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Abstract: Non-Hodgkin lymphoma symbolizes a heterogeneous group of diseases resulting
from malignant transformation of lymphocytes with differing patterns of behavior and responses
to treatment. The potential curability of non-Hodgkin lymphoma differs among the various
histologic subtypes and is associated in part with the stage at presentation. CD19 antigen is a
type | transmembrane glycoprotein belonging to the immunoglobulin Ig superfamily. CD19 is
specifically expressed in normal and neoplastic B-cells. Recent study showed that in a mouse
model, CD19 and c-Myc synergize functionally to accelerate B-cell lymphomagenesis, which is
associated with increased disease severity. Specificity is the most important challenge in cancer
therapeutics. Antibody—drug conjugates have the prospect of enhancing the therapeutic efficacy
over unconjugated monoclonal antibodies through the selective delivery of cytotoxic agents to
cancer cells. The ubiquitous expression of CD19 in these tumors, especially at an earlier stage
and the property of efficient internalization, makes CD19 an attractive and affective target for
antibody—drug conjugate therapy as compared to CD20. SAR3419 (huB4-DM4) is a novel
antibody—drug conjugate that is composed of a humanized monoclonal IgG1 anti-CD19 anti-
body (huB4) attached to the potent cytotoxic drug, a maytansine derivative (DM4), through a
cleavable disulfide cross-linking agent N-Succinimidyl-4-2-pyridyldithio butanoic acid (SPDB).
The preclinical efficacy of maytansine derivative—anti-CD19 conjugate was demonstrated in our
laboratory, and SAR3419 was found to be more effective than CHOP in a xenograft model. Phase
I trials have also been conducted on the basis of preclinical studies that demonstrated promising
antitumor activity with acceptable safety results in human B-cell lymphoma models. Additional
trials are ongoing and will provide additional insight into the full potential of this novel drug.
Keywords: lymphoma, SAR3419, antibody-drug conjugates (ADC), maytansinoids, microtubule
inhibitors

Introduction
Non-Hodgkin lymphoma (NHL) represents a diverse group of diseases resulting from
malignant transformation of lymphocytes that vary in clinical behavior, morphologic
appearance, immunologic and molecular phenotype. The various types represent
neoplastic lymphoid cells arrested at different stages of normal differentiation. NHL
is the seventh most commonly diagnosed cancer in men and women in the United
States. In 2013, an estimated 69,740 new cases and 19,020 deaths (10,590 in males
and 8,430 in females) were due to NHL. The disease accounts for approximately 4%
of all cancer diagnoses in both incidence and deaths per year.'

Since the 1970s, the incidence of NHL has doubled. Eighty-five percent of NHLs
are B-cell that can be broadly classified as indolent (40%), aggressive (50%) and highly
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aggressive (10%) NHL based on their clinical behavior. Dif-
fuse large B-cell (DLBCL) NHL is the most common subtype
(30%) of all lymphomas and is the prototype of aggressive
but curable NHL. Follicular lymphoma (FL) is the second
most common subtype, representing 22% and is the most
common indolent NHL?? with a tendency for relapse after
standard treatments. Burkitt lymphoma and precursor B- or
T-cell lymphoblastic leukemia/lymphoma fall into the highly
aggressive NHL category.

The World Health Organization classification of lymphoid
neoplasms is now the most commonly used system worldwide.
It has facilitated uniformity in classification and comparison
of clinical trial results. According to the organization’s revised
classification system, B-cell malignancies are divided into
two broad categories: precursor and mature B-cell neoplasms.
The precursor B-cell neoplasms include B lymphoblastic
leukemia/lymphoma with or without recurrent genetic abnor-
malities. The mature B-cell neoplasms are broadly divided
into pregerminal center neoplasm (mantle lymphoma),
germinal center neoplasm (follicular lymphoma, Burkitt
lymphoma, some DLBCL) and postgerminal center neoplasm
(marginal zone and MALT lymphoma, lymphoplasmacytic
lymphoma, chronic lymphocytic leukemia[ CLL]/small lym-
phocytic lymphoma, some DLBCL, plasma cell myeloma).
They also refined the definitions of well-recognized diseases
including CLL,* Waldenstrom macroglobulinemia,’ and
plasma cell neoplasms.®

