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Abstract: Carcinoembryonic antigen—related cell adhesion molecule 1 (CEACAMI1) is a cell surface glycoprotein
involved in intercellular binding, belonging to the immunoglobulin superfamily. It is involved in cell-cell recognition and
modulates cellular processes that range from vascular angiogenesis to the regulation of insulin homeostasis and T-cell
proliferation. Aberrant expression of CEACAMI is often associated with progression and metastatic potential in
melanoma, lung carcinoma and other types of tumor. Tumor-specific antigens such as CEACAMI are ideal targets for
cancer immunotherapy because they are over-expressed by the cancer cell and not on non-malignant tissues, minimizing
the risk of autoimmune destruction. Many of the limitations of therapeutic use of rodent monoclonal antibodies (mAbs)
can now be overcome by exploiting the use of recombinant antibody fragments and the advances in antibody engineering
methods to improve tumor retention, reduce immunogenicity and modulate pharmacokinetics. In addition, a novel
effective model of immunotherapeutic treatments of tumors includes antibody drug conjugates (ADCs) that combine
specific mAbs and antibody fragments with cytotoxic drugs, proteins, enzymes, radionuclides and nanoparticles. This
review aims to describe how these antibody engineering approaches can meet the challenges for generating new and
effective antibody constructs for diagnosis and therapy of CEACAMI1 expressing malignancies.
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INTRODUCTION digestive tract in particular those of the colon-rectum,
stomach, pancreas, but also in other cancers (such as breast,
lung, urinary tract, ovary and cervix) [7] and is routinely
used as a marker in the diagnosis, staging, monitoring and
prognosis of these tumors. Another member of the
CEACAMs family, CEACAMI, has recently received
considerable interest as a tumor antigen target especially in
melanoma and lung cancer. CEACAMI has the widest tissue
distribution of all characterized family members. This
receptor is found on different epithelial cells and its
expression can be induced in endothelial or T cells [8].
CEACAMI shows intercellular homophilic interactions as
well as heterophilic binding to CEACAMS expressed on
target cells [9,10]. Clinical studies in a 10-year follow-up in
melanomas show that expression of the cell adhesion
molecule CEACAMI1 is an independent factor of the
metastasis risk, with a predictive value superior to that of
tumor thickness [11]. Furthermore, CEACAMI1, which is not
expressed in the normal lung, has been identified in
carcinomas from this tissue and correlates with poor survival
[12]. In addition, a significant correlation was found between
the high expression of CEACAMI1 on cells of the primary

Carcinoembryonic  antigen-related  cell  adhesion
molecules (CEACAMs) belong to a group of mammalian
immunoglobulin-related  glycoproteins [1]. They are
implicated in various cellular functions governing growth
and differentiation and have an important role in insulin
homeostasis, vascular neogenesis, and on immune
modulation [2-4]. Some CEACAMs members (CEACAMI,
CEACAM3, CEACAMS and CEACAMSG6) have also been
identified as receptors for host-specific viruses and bacteria
in mice and humans [5]. Further, CEACAMSs have been
implicated in various intracellular signalling-mediated
effects involved in the growth and differentiation of
cancerous cells thus playing a key role in the modulation of
various type of cancers. The carcinoembryonic antigen
(CEA; CEACAMS) represents one of the best-known tumor-
associated antigens since it was isolated in 1965 from
extracts of human colon cancers [6]. CEACAMS is over-
expressed in various tumors of epithelial origin of the
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tumor in pulmonary adenocarcinoma and metastasization
[13]. CECAMI also seems to be a promising endothelial
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target for the treatment of prostate cancer, this molecule is
indeed involved in the transition from non-invasive and non-
vascularized to invasive and vascularized cancer [14]. High
levels of expression of CEACAMI have been also associated
with lymph node metastasis in gastric cancer [15] and tumor
invasiveness in colorectal cancer [16,17]. Taken together,
these findings raised the possibility that CEACAMI
expression might facilitate metastatic tumor spread. Since
CEACAMI1 exhibits properties of an angiogenic factor
acting as a major effector of vascular endothelial growth
factor (VEGF), it may promote metastasis by the induction
of angiogenesis at the metastatic site [3,18,19]. In addition,
in many tumors CEACAMI expression is actively up-
regulated in response to interferon-gamma and homophilic
CEACAMI1 interaction may be directly involved in
inhibiting natural killer and cytotoxic T cells effector
functions. This acquired immune resistance could be
responsible for the poor prognosis and enhanced resistance
to cell mediated response observed in CEACAMI over-
expressing tumors [20-23].

