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CAR T-cell therapy: is it prime time in myeloma?

Surbhi Sidana' and Nina Shah?

"Department of Medicine, Stanford University, Stanford, CA; and ?Division of Hematology-Oncology, University of California, San Francisco, CA

Chimeric antigen receptor (CAR) T cells have shown promising activity in hematological
malignancies and are being studied for the treatment of multiple myeloma, as well. B-cell
maturation antigen, which is widely and almost exclusively expressed on plasma cells and
B cells, is a promising target. Other targets being evaluated include CD19, CD38, CD138,
signaling lymphocyte activation molecule or CS1, light chain, GPRC5D, and NKG2D. Early
clinical studies have shown promising response rates in heavily pretreated patients, but
relapses have occurred. Cytokine release syndrome and neurotoxicity have been observed in
the majority of patients but are mostly grades 1 and 2. Relapse may be mediated by antigen
escape and the limited persistence of CAR T cells. CAR T-cell constructs that target multiple
antigens/epitopes or constructs with longer persistence due to a higher proportion of
memory phenotype T cells may decrease the rates of relapse. Allogeneic CAR T cells that
offer “off-the-shelf” options are also being developed. The challenges in integrating CAR

T cells in myeloma therapy include disease relapse, adverse effects, cost, and identifying
the right patient population. Longer-term data on efficacy and toxicity are needed before
CART cells are ready for prime time in myeloma.

Clinical case

A 37-year-old man is seen in the office for management of relapsed refractory immunoglobulin A (IgA)
multiple myeloma (MM). He is now 5 years from his initial diagnosis. He has previously received
treatment with bortezomib, lenalidomide, and dexamethasone, followed by autologous stem cell
transplantation (ASCT) and lenalidomide maintenance. He relapsed 1.5 years after initial ASCT, and
subsequent therapies have included daratumumab, carfilzomib, pomalidomide, and venetoclax. He is
now progressing with extramedullary disease at 2 sites. Fluorescence in situ hybridization studies show
t(11;14) and MYC amplification. The last treatment was venetoclax based, with response lasting
12 months. The patient is working full time and has a robust performance status. He does not have
any persistent nonhematologic toxicities and has grade 2 neutropenia. A matched sibling donor is
available. He inquires about a chimeric antigen receptor (CAR) T-cell therapy clinical trial for treatment of
his progressive MM, including the potential for response and expected toxicities.

Introduction

Despite recent improvements in survival with the development of several new agents, MM remains
an incurable disease.! Furthermore, patients who have become refractory to proteasome inhibitors,
immunomodulatory drugs, and anti-CD38 monoclonal antibody have poor outcomes, with limited
remaining treatment options.>® Therefore, there is an urgent unmet clinical need for newer therapeutic
approaches for disease control in such patients.

Over the past several years, CAR T-cell therapy has emerged as a promising treatment for relapsed and
refractory MM. CAR T cells are genetically modified T cells, with most containing an antigen-specific
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extracellular single-chain variable fragment (scFv) domain linked to a
transmembrane component, followed by an intracellular costimulatory
domain and the CD3{ part of the T-cell receptor (TCR) complex. The
CD3({ portion leads to T-cell activation, whereas costimulatory
molecules, such as CD-28, 41BB, and OX-40, enhance the T-cell
response and can modify the phenotype of the CAR T cells. For
example, 41BB is associated with a memory phenotype, theoret-
ically enhancing the persistence of CAR T cells, whereas CD28 is
associated with an effector T-cell phenotype.*®

Early clinical trials of CAR T-cell therapy have shown encouraging
results in MM. In this article, we review the targets for CAR T-cell
therapy in myeloma, the clinical data available to date, and strategies
in development to improve the efficacy and optimize the safety of
CAR T-cell therapy in myeloma.

