1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Curr Hematol Malig Rep. Author manuscript; available in PMC 2018 August 01.

-, HHS Public Access
«

Published in final edited form as:
Curr Hematol Malig Rep. 2017 August ; 12(4): 344-357. doi:10.1007/s11899-017-0397-7.

Novel Immunotherapies for Multiple Myeloma

Mattia D’Agostinol, Mario Boccadoro?, and Eric L. Smith?

IMyeloma Unit, Division of Hematology, University of Torino, Azienda Ospedaliero-Universitaria
Citta della Salute e della Scienza di Torino, Torino, Italy

2Myeloma Service, Cellular Therapeutics Center, Department of Medicine, Memorial Sloan
Kettering Cancer Center, 1275 York Avenue, New York, NY 10065, USA

Abstract

Purpose of Review—The treatment landscape of multiple myeloma is rapidly changing;
however, despite improvement in patients’ survival, it still remains a largely incurable disease. One
hallmark of myeloma is substantial immune dysfunction leading to an increased infection rate and
the inability of immune surveillance to detect neoplastic cells. Here, we critically analyze clinical
approaches to harness the immune system to overcome this defect with a focus on antibody based
and adoptive cellular therapies.

Recent Findings—Clinical trials exploring these immunother-apies to treat myeloma are now
well underway and show promising results. In relapsed myeloma, monoclonal antibodies directed
against plasma cell antigens and immune checkpoints have already shown substantial efficacy. In
parallel, trials of adoptive cellular therapy have exciting promise in myeloma, having induced
dramatic responses in a handful of early study participants.

Summary—Taken together, immunotherapeutic approaches hold enormous potential in the field
of multiple myeloma and in the near future can be combined with or even replace the current
standard of care.
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Introduction

Multiple myeloma (MM) is a plasma cell neoplasia accounting for 1% of all cancers and
10% of all hematologic malignancies [1]. Unprecedented results have been obtained in the
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treatment of this disease with the median overall survival more than doubling in the last
decade [2, 3]. The driving force of this improvement was an enrichment in our knowledge of
MM biology leading to the development of novel drug classes such as proteasome inhibitors
(PIs) and immunomodulatory drugs (IMiDs), the standard of care in clinical practice.
However, MM largely remains an incurable disease characterized by periods of remission
followed by relapses with neoplastic cells showing an increasing degree of drug resistance
[4]. Therefore, there is still a significant unmet clinical need to develop new, more effective,
therapies for MM.

A hallmark of MM biology is the clinically relevant immune dysfunction that can be
recognized early in the natural history of the disease [5]. Indeed, even patients with
monoclonal gammopathy of undetermined significance (MGUS) showed a ~2-fold risk of
bacteremia as compared to age-matched healthy controls [6]. Additional evidence of
immune dysfunction comes from suboptimal responses to vaccination against a variety of
pathogens in MM patients [7]. Immune defects harnessing B cell [8, 9], T cell [10], dendritic
cell [11], and NK cell [12] function can be found in MM patients; many are prompted by an
immunosuppressive microenvironment in the bone marrow that promotes tumor survival and
decreased immune surveillance [13]. Indeed, the complex network of interactions in the
bone marrow microenvironment of patients affected by plasma cell disorders is a key player
in the progressive functional impairment of host immune system and already from the
MGUS stage, the immune system fails to eradicate malignant cells [14]. However, in this
stage, the disease is still controlled by the immune cells, and a balance between plasma cell
proliferation and immune effector functions is still present. At the time of disease
progression, immune escape by MM cells occurs and is guided by multiple mechanisms. As
an example, programmed cell death ligand 1 (PD-L1) expression by malignant plasma cells
is upregulated and engages programmed cell death protein 1 (PD1) on activated cytotoxic T
cells inhibiting their activity [15].

Each of the immune defects described above represent a unique opportunity to develop
immunotherapeutic agents aimed to restore immune function, elicit tumor-specific immune
responses, and add new strategies in the therapeutic armamentarium against MM.

Building on the success of immunotherapy in other malignancies, such as melanoma,
Hodgkin’s lymphoma, and acute lymphoblastic leukemia, a variety of immunotherapeutic
approaches are currently being evaluated in MM.

While therapies for MM such as IMiDs, allogeneic transplant, and vaccine therapy [16-19]
broadly fit in the category of immune therapy for MM, three groups of novel
immunotherapy strategies have recently generated enormous excitement in the field and will
be the focus of this review: monoclonal antibodies targeting MM cell antigens, monoclonal
antibodies targeting immune inhibitory molecules (checkpoint blockade therapy), and
adoptive cellular therapy.
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Monoclonal Antibodies

In many solid and hematologic cancers, monoclonal antibody (mAb)-based therapy has led
to a paradigm shift toward the inclusion of immunotherapeutic agents into clinical practice
[20]. In MM, similarly, among the last four drugs approved by the food and drug
administration (FDA), two of them were mAbs.

