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Abstract

Multiple myeloma (MM) is a haematologic malignancy with significant improvements in the
overall survival over the last decade. However, patients still relapse and die due to a lack of
treatment options. Ultimately, novel therapies with the potential for long term remissions are
needed for patients with advanced MM. Research efforts for such immune therapies were not
successful until recently when the first immunotherapies for MM were approved in 2015 and many
more are under development. In this review, we focus on adoptive cell therapies including CAR T-
cell and CAR NK-cell therapies for patients with MM. We will provide an update on clinical and
translational advances with a focus on results from ongoing clinical trials with BCMA targeted
cellular therapies and the development of other novel targets, changes in the manufacturing
process, trials focusing on earlier lines of therapy and combinations with other therapies as well as
off the shelf products.

Keywords

Multiple Myeloma; CAR T-cell therapy; B-Cell Maturation Antigen; Chimeric Antigen Receptors;
Adoptive Immunotherapy

Introduction

Multiple myeloma (MM) is a heterogenous, largely incurable haematologic malignancy and
although the last decade has seen considerable improvements in treatments, there is still an
unmet need for newer therapies in the relapsed refractory population(1, 2).

Patients with MM are significantly immunocompromised by the suppression of normal
plasma cells and impaired immune surveillance against the MM cells as well as
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infections(3). Therapies that can restore anti-tumour immune effector cell function while
simultaneously targeting MM cells have potential for greater efficacy. The first
immunotherapies for MM were approved in 2015 with the monoclonal antibodies -
daratumumab targeting CD38(4, 5) and elotuzumab targeting SLAMF7(6). More recently
the field in myeloma is crowded with immune therapies that act via multiple mechanisms
that include checkpoint inhibitors, antibody drug conjugates (ADCs), bispecific T cell
engagers (BiTEs) and chimeric antigen receptor cells (CARSs). None of these therapies are
FDA approved yet but given some promising results approvals are anticipated within the
next year.

CAR T-cell therapy

The adoptive transfer of antigen specific engineered T-cells combine the target specificity of
monoclonal antibodies with the cytotoxicity of T-cells. These T-cells are transduced with a
lentiviral or retroviral vector that carries the gene encoding a CAR, after which they are
expanded manifold before they can be infused into patients. Once infused into patients, these
CAR cells encounter antigen and in response release cytokines, lyse the target cells and
proliferate in vivo(7).

A CAR T-cell consists of an extracellular non-MHC restricted targeting domain, usually
derived from a single-chain variable fragment (scFv) of a monoclonal antibody, a spacer
region, a transmembrane domain, and intracellular signalling domains including the CD3C
activation domain and a co-stimulatory domain such as CD28 or 4-1BB(8). In MM clinical
trials, most CAR constructs are derived from second generation CARSs.

The effectiveness of CAR T-cell therapy is largely dependent on identifying the perfect
target which is universally and exclusively expressed on cancer cells relative to normal cells
to prevent on target off-tumour toxicity(9, 10). Most myeloma CAR T-cell products target B-
cell maturation antigen (BCMA)(11).

B-Cell Maturation Antigen (BCMA)

BCMA, atype 1l transmembrane receptor, is an excellent target for immunotherapy as it is
almost exclusively expressed on plasma cells compared to other immune targets such CD38
and SLAMF7(12). It is also known as tumour necrosis factor receptor superfamily member
17 (TNFRSF17) or CD269. Ligands for BCMA include A Proliferation Inducing Ligand
(APRIL) and B-cell Activating Factor (BAFF) and they are produced by osteoclasts. Their
interaction with BCMA induces differentiation of plasma cells and it is also involved in the
pathogenesis of MM(13). Soluble BCMA is considered a marker of tumour burden and
increased levels are associated with worse outcomes(14). BCMA is expressed in nearly all
plasma cell neoplasms(15) however its expression is highly variable.

