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Abstract: Despite advances in treatment, most patients with multiple myeloma (MM) will relapse, and long-term sur-
vival remains poor. B-cell maturation antigen (BCMA) is an ideal therapeutic target as it is expressed throughout the
disease course with normal tissue expression limited to plasma and some B-cell lineages. This phase 1, multicenter,
first-in-human study evaluated the safety and efficacy of KITE-585, an autologous anti-BCMA chimeric antigen re-
ceptor (CAR) T-cell therapy, in patients with relapsed/refractory MM (RRMM). Key eligibility criteria included measur-
able MM and progression, defined by the International Myeloma Working Group Consensus Criteria within 60 days
of the last treatment. Patients underwent leukapheresis and subsequently received a 3-day conditioning therapy
regimen (cyclophosphamide [300 mg/m?/day] and fludarabine [30 mg/m?/day]). Patients then received a flat dose
of 3 x 107 to 1 x 10° KITE-585 CAR T cells in a 3+3 dose-escalation design. The primary endpoint was incidence of
adverse events (AEs) defined as dose-limiting toxicities (DLTs). Key secondary and exploratory endpoints included
efficacy outcomes, incidence of AEs, levels of KITE-585 in blood, serum cytokines, and incidence of anti-BCMA CAR
antibodies. Seventeen patients were enrolled, and 14 received KITE-585 with a median follow-up of 12.0 months.
The median age of patients was 56 years, 41.2% had an Eastern Cooperative Oncology Group performance status
of 1, 92.9% had baseline BCMA expression on plasma cells, and median number of prior therapies was 5.5. No
patients experienced a DLT, all patients experienced > 1 grade > 3 treatment-emergent AE (TEAE), and no grade 5
TEAEs were observed. There were no grade > 3 events of cytokine release syndrome, neurologic events, or infec-
tions; all were grade 1 or 2, and each occurred in 21.4% of patients. Among all patients infused with KITE-585, 1
patient who received 3 x 10" anti-BCMA CAR T cells experienced a partial response. Median peak CAR T-cell expan-
sion was low (0.98 cells/uL), as were median peak serum levels of CAR-associated cytokines, including interferon-y
(61.45 pg/mL) and interleukin-2 (0.9 pg/mL). KITE-585 demonstrated a manageable safety profile; however, the
limited CAR T-cell expansion and associated lack of anti-tumor response in patients with RRMM treated with KITE-
585 is consistent with the minimal CAR T-cell activity observed.
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Introduction 54% [1]. In recent decades, outcomes for

patients with MM have greatly improved with
More than 32,000 new cases of multiple my- the advent of new treatments; however, des-
eloma (MM) occur every year in the United pite the increasing number of treatment op-
States, with greater than 12,800 estimated tions, the majority of patients will eventually

deaths annually and a 5-year survival rate of relapse [2, 3]. Additionally, with each subse-
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quent line of treatment and progression, ge-
netic aberrations can accumulate in associa-
tion with more aggressive disease and shorter
durations of response [4]. The unmet medical
need for innovative therapies that improve out-
comes in relapsed/refractory (RR) MM is con-
siderable.

B-cell maturation antigen (BCMA) is the cell
surface receptor for B-cell activating factor
(BAFF) and a proliferation-inducing ligand
(APRIL) [5]. BCMA expression is tightly regulat-
ed and is normally restricted to plasma cells
and some B cell lineages with limited to no
expression in other tissues [6, 7], making it an
ideal therapeutic target for the treatment of
plasma cell disorders such as MM [6, 8]. Gene
and protein expression profiling has shown that
BCMA is broadly expressed in myeloma cell
lines as well as primary myeloma cells from
patients [6-11]. BCMA expression on myeloma
cells has been demonstrated to be maintained
from initial diagnosis through relapse [8].

