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of facilitating Translational Oncology Research by taking into 
account the objectives of the French National Cancer Plans I and 
II and, in coordination with the French National Cancer Institute 
and local authorities (mainly Grand Lyon, Rhône County and 
Rhône-Alpes Region), to perform economic development of 
research findings. 

The CLARA organization went through three major phases. 
The first phase in 2005 consisted of CLARA’s major contribution 
to the development of several highly competitive inter-regional 
platforms that offer researchers a broad spectrum of platform 
activities, thereby generating the capacity to move easily from 
the lab bench to clinical testing. CLARA entered the second 
phase in 2007, by relying on inter-regional strengths as well as 
key scientific issues. Therefore, CLARA oriented its Oncology 
Research within three major priority axes: (1) Tumor Escape, Cell 
Plasticity and Targeted Therapies; (2) Infections and Cancer; and 
(3) Nanotechnologies, Imaging and Cancer. Each of these axes 
received a “with honors” evaluation by AERES (French Research 
and Higher Education Evaluation Agency) in 2011, principally 
based on the development of applications and their international 
recognition. This recognition has recently been further awarded 
in 2011 by three novel structures of excellence in oncology:  
(1) Lyon Integrated Cancer Research project (LYRIC, one of the 
first two projects labeled by the French National Cancer Institute, 
the other one being Institut Curie in Paris); (2) The Laboratory 
of Excellence selected by the General Investment Committee, 
the DEVweCAN project, to obtain better knowledge of embry-
onic mechanisms reactivated during tumor progression; and  
(3) Carnot Institute: consortium to accelerate innovation and 
transfer within the field of lymphoma (CALYM).

The third CLARA phase, reinforced in 2011, is a project-
driven approach to speed up the development of applications aris-
ing from research results. The Cancéropôle CLARA has chosen 
to actively support Translational Oncology Research, as well as 
Clinical and Industrial Transfer. Numerous partnerships have 
been established between academic, clinical and industrial actors 
within the CLARA Proof of Concept program, which CLARA 
is co-financing and co-piloting while increasing awareness to 
transfer research through specific training sessions, detecting 

Morning Sessions

Cancéropôle Lyon Auvergne Rhône-Alpes  
and Innovative Approaches in Anticancer 

Monoclonal Antibodies

Petrus J. Pauwels and Charles Dumontet

The Cancéropôle Lyon Auvergne-Rhône-Alps (CLARA) is one 
of the seven cancer research clusters within France in charge 

*Correspondence to: Janice M. Reichert and Alain Beck; Email: janice.
reichert@landesbioscience.com and alain.beck@pierre-fabre.com
Submitted: 05/20/12; Accepted: 05/20/12
http://dx.doi.org/10.4161/mabs.20869

The innovative Approaches in Anti-Cancer Monoclonal 
Antibodies meeting, held on March 20, 2012 in Lyon, was 
organized by Cancéropôle Lyon Auvergne-rhône-Alps 
in partnership with the French competitiveness cluster 
Lyonbiopôle. CLArA is one of the seven cancer research 
clusters within France in charge of facilitating Translational 
Oncology research by taking into account the objectives of 
the French National Cancer Plans i and ii and, in coordination 
with the French National Cancer institute and local authorities 
(mainly Grand Lyon, rhône County and rhône-Alpes region), 
to perform economic development of research findings.  
The contribution of lectures by outstanding speakers as 
described in this report, the organization of two-round tables: 
“Antibody treatment in cancer: Unmet needs in solid tumors 
and hematological malignancies”, and “From chimeric to more 
than human antibodies”, together with face-to-face meetings, 
was shared by over 230 participants. The lectures provided an 
overview of the commercial pipeline of monoclonal antibody 
(mAb) therapeutics for cancer; discussion of the distinction 
between biosimilar, biobetter and next generation therapeutic 
antibodies for cancer; updates on obinutuzumab and the 
use of mAbs in lymphoma; and discussion of antibody-drug 
conjugates.
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opportunities for research and development projects and partner-
ships, and favoring project maturation with the contribution of 
appropriate experts.

CLARA’s Proof-of-Concept portfolio contains 30 innovative 
projects with a global budget of €36 million (€25 million have 
been invested by the industrial partner companies in addition to 
€11 million obtained from local authorities and the European 
Regional Development Fund. Today, one product, the mini-robot 
ViKY for laparoscopic surgery, is approved in the European Union 
and USA markets; four projects are in clinical development for 
the indication of sarcoma, melanoma, liver, breast or lung cancer; 
and 3 projects issued from nanotechnologies have been validated 
at the preclinical level.

Five major Proof-of-Concept projects use an immunotherapy 
approach. “IPROMAH: Proof of concept for new monoclonal 
antibodies for hematological malignancies” and “THERA8: 
Targeting cell surface protein for the development of therapeu-
tic and diagnostic antibodies for colorectal cancer treatment” 
are both at the preclinical level. “SYNFRIZZ: Novel antibody 
therapy against synovial sarcoma” is currently in a Phase 1 first-
in-class/first-in-man in clinical study. “GENIUSVAC-MEL4” is 
a therapeutic vaccine based on dendritic cells for the treatment of 
melanoma that is preparing its entry into the clinic. An immune-
prognosis tool for breast and lung cancer patients under chemo-
therapy, “LYMPHOS1,” is under development by tracking TCR 
repertoire distortions to use lymphopenia to prevent deaths due to 
infections associated with chemotherapy.

Convinced of the importance of sharing knowledge and expe-
riences in Oncology Research, the Cancéropôle CLARA mobi-
lized its network by organizing the 7th Edition of its Scientific 
Forum on: Innovative Approaches in Anti-Cancer Monoclonal 
Antibodies on March 20, 2012 in partnership with the French 
competitiveness cluster Lyonbiopôle. The contribution of lectures 
by outstanding speakers as described in this report, the orga-
nization of two-round tables: “Antibody treatment in cancer: 
Unmet needs in solid tumors and hematological malignancies,” 
and “From chimeric to more than human antibodies,” together 
with face-to-face meetings, was shared by 232 participants who 
enjoyed the meeting. A second antibody meeting is scheduled to 
pursue the efforts to develop better antibodies against cancer.

