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Abstract: The development of monoclonal antibodies (mAbs) for
the treatment of disease goes back to the vision of Paul Ehrlich in
the late 19th century; however, the first successful treatment with
a mAb was not until 1982, in a lymphoma patient. In multiple
myeloma, mAbs are a very recent and exciting addition to the
therapeutic armamentarium. The incorporation of mAbs into
current treatment strategies is hoped to enable more effective and
targeted treatment, resulting in improved outcomes for patients.
A number of targets have been identified, including molecules
on the surface of the myeloma cell and components of the bone
marrow microenvironment. Our review focuses on a small number
of promising mAbs directed against molecules on the surface of
myeloma cells, including CS1 (elotuzumab), CD38 (daratumumab,
SAR650984, MOR03087), CD56 (lorvotuzumab mertansine), and
CD138/syndecan-1 (BT062/indatuximab ravtansine).

Introduction

Under normal circumstances, the immune system has finely tuned
mechanisms of defense and is able to keep malignant transforma-
tions in check, thus ensuring the healthy balance of renewal that is
characteristic of life. The circumstances under which these processes
go awry and result in cancerous growth are unknown. Immuno-
therapy, the application of agents aimed at engaging or augmenting
the immune system to target cancer cells, is recognized as a crucial
strategy and a growing area in tumor therapy.' Immunotherapeutic
strategies can be classified as active modalities, which involve vac-
cination or adjuvant therapy to actively promote antitumor effec-
tor mechanisms, or passive methods, among which monoclonal
antibodies (mAbs) and the adoptive transfer of genetically modified
specific T cells are the most widely investigated.!

The concept of using antibodies as magic bullets to treat disease
goes back to Paul Ehrlich, who in 1899 developed the side chain
theory.? He postulated the existence of receptors (ie, side chains) on
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immune cells that are specific for particular substances (ie,
antigens) that bind and activate the cell to produce more
receptors to be released into the blood stream to neutral-
ize the antigen. His landmark immunologic insights were
rewarded with the Nobel Prize in Physiology or Medicine
in 1908 and provided the inspiration for multiple ground-
breaking studies into the treatment of human disease.>*

Another milestone in the development of mAbs for
therapy was the invention of hybridoma technology by
Georges Kohler and César Milstein in 1975. They fused
immortal myeloma cells to a specific antibody—expressing
B cell that was derived from murine spleen cells of immu-
nized mice, thus creating immortal cells able to produce
a specific antibody. In their landmark article published
in Nature, they hypothesized that “such cultures could be
valuable for medical and industrial use.” The significance
of the work was recognized with the Nobel Prize in Physiol-
ogy or Medicine, which the 2 researchers received in 1984.

As predicted by Kéhler and Milstein, soon large
numbers of new antibodies, including antibodies against
leukocyte markers, were being produced in many labo-
ratories around the world. Thus, it became increasingly
difficult to know which antibodies were directed against
the same molecules. This prompted the organization of the
first Human Leucocyte Differentiation Antigens workshop
in Paris in 1982, during which many of these antibodies
were evaluated and compared. The aim of this and subse-
quent workshops was the independent validation of anti-
body specificity and usability for research, diagnosis, and
therapy. The workshop resulted in the creation of the CD
nomenclature, in which antibodies with a similar reaction
pattern nominated as “Clusters of Differentiation” (CD)
are grouped together; the characterized molecules starting
with CD1 originated from these workshops.®” The system
therefore represents a classification of the many mAbs gen-
erated by different laboratories around the world against
epitopes on the surface molecules of leukocytes.

The CD nomenclature is, in its origin, a nomencla-
ture of antibodies, and the prefix of an#i is not required.
This is a common mistake that was already predicted by
Milstein during an early workshop. Since its conception,
the use of the classification system has been expanded
to many other cell types. The CD system is commonly
used as a method to identify cells by allowing them to be
defined and discriminated based on the composition of
molecules on their surface.

Following the development of the hybridoma technol-
ogy, it was not until 1982 that the first lymphoma patient
was successfully treated with a mAb, which was a patient-
specific anti-idiotype antibody therapy.® In 1993, the CD20
mADb rituximab (Rituxan, Genentech/Biogen Idec), a chi-
meric mAb, was used for the first time to treat lymphoma.
In 1997, rituximab became the first licensed mAb to treat

cancer when it was approved by the US Food and Drug
Administration (FDA) for lymphoma; a year later it was
approved by the European Medicines Agency.” CD20 was
identified as an attractive target in lymphoma because of
its expression on more than 90% of B-cell lymphomas.'*!?
CD20 is expressed on normal B cells from the pre-B-cell
stage to the activated B-cell stage, but is not expressed
on stem cells, plasma cells, or cells of other lineages.™
Rituximab was initially investigated as monotherapy in
lymphoma,' but was soon combined with various chemo-
therapy regimens and included as maintenance therapy.'*'®
Rituximab is now considered a standard therapy in lym-
phoma and has had an overwhelming impact on survival.”