The efficacy and the safety of mAbs are based mainly on two factors: the choice of the target
antigen and the spectrum of activation of the immune system.

MADbs can either target tumor cells directly or can aim to release the breaks on the immune
system. When tumor antigens are targeted, they should be highly expressed on the surface of
the malignant cells and ideally not expressed by other essential cell types. By labeling the
tumor cells, mAbs can activate many immune effector mechanisms among which the most
characterized are complement-dependent cytotoxicity (CDC), antibody-dependent cell-
mediated cytotoxicity (ADCC), and antibody-dependent cellular phagocytosis (ADCP) [21].
Additionally, mAbs can act directly on tumor cells, blocking the function of the target
molecule or receptor, inducing apoptosis and other intracellular signals, or delivering
conjugated toxins [22].

As agents of checkpoint blockade, mAbs target and block inhibitory ligand/receptor
interactions between tumor cells or cells in the microenvironment and immune effector cells,
thus re-activating these immune effectors to enable the recognition of neo-antigens through
their endogenous T cell receptors (TCRs) and subsequent tumor cell lysis.

The main clinical results of the key compounds used in MM are summarized in Table 1.

CD38-Directed mAbs

CD38 is a cyclic ADP-ribose hydrolase glycoprotein located on the cell surface with a
variety of functions including the transduction of intracellular proliferative signals and
ectoenzymatic activity involved in the catabolism of extracellular nucleotides [37].

CD38 is expressed at low levels on various hematological tissues (i.e., thymocytes, B cells,
NK cells, platelets, erythrocytes, and monocytes) and solid tissues (i.e., Purkinje cells and
neurofibrillary tangles in the brain, epithelial cells in the prostate, beta-cells in the pancreas)
[38]. However, higher expression is present on the surface of neoplastic plasma cells in the
majority of MM cases [39].

The binding of anti-CD38 mAbs to healthy tissues has not caused clinically significant on-
target/off-tumor toxicity. CD38 targeted MADbs, however, do attach to CD38 molecules
expressed on erythrocytes, interfering with blood compatibility testing, thus complicating
the safe release of blood products [40]. Patients should undergo red blood cell antigen phe-
notyping before starting a CD38 targeted treatment and the transfusion service should be
aware of the problem because methods like dithiothreitol incubation of patients’ erythrocytes
can remove surface CD38 and neutralize this kind of interference [40].
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CD38-targeting mAbs kill MM cells directly inducing apoptosis, modulating ectoenzymatic
function, and activating CDC, ADCC, and ADCP on different immune cell types [21].
Different mAbs induce different levels of these effector functions; however, their relative
contribution to the clinical efficacy and safety is largely unknown.

Currently, three anti-CD38 mAbs are being clinically developed for the treatment of MM:
daratumumab (IgG1-k, fully human), isatuximab (IgG1-k, chimeric), and MOR202 (1gG1-I,
fully human).

Daratumumab—Daratumumab was first tested as a single agent in a phase I/11 study on
heavily pretreated relapsed/refractory MM (RRMM) patients [23]. No maximum tolerated
dose (MTD) was reported in the dose escalation cohort (7= 32), and it showed clear single
agent activity with dose-related response rates in the expansion phase cohort (7= 72). The
overall response rate [ORR, at least partial response (PR)] was 36% in patients receiving the
maximum dose tested (16 mg/kg), the only safety warning was represented by a high
frequency of infusion-related reactions (71%, all grades); however, these were manageable
and rarely severe (1% grade = 3). The results of this trial were confirmed by a second phase
I monotherapy trial, testing daratumumab at the 16 mg/kg dose in 106 RRMM patients
[24], although median progression-free survival (PFS) was still short in the overall
population (3.7 months).

The promising single-agent activity of this drug prompted its evaluation in combination
studies with established backbone therapies in lesser pretreated RRMM patients [41, 42].

