stable glycosylated fusion protein, and 
converts BIP prodrug to an active drug by 
cleavage of a glutamate moiety. There was 
evidence of tumour response, and some patients 
exhibited stable disease. Most importantly, this 
trial improved the toxicity of prodrugs observed in 
earlier Phase I trials [70]. 
ADEPT has demonstrated promising activities in 
preclinical cancer models. One of the main 
advantages of this approach is in the use of a non-
active agent, which is transformed to an active 
one in the vicinity of the tumour, thus reducing 
systemic toxicity and side effects. However, 
issues of immunogenicity and specificity in 
targeting of tumour cells need to be significantly 
improved. Furthermore, a wider selection of 
prodrugs and enzyme-conjugated Abs needs to be 
developed in addition to those currently available. 
Nevertheless, this strategy heralds great clinical 
potential. 
 
Immunotoxins and antibody-drug conjugates 
(ADCs) 
The standard treatment for cancer patients has 
long been the administration of compounds which 
target the various stages of cell proliferation. The 
inherent property of cancer cells to rapidly divide 
renders them susceptible to these drugs. However, 
such drugs are not cell-specific and therefore have 
limited treatment concentration due to the non-
specific damage to other proliferating cells, such 
as bone-marrow and intestinal cells. The 
conjugation of such toxins and drugs to Abs 
enhances their specificity to the intended target 
and increases their therapeutic window.  
 
Antibody-drug conjugates 
Drugs used in antibody conjugation mainly target 
either tubulin or DNA. Auristatins and maytansines 
target tubulin, causing the disruption of cell mitosis 
through G2/M arrest [71-72]. Calicheamicin binds 
to the DNA's minor groove and induces double-
1strand breaks, thus promoting apoptosis [73]. 
Due to the high potency and toxicity of these 
substances, important considerations are to be 
taken into account when conjugating these 
substances to an Ab. First, the target to which the 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8 Ron Wolchinsky & Yoram Reiter 

lacking the targeting domain. CD22 is a sialic 
acid-binding Ig-like lectin, which inhibits B-cell 
calcium signalling and is expressed in a variety of 
B-cell malignancies. BL22 achieved an overall 
response-rate of 81% in a Phase I trial, mostly of 
HCL patients [83]. A Phase II trial in HCL 
patients demonstrated an objective response rate 
(ORR) of 72% [84-85]. However, further 
development of this immunotoxin was halted in 
favour of developing an immunotoxin more 
effective in CLL, ALL and NHL. Moxetumomab 
pasudotox is an affinity-matured form of BL22 
with a 15-fold increase in binding affinity and a 
50-fold increase in cytotoxicity towards HCL and 
CLL cells [86]. This immunotoxin has shown 
encouraging effect in Phase I studies both, in 
patients with HCL and pediatric ALL patients, 
and currently Phase I/II studies are underway in 
patients with CLL, NHL, HCL and pediatric ALL.
Other immunotoxins in clinical trials include 
Imtox-25, and LMB-2. Imtox-25 (RFT5-dgA) is 
an anti-CD25 targeting moiety conjugated to a 
chemically deglycosylated form of ricin A chain 
(dgA), and is tested on patients with refractory or 
relapsed adult T-cell leukemia or lymphoma [87]. 
LMB2 (anti-Tac(Fv)-PE38) contains the PE toxic 
domain and a targeting moiety, in which the 
variable VH and VL domains of the anti-CD25 
mAb anti-Tac were fused together with a peptide 
linker and VL was fused to PE38 via a short 
connector [88]. Phase II trials in patients with 
adult T-cell leukemia, CLL and cutaneous T-cell 
lymphoma were recently concluded. 
Other immunotoxins are currently in Phase I/II 
trials. These molecules are targeted against 
haematological as well as solid-tumour epitopes, 
including CD19 - Combotox (RFB4-dgA + HD37- 
dgA, Phase I), Lewis Y (LMB-9, Phase I) 
and SS1(dsFv)-PE38 (SS1P) anti-mesothelin 
immunotoxin (Phase I).  
The use of immunotoxins faces several key 
hurdles in its clinical application. The first is the 
most prevalent side effect of capillary leak 
syndrome (CLS) in the administration of ADC 
and immunotoxins. This side effect is often not 
dose-limiting and is associated with the disruption 
of integrins in endothelial cells [89]. A second 
issue is the development of human anti-mouse 
 

