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Abstract

Background T cell receptor (TCR)-T cells possess similar effector function, but milder and more durable signal activa-
tion compared with chimeric antigen receptor-T cells. TCR-T cell therapy is another active field of cellularimmuno-
therapy for cancer.

Methods We previously developed a human anti-CD19 antibody (ET190L1) and generated novel CD19-specific y/0
TCR-T cells, ET019003, by fusing the Fab fragment of ETT90L1 with y/& TCR constant chain plus adding an ET190L1-
scFv/CD28 co-stimulatory molecule. ET019003 cells were tested in preclinical studies followed by a phase 1 clinical
trial.

Results ET019003 cells produced less cytokines but retained comparable antitumor potency than ET190L1-CAR-T
cellsin vivo and in vitro. In the first-in-human trial, eight patients with relapsed or refractory DLBCL were treated. CRS
of grade 1 was observed in three (37.5%) patients; ICANS of grade 3 was noted in one (12.5%) patient. Elevation of
serum cytokines after ET019003 infusion was almost modest. With a median follow-up of 34 (range 6-38) months,
seven (87.5%) patients attained clinical responses and six (75%) achieved complete responses (CR). OS, PFS and DOR
at 3 years were 75.0%, 62.5%, and 71.4%, respectively. Notably, patient 1 with primary CNS lymphoma did not expe-
rience CRS or ICANS and got an ongoing CR for over 3 years after infusion, with detectable ET019003 cells in CSF.
ET019003 showed striking in vivo expansion and persisted in 50% of patients at 12 months. Three patients received a
second infusion, one for consolidation therapy after CR and two for salvage therapy after disease progression, but no
response was observed. ET019003 expansion was striking in the first infusion, but poor in the second infusion.

Conclusions CD19-specific y/6 TCR-T cells, ET019003, had a good safety profile and could induce rapid responses
and durable CRin patients with relapsed or refractory DLBCL, even primary CNS lymphoma, presenting a novel and
potent therapeutic option for these patients.

Trial registration: NCT04014894.
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Introduction

Non-Hodgkin lymphoma (NHL) is the most common
hematological malignance, and diffuse large B-cell lym-
phoma (DLBCL) is the most common subtype, account-
ing for 30-40% of newly diagnosed cases worldwide [1,
2]. In the rituximab era, over 60% can be cured with ritux-
imab-based regimens, but patients who have failed after
the frontline therapy have a poor prognosis [3]. The over-
all response rate (ORR) to the second-line treatment was
44% with a median overall survival (OS) of 8 months [4].
The ORR to the third-line chemotherapy was 39% with
a median OS of 4.4 months [5]. A patient-level pooled
SCHOLAR-1 study indicated the ORR to the next-line
therapy of 26% and the median OS of 6.3 months for
patients with refractory DLBCL [6]. Besides, primary
central nervous system lymphoma (PCNSL) still poses a
challenge [7].

CD19-specific chimeric antigen receptor (CAR)-T cells
have showed remarkable efficacy in NHL, and three cell
products are currently approved by the Food and Drug
Administration in the treatment of relapsed or refractory
(RR) DLBCL: axicabtagene ciloleucel (axi-cel), tisagenle-
cleucel (tisa-cel), and lisocabtagene maraleucel (liso-cel).
However, cytokine release syndrome (CRS) and immune
cell-associated neurotoxicity syndrome (ICANS) are
clinical challenges that remain and can be mitigated
further by other therapeutic approaches. T cell recep-
tor (TCR)-engineered T cell therapy, by replacing the
antigen recognition domain of TCR with an antibody-
derived recognition fragment, is another active field of
cellular immunotherapy for cancer. TCR-T cells can be
used to target either peptide-major histocompatibility
complexes or cell-surface antigens by using TCR-mimic
or conventional antibodies, respectively. TCR-T cells
possess milder and more durable signal activation, but
similar effector function compared with CAR-T cells [8].
A head-to-head comparison demonstrates that activation
through TCR versus CAR that uses the same recognition
domains has 10-100-fold higher antigen sensitivity and
induces dramatically less cytokine release [9]. We previ-
ously developed a human anti-CD19 antibody (ET190L1)
and found that ET190L1-TCR-T cells maintained com-
parable antitumor potency with less cytokine release
to CD28-costimulated ET190L1-CAR-T and CD137-
costimulated CTLO19 cells [10]. ET019003 cells are novel
anti-CD19 y/8 TCR-T cells generated based on ET190L1-
TCR-T cells by adding a single-chain fragment variable
(scFv)/CD28 co-stimulatory molecule for further boost-
ing T cell activation [11]. Here, we report outcomes for

adult patients with RR DLBCL treated with ET019003
cells.

