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Abstract

Anti-B-cell maturation antigen (BCMA) chimeric antigen receptor T-cell (CAR T) therapy shows remarkable efficacy in
patients with relapsed and/or refractory (R/R) multiple myeloma (MM). HBI0101, a novel second generation optimized anti-
BCMA CAR T-cell therapy, was developed in an academic setting. We conducted a phase | dose-escalation study of
HBI0101 (cohort 1: 150x10° CAR T cells, n=6; cohort 2: 450x10° CAR T cells, n=7; cohort 3: 800x10° CAR T cells, n=7) in 20
heavily pre-treated R/R MM patients. Grade 1-2 cytokine release syndrome (CRS) was reported in 18 patients (90%).
Neither grade 3-4 CRS nor neurotoxicity of any grade were observed. No dose-limiting toxicities were observed in any
cohort. The overall response rate (ORR), (stringent) complete response (CR/sCR), and very good partial response rates
were 75%, 50%, and 25%, respectively. Response rates were dose-dependent with 85% ORR, 71% CR, and 57% minimal
residual disease negativity in the high-dose cohort 3. Across all cohorts, the median overall survival (OS) was 308 days
(range 25-466+), with an estimated OS of 55% as of June 27" (data cut-off). The median progression-free survival was 160
days, with 6 subjects remaining progression free at the time of data cut-off. Our findings demonstrate the manageable
safety profile and efficacy of HBIO101. These encouraging data support the decentralization of CAR T production in an
academic setting, ensuring sufficient CAR T supply to satisfy the increasing local demand. Clinicaltrials.gov NCT04720313.

Introduction

Therapy for multiple myeloma (MM) currently involves
novel agents such as proteasome inhibitors (PI) and im-
mune modulators (IMiD) as well as anti-CD38 antibodies
that improve patient outcome." Achievement of deep
hematologic response is well correlated with better pro-
gression-free survival (PFS) and overall survival (OS) in MM
patients.? However, despite major advances in therapy, the
vast majority of patients will develop resistance to PI,
IMiD, and anti-CD38 antibodies, and these individuals
pose a major treatment challenge. Advanced-line ther-
apies with second- and third-generation IMiD and PI, or

with other newer agents, induce overall response rates
(ORR) of 25-40% with limited PFS.>® Patients resistant to
five agents (penta-refractory) have an extremely dismal
prognosis with a median PFS and OS of 3.88 and 5.97
months, respectively.® Newer agents, such as anti-B-cell
maturation antigen (BCMA)-conjugated antibodies (e.g.,
belantamab mafodotin) and selective inhibitor of nuclear
export (e.g., selinexor), have recently been registered as
advanced-line treatments, yet they rarely lead to deep or
prolonged responses.’

Adoptive transfer of genetically engineered chimeric
antigen receptor T (CAR T) cells targeted to BCMA can in-
duce durable and complete responses in patients with MM
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with favorable safety and efficacy profiles, leading to deep
and unprecedented durable responses in heavily pre-
treated patients.®™ Results have opened a new era for the
treatment of MM in relapsed and refractory (R/R) patients.
Idecabtagene vicleucel (Ide-cel) and Ciltacabtagene auto-
leucel (Cilta-cel) are two anti-BCMA CAR T-based therapies
recently approved by the US Food and Drug Administration
(FDA) and the European Medicines Agency (EMA) that in-
duce deep responses (over 85% ORR rates) in heavily pre-
treated patients.®”® However, economic, logistical, and
manufacturing constraints significantly limit access to this
"living-drug", and thus represent a major drawback of this
approach. Given this, there is an urgent need to develop
locally manufactured CAR T-cell treatments. For this pur-
pose, we designed and developed a novel academic anti-
BCMA CAR construct, named HBIO101."® Based on the
favorable pre-clinical results showing marked in vitro and
in vivo efficacy of HBIO101-engineered T cells, we initiated
a phase | clinical trial for the treatment of R/R MM patients.
Here we present the safety and efficacy outcomes of the
first 20 R/R MM patients enrolled in this study. The ques-
tion as to how to broaden the application of CAR T-based
immunotherapy to patients lacking access to the com-
mercial CAR T platform will also be discussed. Beyond the
unprecedented clinical results achieved for the first time
in Israel, our experience testifies to the feasibility of a de-
centralized approach for developing, manufacturing, and
delivering such treatments, even with modest resources.

Methods

Details of the CAR structure, the generation of a clinical
grade HBIO101 retroviral bank, the production of HBIO101
cells (including Quality Control and sterility testing), and
patients' follow-up are provided in the Online Supplemen-
tary Appendix.

Study design

A single-center phase | clinical trial is being conducted at
the Department of Bone Marrow Transplantation and
Cancer Immunotherapy, Hadassah Medical Center (HMO).
The aim is to explore the safety and efficacy of the HBI0101
CAR T-cell product that we manufactured in-house. En-
rolled R/R MM patients had previously undergone at least
three lines of treatment including a PI, an IMiD, and an anti-
CD38 antibody. Details of the complete study protocol,
eligibility criteria, and study design are to be found in the
Online Supplementary Table S1, Online Supplementary Fig-
ures S2 and S3. This study was authorized by the HMO in-
stitutional review board and by the Israeli Ministry of
Health. The study was registered at clinicaltrials.gov
(NCT04720313).