The efficacy of chimeric antigen receptor (CAR)
T-cell therapies directed against hematologic
malignancies has been demonstrated, particu-
larly for CD19-expressing B-cell lymphomas
and leukemias [12, 13]. In addition, CAR T-cell
therapies targeting BCMA have demonstrated
impressive activity in preclinical and clinical
studies of MM [7, 14-19]. Here we describe
results from a phase 1 study of KITE-585, an
autologous, fully human, anti-BCMA CAR for
the treatment of patients with RRMM, which
has preclinically demonstrated the ability to
specifically target BCMA-expressing MM lines
[20, 21]. KITE-585 CAR T cells are genetically
engineered ex vivo by transduction with the
lentiviral vector containing the anti-BCMA CAR
construct that consists of a human, anti-BCMA
single-chain variable fragment with high spe-
cific binding to BCMA and CD28 and CD3(
domains that participate in T-cell activation. In
this phase 1, multicenter, open-label, first-in-
human study, the safety and efficacy of KITE-
585 in patients with RRMM was evaluated.

Materials and methods

Patients aged > 18 years with measurable
RRMM and progression defined by the Inter-
national Myeloma Working Group (IMWG) Con-
sensus Criteria [22] were enrolled. Progression
must have occurred within 60 days after 1) the
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last dose of the last line of therapy and follow-
ing treatment with > 3 prior lines of therapy
including both a proteasome inhibitor [PI] and
an immunomodulatory drug [IMiD] or 2) the
last dose of a regimen containing both a Pl and
an IMiD, regardless of number of prior lines of
therapy. Patients must also have had an
Eastern Cooperative Oncology Group (ECOGQG)
performance status of O or 1 and adequate
bone marrow, renal, hepatic, pulmonary, and
cardiac function. Key exclusion criteria includ-
ed plasma cell leukemia, non-secretory MM,
active or prior history of central nervous sys-
tem or meningeal involvement by malignant
plasma cells, prior BCMA-targeted therapy, and
prior CAR therapy or other genetically modified
T cells. Each study site’s Institutional Review
Board reviewed and approved the study proto-
col and amendments, and all patients provided
written informed consent.

After enrollment and leukapheresis, patients
could receive optional bridging chemotherapy
at the investigator’'s discretion up to 7 days
prior to initiation of lymphodepleting condition-
ing therapy (cyclophosphamide [300 mg/m?/
day] and fludarabine [30 mg/m?/day]). Patients
then received a single dose of KITE-585 CAR T
cells with doses ranging from 3 x 107 to 1 x 10°
KITE-585 CAR T cells.

This study followed a 3+3 dose-escalation
design with the option to expand enroliment,
including an expansion cohort composed of
patients with moderate renal impairment (ie,
creatinine clearance 30 to 59 mL/min), at
doses that passed dose-limiting toxicity (DLT)
criteria. A DLT was any KITE-585-related event
with onset within 28 days of KITE-585 infusion,
defined as any grade 5 adverse event (AE),
grade 3 cytokine release syndrome (CRS) or
non-hematologic AE ongoing > 72 hours, grade
4 hematologic AEs ongoing > 30 days, or grade
4 CRS or non-hematologic AE of any duration,
unless otherwise specified by the protocol
(Supplementary Appendix). For details on the
schedule of assessments, please refer to the
protocol.

The primary endpoint was the incidence of
DLTs. Key secondary endpoints included objec-
tive response rate, progression-free survival
(PFS), overall survival (0S), and incidence of
AEs and clinically significant changes in labora-
tory values. Key exploratory endpoints included
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levels of KITE-585 in blood, serum cytokines,
and the incidence of anti-BCMA CAR antibod-
ies. BCMA espression was detected via quanti-
tative flow cytometry assay and immunohisto-
chemistry (Neogenomics Laboratories, Inc.;
Supplementary Appendix). All statistical analy-
ses were descriptive. A safety review team
reviewed data at the completion of each dose
cohort to make recommendations on dose lev-
els based on DLTs and find the maximum toler-
ated dose.