Current treatment options

and patient outcomes

The treatment of NHL is determined by histologic type and
stage of disease. The indolent lymphomas are considered
incurable (except when they present with truly localized
disease), whereas the aggressive and very aggressive types
are curable. More than 80% of the indolent lymphomas have
advanced stage (III or IV) at the time of diagnosis. These are
considered incurable, but because of the indolent clinical
course, they have a reasonably good overall prognosis with
a median survival extended to 1015 years. Treatment may
therefore be deferred in asymptomatic patients but will
require surveillance (watchful waiting). The minority of
patients with indolent lymphoma (~20%) who have limited
stage (I or II) at diagnosis are usually given involved field
radiation therapy as definitive treatment and have a chance
of cure (40%—-50% in most series).” The aggressive and very
aggressive subtypes are characterized by rapid growth, as
the name implies, and have shorter survival, measured in
months unless successfully treated. Fortunately, combination

chemotherapy regimens are curative. Although chemo-
therapy remains the cornerstone of NHL treatment,® mod-
ern treatment regimens include a combination of cytotoxic
chemotherapy agent with anti-CD20 antibody, the so called
chemoimmunotherapy, which has universally produced
superior results compared with chemotherapy alone. The
intensity of chemotherapy varies depending on the histologic
types. R-CHOP, R-FC, R-CVP, R-ICE and R-DHAP®'? are
a few of the immunochemotherapeutic combinations that
are considered standard of care for lymphoma. R-CHOP
is recommended as first line treatment for FL and diffuse
large B-cell lymphoma (DLBCL), R-FC is used for CLL
and R-CVP for FL.

For recurrent NHL, a variety of treatment options exist
depending on the patient’s age, performance status, and if
there are any comorbid conditions. Salvage regimens like
R-ICE and R-DHAP for relapsed DLBCL followed by autol-
ogous stem cell transplantation for chemosensitive disease
is a common strategy for patients up to age 70. Recently,
two randomized studies'*!* have evaluated the role of high-
dose therapy and autologous stem cell transplantation as
part of initial therapy in patients with aggressive NHL. The
progression-free survival was found to be significant in these
trials, but there was no difference in overall survival.

The potential curability of NHL differs among the various
histologic subtypes and is associated in part to the stage at
presentation. The 5-year relative survival rate of patients with
NHL increased from 47% between 1975 and 1977 to about
70% between 2001 and 2007. These improvements in survival
occurred primarily in patients with intermediate- to high-grade
histologic appearance.? The International Prognostic Index is
a clinical tool developed to aid in predicting the prognosis of
patients with aggressive NHL. There are two other modified
prognostic indexes: Follicular Lymphoma International Prog-
nostic Index (FLIPI) and Mantle Cell Lymphoma International
Prognostic Index (MIPI), identified and adapted for follicular
and mantle lymphoma respectively.'> !

Monoclonal antibody therapy

in cancer management

Specificity is the most important challenge in cancer
therapeutics. Monoclonal antibody-based treatment of cancer
has been attractive since it has a favorable therapeutic index
compared with cytotoxic agents. Monoclonal antibodies can
effectively recognize and kill cancer cells through different
mechanisms such as direct stimulation or blockage of cell
surface receptors, inhibition of tumor-related signal transduc-
tion leading to apoptosis, or indirectly through induction of
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host immune response. Antibodies can also exhibit antitumor
effects by impeding angiogenesis in tumor or supporting
stroma. Antibody-dependent cell-mediated cytotoxicity
(ADCC) and complement-dependent cytotoxicity appear
to play a major role in immune-mediating antitumor effects
of monoclonal antibodies. ADCC is a cell-mediated, innate
immunity mechanism whereby an effector cell of the immune
system, such as natural killer cells or macrophages, bind
to the Fc portion of the monoclonal antibody through Fcy
receptors. This binding is followed by the release of effec-
tor molecules such as perforin by the effector cells leading
to cell lysis and death. Complement-dependent cytotoxicity
involves the fixation of complement via the Fc portion of the
antibody and activation of the complement cascade resulting
in membrane and cell destruction.!'s!