Early results from a phase Il study evaluating bortezomib-dexamethasone + daratumumab
in 498 RRMM patients who were not PI refractory were outstanding [25+¢]. After a median
follow-up of 7.4 months, the hazard ratio for progression or death with daratumumab vs
control was 0.39 (p < 0.001) with an ORR of 82.9% in the daratumumab-bortezomib-
dexamethasone arm. Twelve-month PFS was 60.7% in the daratumumab cohort versus
26.9% in the control cohort. Regarding safety, higher rates of hematologic adverse events
were reported in the daratumumab group (any grade thrombocytopenia 58.8 vs 43.9%,
neutropenia 17.7 vs 9.3%, lymphopenia 13.2 vs 3.8%); infusion-related reactions were
reported in the 45.3% of patients receiving daratumumab; in =95% of cases, they occurred
during the first infusion.

In another phase 111 study evaluating lenalidomide-dexamethasone + daratumumab in 569
RRMM patients who were not refractory to lenalidomide, early results were equally
remarkable [26<¢]. After a median follow-up of 13.5 months, the hazard ratio for progression
or death with daratumumab vs control was 0.37 (p < 0.001) with a 12-month PFS of 83.2 vs
60.1%. ORR in the daratumumab-lenalidomide-dexamethasone group was 92.9 vs 76.4% in
the controls. Safety data were consistent with the trials discussed above.

These clinical results led to FDA approval of daratumumab as monotherapy in patients
treated with =3 prior lines of therapy (including a Pl and an IMiD), and in combination with
lenalidomide-dexamethasone or bortezomib-dexamethasone in patients who have received at
least one prior therapy.
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Isatuximab—The main difference between isatuximab and the other CD38-targeting mAbs
is its ability to directly induce apoptosis of MM cells without the need to crosslink 2 CD38
molecules and its inhibition of CD38 ectoenzyme activity [43].

Clinically, two phase I/11 dose escalation studies are evaluating isatuximab in patients with
heavily pretreated RRMM, one as single agent and the other in combination with
lenalidomide-dexamethasone. In the first trial [27], isatuximab monotherapy was given at
increasing doses ranging from 0.3 to 20 mg/kg in 35 patients. The MTD was not reached,
and the ORR was 27%.

In the isatuximab combination study with lenalidomide-dexamethasone [28], the MTD was
similarly not reached (maximum tested dose 20 mg/kg), and despite heavy pretreatment
(median of 6 prior lines in the 20 mg/kg cohort), the ORR was 50%. The most frequent
adverse events were fatigue (46%), pyrexia (35%), and diarrhea (31%). Infusion reaction
rates were similar to daratumumab studies.

Recently, at American Society of Clinical Oncology (ASCO) meeting, early data of a dose-
escalation phase Ib study evaluating the combination of isatuximab with pomalidomide-
dexamethasone in RRMM patient who received =2 prior therapies have been presented. In
26 patients who were evaluable for response, ORR was 62%. Of note, 77% of enrolled
patients were refractory to prior IMiDs. Fatigue (62%), diarrhea (35%), and dyspnea (31%)
were the most frequent adverse events; identification of the MTD is still ongoing [44].

MOR202—Compared to the other anti-CD38 mAbs, MOR202 does not induce CDC, which
is likely the predominant immune effect contributing to infusion reactions [30, 45].

In a phase I/1l study, MOR202 was evaluated in clinically relevant doses with
dexamethasone, pomalidomide-dexameth-asone, and lenalidomide-dexamethasone in 41
RRMM patients [30]. The drug was well tolerated and, as expected, a low incidence of
infusion-related reactions was reported (7% all grade). ORR was 29% in the MOR202-
dexamethasone cohort and 78% in the MOR202-IMiD-dexamethasone cohort.

SLAMF7-Directed mAbs

Signaling lymphocytic activation molecule family member 7 (SLAMF7; CS1) is highly
expressed on plasma cells and MM cells, as well as other lymphocyte subpopulations such
as NK, albeit, at lower levels [46]. This molecule plays a role in MM-stromal cell
interactions, MM cell growth and survival, and immune response regulation [46].

Elotuzumab (1gGlk, humanized) is a mAb targeting SLAMF7. The anti-myeloma effect of
elotuzumab relies on several mechanisms: the inhibition of SLAMF7-dependent MM cell
adhesion to bone marrow stromal cells, the induction of ADCC, and the enhancement of NK
cell cytotoxicity [47, 48].

The first clinical data obtained in a phase I trial with elotuzumab monotherapy in RRMM
were disappointing, with no objective responses observed [31]. However, no MTD was
reached and the drug was well tolerated up to the maximum planned dose of 20 mg/kg every
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15 days, prompting its evaluation in combination regimens given the strong preclinical
rationale.

In a phase I trial of 152 RRMM patients who received 1-3 prior lines of therapy,
elotuzumab-bortezomib-dexamethasone compared to bortezomib-dexamethasone produced
similar ORRs but longer PFS (9.7 vs 6.9 months in the control arm) without additional
toxicity [32].