Current Clinical Development of Anticancer mAbs

Janice M. reichert

Monoclonal antibodies are well-suited as anticancer agents 
because they can be engineered for a variety of purposes. For 
example, they can be designed to carry drugs or other cytotoxic 
agents, bind two different antigens, or have enhanced cytotoxic 
activity compared with a natural antibody. These non-canonical 
versions comprise nearly half of the 165 anticancer antibodies 
currently undergoing evaluation in clinical studies. Although the 
promise surrounding mAbs as cancer drugs was recognized as 
early as the 1980s, interest in their development notably increased 

over the past decade, as evidenced by the rise in the number enter-
ing clinical study from ~10 per year in the late 1990s to over 30 
in 2011. A total of 12 anticancer mAb products are approved 
in either the United States (US) or European Union (EU), and 
two products (nimotuzumab, mogamulizumab) are approved 
in countries other than the US or EU.1 One mAb, pertuzumab, 
is undergoing regulatory review in the US and EU, and may be 
approved in the US by June 2012.

Most approved mAbs are canonical full-length IgG, but these 
molecules have well-recognized limitations, such as their large size 
and limited functionality. A number of variations on the canoni-
cal IgGs are currently undergoing clinical studies, including anti-
body-drug conjugates (ADCs), bispecific antibodies, engineered 
antibodies, and antibody fragments or domains. At least 25 ADCs 
are currently in clinical studies, with two (trastuzumab emtan-
sine, inotuzumab ozogamicin) in Phase 3 studies.2,3 Trastuzumab 
emtansine, an IgG1 conjugated to the maytansinoid DM1, targets 
HER2 and is currently undergoing evaluation in three Phase 3 
studies of patients with breast cancer. In the MARIANNE Phase 
3 study, the efficacy and safety of the combination of trastuzumab 
emtansine with pertuzumab is being evaluated. Inotuzumab ozo-
gamicin, an IgG4 conjugated to calicheamicin, targets CD22 
and is undergoing evaluation as a combination with rituximab in 
relapsed/refractory aggressive non-Hodgkin lymphoma patients 
who are not candidates for intensive high-dose chemotherapy. A 
study of the mAb as monotherapy in adult patients with relapsed 
or refractory CD22-positive acute lymphoblastic leukemia is 
planned by not yet open to patient recruitment as of March 2012.

One bispecific antibody, catumaxomab, is approved in the EU 
but not the US, and there are at least 10 bispecific antibodies in 
clinical studies. Of those in the clinical pipeline, blinatumomab 
has advanced the furthest and has been or is now undergoing 
evaluation in a total of six clinical studies (one Phase 1, one Phase 
1/2, and four Phase 2 studies). Blinatumomab comprises tandem 
single-chain variable fragments that target CD19 on tumor cells 
and CD3 on T cells, and thereby acts as a bridge between T cells 
and tumor cells. The Phase 2 studies are in patients with acute 
lymphoblastic leukemia. 

Engineering of antibodies can be used to tailor functionality. 
For example, protein engineering in the Fc portion of antibod-
ies can affect the binding to FcRn and extend half-life or glyco-
engineering can be done to increase ADCC activity by removing 
fucose. There are at least 15 antibodies with such engineering 
in the clinical pipeline. Examples of these are obinutuzumab 
(GA101), which is a glyco-engineered, anti-CD20 mAb. The 
mAb most recently approved, mogamulizumab, is a defucosyl-
ated anti-CCR4 IgG1 approved in Japan in March 2012. 

The antibody fragments, including Fab, single-chain vari-
able fragments and domain antibodies, are commonly modi-
fied to increase functionality. At least 16 of these molecules are 
in clinical study, with half conjugated to cytotoxins or radiola-
beled and six (38%) bispecific. The most advanced in the clinic 
is naptumomab estafenatox (ABR-217620), which is undergoing 
evaluation in a Phase 2/3 study combined with interferon-alpha 
compared with interferon-alpha alone in patients with advanced 
renal cell carcinoma. 



© 2012 Landes Bioscience.

Do not d
istrib

ute.

436 mAbs volume 4 issue 4

Overall, the prospects for the development of mAbs as anti-
cancer agents are bright. The increase in the number in clinical 
studies during the 2000s suggests that the number that will be 
approved in the next 5–10 years will also increase, given that the 
average clinical development phase length for anticancer mAbs is 
~7.5 years.4 The variety of approaches, e.g., use of ADCs, bispe-
cific antibodies, engineered antibodies and antibody fragments or 
domains, also holds promise for development of new efficacious 
treatments. 
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Biosimilar, Biobetter and Next Generation 
Therapeutic Antibodies in Oncology

Alain Beck, Liliane Goetsch and Nathalie Corvaïa

Monoclonal antibodies (mAbs) and related products that have 
been approved in the past decade in oncology show that research 
laboratories have worked on the diversification and fine tailor-
ing of structures. Following the success of the first-generation 
blockbusters, second-generation mAbs were recently approved. 
In addition, many third-generation antibodies and related struc-
tures designed to trigger different mechanisms of action simulta-
neously, such as targeting growth factors, inhibiting angiogenesis 
and restoring apoptosis, and associated with enhanced or silenced 
effector functions, e.g., antibody-dependent cell-mediated cyto-
toxicity (ADCC) or complement-dependent cytotoxicity (CDC) 
are being investigated in clinical trials. Among the challenges to 
be faced in the next 10 years are the identification and validation 
of new targets in oncology, addressing the resistance to current 
drug treatments and understanding target cross-talk and regu-
lation. In the meantime, efforts must be made to decrease the 
costs of these biopharmaceuticals, e.g., by optimizing the design 
of more homogeneous and stable IgGs (OptimAbs). The avail-
ability of regulatory pathways to register biosimilar antibodies 
in Europe and the United States (US) might be another way to 
decrease healthcare costs and to generalize the use of mAbs, as 
well as biobetter mAbs.