Cancer treatment has been further revolutionized by
monoclonal antibodies conjugated with the chemotherapeu-
tic agents. These antibody—drug conjugates (ADCs) are being
developed in the quest for potentially more clinically effica-
cious drugs and to confer higher tumor selectivity. ADCs
provide a potentially new way to treat cancer by combining
monoclonal antibodies that have antigen-specific selectivity
and antitumor activity of potent cytotoxic molecules.?*?! It
can be considered a form of “targeted chemotherapy” that
should have higher efficacy than unconjugated antibody and
can limit systemic side effects of cytotoxic agents.?>? The
US Food and Drug Administration has approved several
antibodies for the treatment of a variety of hematologic
malignancies. These are outlined in Table 1. They are
available as unconjugated antibodies like rituximab, alem-
tuzumab, and ofatumumab as well as conjugated antibod-
ies for delivery of radioisotope (yttrium Y90-ibritumomab
tiuxetan, iodine I1131-tositumomab), or cytotoxic agents
(brentuximab vedotin, gemtuzumab ozogamicin) to the
cancer cells. Similarly, bevacizumab, catumaxomab, ipili-
mumab, denosumab, trastuzumab, cetuximab, and panitu-
mumab are among numerous other monoclonal antibodies,
which have now received regulatory authorization for a
variety of solid tumors.

Rituximab is a chimeric monoclonal antibody (incorporating
human immunoglobulin G1 heavy-chain sequences and murine
immunoglobulin variable regions) that recognizes the human
CD20 antigen. CD20 is found on both normal B-cells and on
most low-grade and some higher grade B-cell lymphomas.?*
November 1997 was a milestone for rituximab when it became
the first monoclonal antibody approved specifically for cancer
therapy.? It has been investigated as a single agent in induc-
tion and maintenance therapy; however, it is primarily used in
combination with standard chemotherapies in the treatment of
patients with B-cell NHL (R-CHOP) and CLL.?*%

Alemtuzumab is a humanized monoclonal antibody used
primarily for CLL.*® It targets the CD52 antigen found on
B lymphocytes and is effective for induction and maintenance
therapy. Alemtuzumab is typically not combined with che-
motherapy due to increased risk of infection®® as compared
with anti-CD20.

Radioimmunotherapy 33 is a kind of targeted radio-
nuclide therapy for relapsed/refractory indolent B-cell
lymphomas that utilizes a monoclonal antibody to deliver
localized radiation. It is the most suitable alternative treat-
ment modality for multiple site relapse that cannot be readily
irradiated. BEXXAR® (GlaxoSmithKline, Research Triangle
Park, NC, USA), (Iodine I 131-tositumomab) is composed
of the monoclonal antibody tositumomab radiolabeled
with *'1. Tt is a murine IgG2a lambda monoclonal antibody
directed against the CD20 antigen.?*** On the other hand,
ZEVALIN (Spectrum Pharmaceuticals, Inc., Irvine, CA,
USA) (ibritumomab tiuxetan) is composed of a monoclo-
nal antibody that is linked with a radioactive substance
Yttrium.”® The antibody moiety of Zevalin is ibritumomab,
amurine IgG1 kappa monoclonal antibody directed against
the CD20 antigen.?!2

Brentuximab vedotin ADCETRIS (Seattle Genetics, Inc.,
Bothell, WA, USA) comprises the chimeric CD30 targeted
monoclonal antibody, brentuximab, linked to three to five
units of the antimitotic agent monomethyl auristatin E.
Brentuximab vedotin is approved for treatment of anaplastic
large cell lymphoma and Hodgkin lymphoma.*