Material and methods

ET019003 cell production

The fully human anti-CD19 antibody (ET190L1) was
selected from Eureka Therapeutics E-ALPHA® phage
display library, and the characterization of ET190L1 was
identified as previously described [10]. ET190L1-TCR
fuses the Fab fragment of ET190L1 with the C-terminal
signaling domain of a y/6 TCR, which is derived from
the human TCR y constant chain (UniProtKB—POCF51)
and § constant chain (UniProtKB—B7Z8K6). The heavy
chain domain of the Fab fragment is fused to the & chain,
and the light chain domain is fused to the y chain. More-
over, an independent chimeric molecule consisting of
the scFv of ET190L1 and the CD28 transmembrane and
intracellular domain is added to further promote T cell
activation [11]. The ET190L1-TCR and the scFv/CD28
co-stimulatory molecule sequences were cloned into a
pCDH lentiviral vector (Systems Biosciences, California,
USA) for generation of ET019003 cells. The preclinical
studies, production, and monitoring of ET019003 cells
are detailed in the supplemental methods (Additional
file 1).

Trial design and patients

The first-in-human, single-center, phase 1 study (Clini-
calTrials.gov identifier NCT04014894) was designed
to evaluate the safety and efficacy of ET019003 cells in
patients with CD19" malignancies, of whom eight with
RR DLBCL are reported here. The inclusion criteria are
provided in Supplemental Methods (Additional file 1).
The study was approved by the Medical Ethics Commit-
tee of the Union Hospital affiliated to Huazhong Uni-
versity of Science and Technology, Wuhan, China. All
patients provided written informed consent.

Bridging therapy was not allowed between leukaphere-
sis and infusion. The preconditioning regimens consisted
of cyclophosphamide 250 mg/m? on day — 5 and fludara-
bine 25 mg/m? on day —5 to — 3. On day 0, the patients
received an intravenous infusion of ET019003 cells at
the planned dose levels of 2 x 10° and 4 x 10°® TCR+T
cells/kg with a standard 3+ 3 design. If the patient did
not experience > grade 3 adverse events (AEs) excluding
hematological toxicities within 1 month after infusion,
repeated infusions at the same dose level were allowed.
If the patient did not achieve a complete response (CR)
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with response assessed at month 3, a second infusion was
allowed at the same or a higher dose level.

End points

The primary objectives were incidence of AEs and ORR.
CRS and ICANS were graded using the ASTCT consen-
sus grading [12]. All other AEs were graded according to
CTCAE, version 5.0. Dose-limiting toxicities (DLTs) were
defined as ET019003-related AEs within 30 days after
infusion and included >grade 3 cardiac, hepatic, pul-
monary, and renal toxicities, > grade 3 CRS and ICANS
that lasted over 72 h after treatment. Exceptions to this
definition were not counted as a DLT. Response was
assessed using the Lugano criteria [13]. The secondary
objectives included duration of response (DOR), progres-
sion-free survival (PFS), OS, expansion and persistence
of ET019003 cells, and serum cytokines in the PB after
infusion. DOR, PFS, and OS were defined per the revised
response criteria for malignant lymphoma [14]. Serum
cytokines were measured by cytometric beads array using
the commercial kits as previously used [15]. Only the first
infusion was included in the main analyses of safety and
efficacy. Exploratory endpoints included the safety and
efficacy among patients retreated with ET019003 cells.

Imaging and pathological examination
8E_fluorodeoxyglucose positron emission tomography-
computed tomography (PET-CT), CT, magnetic reso-
nance imaging, cerebrospinal fluid (CSF) assessment,
and biopsy were performed following the Lugano criteria
[13]. The pathologic and immunohistochemical assess-
ments of tumor tissue were conducted and reviewed by
two independent pathologists.

Statistical analyses

All eight patients who received the infusion were
included in the analyses. Descriptive statistics include
means with 95% confidence interval (CI) or medians with
minimum and maximum (range) for continuous variables
and counts and percentages for categorical variables.
Missing data were not imputed. Continuous variables
were compared using paired t test when the data were
normally distributed. Otherwise, the Wilcoxon test was
used. DOR, PFS, OS, and associated 95% CI were deter-
mined by the Kaplan—Meier methods and compared with
the log-rank test between subgroups. Analysis was per-
formed using Graphpad Prism version 8.0. P values less
than 0.05 (two-tailed) were considered significant.