The research and development of mAbs is a fast-expanding 
field. In the past 30 years, more than 40 immunoglobulins 
(IgGs)1 and their derivatives (e.g., Fc fusion proteins)2 have been 
approved for use in various indications. Nearly half of them have 
been approved in oncology. Here, we discuss strategies to select 
tumor-associated antigen targets based on previous clinical or 
experimental validation or on functional approaches; strategies 
to optimize the antibody structure and to design related or new 
structures with additional functions; and challenges to bring 
more affordable treatments to the most appropriate patient popu-
lation screened for validated biomarkers.3

Strategies to select the best therapeutic antigen targets. 
Antigen target selection can be classified in broad terms into two 

major approaches. The first approach deals with the development 
of antibodies directed against so-called ‘validated targets’, either 
because prior antibodies have clearly demonstrated proof of activ-
ity in humans or because a vast literature exists on the importance 
of these targets for the disease mechanism in both in vitro and 
in vivo pharmacological models. Basically, the strategy consists 
of developing new generations of antibodies specific for the same 
antigens, but that target other epitopes (second-generation anti-
bodies) or trigger different mechanisms of action (third-genera-
tion antibodies), or antibodies that are even specific for the same 
epitopes, but with improved properties. This validated approach 
has a high probability of success, but the scientific field around 
this class of target proteins is often crowded and the freedom to 
operate is reduced. By contrast, one can identify novel or less 
well-studied target proteins that confer particular functions to 
cells that might be involved in pathogenic disorders. This second 
‘functional approach’, in which antibodies are selected based on 
a functional screen and the targets they bind are then identified 
using proteomic or cell-based approaches (reverse pharmacol-
ogy), for example, is associated with greater potential for innova-
tion and intellectual property rights, but more development risk.

Clinically validated targets. ‘Blockbuster’ antibodies such as 
rituximab, trastuzumab, cetuximab and bevacizumab, directed 
against now highly clinically-validated targets such as CD20, 
human epidermal growth factor receptor 2 (HER2), epidermal 
growth factor receptor (EGFR) and vascular endothelial growth 
factor (VEGF)-A, respectively, are tremendous success stories. 
Second-generation antibodies directed against these same anti-
gens, but with improved variable domains to decrease immu-
nogenicity or that target distinct epitopes, with higher or lower 
affinity for their antigens or with different antibody formats 
(such as panitumumab and ofatumumab) have been developed. 
In addition, third-generation antibodies targeting different epit-
opes, triggering other mechanisms of action and often engineered 
for improved Fc-associated immune functions or half-life, have 
reached Phase 1 to 3 clinical studies. As an illustration, the third 
generation CD20-specific antibody obinutuzumab (GA101) is 
less immunogenic than rituximab, has a different mechanism of 
action and is glyco-engineered to trigger increased cytotoxicity.

Experimentally validated targets. Diversification and valida-
tion of novel targets in oncology is a challenging issue because 
the causes of malignacies are often multifactorial, redundant and 
frequently poorly undestood. In addition, patients are becoming 
resistant to current cancer treatments, leading to the expression of 
new molecules (potential targets) that drive the tumour growth. 
Another difficulty in oncology is to determine the best combina-
tion of drugs and drug targets, which is not always predictable 
from pre-clinical studies, as shown by the adverse events (such 
as skin toxicity, diarrhoea and infection) reported for patients 
with colorectal cancer who were administered both EGFR- and 
VEGF-A-specific antibodies. Target selection will also require an 
understanding of cooperative signalling involving, for example, 
growth factor receptor heterodimers  or integrin cross-talk with 
growth factors.

A source of potential new experimentally-validated targets in 
oncology is, for example, the abundant literature documenting 
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the important role of tyrosine kinase receptors in malignancies. 
As an example, insulin-like growth factor 1 receptor (IGF-1R) 
was proposed more than 20 years ago to be an interesting onco-
protein, but it became possible only recently for patients to  ben-
efit from experimental treatments involving IGF-1R-specific 
antibodies. The development of anti-IGF-1R mAbs is the focus 
of many pharmaceutical companies, with 12 identified antibod-
ies at the preclinical or clinical stage of development. All these 
antibodies are specific, high affinity binders for IGF-1R. They 
block IGF-1R/IGF-1 interaction, inhibit cell proliferation and 
induce apoptosis by blocking IGF-1R signalling and by inter-
nalizing and degrading IGF-1R. Centre d’Immunologie Pierre 
Fabre (CIPF) used the targeted approach successfully to select 
IGF-1R as a target. IGF-1R is a tyrosine kinase receptor with 
70% homology to the insulin recep¬tor. The target is overex-
pressed in various tumors where it is mito¬genic, required for 
maintenance of the transformed phenotype and protects tumor 
cells from apoptosis. CIPF developed the human¬ized anti-
IGF-1R IgG1 dalotuzumab (h7C10 or MK-0646), which was 
licensed to Merck in 2004 and is currently in Phase 2 studies.

CIPF’s targeted strategy was also used to develop candi-
dates targeting the c-Met receptor, which is a tyrosine kinase 
recep¬tor, yielding the identification of mAb 224G11 licenced 
to Abbott in 2010. The ligand of this receptor is hepatocyte 
growth factor/scatter factor. cMet is overex¬pressed in tumor 
tissue, where it has anti-apoptotic activity and is involved in 
transformation/mitogenesis and invasion/metastasis.

Functionally validated targets. A more challenging approach 
is to select mAbs with a defined biological effect on tumor cells 
(such as the inhibition of proliferation or apoptosis) and to 
identify the recognized antigens by proteomics and alternative 
techniques. These so-called functional approaches (or reverse 
pharmacology) allow the discovery of novel and original cell 
surface antigens, but these new targets need extensive and care-
ful clinical validation, which represents a high development risk 
and involves longer research timelines before entering into the 
clinic. Using this type of approach, the identification of path-
ways that control refractoriness or resistance to current therapies 
should be better investigated to uncover putative targets that 
might translate into novel and efficient therapies. For exam-
ple, it has been reported that treatment with EGFR inhibitors 
leads to c-Met overexpression. Similarly, resistance to HER2-
specific antibodies has been reported to be related to IGF-1R 
overexpression.

CIPF’s functional strategy has been used to identify JAM-A 
as a potential anti-tumor target. The literature describes JAM-A 
as a constituent of the tight junctions of epithelium and endo-
thelial cells that has interaction with lymphocyte function-
associated antigen 1 and fibroblast growth factor β, and is a 
receptor for reovirus, but there is very little information on the 
role of JAM-A in oncology. CIPF has produced an anti-JAM-A 
mAb, and studies have indicated that the mAb, 6F4, inhibits 
tumor growth in vivo through inhibition of cell proliferation 
and downregulation or shedding of the target. The mAb has 
been humanized and pretoxicological studies in monkeys have 
demontrated the safety of the humanized mAb.

Strategies to optimize the antibody IgG structure. Detailed 
knowledge of antibody structure and activity now allows 
researchers to engineer primary antibodies on a more rational 
basis. This can yield more homogeneous and stable molecules 
with additional properties such as increased cytotoxicity or dual 
targeting, as well as IgG-related structures with additional func-
tions and specificities.