The phase | part of the trial was initiated in February 2021.
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Enrolled patients underwent lymphopheresis, and col-
lected cells were delivered to the Good Manufacturing
Practice (GMP) facility for further stimulation, transduc-
tion, and expansion (Online Supplementary Figure S4).
Bridging with local radiotherapy was allowed according to
the physician's discretion. Patients' lymphodepletion be-
fore HBIO101 infusion was achieved by the administration
of fludarabine 25 mg/m? and cyclophosphamide 250
mg/m? on days -5 to -3 (Online Supplementary Figure S2).
Patients with creatinine clearance <30 mL/min received
90 mg/m? bendamustine on days -4 and -3. Fresh HBI0101
cells were administered at escalating doses of 150- (co-
hort 1), 450- (cohort 2), and 800x10° (cohort 3) CAR+ cells.
In accordance with the study protocol, patients remained
hospitalized for at least 10 days post infusion. During hos-
pitalization, patients were followed daily for adverse
events (AE), and according to a pre-defined schedule for
safety and efficacy. (See Online Supplementary Figure S2
for details.)

Multiple myeloma clinical monitoring

Response to HBIO101 was evaluated at a pre-defined time
schedule according to International Myeloma Working
Group (IMWG) criteria.* Bone marrow biopsies and com-
puted tomography / positron emission tomography
(CT/PET) were used to assess response in patients with
non-secretory disease. Minimal residual disease (MRD)
was evaluated by flow cytometry, in accordance with the
Euroflow standards.” Patients were categorized as "no re-
sponse" and "response" (no response: stable disease (SD)
/ progressive disease (PD); response: = very good partial
response [VGPR]). An analysis of patients' data grouped
according to PD/SD, VGPR, and complete response (CR) is
also provided in Online Supplementary Figure S7.

Primary and secondary end points

The primary end points of the present study were safety
and the determination of the maximum tolerated dose
(MTD) of HBIO101. Hematologic and non-hematologic ad-
verse events were graded according to National Cancer
Institute Common Terminology Criteria for Adverse Events
(NCI CTCAE), version 5.00. Cytokine release syndrome
(CRS) and immune effector cell-associated neurotoxicity
syndrome (ICANS) adverse events were graded according
to the 2019 American Society for Transplantation and Cel-
lular Therapy (ASTCT) criteria.'® Secondary end points in-
cluded ORR, PFS, and OS.

Results

Patients’ and disease characteristics
Between January 24, 2021, and December 23, 2021, 22
patients were screened, enrolled, and leukapheresed. For
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three patients, apheresis material was cryopreserved;
two patients left the study (one patient achieved CR, one
patient died) before CAR T-cell manufacture (Online Sup-
plementary Figure S5). HBIO101 drug products (DP) were
successfully generated from fresh (n=19) and cryopre-
served (n=1) raw materials; no production failure oc-
curred, and these were infused back to patients. Three
patients received bridging therapy during the manufac-
turing period. Two patients were treated with localized
radiotherapy for pain control, and one patient received
high-dose dexamethasone and plasmapheresis due to
hyperviscosity. The majority of patients (n=18) underwent
lymphodepletion with fludarabine-cyclophosphamide;
two patients received bendamustine due to renal impair-
ment (Online Supplementary Figure S5). All the patients
were infused with fresh DP after ten days of production.
The median duration of hospitalization post-CAR T infu-

Table 1. Patients’ and disease characteristics.

. Total
Variables N=20
Age in years, median (range) 62 (44-75)
Gender F/M, N 12/8
Time since diagnosis in months, median (range) 55 (8-241)
Extra-medullary disease, N (%) 6 (30)
LDH above normal, N (%) 8 (40)
ECOG performance status, N (%)

0 7 (35)

1 4 (20)

2 9 (45)
Creatinine clearance <60 mL/min, N (%) 7 (35)
Ejection fraction <565%, N (%) 3 (15)
Involved heavy chain, N (%)

IGG 4 (20)

IGA 5 (25)
Involved light chain, N (%)

kappa 11 (55)

lambda 8 (40)

Non-secretory 1 (5)
BM involvement, N (%) 16 (80)

>50% 6 (30)
PET positivity, N (%) 11 (55)
R-I1SS, N (%)

I 1 (5)

Il 11 (55)

1] 2 (10)
Cytogenetic abnormalities, N (%)

High risk* 10 (50)

Standard risk 12 (60)

Unknown 1(9)
Previous auto HSCT, N (%) 17 (85)

>1 8 (40)
N of previous lines, median (range) 6 (3-13)

N. Asherie et al.

sion was 17 days (range 11-166), with the majority of the
patients discharged after a maximum of 25 days, except
for Patient 2 (P2) who had prolonged neutropenia and
thrombocytopenia, and thus remained hospitalized for
166 days.