This study is registered with ClinicalTrials.gov,
number NCTO3318861.

Results

Between October 31, 2017 and November 19,
2018, 17 patients were enrolled and under-
went leukapheresis, and 14 patients were
treated with KITE-585 (Table 1). Three patients
did not receive KITE-585: one patient had a
serious AE (grade 3 febrile neutropenia) con-
sidered related to conditioning chemotherapy,
one patient had a low platelet count, and for
the third patient, the product was not dosed
due to a low CAR T-cell count during product
manufacturing. Among the 14 treated patients,
3 patients were included in each of the 4
dose-escalation cohorts, and 2 patients were
included in the renal impairment cohort and
received 3 x 107 KITE-585 CAR T cells. The
median time from leukapheresis to receipt of
manufactured KITE-585 at the site was 17.0
days (range, 15 to 28).

Across all 17 enrolled patients, the median
time since initial myeloma diagnosis to leuka-
pheresis was 61 months, the median age was
56 years, 59% of patients were male, 41% had
an ECOG performance status of 1, and 94%
had undergone a prior autologous stem cell
transplant. Patients had a median of 5.5 lines
(range, 3 to 8) of prior therapy, and over half of
patients (64%) had > 5 lines of prior therapy. All
patients had disease that was refractory to
their last line of therapy, with 93% being re-
fractory to both a Pl and IMiD, and 85.7% of
patients had received prior anti-CD38 anti-
body therapy. Among the 14 patients who were
treated with KITE-585, 13 patients had local
and central bone marrow aspirates at baseline
that were evaluable for BCMA expression on
plasma cells. Samples from all 13 patients sh-
owed BCMA-expressing plasma cells in bone
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marrow aspirate, with a median frequency of
99.0% (range, 51.9 to 100; Table 1).

As of the data cutoff (May 19, 2019), the
median follow-up from KITE-585 infusion was
12.0 months (range, 8.7 to 14.0). Adverse
events are summarized in Table 2. No patient
who received KITE-585 experienced a DLT. All
patients experienced > 1 grade > 3 treatment-
emergent AEs (TEAE), with the most com-
mon being decreased neutrophil count (50%),
decreased white blood cell count (42.9%), neu-
tropenia (35.7%), anemia (35.7%), and throm-
bocytopenia (28.6%). There were no grade > 3
events of CRS, neurologic events (NEs), or
infections attributed to KITE-585; all were
grade 1 or 2 in severity, and each occurred in
21.4% of patients. There were no grade 5
TEAEs. While no induction of anti-Kite-585
antibodies was observed, at baseline, 4
patients (28.6%) tested positive for serum
anti-Kite-585 CAR-reactive antibodies (Table
2), which remained positive, turned negative, or
some patients had no samples collected post-
baseline. Seven patients (50%) had died more
than 30 days after KITE-585 infusion: 6
patients (43%) due to progressive disease and
1 patient (7%) due to infection.

Among all patients infused with KITE-585, 1
patient in the 3 x 107 KITE-585 CAR T-cell dose
group had a best response of partial response
(PR) 2 weeks after infusion, which was main-
tained at the week 4 and month 2 follow-ups,
and was followed by disease progression at
month 3. Further, 3 patients (21.4%) had a best
response of stable disease, with a duration
ranging from 2 weeks to 2 months, 9 patients
(64.3%) had a best response of progressive
disease. The median PFS was 1.0 month, and
the median overall survival was 12.2 months.
One patient (7.1%) received subsequent anti-
cancer therapy due to disease progression
prior to first disease assessment and was
therefore not evaluated for response.

