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HBV-specific SCG101 TCR-T cells with verified efficacy and safety in preclinical and clinical settings confer

dual functionalities against HBV-infected cells and HBV-HCC tumor cells.

Study Highlights

o Patient-derived T cells can be manufactured via lentiviral transduction under GMP conditions to express an HBV-
specific TCR.

o HBV-specific T cells do not elicit off-target toxicity in vitro, in vivo, and in a patient suffering from an HBV-related
HCC.

o HBV-specific T cells persist after single dosing in the HBV-HCC patient, resulting in robust HBsAg reduction and
reduction of tumor lesions by >70%.
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Background/Aims: Hepatitis B virus (HBV)-DNA integration in HBV-related hepatocellular carcinoma (HBV-HCC)
can be targeted by HBV-specific T cells. SCG101 is an autologous, HBV-specific T-cell product expressing a T-cell
receptor (TCR) after lentiviral transduction recognizing the envelope-derived peptide (S,y.5) on HLA-A2. We here
validated its safety and efficacy preclinically and applied it to an HBV-related HCC patient (NCT05339321).

Methods: Good Manufacturing Practice-grade manufactured cells were assessed for off-target reactivity and func-
tionality against hepatoma cells. Subsequently, a patient with advanced HBV-HCC (Child-Pugh class A, Barcelona
Clinic Liver Cancer stage B, Eastern Cooperative Oncology Group performance status 0, hepatitis B e antigen-,
serum hepatitis B surface antigen [HBsAg]+, HBsAg+ hepatocytes 10%) received 7.9x107 cells/kg after lymphodeple-
tion. Safety, T-cell persistence, and antiviral and antitumor efficacy were evaluated.

Results: SCG101, produced at high numbers in a closed-bag system, showed HBV-specific functionality against
HBV-HCC cells in vitro and in vivo. Clinically, treatment was well tolerated, and all adverse events, including transient
hepatic damage, were reversible. On day 3, ALT levels increased to 1,404 U/L, and concurrently, serum HBsAg start-
ed decreasing by 3.84 log,, and remained <1 IU/mL for over six months. HBsAg-expressing hepatocytes in liver bi-
opsies were undetectable after 73 days. The patient achieved a partial response according to modified RECIST with
a >70% reduction in target lesion size. Transferred T cells expanded, developed a stem cell-like memory phenotype,
and were still detectable after six months in the patient’s blood.

Conclusions: SCG101 T-cell therapy showed encouraging efficacy and safety in preclinical models and in a patient
with primary HBV-HCC and concomitant chronic hepatitis B with the capability to eliminate HBsAg" cells and achieve
sustained tumor control after single dosing. (Clin Mol Hepatol 2024;30:735-755)
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most com-
mon malignancy and the third leading cause of cancer-re-
lated mortality worldwide.! Systemic HCC therapies en-
compass immune checkpoint, angiogenesis, or tyrosine
kinase inhibitors, but response rates remain limited.? The
risk of HCC recurrence is high because the therapies do
not target the underlying cause of HCC development.

Hepatitis B virus (HBV) infection is the primary risk factor
for HCC development, accounting for ~50% of HCC world-
wide and ~85% in China.® Despite the implementation of
vaccination programs, the projected number of liver cancer
cases in China remains high, with 300,000 total cases pre-
dicted for 2030.% HBV-DNA integration is detected in 86%
of HBV-related HCC tumor cells.* HBV-DNA integration
contributes to tumorigenesis and can result in persistent
expression of either complete hepatitis B surface antigen
(HBsAg) or fragments thereof depending on the integration
sites. This renders HBsAg an interesting therapeutic target
as HBsAg is clearly distinct from proteins expressed in
healthy liver tissue. As such, it represents an ideal target
for adoptive cell therapy (ACT) of HBV-related HCC, as it is
also able to address the underlying cause of HCC develop-
ment. Clonal expansion of hepatocytes with HBV-DNA in-
tegration occurs early after infection and increases with
disease progression.>® Consequently, targeting these po-
tentially premalignant cells seems crucial to prevent further
HCC progression and the formation of new lesions.

HBV breakpoints resulting in HBV-DNA integration most
commonly localize within a 1,800 bp region of the HBV ge-
nome, preserving the structural integrity of the envelope, X
and polymerase open reading frames.* In advanced stages
of chronic hepatitis B (CHB) and HCC, a substantial pro-
portion of HBsAg appears to emanate from integrated DNA
rather than from active viral infection,” and particularly
ground glass hepatocytes contain abundant HBsAg.? The
number of HBsAg" cells determined by histological staining
is variable, ranging from 8—42% within tumor tissue and
71-86% in adjacent non-tumor tissue.”"* Even in histologi-
cally negative HCC samples, HBsAg RNA can be detected
via gPCR and Nanostring technology.”®

Immunopeptidomics analysis of HBV-HCC samples con-
firmed that most of the HBV peptides presented on tumor
cells are derived from envelope and polymerase pro-
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including the HBV peptide S,, (also referred to as
Env,g;) presented on human leukocyte antigen (HLA)-
A*02. T cells genetically modified to express HBV-specific
TCRs can be redirected to recognize HBV-positive target
cells.”®" Out of a library of HBV-specific TCRs, the most
sensitive and highly specific, HLA-A*02-restricted TCR rec-
ognizing the HBV S,, peptide was selected for preclinical
and clinical development.” T cells expressing this HBV-
specific TCR secrete pro-inflammatory and antiviral cyto-
kines, and selectively eliminate HBV-positive hepatoma
cells and HBV-infected target cells, thereby clearing viral
infection.'®

In earlier clinical studies, T cells transiently expressing an
HBV-specific TCR after RNA-electroporation were used to
target HBV-HCC metastases.” In that setting, HLA-A2-re-
stricted, HBV-specific T cells were repeatedly applied to
patients that had been transplanted with an HLA-mis-
matched liver, thereby only targeting metastases of the
original tumor but not the transplanted liver."® Given the
mere mass of malignant cells within a solid tumor such as
HCC, we hypothesized that tumor targeting and efficient
killing of tumor cells would require a stable expression of
an HBV-specific TCR to allow T cells to expand while main-
taining their specificity and effector function. Therefore, a
Good Manufacturing Practice (GMP)-compliant, semi-auto-
mated protocol for generating and upscaling an autologous
T-cell product by lentiviral transduction and expansion was
developed. Functionality and safety of the HBV-specific
TCR T cell product (product code SCG101) were evaluated
in preclinical models. Furthermore, for the first time, these
stably TCR-expressing autologous cells were studied in a
setting of primary HBV-related HCC and concomitant
chronic hepatitis B. We here report the application of a sin-
gle dose of SCG101 to an HLA-A*02:01-positive patient
within an investigator-initiated clinical trial (NCT05339321).