Selection of targets

BCMA. B-cell maturation antigen (BCMA) is expressed on
clonal and polyclonal plasma cells, as well as on a small subset
of normal memory B cells, although the intensity of expression
can vary with time due to the shedding of soluble BCMA in
circulation after cleavage by a y-secretase.®” Highly prevalent
expression on plasma cells and exclusivity to the B-cell lineage
has made BCMA an attractive target for CAR T-cell develop-
ment in MM. Preclinical studies have shown promising activity
of BCMA-directed CAR T cells, and soluble BCMA has not been
a hindrance in efficacy.®” Several clinical trials with differ-
ent BCMA-directed CAR T-cell constructs are ongoing, with
encouraging preliminary data, as discussed in the BCMA-
directed CAR T cells section and Table 1.

CD19. CD19-directed CAR T-cell therapy is approved by
the U.S. Food and Drug Administration for acute lymphoblastic
leukemia and large-cell ymphoma. CD19 is not widely expressed on
malignant plasma cells; however, a minor subset of myeloma cells
may express CD19 at low levels. It has been postulated that such
cells are myeloma “stem cells,” responsible for propagating malignant
plasma cells. It has been hypothesized that such cells can only be
targeted after debulking of non-CD19-expressing myeloma cells by
treatments like high-dose chemotherapy. This has been tested in a
clinical trial; however, only modest clinical activity was observed.®®

Light chain. |Igs, including light chains, are not typically
expressed on the surface of myeloma cells. Similar to CD19, it has
been proposed that myeloma “stem cells” have surface Ig expression.
CART cells against k light chains have been developed and tested in
a clinical trial, with no myeloma response.'®

CD38. (D38 is a potential target because of its high-intensity
expression on plasma cells, with evidence of robust preclinical
data using CD38-directed CAR T cells."' However, CD38 is also
expressed on normal hematopoietic cells, such as red blood cells,
natural killer (NK) cells, and other tissues, increasing the likelihood
of “on-target, off-tumor” toxicity. Efforts to minimize off-tumor
toxicity include developing affinity-optimized CD38 CAR T cells to
preferentially target plasma cells, which have high CD38 expres-
sion, and spare normal cells with low CD38 expression.'? A clinical
trial with CD38 CAR T cells is ongoing (NCT034649186).

CD138. CD138 is expressed on plasma cells. However, it is
also expressed on normal tissues, such as epithelial cells, poten-
tially increasing “on-target, off-tumor” toxicity. In a preclinical study,
CD138-directed CAR T cells were not toxic to epithelial cells.'® In a
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clinical report of 5 patients treated with CD138-directed CAR
T cells, no excess off-target effects were observed.'* A phase
1 clinical trial with CD138-directed CAR T cells is ongoing
(NCT03672318).

SLAMF7 or CS1. SLAMF7 (signaling lymphocyte activation
molecule F7) is widely expressed on plasma cells, as well as
subsets of normal B and T cells, NK cells, monocytes, and dendritic
cells and is already a therapeutic target of the monoclonal antibody
elotuzumab. CAR T cells targeted against SLAMF7 have shown
promising preclinical activity."®'” However, because SLAMF7 is
expressed on normal immune cells, these CAR T cells demonstrated
selective fratricide of SLAMF7"9"" B cells, T cells, and NK cells,
while sparing the SLAM7 "% fraction in each subset. This may prove
to be a challenge in the clinical application of such CAR T cells.
A phase 1 clinical trial is underway (NCT03710421).

GPRC5D. GPRCSD is expressed on plasma cells, as well as
some normal cells, such as hair follicle and lung tissue (expression is
variable). Importantly, the expression on plasma cells is 500 to 1000
times that found on normal cells. CAR T cells developed against
GPRCS5D have shown encouraging preclinical activity.'®

NKG2D. The NKG2D receptor activates NK cells and T-cell
subsets after binding to a group of ligands that is expressed
on infected cells and a variety of tumor cells, including MM.
Importantly, no significant expression has been observed on
normal healthy tissues.'® NKG2D-targeted CAR T cells have
been studied in a small cohort of MM patients,® and NKG2D-
directed CAR NK cells have also been developed with promising
preclinical activity in MM.?