Multi-modal treatments that combine chemotherapy with
surgery or radiotherapy has increased the survival rate of
tumor patients. In particular, dose-intensification has
recently improved their cure rate, despite the increase of
severe toxicity and high level of life-threatening late events,
such as secondary malignancies [24]. The treatment of
cancer remains a formidable challenge owing to the
difficulties in differentiating tumor cells from healthy cells to
ameliorate the disease without causing intolerable toxicity to
patients. In addition, the emergence of MDRI-P-
glycoprotein mediated multi-drug resistance (MDR) it is a
not rare phenomenon that inhibits the curative potential of
chemotherapeutic treatments [25]. One way to improve the
selectivity of therapeutic molecules in tumors would be to
target them on the tumor site, thereby sparing normal tissues.
In this sense, the approaches based on monoclonal antibodies
(mAbs) specific for tumor associated antigens represent a
good strategy. The expression of CEACAMI in the
development of aggressive melanoma and several
carcinomas marks this adhesion molecule as an attractive
target for novel forms of monoclonal antibodies-based
immunotherapeutic interventions. That of mAbs is the fastest
growing sector of pharmaceutical biotechnology and a
number of antibody-based biopharmaceuticals have been
approved for cancer treatment [26,27]. However, in many
cases the antibodies used for the treatment of solid tumors
offer only a modest survival benefit to cancer patients
thereby yielding marginal therapeutic indices. On the other
hand, treatment in combination with small cytotoxic drugs
significantly improves the clinical efficacy of naked
antibody [28]. As a result, investigators have turned to
arming mAbs with drugs, toxins or radionuclides.

In this review, we look into different approaches that
have been followed during the past few years to produce
antitumor therapeutics based on the utilization of single
chain fragment variable (scFv) antibody fragments and
analyze their relative success, mainly in terms of their
clinical  performance. @ The use of  scFv-based
immunoconjugates, in combination with standard or novel
therapies, is showing significant improvements in objective
responses, suggesting that these reagents will become
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important components of the antineoplastic protocols for the
future.