Patients' characteristics are detailed in Table 1. The
median age was 62 years (range 44-75), with a median
time of 55 months from initial disease diagnosis (range
8-241) and a median number of 6 previous treatment
lines (range 3-13). The majority of patients had undergone
previous autologous bone marrow (BM) transplantation
(85%), and all were refractory to PI, IMiD, anti-CD38 anti-
body (daratumumab), and their last treatment line. Seven
of twenty patients (35%) were penta-refractory. Nine pa-
tients (45%) had previously received and were refractory
to an anti-BCMA conjugated antibody (belantamab ma-
fodotin) (Table 1). A detailed description of previous treat-

Cohort 1 Cohort 2 Cohort 3
N=6 N=7 N=7
58.5 (44-75) 62 (54-73) 62 (50-72)
4/2 4/3 4/3
42 (20-123) 78 (44-241) 43 (8-104)
3 (50) 1(14) 2 (29)
3 (50) 2 (29) 2 (29)
3 (50) 2 (29) 2 (29)
1(17) 2 (29) 1(14)
2 (33) 3 (43) 4 (57)
1(17) 3 (43) 3 (43)

0 2 (29) 1(14)

(17) 1(14) 2 (29)

(17) 2 (29) 2 (29)
2 (33) 4 (57) 5(72)
4 (67) 3 (43) 1(14)

0 0 1(14)
5 (83) 6 (86) 5 (72)
3 (50) 2 (29) 1(14)
4 (67) 2 (29) 5(72)
1(17) 0 0

0 4 (57) 7 (100)
2 (33) 0 0
4 (67) 5(72) 1(14)
5 (83) 5(72) 4 (57)
1(17)
5 (83) 7 (100) 5(72)
2 (33) 4 (57) 1(14)
5 (4-7) 9 (3-13) 5 (8-7)

N: number; F: female; M: male; LDH: lactate dehydrogenase; ECOG: Eastern Cooperative Oncology Group; BM: bone marrow; PET: positron
emission tomography; R-1SS: Revised International Staging System; HSCT: hematopoietic stem cell transplantation. *High-risk cytogenetic

abnormalities included: del(17p), t(4;14), and t(14;16).
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ment lines and refractory patients is available in Online
Supplementary Table S2. Patients in cohort 1 had a higher
rate of extramedullary disease and penta-refractory dis-
ease, high lactate dehydrogenase (LDH) levels, and ex-
tensive BM involvement (as defined by >50% plasma cells
in BM biopsy), while patients in cohort 3 had a worse
ECOG performance score and a lower incidence of cyto-
genetic high-risk disease (Table 1).

HBI0101 CAR T-cell manufacture

HBIO101 CAR T cells were locally produced at the GMP-ac-
credited facility for advanced cellular therapy, at Hadassah
Medical Center; cells were successfully manufactured for
all the patients. Median lymphocyte count at the time of
apheresis collection was 1.0x10%/mL (range 0.5-2.1), with
no negative impact on the successful CAR T-cell manu-
facture. All final DP were released in compliance with the
criteria specified in Online Supplementary Table S3. No
significant differences in the production data or in vitro
functionality of CAR T cells of the “response” and the “no
response” groups (Online Supplementary Table S4) were
observed, attesting to the robustness of the production

Table 2. Adverse events.

N. Asherie et al.

process, despite the high variability in the materials that
were available from the MM patients.

Safety

Hematologic toxicities

All patients developed a grade 3-4 neutropenia, two-
thirds of whom had grade 3 febrile neutropenia (FN)
(Table 2). The entire cohort developed grade 3-4 lym-
phopenia, with approximately 60% developing grade 3-4
thrombocytopenia and anemia. There was a higher inci-
dence of thrombocytopenia and FN in cohort 3 compared
to cohorts 1 and 2 (Table 2). The median duration of grade
3-4 neutropenia and grade 3-4 thrombocytopenia were
15 days (range 1-65) and 24 days (range 8-138), respect-
ively (excluding 3 patients who progressed and died with-
out recovery of these values). Less than one-third of
patients had grade 3-4 cytopenia persisting for >28 days
after CAR T-cell infusion (Table 2).

Cytokine release syndrome and immune effector cell-
associated neurotoxicity syndrome
Ninety percent of patients developed CRS of any grade,

