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ABSTRACT
Background  SCG101 is an autologous T-cell therapy 
specifically targeting hepatitis B virus (HBV) using 
a natural, high-affinity T-cell receptor that is stably 
expressed.
Objective  We evaluated the safety, pharmacokinetics, 
pharmacodynamics and efficacy of SCG101 in patients 
with HBV-related hepatocellular carcinoma (HCC) in an 
investigator-initiated trial.
Design  Six human leucocyte antigen (HLA)-
A*02:01-positive, serum hepatitis B surface antigen 
(HBsAg)-positive and hepatitis B e antigen-negative 
patients with advanced HBV-HCC, who had failed 
one to three prior systemic therapies, received 
SCG101 at doses of 5×107 or 1×108 TCR-T+ cells/kg 
three days after lymphodepletion.
Results  Within 1 week, all patients experienced a 
significant but transient alanine aminotransferase 
elevation paralleled by a 76±57 fold expansion of T 
cells detected in peripheral blood. No neurotoxicity, 
but a cytokine release syndrome reaching up to 
grade 3 was observed. However, these side effects 
were not dose-limiting and could be managed with 
corticosteroids, anti-interleukin-6 and/or vasopressor 
therapy. Indicating on-target activity of SCG101, 
serum HBsAg levels dropped by 1.96 (0.16–3.84) 
log10 within 2 weeks. According to modified 
Response Evaluation Criteria in Solid Tumours, 
three of the six patients achieved tumour shrinkage 
with a best percentage change in target lesion size 
of −19.5%, −74.6% and −100%. One showed 
complete remission of the target lesion, remaining 
progression-free for 27 months and one other 
achieved a durable (>6 months) remission. During 
follow-up (median 10.9 months), three patients died, 
and one was lost to follow-up.
Conclusion  As monotherapy for patients with HBV-
HCC, SCG101 demonstrated pronounced antiviral and 
antitumour activities and a safety profile manageable 
with supportive care. SCG101’s T-cell expansion, serum 
HBsAg drop and tumour response collectively underscore 
on-target activity.
Trial registration number  NCT05339321.

INTRODUCTION
With 865 269 newly diagnosed cases and 757 948 
deaths in 2022, primary liver cancer ranked sixth 
in incidence and third in mortality worldwide. 
Hepatocellular carcinoma (HCC) accounted for 
approximately 75–85% of cases.1 The prevailing 
therapeutic strategy emphasises a comprehen-
sive treatment regimen centred on surgical cancer 
removal.2 Nevertheless, this approach is challenged 
by two predominant issues: the risk of early post-
operative recurrence3 and the late-stage diagnosis in 
most patients, rendering them ineligible for surgical 
intervention.4 Non-surgical alternatives, such as 
tyrosine kinase inhibitors (TKIs), immune check-
point inhibitors (ICIs) and antiangiogenic thera-
pies benefit patients with advanced-stage HCC. 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ T-cell therapy is an interesting treatment option 
for hepatocellular carcinoma (HCC), but the 
suitable target antigen remains unclear.

WHAT THIS STUDY ADDS
	⇒ This study explores hepatitis B surface antigen 
(HBsAg) as a target for T-cell therapy of 
hepatitis B virus (HBV)-induced late-stage HCC 
and the underlying chronic hepatitis B. T cells 
grafted with an HBsAg-specific T-cell receptor 
were able to attack HBV-infected hepatocytes 
and premalignant or tumour cells that carry an 
HBV integrate, significantly reducing HBsAg in 
serum in 4/6 patients and tumour lesions in 2/6 
patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE, OR POLICY

	⇒ The study shows that the application of 
stably HBV-T cell receptor-expressing T cells 
is effective and side effects are manageable, 
paving the way for the treatment of larger 
cohorts and exploring it as a unique strategy to 
target HBV-induced tumours and HBV-infected 
cells at the same time.
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However, only a minor subset of patients experiences a substan-
tial advantage in overall survival (OS), coupled with the looming 
threat of rapid resistance development, especially if tumours 
show high mutation rates and in the case of T-cell exhaustion.5 6 
Furthermore, severe adverse reactions to these therapies have 
been unpredictable so far and occur frequently.7 8 A systematic 
review and meta-analysis of 30 clinical trials found that severe 
adverse events (AEs) occurred in 46% of patients receiving 
TKIs and 24% receiving ICIs.8 Another meta-analysis found 
that treatment-related mortality occurred in 3.1% of patients, 
and treatment discontinuation occurred in 10.7% of patients 
receiving ICIs.9 While an array of treatment options exists, the 
median OS in the Asia–Pacific region is still below 6 months in 
late-stage HCC,10 underscoring the high medical need for inno-
vative therapeutic modalities in HCC management.