HUMAN ANTIBODIES IN SCFV  FORMAT
DISPLAYED ON PHAGES AS CARRIER FOR THE
CONSTRUCTION OF IMMUNOTHERAPEUTIC
COMPOUNDS

Clinical studies were initially focused on murine mAbs
and on immunoconjugates that used radioactive elements or
cytotoxins to kill tumor cells [29]. In this context two murine
anti-CD20 mAbs have been conjugated with iodine-131
(1311) or yttritum-90 (90Y, beta-emitting radionuclides) to
deliver tumoricidal doses of radiation to Non-Hodgkin's
Lymphoma (NHL) patients whose disease had relapsed or
had not responded to cytotoxic effect of Rituximab (anti
CD20 chimeric antibody) [30]. These two
radioimmunoconjugates, BEXXAR (1311) [31] and Zevalin
(90Y) [32] have both been approved by international
regulatory agency (FDA) and are currently used for
eradication of NHL cells. However, murine mAbs may
suffer from rapid formation of human anti-mouse antibodies
(HAMA) that alter the pharmacokinetic profile of the
antibody, leading to severe toxicity and preventing repeat
dosing [33]. Historically, researchers have accepted the
disadvantages of murine mAbs because of the
impracticability of working with mAbs of human origin. At
the end of ‘70, the isolation of various human myeloma cell
lines [34], and somatic cell genetics procedure for in vitro
immortalization of human EBV infected B-cells raised a
legitimate hope for the production of human hybridomas
and/or stable B-cell line secreting mAbs of desired
specificity [35]. The advantages of human mAbs,
particularly their lack of immunogenicity, made them very
attractive for diagnostic and therapeutic applications.
However human hybridomas and EBV —immortalized B-cell
lines are unfortunately characterized by poor and not stable
IgG secretion. This biological aspect represents a relevant
limitation in the harvesting homogeneous drug substance for
medical preparations. The need for homogeneous sources of
Abs with single antigen specificities therefore has promoted
the search for alternative techniques to produce Abs useful in
human therapy. Today, with the advances of recombinant
genetic strategies rodent antibodies have been genetically
modified in chimeric and humanized version significantly
reducing their immunogenicity [36,37]. However, the main
pitfalls of the use of conventional mAbs (usually IgG) in
cancer diagnosis and therapy, are related not only to their
immunogenicity but also to the Abs large size (150 kDa).
This biochemical property is particularly relevant in solid
tumors where physiological parameters such as imperfect
vascular supply and increased interstitial pressure, inhibit the
diffusion of larger molecules [38]. Moreover, the slow rates
of clearance of intact mAbs due to their large size cause
significant exposure to normal organs and limit the quantities
delivered to tumors [39]. In this context, the ability to
produce fully human antibody fragments has represented a
significant breakthrough in the field of antibody engineering.
Antibody fragments in particular in scFv format (, with their
small size (27 kDa), display better tumor penetration
compared to full length monoclonal antibodies without any
significant toxicity. After the introduction of the phage
display technology originally described in 1985 [40] and
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thanks to the pioneering work of Winter and his co-workers
[41], antibody fragments can now be isolated from libraries
containing extensive repertoires displayed on the surface of
filamentous  bacteriophages  by-passing  hybridoma
technology [42, 43]. From these scFv phage libraries,
specific high-affinity antibodies with a particular phenotype
(e.g. binding affinity) can be selected using a target antigen,
thereby allowing simultaneous recovery of the gene
encoding the selected antibody (Fig. 1). Frequently, the
recovered gene can be subjected to cycles of mutation and
further selection to enhance affinity. Furthermore, new
methods of selection and screening have been designed to
specifically isolate antibodies with desired characteristics,
such as enhanced stability, high expression or capacity to
activate the receptor [44]. ScFvs represent the smallest stable
antibody fragments still capable of specifically binding an
antigen. They are structured as a single polypeptide chain
incorporating a heavy chain variable (VH) and a light chain
variable (VL) region of an antibody, linked by a flexible
linker. The extremely versatile format of scFvs can be
tailored by genetic engineering to improve affinity and
stability. They can be modified in their size,
pharmacokinetics, immunogenicity, specificity, valency and
effectors functions [45]. Moreover, scFvs can be easily
expressed and produced in E. coli in large quantity [46].
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Human mAbs in scFv format have both pros and cons as
therapeutics compared with full-size mAb. As discussed
above, one advantage is that they are smaller and penetrate
tissues and tumors more rapidly and deeply than intact
mAbs. In addition, the small size of antibody fragments has
been suggested to permit rescue of cryptic epitopes not
accessible to full-sized mAbs [47]. However, scFvs are
monovalent and often exhibit a rapid clearance with a half
life in the range of few hours and poor retention time on the
target [38]. Therefore, scFv fragments have been engineered
into dimeric, trimeric or tetrameric conjugates to slow down
the clearance rate and to increase functional affinity, through
the use of either chemical or genetic cross-links [48]. Of the
various strategies to genetically encoding multimeric scFvs,
the most successful design has been the reduction of scFv
linker length between the VH and VL to 10-5 residues in
order to induce the formation of non-covalent dimers
(“diabodies”; 55 kDa) [49], or trivalent trimers (“triabodies”;
90 kDa) or tetramers (“tetrabodies”; 120 kDa) if the linker
length is reduced under 3 residues. Indeed, clinical trials of
scFv fragments are likely to be as multivalent reagents or
small immunoprotein fragments (SIP) constituted by two
scFv linked together with an Fc fragment (CH3 or CH4
fragment) [50] (Fig. 2). For example, the fusion protein
composed by SIP L19 and Interleukin 2 (L19-1L2)
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Fig. (1). Scheme of the isolation of monoclonal antibody in scFv format from antibody phage library. Library phage are first incubated with
antigen immobilized on a solid surface. Specific phage bind and non-specific phage are washed away. The antigen-specific phage are eluted
and used to re-infect bacteria for further rounds of selection and screening for antigen- specific phage.
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Fig. (2). Immunoglobulin and antibody fragments. Comparison of schematic biochemical structure between classical IgG immunoglobulin
and antibody fragments generated by phage display and genetic recombination.

specifically directing to fibronectin and tenascin isoforms
exhibits functional affinity and has been very successful in
phasel/II clinical studies of solid tumors in combination with
conventional anticancer drugs [51-53].

Hence, there is an urgent need to rapidly develop
therapeutic modalities that combine the advantages of
specific tumor targeting of monoclonal antibodies fragments
with curative molecules displaying potent and selective
cytotoxic properties [54]. In this context, CEACAMI is an
attractive target for cancer immunotherapeutic strategies
because of its expression profile, its role in the development
of aggressive melanomas and carcinomas, and its expression
in cancer metastasis. We have recently described the
isolation and the affinity maturation by mutagenesis in vitro
of a new anti-CEACAMI1 scFv named E8, from an ETH-2
synthetic antibody library [55]. This human antibody
recognizes a large panel of tumors including lung
carcinomas and melanomas that over-express CEACAMI
protein on their cell surface. It is particularly interesting that
scFVE8 shows no reactivity on various normal human cells
and tissues [55].