Improving pharmaceutical properties (OptimAbs). Most 
approved antibodies are chimeric, humanized or human IgGs 
with similar constant domains. Numerous studies looking at 
the structure–function relationships of these antibodies have 
been published in the past five years with the aim of identify-
ing antibody micro-variants  and investigating the impact of 
these variants on antigen binding, stability, pharmacokinetics  
and pharmacodynamics. This knowledge is now being used at 
the lead optimization stages to increase homogeneity and miti-
gate the chemistry, manufacture and control (CMC) liabilities 
of pre-clinical antibody candidates by genetic engineering. The 
removal by mutation of instability or aggregation hot spots in 
the antibody complementarity-determining regions (CDRs), 
and the use of hinge-stabilized or aglycosylated IgG4, are just 
a few examples of antibodies with improved pharmaceutical 
properties (e.g., decreased heterogeneity) that are currently in 
development.

To optimize the structure of the next generation of therapeu-
tic antibodies, the CIPF has set up the “OptimAbs” network 
to transform research antibody leads into optimized clinical 
candidates in a collaborative project that includes three part-
ners (Promise Advanced Proteomics, CNRS-LSMBO, CNRS-
AGIM). To achieve this goal, antibodies/antigens complexes 
are investigated by emergent mass spectrometry (MS) methods 
in biological contexts of increasing complexity: in vitro (native 
MS and crystallography), in sera (quantitative MS), in cells and 
tumour tissues (Imaging MS). These innovative analytical plat-
forms will allow optimization of the structure of new antibodies 
targeting original tumour-associated antigens and will facilitate 
their pharmaceutical development.

Improving antibody functions. The variable domain (Fv) of an 
antibody is responsible for interactions with antigens and dic-
tates essential properties such as binding affinity and target spec-
ificity. The origin of the Fv can be diverse, such as hybridomas, 
human antibody libraries, rodents with a human antibody reper-
toire, or primatized/humanized antibodies from various species. 
Affinity maturation allows the binding affinity of the Fv to be 
improved or target selectivity to be modulated. The constant 
domain (Fc) of an antibody is responsible for interactions with 
immune cells, and the associated properties of the Fc can also 
be modulated by engineering at several levels, such as altering 
the glycosylation status to modulate anti- and pro-inflammatory 
properties; modulation of ADCC by site-directed mutagenesis 
to modulate binding to Fc receptors; increasing the serum half-
life by Fc engineering to increase binding to the neonatal Fc 
receptor (FcRn), which prevents IgG degradation; and increas-
ing complement activation by isotype chimerism.

Second- and third-generation antibody-drug conjugates. 
Combining the cytotoxicity of natural or synthetic highly 
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potent anti-neoplastic agents with mAbs conjugated by blood-
stable optimized linkers is the key strategy of a new generation 
of antibody drug conjugates (ADCs). The overall development 
of ADCs in oncology takes longer and is more complex than 
for naked antibodies because many more parameters need to be 
fine-tuned. As a sign of technological advancement, one ADC 
was approved in 2011 (brentuximab vedotin) in the US and two 
have reached the late clinical development stages and shown 
encouraging therapeutic effects against both solid tumors and 
hematological malignancies (trastuzumab emtansine and ino-
tuzumab ozogamicin).4 In addition, more than twenty ADCs 
are being investigated in earlier clinical trials, including glem-
batumumab vedotin and lorvotuzumab mertansine, which 
are in Phase 2 trials. The US Food and Drug Administration 
(FDA) and European Medicine Agency (EMA) recently granted 
orphan drug designation for the latter ADC. Altogether these 
recent encouraging successes show that the next generation of 
ADCs has come of age. Renewed promises and hopes emerged, 
as was the case 10 years ago.5

Strategies to provide more affordable treatments for 
patients. Antibodies are a successful class of therapeutics, but 
many treaments remain costly, which may limit their use, par-
ticularly when synergistic combinations of IgGs are required.

Biosimilar and biobetter antibodies On November 18, 2010, 
the EMA released a draft guideline on similar medicinal prod-
ucts containing mAbs, following a workshop organized by the 
agency in London July 2, 2009.6 The guideline discusses relevant 
animal model, non-clinical and clinical studies that are recom-
mended to establish the similarity and the safety of a biosimi-
lar compared to an originator mAb approved in the European 
Union (EU). Legislation establishing an abbreviated approval 
pathway for biosimilars was signed into law in March 2010 in 
the US  and the FDA is currently working to define the rules for 
its implementation. Biosimilars, follow-on biologics, biogener-
ics, biobetters, biosuperiors, second and third generation anti-
bodies are terms used sometimes in a confusing way. 

Biosimilar antibodies are “generic” version of “innovator” 
(or “originator”) antibodies with the same amino acid sequence, 
but produced from different clones and manufacturing pro-
cesses.7 As a consequence, biosimilar mAbs may include pos-
sible differences in glycosylation and other microvariations such 
as charge variants that may affect quality, safety and potency. 
Biosimilars are known as follow-on biologics in the US, but this 
term is misleading because it could also refer to second- and 
third-generation antibodies (defined and illustrated below) and 
should be avoided. In contrast to the low-cost generic versions 
of small molecules that are off patent, it is currently not possible 
to produce exact copies of large proteins and glycoproteins such 
as antibodies owing to their structural complexity, and so the 
term biogeneric should also be avoided. Nevertheless, tremen-
dous progress has been made in bioproduction and analytical 
sciences,8 and it is now possible to produce proteins and gly-
coproteins that are highly similar to reference products. The 
EMA has pioneered the regulatory framework for approval of 
these products. Since 2005, EMA has initiated regulatory path-
ways for biosimilar products, resulting to date in marketing 

authorization in Europe for 14 recombinant drugs encompassing 
3 product classes (human growth hormone, granulocyte colony-
stimulating factor and erythropoietins). Specific guidelines are 
also available in Europe for biosimilar insulin, interferon and 
low molecular weight heparins. 

Bio-better antibodies are antibodies that target the same vali-
dated epitope as a marketed antibody, but have been engineered 
to have improved properties, e.g., optimized glycosylation pro-
files to enhance effector functions or an engineered Fc domain 
to increase the serum half-life. Such “Me better” antibodies with 
controlled and optimized glycosylation have been obtained in 
glyco-engineered CHO cells or yeast strains, e.g., copies of ritux-
imab and trastuzumab amino acid sequences with afucosylated 
glycoforms that result in a 40- to 100-fold increase in ADCC, 
or with increased plasmatic half-life, e.g., copies of rituximab, 
trastuzumab, bevacizumab that have a mutation of two or three 
amino acids in the Fc domain resulting in extended pharma-
cokinetics. In these cases, the cost of treatment is expected to 
decrease because of the lower cost of the products, less frequent 
administration regimens or lower dosages. 