Rituximab also has been investigated in multiple
myeloma (MM); however, results were disappointing,. This
may be explained by the small percentage of patients
(approximately 20%) with CD20 expression on their
myeloma cells. Even in patients with CD20 expression, the
response to rituximab is poor.?*? Of note, patients with
translocations t(11;14) frequently have high levels of CD20
expression on myeloma cells.* In addition, Treon and col-
leagues have shown in vitro that interferon gamma induces
CD20 expression on MM bone marrow plasma cells and B
cells, and facilitates rituximab binding to MM bone mar-
row plasma cells.” In an era in which personalized therapy
is increasingly being investigated as the optimal approach to
therapy, these observations may provide a rationale for the
further investigation of rituximab in selected MM patients.

Targets for mAbs in MM

A number of targets have been identified for mAb therapy
in myeloma. These include components of the bone mar-
row microenvironment and molecules on the surface of the
myeloma cell, where mAbs target the tumor cells directly or
the interaction between the myeloma and the bone marrow
stromal cells. The table provides an overview of targets and
mAbs currently undergoing investigation. The impressive
list shows the enormous research activity in the field. Many
of these mAbs are still in preclinical or early clinical devel-
opment, and a number of excellent review articles exist to

232629 For our review, we will

provide an overview of these.
focus on a limited number of promising mAbs directed
g

against molecules on the surface of myeloma cells.
Mechanism of Action of mAbs

The majority of mAbs belong to the immunoglobulin G
(IgG) isotype, for which 4 subtypes exist. IgG constitutes
the main immunoglobulin in serum and has a half-life
of 23 days. IgG is a key player in the humoral immune
response, with central roles in opsonization, complement
activation, and antibody-dependent cytotoxicity (ADCC).
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Table. mAbs and Their Targets in Myeloma

Target mAb

Myeloma cell surface molecules

CD20 Rituximab

CD38 Daratumumab, SAR650984, MOR03087
CD40 Dacetuzumab

CD54 (ICAM-1) | BI-505

CD56 Lorvotuzumab

CD70 SGN-70

CD74 Milatuzumab

CD138 BT062

CD200 Samalizumab

CD317 (HM1.24) | HM1.24 mAb

CS1 Elotuzumab

IGF-1R AVE1642, figitumumab, IMC-A12

Components of the bone marrow milieu

IL-6 Siltuximab
VEGF Bevacizumab
BAFF LY2127399
DKK1 BHQ880
RANKL Denosumab
NK cell surface molecules
KIR IPH2101
PD-L1 CT-011
BAFE B-cell activating factor; DKK1, [)icl(l(«)}vf—l: IGF-1R, insulin-like gm\\'rh
factor 1 receptor; IL-6, interleukin 6; KIR, killer cell immunoglobulin-like
receptor; mAb, monoclonal antibody; NK, natural killer; PD-L1, pr()gmmmed
cell death ligand 1; RANKL, receptor activator of the NF-xB ligand; VEGE,
vascular endothelial growth factor.

mAbs can exert their cytotoxic effects through a number
of mechanisms, involving the use of immune system cells
or complement proteins, or by acting independently of the
host’s immune system (see the figure).’*?' mAbs are able
to transmit death signals by binding to and cross-linking
surface receptors on the target cancer cell or by block-
ing an activation signal that is necessary for continued
cancer growth or viability, thereby inducing apoptosis.
Mechanisms that are dependent on the immune system
include ADCC, the antibody-induced lysis of a target cell
by an activated natural killer (NK) cell. This relies on the
Fc domain of the target cell-bound mAb binding to Fc
receptors on the surface of NK cells, which activates the
NK cells and results in the killing of the tumor cell. The
Fc domain of the target cell-bound mAb also can bind
to Fc receptors on macrophages, resulting in antibody-
dependent cellular phagocytosis (ADCP). In addition, the
activation of the complement system is a key mechanism
of action of mAbs. Binding of the Fc domain of the mAb
to the classic complement-activating protein Clq activates
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the complement cascade, which leads to the lysis of the
target cells (complement-dependent cytotoxicity [CDC]).
Moreover, complement fragments that are released upon
activation of the cascade can attract and activate immune
cells, also linking innate and adaptive immunity.

Overview of Promising Targets and mAbs in MM

CS1

CS1 (also known as CRACC, CD319, and SLAMF7) is a
member of the signaling lymphocytic activation molecule
(SLAM) family, which is involved in normal immune
regulation, but has also been linked to immunodeficiency
and autoimmune diseases.’>?3 CS1 is a cell surface glyco-
protein and its expression is limited to hematopoietic cells;
it is found on NK cells, NK-like T cells, CD8+ T cells,
activated monocytes, dendritic cells, and plasma cells, with
the expression on plasma cells being the highest among the
immune cells.*® As a key regulator of normal immune cell
function, CS1 activates NK cells and is thought to have a
growth-promoting role in normal B-cell development and
an inhibitory role in T-cell development.® CS1 is highly
expressed in more than 95% of cases of MM?%%¢ and may
have a tumor-stimulating effect by promoting cell adhe-
sion.’® The high expression levels observed in myeloma
make CS1 an attractive target for mAb therapy.

