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ABSTRACT

BACKGROUND
B-cell maturation antigen (BCMA)—directed chimeric antigen receptor (CAR) T-cell
therapies have generated responses in patients with advanced myeloma, but re-
lapses are common. G protein—coupled receptor, class C, group 5, member D
(GPRC5D) has been identified as an immunotherapeutic target in multiple myeloma.
Preclinical studies have shown the efficacy of GPRC5D-targeted CAR T cells, in-
cluding activity in a BCMA antigen escape model.

METHODS

In this phase 1 dose-escalation study, we administered a GPRC5D-targeted CAR
T-cell therapy (MCARH109) at four dose levels to patients with heavily pretreated
multiple myeloma, including patients with relapse after BCMA CAR T-cell therapy.

RESULTS
A total of 17 patients were enrolled and received MCARH109 therapy. The maxi-
mum tolerated dose was identified at 150x10° CAR T cells. At the 450x10° CAR
T-cell dose, 1 patient had grade 4 cytokine release syndrome and immune effector
cell-associated neurotoxicity syndrome (ICANS), and 2 patients had a grade 3
cerebellar disorder of unclear cause. No cerebellar disorder, ICANS of any grade,
or cytokine release syndrome of grade 3 or higher occurred in the 12 patients who
received doses of 25x10° to 150x10° cells. A response was reported in 71% of the
patients in the entire cohort and in 58% of those who received doses of 25x10° to
150x10° cells. The patients who had a response included those who had received
previous BCMA therapies; responses were observed in 7 of 10 such patients in the
entire cohort and in 3 of 6 such patients who received 25x10° to 150x10° cells.

CONCLUSIONS
The results of this study of a GPRC5D-targeted CAR T-cell therapy (MCARH109)
confirm that GPRC5D is an active immunotherapeutic target in multiple myeloma.
(Funded by Juno Therapeutics/Bristol Myers Squibb; ClinicalTrials.gov number,
NCT04555551.)
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GPRC5D-TARGETED CAR T CELLS FOR MYELOMA

UTOLOGOUS T CELLS THAT ARE ENGI-

neered to express a chimeric antigen re-

ceptor (CAR) targeting a tumor-associated
antigen (CAR T-cell therapy) have shown prom-
ising efficacy in multiple hematologic cancers.!
In multiple myeloma, studies of B-cell matura-
tion antigen (BCMA) CAR T-cell therapy have
shown deep responses in patients with advanced
disease, with promising rates and durations of
response. In a pivotal phase 2 study, 73% of the
patients who received idecabtagene vicleucel
(ide-cel) had a response, and the median pro-
gression-free survival was 8.8 months.? Ciltacab-
tagene autoleucel (cilta-cel) was similarly evalu-
ated in a phase 1b-2 study; 98% of the patients
had a response, and the median progression-free
survival had not been reached after a median
follow-up of 27.7 months.>* These results led to
the Food and Drug Administration approval of
both products for the treatment of relapsed or
refractory multiple myeloma in patients receiv-
ing four or more previous lines of therapy.

However, in contrast to CD19-directed CAR
T-cell therapies for acute lymphoblastic leukemia
and B-cell lymphoma,® BCMA-directed CAR T-cell
therapies have not generated survival curves with
a plateau in patients with multiple myeloma, and
most patients are likely to have an eventual re-
lapse. Patients who have a relapse after BCMA-
directed therapies have limited treatment options,
and therapies with new targets or mechanisms of
action are needed. G protein—coupled receptor,
class C, group 5, member D (GPRC5D) is an
orphan G protein—coupled receptor of unclear
function in human tissue.”!® This receptor is
expressed in several myeloma cell lines and in
bone marrow plasma cells from patients with
multiple myeloma. Substantial expression in
normal tissue is limited to plasma cells, and
low expression is seen in a subset of cells in the
hair follicles of the skin and hard keratinizing
tissue.”*?