CAR T-cell products in clinical trials

Table 1 summarizes the results from selected clinical studies of
CAR T-cell therapy in MM.

BCMA-directed CAR T cells. The first human clinical trial of
CAR T cells targeting BCMA was conducted at the National
Cancer Institute (NCT02215967).>*® The BCMA CAR T-cell
construct used in this phase 1 trial contained a CD28 costimulatory
domain, and patients were required to have BCMA expression.
Twenty-four patients were infused, including 16 patients at the
highest dose level of 9 X 10° CAR T cells per kilogram. An
additional 3 patients were enrolled but not infused because of a lack
of BCMA expression, disease progression, or bacterial contamina-
tion of the product in 1 patient each. The median number of prior
treatments in the highest dose cohort was 9.5. Overall response
rate (ORR) in patients treated at the highest dose level was 81%,
with a median event-free survival of 31 weeks. High peak CAR T-cell
levels were associated with response, and responding patients
were observed to have a decline in serum BCMA levels. Cytokine
release syndrome (CRS) was seen in 94% of patients (15/16);
it was grade 3 or higher in 38% of patients.

Another CAR T-cell construct targeting BCMA with 41BB as the
costimulatory molecule was codeveloped by the University of
Pennsylvania/Novartis and tested in a phase 1 trial.>* Twenty-five
patients, with a median of 7 prior lines of treatment, were treated in
3 cohorts. Patients in cohort 1 received 1 to 5 X 10% CAR T cells
without lymphodepleting chemotherapy, whereas those in cohorts
2 and 3 received 1 to 5 X 107 and 1 to 5 X 10® CAR T cells,
respectively, after cyclophosphamide (1.5 g/m?) lymphodepletion.
CAR T-cell expansion and responses (ORR, 4/9) seen in cohort
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1 suggested that lymphodepletion might not be absolutely required
for CAR T-cell expansion and clinical activity. However, short-term
CAR T-cell expansion was more consistently observed in cohort
3 vs cohort 1, suggesting a favorable impact of lymphodepletion on
CAR T-cell expansion. BCMA expression was not a prerequisite,
but it was identified in all patients by flow cytometry. CRS was seen
in 88% of patients and was grade 3 or 4 in 32% of patients.
Neurotoxicity was observed in 32% of patients and was grade 3 or
4 in 12% of patients. ORR was 48% in all patients and was 64% in
cohort 3. Median duration of response was 124.5 days. Median
overall survival for all patients was 502 days; it was not reached
for patients in cohort 3. The preinfusion product was CD4*
predominant, whereas CD8" T cells were predominant post-
infusion. Baseline BCMA intensity did not correlate with expansion
or response. Responders were noted to have a decline in BCMA
expression on residual myeloma cells, which increased at the time
of progression. In this trial, manufacturing was successful in all
patients; however, 4 of the 29 enrolled patients progressed during
product manufacturing and were not infused.

Results from a phase 1 multicenter study of LCAR-B38M CAR
T cells (LEGEND-2; NCT03090659) conducted in China have
been reported in 2 separate studies.?*2® This CAR T-cell construct
targets 2 distinct BCMA epitopes derived from llama heavy chain
antibodies, postulated to confer higher affinity toward BCMA. This
construct, unlike many of the other CAR T-cell products, does not
have a scFv domain. The first study reported data on 57 patients
treated at 1 center, with a median of 3 prior lines of therapy. An
ORR of 88% was observed. The complete response (CR) rate and
the minimal residual disease (MRD)-negative disease rate by flow
cytometry (1 X 10~%) were 74% and 68%, respectively. Median
time to response was 1 month. Median progression-free survival
(PFS) was 15 months in all patients and 24 months in pa-
tients achieving MRD-negative CR. Median overall survival was
not reached. Baseline BCMA expression did not correlate with
response. CRS was seen in 89% of patients; rates of grades 3 and
4 CRS were 7% and 0%, respectively. Grade 1 neurotoxicity was
observed in 1 patient.?®?” Similar results were observed in the
study reporting on the remaining 17 patients (Table 1).2°