Results

Design and characteristics of ET019003 cells

ET019003 cells simultaneously expressed fully human
ET190L1-TCRs and  scFv/CD28  co-stimulatory
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molecules (Fig. 1A). ET019003 TCR-T cells maintained
comparable antitumor potency but released less inflam-
matory cytokines in vitro and in vivo compared with
ET190L1-CAR-T cells (Fig. 1B—F). ET019003 cell manu-
facturing was successful for all the eight treated patients
(6 at 2x 10°kg, and 2 at 4 x 10°/kg). Three patients
received a second infusion, the cryopreserved ET019003
cells of the first production was used for patient 5, and a
second production was used for patient 2 and 7 (Addi-
tional file 1: Table S1). The mean transduction efficiency
was 59.52% (range, 44.90-75.90%), with 61.38% of TCR
TCD4™ T cells and 34.93% of TCRTCDS8™ T cells (n=10).
The mean turnaround time from leukapheresis to infu-
sion was 14 (range, 11-25) days.

Patient and treatment characteristics

As of August 20, 2022, the median follow-up time after
infusion was 34 (range, 6—38) months. Patient enrollment
was ceased in June 2020. Of the 11 patients with DLBCL
screened, ten patients were enrolled, and eight patients
received ET019003. Two patients died from disease pro-
gression and discontinued the study, one died before leu-
kapheresis and another before infusion (Additional file 1:
Fig. S1). Patients ranged from 33 to 71 years of age and
had received a median of 4 (range, 2—-8) prior lines of
treatment, and three (37.5%) patients received prior PD-1
inhibitors (Table 1). Five (62.5%) patients had refractory
diseases, and three (37.5%) experienced relapses. Patient
1 had PCNSL. Four (50%) patients were germinal center
B-cell (GCB) subtype and four (50%) had non-GCB per
the Hans algorithm. MYC/BCL2/BCL6 triple expression
was detected in four patients (50%), and double expres-
sion in two (25%) patients. Five (62.5%) patients had stage
IV disease using Ann Arbor staging. Five patients (62.5%)
were assigned to the low-intermediate risk group and
three (37.5%) were included in high-intermediate risk
group per IPI score, respectively.

Safety

All the eight patients had AEs of grade 3 or higher
(Table 2). Three patients (37.5%) experienced grade 1
CRS that resolved spontaneously, with a median onset
of 4 (range, 2-9) days and a median duration of 3 (range,
1-8) days. Patient 2 developed grade 3 ICANS, mani-
fested as confusion, barylalia, tremor, and agitation,
which occurred after CRS and responded to corticos-
teroids. ICANS occurred on day 9 after infusion, lasted
for 9 days, and was thus judged as a DLT. Consequently,
another four patients were treated at the dose of 2 x 10°
TCR+T cells/kg. Apart from patient 2, DLTs were not
observed in the patient cohort (Additional file 1: Fig.
S2). Tocilizumab was not administered. Patient 8 had
pulmonary infection on day 15, which lasted for 4 days
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Fig. 1 Molecular design and preclinical evaluation of ET019003. A Schematic structure of ET019003 compared with natural y/6 TCR and
ETOT9L1-CAR. L, light; H, heavy; scFv, single-chain fragment variable. B Cytotoxicity of ET019003 and ETO19L1-CAR-T cells on CD19" Raji and Nalm-6
cells (n=5). C Production of interleukin (IL)-2, granulocyte macrophage colony-stimulating factor (GM-CSF), tumor necrosis factor-a (TNF-a),
interferon-y (IFN-y) in coculture of ETO19L1-CAR-T and ET019003 cells with Raji and Nalm-6 cells (n=5). D Luciferase live imaging of Raji xenograft
mice on different timepoint after receiving mock T cells, ETO19L1-CAR-T cells, and ET019003 cells. E Kaplan—Meier survival plot of Raji xenograft
mice. F Serum IL-2, IL-6, GM-CSF, TNF-q, and IFN-y in Raji xenograft mice on day 7 after infusion of ETO19L1-CAR-T and ET019003 cells (n=6). The
unpaired t test was used in Fig. A-C and F, and the log-rank test was used in Fig. E. Ns, not significant; *P < 0.05; **P <0.01; ***P<0.001

after antibiotic treatment. Other infectious complications
were not observed within 1 month, which was possible
due to administrating antiviral and antifungal prophylaxis
in these patients. Patient 4 had lymphoma involvement in
the intestinal tract, and he suffered acute intestine per-
foration, and received an emergency surgery on day 16
after infusion. The surgical pathology reconfirmed lym-
phoma infiltration. All the acute AEs were reversible with
supportive treatment.