In preclinical studies of multiple myeloma
cell lines and mouse models of myeloma, Smith
et al.’ found in vitro and in vivo antitumor effi-
cacy of GPRC5D CAR T cells in multiple myelo-
ma, including in a BCMA antigen escape model.
On the basis of these promising preclinical re-
sults, we designed a phase 1 dose-escalation
study of MCARH109, a second-generation CAR
T-cell therapy with a human B-cell-derived

GPRC5D single-chain variable fragment, a 4-1BB
costimulatory domain, and a CD3{ signaling
domain. This GPRC5D CAR T-cell therapy was
administered to patients with relapsed or refrac-
tory multiple myeloma, including patients who
had received BCMA-directed therapies.

METHODS

STUDY DESIGN AND PATIENTS

This open-label phase 1 study was conducted at
Memorial Sloan Kettering Cancer Center (MSKCC).
Key eligibility criteria included an age of 18 years
or older; a diagnosis of relapsed or refractory
multiple myeloma with three or more previous
lines of treatment, including proteasome inhibi-
tors, immunomodulatory agents, and anti-CD38
antibody-based therapies; measurable disease
(defined as any of the following: a serum level
of monoclonal protein of >0.5 g per deciliter, a
urinary level of monoclonal protein of 2200 mg
per 24 hours, a serum level of involved free light
chains of 210 mg per deciliter with an abnormal
free light-chain ratio, plasma cell infiltration in
bone marrow of >30% in patients with nonse-
cretory myeloma, or one or more biopsy-proven
extramedullary plasmacytomas measuring >2 cm
in diameter); an Eastern Cooperative Oncology
Group performance-status score of 0 or 1 (on a
5-point scale in which higher scores reflect
greater disability); and adequate organ function.
Patients with previous treatment with CAR T-cell
therapy or bispecific antibodies were eligible,
and baseline GPRC5D expression in the bone
marrow was not required for enrollment. The
details of the study design and eligibility re-
quirements are provided in the study protocol,
available with the full text of this article at
NEJM.org.

Patient apheresis products were collected, and
CD4+ and CD8+ cells were selected and sepa-
rately cryopreserved. CD4+ and CD8+ T cells, in
a 1:1 ratio, were activated and transduced with a
lentiviral vector containing the GPRC5D CAR
and subsequently expanded (see the Methods
section in the Supplementary Appendix, avail-
able at NEJM.org).

Bridging therapy after apheresis was allowed
but was stopped at least 2 weeks before lympho-
depleting chemotherapy. All the patients need-
ed to have measurable disease before starting
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lymphodepletion, which comprised cyclophos-
phamide (300 mg per square meter of body-
surface area per day) and fludarabine (30 mg per
square meter per day) for 3 consecutive days.
Two days after the lymphodepletion regimen
was completed, the MCARH109 infusion was
administered. The dose escalation included four
levels: 25x10°, 50x10°, 150x10°, and 450x10° to-
tal CAR T cells; all the patients were followed
until disease progression, and long-term follow-
up was continued until death or withdrawal of
consent.

STUDY OVERSIGHT

The study was approved by the MSKCC institu-
tional review board and was conducted in ac-
cordance with the principles of the Declaration
of Helsinki and International Council on Har-
monisation guidelines for Good Clinical Prac-
tice. Written informed consent was obtained from
all the patients before apheresis and before the
start of treatment. All the authors had access to
the data and were involved in the analysis of the
results and vouch for the completeness and ac-
curacy of the data and for the adherence of the
study to the protocol.

END POINTS AND STUDY PROCEDURES

The primary end point of the study was the
safety of MCARH109. Toxic effects were graded
according to National Cancer Institute Common
Terminology Criteria for Adverse Events, version
5.0, and cytokine release syndrome and immune
effector cell-associated neurotoxicity syndrome
(ICANS) were graded according to the American
Society for Transplantation and Cellular Therapy
consensus guidelines.”® Key secondary end points
included clinical response according to the stan-
dard International Myeloma Working Group re-
sponse assessment criteria* and minimal resid-
ual disease in bone marrow, assessed by means
of multicolor flow cytometry (sensitivity, 1 in 10°)
at specified time points.” Exploratory end points
included quantification of MCARH109 in the
blood by quantitative polymerase-chain-reaction
assay, MCARH109 immunophenotyping, and
GPRC5D immunohistochemical analysis of bone
marrow and plasmacytoma samples at baseline
and at the time of disease progression. (For de-
tails on exploratory end points, see the Methods
section in the Supplementary Appendix.)

