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Abstract

Background & aims Immunotherapy with hepatitis B virus (HBV)-specific TCR redirected T (HBV-TCR-T) cells in HBV-
related hepatocellular carcinoma (HBV-HCC) patients after liver transplantation was reported to be safe and had potential
therapeutic efficacy. We aim to investigate the safety of HBV-TCR-T-cell immunotherapy in advanced HBV-HCC patients
who had not met the criteria for liver transplantation.

Methods We enrolled eight patients with advanced HBV-HCC and adoptively transferred short-lived autologous T cells
expressing HBV-specific TCR to perform an open-label, phase 1 dose-escalation study (NCT03899415). The primary end-
point was to evaluate the safety of HBV-TCR-T-cell therapy according to National Cancer Institute Common Terminology
Criteria for Adverse Events (version 4.03) during the dose-escalation process. The secondary endpoint was to assess the
efficacy of HBV-TCR-T-cell therapy by evaluating the anti-tumor responses using RECIST criteria (version 1.1) and the
overall survival.

Results Adverse events were observed in two participants among the 8 patients enrolled. Only one patient experienced a
Grade 3 liver-related adverse event after receiving a dose of 1x 103 HBV-TCR-T cells/kg, then normalized without inter-
ventions with immunosuppressive agents. Among the patients, one achieved a partial response lasting for 27.7 months.
Importantly, most of the patients exhibited a reduction or stabilization of circulating HBsAg and HBV DNA levels after
HBV-TCR-T-cell infusion, indicating the on-target effects.

Conclusions The adoptive transfer of HBV-TCR-T cells into advanced HBV-HCC patients were generally safe and well-
tolerated. Observations of clinical efficacy support the continued development and eventual application of this treatment
strategy in patients with advanced HBV-related HCC.

Clinical trials registration This study was registered at ClinicalTrials.gov (NCT03899415).

Keywords HBV - HBV-TCR-T cells - HCC - Safety - Chronic hepatitis B - Clinical trial - Phase 1 - Immunotherapy -
Overall survival - Time-to-progression
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TTP Time-to-progression

TACE Transhepatic arterial chemotherapy
and embolization

PBMCs Peripheral blood mononuclear cells

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide, and is characterized by rapid progression
and poor prognosis with 5-year survival rates of less than 5%
[1, 2]. Surgical resection, chemotherapy and radiotherapy
are conventional treatments on HCC, but, in the end, most
patients die from disease recurrence or metastasis. Tyrosine
kinase inhibitors, such as sorafenib, lenvatinib and cabozan-
tinib, had been approved for HCC, but poor improvement in
overall survival of advanced HCC patients was observed in
the clinic [3-5]. Immune checkpoint blockade (ICB) therapy
is a newly developed treatment for HCC. The efficacy of ICB
therapy alone or in combination with kinase inhibitors has
been reported with varying response rates and survival ben-
efits in HCC patients [6—13]. Despite progress in available
therapies, effective and durable systemic treatment options
for HCC are still limited.

Adoptive immune cell therapies against HCC have been
used by administrating living immune cells with or with-
out antigen specificity. For example, non-specific adoptive
cell therapy, including lymphokine-induced killer cells,
autologous cytokine-induced killer (CIK) cells and natural
killer cells, has captured increasing attention [14—16]. These
immune-cell-based therapies, in combination with conven-
tional treatments, and/or kinase inhibitors, demonstrate
good safety in HCC patients. However, the lack of specific-
ity restricts these immunotherapies primarily as adjuvant
treatments. Specific adoptive cell therapy, such as chimeric
antigen receptor engineered T-cell and T cell receptor-
engineered T-cell (TCR-T) therapy, was hence developed to
enhance the anti-tumor effect and improve treatment efficacy
[17].

Hepatitis B-related HCC (HBV-HCC) is estimated to
account for approximately 75-80% HCC cases in China [18,
19]. Furthermore, more than 90% of HBV-HCC have HBV
DNA integrations and may express the whole or truncated
forms of HBV antigens [20-22], so it is reasonable to pre-
sume that HBV T cell epitopes are processed and presented
on HBYV infected hepatocytes or HCC cells. Thus, it seems
feasible to treat HBV-HCC using T cells engineered with
HBV-specific T cell receptors (HBV-TCR T cells). Indeed,
immunotherapy with HBsAg-specific TCR redirected T cells
in three HBV-HCC patients after liver transplantation was
reported to be safe and had potential therapeutic efficacy [22,
23]. However, at the moment there are no evidences to sup-
port whether HBV-TCR T cell could be implemented safely

and with sufficient efficacy in advanced HBV-HCC patients
due to the increased risk of severe liver inflammation from
the destruction of HBV-infected normal hepatocytes (on-
target off-tumor effects) under the general poor physical
condition of these patients.