Elotuzumab

Elotuzumab (HuLuc63) is a humanized IgG1 mAb that
was first developed as a mouse antibody and then human-
ized.** Elotuzumab binds CS1 but does not interact with
other members of the SLAM family.* In preclinical stud-
ies, elotuzumab induced lysis of human MM cell lines
and primary human MM cells; efficacy also was seen in
vivo in preclinical models of myeloma.***%" Elotuzumab
may exert anti-MM efficacy via NK cell-mediated
ADCC, because NK cells are required for elotuzumab
activity.** CS1 also is found on NK cells, and elotuzumab
can directly enhance NK cell function by ligation of
CS1 on NK cells, thereby augmenting the ADCC.%%
Preclinical studies have shown that elotuzumab-mediated
ADCC can be enhanced by combining the agent with
bortezomib (Velcade, Millennium Pharmaceuticals) or
lenalidomide (Revlimid, Celgene), which provides the
rationale for clinical combination studies.*”*

The preclinical activity of elotuzumab monotherapy
could not be observed clinically.® In the first-in-human
phase 1 trial involving 35 heavily pretreated patients with
relapsed/refractory myeloma, a dose-escalation scheme was
implemented with intravenous elotuzumab administered
at doses ranging from 0.5 to 20 mg/kg every 2 weeks. No
objective responses were seen, but stable disease (SD) was
noted in 26.5% of patients. The most common adverse
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Figure. Mechanism of action of monoclonal antibodies.

Adapted with permission from Golay J et al. Arch Biochem Biophys. 2012;526(2):146-153.°

events (AEs) included cough, headache, back pain, fever,
and chills. In general, AEs were mild to moderate in sever-
ity. The infusion-related AEs diminished once a premedica-
tion regimen was implemented.

In 2 following phase 1 dose-escalation trials, elo-
tuzumab was combined with lenalidomide and dexa-
methasone or bortezomib, and encouraging results were
obtained.”" In the study by Lonial and colleagues, 28
patients with advanced MM who had received a median
of 3 prior MM therapies were treated with elotuzumab,
lenalidomide, and dexamethasone.”* The combination
showed encouraging activity, with an objective response
rate of 82%. At a median follow-up of 16.4 months, the
median time to progression (TTP) was not reached for
patients in the 20-mg/kg cohort, who were treated until
disease progression. Two patients experienced serious
infusion reactions during cycle 1, and the most frequent
grade 3 or 4 toxicities were neutropenia (36%) and throm-
bocytopenia (21%). In the study by Jakubowiak and col-
leagues, 28 patients received elotuzumab in combination
with bortezomib.** The objective response rate was 48%,
and the median TTP was 9.46 months. Notably, two of
3 bortezomib-refractory patients responded. Lymphopenia
and fatigue were the most frequent grade 3 or 4 AEs, at
25% and 14%, respectively.

The positive results observed in these trials were the
basis for a phase 2 study investigating the combination of

elotuzumab, lenalidomide, and low-dose dexamethasone
in patients with relapsed/refractory MM following 1 to
3 prior regimens. The final results of the study were pre-
sented at the 2014 annual meeting of the American Society
of Hematology (ASH).” Seventy-three patients were
randomly assigned to receive elotuzumab at 10 or 20 mg/
kg plus lenalidomide at 25 mg on days 1 through 21 and
dexamethasone at 40 mg once weekly in 28-day dosing
cycles. Treatment was continued until disease progression.
The overall response rate (ORR) was 84% in the overall
group, and 92% and 76% in the 10-mg/kg and 20-mg/
kg groups, respectively. The median progression-free sur-
vival (PFS) also was longer in the 10-mg/kg group (32.5
months) compared with the 20-mg/kg group (25 months);
the PFES for the overall group was 28.8 months. Based on
these results, the 10-mg/kg dose will be taken forward in
trials. The most common grade 3 or 4 AEs were diarrhea,
anemia, hyperglycemia, lymphopenia, thrombocytopenia,
and neutropenia. Infusion reactions were noted in 11% of
patients; these were of grade 1 or 2 severity and consisted
mainly of pyrexia, nausea, and rash. In an attempt to
reduce the infusion time of elotuzumab, the flow rate was
increased to 5 mL/min, resulting in an infusion time of less
than 1 hour. This was possible for 33% of the infusions.
Recently, Lonial and colleagues reported the results
of a large phase 3 trial in which the combination of elo-
tuzumab, lenalidomide, and dexamethasone was shown
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to be significantly more effective in PFS and ORR than
lenalidomide and dexamethasone alone in patients with
relapsed or refractory MM following 1 to 3 prior lines
of therapy (ELOQUENT-2).% The median PFS was 19.4
months in the elotuzumab group (n=321), compared
with 14.9 months in the control group (n=325) (P<.001),
and the ORR was 79% vs 66%, respectively (P<.001). In
both groups, common grade 3 or 4 AEs were lympho-
penia, neutropenia, fatigue, and pneumonia. Infusion
reactions were observed in 10% of patients in the elotu-
zumab group; these were mainly grade 1 or 2 and only 2
patients discontinued treatment owing to infusion reac-
tions. The combination of elotuzumab, lenalidomide, and
dexamethasone also is being investigated in a randomized
phase 3 trial in the front-line setting (NCT01335399),
and a number of other combination studies are ongoing,
both in the relapsed/refractory and front-line setting.