regimen of rituximab and gemcitabine or 
bendamustine (NCT01232556). 
Several other drugs are currently in clinical trials. 
Among them are Lorvotuzumabmertansine 
(IMGN901, Phase I/II) a humanized IgG1 Ab 
conjugated to DM1 moiety which targets CD52, 
Glembatumumab (CDX-011, CR011-vcMMAE, 
Phase II), fully-human Ab conjugated to MMAE 
moiety and targets transmembrane glycoprotein 
NMB, SAR3419 (Phase II), and DM4 conjugated 
anti-CD19 Ab. 
Issues concerning linker optimization and drug 
potency have shown improvement, and although 
this field holds great promise, several aspects still 
require careful consideration: firstly, target cell 
expression of Pgp, which is responsible for multi-
drug resistance, has been shown to suppress the 
activity of Ab-drug conjugates [80]; secondly, 
target selection of epitopes, which will not only be 
cell-specific but also will not be shed to 
circulation must also be considered. 
 
Immunotoxins 
Similar to ADCs, immunotoxins are generated by 
conjugating bacterial and plant derived protein 
toxins to a targeting moiety. The targeting domain 
of the toxins is replaced by a desired ScFv or Fab 
fragment, thus enabling the specific targeting 
while retaining the toxin’s activity. Following 
administration, the Ab moiety targets its ligand 
expressed on the membrane of a cancer cell. 
Binding triggers endocytosis of the entire molecule, 
and the cleavage of the catalytic domain in the 
late endosome. The catalytic subunit of the 
immunotoxin translocates to the cytosol where it 
exerts its toxic effect. The toxins used in this 
application catalyze different types of enzymatic 
inhibitors of protein synthesis. The most frequently 
used toxins are Pseudomonas exotoxin (PE), 
diphtheria toxin (DT), and plant toxins such as 
ricin, saporin, and gelonin. PE and DT catalyze 
the ADP ribosylation of elongation factor 2(EF2), 
halting the elongation of growing peptide chains; 
plant toxins, on the other hand, inactivate 
ribosomes via glycosidase activity [81-82]. 
Several immunotoxins are currently in clinical 
trials. BL22 is a molecule comprised of a CD22 
targeting fragment genetically linked to a PE toxin 
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combined with a standard reduced-intensity 
conditioning regimen before allogeneic 
haematopoietic cell transplantation. This treatment 
produced CR in all patients, and all had 100% 
donor-derived CD3+ and CD33+ cells in the 
blood by day 28 after the transplantation [94]. 
Radio-labelled Abs are administered mainly 
through IV injections. This method limits the 
administered dose due to high BM toxicity. MN-
14 (Labetuzumab), anti-CEA humanized murine 
Ab and one of the Abs commonly used in this 
setting, has given encouraging results in a Phase II 
trial in which the median survival rate of 58 
months and a survival of 42.1% after 5 years were 
achieved [95]. In spite of this, solid tumours prove 
a major difficulty in RIT. The radioactive dose 
delivered by the Ab is not sufficient to eradicate 
the tumour, and increasing the emitted energy by 
conjugation of more potent isotopes may increase 
bone-marrow toxicity. Other targeted epitopes for 
solid tumour RIT which are currently in clinical 
trials include: EDB (L19SIP Ab [96]), EpCAM 
(NR-LU-10-strept and 90Y-DOTA-Biotin [97]), 
EGFR (125I-425, [98]), MUC1 (90Y-m170, [99]), 
TAG-72 (90Y-hCC49DCh2(IDEC-159) [100], 
131I-CC49 [101]) and TN-C (211At-ch81C6, [102]), 
to name just a few, all of which are extensively 
reviewed elsewhere [91]. 
 
Redirection of T-cells 
During the last decade, adoptive cell transfer 
(ACT) of autologous T-cells has been performed 
in cancer patients with varying levels of success, 
especially in melanoma patients. In this method, 
T-cells are isolated, expanded in vitro and are re-
infused back into the patients [103]. Melanoma 
patients treated in this method have shown a 50% 
objective response (OR) in a Phase II study (10% 
achieved CR) [104-105]. However, difficulties in 
isolation and expansion of tumour-specific T-cells 
have hindered the use of this treatment in other 
types of cancers. A solution to this problem was 
offered by the application of genetic modification 
and the re-direction of T-cells. This was achieved 
by virally transducing recombinant targeting 
moiety, either TCR or antibody, to autologous 
T-cells. In the first approach, Dudley et al. first 
demonstrated the feasibility in 15 melanoma 
patients transfused with autologous TCR-
transduced T-cells [106]. In transduction of an 
 

antibodies (HAMA), as well as anti-drug antibodies. 
Significant progress has been made in increasing 
the efficiency of these molecules either by 
elimination of T- and B-cell epitopes from the 
toxins, or ‘PEGylation’ of the molecules. Despite 
this, these side effects still pose a risk of 
significant reduction in activity. Further research 
is required in order to improve the efficiency and 
safety of toxin-based agents. 
 