In the current phase I clinical trial, we examined the
safety of T cell therapy using short-lived HBV-TCR-T cells
in eight patients with advanced HBV-HCC. Our study sup-
ports the notion that HBV-TCR-T cell therapy is safe and
well tolerated. On this basis, we also preliminarily evaluated
the potential clinical efficacy of the treatment.

Patients and methods
Workflow and clinical design

Here, we adoptively transferred autologous short-lived
mRNA HBV-TCR-T cells to perform an open-label, phase
1 dose-escalation study (NCT03899415) in eight advanced
HBV-HCC patients from the Fifth Medical Center of Chi-
nese PLA General Hospital, Beijing, China. This study was
approved by the Ethics Committee of the Fifth Medical
Center of PLA General Hospital and was conducted accord-
ing to the principles of the Declaration of Helsinki.

The workflow was showed in Fig. 1a. In this study, patient
B004 was HLA-CwO0801 type and the remaining patients
(B0OO1-B003 and B005-B008) were HLA-A0201 type
(Table 1). TCR-A2-HBs183-191 (TCR-A02/HBs) was used
for the HLA-A0201 patients, and TCR-HBV s171 (TCR-
CO08/HBs) was used for HLA-Cw0801 patients (Table 1).
The production of HBV-TCR-T cells were performed as
follows: peripheral blood mononuclear cells (PBMCs)
were harvested from 80 mL anti-coagulated whole blood
of enrolled subjects, followed by the activation and expan-
sion for 8 days with IL-2 (600 IU/mL, Miltenyi) and OKT-3
(50 ng/mL, Miltenyi) in AIM-V (Invitrogen) with 5% CTS
Serum Replacement (Invitrogen) as demonstrated in the
previous study [15]. Then, activated T cells were manufac-
tured to express HBV-specific TCR through electroporation
[22], and cultured overnight in AIM-V with IL-2 (100 U/
mL, Miltenyi). HBV-TCR-T cells were collected by cen-
trifugation for 20 min at 1500 r/min, washed twice in saline
(containing 5 g/L human albumin), resuspended in the
same solution with 400-500 mL, then transfused back into
patients intravenously.

The patients were admitted to the hospital before cell
therapy. No lymphodepletion was performed prior to the
adoptive transfer of HBV-TCR-T cells. The treatment sched-
ule with HBV-TCR-T cells was shown in Fig. 1b: the first
cycle included 4 escalating doses (1 x 10*-5x 10® CD8*Vp*
T-cells/kg) at one-week interval, and the subsequent infu-
sions were given with variable quantities of HBV-TCR-T
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Fig. 1 Workflow and schematic of study design. a The Workflow of
HBV-TCR-T-cell therapy. PBMCs are harvested, expanded, redirected
short-lived mRNA HBV-Env-specific-TCR by electroporation and

cells at a maximum dose of 5x 10® CD8*Vp* T-cells /kg,
each given one-week apart.

The primary endpoint was to evaluate the safety of HBV-
TCR-T-cell therapy, and the dose-limiting toxicity of TCR-T
cells was defined as follows: Grade 3/4 adverse events not
related to patient’s underlying malignancy or preexist-
ing comorbidities or any unexpected toxicity of any grade
according to National Cancer Institute Common Termi-
nology Criteria for Adverse Events (version 4.03) during
dose-escalation process and follow-up period. The second-
ary endpoint was to assess the efficacy of HBV-TCR-T-cell
therapy by measuring tumor response as follows: the first
evaluation of the tumor response was performed at the 21st
to 24th post days from the first TCR-T-cell infusion by MRI
or CT according to RECIST criteria (version 1.1), and every
3 months thereafter. Overall survival (OS) was assessed and
analyzed [24].