BCMA CAR T-cell clinical trials (table 1)

The first anti-BCMA CAR was designed by National Cancer Institute (NCI) investigators
and consisted of a murine derived scFv and a CD28 costimulatory domain transduced with a
retroviral vector that showed in vivo efficacy(12). They then conducted the first-in-human
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phase | dose escalation clinical trial of BCMA CAR T-cells (CAR-BCMA) in relapsed
refractory patients with MM with a median of 7 prior lines of therapy. The four dose levels
ranged from 0.3x108 to 9x106 cells/kg. The first three dose levels did not show much
toxicity or efficacy. At the highest dose level 9x10° cells/kg both toxicities and responses
were seen, with the first two patients achieving a stringent CR and VGPR as well as
cytokine release syndrome (CRS) and prolonged cytopenias(16). Due to this significant
toxicity and the concern that the degree of CRS correlated with the tumour burden, they then
limited eligibility at this highest dose level to patients with <30% bone marrow involvement.
In total 16 patients with a median of 9.5 prior lines of therapy were treated with 9x10°
cells/kg. They reported an ORR of 81% (=PR) with 63% =VGPR and a median event-free
survival of 7.1 months. There were 11 patients that responded (=PR) and were also evaluated
for minimal residual disease (MRD) status. They were all bone marrow MRD negative. At
this dose, 94% patients (60% grade 3-4) developed CRS and this resolved in all patients.
Peripheral blood analysis from these patients showed a peak expansion of highly
differentiated CD8+ CAR-T cells 6-9 days after infusion and these higher expansion levels
correlated with anti-MM responses(17) (NCT02215967).

Bluebird Bio subsequently developed an anti BCMA CAR bb2121 which incorporates a
4-1BB costimulatory domain, NCI’s murine scFv and a lentiviral vector for CAR
insertion(18). This product was evaluated in a non-randomized, open label, 2-part (dose
escalation - 50, 150, 450 or 800 x106 cells and dose expansion — 150 or 450 x106 cells)
multi-site study (CRB-401) in patients with relapsed/refractory MM (=3 prior lines of
therapy)(19). Data from the first 33 patients treated at varying dose levels on this study has
been published with an ORR of 85% with a median PFS of 11.8 months (table 1). All
patients that had a response (=PR) and could be evaluated for MRD (16 patients), achieved
MRD negative status of <104 cells. The most common adverse events were hematologic
with grade >3 neutropenia in 85% and thrombocytopenia and anaemia in 45%. CRS was
seen in 76% (grade =3 = 6%) and neurologic toxic effects was seen in 42% (grade =3 = 3%)
(19). An update presented at ASCO 2018, reported on 43 patients treated in either the dose
escalation or dose expansion phase of the trial showing that patients with higher doses
achieved better responses and longer duration of response (50x10° cells, n=3, ORR 33%,
median duration of response (MDOR) 1.9m; 150x10° cells, n=14, ORR 57.1%, mDOR non
evaluable; 450-800x10° cells, ORR 95.5%, mDOR 10.8m). They therefore defined 150-800
x10° cells as an active dose(20) (NCT02658929).

A phase 11 single arm open-label (KarMMa) trial to evaluate bb2121 CAR T cells further in
relapsed and refractory myeloma patients worldwide is ongoing. It has an estimated
enrolment of 150 patients with doses ranging from 150-450x10% CAR+ T-cells. The trial has
completed enrolment in North America and Europe and is currently enrolling in Japan
(NCT03361748).

The CAR products derived from preclinical work at Memorial Sloan Kettering Cancer
Center (MSKCC) and now being developed by Juno/Celgene include MCARH171,
JCARH125 and FCARH143. They are second generation, fully human B-cell derived scFv
CAR products with a 4-1BB costimulatory domain and truncated epidermal growth factor
receptor(21). MCARH171 has a different scFv and a gamma-retroviral construct while
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JCARH125 and FCARH143 consist of an identical CAR with a lentiviral backbone and only
differ in the manufacturing process.

A single institution dose expansion phase | study of MCARH171 at MSKCC followed a
standard 3+3 design and 11 patients were treated at the following dose levels: 1x10° cells/kg
(n=3), 150x10° (n=3), 450x10° (n=4) and 800x108 cells (n=1). The ORR was 64% with no
dose limiting toxicity and more frequent durable responses at the higher doses of = 450
million CAR T-cells. Higher peak expansion was noted in the three patients with the most
durable outcomes(22) (NCT03070327).

The initial data on 44 patients in an ongoing multicentre phase I/1l EVOLVE study of
JCARH125 was presented at ASH 2018 (table 1). These patients had been treated with a
median of 7 prior therapies and 64% patients had high-risk cytogenetics. They received
escalating doses 50x10° cells (n=14), 150x108 cells (n=28) and 450 x 106 cells (n=2) with
ORR of 79% for the first dose level and 86% for the second dose level with an ORR of 82%
(48%=VGPR) for the cohort. In this trial the ORR of 79% at 50 x 108 cells was much higher
in contrast to bb2121 where the ORR was 33% at the same dose. Responses also deepened
over time in 36% over the past 4 weeks at the lowest dose. Any grade CRS was observed in
80% and neurotoxicity in 25%. Although grade = 3 adverse events developed in only a
minor subset of patients (7% needing ICU admission) there was one death at the highest
dose level secondary to Klebsiella pneumonia sepsis(23) The trial is currently enrolling on
the dose escalation phase and doses up to 800x108 cells will be considered followed by
which at least 75 subjects will be treated at the recommended phase 2 dose (NCT03430011).