Table | FDA-approved monoclonal antibodies of lymphoid malignancies

Antibody Brand name Type Approval year Target Malignancies
Rituximab Rituxan, mabthera Chimeric 1997 CD20 B-NHL
Alemtuzumab Campath Humanized 2001 CD52 CLL
Ofatumumab Arzerra Human 2009 CD20 CLL
|'3!-tositumomab Bexxar Murine 2003 CD20 B-NHL
Y?-ibritumomab tiuxetan Zevalin Murine 2002 CD20 B-NHL
Brentuximab vedotin Adcetris Chimeric 2011 CD30 ALCL, HL

Abbreviations: ALCL, anaplastic large cell lymphoma; B-NHL, B-cell non-Hodgkin’s lymphoma; CLL, chronic lymphocytic leukemia; HL, Hodgkin lymphoma.
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Role of CD19 in B-cell ymphoma
CD19 antigen is a type I transmembrane glycoprotein
belonging to the immunoglobulin Ig superfamily. CD19
is specifically expressed in normal B-cells and neoplastic
B-cells.3 8

It is considered a pan B-cell marker expressed throughout
B-cell development but with threefold higher expression
in mature cells as compared to immature B-cells. CD19
expression however, is lost in the terminally differentiated
plasma cells.

During lymphopoiesis, CD19 directs B-cell fate and
differentiation by modulating B-cell receptor signaling. It
is critically involved in establishing the optimal immune
response through its roles in the antigen-independent devel-
opment as well as the immunoglobulin-induced activation
of B-cells. CD19 deficiency in humans and mice leads to an
overall impaired humoral response with increased suscepti-
bility to infection.36:3%40

The pattern of CD19 expression is maintained among
B-cell malignancies where it is expressed in indolent and
aggressive subtypes of NHL, B-cell CLL, and non-T acute
lymphoblastic leukemia.*'*> CD19 is expressed in the B-cell
lineage at an earlier stage compared with CD20. This fact
therefore, may provide an advantage to CD19 targeted
drugs over rituximab, especially for early B-cell neoplasms

Stages

like acute lymphoblastic leukemia (Figure 1).** Moreover,
CD19 is shown to be internalized efficiently in lymphoma
tumor models with the use of different monoclonal antibod-
ies (huB4, hBU12),%¢ making it an attractive and effective
target for ADC therapy as compared to CD20.
Lymphomagenesis is a multistep process which involves
accumulation of multiple genetic and epigenetic aberrations
over a period of time. Despite the complexity of this process,
it has been observed that inactivation of a single oncogene
can significantly impede the progression of cancer cells,
supporting the notion of “oncogene addiction”.”? ¢-MYC
is one of the oncoproteins that is mutated in both Burkitt
lymphoma and some DLBCLs.%** PAXS5 (paired box tran-
scription factor 5) is a B-cell-specific transcription factor
involved in B-cell lymphogenesis.™** PAXS is required for
the normal expression of CD19. Using in both in vivo and in
vitro models, it was shown that MY C protein levels are regu-
lated by both PAX5 and CD19 through a posttranscriptional
mechanism. CD19 signaling activates the PI3K pathway in
the context of B-cell receptor signaling, crucial for expansion
of the B-cell population. This posttranslational mechanism
of c-MYC regulation was found to be independent of B-cell
receptor activity and acting through the PI3K pathway. The
higher expression of c-MYC causes uncontrolled cell growth
and tumor development.®” This c-Myc-CD19 regulatory loop
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Figure | Expression of CD19 and CD20 in B-cell lineage.