Enroliment criteria of patients

Eligible patients were (1) aged 18-70 years; (2) expressing
either HLA-A0201 or HLA-CwO0801; (3) Barcelona clinic
liver cancer (BCLC) stage A-C HCC patients with a posi-
tive test for HBsAg; (4) at least 1 month after a surgical
intervention or 2 weeks after transhepatic arterial chemo-
therapy and embolization (TACE) (may include other
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type of resection/ablation); (5) Child—Pugh <7 points
and Eastern Cooperative Oncology Group (ECOG) < 1;
(6) alanine aminotransferase (ALT) <200 IU/L, aspartate
aminotransferase (AST) <200 IU/L, total bilirubin< 17.1
umol/L and creatinine clearance > 60 ml/minute; (7) with-
out clinically significant abnormality in chest X-ray, car-
diac enzymes and electrocardiograph; (8) received anti-
viral treatment > 1 year prior to enrollment; (9) willing to
use an acceptable method of contraception who was during
child-bearing period; and (10) provided written informed
consent.

Exclusion criteria were as follows: (1) patients experi-
encing acute infection or gastric bleeding within 30 days;
(2) with positive hepatitis A/C/delta virus, human immu-
nodeficiency virus, or a chronic liver disease other than
CHB (e.g. autoimmune hepatitis, alcoholic liver disease,
non-alcoholic fatty liver disease and drug-induced liver
disease; (3) with any other serious physical and mental
illnesses; (4) women who are pregnant or breast-feeding;
(5) with a history of allergic reaction to blood products
or other investigational products; (6) patients s who are
receiving systemic medications, such as steroids during
the study treatment; (7) any cell therapy such as, but not
limited to natural killer, cytokine-induced killer, dendritic
cells, cytotoxic T lymphocyte, stem cells therapy 6 months
prior to study treatment.



1405

Hepatology International (2021) 15:1402-1412

uone[qe KouanbaIjorpel 7y ‘UOTRZI[OQUI0WAYD [BLISLIE I9Jayjedsues) FHV/ 93e1s (DD ) 100ued IdAI] JIUI[d euo[edIeyg D779 ‘dnoin A3o[oouQ aAn
-e1odoo) urdiseq HOHF ‘uro1dolgy-o 7y ‘uednue-o g snneday Syagy ‘uednue aoejins g snunedoy Sysgy ‘snaia g snnedoy Agy ‘osereydsoyd aureye 7y ‘Oselojsuenourwe ajerredse 7oy