Adoptive T-cell therapy is emerging as a potent modality for 
patients with cancer, especially in haemato-oncology, succeeding 
both targeted drug therapies and other immunotherapies. This 
approach now also sparks interest in the field of hepatology and 
encompasses both non-genetic and genetic modification of T cells 
by introducing distinct targeting receptors.11 Cell therapies with 
genetic modifications predominantly comprise chimeric antigen 
receptor (CAR-) and T-cell receptor transduced T-cells (TCR-T) 
cell therapies.11 12 CAR-T cells can identify and eliminate tumour 
cells that display specific antigens on their surface via antibody-
mediated binding and are independent of the patient’s individual 
human leucocyte antigen (HLA) type. While CAR-T cell prod-
ucts have emerged as an effective novel treatment modality in 
haematological cancers, their efficacy in solid tumours seems 
modest.13 Engineered TCR-T cells are tailored to target intra-
cellular and extracellular tumour-associated or tumour-specific 
antigens presented as peptide fragments on HLA class I and II 
molecules. Noteworthy, the achievements of TCR-T-cell thera-
pies in treating melanoma, lung cancer, sarcoma and other solid 
malignancies are well-documented.14 15 The treatment with 
high-affinity New York esophageal squamous cell carcinoma-1 
-specific TCR-T cells has yielded objective response rates (ORRs) 
of 55% in melanoma and 61% in synovial sarcoma.16

HCC poses a significant challenge for the development of 
precision medicine because it typically lacks recurrent, targ-
etable oncogenic driver mutations and is considered a low-
immunogenic tumour with limited neoantigen load.17 Current 
targets for a TCR-T cell therapy of patients with HCC include 
alpha-fetoprotein (AFP) and virus-derived antigens, with several 
clinical trials in progress.18 Hepatitis B virus (HBV) infection is 
one of the most critical risk factors for HCC, accounting for 
around 50% of cases worldwide,19 20 and up to 84% in China.21 
HBV-DNA integration into the host cell genome drives tumouri-
genesis and the expression of complete and truncated HBV 
antigens.22 This makes treating HBV-HCC by targeting HBV 
antigens a feasible strategy. Several studies have shown that 
HBV-specific TCR-T cells can be redirected to recognise HBV-
infected cells and HCC tumour cells expressing viral antigens 
from integrated HBV-DNA.23–25 Individual clinical applications 
and small studies indicated that these TCR-re-directed HBV-
specific T cells are safe and potentially effective for treating 
HBV-related (recurrent) HCC, with or without liver transplanta-
tion.26–28 The first reported HBV-TCR T cell therapy used a low 
dose of retrovirally-transduced T cells in a single patient with a 
presumably HBV-negative liver transplant developing hepatitis 
B surface antigen (HBsAg)-positive metastases of the primary 
tumour.29 Building on this demonstration of feasibility, Bertoletti 
and colleagues developed a method to generate TCR-T cells for 
patients with HCC through messenger RNA electroporation,26 27 

which only supports transient gene expression and, consequently, 
lacks persistence of TCR-T cells, requiring multiple infusions.30

SCG101 is composed of lentiviral vector-transduced autolo-
gous T cells that express an HBsAg-specific TCR in autologous T 
cells.28 Lentiviral transduction of a TCR allows a stable expres-
sion even when T cells divide and it has a lower risk of insertional 
mutagenesis than retroviral vectors.31 Our initial experiments 
showed that SCG101’s HBV-TCR can accurately identify and 
bind HBV-infected hepatocytes and HCC cells expressing 
HBsAg from integrated or episomal HBV-DNA. Furthermore, 
the Good Manufacturing Practice (GMP)-compliant produc-
tion, as well as the safety and feasibility of SCG101 application, 
were demonstrated in preclinical models and in a first patient.28 
To further prove the feasibility of HBV-specific T-cell therapy, 
we here analyse the safety and efficacy of SCG101 treatment 
in a multicentre, investigator-initiated trial of six patients with 
advanced, multiline pre-treated, progressive HBV-related HCC.