STATISTICAL ANALYSIS

This phase 1 study followed a standard 3+3
dose-escalation design. The percentage of pa-
tients with a response was reported along with
an exact 95% confidence interval. The defini-
tions of dose-limiting toxic effects are outlined
in the protocol. The duration of response (par-
tial response or better) was estimated with the
use of Kaplan—Meier methods because no pa-
tient died while in remission. Correlative analy-
ses are limited by the phase 1 nature of this
study and are therefore descriptive and explor-
atory.

RESULTS

STUDY DESIGN AND PATIENT CHARACTERISTICS
Between September 15, 2020, and June 16, 2021,
a total of 19 patients were enrolled and com-
pleted apheresis (Fig. S1 in the Supplementary
Appendix). Two patients completed apheresis but
discontinued the study before treatment: 1 pa-
tient withdrew consent before the start of
MCARH109 manufacturing, and 1 patient was
withdrawn owing to rapid progression of dis-
ease after the manufacturing of the product.
MCARH109 was successfully manufactured for
all 18 apheresis products, and this report in-
cludes results from the 17 patients who received
MCARH109 therapy (Table 1 and Table S1).
Table S2 shows the preinfusion characteristics
of each patient’s product, as well as the pre-
specified criteria for releasing the product for
treatment.

The median age of the patients was 60 years
(range, 38 to 76), and the median number of
previous lines of therapy was 6 (range, 4 to 14).
All the patients were penta-exposed (previous
treatment with two proteasome inhibitors, two
immunomodulatory drugs, and one anti-CD38
antibody), and 16 patients (94%) had triple-re-
fractory disease (refractory to a proteasome in-
hibitor, an immunomodulatory drug, and an
anti-CD38 antibody). A total of 10 patients (59%)
had received previous treatment with BCMA-
targeted therapies, including 8 (47%) who re-
ceived previous BCMA CAR T-cell therapy; the
median time from the last BCMA therapy to
MCARH109 infusion was 16.4 months (range,
4.4 to 36.6). Of these 10 patients, 9 (90%) had
had an objective response to the previous BCMA
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Table 1. Characteristics of the Patients at Baseline.*
25x10° CAR
T cells
Characteristic (N=3)
Median age (range) — yr 60 (38-76)
Male sex — no. (%) 2 (67)
High-risk cytogenetic feature — no. (%) 3 (100)
Extramedullary plasmacytoma — no. (%) 3 (100)
Nonsecretory myeloma — no. (%) 2 (67)
Previous lines of therapy — median (range) 6 (6-8)
Disease refractory to last line of therapy 3 (100)
—no. (%)
Penta-exposed — no. (%) 3 (100)
Triple-refractory disease — no. (%)§ 3 (100)
Previous autologous transplantation 3 (100)
—no. (%)
Previous allogeneic transplantation 0
—no. (%)
Previous BCMA therapy — no. (%) 9 1(33)
Previous CAR T-cell therapy — no. (%) 0
Bridging therapy — no. (%) 3 (100)
Disease refractory to bridging therapy 3/3 (100)
— no./total no. (%)

50x10° CAR 150x10° CAR 450x10° CAR
T cells T cells T cells
(N=3) (N=6) (N=5)
50 (39-56) 59 (40-74) 65 (63-73)
3 (100) 4(67) 4 (80)
2 (67) 3 (50) 5 (100)
1(33) 4(67) 0
0 1(17) 0
5 (4-8) 7 (5-14) 6 (5-12)
3 (100) 5 (83) 3 (60)
3 (100) 6 (100) 5 (100)
3 (100) 6 (100) 4 (80)
3 (100) 6 (100) 5 (100)
2 (67) 1(17) 0
1(33) 4 (67) 4 (80)
1(33) 3 (50) 4 (30)
3 (100) 6 (100) 4 (80)
3/3 (100) 5/6 (83) 4/5 (80)