HOVL T+qrunea

uorsnjut

qruojeIos qruoyeIos ou V4 1 +qrusjeios qruojeIos qruoyeIos U + qruojeIos qruojeIos [199-1-94D 1 1oyye Aderayy,
uone[qe
qruojeIos qruojeIos QARMOIOTIA | VA T +qruajeros qruajeIos qruoyeIos qruojeIos qruoyeIos Adexay) uoneurquio)
qruogeloS + VA + DDOH
10y Aderoyy ojruy wnijay-uosry qruejerog V4 +dOVL qruojeros +HIV.L qlusjeros V4 qruojeros +HOV.L qiuojelos +HIV.L ODH 10} jusunyean Iotid
IIABROQ)UY IIARO)UY IIABROQ)UY IIABOQ)UY IIABROQ)UY IIARO)UY IIABROQ)UY IIAROJUE JUUEDI) [RIIATIUY
SOX SOX ON SOX SOX SOX ON sox  peaids onedoyenxy Jo 90udsdIg
uors
ON ON ON ON SOX SOX ON SOX  -BAUI JE[NOSBAOIOBIA JO oocum.vi
(€6XSTD) (IZIx6'L1) (T€TX8) (Toqumu 29
(TEX8e) T ardniny (LoeXTO T Fex6e)T adnmw ardnmy (6'1%°¢) ardnmw (69X6EDN) AN W *Xews dZ1s) JOAL Ul Joumy,
o) 0 v o) o) 0 q o) a3e1s 104
(9109s) uon
oV 9V 9V 24 64 9V 8d 24 -BOYISSE[d YSnd—p[Iyd
1 1 1 0 z Z 1 I 21098 smyeys eoueuntoyred OO
ON SOX ON ON SOA ON ON ON Ty xod 3u 0oy < dAV
suoisnjur [[90
- - - - VOTATIdO T ITTRLTTA - —  -I-¥DL Teyye oouanbas adoydg
SuoISNJuI [[90-1-YD.L Joije
0c> 0c> 0> oy > (434 8I¢ oy > §0¢  (Iw/ND VNA AGH Sunemon)
- - - - VOTATIIO T ITTELTTA - ITIELTTA Jurfaseq e souanbas adoydyg
qurpeseq e
0> 0c> Ty 0> 166 8St oy > 66v  (IW/ND) VNA AgH Sunemony
QADISOJ QANISOq QADISOJ dANISOd QADISOq QANISOq QADISOJ QANISOJ smels QyogH
EINSLREING EINSIREING QAIIBION EINSLHEING QAIIBSON QANBSON EINSLHEING aanedoN snyels SyogH
8'€0¢ (SR K4 6vS1 9'T¥6 6'01C 6626 1444 20¢ (Juwy/n) wnies 3ysgH
- - - o) o) - o) adfjoua AgH
1020V-V'IH 1020V-VTH 1020V-VTH 1020V-V'IH 1080MD-VTH 1020V-VTH 1020V-V'TH 1020V-V'TH (Aug-AgH) SYOL-A9H
qurfeseq
Lyl 9LT 761 091 €LT LL T 0€T 18 ("7/01) SIUNOd 19[ae[d
Jurjeseq
1’01 €6l "1l S'L L'1T 81 (%374 S8 18 ("/[owr) urqnuiq [ejor,
€l 8¢ S'LT 9T 8 oy S9¢ (44 aurpaseq 18 (/ND LTV
61 08 w 9T 1L 1L a4 8¢ aurfaseq 1e (/N1 LSV
65 9S L9 9 8y 6S Is 6t (s1e9k) 3y
J[eIN EIEN Bl JeIN SN BN SN JEIN Iapuan)
8009 L009d 9009 S00d 7004 €009 2009 10049 ON s1uaneq

syuoned Jo sonstivloeIey) | 3|qeL

pringer

a's



1406

Hepatology International (2021) 15:1402-1412

Detection of engineered HBV-TCR-T cells

To detect the frequencies of HBV-TCR-T cells, the fol-
lowing antibodies were used: anti-CD3-APC-Cy7,
anti-CD8-BV510, and anti-TCR-Vp. Cells were labelled
with above-mentioned antibodies on ice for 30 min and
then thoroughly washed and fixed for further analysis by
flow cytometry.

Quantification of circulating HBsAg and HBV DNA

HBsAg was quantified using a Roche Cobas €601 electro-
chemistry luminescence immunity analyzer and an elecsys
for HBsAg quantitation (Roche Diagnostics, Mannheim,
Germany) with a lower limit of detection: 0.05 IU/mL
[25]. HBV DNA was measured from 200-pl plasma using
HBV-DNA assay kit (SANSURE BIOTECH INC., Hunan,
China) with a lower limit of detection: 40 IU/mL, or COBAS
AmpliPrep/COBAS TagMan (Roche Diagnostics, Man-
nheim, Germany) with a lower limit of detection: 20 IU/mL.

HBV genotype and epitope identification

HBYV genotype was determined as in previous study [26],
and HBV DNA was sequenced to analyze HBV epitope
sequences according to previous protocols [27].

Statistical analysis

AE terms were coded using the Medical Dictionary for Reg-
ulatory Activities (version 21.1). Time-to-Progression (TTP)
was analyzed from the date of HBV-TCR-T-cell infusion to
the date of disease progression. TTP and OS were analyzed
with the Kaplan—Meier method.