N: number; d: day.
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Total Cohort 1 Cohort 2 Cohort 3
Adverse events, N (%) All grades Ll Grade 3-4 Grade 3-4 Grade 3-4
Grade 3-4
N=20 N=6 N=7 N=7
Hematologic <28d
Neutropenia 20 (100) 20 (100) 6 (100) 7 (100) 7 (100)
Thrombocytopenia 14 (70) 12 (60) 3 (50) 4 (57) 5(71)
Anemia 19 (95) 13 (65) 3 (50) 6 (86) 4 (57)
Lymphopenia 20 (100) 20 (100) 6 (100) 7 (100) 7 (100)
Febrile neutropenia 13 (75) 13 (75) 3 (50) 4 (57) 6 (86)
Hematologic >28d
Neutropenia 12 (60) 6 (30) 1(17) 2 (29) 3 (43)
Thrombocytopenia 15 (75) 7 (35) 2 (34) 2 (29) 3 (43)
Anemia 14 (70) 0 0 0 0
Lymphopenia 15 (75) 6 (30) 3 (50) 1(14) 2 (29)
Hypogammaglobulinemia 14 (70) 5 (25) 2 (34) 1(14) 2 (29)
Other <28d
Renal failure 3 (15) 0 0 0 0
Elevated liver enzymes 2 (10) 2 (10) 1(17) 0 0
Sepsis 3 (15) 3 (15) 0 2 (28) 1(14)
Infectious gastroenteritis 1(5) 1(5) 0 1(14) 0
Atrial fibrillation 1(5) 0 0 0 0
Pulmonary edema 1(5) 1(5) 0 1(14) 0
Urinary tract infection 1(5) 0 0 0 0
Deep vein thrombosis 2 (10) 0 0 0 0
Other >28d
Atrial fibrillation 1 (5) 1 (5) 1(17) 0 0
Pulmonary edema 1(5) 1(5) 1(17) 0 0
Elevated liver enzymes 1(5) 1(5) 0 0 1(14)
Pneumonia 1(5) 0 0 0 0
Pulmonary embolism 1 (5) 1 (5) 1(17) 0 0
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mostly at the day of CAR T infusion (median O days; range
0-21), with a median duration of 2 days (range 1-5); none
developed grade 3 or over CRS (Online Supplementary
Table S4). However, a higher rate of CRS grade 2 was noted
in cohorts 3 and 2 as compared with cohort 1(3/7, 4/7,1/6,
respectively) (Online Supplementary Table S4). Tocilizumab
was used in 40% percent of patients with a median of one
administered dose (range 1-4). No ICAN event was ob-
served, and none of the patients required glucocorticoids.

Non-hematologic toxicities

Non-hematologic toxicities were reported in 80% (n=16) of
patients (Table 2). Bacteremia was documented in 15% of
patients. Grade 3-4 reported toxicities were: sepsis (n=3),
elevated liver enzymes (n=2), atrial fibrillation (n=1), infec-
tious gastroenteritis (n=1), pulmonary edema which was
secondary to cardiac causes with fluid overload and sep-
sis (n=2); all of these resolved. One patient developed
grade 3 pulmonary embolism (PE) 10 months after CAR T
therapy while in remission. PE developed due to the pa-
tient's immobilization following infection with pseudo-
monas pneumonia, which was successfully treated with
anticoagulation therapy.

Five patients were re-hospitalized during the subsequent
follow-up period due to COVID19 infection. The reasons
for this were: observation (n=1), 9 months after infusion
of cells; pulmonary embolism, pneumonia, and atrial fi-
brillation, treated with anticoagulation, antibiotics and
cardioversion, 8 months after infusion of cells (n=1); in-
fectious gastroenteritis due to salmonella and adenovirus
in stool treated with antibiotics and fluids (n=1), 27 days
after infusion of cells; fever treated with broad spectrum
antibiotics and 2 doses of tocilizumab (n=1), 21 days after
infusion of cells; nausea, vomiting, and dyspnea resolved
with fluids and antiemetics (n=1), 19 days after infusion of
cells (Table 2). No other severe adverse effects (SAE) were
observed in any of the cohorts. One patient died within 30
days of infusion due to disease progression. There were
no treatment-related mortalities.

Short-term efficacy

At a median follow-up of 136 days (80, 182, and 160 for
cohorts 1, 2 and 3, respectively), ORR was 75% for the en-
tire cohort with 50% (3/6), 85% (6/7), and 85% (6/7) re-
sponding patients in cohorts 1, 2, and 3, respectively
(Figure 1A). Ten patients achieved (stringent) complete re-
sponse (sCR/CR), with six patients achieving MRD nega-
tivity (four in cohort 3); five patients achieved VGPR (four
in cohort 2), with two patients achieving MRD negativity
(Figure 1A, B). All patients' best responses were achieved
one month after CAR T infusion, except patients P7 and
P11 who achieved VGPR at their first follow-up, and
further deepened their response to sCR/CR and VGPR
MRD-, respectively, a few months later (Figure 1B). The

N. Asherie et al.

median PFS for the entire cohort was 160 days (range 14-
326+); 80 days (range 23-248), 182 days (range 33-326+),
and not reached (range 14-223+) for cohorts 1, 2, and 3,
respectively (Figure 2A and B). Median OS was 308 days
(range 25-466+), with an estimated OS of 55% as of data
cut-off on June 27%. The median OS was 237 days (range
25-466+), 282 days (range 63-347+), and not reached in
cohorts 1, 2, and 3, respectively (Figure 2D). All deaths
(9/20, 45%) but one were attributed to disease progres-
sion.