In a phase 1 study of bb2121 (NCT02658929), a BCMA-targeting
CAR T-cell construct with 41BB as the costimulatory molecule,
33 of the 36 enrolled patients received CAR T cells after
lymphodepleting chemotherapy. Three patients progressed during
manufacturing, which was successful in all patients.28 ORR was
85%, including a CR rate of 45%. Of the 16 patients with a
hematologic response who were evaluated for MRD, 15 were MRD
negative (1 X 10™° or deeper). CRS occurred in 76% of patients
and was grade 3 in 6%. Neurotoxicity occurred in 42% of patients,
with grade 3 or 4 neurotoxicity in 3% of patients. Persistence of
CAR T cells at 6 and 12 months was seen in 57% and 20% of
patients, respectively.

There are several other ongoing studies of BCMA-directed CAR
T cells with preliminary data presented in abstract form, as
described in Table 1. Response rates have been high and are fairly
comparable across trials. No new or unexpected toxicities have
been observed.?9%”

CD19 CAR T cells. CD19-directed CAR T cells have been

infused in 10 heavily pretreated MM patients following a second
ASCT.®*® The PFS following this second ASCT was observed to be

€ blood advances 12 NoveEMBER 2019 - vOLUME 3, NUMBER 21

significantly longer in 2 of the 10 patients compared with PFS
after their first ASCT. Following progression, the disease course in
these 2 patients was observed to be more indolent compared with
pre-CAR T-cell therapy.

CAR T cells against other targets. Five MM patients were
treated in a phase 1 trial of CAR T cells targeting NKG2D ligands.
No CRS or neurotoxicity was observed. No objective tumor
responses were seen.’® A phase 1 trial of CAR T cells against k
light chain in 16 patients with various hematologic malignancies,
including MM, showed stable disease in 4 of 7 myeloma patients.
No significant toxicities were observed.'® Clinical trials with CAR
T cells directed against other antigens expressed on myeloma cells,
such as SLAMF7 (NCT03710421), CD38 (NCT03464916), and
CD138 (NCT03672318), are ongoing.

Mechanism of resistance and strategies to
improve efficacy

Mechanisms of resistance and relapse following CAR T-cell therapy
in MM are poorly understood. Available data from clinical studies
demonstrate that peak expansion of BCMA-directed CAR T cells
generally correlates with response, whereas the extent of
baseline BCMA expression does not, although most myeloma
cells express BCMA.232425 BCMA expression on residual
myeloma cells generally decreases after CAR T-cell therapy,
more so in responders than in nonresponders. At the time of
progression, an increase in BCMA expression has been observed,
potentially suggesting that additional BCMA-targeted therapies may
be a future treatment option, at least in some patients. Persistence of
CAR T cells has ranged from a few days in most patients to a few
months in some patients, with some variability across studies.

One potential mechanism of relapse post-CAR T-cell therapy is
antigen escape. Over time, tumor cells downregulate the target
antigen expression or express a different epitope that is not targeted
by the CART cells. This has been described in CD19-directed CAR
T-cell therapy and has also been observed in myeloma.®®8 Positive
selection of clonal cells that express, a priori, a different epitope has
also been observed.>® Similarly, tumors can exhibit trogocytosis,
which refers to decreased antigen expression on target tumor cells
and, in fact, transfer of the antigen to T cells, thereby mediating CAR
T-cell-induced fratricide of T cells.*® Strategies to mitigate antigen
escape or epitope migration include targeting >1 antigen to
increase efficacy. This can be achieved with dual CAR T cells
(separate infusions of 2 different CAR T-cell products) or bispecific
CAR T cells (CAR to >1 antigen in the same T cell).*"** An
ongoing study at the University of Pennsylvania is assessing the
safety and efficacy of infusihg BCMA CAR T cells in high-risk
patients early in the disease course, with or without CD19 CAR
T cells (NCT03549442). A phase 1 trial in China evaluated
separate infusions of CD19- and BCMA-targeted CART cells after
ASCT in high-risk patients early in the disease course. No excess or
unusual toxicity was seen (NCT03455972). Preclinical data with
CD19/CD20 CART cells in large cell ymphoma have shown that
such bispecific CAR T cells are capable of overcoming CD19
antigen escape.*?