The scFvES antibody which recognizes a common
epitope distributed on CEACAMI, CEACAM3 and
CEACAMS meets all criteria for a biological compound to
be used for diagnosis and therapy of cancer: it is human,
hence poorly or not at all immunogenic, and it binds

selectively to tumors expressing CEACAM1/5 cell adhesion
molecules. Furthermore, to improve the pharmacokinetics
and tumor retention of the scFvES, oligomeric forms have
been recently isolated by genetically modifying the structure
of the antibody. This scFv variant named DIATHIS1
maintains the specificity of the ancestral antibody and
applying a novel purification procedure may be recovered as
drug substance formed in a large percentage of stable
oligomeric forms of scFv antibodies (paper in preparation).

In order to apply DIATHIS1 for immunotherapeutic
strategies, we intend to pay particular attention to previous

published methods reporting and discussing key
methodologies to enhance antibody cytotoxicity by
appending drugs, toxins, chemokines, enzymes or

radionuclides to recombinant antibody fragments, generating
antibody drug conjugates (ADCs) [56-58]. The tumor
delivered cytotoxicity of many of these immunoconjugates
has been directly related to their ability to enter the cell.
Oligomeric forms of the scFv DIATHIS1 antibody provide a
useful set of tools to construct human scFv mAbs with an
appropriated PK/PD (Pharmacokinetic/Pharmacodynamic)
for clinical development of tumor delivered curative agents.
To this regard, preliminary studies conducted using the
methods described by Ford et al., [59] indicate that the scFv
DIATHISI is internalized in melanoma and adenocarcinoma
(M. Cianfriglia, unpublished) permitting the design of a large
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array of immunoconjugates delivering their cytotoxic
activity in tumor cells sparing normal tissues.

SCFVS FOR DELIVERING CURATIVE PROTEINS
TO NATURALLY CHEMORESISTANT TUMORS

The outcome for patients with disseminated melanoma is
poor and traditional chemotherapy is an extremely
ineffective means of treating the natural drug-resistant
characteristic of this disease [60-62]. However, a growing
understanding of the molecular events that mediate tumor
growth and metastatic spread has led to the development of
rationally designed targeted therapeutics such as the
antibody-mediated delivery of curative proteins to tumors.
For the eradication of melanoma cells, Liu et al., [63], have
experimented a fusion protein composed by single-chain
antibody scFVMEL and the human granzyme B (GrB), a
serine protease inducing apoptosis on target cells and
working in combination with perforin (PFN). This
scFvMEL, targets melanoma gp240 antigen and bound with
melanoma cells while GrB exerts impressive cytotoxic
effects by inducing apoptosis. The authors also evaluated the
effects of GrB/scFVvMEL on chemotherapy, radiation
therapy, metastasis in vitro, and the growth of human
melanoma A375 tumor xenografts in nude mice.
GrB/scFvMEL showed synergistic cytotoxicity when co-
administered with doxorubicin, vincristine or cisplatin, and
additive effects, in combination with etoposide or cytarabine.
Optimal cytotoxic effects were reported when cells were
treated first with GrB/scFvMEL followed by exposure to the
agent (rather than the reverse). Pretreatment of A375 cells
with GrB/scFvMEL significantly sensitized melanoma cells
to ionizing radiation. The results obtained by Liu and co
workers [63] have proved the efficacy of the use of specific
scFvs as carriers of effector proteins for the treatment of
malignant melanoma. In this context, thanks to the
specificity of scFv DIATHIS1 for metastatic melanoma
cells, it would be interesting to design a similar fusion
protein substituting scFvMEL with scFv DIATHIS1 and to
verify the effector function of delivered GrB on melanoma
cells following the multimodal therapeutic protocol used for
A375 cells.

Markers of angiogenesis (e.g. CEACAMI1) and of the
tumor stroma represent particularly attractive targets for the
antibody-based delivery of therapeutic agents. Recently,
Marlind ef al., [64], described that the immunocytokine F16-
IL2, consisting of the human monoclonal antibody F16
specific to the extradomain A1 of tenascin-C which is able to
selectively accumulate at neovascular tumor sites, fused to
human IL-2, displays a potent anticancer therapeutic activity.
This activity is potentiated when the immunocytokine is
administered in combination with chemotherapy in mice
bearing human MDA-MB-231 breast tumors. The curative
effect of specifically delivered IL-2 prompted us to
genetically design and construct a fusion protein composed
by the scFv DIATHISI and IL-2 to test its curative effect
against CEACAMI1 tumors in combination with taxanes and
antracyclines (Mallano et al., in preparation).