The death of one patient (P7) was related to COVID19 in-
fection. Free light chain (FLC) levels prior to and following
CAR T-cell infusion in responders versus non-responders
are shown in Figure 3A-C. In addition, soluble BCMA
(sBCMA) levels, as a biomarker of responsiveness to anti-
myeloma therapies,®*""® declined rapidly in the serum of
the responders, while serum levels were barely affected
in the non-responding patients (Figure 3D). In addition,
median LDH levels pre-lymphodepletion tended to be
higher in the non-responding patients compared to re-
sponders (P=0.068). No correlation with response was
seen for C-reactive protein peak level, fibrinogen levels,
and the relative increase in ferritin levels during the first
14 days following CAR T infusion (Online Supplementary
Figure S6A-D). No significant difference in terms of CRS
was observed between the "response" versus "no re-
sponse" groups (data not shown).

Evaluation and phenotypic characterization of bone
marrow plasma cells

In order to assess patient's response to HBIO101 treat-
ment at the cellular level, BM aspirates were analyzed by
flow cytometry prior to (n=12) and one month following
(n=11) CAR T administration (Figure 4A). Of these patients,
three were non-responsive to HBIO101 therapy, and
showed only a minor decline, or even an increase, in the
percentage of BM plasma cells (BM-PC) (Figure 4B). In
contrast, nine patients who did respond showed a signifi-
cant reduction in the percentage of BM-PC (Figure 4B). In
addition, we found that baseline BCMA and mean fluor-
escence intensity (MFI) on the surface of PC was signifi-
cantly higher in patients in the “response” group,
compared to patients in the “no response” group (Figure
4C and D; Online Supplementary Figure S7A and B). Inter-
estingly, we found that the CD56 molecule was signifi-
cantly expressed on the PC of HBIO101-responding
patients (Figure 4E).

CAR T-cell kinetics

The pharmacokinetics of HBIO101 cells was assessed at
serial time-points in the peripheral blood of MM patients
following CAR T administration. Median time to HBIO101
peak concentration (C__) was day 10 (range, 6-13) in the
"response" group (sCR/CR; range, 6-13), and VGPR (range,
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Figure 1. Objective responses in patients treated with HBI0O101 CAR T cells. (A) Overall response rate (ORR). The best responses for
each patient are shown according to dose (150-, 450- and 800x10° CAR+ cells/dose). Disease response was determined according
to the International Myeloma Working Group (IMWG) consensus criteria.* Minimal residual disease (MRD) is defined as the number
of multiple myeloma (MM) plasma cells detected in the bone marrow per 1x10° total nucleated cells. An MRD of 1x10°° or less is
considered MRD-negative (MRD-). (B) Response to HBIO101 treatment. Swimmer's plot of best responses among individual MM
patients are shown according to cell dose (150- to 800x10° CAR+). Response assessment according to IMWG criteria. Grey:
progressive disease (PD) / stable disease (SD); green: very good partial response (VGPR); light blue: stringent complete
response/complete response with MRD positive (SCR/CR [MRD+]); blue: stringent complete response/complete response with

MRD negative (sCR/CR [MRD-]).

10-13), and day 13 (range, 10-13) in the "no response" group
(Figure 5D, Online Supplementary Figure S7F), with a rapid
decline in HBI0101 cell proliferation within a month of post
CAR T infusion. The area under the curve, as measure of
overall CAR T-cell expansion within the first month of post
CAR T infusion, was at borderline significance (P=0.0597)
between the two groups (Figure 5B); this difference was
more pronounced when patients were classified into
SD/PD, VGPR and sCR/CR subgroups (Online Supplemen-
tary Figure S7C and D). In line with this observation, C__
values, as a measure of maximal CAR T-cell expansion,
were found to differ significantly between the two groups:
60,655 HBI0101 cells/mL blood (range 4,945-493,152) in the
“response” group versus 3,740 HBIO101 cells/mL blood
(range 1,117-21,857) in the “no response” group (Figure 5C).
Online Supplementary Figure S7E further shows that in-
creased C__ values correlate with depth of response to
HBIO101. It is noteworthy that, while a significant differ-
ence in the levels of sSBCMA was observed between cohort
1 and cohorts 2 and 3 (P<0.0004), no significant difference
in terms of HBIO101 cell kinetics in the peripheral blood
was found between these cohorts (Online Supplementary
Figure S8A and B). In the “response” group, the decline ob-
served in sBCMA levels is concomitant with HBIO101 CAR
T expansion in the peripheral blood in contrast to the "no
response" group (Figure 5E and F), suggesting that the de-
crease in sBCMA is associated with HBIO101 CAR T-cell

anti-myeloma activity, which results in the eradication of
PC and subsequent sBCMA clearance.