MATERIALS AND METHODS
T-cell transduction

The patient’s peripheral blood mononuclear cells were
collected by leukocyte apheresis. Cells were sorted by
magnetic beads carrying CD4 and CD8 antibodies (Miltenyi
Biotec, Auburn, CA, USA) on a CliniMACS® Plus Instru-
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ment under GMP conditions. Subsequently, the sorted
CD4" and CD8' T cells were activated by TransAct micro-
spheres presenting anti-CD3/CD28 antibodies (Miltenyi
Biotec) and cultured in Prime-XV T-cell medium (Irvine Sci-
entific, Santa Ana, CA, USA) with 400 IU/mL interleukin
(IL)-2 (Shandong Quangang Co., Shandong, China).

A GMP-grade lentivirus (produced by WuXi AppTec.
[Shanghai, China]) encoding the HBsAg-specific TCR gene
was added to activated T cells on day 1. Cells were cul-
tured at 37°C for 8 to 12 days in a closed bag system (Cyti-
va, Marlborough, MA, USA) on a Xuri Cell Expansion Sys-
tem W25 (Cytiva). Cells were harvested by 300xg
centrifugation for 5 minutes at room temperature and then
washed with a saline solution containing 5% human albu-
min (FLEXBUMIN; Baxter, Westlake Village, CA, USA). Af-
ter washing, cells were frozen in CS10 medium (STEM-
CELL Technologies, Sunrise, FL, USA) and stored at
—150°C.

T-cell functionality assays

For cytokine production assays, 5x10* T cells were co-
cultured with an equal number of target cells in 96-well U-
bottom plates. Reactivity against the HLA-A*02:01-present-
ed S,, peptide was determined by pulsing T2 cells with
peptide (1 pM, or as indicated) for two hours before co-cul-
ture. Co-culture supernatants were harvested after 18—24
hours, and interferon-gamma (IFN-y), tumor necrosis
factor-a (TNF-a), and interleukin-2 (IL-2) concentrations
were measured by Cytometric Bead Array (CBA; BD Bio-
sciences, San Jose, CA, USA) according to the manufac-
turer’s instructions. Cytotoxicity assays were performed by
co-culture of T cells with target cells at the indicated effec-
tor-to-target (ET) ratios. Briefly, 2x10* target cells per well
were seeded and cultured overnight before effector T cells
were added at the indicated ratios. Target cell lysis was
evaluated with the xCELLigence Real-Time Cell Analyzer
(Agilent technologies, Santa Clara, CA, USA), which as-
sessed electrical impedance due to the adherence of cells
in each well every 15 minutes until the end of the experi-
ment. The data were processed using the xCELLigence
RTCA software, and the results were reported as a cell in-
dex value, which was set to 1 when T cells were added.
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Patient characteristics and clinical intervention

The patient (code ST1206) described herein provided
written informed consent to be enrolled in an investigator-
initiated study (NCT05339321). The protocol was approved
by the local ethics committee of the Peking Union Medical
College Hospital. The study was conducted in accordance
with the International Conference on Harmonization Guide-
lines for Good Clinical Practice and the Declaration of Hel-
sinki. The patient received compensation for travel and a
meal per visit. The primary objective of this study was to
assess the safety and tolerability of SCG101 in HCC pa-
tients who were serum HBsAg positive, hepatitis B e anti-
gen (HBeAg) negative, had HBV-DNA levels of <2x10° IU/
mL, were HLA-A*02 positive, and who had failed at least
one prior line of treatment.

The enrolled participant presented here was HBeAg-
negative individual with HBsAg level of 651 1U/mL during
the screening phase. He was genotyped as HLA-A*02:01
and categorized as Child-Pugh A based on liver function
assessment. Before intravenous infusion of SCG101, the
patient received lymphodepletion chemotherapy (fludara-
bine 25 mg/m®/day and cyclophosphamide 500 mg/m?/day
on days -6 to -4) for preconditioning. On day 0, the subject
received 7.9x10” TCR-T cells per kg, corresponding to
5.9x10° total TCR-T cells. Cell infusion took 70 minutes.

Efficacy was evaluated according to modified Response
Evaluation Criteria in Solid Tumors (mMRECIST) and im-
mune RECIST (iRECIST). Imaging and tumor assessment
were conducted in month one, month two, and every two
months thereafter, using contrast-enhanced computed to-
mography (CT).

Biopsy staining

Liver biopsies were formalin-fixed and paraffin-embed-
ded before 4 um tissue sections were obtained. Immuno-
histochemistry staining using the BOND RX Fully Automat-
ed Research Stainer (Leica, Wetzlar, Germany) with a
bond polymer refine DAB detection. Deparaffinized slides
were incubated with anti-HLA-A (#ab52922; Abcam, Cam-
bridge, UK), anti-hepatitis B core antigen (HBcAg) (#CHM-
0100; CELNOVTE, Zhengzhou, China) or anti-HBsAg
(#CHM-0121; CELNOVTE) antibody for 60 minutes and
then treated with anti-polymer peroxidase-conjugated
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(HRP) secondary antibody (#DS9800; Leica) for 30 min-
utes. Slides were then treated with hematoxylin, washed in
distilled water, counter-stained with eosin and manually
covered. Slides were air-dried and mounted with an anti-
fade mounting medium, and pictures were taken on a Pan-
noramic Midi Il system (3DHistech Ltd.).

RESULTS
Specificity of the clinical T-cell product SCG101

SCG101 is a human TCR T-cell product expressing a
natural, high-affinity TCR isolated from an HLA-A*02:01"
donor with resolved HBV infection.” The TCR construct
comprises V alpha 34 and V beta 5.1 variable domains
fused to minimally-murinized cysteine-modified constant
domains to enhance correct pairing of the TCR chains
while keeping immunogenicity at a minimum (Fig. 1A).”
The TCR was cloned into a lentiviral vector for transduction
of T cells with a GMP-compliant protocol. As part of the cell
product assessment before clinical application, SCG101 T
cells were characterized in vitro and in preclinical models.