Cetuximab, a chimeric mouse-human IgG1 targeting EGFR, 
is approved for use in the EU and US as a treatment for colorec-
tal cancer and squamous cell carcinoma of the head and neck. 
A high prevalence of hypersensitivity reactions to cetuximab has 
been reported in some areas of the US. Among 76 cetuximab-
treated subjects, 25 had a hypersensitivity reaction to the drug. 
The IgE antibodies thought to be responsible for the reaction 
were shown to be specific for an oligosaccharide, galactose-α-
1,3-galactose, that is present on the Fab portion of the cetux-
imab heavy chain when the molecule is produced in the murine 
SP2/0 cell line used for commercial manufacturing, but not in 
the CHO cells used as control. The mechanism underlying a 
hypersensitivity reaction to cetuximab involves pre-existing IgE 
antibodies that target an oligosaccharide present on the recom-
binant molecule produced in the SP2/0 cell line. These results 
have implications for evaluating risks associated with antibody-
based therapeutics, and for understanding the relevance of IgE 
antibodies specific for post-translational modifications of nat-
ural and recombinant molecules. The second N-glycosylation 
site in the Fab portion on heavy chain Asn88 of cetuximab is 
of prime importance. For the marketed version of cetuximab 
produced in SP2/0 cells, 21 different glycoforms were identified 
with ~30% capped by at least one alpha-1,3-galactose residue, 
12% capped by a N-glycolylneuraminic acid (NGNA) residue, 
and traces of oligomannose. Importantly, both alpha-1,3-galac-
tose and NGNA were found only in the Fab moieties, rather 
than the Fc fragment for which only typical IgG G0F, G1F and 
G2F glycoforms were identified. In cases of cetuximab-induced 
anaphylaxis, pre-existing IgEs specific for this alpha-1,3-galac-
tose epitope were detected in patients treated with cetuximab. 
Using a solid phase immunoassay, these IgEs were found to bind 
to SP2/0-produced cetuximab and F(ab’)2 fragment, but not 
to the Fc fragment. Interestingly, no IgE immunoreactivity was 
found against a CHO-produced version of cetuximab (CHO-
C225). A bio-better version of cetuximab produced in CHO 
cells is currently in development in China.



© 2012 Landes Bioscience.

Do not d
istrib

ute.

www.landesbioscience.com mAbs 439

References
1. Reichert JM. Marketed therapeutic antibodies compendium. MAbs 2012; 4:413-5.
2. Beck A, Reichert JM. Therapeutic Fc-fusion proteins and peptides as successful alterna-

tives to antibodies. MAbs 2011; 3:415-6.
3. Beck A, Wurch T, Bailly C, Corvaia N. Strategies and challenges for the next generation 

of therapeutic antibodies. Nat Rev Immunol 2010; 10:345-52.
4. Beck A, Senter P, Chari R. World Antibody Drug Conjugate Summit Europe: February 

21-23, 2011; Frankfurt, Germany. MAbs 2011; 3:331-7.
5. Beck A, Haeuw JF, Wurch T, Goetsch L, Bailly C, Corvaia N. The next generation of 

antibody-drug conjugates comes of age. Discov Med 2010; 10:329-39.
6. Reichert JM, Beck A, Iyer H. European Medicines Agency workshop on biosimilar 

monoclonal antibodies: July 2, 2009, London, UK. MAbs 2009; 1:394-416.
7. Beck A. Biosimilar, biobetter and next generation therapeutic antibodies. MAbs 2011 

3:107-10.
8. Beck A, Cianférani S, Van Dorsselaer A. Biosimilar, biobetter and next generation 

antibody characterization by mass spectrometry. Anal Chem 2012; 84:4637-46; 
PMID:22510259; http://dx.doi.org/10.1021/

Engineering Antibodies to Improve  
Their Anti-Tumoral Efficacy:  

1. GA101, A Type II Glycoengineered CD20 Antibody; 
2. CrossMab Approach for the Generation of Human 

Bispecific Bivalent Antibodies

Christian Klein

Various approaches to antibody engineering are applied within 
Roche Pharma Research and Early Development (pRED) to 
generate differentiated cancer therapies. The introduction of 
rituximab (Mabthera®, Rituxan®) in combination with chemo-
therapy for the treatment of non-Hodgkin lymphoma (NHL) 
and B cell chronic lymphocytic leukemia (B-CLL) has revolu-
tionized the treatment of the diseases. The exact mechanism of 
action of rituximab remains unconfirmed, but like other thera-
peutic antibodies is thought to involve a combination of com-
plement dependent cytotoxicity (CDC), apoptosis or direct cell 
death induction and antibody dependent cellular cytotoxicity 
(ADCC). Obinutuzumab (GA101), a novel humanized and gly-
coengineered Type II CD20 monoclonal antibody,1 was designed 
to differentiate in key features from the type I CD20 antibody 
rituximab as current standard of care for the therapy of NHL. 
GA101 has two distinct features: (1) Enhanced direct cell death 
induction with a concomitant reduction of CDC by virtue of 
being a type II antibody. The Type II character of GA101 is most 
likely related to the particular epitope recognized on the large 
extracellular loop of CD20 by GA101 as elucidated by X-ray crys-
tallography and may have to do with the particular geometry of 
CD20 recognition; and (2) Enhanced ADCC as a consequence of 
application of the GlycoMab technology that results in enhanced 
affinity for the FcgRIIIa receptor on immune effector cells such 
as NK cells and macrophages/monocytes.1-5 Enhanced ADCC 
may be an important mechanism, in particular in the 80–85% 
of patients who are carriers of the low-affinity FcγRIIIa allele. 