MATERIALS AND METHODS
Study design
In this open-label, multicentre study (NCT05339321) with a 
3+3 dose escalation design, patients with HBV-related HCC, 
and disease progression despite multiple treatment modalities, 
received SCG101 TCR-T-cell therapy. Key inclusion criteria 
were: (1) age 18–70 years with intermediate to advanced HCC 
(Barcelona Clinic Liver Cancer (BCLC) stages B/C) not amenable 
to surgery, who showed progression or intolerance following at 
least one line of standard systemic therapy and had at least one 
measurable lesion; (2) seronegativity for hepatitis B e antigen 
(HBeAg) and positivity for HBsAg, HBV-DNA level ≤2×103 IU/
mL; (3) HLA-genotype HLA-A*02 (02:01, 02:02, 02:03, 02:04, 
02:07, 02:09 or 02:16)24 25; (4) Eastern Cooperative Oncology 
Group (ECOG) performance scores of 0–1, Child-Pugh scores 
A/B, an expected survival of more than 3 months and well-
preserved organ function. Continuation of treatment with nucle-
os(t)ide analogues (NUCs) was mandatory.

Key exclusion criteria encompassed: (1) any other incurable 
malignancy either concurrently or within the previous 5 years; 
(2) active autoimmune diseases requiring immunosuppressive 
treatment; (3) a history or pending status of organ transplanta-
tion; (4) active infections with other viruses such as hepatitis C 
virus, hepatitis A virus, hepatitis D virus, hepatitis E virus, HIV, 
cytomegalovirus, Epstein-Barr virus; (5) any prior cell therapy, or 
antitumour treatment for the condition within 2 weeks prior to 
peripheral blood mononuclear cell (PBMC) collection. Informed 
consent was acquired from all participants, and the study was 
conducted in accordance with the International Conference on 
Harmonisation Guidelines for Good Clinical Practice and the 
Declaration of Helsinki. Patients or the public were not involved 
in the trial design.

Patient treatment
In this study, we report on the cohort of six HLA-A*02:01-
positive patients who received SCG101 T cells from 9 October 
2021 through 16 August 2022. The data cut-off date for this 
interim analysis was 9 March 2024. Autologous T cells were 
obtained via leukapheresis, transduced with a lentiviral vector 
encoding for one TCR that targets both versions of the HBV 
peptide S20–28 (FLLTRILTI or FLLTKILTI) expressed depending 
on the HBV genotype and presented on HLA-A*02.25 The 
TCR,25 vector construct, cell preparation and preclinical study 
preparation have been described in detail previously.28 After 
transduction and expansion, cells were suspended in 5% human 
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serum albumin and saline solution, filled into sterile infusion 
bags, stored at ≤−150°C, and transported in liquid nitrogen to 
the respective study site.

Before cell infusion, patients underwent lymphodepletion 
chemotherapy with cyclophosphamide (Cy, 500 mg/m2/day) and 
fludarabine (Flu, 25 mg/m2/day) for three consecutive days, with 
adjusted dose and timing, if necessary, based on the patient’s 
clinical status (online supplemental table S1). 3 days later, 
SCG101 cells were thawed in a 36–38°C water bath and infused 
within 30 min at an infusion rate of approximately 3–5 mL/
min. The trial protocol allowed an exploratory second infusion 
under the criteria outlined in the Online supplemental methods, 
which was applied in one patient. Interleukin (IL)-2 co-infu-
sion was allowed per protocol but ultimately not applied. The 
STROBE (Strengthening the Reporting of Observational Studies 
in Epidemiology) cohort reporting guidelines were applied 
where appropriate.32

Study monitoring
Demographic, laboratory and radiological data were system-
atically collected, along with documentation of symptoms 
and signs before and after SCG101 cell infusion. Symptom-
atic treatment, including antipyretic, antiemetic, infection 
prevention and liver protection therapy, was provided as 
needed. Patients were allowed to be discharged when their 
general condition was stable, vital signs were normal and 
the absolute neutrophil count had recovered to more than 
1.5×109 cells/L.