Specific binding of the TCR to its peptide-MHC complex
(S, FLLTRILTI_HLA-A*02:01) was dose-dependent with a
half-maximum binding activity of 2.1 nM (Fig. 1B). Within
primary SCG101 T cells, CD8" as well as CD4" T cells
were able to bind the S,, multimer, indicating a transduc-
tion rate of almost 90% (Fig. 1C). Staining using an anti-
body specific to the human TCR variable beta chain 5.1
(TCRVB5.1), and an HLA-A*02-S,, multimer allowed to esti-
mate TCR expression and pairing efficiency, respectively.
Accordingly, TCR mispairing with endogenous TCR se-
quences could be deduced from positive Vf staining in the
absence of multimer-binding. The maximum likelihood of
such mispairing was low, with a mean value of 7% among
six batches of SCG101 T cells (Fig. 1C).

To investigate the specific binding of SCG101 further, we
aimed to assess critical amino acids within the TCR epit-
ope sequence that are either essential for recognition by
SCG101 T cells or for peptide binding to the HLA-A2 mole-
cule. The exchange of L-T-R-I at position S22-S25 led to a
90-99% reduced recognition of the peptide, indicating the
potential binding motif (Fig. 1D). Next, we assessed the
cross-reactivity of SCG101 with human peptides and po-
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tential off-target activity. Neither the nine human peptides
identified to contain the potential binding motif L-T-R-I (Fig.
1E, Supplementary Fig. 1A) nor the 14 peptides that shared
six identical amino acids with peptide S,, (Fig. 1F, Supple-
mentary Fig. 1B) led to activation of SCG101 T cells.
Hence, the results demonstrated the specificity of
SCG101’s TCR and indicated the absence of cross-reactiv-
ity against tested very similar human peptides. Taken to-
gether, the SCG101 T-cell product exhibited clearly recog-
nizable levels of TCR expression and correct TCR chain
pairing while retaining specificity to its cognate HBV pep-
tide.

Potency of SCG101 T cells

We next asked whether the clinical-grade SCG101 T cell
product produced using a new upscaling protocol under
GMP conditions would maintain antiviral and antitumor po-
tency."® The functional avidity of SCG101 was measured by
secretion of pro-inflammatory cytokines towards a dose-ti-
tration of peptide S,, loaded onto T2 cells compared to
peptide C,s, which should not be recognized (Fig. 2A).
IFN-y secretion proved most sensitive with an ECs, of
1.55x10® M. When co-cultured with HBsAg* HepG2 hepa-
toma cells, SCG101 T cells were able to kill rapidly and
specifically up to 100% of target cells within 48 hours (Fig.
2B). Consistent with the cytotoxic capability of SCG101, the
antiviral cytokine IFN-y was produced at high levels of 20
ng/mL upon antigen stimulation at an ET of 1:1 (Fig. 2C).
HBsAg in supernatants was also reduced by approximately
50% within two days of co-culture (Fig. 2D).

In vivo efficacy of SCG101 T cells

To analyze the anti-tumor activity and tissue distribution
of SCG101 in an in vivo model, we used a xenograft model
with transplanted HBsAg" hepatoma cells. When tumors
had formed, four different SCG101 dose levels ranging
from 2 to 20 million TCR* T cells were applied (Fig. 3A).
Animals did not lose body weight during treatment (Fig.
3B), and by day 21, tumor growth inhibition in all SCG101
TCR-T groups was >95% (Fig. 3C).

The same preclinical model was also used to study the
pharmacokinetics of the highest dose of TCR" T cells (Sup-
plementary Fig. 2A). The distribution of SCG101 was ana-
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Figure 1. Properties of the clinical HBV-specific T cell product SCG101. (A) Schematic structure of the HLA-A*02-restricted, HBV S,.-
specific T cell receptor (TCR) used for transduction of T cells to generate SCG101. To increase TCR expression and correct pairing, TCR
chains were codon-optimized, and an additional cysteine bond (orange, dashed line) was introduced to the constant domains. The hu-
man constants harbored nine amino acids from the murine TCR constant domains as indicated (red lines). pMHC, complex of peptide
and MHC. (B) Binding strengths of TCR SCG101 expressed in Jurkat cells. Jurkat-SCG101 were stained with decreasing amounts of
HLA-A*02:01-S,, (FLLTRILTI)-PE-labeled multimers (blue circles) or with an HLA-A*02:01-C,; (FLPSDFFPSV) multimer (red circles) as
negative control. The mean fluorescence intensity (MFI) was quantified by flow cytometry. (C) TCR expression in CD8" and CD4" T cells
after lentiviral transduction was detected by co-staining S,, dextramer and anti-human CD4/CD8. The binding of a PE-labeled S,,-multi-
mer indicates correctly paired TCR chains and VB5.1-FITC staining indicates the proportion of transduced T cells. Quantification of the
potential TCR mispairing rate in % as a quotient of total S,, dextramer+ cells divided by (total VB5.1" cells — endogenously expressing
VB5.1" cells). Mean+SEM for mispairing rates of six SCG101 batches are shown. Untransduced cells (UT) served as a control to quantify
T cells endogenously expressing VB5.1. (D) Estimation of the SCG101 recognition motif by alanine scanning. Each native residue of pep-
tide S,, (FLLTRILTI) was substituted at each position for an alanine. T2 cells were pulsed with 1 uM of each modified peptide indicated on
the x-axis and co-cultured with SCG101 TCR-T, the IFN-y concentration was measured by CBA. The prototype S,,-gtA/D and the C,q
peptide were set as positive or negative controls, respectively. (E) Cross-reactivity screening of SCG101 against human peptides con-
taining the core binding motif L3 / T4 / R5 / 16 at concentrations of 1 (blue circles) and 0.1 (red circles) pg/mL. (F) Cross-reactivity of
SCG101 against human peptides containing > six amino acid sites consistent with the S,, peptide. S,,-B/C peptide FLLTKILTI represents
a variant often found in HBV genotypes B and C. Mean values of duplicates are shown. The labeling indicates the name of the human
gene containing the respective peptide sequence. HBV, hepatitis B virus; HLA, human leukocyte antigen; SEM, standard error of the
mean; IFN-y, interferon-gamma; CBA, cytometric bead array.

lyzed by qPCR of 14 different tissues at six consecutive  the body by day one. After a gradual decrease of SCG101
time points over three weeks. After a single dose of 1x10° in all tissues by day seven, copy numbers increased again
TCR" T cells/kg, the cells had rapidly distributed throughout in the following two weeks, peaking on day 21 (Supplemen-
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Figure 1. Continued.

tary Fig. 2B), indicating T-cell expansion upon antigen rec-
ognition. SCG101 accumulated mainly in the lung, spleen,
blood, and liver (Supplementary Fig. 2C). Taken together,
SCG101 TCR-T mediated a high target-specific anti-tumor
activity and initiated T-cell persistence in vivo.