Another postulated mechanism of disease progression is the lack of
long-term persistence of CAR T cells. This has been seen with
myeloma and other malignancies. Several strategies are being
developed to increase the proportion of long-lived T cells with a
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memory phenotype in the infused product, which is expected to
result in longer CAR T-cell persistence. BB21217 is a modified
CAR T-cell product in which the T cells are cocultured with a
phosphatidylinositol 3-kinase inhibitor to increase the proportion of
memory-like phenotype T cells.?® There are efforts to adjust the
CD4/CD8 ratio to 1:1, before transduction (the JCARH125
product) or after (the FCARH143 product), to control the
proportion of memory and effector T cells.*>*® Novel methods
of CAR T-cell transduction, such as the nonviral PiggyBac
transposon-based DNA-delivery system, are being used for the
production of CAR T cells.®® The CAR T-cell product created with
this method has a larger number of memory T cells to theoretically
increase long-term persistence. In a phase 1 trial with this product,
peak expansion of CAR T cells was more gradual and was seen at
days 14 to 21, compared with the usual 7 to 10 days, and it resulted
in lower rates of CRS.

A third strategy is to combine CAR T-cell therapy with drugs that
may enhance the activity of these cells. In preclinical studies,
immunomodulation of CS1-directed CAR T cells with lenalidomide
augmented their function with regard to antitumor activity and
persistence.*® y-Secretase is an enzyme that cleaves BCMA off
the surface of plasma cells. Inhibiting its activity may result in
increased BCMA expression on malignant cells and may enhance
the antitumor activity of BCMA CAR T cells. This would also
decrease soluble BCMA, which may act as a possible decoy for
BCMA CART cells. A clinical trial of BCMA-targeted T cells with a
y-secretase inhibitor is ongoing (NCT03502577).

Clinical case (continued)

Based on the patient’s history, you determine that he is eligible to
enroll in a BCMA CAR T-cell trial at your center. During the
screening phase for the trial, his disease begins to progress further,
with worsening calcium and increased bone pain. He is able to
undergo leukapheresis to collect autologous cells but will have to
wait 4 weeks for CAR T-cell manufacture.

Allogeneic CAR T-cell approaches

The time lag between the collection and manufacturing of
autologous CAR T cells remains a challenge for patients with
progressive disease. Allogeneic CAR T cells from healthy donors
can provide readily available “off the shelf” CAR T cells. A BCMA-
targeted allogeneic CAR T-cell product has shown promising
preclinical activity in MM, in vitro and in mice xenografts.** To
reduce the potential for graft-versus-host disease, these CAR
T cells have been genetically edited using transcription activator—
like effector nucleases (TALEN; Celectis) to eliminate the TRAC
gene. The CD52 gene has also been knocked out to allow for
selective lymphodepletion of host lymphocytes with an anti-CD52
antibody.** Another allogeneic product under clinical development
targets SLAMF7. This also uses TALEN gene-editing technology to
inactivate TRAC to reduce graft-versus-host disease, as well as to
knock out the expression of SLAMF7 on CAR T cells to reduce
fratricide of SLAMF7-specific CAR T cells.*®

Clinical case (continued)