The increasing folds of inflammatory cytokines from
baseline to peak were modest, except for the elevated
serum interleukin (IL)-6 greater than tenfold of the base-
line value was observed in patient 2, 4 and 8 (Fig. 2A-I).
The elevation of serum IL-6 levels generally coincided in
serum C-reaction protein levels and was concurrent with

the onset of CRS and ICANS in patient 2, intestine per-
foration in patient 4, and pulmonary infection in patient
8 (Fig. 2]). Therefore, in addition to ET019003 treatment,
there might be alternative etiologies for the elevated
inflammatory markers in these three patients.
Hematologic toxicities were the most common AEs,
including neutropenia, leukopenia, and thrombocytope-
nia of grade 3 or 4 in seven (87.5%), six (75%), and two
(25%) patients after ET019003 infusion, respectively
(Table 2; Additional file 1: Fig. S3a—f). Severe anemia was
not observed. The preconditioning regimens exhibited
significant adverse effects on leucocytes, lymphocytes,
monocytes, and hemoglobin levels, but not on platelets
and neutrophils (Additional file 1: Fig. S3g). The median
time from infusion to recovery of <grade 2 neutropenia
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Table 2 Acute and long-term toxicities after ET019003 treatment
Patient ID Dosage of CRS (duration) ICANS (duration) Treatment for Hematologic AEs  Related to FC Other AEs
infused TCR+T CRS/ICANS (duration)
cells
1 2 % 10%kg No No No Grade 4 WBC count  Yes Viral encephalitis
decreased (d0-dl4) (ml 8)
Grade 4 neutrophil MOG+ encephalo-
count decreased myelitis (M30)
(do-dl4)
2% Ist:2 x IOG/kg Grade 1 (d2-d8) Grade 3 (d9-dl4)  Dexamethasone Grade 4 WBC count No Grade 1 ALT
30 mg decreased (dI2-dl9) increased (dI3)
Grade 4 neutrophil Grade 2 AST
count decreased increased (dI3)
(d9-dl9) Grade 1 total bilirubin
Grade 4 platelet increased (d28)
count decreased Grade 1 direct biliru-
(dI5-NR) bin increased (d28)
Grade 2 hypoalbu-
minemia (d4-dl 3)
2nd:2x10%kg  No No No Grade 4 WBC count  Yes Grade 1 total bilirubin
decreased (d0-NR) increased (d29)
Grade 4 neutrophil Grade 1 direct biliru-
count decreased bin increased (d4-d7,
(d0-NR) d21-d30)
Grade 4 platelet Grade 1 ALT
count decreased increased (d29-d30)
(dO-NR) Grade 2 AST
Grade 3 anemia increased (d29)
(dO-NR) Grade 2 hypoalbu-
minemia (d0-dl6)
3 2 x 10%/kg Grade 1 (d9) No No Grade 3 neutrophil  No Grade 2 ALT
count decreased increased (m2-m3)
(d10-d13) Grade 1 AST
increased (dI5-m3)
Grade 1 ALP
increased (M6)
4 2 % 10%/kg No No No Grade 2 neutrophil  No Grade 4 intestine
count decreased perforation (d16)
Grade 1 total Grade 1 total bilirubin
bilirubin increased increased (M6)
(d18) Grade 1 ALT
increased (M6-m?9)
Grade 1 AST
increased (M6-m?9)
Grade 2 hypoalbu-
minemia (d17-d18)
5 Tst: 2 x 105/kg No No No Grade 3WBC count  Yes Grade 1 total bilirubin
decreased (d1-d4) increased (M9, ml8,
Grade 3 neutrophil m24)
count decreased Grade 1 direct bili-
(d4-d8) rubin increased (m9,
Grade 3 platelet m18, m24)
count decreased Grade 2 hypoalbu-
(d23-d24) minemia (d0-d6)
2nd:2x10%kg  No No No Grade 3WBC count No Grade 1 total bilirubin

decreased (d10-
d22)