Application of HBV-specific T cells in a clinical
setting

Encouraged by the preclinical data showing the anti-tu-
mor activity of SCG101, an investigator-initiated trial, “Clini-
cal study of SCG101 in the Treatment of Subjects with
Hepatitis B Virus-Related Hepatocellular Carcinoma
(SCG101-CI-101)”, was set up. It was approved by the local
ethics board. A 54-year-old HLA-A*02:01" man diagnosed
with CHB and HCC in 2019 was enrolled in the study and
infused with SCG101 in July 2022. The patient had a histo-
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ry of tumor and liver segment VIII resection in 2019, fol-
lowed by transarterial chemoembolization in 2019 and
2021 and sorafenib treatment for one year. The patient
started to take entecavir for HBV infection management in
March 2022 (Fig. 4A). The status of his liver disease was
Child-Pugh class A, Eastern Cooperative Oncology Group
(ECOG) performance status 0, BCLC stage B and China
liver cancer (CNLC) classification stage Ilb without extrahe-
patic metastasis, portal vein thrombosis, or other comor-
bidities (Fig. 4B).

An archived liver biopsy sample taken three months be-
fore adoptive T-cell transfer was analyzed (Fig. 4C). De-
spite having multiple nodules and two target lesions, ob-
taining tumor biopsy was unsuccessful. Histological
analysis revealed an intense HLA-A staining along sinu-
soids and a weaker HLA-A staining on hepatocytes (Fig.
4D). The tissue stained negative for HBcAg (Fig. 4E) and
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Figure 2. In vitro potency of the HBV-specific T-cell product SCG101. (A) The functional avidity of SCG101 T cells was assessed by titra-
tion of the S,, peptide (blue circles) loaded on T2 cells. The concentration of IFN-y, TNF-a, and IL-2 in supernatants after 24 hours of co-
culture was measured by CBA. C,4 peptide (red circles) loading served as a negative control. (B) Cytolysis of tumor cell lines determined
by the impedance of adherent target cells via XCELLigence real-time measurement. HBsAg negative (left) or positive (right) HepG2 target
cells were co-cultured with SCG101 (blue lines) or untransduced (UT, red lines) at an effector-to-target (E:T) ratio of 1:1 (solid lines) or 1:5
(dashed lines). Mean values are shown. (C) Supernatants of the co-cultures were analyzed for IFN-y after 48 hours by CBA. (D) HBsAg
in supernatants after 48 hours of co-culture was measured by a quantitative ELISA. Data from two donors (C, D mean+SEM) are shown.
HBV, hepatitis B virus; IFN-y, interferon-gamma; TNF-a, tumor necrosis factor-o; IL, interleukin; HBsAg, hepatitis B surface antigen; SEM,
standard error of the mean; CBA, cytometric bead array.

an average of around 10% of hepatocytes across three dif-
ferent sections stained positive for HBsAg (Fig. 4F).

After signing informed consent, the patient underwent
leukapheresis to obtain peripheral blood mononuclear cells
to produce SCG101 with the standardized protocol under
GMP conditions. The cell product contained 30% TCR" T
cells, with CD8" and CD4" T-cell frequencies of 62.12%
and 36.78%, respectively (Supplementary Fig. 3A), and
passed all the quality controls and release criteria (Supple-
mentary Fig. 3B). The data cut-off was February 7, 2023.
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Treatment-related events

One week before treatment, lymphodepletion was per-
formed on three consecutive days using cyclophospha-
mide and fludarabine. Finally, a single dose of 7.9x10’ per
kg corresponding to 5.9x10° total TCR-T cells was infused.
Upon adoptive T-cell transfer, the patient was closely moni-
tored for treatment-related adverse events (TRAE) and
blood was analyzed regularly (Fig. 5A). The patient tolerat-
ed SCG101 therapy well; no treatment-related serious ad-
verse events (SAEs), neurotoxicity, or infusion reactions
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Figure 3. In vivo anti-tumor potency of HBV-specific SCG101 T cells. (A) NOD-Cg-PrkdcSCIDIL-2Rgcnull/vst (NPG) mice
(female:male=1:1) were subcutaneously inoculated with 1x10” HBsAg' hepatoma cells/animal in the right armpit. After six days, 60 ani-
mals were divided into six groups. Mice received either increasing numbers of SCG101, multimer positive T cells of 0.2 to 2x10” TCR-T
cells/animal, or a mixture of CS10, HSA, and sodium chloride (vehicle, black lines), or untransduced T cells (UT, 4.3x10” cells/animal,
brown lines) according to the total number of T cells in the highest SCG101 group. Injections were done intravenously and (B) body
weight and (C) tumor volume were analyzed twice weekly. Mean+SEM of n=10 per group, 5 males (circles) and 5 females (squares) are
shown. HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; TCR-T, T cell receptor T cells; SEM, standard error of the mean.

***P<0.001.

occurred and all TRAEs were manageable and reversible
(Table 1, Supplementary Fig. 4). TRAEs of grade 3 or 4 in-
cluded cytokine release syndrome (CRS), hypotension, cy-
topenia, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) increase (Table 1). Cytopenia,
which was anticipated due to the Cy/Flu preconditioning,
comprised a decrease in lymphocytes, monocytes, neutro-
phils, and total white blood cells (Table 1, Supplementary
Fig. 4A-D) and, in general, recovered to grade 2 within 30
days. However, a prolonged decrease and fluctuating
platelet counts constituting grade 2 to grade 4 events were
observed and finally resolved on day 80 (Supplementary
Fig. 4E).