The most interesting results came from the combination of elotuzumab with lenalidomide-
based therapy. Lenalidomide augments ADCC and there is evidence that in vitro
pretreatment of effector cells with lenalidomide enhances elotuzumab-induced lysis of MM
cells [49]. In a phase Il study of 646 RRMM patients, elotuzumab-lenalidomide-
dexamethasone compared to lenalidomide-dexamethasone significantly produced a better
ORR rate (79 vs 66%) and a prolonged PFS (median 19.4 versus 14.9 months, HR 0.70, p<
0.001) at the cost of a modest incremental increase of adverse events (mainly
lymphocytopenia and herpes zoster reactivation) [33¢]. This study strongly suggests that
lenalidomide and elotuzumab may work synergically in a clinically meaningful fashion and
led to FDA approval of this combination in RRMM patients who have received one to three
prior therapies [50].

Checkpoint Blockade Therapy

Immune responses in human biology are strictly regulated by inhibitory molecules that
function as checkpoints to control the intensity and duration of immune system activation
[51]. These immune checkpoint molecules are key regulators of self-tolerance; however,
they are exploited by neoplastic cells in general and by MM cells in particular to hamper
immune surveillance [52].

The PD-1/PD-L1 axis is one of the best characterized immune checkpoint pathways
exploited by MM cells [53-55]. MM cells express PD-L1 which, upon the engagement of
PD-1 expressed by T cells and NK cells, decreases their proliferation capacity, cytotoxicity,
and cytokine production, making them functionally “exhausted” [56].

The preclinical evidence that blocking PD-1 and/or PD-L1 prevents their interaction and
enhances T and NK-cell anti-myeloma cytotoxicity [57], combined with the clinical success
of checkpoint inhibitors in other solid [58] and hematologic [59] neoplastic disorders,
prompted the evaluation of mAbs blocking the PD1/PDL1 interaction in clinical trials for
MM.

Nivolumab (1gGk, fully human) is a mAb targeting PD-1. It was tested as monotherapy in a
phase Ib clinical trial enrolling patients with different hematologic malignancies. In a
subanalyisis of 27 RRMM patients, no objective responses were reported [34].

Pembrolizumab (IgGk, humanized) is a PD-1 inhibitor tested in combination with IMiDs ad
dexamethasone in MM.

Pembrolizumab-lenalidomide-dexamethasone combination was evaluated in a phase 1 dose-
escalation phase in 40 RRMM patients who failed more than 2 prior therapies [35]. The
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MTD for pembrolizumab was 200 mg every 3 weeks and the ORR in the whole population
was 50%, with an interesting ORR of 38% in lenalidomide-refractory patients. The most
common treatment-related adverse events were thrombocytopenia (28%) and neutropenia
(24%). A phase 111 trial using this combination in transplant ineligible newly diagnosed MM
patients is ongoing (NCT02579863).

In a phase Il study involving 48 RRMM patients, pembrolizumab was combined with
pomalidomide (another IMiD) and dexamethasone [36¢]. In this trial, all patients were
refractory to lenalidomide and 80% were additionally refractory to a proteasome inhibitor.
One of the main risks of checkpoint blockade therapy is to induce autoimmune reactions
known as immune-related adverse events, which were represented in this trial as interstitial
pneumonitis (13%), hypothyroidism (10%), transaminitis (6%), adrenal insufficiency (4%),
and vitiligo (2%). ORR was 56%, with a median duration of response of 8.8 months in
responding patients. The ORR was quite similar in patients who were refractory both to Pls
and lenalidomide (55%).

The combinations of pembrolizumab plus either lenalidomide (NCT02579863) or
pomalidomide (NCT02576977) are currently being tested in phase 3 studies for myeloma. In
early July 2017, the FDA placed a clinical hold on these studies, and an arm on another
earlier phase study evaluating pembrolizumab plus lenalidomide (NCT02036502). While, at
this time, publically available data is scarce, it is possible that increased deaths with the
combination may be due to auto-immune toxicities. We eagerly await the availability of
more information to better understand the outcomes of these large trials and the promise of
these combinations for patients with myeloma. The inhibition of PD-L1 as well as other
immune checkpoint molecules are currently being evaluated for MM patients [60]; however,
mature clinical data are still lacking.