Grade 4 neutrophil
count decreased
(d10-d22)

Grade 3 platelet
count decreased
(d3-1d10)

increased (d10-d20)
Grade 1 direct
bilirubin increased
(d8-15)




Li et al. Journal of Hematology & Oncology (2023) 16:5

Table 2 (continued)

Page 8 of 15

PatientID Dosage of
infused TCR+T
cells

CRS (duration)

ICANS (duration) Treatment for
CRS/ICANS

Hematologic AEs  Related to FC Other AEs

(duration)

6 2 % 10%/kg No No No

7 Ist:4 x IOG/kg Grade 1 (d2) No No

2nd: 4 x10%kg ~ No No No
8 4% 10%/kg No No No

Grade 4 WBC Yes No
count decreased

(d1-d25)

Grade 4 neutrophil

count decreased

(d1-d24)

Grade 2 platelet

count decreased

Grade 4 WBC Yes
count decreased
(d0-d10)

Grade 4 neutrophil
count decreased
(d0-d12)

Grade 1 anemia

No NA No

Grade 3WBC Yes
count decreased
(d0-d14)

Grade 3 neutrophil
count decreased
(d2-d14)

Grade 1 platelet

count decreased

Grade 1 total bilirubin
increased (M6)

Grade 1 direct biliru-
bin increased (m6)

Grade 3 pulmonary
infection (d15-d18)

*Patient 2 were followed up to 93 days after the first infusion and 20 days after the second infusion. Severe hematologic toxicities did not recover at the last follow-up

session. NR: not recover; NA: not applicable; WBC: white blood cell; d: day; m: month

and leukopenia was 13 (range, 4—26) days and 13 (range,
4-26) days, respectively. Delayed recovery from severe
thrombocytopenia was observed in patient 2 for over
2 months.

B-cell aplasia, defined as CD19% B-cells represent-
ing<3% of lymphocytes in peripheral blood (PB) [16],
was observed in all patients (100%) at baseline (Addi-
tional file 1: Fig. S4a). The preconditioning chemo-
therapy exhibited significant inhibition on T and NK
cells in the PB, and ET019003 cells showed effects on T
cells (Additional file 1: Fig. S4b—c). CD4" T and CDS8*
T cells decreased significantly after the precondition-
ing chemotherapy and expanded remarkably on day 14
after ET019003 infusion with an invert CD4/CD8 ratio
(Additional file 1: Fig. S4d—f). Three patients (37.5%) had
preexisting hypogammaglobulinemia, defined as serum
IgG <800 mg/dL, IgM <50 mg/dL, and IgA <100 mg/
dL [17]. The reduction of serum IgG, IgA, and IgM after
ET019003 infusion was observed in seven (87.5%), eight
(100%) and six (75%) patients, respectively. The recovery
of serum IgG, IgA, and IgM to their normal levels during
follow-up was observed in three (42.8%), two (25%), and
four (66.7%) patients, respectively (Additional file 1: Fig.
S4g—i).

Other long-term AEs included viral encephalitis at
month 18 and MOG + encephalomyelitis at month 30

of patient 1, and both were treatable. The diagnosis and
treatment were detailed in the supplemental results
(Additional file 1). ET019003 cells were undetectable at
that time in the patient; thus, we supposed that the two
delayed AEs were not directly ET019003 cell-mediated.

Efficacy
In the phase 1 trial, seven (87.5%) patients attained clini-
cal responses, six (75%) achieved CR, and five (62.5%) had
ongoing CR (Fig. 3A). The Kaplan—Meier estimated OS at
12-36 months were 75.0% (95% CI, 31.5-93.1) (Fig. 3B).
The Kaplan—Meier estimated PFS at 12-36 months
were 62.5% (95% CI, 22.9-86.1) (Fig. 3C), with DOR at
1236 months of 71.4% (95% CI, 25.8-92.0) (Fig. 3D).
Patient 1 with PCNSL was refractory to previous 8
lines of therapies. She got a continuing CR for over
3 years after ET019003 infusion (Fig. 4A). Numerous
ET019003 cells were detectable in both the PB and
CSF after infusion (Fig. 4B), indicating that ET019003
cells could sufficiently traffic from the periphery to
the CNS. Patient 2 had extensive lesions and attained
a quick partial response (PR) at month 1 (Fig. 4C), but
the diseases progressed at month 2 (Additional file 1:
Fig. S5a). A second tissue biopsy demonstrated DLBCL
with expression of CD19, BCL2, C-Myc, P53, and Ki67
(LI: 90%). The patient received a second infusion with
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poor expansion, and the diseases progressed on day 14;
consequently, the patient withdrew from the study for
other salvage therapy. Patient 3 had two major lesions
in the right eyeball and the pelvic cavity, and she
attained a PR on day 14 and an ongoing CR for over
2 years (Fig. 4D). Patient 4 achieved a CR at month 2
and kept CR for over 2 years (Additional file 1: Fig.