The patient receives a cycle of carfilzomib-based “bridging therapy”
after leukapheresis, which is able to minimally slow his progression.
Approximately 4 weeks after leukapheresis, he undergoes lympho-
depleting chemotherapy with fludarabine and cyclophosphamide
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and thereafter receives his CAR T cells. His course is complicated
by a grade 2 CRS, which requires tocilizumab and a brief stay in
the intensive care unit for low-dose vasopressor therapy. He is
ultimately discharged 2 weeks after CAR T-cell infusion and
eventually returns home. Within 4 weeks of CAR T-cell therapy,
he has achieved a partial response, and his bone marrow is negative
for disease morphologically. His course over the next few months is
notable for profound hypogammaglobulinemia and intermittent
neutropenia that are responsive to growth factor injections.

Safety of CAR T-cell therapy in MM

CRS is common in patients being treated with CAR T-cell therapy
for myeloma, although the rates of grade 3 or 4 CRS have been low.
CRS observed with myeloma CAR T-cell therapy is similar to other
CAR T-cell settings and is generally manageable with tocilizumab
and steroids, if necessary. Similarly, neurotoxicity has largely been
low grade and steroid responsive. It has been hypothesized that
toxicities like CRS and neurotoxicity from CAR T-cell therapies
occur as a result of antigen recognition by the CAR receptor, which
is synthetic in nature. An alternative receptor has been designed,
called the T-cell antigen coupler, which recognizes antigens
independent of MHC but engages the native TCR. The toxicity in
preclinical models has been lower than that observed with CAR
T cells, which has been attributed to the T-cell response being
mediated by the native TCR.*®

Other toxicities that are becoming increasingly recognized include
prolonged cytopenias, hypogammaglobulinemia, and an inflamma-
tory condition similar in clinical picture to macrophage activation
syndrome. These are all manageable by appropriate supportive care
but do require close attention, even as the patient transitions to
outpatient care. Antimicrobial prophylaxis, growth factor support,
and, in some cases, IV Ig are necessary for several months after
CAR T-cell infusion.

Conclusions

In conclusion, although CAR T-cell therapy in MM has shown
promising clinical activity in early-phase trials, longer-term data on
efficacy and toxicity are needed before CAR T cells are ready for
prime time. We must better understand the underlying mechanisms
of disease relapse to improve the duration of response. Additionally,
the optimal patient population that may derive benefit from CAR
T cells (upfront vs early relapse versus multiply relapsed) has not yet
been identified. The safety of combining CAR T cells with drugs like
lenalidomide for maintenance is also unknown. There are concerns
about patients progressing during product manufacturing and
unsuccessful manufacturing in some patients. All CAR T-cell clinical
trials should report on the proportion of enrolled patients in
whom CAR T cells were successfully manufactured, as well as
patients who progressed during the manufacturing process.
Although no CAR T-cell product is commercially available for
MM, costs are anticipated to be high, and this may severely limit
patient access. Clinicians, researches, and regulators will have
to continue to work together to optimize the product and the
process, which will eventually yield appropriate access to this
exciting new therapy.

Clinical case (continued)

Other treatment options that could have been considered for
this patient include clinical trials of novel agents, such as
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BCMA-targeted bispecific T-cell engagers*’ or BCMA-directed
antibody drug conjugate,*® which have shown promising activity in
heavily pretreated patients and are available “off the shelf.” An
allogeneic transplant could also have been considered. Although
allogeneic stem cell transplantation (SCT) can result in durable
remission in some patients, the transplant related mortality remains
high, and relapses inevitably occur.*® Co-occurrence of graft-
versus-host disease may limit future treatment options in such
patients. Additionally, several ongoing clinical trials of CAR T cells
and other novel agents in MM exclude patients who have previously
undergone an allogeneic SCT. After an in-depth discussion of the
pros and cons of allogeneic SCT, the patient elected to enroll in a
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CAR T-cell therapy clinical trial instead of pursuing an allogeneic
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