Cytokine profiling analysis to predict response to
HBI10101-therapy

To better understand and potentially predict patients' re-
sponsiveness to HBIO101 therapy, we determined the cyto-
kine "signature' which can be associated with the HBI0101
CAR T-cell anti-myeloma function in vivo. To this end, sera
were collected from MM patients at baseline (day -10) and
at T__ (day of C__ of each patient) and analyzed for cyto-
kine secretion by multiplex array. The multiplex panel in-
cluded 25 pro- and anti-inflammatory chemokines/
cytokines. (A detailed panel is provided in the Online Sup-
plementary Appendix.) Among the 25 biomarkers analyzed,
the cytokines that were differently expressed in the dif-
ferent groups (at baseline and T__) are described in the
heat-map representation in Online Supplementary Figure
S9A. Of these, six cytokines (IL-1ra, IL-10, CCL4, IL-15, G-
CSF, IL-6) were significantly differentially expressed be-
tween the different groups (Online Supplementary Figure
S8B). More specifically, at Tmax , IL-10, CCL4, and IL-15
were found at higher levels in the "no response" group,
while G-CSF and IL-6 were found at higher levels in the
"response" group (Online Supplementary Table S5, Online
Supplementary Figure S9A). At T__ , IL-1ra was significantly
upregulated in the "no response” group but not in the "re-
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Figure 2. Survival of patients with relapsed / refractory multiple myeloma administered with HBI0101 CAR T cells. Kaplan-Meier
analysis of progression-free survival (PFS) in all the patients (A) or grouped according to dose (B), overall survival (OS) in all

patients (C) or grouped according to dose (D).

sponse” group. A significant increase at T__ in the
sponse" versus "no response" patient groups was also
seen for IFN-y (Online Supplementary Figure S9A). No stat-
istical difference was observed in the level of TNF-a or IL-
2 in either group.

re-

Effect of exposure to previous anti-BCMA antibody on
HBI0101 therapy

In this study, 9/20 patients (2/6 from cohort 1, 5/7 from
cohort 2, and 2/7 from cohort 3) had received belantamab
mafodotin prior to HBIO101 therapy. Patients exposed to
belantamab (belantamab(+)) tended to have a shorter PFS
and a higher progression rate (7/9, 78%) in comparison
with the non-exposed (belantamab(-)) patients (6/11, 55%)
(Figure 6A). Moreover, OS was lower in belantamab(+) pa-
tients (3/9, 33%) than that of belantamab(-) patients (8/11,
73%) (Figure 6B). ORR was higher in the belantamab(-)
group in comparison with the belantamab(+) group (91%
vs. 55%, respectively) (Figure 6C). Notably, when we looked
at depth of response, we found that belantamab(-) pa-
tients achieved significantly deeper responses than belan-
tamab(+) patients (sCR/CR, P=0.002; VGPR, P=0.02; by
unpaired t test). However, there was no significant differ-
ence in the levels of BCMA expression on PC (determined

by MFI) or in the percentage of BCMA-positive PC between
the two groups.

Discussion

Access to CAR T therapy for MM patients is still limited.
There is a need to explore available, safe and effective
methods to deliver this promising technology. We recently
presented an optimized novel anti-BCMA CAR molecule
and showed that modifications in the transmembrane
(TM)/hinge of this CAR construct impact CAR performance
both in vitro and in vivo.® Here we share the safety and ef-
ficacy outcomes of the first 20 R/R MM patients enrolled
on a phase | academically designed trial on locally manu-
factured anti-BCMA CAR T cells.

Our safety results are in line with those of approved
BCMA-targeted CAR T therapies.*™® We observed grade 3-
4 neutropenia in the entire cohort, and anemia and throm-
bocytopenia in less than two-thirds of patients, with a
median time to recovery of 3 weeks. Two-thirds of pa-
tients experienced FN, with a higher rate in cohort 3. This
reversible cytopenia appears to be dose-dependent rather
than being driven only by the lymphodepletion-related
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Figure 3. Multiple myeloma disease monitoring. Free light chain levels were determined at the indicated time points prior to and
following HBI0101 infusion in cohort 1 (N=6) (A), cohort 2 (N=6) (B), and cohort 3 (N=6) (C). Normal range for Kappa light chain:
6.7-22.4 mg/L, and Lambda light chain: 8.3-27 mg/L. (D) Soluble BCMA (sBCMA) levels prior to and following CAR T infusion were
determined by ELISA in the "response” (blue squares) versus "no response" (black dots) groups.

chemotherapy. However, this AE was not associated with
cytopenia-related complications.

CRS was observed at the rates reported in previous
studies. We observed a high proportion of any grade man-
ageable CRS without grade 3-4 CRS. This was also re-
flected by the median of one tocilizumab dose
administered, and only in 40% of patients. In addition,
there were no ICAN events in the entire cohort.

The short-term efficacy data reported here corroborates
the results reported in the literature,®°" with higher CAR T
doses correlating with higher and deeper responses (ORR
of 85% for cell doses 450- and 800x10°). Indeed, responses
>VGPR were observed in more than two-thirds of patients,
with half of these achieving sCR/CR. The OS and PFS in this
dose-escalating phase | study reflect the poor clinical con-
dition of the subjects, six of whom also had a low dose of
HBIO101 CAR T cells. One limitation of our study is the
relatively short follow-up (median 136 days); these objec-
tives will, therefore, be re-evaluated in our dose-expansion
phase Ib-1l study (administering a cell dose of 800x10°).