S5b). ET019003 cells exhibited rapid clearance and
durable control of a bulky tumor (8.1 x 6.6 x 7.0 cm,
SUVmax 9.4-12.7) in patient 5 (Additional file 1: Fig.
S5¢). Patient 6 with lymphoma mainly in the abdomi-
nal cavity did not respond to ET019003 treatment and
withdrew from the study at month 2 (Additional file 1:
Fig. S5d). Patient 7 had extensive lesions mainly in the
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Fig. 3 Swimmer's plot and long-term outcomes of the treated
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lung and the abdominal cavity and attained a CR at
month 5 (Fig. 4E). However, new lesions appeared at
month 9, and a second infusion failed to work (Addi-
tional file 1: Fig. S5e). Patient 8 had two lymph node
lesions in the left heart diaphragm angle and retroperi-
toneal space, and got a CR on day 24, and kept durable
CR at month 24 (Additional file 1: Fig. S5f).
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Secondary infusion

Three patients received a second infusion. Patient 2
and 7 for salvage therapy after disease progression, but
response was not observed. Patient 5 kept CR per the
Lugano criteria at month 6, but PET-CT scans showed
minimal residual lesions in the hepatogastric space-pan-
creatic head. Despite low levels of ET019003 cells in his
PB, we decided to give the patient a repeated infusion
in the outpatient department without the precondition-
ing chemotherapy. He experienced severe neutropenia,
leukopenia, and thrombocytopenia, which were self-
limiting. Apart from hematologic toxicities observed in
patient 2 and 5, other AEs were not observed (Additional
file 1: Fig. S6).

Expansion and persistence of ET019003 cells

ET019003 cells showed peak expansion 9-21 days post
infusion (Fig. 5A). ET019003 cells peaked at a median
of 318 (range, 32—4,308,109) cells per milliliter of PB as
measured by flow cytometry and 76,897 (range, 21,278—
273,032) copies per microgram (ug) of genomic DNA as
measured by qPCR, respectively. The median area under
the curve from O to 28 days after infusion (AUC;_,g4)
was 585,493.5 copies per pg x days (Fig. 5B). ET019003
cells continued to be detectable in the PB in 50% of the
patients at 12 months. ET019003 expansion was poor in
the second infusions.

Discussion

There is an unmet need for therapies to improve long-
term prognosis of patients with RR NHL. CD19-specific
CAR-T cell therapy has altered the natural history of
RR NHL in comparison with historical controls [5, 6].
Three approved CAR-T cell products in treatment of
RR DLBCL attained an ORR of 52-74% and 2-year OS
rates of 40.0-50.5% [16, 18, 19]. However, they are also
accompanied by treatment-related toxicities, such as
CRS and ICANS, which remain the challenges to be
overcome. CRS was reported in 42-92% of patients with
severe CRS in 2-22%; ICANS occurred in 21-67% of
patients with severe ICANS in 10-32% [16, 18, 19]. To
generate a safer CD19-specific cell product, some inno-
vative strategies have been explored, including optimiz-
ing the affinity of CD19-binding domain [20], modifying
the hinge and transmembrane region [21, 22], and utiliz-
ing different costimulatory domains [23]. In the study,
we creatively constructed a novel anti-CD19 y/§ TCR,
incorporating a fully human CD19-binding domain with
the y/8 TCR-based intracellular domain. ET019003 cells
showed comparable antitumor efficacy but notably less
cytokine release than CAR-T cells in vitro and in a xeno-
graft mouse model. In the phase 1 trial, ET019003 cells
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resulted in an ORR of 87.5%, a CR rate of 75%, 3-year OS
of 75.0%, 3-year DOR of 71.4%, and a 3-year PFS of 62.5%
in patients with RR DLBCL with a median follow-up of
34 months, and importantly, no>grade 1 CRS and only
one reversible ICANS were observed. Notably, patient
1 with PCNSL did not experience CRS or ICANS and
attained an ongoing CR for over 3 years.