Total
(N=17)

60 (38-76)
13 (76)
13 (76)

3 (47)
3 (18)
6 (4-14)
14 (82)

17 (100)
16 (94)
17 (100)

3 (18)
10 (59)
8 (47)

16 (94)
15/16 (94)

s

and one anti-CD38 antibody.

* BCMA denotes B-cell maturation antigen, and CAR chimeric antigen receptor.
High-risk cytogenetic features included del(17p), t(4;14), t(14;16), and 1q gain.
Penta-exposed patients were those who had received previous treatment with two proteasome inhibitors, two immunomodulatory drugs,

§ Triple-refractory disease was defined as refractory to a proteasome inhibitor, an immunomodulatory drug, and an anti-CD38 antibody.
9 Included are BCMA-targeted antibody—drug conjugates, bispecific antibodies, and CAR T-cell therapies.

therapy, and 2 patients had disease refractory to
the BCMA therapy (1 patient who had a response
subsequently had progression). All the patients
had received treatment with high-dose melpha-
lan and had undergone an autologous stem-cell
transplantation, and 3 patients (18%) had previ-
ously undergone an allogeneic transplantation.
A total of 14 patients (82%) had disease refrac-
tory to their last line of therapy, and 16 (94%)
received bridging therapy after leukapheresis; 15
of 16 patients (94%) had disease refractory to
bridging therapy. Three patients (18%) had non-
secretory myeloma at baseline, and 8 (47%) had
extramedullary plasmacytoma at baseline. A to-
tal of 13 patients (76%) had one or more high-
risk cytogenetic features, defined by the pres-
ence of 1q gain, del(17p), t(4;14), or t(14;16). The
full details of previous treatments administered
and responses are provided in Table S3.
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SAFETY AND MAXIMUM TOLERATED DOSE

OF MCARH109

All the patients had one or more adverse events
that emerged or worsened after MCARH109 in-
fusion. Cytokine release syndrome was seen in
15 patients (88%) and was of grade 1 or 2 in all
patients except for 1 patient who had received
the highest dose level (450x10° CAR T cells) and
had a grade 4 event (Table 2). This same patient
had grade 4 ICANS and grade 4 macrophage
activation syndrome constituting a dose-limiting
toxic effect. No other patients had ICANS or
macrophage activation syndrome. A total of
9 patients (53%) received tocilizumab and 4 (24%)
received dexamethasone for the management of
cytokine release syndrome or ICANS. The pa-
tient with grade 4 cytokine release syndrome,
macrophage activation syndrome, and ICANS
also received siltuximab and anakinra. Two ad-
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Table 2. Adverse Events.*
Adverse Event Any Grade Grade 1 Grade 2 Grade 3 Grade 4
number (percent)
Cytokine release syndrome 15 (88) 7 (41) 7 (41) 0 1 (6)
Nail changes 11 (65) 11 (65) 0 0 0
Fatigue 7 (41) 6 (35) 1(6) 0 0
Nausea 4 (24) 4 (24) 0 0 0
Infections 3 (18) 0 1(6) 2 (12) 0
Rash 3 (18) 3 (18) 0 0 0
Cerebellar disorder 2 (12) 0 0 2 (12) 0
Dysgeusia 2 (12) 2 (12) 0 0 0
Immune effector cell-associated 1(6) 0 0 0 1(6)
neurologic syndrome
Macrophage activation syndrome 1(6) 0 0 0 1(6)
Pruritus 1(6) 0 1(6) 0 0
Pain 1(6) 0 1(6) 0 0
Bleeding 1(6) 0 1(6) 0 0
Dry mouth 1(6) 1(6) 0 0 0
Dizziness 1(6) 1(6) 0 0 0
Allergic reaction 1(6) 1(6) 0 0 0
Lymphocyte count decreased 17 (100) 0 0 0 17 (100)
Neutropenia 17 (100) 0 0 5 (29) 12 (71)
White-cell count decreased 17 (100) 0 0 5 (29) 12 (71)
Thrombocytopenia 15 (88) 3 (18) 1(6) 7 (41) 4 (24)
Hypocalcemia 15 (88) 1(6) 10 (59) 3 (18) 1(6)
Anemia 15 (88) 1(6) 7 (41) 7 (41) 0
Hypoalbuminemia 14 (82) 6 (35) 8 (47) 0 0
Elevated AST level 11 (65) 3 (47) 0 2(12) 1(6)
Elevated partial-thromboplastin time 10 (59) 9 (53) 1(6) 0 0
Elevated ALT level 7 (41) 3 (18) 3 (18) 1(6) 0
Hypokalemia 6 (35) 6 (35) 0 0 0
Decreased fibrinogen 6 (35) 2 (12) 3 (18) 1(6) 0
INR increased 5 (29) 3 (18) 2 (12) 0 0
Hypomagnesemia 3 (18) 3 (18) 0 0 0
Elevated creatinine level 3(18) 2 (12) 0 1(6) 0
Hypernatremia 3 (18) 3 (18) 0 0 0
Elevated alkaline phosphatase level 2 (12) 2 (12) 0 0 0
Hyperkalemia 1(6) 0 0 0 0