Since SCG101 can not only target the tumor but also in-
fected hepatocytes, as observed in preclinical models,'
particular attention was given to the liver function. Pretreat-
ment ALT was 18 U/L, the pretreatment international nor-
malized ratio (INR) for blood clotting was 1, and the pre-
treatment bilirubin level was 14.0 pmol/L. ALT elevation

http://www.e-cmh.org

after SCG101 infusion reached a peak of 1,404 U/L on day
3 (Fig. 5B), that of AST 1,140 U/L on day 2 (Fig. 5C), re-
spectively, both constituting grade 4 events (Table 1). After
liver protection therapy, including glutathione, diammonium
glycyrrhizinate, ademetionine, and polyene phosphatidyl-
choline, ALT, AST, and lactate dehydrogenase (Fig. 5D)
levels decreased gradually.

Elevation of liver enzymes was transient, returned to
baseline on day 17, and was accompanied by a slight, tran-
sient increase in serum total bilirubin below two times the
upper limit of normal (ULN) (Fig. 5E, Supplementary Fig.
4G), ferritin (Fig. 5F), creatinine and urea (Supplementary
Fig. 4H, 1), as well as a reduction in serum albumin below
35 g/L on a single day (Fig. 5G), while the INR remained
normal (Fig. 5H).

After infusion of SCG101, a strong immune reaction fol-
lowed, characterized by C-reactive protein (CRP), IL-6,
IFN-y, IL-2, and IL-10 increasing rapidly one day after infu-
sion (Fig. 51-M, Supplementary Fig. 4J), temperature
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Figure 4. Patient characteristics. (A) Scheme of the medical history of HCC diagnosis and treatment of patient ST1206. Study enrollment
was initiated after the failure of three prior HCC treatments (resection, transarterial chemoembolization [TACE] with Raltitrexed and Loba-
platin, and Sorafenib). (B) HLA profile and status of liver disease of patient ST1206 including Child-Pugh-Score, Eastern Co-operative
Oncology Group (ECOG) performance status, Barcelona Clinic Liver Cancer (BCLC) staging, and China liver cancer (CNLC) classifica-
tion. Blue lines indicate duration of systemic treatments. ETV=Entecavir. (C—F) Immunohistological analysis of a liver biopsy taken three
months prior to treatment. Four pieces of non-tumor liver tissue were obtained, and representative sections are shown. Scale bars: 200
pum and 40 um (inlay), respectively. The circle indicates the orientation of the inlay. (C) Morphological analysis using hematoxylin and eo-
sin (H&E) staining. Immunostainings for (D) HLA-A, (E) HBcAg, and (F) HBsAg (three different sections are shown because of a diverse
expression profile). HCC, hepatocellular carcinoma; HLA, human leukocyte antigen; HBcAg, hepatitis B core antigen; HBsAg, hepatitis B

surface antigen.

744

https://doi.org/10.3350/cmh.2024.0058

http://www.e-cmh.org




Xueshuai Wan, et al.
T-cell therapy for HBV-HCC

Lympho- SCG101 Tumor assessments
depletion infusion
=LD =ACT
ETV
——O0———0 O O >
(A Day  “6.4 0 28 63 133 181
ALT AST LDH
LD ACT
1500,
= 1,000
2
=
Z 500
|-=-?-_.1 T 1t T 1 | 1
@ 10 0 10 20 30 100 200 20 30 100 2000 10 0 10 20 30 100 200
Study Day Study Day Study Day
TBIL Ferritin Albumin
LD ACT LD ACT
8,000 : : 60
) 2 6,000
e 2 4,000
= £ 400
= ES
g & 200
0
® @ """ (G
Study Day Study Day

INR

00— o sy
<10 0 10 20 30 100 200 -0 -5 0 5 10 10 o

@ Study Day 0 Study Day

100 200

Study Day

IFN-y L2 IL-10
LDACT 300

LD ACT
200

100

IL-10 (pg/mL)

LoD

: : - o 0 %
<10 0 10 20 30 100 200 -0 0 10 20 30 100 200 10 0 10 20 30 100 200

@ Study Day G Study Day @ Study Day

Figure 5. Liver and cytokine serum markers after transfer of HBV-specific SCG101 T cells. (A) Scheme of the drug administration (black
circles) and tumor assessments (white circles). Following Cy/Flu lymphodepletion on days -6 to -4, a single dose of 7.9x107/kg (5.9x10°
total) TCR-T cells was infused intravenously. Red lines indicate blood sample collections. (B—H) Serum markers of liver function, alanine
transaminase (ALT), aspartate transaminase (AST), lactate dehydrogenase (LDH), TBIL (total bilirubin), ferritin, albumin, and the INR
were measured on indicated days. A grey area indicates the normal range. (I) C-reactive protein (CRP) indicating ongoing inflammation.
(J-M) Serum concentrations of IL-6, IFN-y, IL-2, and IL-10 were determined by CBA. HBV, hepatitis B virus; Cy/Flu, cyclophosphamide
plus fludarabine; TCR-T, T cell receptor T cells; LDH, lactate dehydrogenase; INR, international normalized ratio; IL, interleukin; IFN-y, in-
terferon-gamma; CBA, cytometric bead array; LOD, limit of detection; LD, lymphodepletion; ACT, adoptive cell transfer.
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Table 1. Treatment-related adverse events >grade 3

TRAE nghe_st Relation with Other possible ~G3 AE duration
severity SCG101 reasons

CRS Grade 3 Definitely related \ G3: D1-3
Hypotension Grade 3 Possibly related \ G3: D1-2
Decreased white blood cell count  Grade 4 Possibly related Lymphodepletion Gé4: D0O-4

G3: D4-5, D14-17, D21-22, D28-30, 31-34
Decreased neutrophil count Grade 4 Possibly related ~ Lymphodepletion G4: D2-4, D28-30

G3: D0-2, 13-17, 31-34, 48-52
Decreased platelet count Grade 4 Possibly related ~ Lymphodepletion Gé4: D2-3, D4-6, D21-28

G3: D0-2, D3-4, D6-11, D12-13, D14-21

Grade 3 Possibly related ~ Hepatocellular G3: D30-43, D77-80
carcinoma

Decreased lymphocyte count Grade 3 Possibly related ~ Lymphodepletion G3: D28-31
Increased ALT Grade 4 Possibly related ~ Lymphodepletion G4: D2-4

G3: D1-2, D4-7
Increased AST Grade 4 Possibly related ~ Lymphodepletion G4: D2-3

G3: D1-2, D3-4

All these >grade 3 were resolved or returned to baseline at the end of the AE.
TRAE, treatment related adverse event; G3, grade 3; G4, grade 4; CRS, cytokine release syndrome; ALT, alanine aminotransferase; AST,

aspartate aminotransferase

peaking at 39.8°C (Supplementary Fig. 4L) and hypoten-
sion with a minimum blood pressure of 70/41 mmHg (Sup-
plementary Fig. 4M). The symptoms stabilized after anti-
pyretic and symptomatic treatment with norepinephrine and
rehydration. Together, these symptoms indicated a CRS
and were contained with Tocilizumab and dexamethasone
(10 mg; 2x d1, 4x d2, 1x d3) and the subject started to re-
cover by day three post-infusion. In summary, infusion of
SCG101 induced non-serious side effects that were ex-
pected due to SCG101’s mode of action and were manage-
able with standard medication for immune-related events.