Notes: lllustrative representation of B-cell differentiation, maturation, antigen expression and B-cell neoplasm associated with different stages of B-cell development. Cell
lines used in the research study.*-'

Abbreviations: GC, germinal center; ALL, acute lymphoblastic leukemia; MCL, Mantle cell lymphoma; FL, follicular lymphoma; BL, Burkitt lymphoma; DLBCL, Diffuse Large
B-Cell Lymphoma; MZL, Marginal Zone Lymphoma; CLL/SLL, Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma; MALT, Mucosa-Associated lymphoid tissue;
WM, Waldenstrom macroglobulinemia; MM, plasma cell myeloma; WSU-BL, Wayne State University-Burkitt lymphoma cell line; WSU-FSCCL, Wayne State University-
follicular small cleaved cell lymphoma Cell line; WSU-NHL, Wayne State University-FL grade 3 Cell line; WSU-DLCL and WSU-DLCL?2, Wayne State University-Diffuse large
B-Cell lymphoma cell line; WSU-WM, Wayne State University-Waldenstrom macroglobulinemia Cell line.
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consequently enhances the B-cell transformation and lym-
phomagenesis. CD19 deficient-c-Myc transgenic mice have
a relatively reduced chance of malignancies and more than
80% increase in median life span and survival.*

SAR3419: targeting CDI19

Exploitation of tumor immunology for therapy has been a
major undertaking over the past few decades. It has resulted
in identification of potential receptor targets, generation of
optimized antibodies, and exploration of the role of sophis-
ticated interactions between the immune system and the tar-
geted cancer cells.*®** ADCs have the prospect of enhancing
therapeutic efficacy over that of unconjugated monoclonal
antibodies through the selective delivery of cytotoxic agents
to cancer cells.?>* In order to obtain optimum efficacy, an
ADC target must be internalized to permit transfer of the
cytotoxic drug inside cancer cells.?>

CD19 is considered an attractive target for B-cell malig-
nancies due to its ubiquitous expression in these tumors. '’
SAR3419 (huB4-DM4) is a novel ADC that is composed of
a humanized monoclonal IgG1 anti-CD19 antibody (huB4)
attached to the potent cytotoxic drug, a maytansine deriva-
tive (N2’-deacetyl-N2’-[4-mercapto-4-methyl-1-oxopentyl]
[DM4]), through a cleavable disulfide cross-linking agent,
N-Succinimidyl-4-2-pyridyldithio butanoic acid (SPDB)
(Figure 2). DM4 is a thiol-containing derivative of may-
tansine, an agent originally isolated from the bark of the Afri-
can shrub Maytenus ovatus.®' It is an antimitotic agent that
binds to tubulin and inhibits the microtubule assembly in a

CH,0

3

Figure 2 Structure of SAR3419.

manner similar to but 100—1000-fold more potent than Vinca
alkaloids,® leaving a majority of the cells arrested in G2/M
phase of the cell cycle, which leads to apoptotic cell death.®
Although maytansine is a highly cytotoxic natural compound
and is found to be very effective in various hematologic and
oncologic malignancies,®% it has failed as an anticancer
agent in human clinical trials because of unacceptable sys-
temic toxicity. Conjugating this compound with antibody
that enables selective delivery to CD19-positive cells is one
way of limiting its systemic toxicity. SAR3419 and its huB4
antibody component do not show any complement-dependent
toxicity. The unconjugated huB4 antibody induces ADCC,%
an activity that was preserved following conjugation to the
maytansinoid, DM4; however, huB4 alone has not been
shown to demonstrate any significant antitumor activity in
cell lines in vitro.

Two different linkers have been used to conjugate the
maytansinoids, DM4 and DM, to antibodies: SPDP (SPDB-
DM4; Figure 2) and SMCC (SMCC-DM1).% SPDP is a
disulfide linker which is cleavable, and SMCC is the thioether
linker. Lysosomal processing is vital for the activity of
antibody-maytansinoid conjugates, irrespective of the linker.
Inside the lysosomes, SPDB-DM4 is degraded and releases
intact maytansinoid drug and linker attached to lysine. The
lysine-SPDB-DM4 is then reduced and S-methylated to
yield S-methyl-DM4, a potent lipophilic and stable cyto-
toxic metabolite. Kovtun et al have shown that SPDB-DM4,
ADC with the disulfide linker, has a “bystander” effect,”
where antigen-positive and antigen-negative tumor cells are

Abbreviations: DM4, N2’-deacetyl-N2’-(4-mercapto-4-methyl- | -oxopentyl); huB4, a humanized IgG| anti-CD |9 monoclonal antibody.
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effectively killed. The presence of antigen-positive cells is
required for such effect.