Haematologica

There is still no complete picture of the response to anti-
BCMA CAR T cells following anti-BCMA antibody. In our
study, comparing patients who had received prior belan-
tamab mafodotin therapy to those who had not revealed
a trend towards better PFS and OS in those patients who
had not been exposed to this treatment. In addition, re-
sponses were significantly deeper in patients who had not
received belantamab. Some groups have re-targeted
BCMA using belantamab after anti-BCMA CAR T-cell ther-
apy.?°?? Our observation suggests that sequential treat-
ment of MM patients with anti-BCMA.CAR T cells following
anti-BCMA antibody may impair, but does not exclude, re-
sponse to CAR T therapy. Interestingly, the majority of pa-
tients pre-treated with belantamab were in cohort 2 (55%,
5/9). Although this cohort was treated with a higher dos-
age of HBIO101 cells compared to cohort 1, the rate of
sCR/CR in this cohort was lower. This observation raises
the question as to whether the depth of response in co-
hort 2 was hampered by a higher proportion of patients
previously being exposed to belantamab. Since belanta-
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Figure 4. Efficacy of HBIO101 CAR T-based therapy in eliminating CD38++CD138++ malignant plasma cells. (A) Flow cytometric
gating strategy for the assessment of anti-B-cell maturation antigen (BCMA) and CD56 expression on multiple myeloma plasma
cells (MM-PC) (indicated by arrows). Samples were gated on CD38++CD138++. (B) Bone marrow (BM) samples prior to and one
month (mth) following HBIO101-CAR T infusion were assessed for the presence of PC (as % of CD38++CD138++ cells) by flow
cytometry by gating on white blood cells (WBC), as illustrated in (A). (C-E) Analysis of BCMA and CD56 expression on MM-PC, by
"response" (blue squares) versus "no response" (black dots) group. (C, D) BCMA expression levels in MM patients (N=12). The

mean fluorescence intensity (MFI) (C) and the percent of BCMA-

positive PC (D) were determined by flow cytometry. (E) Percent

of CD56-positive PC in "response" (N=9) versus "no response" (N=3) groups.

mab consists of a humanized IgG1 anti-BCMA monoclonal
antibody originally generated from the murine CA8 clone,®
it is unlikely that anti-drug antibodies (ADA) with a cross-
reactivity to the 11D5-3-derived scFv of the HBIO101 CAR
molecule™* could cause the resistance to HBIO101 therapy
following exposure to belantamab. In addition, there was
no difference in terms of BCMA expression on PC in pa-
tients receiving belantamab in comparison with those who
had not, suggesting that the reduced depth of response
was not associated with a downregulation of the BCMA
protein at the PC surface. It is, therefore, evident that ad-
ditional factors contribute to resistance to anti-BCMA CAR
T therapy; thus, unraveling mechanisms of resistance re-
mains of great importance.

Additional biomarkers that predict responsiveness to
HBIO101 CAR T therapy will enable a more accurate pre-
diction and understanding of clinical outcome. CD56 is a
membrane glycoprotein of the immunoglobulin super-
family that is expressed on clonal PC in 60-80% of MM pa-
tients.?® Studies assessing the relationship between MM
prognosis and the expression of CD56 have given contra-
dictory results.?® While in some studies CD56 expression

on MM patient PC has been associated with a good prog-
nosis,?” others reported a negative or no effect on patient
survival.?>?%2° To the best of our knowledge, there is no
study in the literature reporting on the prognostic value
of CD56 expression on PC in the context of anti-BCMA CAR
T-based therapies. In our study, about 70% of the respon-
sive patients display CD56 expression at the PC surface,
while none of the patients that have failed HBI0101 therapy
expressed CD56 at the PC surface. Being an adhesion mol-
ecule, this implies that the PC-BM microenvironment in-
teraction has a significant role to play. These observations
suggest that CD56 may serve as a biomarker to predict a
patient's response to HBIO101 therapy. Further studies of
surface marker expression are required to establish and
validate these findings.

A better understanding of the cytokine profile is important
to identify those patients that would benefit most from
HBIO101 treatment. Multiplex analysis of pro- and anti-in-
flammatory biomarkers in the peripheral blood at the day
of CAR T peak revealed lower levels of IL-10, IL-1RA, CCL-4
and IL-15 and higher levels of IFN-y, IL-6 and G-CSF cyto-
kines in the response group. This suggests that production
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Figure 5. Soluble anti-B-cell maturation antigen clearance and HBI0101 CAR T-cell in vivo kinetics. (A) The median number of
HBIO101-CAR T cells per 1 mL blood in the "response" versus "no response" group was determined by quantification of CAR
transgene levels by gRT-PCR method following CAR T infusion at the indicated times and further adjusted to the copy numbers
per transduced cell at the day of CAR T infusion. The limit of quantitation (LOQ) was 500 CAR T/mL blood. (B) HBIO101 CAR T-cell
overall expansion in the first month of CAR T therapy. Area under the curve (AUC) as a measure of CAR T-cell overall expansion
was calculated with Prism software (GraphPad). (C) HBI0101 cells in vivo median concentration at peak (C__) in "response” (blue
squares) versus "no response” (black dots) groups. (D) Median time to C__ (T__) in "response” (blue squares) versus "no
response” (black dots) groups. Upper and lower bars I represent the maximal and minimal values, respectively. (E, F) Soluble
anti-B-cell maturation antigen (sBCMA) levels prior to and following HBIO101 infusion determined by ELISA and further

normalized to sBCMA concentration at baseline (right y-axis; empty circles) versus HBI0101-cell expansion indicated by the CAR