Recent data have indicated that cell death induced by the type 
II CD20 antibody GA101, as well as HLA-DR and other lympho-
cyte antibodies, is related to homotypic adhesion and represents 
a novel type of actin dependent and lysosome-induced cell death 
mediated through a novel reactive oxygen species-dependent 

pathway.3,6,7 In line with these findings, confocal time lapsed 
microscopy demonstrated that cell death induction is indepen-
dent of mechanical disruption. Comparison of GA101 with 
rituximab, as well as the Type I CD20 antibody ofatumumab 
(Arzerra®) that was recently approved for the treatment of 
patients with B-CLL refractory to fludarabine and alemtuzumab, 
in various in vitro assays and in vivo xenograft experiments show 
difference in the antibodies. For example, in vivo the properties 
of GA101 result in superior anti-tumoral efficacy of obinutu-
zumab compared to rituximab and ofatumumab (both Type 1 
mAbs). Obinutzumab has been studied in several Phase 1 and 
Phase 2 clinical studies in NHL and B-CLL patients,8,9 and is 
currently in pivotal clinical studies for the treatment of B-CLL, 
indolent NHL and diffuse large B cell lymphoma in direct com-
parison with rituximab based regimens. These head-to-head clin-
ical studies will be essential to demonstrate whether the findings 
from preclinical and Phase 1/2 clinical studies translate into a 
clinical benefit in large randomized clinical studies.

During recent years, bispecific antibodies have experienced 
a renaissance and many investigators and companies are now 
working on the development of these agents; most of them in the 
preclinical stage. A novel technology is being developed at Roche 
pRED for the generation of bispecific bivalent IgG antibodies, 
also known as CrossMab technology.10 The key challenge in the 
production of bispecific bivalent IgG antibodies comes from the 
requirement to express four different antibody chains (two heavy 
and light chains each) in one expression cell line to generate one 
bispecific bivalent antibody. The isolation of the desired bispe-
cific antibody out of the mixture of the various antibodies formed 
during this process made the manufacturing of bispecific bivalent 
IgG antibodies almost impossible for many years.

Different approaches to overcome this so-called chain asso-
ciation problem have been described, e.g., the knob-into-holes 
technology to enforce correct heavy chain association.11 However, 
this approach still did not overcome the issue of random light 
chain association and only recently Schaefer and colleagues10 
proposed and described a novel and generic approach to enforce 
correct light chain association by domain exchange within the 
Fab domain of one half of the bispecific antibody in combina-
tion with the knob-into-holes technology. Basically, according to 
this approach the whole Fab region, the VH-VL or the CH1-CL 
domains in one arm of the antibody are exchanged by domain 
crossover between the heavy and light chain Fab domains. This 
approach enforces correct light chain association and reduces 
mispairing by a minimal change in immunoglobulin domain 
arrangement.

As expected from theoretical considerations the 
CrossMabCH1-CL with the crossover of only the CH1-CL domains 
showed the best side product profile and was selected to gener-
ate a bispecific bivalent antibody targeting vascular endothelical 
growth factor A (VEGF-A) and Angiopoietin-2 based on beva-
cizumab and LC06 as parental antibodies with the goal to block 
these two angiogenic factors simultaneously.10 The Ang-2-VEGF 
CrossMabCH1-CL showed potent tumor growth inhibition and 
anti-angiogenic activity in xenograft tumor models at least as 
good as the combination of the two monotherapies and resulted 
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in a complete shutdown of angiogenesis in a VEGF-induced cor-
nea pocket assay. Moreover, it could be produced in CHO cells 
with volumetric productivities in the range of several grams per 
liter, which is similar to standard IgG processes, with thermody-
namic and long-term stability comparable to conventional IgG 
antibodies and with IgG-like pharmacokinetic properties in non-
human primates.
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2012 Update on Monoclonal Antibodies  
in Lymphoma

Bertrand Coiffier

The introduction of monoclonal antibodies (mAbs) in the ther-
apy of lymphomas was a major improvement in the treatment 
of these patients. The first anticancer mAb registered was ritux-
imab (Rituxan®), a chimeric anti-CD20 antibody, that demon-
strated activity in relapsing follicular lymphoma in a Phase 1 
study.1 Rituximab was registered for the treatment of follicu-
lar lymphoma, then diffuse large B cell lymphoma in combi-
nation with chemotherapy, and chronic lymphocytic leukemia 
(CLL).2-4 Rituximab has secondarily demonstrated efficacy in 
other B cell lymphomas, as well as in autoimmune cytopenias, 
and B cell-driven diseases like rheumatoid arthritis.5-7 Because of 
this efficacy, other mAbs targeting the CD20 antigen or other 
lymphoid antigens were developed for the treatment of lympho-
mas. The benefits of such therapies, particularly focusing on the 

pitfalls of drug development for mAb in lymphoma are sum-
marized here.

Lymphoma will serve as an example of what can be done with 
mAbs, but other cancers or diseases might have been chosen 
because the use of mAbs developed quickly after the demonstra-
tion of its possibility in lymphomas.

The different monoclonal antibodies. Several types of mAb 
exist, including mouse anti-human antibodies, chimeric, human-
ized and fully human antibodies (regarding the percentage of 
persisting mouse protein in the final molecule). Rituximab is 
a chimeric mouse/human molecule with ~20% of the original 
mouse Fab fraction persisting. This was not really associated with 
clinical reaction or development of anti-rituximab antibodies in 
the setting of lymphoma where some immunodeficiency exists 
related to the lymphoma or the previous therapies, but the pres-
ence of non-human sequence may cause difficulties when ritux-
imab is used as a treatment in autoimmune diseases.8 For the 
moment, there has been no difference in mAbs anti-lymphoma 
activity for molecules with varying percentages of mouse protein 
in the molecules.

Two subgroups of mAb exist regarding their mechanism of 
action, the naked antibodies where the antibody have a direct 
immunologic effect or trigger intracellular direct effects on 
homeostasis of lymphoma cells and the conjugated antibodies 
where the antibody acts as a transporter to bring to the cell a 
toxic product, isotope, toxin or drug. In this latter case, after the 
antibody has targeted the antigen, it must be internalized to pro-
duce its effects.9

The number of antigens at the surface of normal or pathologic 
lymphocytes that can be targeted is quite important, with more 
than 30 antigens having been described so far. The most com-
monly targeted are CD19, CD20, CD22, and CD30, but this 
is not limited and any new mAb against a previously untargeted 
antigen may bring a new site to attention.10

Mechanisms of action. The mechanisms of action of ritux-
imab are described here as an example, and the mechanisms of 
actions for other mAb are described later.