Expansion of HBV-specific T cells in peripheral
blood

The efficacy of adoptive T-cell therapy in both liquid and
solid tumors using gene-modified T cells is associated with
the persistence of transferred cells.”**' We, therefore, ana-
lyzed this by flow cytometry and gPCR. Ex vivo, transferred
T cells at peak expansion constituted around one-third of
CD3' T cells in blood detected by flow cytometry (Fig. 6A,
Supplementary Fig. 5A) with a maximum of 4.37x10* cells/
mL on day 21, suggesting a strong expansion (Fig. 6B).
Both CD8" and CD4" HBV-specific TCR" T cells circulated
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equally indicating a slight increase in CD4* SCG101 T cells
in blood compared to their proportion in the infusion prod-
uct (Fig. 6B, Supplementary Fig. 3A, Supplementary Fig.
5B). Interestingly, while on day seven effector memory T
cells (CCR7 CD45RA") were still detected at equal num-
bers, mainly effector T cells (CCR7 CD45RA") and T mem-
ory stem cells (Tgcy, CCR7'CD45RA") circulated in periph-
eral blood thereafter within the first four weeks (Fig. 6C,
Supplementary Fig. 5C). HBV-specific T cells were able to
persist at least until four months post-transfer and by then
almost exclusively consisted of Tggy, cells (Fig. 6C, Supple-
mentary Fig. 5C). Long-term survival of transferred trans-
duced T cells was confirmed by quantification of the copy
number of the lentiviral vector integrates (Fig. 6D). This
gPCR analysis indicated a peak in viral-vector copies sev-
en days post-transfer, stabilizing until day 21 and slowly
dropping thereafter. Collectively, these data demonstrated
an enduring persistence of engineered T cells circulating in
the blood associated with the development and mainte-
nance of a predominantly stem cell memory phenotype af-
ter antigen exposure.
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Figure 6. Ex vivo analysis of transferred T cells. (A) Flow cytometry gating strategy exemplified with a blood sample taken 21 days post-
transfer. Single living lymphocytes were gated first, followed by identification of transferred cells via anti-CD3 and HBV S,,-dextramer
staining. In two separate staining panels, dextramer-binding TCR* T cells were stained either for the T cell subsets with anti-CD8 and an-
ti-CD4, or for memory differentiation status with anti-CCR7 and anti-CD45RA. Given the unspecific stimulation during T cell transduction
and the antigen encounter after infusion, CCR7* CD45RA" cells were considered Tgy, and not naive cells. The FMO (fluorescence minus
one) control shows a staining without dextramer. (B, C) Flow cytometry analysis of blood samples taken after the cell transfer, gated on
CD3" and HBV-S,,-dextramer” cells (blue circles). TCR* T cells stained either for the T-cell subsets with anti-CD8 (pink triangle) or anti-
CD4 (purple triangle), or for memory differentiation status with anti-CCR7 and anti-CD45RA. T,,;:CCR7°CD45RA" (red squares),
Tscm:CCR7'CD45RA" (green triangle), Tg,:CCR7 CD45RA" (black circles), Te-:CCR7 CD45RA" (orange diamond). Different T-cell pheno-
types were analyzed on indicated days and quantified using counting beads. (D) Genomic DNA was extracted from blood samples and
the viral copy number (VCN) was quantified via gPCR. HBV, hepatitis B virus; TCR, T cell receptor; CCR, C-C chemokine receptor;
gPCR, quantitative polymerase chain reaction.

were low at baseline (29 IU/mL) and remained undetect-
able after cell infusion (Fig. 7B). Since no tumor tissue was

Antiviral and antitumor activity of T cells

redirected against HBsAg
contained in the biopsies obtained before treatment, the

Coinciding with the expansion of HBV-specific T cells
and the increase in serum ALT, serum HBsAg substantially
and rapidly decreased within one week after cell transfer
from 557.96 to 1.3 IU/mL. The maximum reduction from
baseline was 3.84 log,, to 0.08 IU/mL. It was maintained for
more than six months (Fig. 7A). Serum HBV-DNA levels

http://www.e-cmh.org

presence of the target on tumor cells remained unknown,
and changes in HBsAg expression could only be analyzed
in hepatocytes. Compared to the HBsAg expression in
10% of hepatocytes at screening (Fig. 4F), we barely ob-
served HBsAg staining in hepatocytes by 73 days after cell
infusion (Fig. 7C). Alpha-fetoprotein (AFP) levels fluctuated
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Figure 6. Continued.

and remained below 90 ng/mL until increasing again by
day 133 (Supplementary Fig. 4N).

At baseline, the subject presented with multiple nodules
and two target lesions in the right lobe with a 38- and 21-
mm diameter, respectively (Fig. 7D, upper row). By day 28
post SCG101 infusion, a large area of tumor necrosis was
observed (Fig. 7D, 2nd row), followed by a partial response
with the target tumor lesions decreasing by 74.5% per
mRECIST and by 47.5% per iRECIST, respectively. The
patient maintained a stable disease for at least 6.9 months,
suggesting clinical antiviral as well as antitumor activity of
HBV-specific T cells.

DISCUSSION

HBV infection is a main driver for the development of
HCC, and the available treatment options are limited. We
here show that autologous, HBV-specific T cells can be
manufactured using lentiviral transduction of a high-affinity
TCR under GMP conditions, persist over several months,
are safe and functioning in the clinical setting of an HBV-
HCC, and lead to a profound reduction in viral markers and
tumor mass.