The molecular design of ET019003 has distinct
structural features consisting of ET190L1-TCRs and
ET190L1-scFv/CD28 co-stimulatory molecules. First,
ET190L1-TCR fuses the Fab domain of ET190L1 with
the effector domains from y/8 TCR constant chains,
combining the affinity and specificity of antibody rec-
ognition with endogenous T cell activation and regu-
latory pathways. Distinct from conventional TCR-T
platforms is the incorporation of an antibody-binding
moiety for target recognition, which enables the exten-
sion of the TCR platform to non-MHC-restricted
targets. Distinct from CAR-T platforms is the y/8
TCR-based intracellular domain, which has been
proven to induce a slower but more protracted cyto-
toxic response, notably less cytokine release [8, 9].
Moreover, y/§ TCR subunits can avoid mispairing with
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endogenous aff TCRs. Our previous studies have dem-
onstrated that ET190L1-TCR-T cells maintained com-
parable antitumor potency to ET190L1-CAR-T and
CTLO19 cells, yet with the reduction in cytokine release
and less exhausted phenotype in vitro and in tumor
xenograft models [10]. ET190L1-TCR-T cells were
tested in another clinical trial (NCT03379493). Second,
the parallel-expressed scFv/CD28 co-stimulatory mol-
ecule is activated by CD19 to further activate TCR-T
cells [11]. In our preclinical evaluation, ET019003 cells
showed similar antitumor activity but dramatically less
cytokine release to ET190L1-CAR-T cells (Fig. 1). In
the phase 1 trial, all CRS was grade 1 and occurred in
three (37.5%) patients, and ICANS was observed in one
(12.5%) patient. The elevation of serum cytokine levels
after ET019003 infusion was almost modest. Collec-
tively, these data indicate that ET019003 cells produce
potent antitumor responses without causing the signifi-
cant elevation of serum cytokine levels that are primar-
ily responsible for CRS and ICANS. With the improved
safety profiles of cellular products, outpatient adminis-
tration and monitoring are being investigated in more
clinical studies [16, 18].

Lymphodepletion regimens create a favorable immune
environment for transferred T cells and are beneficial to
enable their better engraftment, expansion, and persis-
tence [24]. Although the depth of lymphodepletion with
one dose of cyclophosphamide 250 mg/m? in our trial
was lower than administered before current CAR-T cells,
ET019003 cells showed striking expansion and persis-
tence in patients with RR DLBCL. The mean maximal
concentration of ET019003 cells in PB was 76,897 cop-
ies per ug DNA, and the mean AUC,,_,q4 was 585,493.5
copies per pgx days. ET019003 cells were detectable at
1 year in 50% of patients who have ongoing CR for over
2 years. Unfortunately, correlation analysis was lim-
ited by the small sample size. ET019003 cells utilized a
fully human anti-CD19 antibody to lessen immuno-
genic responses that were observed as adverse factors of
CAR-T cell kinetics with murine-derived antibodies [25,
26]. Moreover, the intracellular signaling domains, dif-
fering in their functional and metabolic profiles, exert
an effect on CAR-T cell kinetics [27]. CARs with 4-1BB
domain conferred prolonged durability compared with
CD28 by tendentious differentiation into central memory
phenotype and preventing exhaustion caused by tonic
signaling [28]. In our preclinical studies, ET190L1-TCR-
T cells with y/8 TCR intracellular domain were charac-
terized by more naive/stem-cell like and less exhausted
phenotype, which might contribute to favorable expan-
sion and persistence in the clinical setting [10]. However,
we failed to characterize ET019003 cells phenotypically
and functionally, which was one limitation of the study.
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Despite a remarkably high ORR of CD19-specific
CAR-T cell therapy in RR NHL, remission is transient in
most patients, with a median PFS of 3-6.8 months [16,
18, 19]. Outcomes of NHL patients (#=61) with pro-
gressive disease following CD19-specific CAR-T therapy
are poor, with a median OS of 5.3 months [29]. Retreat-
ment with a second infusion provides a potential option
to improve outcomes for these patients. A second infu-
sion led to a median OS of 9 months in 21 patients with
NHL after failure of a first CAR-T infusion [30]. How-
ever, retreatment experience was limited. In view of the
fully human ET19003 structure, we pioneered a flexible
and feasible design to administer the second infusion
for risk—benefit tradeoff. If patients did not experience
severe AEs within 1 month or reach optimal responses
within 3 months, a second infusion was allowed. Fludara-
bine-cyclophosphamide lymphodepletion before the
first CAR-T infusion and a higher second-infusion dose
were identified as the modifiable pretreatment factors
independently associated with improved CAR-T kinetics
and better outcomes of patients after repeated infusions
[30]. In our study, all the three retreated patients received
fludarabine and cyclophosphamide before the first infu-
sion, but the same dose was used, which might cripple
the response. Moreover, ET019003 expansion was poor
in the second infusion, partially accounting for the treat-
ment failure. Immune responses to the first ET019003
infusion might result in the rejection of the second infu-
sion, but immunogenicity was not assessed in the study,
which was another limitation of the study. Overall, we
draw lessons from our small-sample study and do not
recommend a second infusion with the identical cell
product.