ANTIBODY DEPENDENT PRODRUG THERAPY
(ADEPT)

The ability of particular mAbs to specifically localize in
tumor tissues in vivo offers a variety of therapeutic approaches
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for cancer therapy including delivery of specific enzymes which
are then exploited to convert relatively non-toxic prodrugs into
more active chemotherapeutic agents [65]. This is a two-step
approach in which the antibody-enzyme complex is allowed to
localize and clear from the circulation prior to the systemic
administration of the prodrug. Thus, the prodrug is converted to
an active chemotherapeutic agent by the enzyme which is
principally located in the tumor tissue. Such an approach may
overcome several limitations of the immuno-chemotherapy of
tumors since the released drug can migrate throughout the
tumor mass and exert activity on both the cells that have bound
the enzyme conjugate and those that have not. Thus, one should
be able to achieve a much higher concentration of drug within
tumor masses while minimizing the toxic effects of the drug on
non-target tissues [65]. Several excellent reviews have reported
the potential of this two-step approach to cancer therapy
[66,67]. The antimetabolite 5-fluorouracil (5-FU) is one of the
most active chemotherapeutic agents for the treatment of
colorectal cancer, but it has limited efficacy due to
gastrointestinal and hematological toxicities [68]. High systemic
toxicity of 5-FU could be circumvented by introducing gene
directed enzyme prodrug therapy (GDEPT) and/or ADEPT
relying on the ability of bacterial and/or yeast cytosine
deaminase (yCD) enzyme to convert far less toxic substrate 5-
fluorocytosine (5-FC) to 5-FU [69]. Based on these premises,
we have recently described the genetic construction and
characterization of the ADEPT system consisting of the anti-
CEACAMI scFvES fused to the yCD [70]. The scFvES:yCD
system showed the ability to render tumor cells susceptible to
the far less toxic substrate 5-FC by its enzymatic conversion
into 5-FU (Fig. 3). In vitro pre-treatment of malignant
melanoma and gastric carcinoma (LoVo) cell lines with
scFvE8:yCD followed by cell washing and incubation with 5-
FC, resulted in significant cell killing supporting the utility of
this fusion protein as an agent for tumor-selective prodrug
activation. The immunogenicity of the ADEPT system
described in this study and that may severely interfere with the
efficacy of this fusion protein, was not yet fully characterized.
However, we are preparing a modified version of the fusion
protein characterized by covalently attached PEG 5000
molecules [71]. Preliminary results show that this manipulation
does not interfere with enzyme activity and abrogate the
immunogenicity of the complex E8:yCD. Hence the ADEPT
system herein described could become a new curative approach
for cancer therapy. In this context, to allow the detection of yCD
expression at the protein level, we have also raised a human
monoclonal antibody in scFv format against a recombinant yCD
proved to be functionally active in NMR and in in vitro studies
to convert the antifungal drug 5-FC into the anticancer
compound 5-FU. The specificity of the human scFv was
confirmed by Western blot and ELISA analyses. With this
antibody, yCD expression can now be monitored without
interfering with its enzymatic function in ADEPT and other
studies leading to the effect of the so called tumor amplified
protein expression and targeting to localize in vitro and in vivo
generation of the anticancer agent 5-FU [72]

ADCS IN THE THERAPY OF CEACAM1 POSITIVE
TUMORS

ADC:s represent one of the most promising strategies to
enhance the antitumor activity of antibodies. The therapeutic
concept of ADCs is to use a mAb as a vehicle to deliver a
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cytotoxic drug specifically to a tumor cell As a
consequence, ADCs have significant potential for enhancing
the antitumor activity of ‘naked’ antibodies while reducing
the systemic toxicity of the conjugated drug [73]. ADCs
comprise an antibody (or an antibody fragment) conjugated
to a cytotoxic drug via a chemical linker. Although such
agents are simple in principle, deriving activities from them
has been a major challenge because the mAb-conjugated
drugs can decompose before being delivered to the target
site, the pharmacokinetics and biodistribution of the mAb

carriers may be suboptimal, the conjugation process can
perturb mAb binding characteristics, the linkers used may
have inappropriate stability and the drugs may not be
released in active states.