The mechanisms of action of rituximab include complement-
dependent cytotoxicity (CDC), antibody-dependent cell-medi-
ated cytotoxicity (ADCC) and other Fcγ receptor-mediated 
mechanisms, and induction of apoptosis (Figure 1).11 It is dif-
ficult to evaluate the contribution of each of these mechanisms 
when treating a patient because all of them have been described 
in vitro on cell lines, fresh lymphoma cells, or animals. Moreover, 
these mechanisms are probably different according to the tumor 
type.11 Binding of type I anti-CD20 antibodies such as ritux-
imab to CD20 induces rapid translocation of the complex to lipid 
rafts, signal transduction zones that enables the co-localization of 
receptors and signal effectors. This is not observed in type II anti-
bodies such as obinutuzumab. This activity can be modulated 
by patient-related parameters such as gender, polymorphism of 
FCGR3A, genetic heterogeneity of CD11b , or natural killer cell 
effectors (Fig. 1).11

The importance of these parameters can change from one 
antibody to another, and according to the targeted antigen. 
Pharmacokinetics or pharmacodynamics can be different. 
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For example, veltuzumab, a humanized anti-CD20 antibody, 
needs smaller dose for activity and thus can be injected subcu-
taneously.12 Ofatumumab, another fully humanized anti-CD20 
mAb, targets a different epitope than rituximab.13

In case of conjugated antibodies, the antibody serves as a 
transporter of the active product to the pathologic cells and it 
does not need to have activity by itself. Active products can 
be a radionuclide (131I or 90Y), a toxin (immunotoxins), or 
a small drug (antibody-drug conjugate or ADC).9 The three 
parts of the drug are important: the specificity of the antibody, 
the linker, and the active drug molecule. The linker is particu-
larly important for immunotoxins or antibody-drug conjugates 
because it must be sufficiently stable not to release the active 
molecule during infusion and in plasma, but sufficiently labile 
to release it once phagocyted by the tumor cell.

Rituximab. The benefit of adding rituximab to chemother-
apy has been demonstrated in several randomized studies for 

follicular lymphoma, diffuse large B cell lymphoma, and 
CLL.3,4,14 This benefit has also been demonstrated in mainte-
nance for follicular lymphoma and mantle cell lymphoma.15,16 
For the less frequent B cell lymphomas, Phase 2 studies have 
shown that a benefit probably exists, but it has not been fully 
demonstrated for the moment. This benefit was gained without 
an increase in toxicity. In these randomized studies, the ben-
efit is ~15–20% for progression-free survival and ~10–20% for 
overall survival.

Because of these results, rituximab plus chemotherapy is the 
standard regimen to treat patients with B cell malignancies in 
first line. Chemotherapy regimen changes according to the lym-
phoma subtypes, but R-CHOP (rituximab, cyclophosphamide, 
doxorubicin, vincristine, prednisone) is certainly the most used 
because of its very good safety profile. These studies have set a 
very high standard even if some progress is needed for the most 
aggressive patients.

Figure 1. Mechanism of rituximab action, resistance, and causes of variability of response. (1) FCGr3A-158Fv genotype affects the affinity of rituximab 
for human igG1. (2) rituximab binds more strongly to homozygous Fcγriiia-158v effector cells than to Fcγriiia-158F carrier effector cells, resulting in 
significantly different response rates to rituximab. (3) Polymorphism located in the C3-interacting site of Cr3/CD11b has been shown to be associated 
with PFS in patients with follicular lymphoma treated with rituximab alone. (4) NK cell target recognition depends mainly on the surveillance of HLA 
class i molecules by B-cells interacting with Kirs on NK cells modulating ADCC and Cr3-ADCC. (5) Apoptosis as an effector mechanism of rituximab 
has been shown to be modulated, resulting in in vitro resistance to both rituximab and chemotherapy. (6) CD20 expression influences CDC induced by 
rituximab. (7) A rare cause of rituximab resistance may be mutations of the CD20 gene, resulting in reduced CD20 expression or affinity for rituximab. 
Antitumor effects of rituximab are dependent on translocation of antibody-bound receptor to lipid rafts in the plasma membrane. All changes in the 
cholesterol content of the plasma membrane can thus affect the lipid-raft–dependent activity of rituximab. reprinted with permission from Cartron G, 
et al. Clin Cancer res 2011; 17:19-30.
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Other anti-CD20 mAb. Besides the biosimilars of rituximab, 
which are not yet registered in Europe or the United States, there 
are several new molecules that target CD20. Veltuzumab and 
ocralizumab are humanized; ofatumumab targets different epi-
topes of CD20; obinutuzumab and ublituximab are engineered 
mAb.10 None of these mAbs have yet been tested in compari-
son to rituximab, so their potential benefit over rituximab is not 
known. They have demonstrated some advantages over ritux-
imab in in vitro tests. Ofatumumab might have a better efficacy 
in CLL patients.17 Obinutuzumab has a greater in vitro activity, 
particularly for ADCC and induction of direct cell death.18,19 
Randomized studies are ongoing for these drugs.

Other anti-B cell antibodies. A number of companies are 
developing mAbs that target other antigens on B cells., including 
MEDI-551 (MedImmune), an anti-CD19 mAb;20 and epratu-
zumab (Immunomedics), an anti-CD22 mAb;21 dacetuzumab 
(Seattle Genetics), an anti-CD40 mAb.22 However, these mAbs 
are in Phase 1 or Phase 2 and their potential has not been fully 
demonstrated yet.

Alemtuzumab (Campath®) targets CD52, a pan-lymphocyte 
antigen that is present on B and T cells. It is registered for CLL 
patients, but has demonstrated low activity in lymphoma, mainly 
in cutaneous T cell lymphomas.23-25

MAb targeting T cells. Several mAb have been developed 
for T cell lymphoma, but none has yet succeeded in demonstrat-
ing good efficacy, and some were associated with severe toxicity. 
Siplizumab targets CD2 antigen and was associated with severe 
opportunistic infections.26 Two companies have developed an 
anti-CD30 mAb without success.27,28 Zanolimumab was associ-
ated with some responses at high-dose, but was licensed to dif-
ferent companies every 2–3 years and was not well developed.29,30 
Mogamulizumab (POTELIGEO®) was recently approved in 
Japan as a treatment for patients with relapsed or refractory 
CCR4-positive T cell leukemia-lymphoma, but only study results 
from its early development have been published.31 Alemtuzumab 
has also been used in T cell lymphoma with some responses in 
CTCL.32

This list shows clearly that generally anti-T cell mAbs have not 
been well-developed, or they had no real anti-lymphoma activity, 
and a number of antigens on T cells have not proven to be good 
targets.

Conjugated antibodies. As said previously, three groups 
of conjugated mAb exist: radionuclides, immunotoxins, and 
ADC. The two radionuclides, 131I-tositumomab (Bexxar®) and 
90Y-ibritumomab tiuxetan (Zevalin®) have not really succeeded 
in finding their place in the treatment of B cell lymphomas. This 
is mostly secondary to a poor development plan without random-
ized study.33 Immunotoxins and ADC use an antibody to target 
an antigen and bring the toxin or the drug into the cell, as dis-
cussed by Beverly Teicher in the final presentation summary of 
this meeting report.