Among all patients infused with KITE-585, the
median peak CAR T-cell expansion was 0.98
cells/uL (range, 0.06 to 19.54), and the median
area under the curve within the first 28 days
(AUC, ) after treatment was 5.44 cells/uL x
days (range, 0.0 to 171.75; Figure 1A), indicat-
ing poor expansion relative to published data
[7, 16]. Assessment of cytokine levels reveal-
ed limited cytokine responses after CAR T-cell
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Table 1. Patient disposition and baseline characteristics

Dose levels (total anti-BCMA CAR T cells)

Characteristic/outcome Dose escalation cohorts RI cohort
3 x 107 (N=3) 1 x 108 (N=4) 3 x 108 (N=3) 1 x 10° (N=4) 3 x 107 (N=2) Overall (N=17)
Patient disposition
Enrolled and leukapheresed, n (%) 3(100) 4 (100) 3(100) 4 (100) 3(100) 17 100)
Received bridging therapy, n (%) 1(33) 2 (50) 0 0 2(67) 5(29)
Received conditioning chemotherapy, n (%) 3(100) 4 (100) 3(100) 3(75) 2 (67) 15 (88)
Patients who did not receive KITE-585, n (%) 0 1(25) 0 1(25) 1(33) 3(18)
AE 0 1(25) 0 0 0 1(6)
Other 0 0 0 0 1(33) 1(6)
Product not available 0 0 0 1 (25) 0 1(6)
Patients who received KITE-585, n (%) 3(100) 3(75) 3(100) 3(75) 2 (67) 14 (82)
Median KITE-585 follow-up time (range), mo 17.0 (16.0-17.6) 13.9 (11.0-14.0) 8.7 (8.7-9.2) 6.8 (6.0-7.3) 13.5(13.0-13.9) 12.0 (8.7-14.0)
Baseline characteristics
Median age (range), y 51 (50-56) 59.5 (49-71) 62 (49-67) 56 (47-58) 57 (47-65) 56 (47-71)
Male, n (%) 3 (100) 3(75) 1(33) 4 (100) 1(33) 10 (59)
ECOG performance status 1, n (%) 1(33) 3(75) 0 2 (50) 1(33) 7 (41)
Prior ASCT, n (%) 3(100) 4 (100) 2(67) 4 (100) 3(100) 16 (94)
Median time from initial diagnosis (range), mo 50.0 (40.0-85.0) 80.5(36.0-134.0) 27.0(27.0-30.0) 95.5(27.0-119.0) 61.0 (32.0-76.0) 61.0(27.0-134.0)
International Staging System, n (%)"
Stage /11 2(67) 1(25) 2(67) 2 (50) 0 7 (41)
Stage Il 1(33) 0 1(33) (25) 1(33) 4 (24)
High-risk cytogenetics, n (%) 0 0 0 1(25) 1(33) 2(12)
Creatinine clearance 30-59 mL/min, n (%) 0 0 0 0 3(100) 3(18)
Median prior therapy (range), n 6 (3-7) 7 (6-9) 4 (4-5) 4 (4-5) 7 (6-8) 5.5 (3-8)
No. of lines of prior therapy, n (%)*
3 1(33) 0 0 0 0 1(7)
4 0 0 2 (67) 2 (67) 0 4 (29)
5 0 0 1(33) 1(33) 0 2 (14)
>5 2(67) 3(100) 0 0 2 (100) 7 (50)
Refractory to, n (%)*
Both Pl and IMiD 3(100) 3(100) 3(100) 2(67) 2(100) 13 (93)
Last line of previous therapy 3(100) 3(100) 3(100) 3(100) 3(100) 3(100)
Positive plasma cell BCMA expression, n/N* (%) 3/3(100) 3/3(100) 3/3(100) 2/2 (100) 2/2 (100) 13/13 (100)
Median plasma cell BCMA expression (range), %  90.2 (51.9-99.9) 100 (100-100) 92.9 (86.9-100)  86.0 (73.0-99.0) 97.8 (96.3-99.3) 99.0 (51.9-100)

AE, adverse event; ASCT, autologous stem cell transplantation; BCMA, B-cell maturation antigen; CAR, chimeric antigen receptor; ECOG, Eastern Cooperative Oncology Group; R, renal impairment; TEAE,
treatment-emergent adverse event. “International Staging System score was unavailable for 6 patients. TCalculated out of patients who received KITE-585. N refers to the total number of patients with evalu-
able baseline bone marrow aspirate samples available for central BCMA assessment.