CD38

Human CD38 is a 45-kDa single-chain transmembrane
glycoprotein with a short amino-terminal cytoplasmic tail,
a single membrane-spanning region, and a long extracel-
lular carboxy-terminal domain.® CD38 was first described
in 1980 and was initially used as a phenotypic marker of
differentiation in normal and leukemic blood cells because
of its distinct pattern of expression, being predominantly
expressed by progenitors and early hematopoietic cells,
then lost during maturation, only to be re-expressed dur-

ing cell activation.*

However, CD38 is now recognized
to combine a multitude of activities, including adhesion,
receptor function, and enzymatic functions.*4 CD38 is
an ectoenzyme, a membrane protein exerting its catalytic
function on the external surface of the cell membrane.”
CD38 catalyzes the conversion of nicotinamide adenine
dinucleotide (NAD)+ to adenosine diphosphate ribose
(ADPR) and nicotinic acid adenine dinucleotide phosphate
(NAADP), and thus is involved in the mobilization of cal-
cium. As a receptor, it is involved in immune processes,
mediating the production of cytokines by effector cells,
the proliferation of T lymphocytes, and the protection of
mature B lymphocytes and dendritic cells from apoptosis.”

CD38 is expressed at high levels by committed progeni-
tor bone marrow cells, B lymphocytes in germinal centers,
terminally differentiated plasma cells, and activated tonsils.
Early bone marrow cells are CD38-negative, and mature
virgin and memory B lymphocytes express low levels of the
molecule.’”® Myeloma cells express CD38 in a large majority
of patients, although at varying surface densities.”> CD38
also is involved in a pathway leading to the production of
adenosine, which is an important regulator of multiple bio-
logical functions in the tumor microenvironment, including
local immunologic tolerance. CD38 is thus implicated to be
part of the local survival strategy of the neoplastic plasma
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cell in the bone marrow milieu.**! Because of its almost
universal expression and its importance for the survival of
the plasma cells, CD38 has been identified as an attractive
target for mAD therapy in myeloma, not only because of the
induction of antibody-mediated effects, but also because of
the potential effects of a functional block of its enzymatic
activity.’! Interestingly, CD38 also is overexpressed by the
majority of acute lymphoblastic leukemias and by a propor-
tion of acute myeloid leukemias, non-Hodgkin lymphomas,
and chronic lymphocytic leukemias (CLLs). In CLL, CD38

expression also can carry prognostic information.’!

Daratumumab

Daratumumab (HuMax-CD38) is a human CD38 IgGl
mADb that was generated by immunizing transgenic mice
possessing human immunoglobulin genes. Daratumumab
can effectively kill tumor cells isolated from patients with
MM and myeloma-derived cells lines by ADCC, ADCR,
and CDC.>%> Another mechanism of action is induction
of apoptosis upon secondary crosslinking.”® Daratumumab
also was active at low concentrations in a severe combined
immunodeficiency (SCID) mouse xenograft tumor model.”*

Preclinical studies demonstrated a clear synergy
between lenalidomide or bortezomib and daratumumab in
inducing ADCC.”*® Furthermore, the addition of daratu-
mumab to RVD (lenalidomide, bortezomib, and dexameth-
asone) or MPV (melphalan, prednisone, and bortezomib)
significantly increased the activity of these combinations in
lysis assays. Of note, a recent study provided the first pre-
clinical evidence for the benefit of combining daracumumab
and lenalidomide in patients with myeloma refractory to
lenalidomide and bortezomib.”® Daratumumab induced
lysis of lenalidomide- and bortezomib-resistant cell lines and
of primary myeloma cells derived from patients with disease
refractory to lenalidomide and/or bortezomib. Moreover,
lenalidomide synergistically enhanced the daratumumab-
mediated lysis of MM cells through the activation of NK
cells. Recently, Nijhof and colleagues showed that the efhi-
cacy of daratumumab-induced NK cell-mediated ADCC
may be further enhanced by the modulation of NK-cell
regulatory signals transmitted via the inhibitory and activat-
ing NK receprors (killer cell immunoglobulin-like receptors
[KIRs]).® They used the human monoclonal anti-KIR anti-
body IPH2102 to block NK cell inhibitory receptors while
activating NK cells with lenalidomide, and demonstrated
synergistically improved myeloma cell lysis.