* Shown are events that were considered by the investigator to be possibly, probably, or definitely related to lympho-
depleting chemotherapy or MCARH109. ALT denotes alanine aminotransferase, AST aspartate aminotransferase, and
INR international normalized ratio.

1200 N ENGLJ MED 387;13 NEJM.ORG SEPTEMBER 29, 2022

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org on November 8, 2024. For personal use only.
No other uses without permission. Copyright © 2022 Massachusetts Medical Society. All rights reserved.



GPRC5D-TARGETED CAR T CELLS FOR MYELOMA

ditional patients who received the dose of
450x10° CAR T cells had a grade 3 cerebellar
disorder that was considered by the investigator
to be possibly related to MCARH109 and consti-
tuted dose-limiting toxic effects for this dose.
Hematologic toxic effects, suspected to be sec-
ondary to lymphodepleting chemotherapy, were
the most common grade 3 or 4 events, with
grade 3 or higher neutropenia, thrombocytope-
nia, and anemia seen in 16 patients (94%), 11
patients (65%), and 6 patients (35%), respective-
ly. Nonhematologic grade 3 or higher events
were uncommon (Table 2). Infections were noted
in 3 patients (18%), including 2 patients (12%)
with grade 3 events (bacterial infection and par-
vovirus infection). Time-limited on-target, off-
tumor toxic effects that were related to GPRC5D
expression in the skin and keratinized tissue
manifested as grade 1 nail changes, including
nail loss in 11 patients (65%) (at all four dose
levels), grade 1 rash in 3 patients (18%), and
grade 1 dysgeusia or dry mouth in 2 patients
(12%). The median time from MCARH109 infu-
sion to nail changes was 3.3 months (range, 1.1
to 6.0), and nail changes resolved in 10 of 11
patients (91%) without any interventions. Rash
was treated with topical glucocorticoids or ob-
servation alone, and the symptoms resolved; the
dysgeusia resolved in both patients without any
interventions.