3288 Am J Cancer Res 2021;11(6):3285-3293



KITE-585 in relapsed/refractory multiple myeloma

Table 2. Safety and efficacy outcomes

Dose levels (total anti-BCMA CAR T cells)

Characteristic/outcome Dose escalation cohorts RI cohort
3x 107 1 x 108 3 x 108 1 x 10° 3 x 107 Overall
(N=3) (N=3) (N=3) (N=3) (N=2) (N=14)
Safety outcomes
Grade > 3 TEAE, n (%)* 3(100) 3(100) 3(100) 3(100) 2 (100) 14 (100)
Neutrophil count decreased 2 (67) 1(33) 1(33) 3(100) 0 7 (50)
White blood cell count decreased 2 (67) 2 (67) 1(33) 1(33) 0 6 (43)
Neutropeniat 0 2 (67) 2 (67) 0 1 (50) 5(36)
Anemia 0 2 (67) 2(67) 0 1 (50) 5(36)
Thrombocytopenia* 0 1(33) 2 (67) 0 1(50) 4 (29)
Infection, n (%)8 0 1(33) 2 (67) 0 0 3(21)
Upper respiratory tract infection 0 1(33) 1(33) 0 0 2 (14)
Oral candidiasis 0 0 1(33) 0 0 1(7)
CRS, n (%)8 0 0 2 (67) 1(33) 0 3(21)
Hypotension 0 0 2 (67) 0 0 2 (14)
Pyrexia 0 0 1(33) 1(33) 0 2(14)
Chills 0 0 0 1(33) 0 1(7)
NE, n (%)8 1(33) 1(33) 0 1(33) 0 3(21)
Nystagmus 0 1(33) 0 1(33) 0 2(14)
Cognitive disorder 1(33) 0 0 0 0 1(7)
Anti-KITE-585 CAR antibodies any time on study 2 (67) 1(33) 1(33) 0 0 4 (29)
Patients who died after enroliment 1(33) 2 (67) 2 (67) 1(33) 1 (50) 7 (50)
Progressive disease 0 2(67) 2(67) 1(33) 1(50) 6 (43)
Infection 1(33) 0 0 0 0 1(7)
Efficacy outcomes
Response category
Investigator-assessed ORR, n (%) 1(33) 0 0 0 0 1(7)
Partial response 1(33) 0 0 0 0 1(7)
Stable disease 1(33) 0 0 0 2 (100) 3(21)
Progressive disease 1(33) 3(100) 2 (67) 3(100) 0 9 (64)
Not done 0 0 1(33) 0 0 1(7)
Median KM PFS (95% Cl), mo 1.1(0.5-3.2) 1.0(0.9-1.0) 0.8(0.5-1.0) 1.0(0.9-1.0) NE (2.0-NE) 1.0 (0.9-1.1)
Median KM OS (95% Cl), mo 0 (11.1-NE) 5.1 (3.0-NE) 6.9 (3.2-NE) 0 (5.5-NE) 12.2 (NE-NE) 12.2 (5.1-NE)

AE, adverse event; BCMA, B-cell maturation antigen; CAR, chimeric antigen receptor; CRS, cytokine release syndrome; KM, Kaplan Meier; NE, neurological event; ORR,
objective response rate; 0S, overall survival; PFS, progression-free survival; R, renal impairment; TEAE, treatment-emergent adverse event. “Shown are most common
grade > 3 AEs that occurred in > 25% of all patients. Neutropenia included the terms neutropenia, febrile neutropenia, and neutrophil count decreases. fThrombocyto-
penia included the terms thrombocytopenia and platelet count decreased. SAll grade 1 or 2 in severity.