Many other approaches are being evaluated in the field. As an example, antibodies against
CD 138 and CD56 conjugated to a tubulin-binding agent (antibody-drug conjugates) showed
clinical activity as single agents [61, 62] and in combination with lenalidomide-
dexamethasone [63, 64]. Targeting bone marrow stroma and cytokines, despite the strong
biologic rationale, has not yet produced meaningful results [65].

Adoptive Cellular Therapy

Adoptive cellular therapy, most notably, chimeric antigen receptor (CAR) T cell therapy, has
shown dramatic efficacy in relapsed and refractory hematologic malignancies. Multiple
groups demonstrated an approximately 80% complete response (CR) rate with CD19
targeted CAR T cell therapy for relapsed or refractory pediatric and adult B cell acute
lymphoblastic leukemia (B-ALL) [66—-69]. MM may be the next malignancy where adoptive
cellular therapy has the potential to change the landscape of management for the relapsed/
refractory population. The results and lessons learned from studies with CAR T cells, as
well as TCR modified T cells, and activated myeloma infiltrating lymphocytes (aMILs) are
discussed below.

Curr Hematol Malig Rep. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

D’Agostino et al. Page 8

CAR T Cell Therapy

Generation of a CAR T cell therapy product consists of collection of a patient’s own white
blood cells, followed by ex vivo stimulation of T lymphocytes and gene transfer and
integration (usually via lentivirus or retrovirus) of DNA encoding the CAR. Gene-modified
T cells are then further expanded and transfused back to the same patient, usually after a
short course of conditioning chemotherapy. The CAR itself is composed of single chain
variable fragment (scFv) specific to a cell surface target antigen. This is genetically fused to
a spacer, a transmembrane domain, and then, intracellularly, to signaling domains that
provide the T cell with activation and co-stimulation signals when cognate antigen is
engaged by the scFv. This therapy consists of a “living drug.” To obtain efficacy, it is
essential that the cells expand in vivo and persist for some period of time. It is unclear what
the minimum requirement for persistence may be. Mechanisms of relapse include T cell
centric failures to proliferate and maintain effector function. Alternatively, cancer cell
centric mechanisms of relapse include the expansion of an antigen negative clone, so called
“antigen escape.”

With this novel therapy comes novel toxicities, most notable are cytokine release syndrome
(CRS) and neurologic toxicity. Severe CRS (SCRS) is characterized by hypotension and
hypoxia, requiring intensive care unit level support. Neurologic toxicity is characterized by
aphasias, obtundation, and sometimes seizures. These severe toxicities were seen to occur in
<30% of patients in multiple B-ALL trials, less so in trials for other malignancies, and
correlated with high disease burden at the time of treatment [66—-69, 70e¢].

CD19—There has been tremendous efficacy demonstrated with CD19 targeted CAR T cell
therapy for B-ALL and other CD19 expressing malignancies. MM, a malignancy of plasma
cells (PCs), is generally thought to be CD19 negative; however, there are interesting reasons
to test CD19 targeted CAR T cell therapy in MM. Hypotheses include the following: (1) it is
possible that CD19 is expressed on MM cells, but at low levels not detected by traditional
flow or immunohistochemistry (IHC) assays. The CAR T cell is a uniquely potent
therapeutic and may eradicate MM cells even with only a few hundred CD19 molecules on
the cell surface. (2) It may be that a less differentiated CD19+ MM precursor cell is
necessary for continued MM proliferation. (3) The MM tumor microenvironment may
contain B regulatory cells (Bregs) which, analogous to Tregs, may aid MM cells to avoid
immune destruction. These hypotheses were evaluated in a trial for MM patients who
experienced a short interval relapse after high dose melphalan and autologous stem cell
transplantation (MEL-ASCT). On the trial, these patients were again treated with MEL-
ASCT and given CD19 targeted CAR T cells in the early post-ASCT period
(NCT02135406). The results show that 2/10 patients treated had a “remission inversion”
where the remission to the second treatment with high-dose melphalan lasted longer than the
first [71e]. The investigators at the University of Pennsylvania (UPenn) who conducted the
study have now gone on to focus on using this strategy as consolidation after upfront MEL-
ASCT, hopeful that in this earlier setting CD19 targeted CAR T cell therapy may alter the
natural history of MM (NCT02794246). Many institutions are now focusing on other MM-
specific targets.
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Kappa Light Chain—A phase I study of CAR T cell therapy targeting the kappa light
chain was conducted by investigators at Baylor. The CAR consisted of a murine scFv
specific for kappa and included CD28 and CD3-zeta signaling domains and was cloned into
a gamma retroviral plasmid. Cyclophosphamide conditioning chemotherapy was given for
patients with ALC > 500/ul. MM patients received 1-2 infusions, with patients receiving
between 9.2 x 107 and 1.9 x 108 CAR+ T cells/m?2. Stable disease was seen in 4 of 7 MM
patients with a durability of 2-17 months. It is possible that the underwhelming responses
seen in MM patients on this trial are because light chains are secreted and not maintained on
the cell surface of plasma cells [72].