Data from a phase | study conducted at the University of Pennsylvania, in collaboration with
Novartis with a CART-BCMA (lentiviral transduction with fully human scFv, 4-1BB
costimulatory domain and CD3zeta) product in 25 patients with relapsed refractory MM
(median of 7 prior lines of therapy) in 3 cohorts — cohort 1 patients received 100-500x10°
cells without conditioning chemotherapy, cohort 2 received cyclophosphamide followed by
10-50x108 cells, and cohort 3 (n = 11) received cyclophosphamide followed by 100-500x10°
cells was recently published(24). The dose was split over 3 days (10% on day 0, 30% on day
1 and 60% on day 2). Responses were dose dependent and ORR for cohorts 1, 2 and 3 were
44%, 20% and 64% respectively. Similar to their prior data in chronic lymphocytic
leukaemia they found that a higher percentage of CD27+CD45R0O-CD8+ T cells (naive and
stem cell memory T cells) within the leukapheresis product were associated with greater in
vivo expansion as well as clinical response(25). They also noted that responders had
decreased expression of BCMA and this expression increased at progression in most patients
(NCT02546167).

The LCAR-B38M CAR construct was developed by Nanjing Biotech and subsequently
licensed to Janssen (table 1). It consists of two llama derived variable-heavy chain only
fragments that target two epitopes of BCMA.

The phase I/l multicentre study was conducted in China with an estimated enrolment of 100
patients. Although a single study each site had its own protocol for lymphodepletion and
timing of CAR T-cell administration and included conditioning with Cy 300 mg/m2 alone
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day -5 to —3. Patients had received a median of 3 prior lines of therapy which is less than
other CARs. The median dose was 0.5x108 cells/kg (0.07-2.1x106) in 3 split doses day 1 -
20%, day 3 - 30% and day 7 - 50%. Data from 57 patients treated at a single site, The
Second Affiliated Hospital of Xi’an Jiaotong University, was published in 2018(26). The
ORR was 88% (75% with ongoing responses at time of publication), mMDOR was 16 months
(MRD negative mDOR = 22 months) and median PFS was 15 months (MRD negative CR
PFS = 24 months), however median OS was not reached (MRD positive OS = 8 months,
MRD negative = NR). Responses were achieved at all doses and BCMA expression did not
correlate with responses. It was well tolerated, 90% had CRS (=grade 3 CRS 7%) and one
patient developed neurotoxicity(27). Although this is a multiinstitution trial each academic
centre is reporting the data individually which makes it difficult to fully understand. A phase
2 study will be initiated in China (CTR2018007) in 2019.

In the United States and Europe, Janssen is conducting a multicentre phase Ib/I1 clinical trial
of this CAR construct as JNJ-68284528 (CARTITUDE-1) which is currently enrolling, and
preliminary results are anticipated shortly (NCT03548207).

Another Chinese CAR T-cell product with a retrovirus transduction 4-1BB with a murine
scFv and tEGFR developed by HRAIN biotechnology is being evaluated in a multicentre
study in China and prelim results from 20 patients were presented at ASH 2018. These
patients had a median age of 57.5 years but had received a median of 5.5 prior lines of
therapy and 45% patients with ECOG 3 and 10% with ECOG 4 were included. The patients
received 9x10° cells/kg and had an ORR of 85% (1 sCR, 8 CR, 5 VGPR, 2 PR) and a
median PFS of 15 months with 1 patient in CR with ongoing response at 18 months. CRS
was seen in 45% (1 patient with grade 3 CRS) but no evidence of neurotoxicity. They also
noted cytopenias in a majority of patients - anaemia 80%, leukopenia 75% and
thrombocytopenia 65%(28) (NCT03093168). The third Chinese multicentre trial of a CAR
T product CTO053 developed by Carsgen therapeutics is being tested in a phase | study and
14 patients were evaluable at the time of presentation at ASH 2018. They had a median age
of 55 years with majority of patients received a dose of 150x10% CAR T-cells. Although
there was a short median follow up of 92 days, they reported an ORR of 100% with 5 CR, 6
VGPR and 3 PR(29) (NCT03302403, NCT03716856, NCT03380039).