In general, intact mAbs may not be the most favorable
format for in wvivo delivery of cytotoxic drugs and
radionuclides to target tissues because their long circulating
half-lives (typically days to weeks in the humanized version)
result in high level of toxicity [74,75]. In contrast human
antibodies in scFv format show much more rapid blood



ScFv —Mediated Immunotherapy of CEACAMI Tumors

clearance properties therefore are more suitable for ADC
applications. In particular, multivalent scFvs have been
explored and have appeared to result in increased functional
affinities and total tumor uptakes, compared to monovalent
scFv molecule [76]. Multivalent scFv constructs in the
molecular weight range of 60—-120 kDa have shown superior
avidity and tumor-targeting properties and present the ideal
compromise between rapid pharmacokinetics and sufficient
tumor accumulation required in applications such as
radioimmunotheraphy (RIT) and ADC’s. Early works in
antibody-mediated drug targeting surrounded the use of
clinically approved drugs, such as doxorubicin,
methotrexate, mitomycin, 5-fluorouracil, and vinca alkaloid,
since much was known about how they could be chemically
manipulated and the agents were readily available. Little
attention was paid to particular aspects of the mAb carrier,
the mode and stoichiometry of drug attachment and the
mechanism of drug release [54]. As a result, the activities of
these agents were marginal, and few of them were
extensively investigated [77]. Nonetheless, successful results
were obtained by linking conventional drugs with specific
human antibody in scFv format. Chen et al., [78] constructed
the humanized anti-CEA scFv T84.66 and coupled it by
dextran T-40 with mitomycin (MMC), a chemotherapeutic
agent against colorectal cancer, and investigated the
influence of this conjugate on the growth and apoptosis of
colorectal cancer cells. The immunoreactivity of the
conjugate against colorectal cancer cells was measured and
confirmed by routinary laboratory techniques and functional
assays demonstrating that this ADC inhibits growth and
induces apoptosis on colorectal cancer in a dose dependent
manner. However, the general low potency of ADCs
carrying drugs such as methotrexate, mitomycin, 5-
fluorouracil, and vinca alkaloids prompted significant efforts
towards utilizing drugs with much higher potencies able to
kill tumor cells at concentrations well below that of standard
chemotherapeutic agents.

To this regard, Kim ef al., [79] genetically engineered an
scFv-based anti CD30 diabody using cysteine residues for
site-specific conjugation to monomethyl auristatin E
(MMAE) or F (MMAF) demonstrating that this class of
antibody fragments may be an effective immunoconjugated
for delivering potent cytotoxic dugs to the tumor site.

INNOVATIVE SCFV-BASED STRATEGIES FOR
CANCER TREATMENT

While there are several unresolved issues surrounding
ADC’s technology, such as the importance of antibody
affinity, internalization rate, position and stoichiometry of
drug substitution, and the acceptability of normal tissue
antigen expression, it is apparent from the progresses in the
past few years that ADCs will have an increasing impact in
modeling novel and effective cancer treatments. Recently,
the innovative curative potential of ADCs has been critically
discussed at the World Antibody Drug Conjugate Summit
Europe, organized by Biorbis/Hanson Wade in Frankfurt,
Germany on February 21-23, 2011 [80]. In this meeting
three new ADCs that are in late-stage clinical development,
trastuzumab emtansine (T-DM1), brentuximab vedotin
(SGN-35) and inotuzumab ozogamicin (CMC-544), were
presented respectively by ImmunoGen, Genentech, Roche,
Seattle Genetics and Pfizer. These ADCs have shown
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encouraging therapeutic effects against solid tumors (T-
DM1) and hematological malignancies (SGN-35, CMC-
544). In addition, data from new therapeutic ADC’s entities
and new process development strategies were discussed. For
example, Algeta’s lead product, which is based on radium-
223, is a first-in-class, highly targeted alpha pharmaceutical
under clinical evaluation for improvement of survival in
patients with bone metastasis from advanced cancer [81].
Roland Kontermann from Stuttgart University illustrated
how mAbs conjugated nanoparticles for targeted drug
delivery with improved selectivity and therapeutic efficacy
might be constructed using immuno-liposomes [82]. In this
latter condition immuno-liposomes prepared from whole
antibodies have been shown to be immunogenic and rapidly
cleared from circulation through Fc-mediated uptake by
macrophages (Kupffer cells of the liver). These drawbacks
can be circumvented using scFv molecules as ligands which
lack the Fc fragment. ScFvs are small and can be easily
modified through genetic engineering. Two approaches to
generate immunoliposomes have been described in the
literature: (1) the conventional method, in which antibody
molecules are coupled directly to the liposome surface; and
(2) the post-insertion method, where the ligands are first
coupled to micelles prepared from functionalized lipids that
are then inserted into preformed liposomes. The post-
insertion method offers the advantage of independent
liposome preparation (including drug loading) and scFv
coupling, with each step performed under optimal conditions
or even using commercially available drug-loaded liposomes
such as Doxil (liposomal doxorubicin). In summary,
liposomal drugs passively accumulate in tumors; insertion of
ligands, e.g., genetically engineered antibody fragments such
as the human scFv DIATHISI1, enables targeted delivery to
tumor cells in vitro and in vivo. Efficient drug release (extra
or intracellularly) is central to further improve the antibody-
conjugated nanoparticles for targeted drug delivery.