Another interesting observation from preclinical studies
is that CD38 expression levels can be induced by all-trans
retinoic acid (ATRA).®"® In a recent study, Nijhof and
colleagues showed that ATRA enhanced daratumumab-
mediated ADCC and CDC through an increase in CD38
expression levels, providing a rationale for the further evalua-
tion of combining daratumumab and ATRA.%
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Daratumumab is currently undergoing clinical investi-
gation, and results from ongoing trials confirm the positive
results obtained in vitro. In a phase 1/2 trial, patients with
relapsed/refractory MM who had received 2 or more prior
lines of therapy were treated with single-agent daratumumab
administered in a dose-escalation scheme.®” Patients had
received a median of 5.5 prior therapies, and 75% of patients
were refractory to both lenalidomide and bortezomib. In
part 1 of the study, a dose escalation of daratumumab from
0.005 mg/kg to 24 mg/kg was implemented, administered
intravenously (IV) once weekly. Daratumumab was well
tolerated, and in 12 patients who received the agent at 4
to 24 mg/kg, a partial response (PR) as best response was
seen in 5 patients. In the second part of the study, 2 dosing
cohorts were selected: 8 mg/kg and 16 mg/kg; 30 and 20
patients were treated, respectively. The ORR was higher in
the 16-mg/kg cohort compared with the 8-mg/kg cohort
(35% vs 10%, respectively). Of note, no severe infusion-
related reactions were seen (all grade 1 and 2) and the infu-
sion times could be reduced to approximately 3.4 hours with
the third infusion. The most frequent grade 3 or 4 AEs were
thrombocytopenia (13%), neutropenia (10%), pneumonia
(10%), and hyperglycemia (7%), and the most frequent seri-
ous AEs were pneumonia (10%) and lymphopenia (10%).

At the 2015 annual meeting of the American Society
of Clinical Oncology (ASCO), Lonial and colleagues pre-
sented the results of an international phase 2 study inves-
tigating daratumumab monotherapy in 106 patients who
had received a median of 5 prior lines of therapy and with
disease refractory to a proteasome inhibitor and an immu-
nomodulatory drug (IMiD).®® Daratumumab dosed at
16 mg/kg resulted in an ORR 0f 29% (3 stringent complete
responses [sCRs], 10 very good partial responses [VGPRs],
18 PRs) with a median PFS of 3.7 months and a 1-year sur-
vival rate of 65%. Daratumumab was well tolerated, with
no discontinuations due to daratumumab. Infusion-related
reactions occurred predominantly during the first infusion;
they were usually grade 1 or 2 and were manageable.

In another phase 1/2 study involving patients with
relapsed and refractory MM following 2 to 4 prior lines of
therapy, daratumumab was combined with lenalidomide
and dexamethasone.”” Daratumumab was dose-escalated
from 2 to 16 mg/kg in part 1 of the study (n=13) and then
given at 16 mg/kg in the expansion cohort (n=30). With a
mean follow-up duration of 12.9 months for part 1 and 5.6
months for part 2, the overall best response was 100% in
part 1 (31% complete response [CR] rate, 46% VGPR rate,
23% PR rate) and 86.7% in part 2 (6.7% CR rate, 43%
VGPR rate, 37% PR rate). Responses in part 2 improved
over time, with 75% of patients treated for at least 6 months
reaching VGPR or better. The combination showed a favor-
able safety profile, and an accelerated infusion was tolerable
but associated with a higher incidence of grade 1 or 2 AFEs.

Daratumumab also has been investigated in a small
phase 1b study in combination with currently used
regimens.®® Patients with newly diagnosed MM received
daratumumab plus bortezomib and dexamethasone;
bortezomib, melphalan, and prednisone; or bortezomib,
thalidomide (Thalomid, Celgene), and dexamethasone.
Patients with relapsed/refractory MM were treated with
the combination of pomalidomide (Pomalyst, Celgene),
dexamethasone, and daratumumab. In 18 patients
treated at the time of reporting, the ORR was 100%
in the newly diagnosed group and 50% in the relapsed
group. In addition, the combinations were well tolerated,
and daracumumab did not result in significant additional
toxicity. Furthermore, daratumumab did not have a
negative impact on stem cell mobilization.

Based on the promising results from early clinical
trials, daratumumab was granted breakthrough drug sta-
tus by the FDA in 2013.% Phase 3 trials in the relapsed/
refractory and upfront setting are currently ongoing,
and the results of these studies are ecagerly awaited

(NCT02076009, NCT02076009, NCT02195479).

SARG650984 (SAR, Isatuximab)

SAR is a chimeric CD38 IgG1 mAb. In vitro, SAR pos-
sesses potent antimyeloma activity against primary MM
cells and MM tumor cell lines, acting through ADCC,
CDC, ADCP, and direct apoptosis.”’ In addition, SAR
inhibits the ectoenzymatic activity of CD38 and tumor
growth in xenograft tumor models.”*”!