CEREBELLAR TOXIC EFFECTS AFTER MCARH109
INFUSION
Among the patients who received the 450x10°
CAR T-cell dose, dizziness developed in one pa-
tient at 2.1 weeks after the MCARH109 infusion,
and unsteady gait developed in another patient
at 5.6 months after the infusion. Neurologic
examination in both patients initially showed
wide-based gait and saccadic eye movements
consistent with labyrinthitis or vestibular neuri-
tis; however, symptoms gradually evolved to in-
clude difficulty with visual fixation, appendicu-
lar and truncal ataxia, and dysarthria. Cognition,
motor strength, and tactile sensation were unaf-
fected. The two patients, at 6.5 and 8.4 months,
respectively, had a grade 3 cerebellar disorder
that was considered to be a dose-limiting toxic
effect for the dose of 450x10° CAR T cells.
Magnetic resonance imaging (MRI) of the
brain that was performed within 6 weeks after

symptom onset in both patients was negative for
any abnormal contrast enhancement, T2-weight-
ed fluid-attenuated inversion recovery (FLAIR)
signal change, or cerebellar atrophy. Repeat
contrast-enhanced MRI of the brain plus pos-
itron-emission tomography of the brain after
4 months remained unrevealing. Analysis of
the cerebrospinal fluid (CSF) ruled out infec-
tious or inflammatory causes. In one of the two
patients, flow cytometric assessment of CSF for
CAR T cells was able to be performed at week
24, and CAR T cells were detectable at a very low
level (see the Supplementary Appendix). Both
patients received multiple treatments, including
oral glucocorticoids, high-dose methylpredniso-
lone, intravenous immunoglobulin, and meclizine,
and their symptoms stabilized. The two pa-
tients, at 7.7 and 10.8 months of follow-up,
respectively, have an ongoing grade 3 cerebellar
disorder. The baseline characteristics of these
two patients as compared with all other patients
in the study are provided in Table S4, and a
timeline of these symptoms, diagnostic testing
performed, and treatments administered are
outlined in Figure S2A and S2B. With a mini-
mum follow-up of 6 months (or until with-
drawal of consent or progression of disease),
no other patients (15 patients) have had similar
symptoms.

To better understand the potential mecha-
nism of these symptoms, we analyzed the Allen
Brain Atlas, which includes microarray data
from six healthy human brains.’*?® GPRC5D ex-
pression is low throughout the brain (samples
rarely reach the log, >5 threshold defined by the
Atlas to indicate presence or absence).” GPRC5D
expression was found to be specifically enriched
in the inferior olivary nucleus (Fig. S3A, S3B,
and S3C), a structure located in the medulla
oblongata that relays motor and sensory signals
from the spinal cord to the cerebellum and
regulates motor coordination.

ANTIMYELOMA EFFICACY OF MCARH109

Clinical responses were noted across all four
dose levels evaluated in the study. The percent-
age of patients who had a response across all
dose levels was 71% (95% confidence interval
[CI], 44 to 90), including 12 patients (71%) who
had a partial response or better, 10 (59%) who
had a very good partial response or better, and
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Table 3. Clinical Responses in All Patients and in Patients with or without Previous BCMA-Directed Therapies.
Response All Patients Previous BCMA Therapies No Previous BCMA Therapies
25x10°-150x10° 25x10°-150x10° 25x106-150x10°
All Dose Levels CART Cells All Dose Levels CART Cells  All Dose Levels CART Cells
(N=17) (N=12) (N=10) (N=6) (N=7) (N=6)
number (percent)
Partial response or better 12 (71) 7 (58) 7 (70) 3 (50) 5(71) 4 (67)
Very good partial response or 10 (59) 5 (42) 6 (60) 2 (33) 4 (57) 3 (50)
better
Complete response or better 6 (35) 3 (25) 4 (40) 2 (33) 2 (29) 1(17)
Negativity for MRD in bone 8 (47) 6 (50) 3 (30) 2 (33) 5(71) 4 (67)
marrow™

* Negativity for minimal residual disease (MRD) in bone marrow was assessed by means of 10-color flow cytometry with a sensitivity of 1 in

10° at 4 weeks after CAR T-cell therapy, at the occurrence of a complete response, and as clinically indicated.