THE LESSON LEARNED FROM THE FIRST
GENERATION OF ADCS AND THE IMPORTANCE
OF PERSONALIZING CANCER CARE

Gemtuzumab ozogamicin (Mylotarg; Pfizer), an anti-
CD33 humanized mAb conjugated to calicheamicin, is a
heterogeneous mixture of 50% conjugated (0 to 8
calicheamicin moieties per IgG molecules, with an average
of two or three, randomly linked to solvent-exposed lysyl
residues of the antibody) and 50% unconjugated antibody. It
was approved by the US Food and Drug Administration
(FDA) in 2000 for the treatment of patients with acute
myeloid leukemia (AML). However, in June 2010, after post
marketing reports and a new phase III clinical study, the
agency and Pfizer, withdrew the drug from the market for
the adverse events observed which include severe hepatic
veno-occlusive disease (VOD) and death from liver failure in
patients without a history of liver disease or hematopoietic
stem cell transplant (HSCT) [83]. The generation of a
biosimilar version of Mylotarg designed with a human scFv
anti CD33 antibody for specifically delivering to AML cells
cytotoxic compounds may offer a potential way to
circumvent some of the dramatic pharmacokinetics
limitations of the IgG4-calicheamicin drug conjugates. ScFv
or derivative diabodies unlike IgG, are eliminated rapidly
and primarily by renal filtration. If antibody fragment drug
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conjugates are excreted with drug still attached, this will
lessen the exposure of non tumor sites to free drug and
potentially reduce the toxicity observed with IgG-drug
conjugates [84]. Hence this novel form of scFv —based
ADCs model may show excellent safety pharmacokinetics
profiles and therapeutic efficiency due to tumor penetration
and sufficient retention time for releasing curative
molecules.

However, efficacy and safety profiles to personalize an
immuno-conjugate include a variety of biochemical and
biological aspects such as the stability of the linker used to
attach the drug to the antibody both in the systemic
circulation and inside the target cell, and the effects that
chemical modification have on pharmacokinetics,
biodistribution, and antigen binding. Other important
considerations are the choice of target antigen, the ability of
the ADC to localized to target tissues, the fate of the
antibody once bound to its cognate antigen, and the potency
and mechanism of action of the released drug [54]. Even
though all these methodological aspects were considered
during the Mylotarg drug product development a series of
concerns about the safety and efficacy emerging in clinical
studies were under-evaluated since the number and
complexity of the biological elements involved in
gentuzumab ozogamicin ADC design. For example the
multidrug resistance protein 1 (MDRI1)-P glycoprotein, a
multidrug transporter transmembrane protein that it is able to
efflux out from cells a large variety of anticancer compound
including calicheamicin, is expressed in a high percentage
(60/70%) of AML CD33 cells [85]. In contrast to the
recommendation of experts [86] on the key role of MDRI-
Pglycoprotein expression in Mylotarg function, this
multidrug transporter has been evaluated with a plethora of
different mAbs some of them not truly specific [ 87, 88].
Further, MDR-P-glycoprotein efflux activity was evaluated
with structurally different dyes substrate and MDR reversal
agents. The cytotoxicity observed in vivo in CD33 negative
cells during gentuzumab ozogamicin treatment suggest that
the acid-labile hydrazone linker broke down in the blood
stream allowing the drug to strike normal tissues and cells.
Therefore, it is possible that non-specific drug release
through linker instability contributes to the activities of
gemtuzumab ozogamicin in non CD33 tumor cell types. It is
possible that mAb drug conjugates using hydrazone linkers
sensitive to acidic environment of the tumor cell readily
deliver and liberate free drug or toxin within the target cell
and yet are relatively unstable in circulation compared with
the circulating half-life of the mAb, resulting in premature
drug release [80].

Further, the inter-patient differences in calicheamicin
sensitivity are the largest differences in drug sensitivity ever
observed in pediatric AML (more than 100 000-fold
difference in calicheamicin sensitivity between the most
sensitive and the most resistant patient samples) [89]. This
dramatic difference in AML response to calicheamicin and
the use of non-validated methodologies to evaluate level and
function of MDRI-P-glycoprotein make tremendously
difficult to identify an effective and safe therapeutic dosage
of Gentuzumab ozogamicin in each single treated patient as
well as the most effective concentration of MDR reversing
agents (PSC833, Zosuquidar) to re-sensitize patients to the
drug.

Cianfriglia et al.