Kite/Gilead also developed a fully-human anti-BCMA CAR T-cell therapy in relapsed/
refractory MM called KITE-585 and a multicentre phase I, open-label, first-in-human study
was underway(30, 31) (NCT03318861) when further development was halted in 2019.

A table and a figure comparing the various MM BCMA CAR products in much detail have
been published in a prior review(11).

Beyond BCMA
1. Other targets (figure 1)

i) G Protein-Coupled Receptor Class C Group 5 Member D (GPRC5D)—This
protein is an orphan seven transmembrane G protein coupled receptor, that is highly
expressed in the bone marrow with MM but not expressed on normal tissues(32) and it’s
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expression is associated with a poor prognosis(33). A dose escalation study of a bispecific
antibody that targets CD3 and GPRC5D is already underway (NCT03399799). The first
CAR T-cell clinical trial targeting this protein is scheduled to open to accrual in 2019 at
MSKCC(34).

ii) CD138 (syndecan-1)—CD138 is expressed on multiple human tissues (epithelial,
endothelial and vascular smooth muscle cells) including plasma cells and MM patients.
Although a CD138 CAR T-cell has been studied in MM, patients had a modest response and
toxicities were less than expected due to which it was hypothesized that the CAR had
limited potency(35). Another trial targeting this protein is currently recruiting in the United
States (NCT03672318).

iii) CD38 (ADP-Ribosyl Cyclase)—Although this glycoprotein is expressed on
precursor B cells and plasma cells it is also expressed on T-cells, NK cells, myeloid
precursors, prostate, nervous system, gut, muscle cells and osteoclasts(36). Despite its
expression on multiple tissues, daratumumab a monoclonal antibody that targets this protein
is used widely in the management of myeloma with limited side effects(4). A rational
strategy for antiCD38 CAR T-cells using affinity optimization for reducing on-target off-
tumour effects has been developed(37, 38). An open-label phase I single dose-escalation
safety study of anti-CD38 CAR-T Cells in patients with relapsed or refractory MM is
currently enrolling (NCT03464916).

iv) Signalling Lymphocytic Activation Molecule Family 7 (SLAMF7)/CD2
Subset-1(CS1)/CD319—This protein is a member of the SLAM family of transmembrane
receptors that modulate the function of immune cells(39). It is expressed on pro-B cells and
plasma cells especially malignant ones however its exact role in myeloma pathogenesis is
unclear. Some evidence suggests it plays a role in stromal cell interaction in the BM tumour
microenvironment and in myeloma cell survival. SLAMF7 CAR T-cells are effective in in
vitro and in vivo models of refractory MM(40). There is an ongoing phase | trial that is
currently recruiting patients targeting this receptor with an estimated enrolment of 30
patients (NCT03710421).

v) Natural Killer Group 2D (NKG2D) ligands—NK cells identify tumours using
activating receptors such as NKG2D. The NKG2D ligands are found in hematologic
malignancies including myelomas. CARs manufactured to express a chimeric NKG2D
receptor have demonstrated preclinical efficacy in multiple tumour types by targeting the
NKG2D ligands(41). Five relapsed MM patients were treated with NKG2D CARs with no
responses and no dose-limiting toxicities, cytokine release syndrome, or CAR T cell-related
neurotoxicity observed. Consistent with preclinical studies, NKG2D-CAR T cell-expansion
and persistence were limited, and modifications are needed to boost CAR T-cell expansion
and target density(42). A preclinical study showed that CAR-NKG2D activated and
expanded NK cells (NKAE) cells are more effective than the CAR-NKG2D CD45RA- T
cells and are the basis for development of NKG2D-CAR NK cell therapy in MM (43).
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vi) CD56 (Neural Cell Adhesion Molecule 1)—CD56 is strongly expressed by
malignant plasma cells in 70% of myeloma patients and CD56 targeted chimeric antigen
receptor in a systemic xenograft model of myeloma showed antitumor efficacy(44).

vii) CD19—This target is absent on the dominant MM cells but maybe present on minor
subsets of myeloma propagating cells that have a B cell phenotype(45). Researchers at the
University of Pennsylvania hypothesized that targeting these CD19 positive myeloma
propagating cells with CAR T-cells against CD19 (CTL019) may potentially lead to
remissions. Ten patients with relapsed/refractory MM who had previously undergone an
autologous stem cell transplantation (ASCT) with less than 1-year progression free survival
(PFS) were given autologous CTLO019 cells following salvage ASCT. Two of ten subjects
experienced significantly prolonged PFS after CTL019 and ASCT compared to their first
ASCT (remission inversion). This low response rate was thought to be due to inadequate in
vivo engraftment secondary to 10-fold lower cell doses and 12-day delay between
lymphodepleting chemotherapy. Another possible explanation was that these myeloma
propagating cells may not be CD19 positive in all patients (46, 47).