infusion (Figure 1B-D). There was a minimal
increase in serum interferon gamma with a
median baseline value of 7.5 pg/mL (range, 7.5
to 65.0), a median peak value of 61.45 pg/mL
(range, 7.5 to 451.6), and a median AUC . of
945.2 pg/mL x days (range, 247.5 to 5531.0).
Serum interleukin-2 values also remained
largely unchanged over time with a median
baseline value of 0.9 pg/mL (range, 0.9 to 0.9),
a median peak value of 0.9 pg/mL (range, 0.9
to 19.9), and a median AUC_ . of 29.7 pg/mL x
days (range, 17.1 to 228.4), supporting obser-
vations of a lack of functional CAR T-cell activi-
ty. Similarly, serum granzyme B remained static
over time with a median baseline value of 1.0
pg/mL (range, 1.0 to 32.0), a median peak
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value of 1.0 pg/mL (range, 1.0 to 51.4), and a
median AUC, . of 33 pg/mL x days (range, 19
to 804.6). Lastly, serum BCMA levels remained
largely unchanged for most patients; however,
a reduction in serum BCMA was observed in

the one patient who achieved PR (Figure 1E).
Discussion

In this phase 1 study investigating KITE-585 in
patients with RRMM, no DLTs were observed in
any dose group. No patients experienced AEs
typically observed with CAR T-cell therapies,
including grade > 3 CRS or NEs or grade > 4
neutropenia. Despite nearly all patients having
BCMA target expression on plasma cells, only 1

Am J Cancer Res 2021;11(6):3285-3293
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Figure 1. KITE-585 anti-BCMA CAR T cells and select cytokines over time by patient and cohort. A. The number of
anti-BCMA CAR T-cells/pL in blood by patient and cohort (n=14). B-E. Levels of serum cytokines over time by patient
and cohort (n=14). BL, baseline; BCMA; B-cell maturation antigen; CAR, chimeric antigen receptor; D, day; IFN,
interferon; IL, interleukin; Wk, week.
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patient experienced a PR, and 3 patients expe-
rienced SD. Treatment effects in these patients
may not have been due to CAR T-cell activity,
but instead, were potentially related to benda-
mustine bridging therapy, conditioning chemo-
therapy, or chemotherapy prior to enroliment.
Although efforts were made to optimize treat-
ment with increasing numbers of CAR T cells,
expansion observed across dosing cohorts
was 1 to 2 orders of magnitude lower than has
been previously reported with another CD28-
containing, anti-BCMA CAR T-cell therapy that
exhibited anti-myeloma activity, despite similar
or higher doses of CAR T cells [16]. Retrospec-
tive assessment of preclinical findings reveal-
ed potential areas of limitation that may have
impeded interpretation of the data.

In previous preclinical experiments utilizing
KITE-585 CAR T cells, assays were augmented
with homeostatic cytokines such as IL-2, which
may have boosted the efficacy of the KITE-
585 CAR T cells, leading to positive preclinical
results and highlighting the need for more
standardized preclinical assessment in the
field [7]. The preclinical models also had high
levels of alloreactivity, which may have made
results difficult to interpret. In addition, cell
lines used for preclinical models tended to
have high BCMA expression and did not neces-
sarily recapitulate target heterogeneity in pa-
tients with MM observed here and previously
described [7, 11]. Further, methodological dif-
ferences were present between the CAR T-cell
production used in the preclinical models and
in the present study. Future development ac-
tivities will include more robust animal models
evaluating target expression relevant to physi-
ological levels, benchmarking where possible
against clinically validated CAR designs, and
also incorporating manufacturing processes
that more closely mirror those used for clinical
grade products.

Overall, while KITE-585 demonstrated a man-
ageable safety profile, the limited anti-tumor
response in patients with RRMM treated with
KITE-585 is consistent with the minimal CAR
T-cell expansion, cytokine production, and CAR
T-cell function observed.
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