The preclinical efficacy of DM4-anti-CD19 conjugate was
demonstrated in our laboratory (Table 2);" it was evaluated in
subcutaneous and systemic models of B-cell NHL including
diffuse large B-cell and follicular lymphoma, respectively.
The huB4-DM4 conjugate (SAR3419) was found to be more
effective than the CHOP (cyclophosphamide-Adriamycin-
vincristine-prednisone) regimen or rituximab in these
chemotherapy-resistant models. The entire group of animals
that received SAR3419 survived to the end of the experiment
(150-155 days) in both models. Higher doses of SAR3419
(15 and 30 mg/kg) were more effective than a lower dose of
7.5 mg/kg. The immunoconjugation was critical for efficacy
since neither huB4 nor DM4 alone had significant antitumor
activity against these models to induce tumor shrinkage.

Efficacy of SAR3419 was also demonstrated by exposing
itto different CD19-positive lymphoma cell lines in vitro, with
EC50 values in the nanomolar to subnanomolar range. The
majority of cells were arrested at the G2/M phase of the cell
cycle within 24 hours of exposure, followed by an increase
in apoptotic cells from 24 to 48 hours.®> SAR3419 was also
shown to display potent antitumor activity in vivo against
Burkitt lymphoma using the Ramos xenograft model.*>¢

Table 2 Preclinical and clinical development of SAR3419

In our study, SAR3419 was effective when given 7 days
after a large cell dose (107) of inoculum. Similar results were
demonstrated using CMC-544-DM1 (anti-CD22 ADC) in
the Ramos lymphoma xenograft model.” In that study, the
treatment was effective when given up to 15 days after cell
dose injection, though the number of cells used (10°) was
lower than ours.

Clinical development of SAR3419
Phase I/II (Table 2) trials have been conducted on the basis
of the aforementioned preclinical studies”* and have
demonstrated promising antitumor activity, with accept-
able safety results in human B-cell lymphoma models. Two
Phase I clinical trials conducted with SAR3419 in patients
with refractory/relapsed B-cell NHL expressing CD19 have
been completed.

In one trial, patients with relapsed CD19 B-cell lym-
phoma were treated with escalating doses of SAR3419 given
by intravenous infusion once every 3 weeks for six cycles
with the maximum tolerated dose of 160 mg/m?. A total of
35 patients were evaluated for tumor response. Twenty-six
patients (74%) demonstrated a reduction from baseline in
their tumor sizes, of which six patients achieved partial
or complete remissions. Tumor shrinkage was observed in

Preclinical studies Year Models

Superior antitumor activity of SAR3419 to rituximab in xenograft 2009 WSU-DLCL/WSU-FSCCL

models for non-Hodgkin’s lymphoma.”!

Preclinical evaluation of SAR3419 (huB4-DM4), an anti-CD | 9-maytansinoid 2006 Burkitt lymphomas/diffuse large cell

immunoconjugate, for the treatment of B-cell lymphoma.* lymphoma (ramos lymphoma
xenograft model)

The anti-CD |9 antibody-drug conjugate SAR3419 prevents 2013 BCP-ALL, T-ALL, and MLL-ALL xenograft

hematolymphoid relapse postinduction therapy in preclinical models model

of pediatric acute lymphoblastic leukemia.”