In a first-in-human phase 1 dose-escalation trial, 40
patients with heavily pretreated relapsed/refractory MM
received SAR at doses ranging from 0.0001 to 20 mg/kg
IV every week or every 2 weeks.” Patients had received
a median of 6.5 prior therapies, including bortezomib
and IMiDs. In the preliminary report, 33% of patients
obtained a clinical benefit and the ORR was 27% in
the overall patient group (all doses). At SAR doses of
10 mg/kg or greater, 37% of patients obtained a clinical
benefit (2 minimal response [MR]) and the ORR was
32%. Overall, SAR was well tolerated. The most com-
mon treatment-emergent AEs were fatigue and nausea,
and the most common grade 3 or 4 AE was pneumonia.
Infusion reactions were predominantly grade 1 or 2 and,
following the implementation of prophylactic treatment
for infusion reactions, these were limited to the first cycle.

SAR also has been investigated in combination with
lenalidomide and dexamethasone in a study that was
updated at the 2014 ASH annual meeting.”? The combina-
tion of lenalidomide with SAR offers potential synergistic
activity through concerted direct antimyeloma activity and
an increase in ADCC mediated through lenalidomide.” The
phase 1b study included 31 patients with relapsed/refractory
MM who had received a median of 7 prior therapies and of
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whom 84% had relapsed/refractory disease following IMiD
therapy. 7 In the dose-escalation phase of the trial, patients
received SAR at 3, 5, or 10 mg/kg plus lenalidomide and
dexamethasone. With mandatory prophylactic treatment,
most infusion reactions were grade 1 or 2 and occurred in
cycle 1. Two patients had to discontinue owing to grade
3 infusion reactions, which resolved in both patients.
Treatment-emergent AEs were predominantly grade 1 or
2, with the exception of hematologic AEs and pneumonia.
Overall, the safety findings were consistent with those of the
individual agents. In the overall group, the ORR was 58%
(6% sCR, 23% VGPR, 29% PR), and at SAR dosing levels
of 10 mg/kg (n=24), the ORR was 63% (8% sCR, 29%
VGPR, 25% PR). Of note, in patients with disease relapsed
and refractory to IMiDs (n=26), the ORR was 50%. With
a median follow-up of 9 months, the overall median PES
was 6.2 months. The encouraging activity seen in this heavily
pretreated population is the basis for ongoing trials, includ-
ing combinations with carfilzomib (Kyprolis, Onyx) and
pomalidomide (NCT02332850, NCT02283775).

MORO03087 (MOR202; MOR)

MOR (HuCAL) is a fully human CD38 IgG1 mAb that
has demonstrated potent antimyeloma activity in preclini-
cal studies.”””®* MOR was found to kill CD38-expressing
cell lines and primary MM cells from patients by ADCC in
a concentration-dependent manner.”” In addition, ADCP
is a potent effector mechanism of MOR. The addition of
lenalidomide to MOR enhanced ADCP-mediated killing
in vitro in a synergistic manner, providing the rationale
for combination of the 2 drugs.”® Furthermore, MOR was
shown to inhibit tumor growth in SCID-mouse xenograft
models.”” MOR is currently being evaluated in a phase
1/2 trial in relapsed/refractory MM. At the 2015 ASCO
meeting, preliminary results of a dose-escalating phase
1/2 trial of MOR in patients with relapsed/refractory
MM who had a median of 4 prior therapies were pre-
sented.”” In 42 patients treated so far, encouraging activity
with acceptable toxicity has been reported, and the results
of further dosing cohorts are awaited.

CD56

CD56, also termed neuronal cell adhesion molecule
(N-CAM), is a membrane glycoprotein that is found on
muscle cells and neurons and is thought to be involved
in cell adhesion, migration, invasion, and survival.”**!
Expression of CD56 has been noted on a variety of cancer
cells, including small cell lung cancer, neuroblastoma,
other neuroendocrine tumors, and ovarian cancer.5283
Within the hematopoietic compartment, CD56 is
normally restricted to NK cells and a subset of T lym-
phocytes, and is not found on normal plasma cells.®®

However, CD56 is expressed on 70% to 90% of myeloma
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cells, where it is involved in disease progression and

correlates with the extent of bone disease.®*?°

Lorvotuzumab Mertansine (IMGN901)

A humanized CD56 mAb-maytansinoid conjugate has
been constructed, comprised of a tumor-targeting anti-
body coupled by a linker to a potent antimicrotubular
cytotoxic agent (DM1).7! Maytansine, originally derived
from the Ethiopian shrub Maytenus serrata, inhibits tubu-
lin polymerization and is approximately 200- to 1000-
fold more cytotoxic than the vinca alkaloids.”>*® The
narrow therapeutic window of maytansine precludes the
application of the agent on its own; however, some have
hypothesized that conjugation to an antibody to facilitate
intracellular delivery would expand the therapeutic win-
dow and enable the exploitation of the cytotoxic potency,
leading to effective tumor cell killing with reduced toxic-
ity. After binding to the target tumor cell, the antibody-
maytansinoid conjugate is internalized and metabolized,
and active maytansinoid metabolites are released, which
results in the killing of the tumor cell.”