CD138—1Investigators at the Chinese PLA General Hospital in Bejing reported on five MM
patients treated with a CD138 targeted CAR incorporating 4-1BB and CD3-zeta signaling
domains. This was well tolerated with four of five patients treated obtaining stable disease
for 3—7 months [73]. While CD138 is clearly highly expressed on MM cells, there is concern
that it is also expressed on a variety of essential normal tissue. It is possible that a more
efficacious CD138 targeted CAR could bring with it the risk of “on-target/off-tumor”
toxicity.

Identifying Novel Targets for CAR T Cell Therapy of MM—Identifying the CD19
equivalent in MM is a non-trivial task as the common markers used to
immunophenotypically identify MM cells are all expressed on other potentially essential cell
types. CD138 (syndican-1) is expressed on bronchial epithelia, among other tissue types.
CD56 (neural crest adhesion molecule-1) is expressed on central nervous system cells [74].
CD38 (cyclic ADP-ribose hydrolase) and signaling lymphocytic activation molecule family-
member 7 (SLAMF7), the targets of several mAbs discussed above, are expressed on a
variety of other hematopoietic cell types [37, 46].

It is important to keep in mind that a CAR T cell is a significantly more potent warhead than
amAb. In fact, a clinical trial using the same antibody fragment as Herceptin, an antibody
well tolerated by hundreds of thousands of breast cancer patients, was fatal in the first two
patients treated because of low level antigen expression on lung epithelial cells [75].

BCMA—For these reasons, several groups have independently concluded that BCMA (B
cell maturation antigen; TNFRSF17) may be an ideal antigen to specifically target MM cells
with CAR T cell therapy. BCMA is highly expressed on the MM cells of virtually all
patients [76]. As opposed to CD19 where expression is lost as B cells differentiate into PCs,
as its name implies, BCMA levels increase during this differentiation process. The designs
of the five currently open trials evaluating BCMA targeted CAR T cell therapy are
summarized in Table 2.

National Cancer Institute (NCI) investigators were the first to publish pre-clinical data using
BCMA targeted CAR T cell therapy [77¢]. They have continued to conduct a dose escalation
trial demonstrating the potential for dramatic responses induced by this treatment modality
for MM. Here, at the fourth dose level investigated (9 x 106 CAR+ T cells/kg), they reported
on two patients with robust immune responses including dramatic clearance of MM from the
marrow which previously contained >80% MM cells and obtained either a stringent CR
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(lasting 17 weeks) or cleared their bone marrow but had persistent mildly elevated serum
markers for a VGPR (ongoing 52+ weeks) [78ee, 79]. This dose level, high by B-ALL
standards where 1 x 106 CAR+ T cells/kg is commonly used, however, did induce
significant toxicities including SCRS and prolonged cytopenias, from which both patients
fully recovered. Because of these toxicities and the history of toxicities in B-ALL correlating
to disease burden, this trial has limited enrollment to patients with <30% MM cell
involvement of their bone marrow and continues to enroll at this dose.

This CAR construct has been licensed by Bluebird Bio and modified for evaluation in a
multi-institution trial that is underway. The most recent report of this dose escalation trial
revealed that at the second dose level and above (150-900 x 10 total CAR+ T cells), the
ORR was 100% with 11 out of 15 patients experiencing robust efficacy with either a VGPR
or CR; impressively, all of the responses are ongoing with three patients out approximately 1
year. However, notably, grade 3 toxicity was rarely observed (CRS: grade 3 n=2; grade 4+
n=0; neurotoxicity: grade 3/4 n=0). This includes eight patients treated at these efficacious
dose levels with >50% bone marrow involved by MM cells [80]. This trial is continuing to
enroll.

Nanjing Legend is conducting a trial in China with exciting early results. Twenty-eight of 35
patients reached a CR or VGPR, with the remaining patients having achieved a PR for an
ORR of 100%. Many of the PRs were recently treated and may still convert to deeper
responses. Responses seem durable, with five patients treated greater then 12 months ago
remaining in CR [81]. There are several unanswered questions, including surrounding the
exact specificity of the scFv. Additionally, this trial differs from the others in that the
patients were treated at a significantly earlier time in their treatment course, with median
prior lines of therapy being 3, compared to 7-9 from the other trials reported.