Despite this set-back, the extensive recorded data and the
lessons learned for this first-in-class ADC helped to pave the
way for the next generation immunoconjugates. At least 15
promising new ADCs are currently investigated in clinical
trials and one of them, Brentuximab vedotin, has been
recently approved for commercial distribution by the
European Medicines Agency (EMA). Brentuximab vedotin
is a chimeric anti-CD30 monoclonal antibody cAC10, linked
to the antimitotic agents MMAE or MMAF, with potent and
highly CD30-selective anti-tumor activity in vitro and in vivo
[90]. This second generation ADCs employ linkers of
protease-cleavable dipeptides. The drugs are appended via a
valine-citrulline (vc) dipeptide linkage designed for high
stability in serum and conditional cleavage and putative
release of fully active drugs by lysosomal cathepsins. This
drug linker system was shown to be highly stable in vitro
and in vivo and when applied to multiple mAbs, the resulting
ADCs were selectively potent and effective against cognate
antigen-positive tumor cells and tumor xenografts [79, 91].
This linker system has been also efficiently apply to anti
CD30 phage antibodies in scFv format (scFv diabodies were
conjugated with 4 equivalents MMAE or MMAF, via a
protease-cleavable dipeptide linker, to create the conjugates
diabody-vcE4 and diabody-vcF4, respectively) [79]. This
third generation of ADCs may offer a potential way to
circumvent some of pharmacokinetics limitations of IgG
drug conjugates.

All scFv based strategies so far designed may have a
great curative potential. Nonetheless their safety and efficacy
should be demonstrated in appropriated preclinical models
and in presence of severe interpretation in clinical studies.
The withdrawn of Mylotrag from the market has a huge
social, ethical and psychological implications for patients
and their families and represents relevant concerns versus the
positivistic curative attitude of  cancer—based-
immunotherapy. Nonetheless, these failures should be also
considered as an important opportunity to design innovative
and personalized antibody —based immunotherapies with
more appropriated safety and efficacy profiles.

CONCLUSION AND PERSPECTIVES

The evidence that the human antibody DIATHISI in
scFv format recognizes with exquisite specificity a cell
surface epitope in the CEACAMI antigen in malignant
melanoma and Non-small-cell lung carcinoma (NSCLC)
prompted us to wuse such antibody as vehicle for
radionuclides (typically B-emitters) and biological molecules
with curative potential such as IL2. The principal aim of
radionuclide studies is to achieve better imaging and therapy
of cancer. In the ideal case, a cancer patient would first
receive a diagnostic dose of the antibody labeled with a
radionuclide compatible with imaging procedures (e.g.,
single photon emission computed tomography (SPECT) or
positron emission tomography (PET). If adequate antibody
localization at the site of disease is achieved, the patient
could receive a therapeutic dose of the same antibody labeled
with a radionuclide capable of inducing curative effects.
Although RIT has been proven successful in the treatment of
haematologic malignancies, the treatment of solid tumors,
has proven more difficult, with a number of factors, such as
the reduced radiosensitivity, limiting therapeutic efficacy.
Particular limitations of RIT include bone marrow toxicity
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resulting from the long-circulating half-life of radiolabeled
mAbs, as well as the heterogeneous penetration (binding site
barrier) and irradiation of tumors [58]. Similar issues have
arisen when drugs and toxins have been conjugated to IgG
mAbs in cancer therapy. In an effort to overcome these
limitations we have propose in this review the utilization of
specific scFvs produced by joining the genes for the VH and
VL domains of an antibody with a short oligonucleotide
linker between them to prevent dissociation [92]. The
reduced size and lack of Fc domain of scFv antibody
constructs result in faster pharmacokinetics and potentially
more homogenous tumor penetration relative to large IgG
molecules.

The usefulness of phage antibody libraries as a tool for
generating scFvs against tumor associated antigens has been
largely used in the past 5 years and more than 50 human
antibodies developed with this technique are under clinical
evaluation for safety and efficacy in the treatment of several
pathologies including cancers. The efficient display of
recombinant antibodies on filamentous phage has been also
assessed by our findings showing that soluble human scFvs
selected from the ETH-2 library may yield agents capable of
specifically recognizing metastatic melanoma, breast, colon
and lung cancer [55]. The human DIATHIS1 antibody
recognizing with exquisite specificity an epitope shared by
CEACAMI1/3/5 meets all criteria for a biological compound
to be used for diagnosis and therapy of cancer: it is human,
hence poorly or not at all immunogenic, and it binds
selectively to CEACAM1/5 cell surface antigens expressed
on melanoma, NSCLC and other solid tumors naturally
refractory to chemoterapeutic treatment. Furthermore, its
small molecular size should provide for efficient tissue
penetration, yet give high efficacy in solid tumor treatment
and excellent safety profiles for rapid plasma clearance.
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