Results
Patient characteristics

The enrolled patients with advanced HCC were all male and
had a median age of 53.5 (ranging from 46 to 67) years.
Baseline characteristics of the patients were listed in Table 1.
Liver function of all patients met the enrollment criteria
prior to treatment. Six patients had Child—Pugh class A liver
function (BOO1, BO03, BO05-B008) and two patients were of
Child—Pugh class B (B002 and B004). As for BCLC staging,
6 patients had stage C (B0O1, B003-B005, BO07 and B008);
two patients had stage B (B002) and stage A (B006) HCC,
respectively. BOO6 had a single liver lesion while the remain-
ing patients had more than 1 hepatic tumors. In addition,
three patients had macrovascular invasion and six patients
had extrahepatic disease (Table 1). Two subjects (B004 and
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B007) had AFP >400 ng/mL, the ranges of serum HBsAg
were from 202 IU/mL to 1549 IU/ml, and four patients
(B0O0O1, BO03, B0O04 and B006) had circulating HBV DNA
level > 40 IU/mL (Table 1). Meanwhile, HBV genotypes
in three patients (BOO1, BO03 and B004) were C, and the
corresponding HBV Epitope sequences of BOO1 and B003
were FLLTRILTI and B004 was FLGPLLVLQA (Table 1).
The results suggest that the amino acid sequences recog-
nized by TCR-T were conserved in BO03 and B004 with the
same sequence at baseline and after TCR-T-cell infusions
(Table 1) Due to the low levels of circulating HBV DNA
in the remaining six patients, we failed to test HBV geno-
types in these patients. Other clinical parameters of enrolled
patients including peripheral platelet counts, serum HBeAg
and HBeAb status were also shown in Table 1.

All patients had a history of chronic HBV infection and
received entecavir treatment. Apart from B003 and B006,
other patients were administrated with sorafenib before
TCR-T-cell therapy. Moreover, all other patients, with the
exception of BO04 and B0O07, received local therapy for liver
tumor including TACE or liver lesion microwave ablation
before TCR-T-cell therapy. Patients BOO1, B0O02, BO03,
B004, BO05, BOO7 and B0OOS received Sorafenib treatment
in combination with TCR-T cell infusion (Table 1). More
detailed, BOO2 received Sorafenib first, then followed by
Lenvatinib after 1 year of the last infusion, and underwent
twice TACE after 1 and 2 year of the last infusion during
the follow-up period; BOO5 received RFA at 1 month after
the last infusion; and BOO6 underwent 1 microwave ablation
after the first TCR-T-cell infusion (Table 1).

Short-term HBV-TCR expression on T cells

We successfully generated HBV-TCR-T cells for all eight
patients. The median time to manufacture the cell products
for clinical use was 10 (range from 9 to 11) days. Before
electroporation, CD8 T cells accounted for 85% (range
from 79 to 93%) of expanded cells after in vitro expansion.
Representative dot plots of the percentages of CD8* T cells
in CD3* T cells from B001 were shown in Fig. 2a. The
percentages of HBV-TCR-T (CD8*Vp™) cells in CD3* T
cells remained high between 12 and 48 h post electropora-
tion, and then decreased to normal levels after 72 h. Rep-
resentative dot plots of the dynamic percentages of HBV-
TCR-T (CD8"VB*) cells in CD3* T cells from BOO1 were
shown in Fig. 2b. Given the clinical application, we per-
formed infusions with HBV-TCR-T cells obtained 24 h after
electroporation.

Adverse effects

The median numbers of cell infusions were 8 (range from
4 to 12), B0OO1 received 12 cell infusions, B0O02, BOO7 and
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Fig.2 Characteristics of a
HBsAg-TCR-T cells. a Prolif-

eration profiles of CD8 T cells
from one HBV-HCC patient.
Values in quadrant indicate
percentage of CD8 T cells in
cultured lymphocytes (gated on
CD3 +T lymphocytes). b Elec-
troporation efficiency. Values
in quadrant indicate TCR-Vf
percentages expressed on T
cells at different times after
electroporation
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BO008 8 infusions, and B003-B006 received 4 infusions,
respectively. During and immediately after T cell infu-
sions, none of patients had acute adverse events of vom-
iting, allergies, coma, or graft-versus-host disease. The
incidence and severity of all observed toxicities and their
associated dose are displayed in Table 2. Two patients
(B0O1 and B002) experienced adverse events during the first
cycle of HBV-TCR-T infusion. BOO1 experienced Grade 3
adverse events with a rapid elevation of liver enzymes (a
max ALT of 506 IU/ml) and jaundice (a max total biliru-
bin of 70.3 umol/L) after receiving the second dose (1 X 10°
cells/kg). These indexes peaked at ~ 16 days and resolved at
~80 days after the second TCR-T infusion (Fig. 3a). BO02
had a mild and gradual elevation of ALT with a maximum
of 90 IU/ml at~ 10 days and resolved at~ 50 days after the
second infusion (5 x 10* cells/kg) (Fig. 3b). In both patients,
liver enzymes normalized without interventions with gluco-
corticoid or other immunosuppressive agents such as IL-6
receptor antagonist tocilizumab. No liver-related adverse
events were observed during the subsequent second cycle
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HBV-TCR-T infusions. Adverse events were not observed for
the rest of the patients even at the maximum planned dose
of 5% 10% cells/kg. There were also no abnormal changes in
renal function among the eight patients during the whole
treatment period. Taken together, these data indicate that
HBV-TCR-T-cell therapy for advanced HBV-HCC patients
was safe and well tolerated.