Radioisotope conjugates 
Radioimmunotherapy (RIT) offers the possibility 
of treating localized, metastatic, or diffuse 
tumours by local or systemic administration of 
the therapeutic agent. The clinical use of radio-
immunotoxins is based on the creation of high 
concentrations of the radioactive isotope on the 
Ag positive tumour cells, thus enabling their 
destruction. Radioactive isotopes include primarily 
α or β emitters, as they emit low or intermediate 
energy to low or medium distances (<1 μm and 
0.05-12.00 mm, respectively). Given their 
characteristics, these isotopes are the most suitable 
candidates for the treatment of haematological and 
small, solid tumours [90-91]. RIT has several 
clinical applications. It is used for diagnostic 
applications and localization of tumours by the 
use of 125I labeled antibodies that, once bound to 
Ag-positive tumour cells, enables the detection of 
the tumour by an external gamma-radiation sensor. 
A wide range of Abs are in various stages of 
clinical evaluation, with ibritumomabtiuxetan 
(Zevalin®), a 90Y-labelled murine anti-CD20 
antibody, and tositumomab (Bexxar®) approved 
for clinical use. These 131I-labelled murine anti-
CD20 antibodies are two antibodies approved for 
non-Hodgkin's lymphoma treatment and are the 
subject of more than 80 ongoing clinical trials, 
tested in combination with chemotherapy or as 
high-dose therapies in conjunction with autologous 
stem cell transplantation [90, 92, 93]. Several 
other Abs are currently being evaluated in various 
stages of clinical trials. BC8, an anti-CD45 
Ab conjugated to 131I is currently under Phase I 
and II studies in patients with haematological 
malignancies. BC8 antibody is used in 
combination with chemotherapy or total-body 
irradiation, and is followed by BM transplantation. 
In a Phase I study, 131I-BC8 antibody was 
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Ab, the antibody V-region responsible for recognition 
and activation is attached to a cytotoxic T-cell 
signaling moiety Fc Receptor γ chain to mediate 
tumour-specific destruction and cytokine release 
[107-108]. These T-cells transduced with chimeric 
antibody receptors (CARs) are therefore 
independent of MHC-restricted activation and 
are suitable for use in tumours which have 
downregulated their HLA expression. Recently, 
Porter et al. have reported a study in a single CLL 
patient, infused with anti-CD19 transduced 
T-cells. The anti-CD19 targeting moiety was 
conjugated to a CD3 zeta chain [109]. The cells 
expanded 1000-fold and persisted at high levels 
for six months with continued expression of the 
CAR. The patient exhibited complete response 
and ongoing response ten months following 
treatment, along with complete elimination of 
CD19-expressing B-cells. Side effects including 
hypogammaglobulinemia, corrected with infusions 
of i.v.Ig. Despite this encouraging report, several 
considerations in re-directing T-cells must be 
addressed: firstly, the nature of signalling and 
co-stimulation in these T-cells is different from 
physiological activation, and might affect 
activation/exhaustion of the engineered cells. 
Secondly, there is a risk of developing an immune 
response against the engineered T-cells [110]. 
Finally, the high costs associated with this method 
will prohibit its wide-spread use in the patient 
population. 
 
CONCLUSION 
Antibody therapy offers an attractive approach to 
cancer treatment, and the increasing number of 
antibodies and antibody-derivatives coming to 
clinical trial suggests that this promising field will 
generate more clinical success in years to come. 
However, success will depend upon the discovery 
of new selective markers of tumour cells, which 
are capable of extending the therapeutic window 
and minimizing toxicity. Successful cancer 
treatments are likely to require the manipulation 
of the immune system. To this end, bi-specific 
Abs and immuno-conjugates are promising new 
agents in the battle against cancer.  
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