University of Pennsylvania (UPenn) investigators have reported the clinical trial experience
with their BCMA targeted CAR T cell therapy. Notably, unlike the other trials discussed, the
first cohort treated (and only cohort reported) did not include any conditioning
chemotherapy. This cohort is notable for a single patient with a stringent CR (SCR) ongoing
for greater than 12 months. Nine patients have been reported on at a goal 500 x 10 total
CAR T cells. In addition to the sCR, two other patients achieved VGPRs. Four of the nine
patients reported required anti-1L6 receptor therapy with Tocilizumab for CRS and/or
neurotoxicity [82].

Interestingly, trials conducted by NCI and UPenn investigators already reported evidence of
antigen escape in MM [78ee, 82]. This should not come as a surprise given that it is a
common source of relapse in CD19 targeted CAR T cell therapy for B-ALL [67] and
highlights the need for additional novel targets for MM.

One difference between these five trial designs is the origin of the scFv’s. The NCI, Blubird,
and Nanjing Legend trials use a murine hybridoma derived scFv while the UPenn and
Memorial Sloan Kettering (MSK) trials of BCMA targeted CAR T cell therapy utilized a
human library screening approach to identify scFv’s. A human library screening approach
has two distinct advantages. One library derived scFvs may provide investigators with
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numerous scFvs to compare efficacy and select a superior lead candidate. Two, as
investigators at the Hutchinson Cancer Center noted, second administrations, and potentially
persistence, are limited in at least some patients by host anti-murine scFv immune responses
[83]. Host anti-CAR immune responses would be expected to be significantly less for human
derived CARs. This may be one reason the UPenn trial was able to demonstrate examples of
dramatic efficacy even without the use of conditioning chemotherapy, which, to date, was
assumed to be essential.

Eligibility based on BCMA expression is another difference in BCMA targeted CAR T cell
trial design. BCMA expression is detected by IHC or flow cytometry; the specific assays
used by different groups are not available but may be important when comparing patient
selection. The NCI and Bluebird use a threshold of 50% BCMA positivity as eligibility for
their trials. Investigators at the NCI have reported that this screens out 30% of prospective
patients [84]. Nanjing Legend reports requiring “clear BCMA expression,” while MSK uses
broader eligibility of “any BCMA positive MM cells”, and UPenn does not screen out for
low BCMA expression. Determining if screening for target antigen either enhances efficacy
or simply limits the potentially eligible patient population is another advance that may
enhance the efficacy of CAR T cell therapy moving forward. Developing and validating the
methodology of such companion diagnostics is an often overlooked but important aspect of
trial design.

TCR Engineered T Cell Therapy

Similar to CAR T cells, TCR engineered T cell therapy consists of ex vivo genetic
manipulation of autologous Tcells and subsequent re-infusion. Advantages over CAR T cells
include that intracellular antigens can be targeted as TCRs recognize processed peptide
presented in HLA. Limitations include that TCRs, unlike CARs, are HLA restricted, and
thus a unique synthetic TCR is required for patients with different HLA types.

TCR engineered T cell therapy has been tried clinically for MM. Synthetic TCRs for clinical
use are often affinity enhanced in the lab in the hopes of increasing the potential for efficacy.
A MAGE-AS3 peptide in HLA-A*01 was initially targeted in one such trial of an affinity
enhanced TCR modified T cell product. While extensive off target pre-clinical testing was
done, unfortunately, the first two patients treated died of cardiogenic shock as this TCR also
recognized a peptide/HLA complex derived from TITIN, a protein expressed by beating
cardiomyoctes [85, 86]. This experience is another reminder of the potency of adoptive T
cell therapy, and the caution required when translating new synthetic TCR or CAR vectors to
the clinic.

A shared NY-ESO/LAGE-1 peptide/HLA-A*0201 complex was the target of another TCR
engineered T cell therapy for MM. The clinical trial evaluating this therapy included high-
dose melphalan conditioning, ASCT, and then, on day 2 post-ASCT, administration of
engineered T cells. This study was well tolerated and showed evidence of long-term
persistence of engineered T cells. However, given that for 75% of patients this was their first
autologous transplant, it is difficult to make conclusions regarding efficacy [87¢¢].
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Therapy with synthetic TCR gene modified T cells for MM continues to move forward on
several fronts. Combination therapy with checkpoint blockade, for example, is under
evaluation in the clinic with the NY-ESO/LAGE-1 peptide targeted TCR modified T cells in
combination with permbrolizumab (NCT03168438). New target intracellular antigens, such
as BOB1 in MM [88], are being developed to avoid antigen escape. Importantly, advances in
gene editing are allowing for the replacement of the endogenous TCR-alpha gene with the
synthetic TCR-alpha and beta cDNA for optimal TCR expression. This leads to increased
stem memory and central memory T cell phenotypes over traditional gene modification [89].
Some or all of these advances may eventually lead STCRT cell therapies to catch up to the
clinical results we see with CAR T cell therapy.