viii) Kappa light chain—Since the paraprotein kappa is expressed exclusively on the
malignant clone in kappa restricted patients, this light chain has been targeted with CAR T-
cell therapy in a phase 1 trial for patients with MM or non-Hodgkin lymphoma/chronic
lymphocytic leukaemia (NHL/CLL). A total of 7 patients with MM were treated and 4 had
stable disease lasting 2-17 months. Not all patients received lymphodepleting chemotherapy
(low dose cyclophosphamide) given some had received their myeloma specific therapy
recently. The non-responders had not received low dose cyclophosphamide prior to infusion.
This low overall response rate is thought to be secondary to kappa light chain being secreted
and not retained on the surface of the plasma cells making this an ineffective target (48).

2. Advances in manufacturing

i) Newer transduction systems—To insert the CAR into T-cells, well-established
viral transduction systems with either retroviral or lentiviral methods that are replication-
incompetent and self-inactivating have been used in most CAR products to date given that
they have a high transduction efficiency(49). Newer non-viral methods of transduction such
as the transposon transposase piggyBac system are also being evaluated(50). This method
has a shorter processing time, costs less and results in a higher number of memory stem cells
(Tscm)- It also has a very large cargo capacity (potentially >20x lentivirus) therefore can
potentially accommodate more CARs into a CAR T-cell product in the future.

One such CAR product being studied in MM is the P-BCMA-101(51, 52). This CAR T-cell
product is being studied in a phase | trial with five dose levels between 0.75x106 cells/kg up
to 15x10° cells/kg. For 19 evaluable patients the ORR was 63% (100% for the 3 patients
treated at the highest dose level) with a median PFS of 9.5 months(51) (NCT03288493)
(table 1).

ii) Costimulatory domains—The first anti-BCMA CAR developed by the NCI as well
as the KITE-585 CAR contain a CD28 costimulatory domain(17, 31). CD28 expressing
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CARs have higher potency and signalling kinetics however this also leads to increased
cytokine production and T-cell exhaustion which in turn leads to reduced antitumor activity.
Hence, most CARs in MM contain a 4-1BB costimulatory domain which has a lower
signalling intensity leading to a memory cell-like phenotype and less exhaustion with
improved efficacy(53, 54).

iii) Alternatives to single chain variable fragment (scFv)—An scFv is a fusion
protein of the variable regions of the heavy (V H) and the light (V L) immunoglobulins that
are connected by a short flexible peptide linker. Earlier designs of CAR T-cells contained a
single chain variable fragment (scFv) derived from murine antibodies. Some patients
developed anti-murine antibodies targeted towards the CARs that limited persistence and
efficacy of reinfusions in non-Hodgkin’s lymphoma(55, 56) and renal cell carcinoma(57).
Many newer CAR designs therefore contained human antibody derived scFvs(21) except for
the LCAR-B38M that contains two llama derived V H only peptides(26).

As a next step to their murine CD28 CAR, NCI investigators developed a fully human
variable heavy (VH) chain only (no light chain and no linker) BCMA targeted CAR(58). It is
hypothesized that it will be less immunogenic, and it is being tested in a phase I trial for
BCMA positive relapsed refractory MM patients with a target enrolment of 42 patients. Five
dose levels ranging from 0.75x106-12x10%/kg will be tested (NCT03602612).

The P-BCMA-101 CAR T-cell has another unique feature, the binding molecule is not an
scFv but is a small fully human fibronectin domain (Centyrin) with high specificity binding
to BCMA(52).

iv) Defined T cell ratios/populations—Most CAR T-cell studies infuse products that
have an undefined ratio of CD4 to CD8 T-cells. This ratio is determined by the CD4:CD8
ratio in the sample collected during leukapheresis. Therefore, the proportion of these subsets
can vary greatly at the time of infusion. Given this heterogeneity in the CAR product the
optimal ratio or method of manufacturing is not known. In a hope to improve efficacy there
are multiple fixed ratio CAR trials ongoing in MM, given they have already shown efficacy
in adult B cell ALL patients(59).