T/mL (left y-axis; filled circles) in the "no response" group (E), and in the "response" group (F). **P<0.01, by unpaired t test.

of pro-inflammatory cytokines by T and innate immune cells
supports response to HBIO101 therapy, while IL-10 and IL-
1RA anti-inflammatory cytokines may hamper that response.
If this observation proves correct in a larger cohort of pa-
tients, modulation of the cytokine milieu towards a pro-in-
flammatory supportive environment for CAR T cells should
be considered. Overall, our data suggest that responsive-
ness to HBIO101 therapy is associated with an early and sig-
nificant expansion of CAR T cell in the peripheral blood with
an upregulation of pro-inflammatory cytokines and with at
least minimal expression of BCMA on the PC surface.
Although two BCMA-targeted CAR treatments have been
approved by the FDA and the EMA for the treatment of R/R
MM, a wave of new anti-BCMA CAR-based clinical trials®""?
attests to the growing worldwide demand for such treat-
ments, access to which, unfortunately, is still limited due
to logistical and financial constraints.

Our results represent the first time an Israeli academic in-
stitution has completed the full CAR T-product cycle: de-
velopment of a new CAR T treatment, proof-of-concept in
vitro and in vivo,”® approval by regulatory authorities, local
production in a GMP facility, and delivery to patients (On-
line Supplementary Figure S10). The main advantages of
such an approach over the commercial products are the
availability of the DP and the shortened vein-to-vein de-
livery. Moreover, the significance of these results extends
far beyond the clinical dimension. Affordable, locally pro-
duced CAR T cells represent a major step in broadening
access to this cutting edge advanced cellular therapy. This
achievement was made possible through the successive
achievements of several key milestones (Online Supple-
mentary Figure S9). It is acknowledged that accreditation
from the Joint Accreditation Committee ISCT-Europe and
EBMT (JACIE) forms a good basis for the qualification of
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Figure 6. Effect of belantamab pre-treatment on multiple myeloma patients’ response to HBIO101 therapy. Kaplan-Meier
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Samples were gated on CD38++CD138++ cells. CR: complete response; sCR: stringent complete response; VGPR: very good
partial response; MRD: minimal residual disease; ns: not significant.

CAR T-cell therapy centers.?® Thus, in parallel to devel-
oping our own CAR T-based therapy, our center applied
and was successfully accredited for FACT-JACIE. Another
important milestone to support CAR T manufacture was
the establishment of a GMP-infrastructure that meets
both production and regulatory requirements. The entire
process from the beginning of CAR development to the
treatment of the first patients was completed within three
years, with modest human resources, and without com-
promising on regulatory requirements or product quality
(Online Supplementary Figure S10).

In the interest of making CAR T therapy readily accessible
via a decentralized approach, some suggestions may be
made. It is important to maintain an open dialogue with
the regulatory authorities since promoting such innovative
therapies is of mutual benefit. In addition, practitioners
should explore how to incorporate newer non-viral gene-
transfer technologies (e.g., electroporation of naked DNA,*'
transposon/transposase systems®*?*) to help reduce

costs. Finally, implementing an automated production
process (e.g., CliniMACS Prodigy®) will further reduce costs
and increase scalability.

Pharma companies currently operate the centralized
manufacture of CAR T cells from autologous T cells. Until
the promise of safe and efficient off-the-shelf allogeneic
CAR T cells becomes a reality,* it will be essential to de-
centralize production. Such decentralization can be
achieved by academic medical centers with an estab-
lished translational R&D platform and GMP-grade facil-
ities. This approach will lower costs, promote shorter
vein-to-vein delivery times, and provide greater manage-
ability.

In conclusion, we present the good safety profile and fa-
vorable results of a phase | clinical trial with locally pro-
duced anti-BCMA CAR T cells for highly refractory MM
patients. Our experience testifies to the capability of an
academic institution to provide the local population with
safe, efficient and accessible state-of-the-art CAR T tech-
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nology. A continuous Phase Ib clinical trial is ongoing and
will provide further data to validate this approach. Imple-
mentation of in-house CAR T-based therapy is a complex
multi-step process. Successful incorporation of CAR T
cells into existing treatment paradigms requires the com-
bined efforts of the scientific community, clinicians and
government agencies in order to broaden access to this
unique method of treatment for the benefit of the pa-
tients. We believe that this approach will help to make
CAR T therapy more accessible and significantly advance
the treatment of cancer.
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