1202

6 (35%) who had a complete response or strin-
gent complete response (Table 3). Among the 12
patients who received the doses that did not
produce unacceptable side effects (25x10° to
150x10° CAR T cells), 7 (58%; 95% CI, 28 to 85)
had an objective response. Flow cytometry for
minimal residual disease in bone marrow was
negative at one or more time points in 8 of 12
patients (67%) with a partial response or better.
The median duration of response was 7.8 months
(95% CI, 5.7 to not reached) in the entire cohort
and was also 7.8 months (95% CI, 4.6 to not
reached) in patients who received 25x10° to
150x10° CAR T cells. A partial response or better
was noted in 7 of 10 patients (70%) who had
received previous BCMA-targeted therapies and
received MCARH109 across all four dose levels
and in 3 of 6 patients (50%) treated at doses of
25x10° to 150x10°¢ cells (Table 3). This included
6 of 8 patients (75%) and 2 of 4 patients (50%),
respectively, with previous CAR T-cell therapy.

With a median follow-up of 10.1 months
(95% ClI, 8.5 to not reached), 6 of the 12 patients
(50%) with a partial response or better remain
progression-free, with 2 patients completing
more than 1 year of follow-up after MCARH109
infusion (Fig. 1A and 1B).

MCARH109 EXPANSION AND PERSISTENCE

IN PERIPHERAL BLOOD

We noted robust expansion of MCARH109 in the
peripheral blood across all four dose levels
evaluated in the study (Fig. 1C). The median

peak expansion in the peripheral blood was
445,170 vector copies per milliliter (range, 33,944
to 6,925,200), and the median time to peak was
14 days (range, 7 to 111). The median area un-
der the curve during the first 28 days after
MCARH109 infusion (AUC, days) was 5,039,204
copies per milliliter (range, 339,357 to 52,246,713)
with a dose-dependent response. The peak ex-
pansion and AUC days appeared to be related to
the dose of MCARH109 administered (Fig. S4A
and S4B). Persistent MCARH109 was detected in
the peripheral blood at 4 weeks in 17 of 17 pa-
tients (100%), at 24 weeks in 11 of 11 patients
(100%), and at 52 weeks in 1 of 2 patients (50%).

IMMUNOHISTOCHEMICAL ANALYSIS

A total of 15 of 17 patients (88%) had GPRC5D
expression in their baseline bone marrow or
plasmacytoma biopsy, including 11 of 12 pa-
tients (92%) with an objective response to
MCARH109 and 4 of 5 patients (80%) who did
not have a response. Six patients had progres-
sion after an initial response, of whom 4 (67%)
had no GPRCSD expression at the time of pro-
gression and 2 (33%) had decreased expression
(defined as reduced staining intensity or propor-
tion of GPRC5D-positive plasma cells as com-
pared with baseline) (Fig. 2).

DISCUSSION

This study of the GPRC5D-directed CAR T-cell
therapy MCARH109 involved patients with re-
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Figure 1. Clinical Responses to GPRC5D-Targeted Chimeric Antigen Receptor (CAR) T-Cell Therapy.

Panel A shows a swimmer’s plot of clinical responses over time. The star indicates a patient who discontinued the
study without progression of disease. Panel B shows positron-emission tomographic (PET) scans at baseline and
after treatment in Patient 1, who received the dose of 25x10° CAR T cells. Panel C shows MCARH109 expansion
over time among all the patients. GPRC5D denotes G protein—coupled receptor, class C, group 5, member D.

lapsed or refractory multiple myeloma, including
those with previous BCMA-directed therapies.
We conservatively initiated the study with a
starting dose of 25x10° CAR T cells. Even at this
low dose, we found that GPRC5D was an active
target for multiple myeloma. At the highest
dose evaluated (450x10° CAR T cells), 3 of 5 pa-

tients had dose-limiting toxic effects, including
2 patients with persistent cerebellar disorder. The
occurrence of cerebellar symptoms in these 2 pa-
tients who received 450x10° CAR T cells will
require additional studies to better understand
the cause and management. The exact cause of
these symptoms is unclear but could possibly be
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Figure 2. Loss of GPRC5D on Immunohistochemical Analysis at Relapse
after MCARH109 Infusion.