In preclinical studies, lorvotuzumab demonstrated
antimyeloma activity in MM cell line assays, patient MM
samples, and human MM xenograft models.” Of note, the
adhesion of MM cell lines and patient MM cells to bone
marrow stromal cells did not protect against lorvotuzumab
cytotoxicity. In preclinical studies, additive or synergistic
activity was observed when lorvotuzumab was combined
with lenalidomide, bortezomib, or melphalan, providing
the rationale for clinical combination studies.”*

In a phase 1 single-agent study, lorvotuzumab was
investigated in patients with heavily pretreated (median, 6
lines) relapsed/refractory CD56-positive MM.” The agent
was given IV at doses ranging from 40 to 140 mg/m*/week
for 2 consecutive weeks, with cycles repeating every 3 weeks.
At the last reporting, 37 patients had been treated. Four
grade 3 drug-related toxicities were reported: fatigue, renal
failure, weakness, and absence of deep tendon reflexes. No
grade 4 drug-related toxicities were noted and no patients
demonstrated a humoral response against either the antibody
or the DM1 component. Clinical benefit (=SD for at least 3
months) was seen in 46% of patients (2 PRs, 3 MRs).

Based on the observation of synergistic activity in
preclinical studies, lorvotuzumab also has been combined
with lenalidomide and dexamethasone in a phase 1 study in
44 patients with CD56+ relapsed/refractory MM.”® Lorvo-
tuzumab was given in escalating doses (75 mg/m?, 90 mg/
m?, and 112 mg/m?). In 39 patients evaluable for response,
the ORR (=PR) was 56.4% (MR, 64.1%; 1 sCR, 11
VGPRs, 10 PRs, 3 MRs). The TTP was 7.7 months in the
dosing group selected for further development (75 mg/m?).
The most common treatment-related AEs were peripheral
neuropathy (PN), fatigue, neutropenia, thrombocytopenia,
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nausea, and diarrhea. Most reports of PN were grade 2 or
less, with the majority of patients having a grade 1 PN at
baseline. Nonetheless, PN was the single most common
cause of dose reduction. It has been suggested that the
neuropathy may be due to low systemic levels of cytotoxin,
which are released following the cellular catabolism of the
antibody-drug conjugates and may thus be a class effect of
such conjugates.”

Taken together, the positive results seen in these early
clinical studies support the continued evaluation of lorvo-
tuzumab in relapsed/refractory MM.”!

CD138

CD138 (syndecan-1) is a member of the transmembrane
heparan sulfate proteoglycan family. As an extracellular
matrix receptor, it is involved in cell-cell and cell-matrix
adhesion. CD138 is typically found on mature epithelial
cells.””!® Within the hematopoietic system, CD138 is
restricted to plasma cells with no expression on hemato-

poietic stem cells.’o>1

BTO062 (Indatuximab Ravtansine)
BT062 is a murine/human chimeric CD138 IgG4 mAb
that is conjugated with a highly cytotoxic maytansinoid
derivative (DM4), a potent microtubule-targeted com-
pound that inhibits the proliferation of cells at the stage
of mitosis.”*'% Once bound to CD138 on target cells, the
mAb-maytansinoid conjugate is internalized and the cyto-
toxic agent released, leading to the death of the target cell.
In preclinical experiments, BT062 inhibited the growth of
MM cell lines and primary tumor cells from MM patients,
without cytotoxicity against peripheral blood mononuclear
cells from healthy volunteers.!”™ The drug also inhibited
tumor growth in xenograft mouse models of human MM.'*
In the first-in-human phase 1 study, 32 patients with
heavily pretreated relapsed/refractory MM received BT062
once every 3 weeks at different dose levels.'” SD or bet-
ter was noted in 52% of patients (1 PR, 2 MRs, 11 SDs).
Most AEs were mild to moderate and were typical of the
disease and the patient population. As expected, owing to the
expression of CD138 by tissues of epithelial origin, toxicities
involving the skin and/or mucosa and the eye were observed.
The vast majority of these were grade 1 or 2, although at
higher dose levels, toxicity involving the skin or mucosa was
also of grade 2 or 3. In a subsequent phase 1/2 study, a more
frequent dosing schedule with BT062 was investigated.'® In
this study, BT062 was administered IV on days 1, 8, and
15 of a 4-week cycle using different dosing levels in heavily
pretreated patients (n=31) who had received a median of 5
prior therapies. The dosing schedule with a higher frequency
was well tolerated. The most frequently reported AEs were
anemia, diarrhea, and fatigue. Overall, toxicity was mild to
moderate. Also in this study, substantial antitumor activity

was observed, with SD or better achieved by 56% (1 PR, 3
MRs, 11 SDs) and a median PFS of 121 days.

BT062 also has been combined with lenalidomide
and dexamethasone in a phase 1/2 dose-escalation study in
patients with relapsed/refractory MM who had failed at least
1 prior therapy.'”” In this study, 45 patients received BT062
at 80 mg/m?, 100 mg/m?, or 120 mg/m? plus lenalidomide
and dexamethasone. At the time of reporting at the 2014
ASH annual meeting, the ORR in 36 evaluable patients
was 78% (1 sCR, 2 CRs, 10 VGPRs, 15 PRs). Of note,
responses were seen in lenalidomide-refractory patients.
The most common AEs were diarrhea, fatigue, nausea, and
hypokalemia. These positive results require confirmation in
larger clinical trials, but suggest that BT062 could offer a
novel effective therapeutic option in MM.