Conclusion. MAbs have created a breakthrough in the treat-
ment of several cancers, particularly B cell lymphomas. More 
progresses will be reached with the refinement of technology 
and in vitro engineering for naked or conjugated antibodies. 
Conjugated antibodies will probably allow what was still only 

a dream not so long ago: targeting only pathological cells with 
anti-cancer drugs.
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Afternoon Sessions

The afternoon session started with two concurrent round Ta-
bles, followed by the plenary talk featuring Dr. Beverly Teicher from 
the US National Cancer institute. The topic of one round Table was 
“Antibody Treatment in Cancer: Unmet Needs in Solid Tumors and 
Hematological Malignancies”, with moderator : Charles Dumontet 
and the panelists were Oliver Tredan (Léon Bérard Cancer Center), 
Stéphane Dalle (South Lyon Hospital, CrCL, UCBL) and Jérôme Hon-
norat (CrNL,inserm/CNrS). The other round Table was dedicated 
to discussion on “From Chimeric to more than Human Antibodies”, 
with moderator Christian Klein (roche Glycart AG ) and Chairper-
sons Marie-Paule Lefranc  (iMGT, Montpellier) and Liliane Goetsch 
(CiPF, Saint Julien en Genevois). The panelists were Hervé watier 
(Labex Mabimprove/GDr ACCiTH), Majid Mehtali (vivalis), Claudine 
vermot-Desroches, iDD Biotech), Jérôme Tiollier (innate Pharma).

Antibody Drug Conjugates

Beverly A. Teicher

Antibody conjugates are a diverse class of therapeutics consisting 
of a cytotoxic agent linked covalently to an antibody or antibody 
fragment directed toward a specific cell surface target expressed 
by tumor cells. The main approaches using antibodies to target 
cytotoxic agents to malignant cells: antibody-protein toxin (or 
antibody fragment-protein toxin fusion) conjugates, antibody-
chelated radionuclide conjugates, antibody-small-molecule drug 
conjugates (ADCs). Although ADCs are highly selective, they 
are quite inefficient in delivering drugs to tumor and thus require 

very potent cytotoxins as the drug component.1,2 The drugs used 
on most ADCs in clinical trials are dolastatin 10 analog, mono-
methylauristatin E or F, maystansine analogs, calicheamicin, or 
duocarmycin derivatives. The targets for these potent drugs are 
either tubulin or DNA.2,3 At least 25 ADCs are currently in clini-
cal trials. Brentuximab vedotin (SGN-35) was recently approved 
by the US Food and Drug Administration as a treatment of 
Hodgkin lymphoma and anaplastic large cell lymphoma.4 The 
next ADC likely to enter regulatory review is trastuzumab emtan-
sine, which is a treatment of HER2+ breast cancer.5 Preclinical 
pharmacokinetic and pharmacodynamic assays indicate that 
there are several drug metabolites present in xenograft tumor tis-
sue that reflect lysosomal degradation of the ADC and that the 
role of the cell surface target in vivo can be proven by negating 
the ADC therapeutic activity by administration of excess naked 
antibody.6 Several antibody formats including bispecific anti-
bodies, minibodies, Fabs, diabodies, scFv fragments are under 
investigation as methods for delivery of radionuclides for imaging 
and for radiation therapy.7 Finally, antibody fusion proteins con-
tinue to be explored. Overcoming immunogenicity of the fusion 
proteins remains an important goal. The anti-CD22 recombi-
nant immunotoxin moxetumomab pasudotox, which includes 
the protein toxin PE38, is currently in clinical study. However, 
research is continuing to develop even less immunogenic variants 
of PE38 that retain potent cytotoxicity.8

Identifying and validating cell surface proteins as suitable for 
ADC targets requires rigorous attention to tumor and normal 
tissue expression of the target protein.1,2 The protein endosialin, 
which is expression by sarcoma, illustrates the steps needed to 
determine whether an ADC targeting endosialin may be worth-
while pursuing.9,10 Endosialin is primarily expressed during 
embryo development and is found in rare cells in some adult tis-
sues. As a beginning, antibodies were raised to endosialin. The 
expression of endosialin was determine by flow cytometry in 
about 45 human sarcoma lines and several types of normal cells 
in culture. About 50% of the sarcoma lines expressed endosialin, 
some expressed very high levels of the protein on the cell surface. 
When an antibody to endosialin bound to the target protein on 
the cell surface, the antigen-antibody complex was internalized 
into the cell. In formalin-fixed paraffin-embedded human clini-
cal specimens, about 100 carcinomas and 100 sarcomas, endo-
sialin was found in the vasculature (pericytes) of about 33% of 
the carcinomas, but was found in the vasculature of 78% and 
51% of the malignant cells of the sarcomas, as well as about 25% 
of the tumor-associated fibroblasts.9,10 In frozen human clinical 
specimens, 93% of carcinomas had detectable endosialin in the 
vasculature. In sarcomas, 100% of the specimens had endosialin 
in the vasculature, 50% in the malignant cells and 100% in the 
tumor associated fibroblasts. The expression of endosialin in the 
sarcomas occurred across all sarcoma subtypes tested and across 
all age groups of patients. A model ADC was tested and found 
to be cytotoxic only to sarcoma cells that expressed endosialin 
in cell culture. When grown as subcutaneous xenograft tumors 
in nude mice, sarcoma cell lines retained expression of endosia-
lin; however, the intensity of expression varied from line to line 
and was not always identical to expression in culture. Metastatic 
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sarcoma produced in nude mice by injection the sarcoma cell 
intravenously demonstrated that metastatic disease also retained 
expression of endosialin. An efficacy study with an anti-endosia-
lin drug conjugate results in highly promising results with 5 of 9 
mice in the ADC treated group tumor free at 100 days while the 
control group had to be removed from the study due to tumor 
size by day 18.

Varied and interesting ADCs directed toward targets on liq-
uid and solid tumors are in clinical trials and more are being 
evaluated in preclinical studies. The next hurdle is demonstra-
tion of clinical activity worthy of regulatory approval. ADCs are 
chemotherapeutics that will be used in combination treatment 
regimens, the time may have come for this technology to become 
an important contributor to improving treatment for cancer 
patients.
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