The JCARH125 product is manufactured using a predefined CD4: CD8 ratio in the
leukapheresis product prior to manufacturing(23). A single institution phase | study with
separate CD4 and CD8 manufacturing followed by infusion of a defined 1:1 CD4:CD8 T
cell ratio (+/-15%) of FCARH143 is currently enrolling and preliminary results for 11
patients were presented at ASH 2018(60). This ratio was achieved in 7 patients. Another
unique feature of this trial is that it includes patients relapsed post-prior BCMA CAR T-cell
therapy and post-allogeneic transplant, all of whom responded. Patients will be treated at -
50x106, 150x106, 450x108, 800x108 cells and responses were noted at the lowest dose. They
had an ORR and MRD negativity rate at day 28 of 100% with 9 of 11 patients still in
remission at the time of reporting. CRS developed in 91% patients and only 1 patient
developed grade 3 CRS(61) (NCT03338972). Another phase I study by Cartesian
Therapeutics is evaluating a CD8 only BCMA CAR T-cell product (Descartes-08) in MM
(NCT03448978).
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v) Improving CAR T-cell persistence—Although most anti-BCMA CAR trials have
shown an unprecedented response rates in this relapsed and refractory population, most
patients eventually relapse to this therapy as well and methods to improve CAR T-cell
persistence are needed. It has been noted that this limited persistence may arise from
tumour- and host- derived factors including antigen, inflammation and metabolic stress(62)
as well as chronic (and in some cases, tonic) signalling of CARs(63), or their development
from autologous partially or terminally exhausted patient T-cells(64-66).

To improve persistence, the next product from Bluebird Bio bb21217, contains the bb2121
CAR and the T cells are co-cultured with a PI3K inhibitor bb007. These T cells are exposed
to the PI3K inhibitor during the manufacturing process to generate a product with enhanced
memory-like (CD27+ and CD62L+) phenotype with the aim of improving CAR T-cell
persistence in patients and thus efficacy(67). Preliminary results of 12 patients treated at the
lowest CAR T-cell dose of 150x106 on the CRB-402 phase | trial were presented at ASH
2018. They had an ORR of 83% (=VGPR 50%, =CR 25%) with a median follow up of 26
weeks. Side effects of CRS were seen in 67% patients and neurotoxicity in 25% patients.
The estimated enrolment is up to 50 patients and as yet the data is not mature enough to
determine if this PI3K inhibitor improves durability of responses(68) (NCT03274219).

vi) Faster manufacturing—CAR T-cell manufacturing is a complex multistep process
that takes weeks before the cells are ready to be reinfused into the patients(69). Research
into more efficient methods to produce these cells is ongoing.

3. Earlier lines of therapy

Up until now, all CAR T-cell therapies have been studied in a highly relapsed and refractory
population. Given the safety and efficacy of these products’ possible areas that CAR T-cell
therapies need evaluation include in the peri autologous transplant period as well as in
comparison to upfront transplantation. Other trials in patients with fewer than 1-3 median
prior lines of treatment would also be important to evaluate if it leads to better disease
control at earlier stages of disease. The frequency of early memory T cell phenotype,
CD4/CD8 ratio and the magnitude of expansion is higher in products obtained after
induction compared to the relapsed/refractory setting(70). KarMMa-2 and KarMMa-3 aims
to address some of these important questions.

Given the poorer outcomes with high risk patients they are also studying this product
bb2121 in high risk MM with the KarMMa-2 study. It is a multi-cohort, open-label,
multicentre phase Il study with an estimated enrolment of 181 patients into the following
cohorts - = 3 prior anti-myeloma regimens (cohort 1), or with R-1SS stage Il and 1 prior
anti-myeloma therapy with progressive disease within 18 months, either post-autoSCT
(cohort 2a), having not had prior autoSCT (cohort 2b), or having had inadequate response to
initial therapy (cohort 2¢). The trial is currently recruiting, and the cohorts will enrol
independently in parallel (NCT03601078). KarMMa-3 is a multicentre, randomized, open-
label, phase 3 study comparing the efficacy and safety of bb2121 (254 subjects) versus
standard triplet regimens (127 subjects) such as daratumumab, pomalidomide,
dexamethasone (DPd); daratumumab, bortezomib, and dexamethasone (DVd); or ixazomib,
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lenalidomide, and dexamethasone (IRd) in subjects with 2-4 lines of prior therapy
(NCT03651128).

A phase 2 study of JNJ-68284528 is estimated to enrol 40 participants into two cohorts —
Cohort A with progressive disease after 1-3 prior lines of therapy and cohort B with early
relapse after front-line therapy (CARTITUDE-2) (NCT04133636).