Discussion

The introduction of mAbs presents the most significant
advancement of myeloma therapy in recent years. It is
hoped that their incorporation into current treatment
strategies for MM will emulate the progress of mAb addi-
tion to lymphoma therapy. Currently, few results from
clinical trials are available, with elotuzumab being the
mADb that has progressed farthest in clinical development.
All of the mAbs discussed in this review have demon-
strated encouraging activity when combined with current
standard therapies, and some of the challenges are how
best to incorporate the mAbs into existing strategies (as
part of combinations or as monotherapy) and for which
stages (whether they should be used in the maintenance
setting or even for the treatment of smoldering myeloma).
Based on the impressive activity seen in the relapsed/
refractory setting, it is expected that more impressive effi-
cacy results will be obtained in the frontline setting, where
the likelihood of resistance or escape is much lower than
in later lines of treatment.” The results of the phase 1
study by Moreau and colleagues of daratumumab admin-
istered upfront as part of MPV or RVD regimens in a very
limited number of patients suggest that this may be the
case.”” One of the attractive features of the mAbs is the
good tolerability that has been described in many studies,
making the mAbs feasible therapeutic options for those
patient groups for whom tolerability considerations often
limit the application of active treatment. In some of the
studies, a reduction of the infusion time, which presents
a substantial practical challenge, was found to be feasible.
This is an area that will require further optimization.
One of the issues in mADb therapy is certainly the
limited understanding of some of the detailed mecha-
nistic processes. For example, despite an almost universal
expression of a surface molecule, single-agent activity of a
specific mAb is limited, as is the case with elotuzumab.®
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This may be related to differences among the mAbs in the
relative importance of CDC, ADCC, ADCP, and direct
effects of antibody-mediated killing.

It is well known that soluble forms of syndecan-1
(CD138), CS1, CD38, and CD56 exist.**!®11! For
example, syndecan-1 is cleaved from the myeloma cell
surface by heparanases, and the level of soluble syndecan-1
is a powerful prognostic factor in myeloma.'®"! Soluble
CD38 levels are elevated in MM patients.'®® Soluble CD56
carries prognostic information and can be used to differen-
tiate between myeloma and paraproteinemias from other
causes.'*!'3 The presence of soluble forms of antigens may
impact the outcome of treatment with mAbs. Binding
of the mAb to the soluble form of the antigen may cause
reduced activity of the mAb, and the formation of soluble
antigen-antibody complexes may cause side effects due to
the deposition of these immune-complexes at sites other
than in the MM cells. These factors may explain unex-
pected results regarding efficacy or toxicity.

An important difference among the reviewed agents
is the role of the mAb. For example, elotuzumab and the
CD38 mAbs engage and augment the immune response;
lorvotuzumab and BT062 deliver a cytotoxic agent into the
tumor cell. This is reflected in the different effects that result
from binding of the mAb to the target molecule. With elotu-
zumab, daratumumab, SAR, and MOR, the target molecules
(CS1 for elotuzumab and CD38 for the others) are retained
on the surface following ligand binding, whereas in the case
of lorvotuzumab (CD56) and BT062 (CD138/syndecan-1),
they are internalized together with the bound antibody con-
jugate. Therefore, it can be expected that elotuzumab and
the CD38 mAbs continue to trigger immunologic antitu-
mor effects following binding, whereas lorvotuzumab and
BT062 are limited in their ability to engage the immune
system itself. However, an important feature of antibody-
drug conjugates is their ability to produce metabolites that
are capable of diffusing into neighboring cells and thereby
causing bystander killing.” Intense research efforts are ongo-
ing to identify novel targets with optimal internalization
kinetics and intracellular trafficking properties. Of note,
some immunoconjugates are already finding application
in the dlinic. For example, brentuximab vedotin (Adcetris,
Seattle Genetics), a CD30 mADb conjugated to the cytotoxic
agent monomethyl auristatin E, is approved in Europe and
the United States for the treatment of Hodgkin lymphoma
and systemic anaplastic large cell lymphoma.

In myeloma therapy, the development of resistance to
treatment presents an obstacle that severely limits treatment
options. Cell adhesion—mediated drug resistance through
the interaction of adhesion receptors with their ligands on
bone marrow stromal cells and extracellular matrix proteins
within the bone marrow presents an important de novo and
acquired resistance mechanism.!"*!"> mAbs may present an

MONOCLONAL ANTIBODIES IN MYELOMA

important strategy to evade this mechanism of resistance. For
example, elotuzumab interferes with cell adhesion—mediated
drug resistance.””

Taken together, mAbs present an exciting addition
to current myeloma treatment strategies, and it is hoped
that their incorporation will enable a more effective and
targeted treatment of myeloma, resulting in improved
outcomes for myeloma patients.
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