Antitumor activity of HBV-TCR-T-cell therapy

The impact on overall survival was then evaluated. The
median TTP for patients enrolled was 6.18 months (rang-
ing from 0.2 to 27.7 months) (Fig. 4a) and the median OS
was 33.1 months (ranging from 2.5-37.4 months) (Fig. 4b).
B003, B0O04 and BOO7 patients exhibited the shortest TTP
(0.93, 0.9 and 0.2 months, respectively). The high tumor
load and AFP values at baseline of these 3 patients together
with extrahepatic and macrovascular spread at the inception
of the study indicates a more advanced disease state before
treatment (Table 1). BOO3 and B004 passed away within
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Table 2 Safety evaluation

Patients No  The number of infu- HBV TCR-T cell related AE Best overall TTP 0S Current status
sions and maximum - response (months)  (months)
dose AE Associated dose
B0O1 12 (5% 10%kg) Grade 3 ALT increase; 1% 10%/kg PR 27.7 374 Loss to follow-up
Grade 3 GGT increase; (censored)
Grade 3 AST increase;
Grade 3 bilirubin increase
B002 8 (2% 10%kg) Grade 1 ALT increase 5% 10*/kg SD 2.97 33.1 Death
B003 4(1x 106/kg) None NA PD 0.93 3.53 Death
B004 4(2x1 OS/kg) None NA SD 0.9 2.53 Death
B005 4 (5% 106/kg) None NA SD 9.4 18.8 Loss to follow-up
(censored)
B006 4 (1.53x 10%kg) None NA NE 23.8 23.8 Alive
(censored)
B007 8 (5% 10%kg) None NA PD 0.2 6.7 Death
B008 8 (5% 10%/kg) None NA NE 16.9 20.0 Alive
(censored)

HBYV hepatitis B virus, AE adverse reaction, TTP time-to-progression, OS overall survival, ALT alanine transaminase, GGT gamma-glutamyl-
transferase, AST aspartate aminotransferase, PR partial response, SD stable disease, PD progressive disease, NVE not evaluated, NA not available
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Fig.3 The alterations of ALT levels in BOO1 and BO02 after TCR-T-cell infusion a BOO1 and b B002

4 months after one cycle of TCR-T-cell infusion and BOO7
died within 7 months after two cycles of TCR-T-cell infusion
(Fig. 4c). On the other hand, BO0S5, B006 and B0OS, showed
alonger TTP (9.4, 23.8 and 16.9 months, respectively) and
survival (18.8, 23.8 and 20.0 months, respectively) (Table.
2 and Fig. 4b). While BOO1 was lost to follow-up, BO06 and
B0O0S8 were alive at the time the data were analyzed (Table. 2
and Fig. 3c). The good outcomes of the three patients could
be associated with the lower tumor load at study inception
(Table. 1). This was especially pertinent for patient BOO6
who not only had a lower tumor load but was also at an ear-
lier stage of the disease (BCLC stage A). Despite the high
tumor load at baseline, BOO1 and B002 had a longer TTP
(27.7 and 2.97 months, respectively) and survival (37.4 and
33.1 months, respectively) than those of BO03, BO04 and
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BO0O07 after receiving 4 and 2 cycles of TCR-T-cell therapy,
respectively (Fig. 4c). Importantly, BOO1 achieved a par-
tial response lasting with 27.7 months, with a significant
shrinkage of liver tumor size, and BO02 achieved stable dis-
ease, supporting a significant benefit of HBV-TCR T-cell
therapy on long-term OS. Overall, there was a trend towards
increased survival after TCR-T treatment.