GPRC5D and CD138 immunohistochemical analysis of plasmacytoma tissue
samples from Patient 15 at baseline and at relapse after MCARH109 infu-
sion (dose level, 150x10¢ CAR T cells) shows loss of GPRC5D expression at
the time of relapse. The patient had a best response of stringent complete
response.

related to low-level expression of GPRC5D in the
cerebellum or the inferior olivary nucleus. Re-
ports of delayed Parkinsonism-like neurologic
toxic effects have also been reported in 1 to 5%
of patients treated with cilta-cel*®?! and is at-
tributed to potential expression of BCMA in the
basal ganglia.”® No dose-limiting toxic effects or
cerebellar symptoms were observed in patients
with longer follow-up who received the dose
levels of 25x10° to 150x10° cells (12 patients
[71%]). As expected, on the basis of normal tis-
sue expression, on-target, off-tumor toxic effects
included transient rash, dysgeusia, and nail
changes, all of which were limited to grade 1 or
2 events. As compared with the bispecific
GPRC5D T-cell engager therapy (talquetamab),>>*
the frequency and severity of rash and dysgeusia
were lower with MCARH109. Nail changes seen
with MCARH109 were also largely reversible and
did not lead to intervention.

Clinical responses were noted at all dose lev-
els evaluated, with 71% of the patients having a
response. At the maximum tolerated dose of
150x10° cells and lower doses, the percentage of
patients with a response was 58%, and the me-
dian duration of response was 7.8 months. Re-
sponses were seen in patients who are typically
excluded from other studies of CAR T-cell ther-
apy, including those with nonsecretory myeloma
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(18%), previous allogeneic hematopoietic stem-
cell transplantation (18%), extramedullary dis-
ease (47%), and previous BCMA-directed thera-
pies (59%). The study was particularly enriched
for patients with previous BCMA CAR T-cell
therapy (47%); MCARH109 had a promising like-
lihood of response in these patients, with no
discernible differences in clinical response ac-
cording to previous CAR T-cell treatment.

All clinical responses were associated with
robust expansion of MCARH109 in the periph-
eral blood and persistence across all doses
evaluated. We assessed GPRC5D expression by
immunohistochemical analysis in bone marrow
or plasmacytoma biopsies at baseline and at the
time of progression. Only 2 patients had low or
no expression of GPRC5D at baseline; all 6 pa-
tients who had a relapse after an initial objective
response had decreased GPRC5D (2 of 6 pa-
tients) or loss of GPRC5D (4 of 6 patients) at the
time of progression. These results are based on
small numbers, and the sensitivity of the assay
to detect GPRC5D expression, particularly at low
levels, has not been established. Additional stud-
ies are needed to understand the mechanisms of
relapse after GPRC5D-targeted therapies, includ-
ing the role of antigen escape.

MCARH109 is a GPRC5D-targeted CAR T-cell
therapy for multiple myeloma. A maximum tol-
erated dose of 150x10° CAR T cells has been
defined. A high likelihood of response was
noted across all dose levels and particularly
among patients with limited or no other thera-
peutic options such as those with relapses or
disease refractory to previous BCMA-therapies,
including anti-BCMA CAR T-cell therapies. These
results provide support that GPRC5D is a new
and effective target for the immunotherapy of
myeloma, consistent with the results reported
for talquetamab, a bispecific T-cell engager tar-
geting GPRC5D.?*» GPRC5D as an additional
new target in myeloma offers the opportunity to
explore several unanswered questions, including
the role of targeting alternate antigens as op-
posed to sequential BCMA-directed therapies in
patients with relapse after BCMA therapy and
the role of BCMA- and GPRC5D-directed combi-
nation therapies to target low-antigen-density
reservoirs of relapse and induce deeper and lon-
ger durations of response. A multiinstitutional
study of GPRC5D-targeted CAR T-cell therapy is
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currently enrolling patients (ClinicalTrials.gov
number, NCT04674813).
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