Myeloma Infiltrating Lymphocytes

T cells can be re-targeted by gene modification as described above, but evidence from the
success of checkpoint blockade indicates that endogenous myeloma infiltrating lymphocytes
(MILs) exist that can already recognize neo-antigens on MM cells; however, they are kept in
the exhausted or anergic state by the immune suppressive MM microenvironment.
Harvesting these MILs and stimulating them ex vivo before re-infusing them may be
enough, then, to generate anti-MM immunity. Investigators at Johns Hopkins tested this
hypothesis by co-culturing harvested MILs with agonistic CD3/CD28 beads and IL2 in
culture to revert this exhausted phenotype and expand MIL numbers before re-infusion. As
seen in the study of TCR engineered T cells, activated MILs (aMILs) were given days after
high-dose melphalan and ASCT obscuring the contribution of the aMILs to the clinical
responses. Importantly, several correlates of functional immunity suggesting an anti-MM
response indicating the promise of such therapy [90ee].

Conclusions and Future Directions

We are hopeful that advances in immunotherapy, when translated to MM, may lead to a
curative approach. Tumor antigen targeted mAbs (e.g., anti-CD38, anti-SLAMF7) are being
evaluated earlier in the disease course, and we await results from these trials which may
indicate that combination therapy including one of these antibodies for induction therapy of
MM may be analogous to the success of Rituximab plus combination chemotherapy in
NHLs. In the relapsed setting, we anticipate that targeting the PD1/PDL1 pathway in
combination therapy will be a new active regimen that has the potential to change the
standard of care for these patients. The PD1/PDL1 pathway, however, is only the tip of the
iceberg for modulating immune checkpoints. There are many other antibodies, both
antagonistic and agonistic, as well as bispecific antibodies, already in the clinic for targeting
additional immune receptor/ligand pairs. It will be exciting to see the results of clinical trials
evaluating different combinations from this large class of drugs in MM.

While the trials are in their early stages, adoptive T cell therapy has already shown instances
where enormous myeloma burden from heavily pre-treated patients was rapidly eliminated,
akin to what was seen in B-ALL. Challenges still exist, including addressing relapse via
antigen escape or lack of persistence. To address antigen escape future CAR T cell vectors
will be developed targeting additional antigens. CD38 [91, 92], SLAMF7 [93], CD70 [94],
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CD44v6 [95], Lewis Y [96], CD138 [73], kappa light chain [72], and NKG2D ligands [97,
98] are all being evaluated at various stages of pre-clinical or early phase clinical studies as
additional targets for MM. To address lack of persistence, further enhancement to CAR T
cell therapy in development includes changes in the production process and vector
optimization. Producing a less differentiated final CAR T cell product may increase
persistence. One method to accomplish this includes culturing T cells with a small molecule
inhibitor to protein kinase B (AKT) during the production process. Pre-clinical evidence
shows that this may uncouple cell expansion from differentiation [99]. Bluebird has reported
that they plan to investigate this strategy for BCMA targeted CAR T cell therapy in an
upcoming clinical trial for MM. Toward this end, another strategy being investigated is
immunophenotypic selection of T cells to optimize CD4/CD8 ratio [69, 83] and/or select a
central memory phenotype [100]. Additionally, the trend toward more fully human CARs
(discussed in detail above), as well as, optimizing conditioning therapy may further enhance
persistence [69, 83]. Other options being actively explored include taking advantage of a
CART cell’s potential to function as a micropharmacy by developing, so-called “armored”
CAR T cells [101]. This is accomplished through the inclusion of a second gene into the
CAR T cell vector that may either alter the immunosuppressive tumor microenvironment or
directly enhance CAR T cell function. Examples include generating T cells that secrete a
pro-inflammatory cytokine [e.g., IL12 [102, 103], express an additional signaling ligand
[e.g., CD40L [104], 4-1BBL [105], or suppress immune inhibitory pathways [e.g., dominant
negative or knock down of PD-1 [106, 107].

Lastly, combination of mAb therapy with adoptive cellular therapy is a particularly attractive
method that may synergize these two immune therapies. We predict that clinical trials in the
near future will thoroughly explore this potential avenue.
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