PCNSL is a rare and aggressive form of extranodal
NHL in the absence of systemic spread, representing 4%
of all intracranial neoplasms [31]. Despite advances in
the initial treatment, 36% of patients had a relapse after
the frontline treatment, and approximately 10% have
primary refractory disease [32]. Prognosis was poor
with an estimated OS of 2 months for refractory cases
and 3.7 months for relapsed cases [33]. The optimal sal-
vage regimens for patients with RR PCNSL have not
been established. Single-cell analyses identify that brain
mural cells express CD19 [34], and the pivotal CAR-T
trials largely excluded CNSL for concerns of exacer-
bating potential ICANS. Nevertheless, CD19-specific
CAR-T cells administered intravenously are detectable
in CSF [35], suggesting that CAR-T cells can penetrate
the blood-brain barrier into the CNS to mediate poten-
tial antitumor activity. CD19-directed CAR-T cells have
induced CR in 50-60% of patients with PCNSL, and
more encouragingly, the toxicities were reversible and
tolerable, with all CRS of grade 1-2 and sporadic ICANS
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of grade 3 [36, 37]. In our trial, patient 1 with PCNSL did
not experience CRS or ICANS after ET019003 treatment
and attained durable CR for over 3 years. ET019003 cells
were detectable in both the PB and CSE. Although data
presented herein is limited to one patient, the lack of sig-
nificant CRS and ICANS in this patient is encouraging
and lays a foundation for future study of cellular therapies
in this patient population. Notably, PCSNL treatment can
be associated with late neurotoxicity [7]. In our study,
patient 1 experienced viral encephalitis at month 18 and
MOG + encephalomyelitis at month 30. Therefore, long-
term follow-up is also needed.

Conclusion

To our knowledge, this is the first-in-human clini-
cal report of CD19-specific y/6 TCR-T cell therapy in
patients with RR DLBCL. The long-term follow-up of
greater than 3 years suggest that ET019003 cells have a
good acute and long-term safety profile in patients with
RR DLBCL. More encouragingly, ET019003 cells can
induce rapid response and durable remission for patients
with high-risk profiles [19, 38]. In addition, 87.5% of the
patients showed symptomatic or imaging improvement
within 1 month after infusion, and 62.5% maintained
durable CR without further intervention for over 2 years.
Our data suggest that ET019003 cells represent a novel
and potent therapeutic option for this otherwise chal-
lenging patient population. However, our findings are
limited by the small sample size, and a recommended
phase 2 dose was not identified. Further larger and multi-
center trials are needed to verify the long-term safety and
efficacy of CD19-specific y/8 TCR-T cells in RR DLBCL.
We hope our preliminary results will shed some light on
novel strategies of cellular therapies.

Abbreviations

AEs Adverse events

CAR Chimeric antigen receptor

CRS Cytokine release syndrome

CR Complete response

cl Confidence interval

CSF Cerebrospinal fluid

DLBCL Diffuse large B-cell lymphoma

DLTs Dose-limiting toxicities

DOR Duration of response

GCB Germinal center B-cell

ICANS Immune cell associated neurotoxicity syndrome
IL Interleukin

NHL Non-Hodgkin lymphoma

(o) Overall survival

ORR Overall response rate

PCNSL Primary central nervous system lymphoma
PFS Progression-free survival

PB Peripheral blood

PR Partial response

PET-CT Positron emission tomography-computed tomography
RR Relapsed or refractory

scFv Single-chain fragment variable
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