4. Combination approaches

i) Combinations with other drugs—Strategies to improve ORRs and durability of
responses include combining CAR T-cell therapy with standard and/or novel myeloma
therapies (IMiDs, daratumumab, elotuzumab) or with therapies that may improve
persistence such as immune (checkpoint inhibitors) or epigenetic modulation (HDAC
inhibitors).

Lenalidomide is being tested with MCARHZ171 in a phase | dose escalation
study(NCT03070327). Preclinical data showing that lenalidomide improves anti-myeloma
properties of CS1-directed CAR T cells has been published(71).

Sequential administration of checkpoint inhibitors after CAR T-cell therapy was evaluated in
5 subjects who progressed after BCMA targeted CAR T-cell therapy were given a PD1
inhibitor (pembrolizumab based) combination as their next therapy. One of these patients
had a significant CAR T-cell expansion but the response was short-lived with progression 1
week later and return to baseline CAR T-cell levels at week 5(72). Based on this observation
it is plausible that a subset of patients may respond to immune modulating approaches
following CAR T-cell therapy.

Patients who relapse post BCMA CAR T-cell therapy may have partial or complete
downregulation of BCMA expression(17, 73) or there may be no change(22). Given this
downregulation and variable BCMA expression in patients a FCARH143 BCMA CAR T-
cell therapy trial with a gamma secretase inhibitor (JSMD194) that reduces BCMA cleavage
and thus increases cell surface expression of BCMA on tumour cells(74) is currently
enrolling (NCT03502577).

ii) CAR product combinations—Given many relapses post CAR-T cell therapies may
in part be due to antigen negative disease escape, CAR combinations and dual targeting
CAR-T approaches are being developed to maximize initial treatment effect and minimize
the risk of relapse.

A single arm phase 2 trial in China administered a combination of humanized anti-CD19
CAR T cells (1 x 108 cells per kg) and murine anti-BCMA CAR T cells (1 x 10° cells per
kg) to 21 patients. They had an ORR of 95% although there was 1 death related to cerebral
haemorrhage from sustained thrombocytopenia(75). University of Pennsylvania is also
currently recruiting for a clinical trial involving two separate CAR products - CART-BCMA
with or without huCART19 upfront in high-risk MM (NCT03549442).
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iii) Dual targeting CARs—Preclinical data from an APRIL ligand-based dual targeting
CAR (as opposed to an scFv) for binding BCMA and transmembrane activator and calcium
modulator and cyclophilin ligand interactor (TACI) showed in vitro and in vivo efficacy(76).
Based on this data Autolus Limited is conducting a multicentre phase I/11 trial of this dual
targeting CAR (AUTO2) with an estimated enrolment of 80 patients in Europe
(NCT03287804). Similar preclinical in vivo studies of dual targeting CAR T-cells against
the antigens BCMA and CS1(77) as well as BCMA and GPRC5D(78) showed superior in
vivo survival.

Other dual targeting trials underway in China include - CD19 and BCMA dual targeting
CARs (NCT03455972, NCT03767725), CD138 and BCMA targeting (NCT03196414) and
CD38 and BCMA targeting (NCT03767751). Multi CAR T-cell therapy in which T-cells are
genetically modified to specifically target several MM surface antigens, including BCMA,
CD38, CD56, CD138 or alternative MM surface antigens is also being tested
(NCT03271632).

5. Off the shelf/allogeneic CARs

Until now, CAR T-cells have been autologous products where a patient’s own T cells are
collected and reinfused back after CAR insertion in the laboratory. More recently, allogeneic
CAR T-cell products from healthy donors that do not require HLA matching are being
manufactured with an attempt to make off the shelf products so that the cost and
manufacturing delays with individualization of these products can be avoided. Given T-cell
dysfunction in a cancer patient is also a potential issue leading sub optimal CAR products,
allogeneic products may enhance functionality(79). Although this therapy seems promising
there are numerous challenges that may need to be overcome including graft vs host disease,
host T cell vs CAR, host NK cell vs CAR related side effects.

P-BCMA-ALLO1, an allogeneic product with the same inherent properties and functions as
P-BCMA-101 but with the added advantages of treatment efficiency and ability to scale
more rapidly to the needs of patients will be evaluated in a phase I clinical trial that should
open shortly by Poseida therapeutics(51), but with the benefits of scale and administration
efficiency that come from an allogeneic product. Preclinical data from Allogene regarding
their allogeneic CAR T-cell that induced sustained in vitro and in vivo responses was
recently published(80) and the clinical trial will also open shortly. Precision Biosciences, a
genome editing company are developing off the shelf CAR therapies as well(81, 82).