Having evaluated the efficacy aspects of the treatment, we
next assessed whether the adoptive transfer of the short-lived
HBV-TCR-T cells have an on-target effect. By comparing the
serum HBsAg levels before and after the last HBV-TCR-T
cell infusion, we observed either a decline or stabilization
of serum HBsAg in 7 out of 8 patients (Fig. Sa—h). Simul-
taneously, the circulating HBV DNA loads were reduced or
stable at undetectable levels in all 8 patients after TCR-T-cell
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33.1 months (n=38). ¢ Outcome for evaluable patients by Swimmer plot

infusions (Fig. 5a—h). Collectively, these results suggest that
the treatment could indeed target HBV-expressing cells.

Discussion

Previous studies reported that HBV-TCR-T-cell immuno-
therapy in HBV-HCC patients after liver transplantation
with disseminated HCC metastasis in lung, bones and neck
or with HCC recurrence had no signs of acute toxicities and
only had a largely unremarkable alteration of ALT levels.
However, the safety of HBV-TCR-T-cell immunotherapy
had not been evaluated in HBV-HCC patients who had not
performed liver transplantation. Herein we conducted a
dose escalation, phase I trial using short-lived HBV-TCR-T
cells in 8 advanced HBV-HCC patients and found that HBV-
TCR-T-cell infusions were well-tolerated with one patient
(12.5%) experiencing Grade 3 increase of liver enzymes and
one patient experiencing Grade 1 AEs with mild elevation

of liver enzymes during the first treatment cycle. The AEs
resolved without intervention with glucocorticoid and immu-
nosuppressive agents. Compared to CAR-Glypican-3 T-Cell
therapy for advanced HCC, the incidence and severity of
AEs after HBV-TCR-T-cell immunotherapy in our study was
lower and less frequent, and had no neurotoxicity, cytokine
release syndrome, or WBC, lymphocyte and platelet count
reduction. Comparing to autologous CIK cells for HCC, the
rates of AEs were 62%, and the rates of SAEs were 6%. The
lower rates of SAEs in CIK therapy than that of HBV-TCR-
T-cell immunotherapy may be due to the lower tumor load
of patients who had undergone curative treatment. Overall,
these data suggest that HBV-TCR-T-cell immunotherapy in
advanced HBV-HCC patients without prior liver transplanta-
tion was safe and tolerable.

Consistent with the previous study in HBV-HCC patients
after liver transplantation, we observed therapeutic effi-
cacy of HBV-TCR-T-cell immunotherapy in the recruited
advanced HBV-HCC patients. Three patients showed
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Fig.5 Serum levels of HBsAg and HBV DNA before and after
TCR-T-cells infusion. HBsAg and HBV DNA levels of every patient
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B005; £ BO06; g BOO7 and h BOOS before and after HBV-TCR-T-cell

radiological responses with a shrinkage of tumor, especially
in BOO1 whose tumor size decreased from 13.9x 6.9 cm to
8.6 x5.8 cm after four cycles of HBV-TCR-T-cell therapy.
This anti-tumor efficacy was likely due to the on-target
effects of the adoptively transferred HBV-TCR-T cells as
serum HBsAg levels declined in all but one patient after
the last HBV-TCR-T cell infusion. Additionally, the median
OS duration and the median of time-to-progression in
patients were 33.1 and 6.18 months, respectively. Compared
to the median OS of advanced patients in our study, the
median OS achieved after CAR-Glypican-3 T-Cell therapy
(10.0 months) was lower.
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Days from infusion

Days from infusion

infusion. The numbers of HBV-TCR -T cells are indicated in black,
HBsAg and HBV DNA levels are expressed in red and blue, respec-
tively. The blue horizontal lines in b, e, f, g and h meant that the lev-
els of HBV DNA levels were lower the limit of detectable levels

There were some limitations in our study. For exam-
ple, it was very difficult to obtain liver tumor tissues from
the enrolled patients due to potential risks that included
promoting tumor metastasis and/or bleeding. In addition,
there was a small number of enrolled patients. Future
studies are warranted to confirm the safety and efficacy
of such short-lived HBV-TCR-T cells in a larger cohort of
advanced HBV-HCC patients.

In conclusion, adoptive T cell therapy using autologous
short-lived HBV-TCR-T cells is a technically feasible and
safe treatment with tolerable toxicity and with potential
therapeutic efficacy in advanced HBV-HCC patients.
These data accumulated thus far support the continued
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development of this approach as an alternative treatment
for HCC.
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