Trial Phase Status Year Condition Protocol ID

SAR3419 as single agent in relapsed- Phase Il Active 2012 DLBCL ARD10248,2011-003657-26,

refractory diffuse large B-cell lymphoma UITTI-1115-3349,

patients NCTO01472887

SAR3419 in acute lymphoblastic Phase Il Active 2011 ALL EFCI11603

leukemia (ALL) UL111-1118-0642, NCT01440179

Combination of SAR3419 and rituximab Phase Il Active 2011 DLBCL TCDI12333

in relapsed/refractory diffuse large B-cell 2011-002865-39,U1111-1120-

lymphoma 0315,NCT01470456

SAR3419 administered weekly in patients Phase | Completed 2008-2012 B-NHL TED6829

with relapsed/refractory CD |9-positive B-cell EudraCT2007-004868-41,

non-Hodgkin’s lymphoma.” NCT00796731

Multi-dose-escalation safety and pharmacokinetic Phase | Completed 2007-2012 B-NHL TED6828, NCT00549185

study of SAR3419 as single agent in relapsed/
refractory B-cell non-Hodgkin’s lymphoma.”

Abbreviations: ALL, acute lymphoblastic leukemia; WSU-DLCL, Wayne State University-diffuse large B-cell lymphoma cell line; WSU-FSCCL, Wayne State University-
follicular small cleaved cell lymphoma cell line; B-NHL, B-cell non-Hodgkin’s lymphoma; DLBCL, diffuse large B-cell lymphoma; BCP-ALL, B-cell precursor acute lymphoblastic
leukemia; MLL-ALL, mixed lineage acute lymphoblastic leukemia; T-ALL, T-cell acute lymphoblastic leukemia; CD, cluster of differentiation.
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approximately half of 15 patients (seven of 15 [47%]) with
rituximab-refractory disease.

The clinical pharmacokinetic profile of SAR3419
showed linear kinetics with an estimated termination half-
life of 7 days. The free DM4 were quantifiable at doses of
40 mg/m? as compared to S-Methyl-DM4 (the product of
cellular metabolism of SAR3419) whose levels were mea-
sureable at doses of 80 mg/m?. The exposure of both agents
increased with the dose; however, S-Methyl-DM4 exposure
was found to be higher than DM4 exposure with respect to
the same dose.

The dose-limiting toxicities were reversible: severe blurred
vision associated with microcystic epithelial corneal changes
and neuropathy. The only grade 3 or 4 adverse events observed
and considered related to the study drug were ocular toxicity in
six patients (15%), neutropenia in four patients (10%), periph-
eral sensory neuropathy in three patients (8%), and throm-
bocytopenia in one patient (3%). The study showed that the
SAR3419 can be safely administered to patients with relapsed
B-cell lymphoma and demonstrated promising clinical activity,
including patients who were refractory to rituximab.”

The other phase I/ trial was conducted with a different
schedule of administration. SAR3419 was administered by
intravenous infusion, at a weekly dose for eight to 12 doses,
to patients with relapsed/refractory B-cell NHL express-
ing CD19. The maximum tolerated dose was defined at
55 mg/m?. An objective response was observed in eight of
22 patients (36%) including three who underwent complete
remission [complete response (CR)/complete response,
unconfirmed(CRu)]. Results of this trial also showed evi-
dence of clinical activity and manageable toxicity profiles
without any clinically significant myelosuppression.™

Other Phase II trials are currently underway which will
further our understanding of SAR3419 and provide additional
insight into the full potential of this novel drug. In these
ongoing trials, SAR3419 is being evaluated as a single agent
in patients with relapsed/refractory DLBCL and acute lym-
phoblastic leukemia as well as in combination with rituximab
in patients with relapsed/refractory DLBCL.

Conclusion

CD19 is an attractive target for B-cell malignancies due to
its broad expression in the B-cell lineage. SAR3419 is a
novel ADC that has shown its efficacy, not only in preclini-
cal models for NHL, but also holds promise as a novel and
well-tolerated therapy in clinical trials. The clinical efficacy
of SAR3419 in NHL validates our preclinical xenografts
to be clinically relevant and an applicable experimental

therapeutic model. Future direction in SAR3419 develop-
ment for lymphoma therapy is to rationally combine it with
other antilymphoma agents to maximize its therapeutic
efficacy.
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