CAR NK-cell therapy—Natural killer (NK) cells are critical to the innate immune system
and are also a part of the adaptive immune system. They can recognize stressed cells in the
absence of antibodies and major histocompatibility complex (MHC) molecules leading to a
much faster immune response.

CAR NK-cell therapy is not limited by autologous manufacturing since it is not HLA
restricted and can therefore be produced from NK cell lines (most often NK92), umbilical
cord blood or induced pluripotent stem cells (iPSCs)(83). CAR NK-cells have only been
recently brought to clinical trials(83, 84) given some inherent advantages such as off the
shelf products, reduced toxicity and cost over CAR T-cells (table 2). The first CAR NK cell
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trial to open in the United States targeting CD19(85) is currently enrolling with a target
accrual of 36 patients (NCT03056339).

In multiple myeloma, preclinical data showing the genetic modification of NK-92MI cells
with an anti-CD138 CAR shows enhanced cytotoxicity(86) and a viral construct of a CS1-
specific CAR expressed in human NK-92 cells significantly suppressed the growth and
prolonged survival in xenograft models(87). Preclinical data shows that NKG2D-CAR NK
cells and BCMA-CAR NK cells are equally efficient to eradicate diverse MM cells(88).

A trial of 20 patients with relapsed/refractory MM with BCMA expression has begun
enrolling in China in 2019 and patients will be treated with BCMA CAR NK-92 cells
developed by Asclepius Technology Company Group (Suzhou) Co., Ltd (NCT03940833)

Summary

Although CAR T-cell therapies have generated a lot of enthusiasm in the myeloma
community it must be tempered by the fact that most remissions are not cures and patients
eventually relapse. Researchers are working via multiple avenues and pathways to improve
this therapy given research in this field is still nascent. Numerous issues such as cost,
competition from other immunotherapies (such as bispecific antibodies and antibody drug
conjugates) that may have added advantages such as ease of administration with outpatient
intravenous or subcutaneous dosing may pose a threat to the widespread use of CAR T-cell
therapies. Although given the chronic and heterogeneous nature of this disease one size does
not fit all and there will likely be a population of patients who will benefit from CAR based
therapies. Currently however, the data is too premature to draw conclusions about the long-
term use, but these therapies offer hope that myeloma patients will have more treatment
options.
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Practice Points

. Immunotherapy shows promise for patients with multiple myeloma and
BCMA appears to be the most promising target currently.

. The ongoing BCMA CAR T-cell trials report high overall response rates of
>80%.

. Cytokine release syndrome with BCMA targeted CAR T-cell therapies
although common is usually manageable and serious neurotoxicity is
uncommon.
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Research Agenda

. Although response rates are unprecedented in this highly refractory and
relapsed population the median PFS is < 12 months therefore improvements
in CAR T-cell persistence and duration of responses are needed.

. Randomized clinical trials comparing CAR T-cells in earlier lines of therapy
with other standard chemotherapy or immunotherapy combinations are
ongoing.

. CAR targets other than BCMA are also being evaluated and additional targets
are needed.

. Off the shelf CAR products such as allogeneic CAR T-cells and CAR NK-
cells are areas of active research.
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Figure 1:
Chimeric Antigen Receptor T cell target
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Table 1:
Summary of major BCMA CAR T-cell trials
Trial Dose Range Response | VGPR or PFS CRS any Neurotoxicity
Rate better grade any grade
(grade 3-4)
Bb2121 50-800 million cells 85% 2% 11.8 76% (6%) 42%
(n=33) months
JCARH125 50-450 million 82% 48% NA 80% (9%) 25%
(n=44) cells
LCAR-B38M | 0.07 to 2.1 million cells/kg 88% 73% 15 90% (7%) 2%
(n=57) months
P-BCMA-101 50-1143 million cells 63% 22% 9.5 10% (0%) 5%
(n=19) months
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Table 2:

Advantages and disadvantages of CAR T-cell therapy vs CAR NK-cell therapy(83, 84)

CAR T-cell therapy

CAR NK-cell therapy

Data currently available Clinical data Preclinical data
In-vivo persistence Better Worse
CRS/Cytopenia More likely Less likely
Viral transduction efficiency Higher Lower

Allogeneic/off-the-shelf product

Risk of GVHD if allogeneic

No risk of GVHD

Tumour recognition

Solely dependent on CAR

Multiple mechanisms including native receptor and CAR

CAR antigen downregulation

More likely

Less likely
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