SCG101 carries a natural TCR isolated from an HLA-
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A*02:01 donor with resolved HBV infection.” Hence, it had
undergone negative selection against self-antigens within
the thymus of the donor, and, not surprisingly, we did not
observe any off-target activity in the patient. Although an
alanine-substitution scan identified position five to be part
of the TCR recognition motif, SCG101 was capable of rec-
ognizing the two most common HBV peptide variants FLL-
TRILTI (gtA,C,D) and FLLTKILTI (gtB). This cross-recogni-
tion could be explained by Arginine (R) and Lysine (K) as
positively charged amino acids sharing more similar prop-
erties than Arginine and Alanine. Furthermore, preclinical
toxicology and distribution studies were performed accord-
ing to regulatory standards. However, these xenograft
mouse models can only provide limited information since
cytokines, chemokines, and receptors do not match be-
tween the human T-cell product and the murine recipient.
Therefore, it is reassuring to know that T-cell transfer was
also safe in a syngeneic mouse model when murine
SCG101 T cells were injected into HBV*HLA-A2" mice.”
Overall, the treatment was well-tolerated, all TRAEs were
reversible through symptomatic interventions, and neither
SAE nor dose-limiting toxicity (DLT) occurred. Grade 3
CRS became evident by an elevation of IL-6, fever, and hy-
potension, which likely led to increased levels of creatinine
and urea in the blood due to reduced renal blood perfu-
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Figure 7. Antiviral and antitumor response after treatment with HBV-specific SCG101 T cells. (A) HBsAg (left axis, blue squares) was
measured in serum at indicated time points. The diagnostic ELISA’s lower limit of detection (LoD) was 0.05 IU/mL. ALT values (right axis,
orange line) from Figure 6B were plotted again to better visually correlate both markers. The adoptive cell transfer (ACT) time point is in-
dicated with a dashed line. (B) HBV-DNA was measured in sera via qPCR. (C) Immunostaining of HBsAg of a liver biopsy taken 73 days
after treatment. One piece of non-tumor liver tissue was obtained. Scale bars: 200 um and 50 um (inlay), respectively. (D) The tumor bur-
den was analyzed via multiphasic CT scan on days -7 prior to treatment and on days 28, 63, 133, and 181 after ACT. The size of the tar-
get (T) lesion no.1 and no.2 in mRECIST (m) or iRECIST (i) and the position of non-target (NT) lesions are indicated in yellow. HBV, hepa-
titis B virus; HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; qPCR, quantitative polymerase chain reaction; CT,
computer-assisted tomography.
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sion. CRS was effectively managed with tocilizumab, corti-
coids, and noradrenaline. Notably, in the treatment of
CD19-malignancies, CRS typically occurs more than 24
hours after CAR-T-cell infusion.?® However, in the case pre-
sented here, the onset of CRS was unexpectedly rapid,
with elevated body temperature and high IL-6 levels ob-
served as early as two hours after the infusion. Generally,
it is assumed that IIFN-y released by activated T cells
leads to IL-6 production in bystander cells such as macro-
phages.** Our in vitro experiments using real-time cytotox-
icity measurement revealed that T-cell activation and target
cell killing occurred immediately after the co-culture began.
Potentially, in the patient, effector function of the T cells
started immediately after infiltration into the tissue, and the
significant number of liver-resident Kupffer cell macro-
phages may have contributed to the rapid onset of CRS.
All grade 4 events (cytopenia and increased ALT/AST
levels) were expected to be a positive sign of response to
treatment. Cytopenia was intended and most likely induced
by the pre-conditioning Cy/Flu regimen, which has been
associated with better T-cell engraftment and outcome in
CD19 CAR-T treatment.” The reasons why patients benefit
from lymphodepletion prior to ACT are not fully understood,
and co-depletion of regulatory cells,?® an increase of serum
cytokines,?”?® and tolerization towards xenogeneic se-
quences® have been discussed. Cytopenia also comprised
a low platelet count, which started already at screening be-
fore treatment. It might have been prolonged due to multi-
ple factors, including lymphodepletion, tocilizumab treat-
ment, and the study drug’s proliferation. We suppose that a
more proactive use of recombinant human thrombopoietin
or thrombopoietin receptor agonists can be considered to
help the platelet count recover under such circumstances.
The elevation in ALT/AST levels occurred concomitantly
with a substantial reduction in serum HBsAg and is in line
with SCG101’s anti-tumor and anti-viral cytotoxicity demon-
strated before.”® Notably, in addition to targeting tumor
cells, HBV-specific T cells also recognize and attack hepa-
tocytes that express HBsAg or fragments thereof, either
due to HBV infection or HBV-DNA integration,'® which likely
led to the transient increase in serum transaminases. The
ALT levels in our patient reached 35-fold the ULN. This,
however, did not result in hepatic dysfunction or severe he-
patic damage as evidenced by the absence of impaired liv-
er synthetic function (bilirubin, albumin, or INR), the ab-

750 https://doi.org/10.3350/cmh.2024.0058

sence of specific symptoms such as jaundice or bleeding,
and the transient nature of the flare.*® Cytotoxicity directed
towards non-tumor HBV" hepatocytes is inherently linked
to an effective T-cell response, either naturally generated
during acute hepatitis and viral clearance or artificially gen-
erated via transfer of immune cells.*" Indeed, transient ALT
flares that are host-induced, i.e., comprising an effective
immune response, but not virus-induced, can be associat-
ed with favorable outcomes®® and viral clearance.®*

Nonetheless, the mitigation of excessive liver damage
following adoptive T-cell transfer remains a priority. To ad-
dress this, inclusion required a Child-Pugh score <7 and
ECOG performance status of 0 or 1 as well, and pre-treat-
ment biopsies were analyzed for HBsAg" hepatocytes.
Several studies have examined CHB patient biopsies to
determine the frequency of HBsAg™ hepatocytes with high
variation from 0% to 100%,>**° with particularly high levels
when ground glass hepatocytes are present.”’” The most
recent and comprehensive study by Aggarwal et al. ana-
lyzed biopsies from 114 patients, finding the average pro-
portion of HBsAg" hepatocytes to be below 10%. Interest-
ingly, they observed a lack of correlation between
quantification results from two biopsies collected from the
same individual and time point.*® This aligns with our find-
ings of heterogenic HBsAg staining for subject ST12086,
suggesting that multiple biopsies may be necessary to
yield reliable results representing the entire liver. This infor-
mation could be complemented by serum HBsAg levels,
which generally, though not always,* correlate with intra-
hepatic HBsAg levels.* Additionally, more sophisticated
probe-"® or sequencing-based*' assays might be necessary
to assess the presence of the target peptide expressed
from chimeras of HBV and host-cell nucleic acids that
might not cover the full HBsAg open reading frame and
might not be detectable by antibody staining.”® We antici-
pate insights from the ongoing phase I/l study of SCG101
(NCT05417932) will contribute to identifying a reliable bio-
marker for safe patient stratification.

The patient described here was negative for HBcAg liver
staining, HBeAg, and HBV-DNA, leading to the assumption
that most of the serum HBsAg originated from tumor cells
and/or hepatocytes with HBV-DNA integration rather than
from active infection. Studies have indicated that HBsAg
and HBcAg rarely colocalize in biopsy samples®* and that
in late-stage CHB, integrated HBV-DNA is the main source
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for HBsAg production.”** HBsAg decline is the hallmark of
effective anti-HBV treatment™ and has not been achieved
by RNA-interference-based therapies, likely due to inte-
grated HBV-DNA being the source of HBsAg.” Therefore,
targeting integrated HBV-DNA has been suggested to be a
goal in drug development.*®* With SCG101 treatment, we
observed a considerable reduction in HBsAg, approaching
the detection limit of the diagnostic assay, which would
have constituted a functional cure. Over six months, HB-
sAg levels did not rebound but were also not eliminated
despite SCG101 persistence, and several reasons for this
observation can be discussed. First, it is possible that HB-
sAg” cells developed evasion strategies, such as HLA-loss
or mutations in the peptide presentation pathway, similar to
what has been observed in HPV-cancer patients refractory
to treatment with HPV-specific T cells.*® Second, SCG101
cells might have undergone similar exhaustion mecha-
nisms as endogenous HBV-specific T cells in the liver and
tumor.*** Due to the limited amount of blood available for
analysis, we were unfortunately unable to address this hy-
pothesis. Although SCG101 T cells were still circulating in
the blood after several months, we have no proof that they
retained their functionality. However, in mice transduced
with AAV-HBV and AAV-HLA-A2, we observed the same
kinetics of ALT increase, HBsAg reduction, and persistence
of HBV-specific T cells. Also, a residual low amount of HB-
sAg remained detectable in this syngeneic mouse model.
When T cells were analyzed ex vivo, the high-avidity TCR-
T cells could no longer be specifically activated by their
cognate peptide.?

Most importantly, following activation of SCG101 in sub-
ject ST1206, a sizable and sustained antitumor effect was
observed 28 days after cell infusion, lasting at least until
the cut-off date. While tumor shrinkage occurred directly
after SCG101 infusion, without a pre-treatment tumor biop-
sy, we can only speculate but not prove its direct cytotoxici-
ty on tumor cells. Alternatively, an indirect effect can be en-
visioned, where SCG101 cells create an inflammatory
environment, helping endogenous immune cells attack the
tumor. This idea was already proposed when two patients
treated with RNA-electroporated TCR-T cells experienced
clear shrinkage of the primary tumor®***
Using mRNA, anti-tumor responses occurred only after
several infusions and during a time frame when the trans-
ferred cells most likely had lost their designed antigen-
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specificity due to the transient HBV-TCR expression after
mRNA electroporation, while still other immunological al-
terations were detected.”®**

Notably, four months after T-cell infusion, a moderate rise
in AFP levels was observed in our patient, exceeding pre-
infusion levels. This AFP increase could indicate liver re-
generation, as similar AFP rises have been observed in
acute hepatitis B and correlated positively with the extent
of transaminase elevation.>®*® However, in this study, peak
transaminase levels were followed by the AFP increase
only four weeks later. Another potential hypothesis for the
increase in AFP is that eliminating HBsAg" tumor and pre-
malignant cells created space for HCC cells negative for
the S,, target peptide of SCG101 to proliferate. Mason et
al.? proposed the “loss of productive HBV infection, provid-
ing at least partial escape from the antiviral immune re-
sponse as a major facilitator of clonal expansion”. Given
the early emergence of clonal growth,” we would expect
this postulated negative effect of an antiviral immune re-
sponse to also manifest in an increased number of HCC
cases after spontaneous clearance in late-stage CHB.
However, further investigations in larger cohorts are re-
quired to gather more data on this phenomenon.

The on-target efficacy observed with our selected dose
of SCG101 and treatment scheme exceeded similar - albeit
different - regimens using HBV-specific T cells transiently
expressing a TCR after electroporation.”* In patients with
the indication of HBV-HCC-derived metastases and an
HLA-A2 negative and/or HBV-negative liver after transplan-
tation.”>* HBsAg was reduced by almost 50% in 2/8 pa-
tients three to six months after infusing several doses of
transient, RNA-electroporated TCR T cells® or by 90% in a
single patient one month after infusion of stably transduced
TCR-T cells.”” Although it is difficult to quantitatively com-
pare these approaches due to different clinical settings,
cell doses and duration of cellular functionality, it was re-
markable that in the pioneering study of Qasim et al.”’, the
stably transduced TCR-T seemed to act faster and more
efficiently despite a low transduction rate and a low dose of
cells infused.

This encouraged us to set up a highly efficient GMP-
compliant transduction process generating higher TCR-T
numbers that - as demonstrated in this study - after infu-
sion quickly reduced HBsAg by 99.99%. Along with the
stable expression of the TCR, other factors might have
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contributed to the clinical efficacy of SCG101. Its dual func-
tionality in CD8" and CD4" T cells, the balance of both T-
cell subtypes, and the shift to a memory stem cell pheno-
type might have supported the persistence and extended
functionality of transferred T cells. A well-balanced
CD8:CD4 T-cell ratio and the occurrence of the Tgcy phe-
notype have positively impacted the outcome of CAR-T
therapy.*®®® Potentially, also the encounter of HBsAg on
hepatocytes may have facilitated the stimulation and ex-
pansion of transferred, stably TCR-expressing T cells be-
fore encountering the immunosuppressive tumor microen-
vironment. Others currently follow the same principle of
using an RNA-vaccine to boost transferred claudin-specific
CART cells to treat solid tumors.*'

Overall, SCG101 was shown to be a safe product with its
stable TCR expression, leading to both antitumor and anti-
viral effector functions and sustained persistence in the pa-
tient. Further studies will determine whether adoptive T-cell
therapy can maintain a favorable risk-benefit ratio and has
the potential to be applied to target the cause of malignant
transformation to prevent additional tumor development.
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