During the hospitalisation period after the cell infu-
sion, the patients were evaluated daily for cytokine release 
syndrome (CRS) and immune effector cell-associated neuro-
toxicity syndrome (ICANS). After being discharged, the 
patients documented their body temperature two times a day 
for 1 month, and they were assessed for CRS and ICANS at 
each follow-up visit until all related symptoms and serum 
markers had resolved. Any new or worsened diseases, symp-
toms, signs, laboratory and auxiliary examination abnor-
malities after the time point of leukapheresis were recorded 
as AEs, whether expected or unexpected, and rated for 
severity according to predefined criteria. CRS and ICANS 
were graded using the American Society for Transplantation 
and Cellular Therapy (ASTCT) 2019 standards, while other 
AEs were graded with the Common Terminology Criteria for 
Adverse Events V.5.0.

Study assessments
The first efficacy assessment occurred 1 month after SCG101 
T-cell infusion, followed by an assessment every 2 months 
from months 2–12, and then every 3 months until the patient 
discontinued the study. Efficacy assessments were based on 
the modified response evaluation criteria in solid tumours 
(mRECIST) or the immune-based RECIST, using contrast-
agent-enhanced CT.

Viral parameters were measured using the diagnostic 
assays available at each study site. HBsAg was quantified via 
Electrochemiluminescence Immunoassays: Site 1: Roche, 
LLoD 1.99 IU/mL; Site 2 and 3: Abbott, LLoD 0.05 IU/mL; 
Site 4 Autobio, LLoD 0.01 IU/mL. HBV-DNA was measured 
via quantitative real-time PCR: Site 1: XIAMEN Amplly, 
LLoD 1000 IU/mL; Site 2: Roche, LLoD 20 IU/mL; Site 3: 
Shanghai ZJ Bio-Tech, LLoD 100 IU/mL; Site 4: Sansure 
Biotech, LLoD 50 IU/mL.

RESULTS
Study design and patient characteristics
In this open-label, single-arm investigator-initiated study with a 
dose escalation design, six HLA-A*02:01 positive adult patients 
with HBV-related HCC, stable liver function and inactive 
chronic hepatitis B (CHB) were recruited (figure 1A). Patients 
were infused with autologous, HBV-specific SCG101 T cells as 
monotherapy. Before inclusion, all patients had been treated with 
TKIs and four patients (ST1301, ST1401, ST1105, ST1207) had 
received ICI treatment (table 1 and online supplemental table S1). 
All participants were male with a median age of 46.0 years and 
diagnosed with HCC 3.1 (1.2–5.7) years earlier (table 1). Four 
patients had liver cirrhosis, and the liver function of all patients 
was graded as Child-Pugh stage A. One patient had BCLC stage 
B, and five patients had BCLC stage C disease. Four patients 
had extrahepatic metastatic lesions predominantly present in the 
lungs, one with additional metastases in the pleura, bones and 
mesentery. One patient had lymph node metastases (table 1 and 
online supplemental table S1).

All patients had an underlying HBeAg-negative chronic 
HBV infection, which was treated with NUCs (table 2). Serum 
HBsAg was 813.4 IU/mL (median, range: 435–1582 IU/mL). 
Five patients had HBV-DNA levels below 100 IU/mL, while one 
had an HBV-DNA level of 1980 IU/mL (table 2). Biopsies were 
collected from four patients, all showing positive HBsAg staining 
in the liver, ranging from 10–50% of hepatocytes (table 2, 28). 
Among these, three biopsies contained tumour cells with HBsAg 
positivity ranging from 0–5% (figure 1B).

Patient ST1401 also showed signs of inflammation with 
massive immune cell infiltration in the tumour-adjacent area 
(figure  1B, middle row). The patients’ PBMC were collected 
by apheresis. T cells were stimulated with anti-CD3/anti-CD28 
antibodies, transduced with a lentiviral vector for expression 
of the HBV-specific TCR, expanded and underwent quality 
controls (online supplemental table S2).28

Patients received a single dose of SCG101 at 5.0×107 or 
1.0×108 HBV-TCR+ T cells/kg intravenously (online supple-
mental table S1) after lymphodepletion. Patient ST1206 received 
a second infusion of SCG101 at month 7 without additional 
lymphodepletion. Patients were followed up for a median of 
12.5 months (2.5–28.4 months) and monitored for SCG101 
persistence, AEs, liver and viral markers, and disease progression.

SCG101 infusion and persistence
SCG101 was produced with a standardised protocol under GMP 
conditions with an average of 38% HBV-TCR+ T cells (online 
supplemental table S2).28 The HBV-specific TCR was expressed 
in CD8+ T cells as well as CD4+ T cells, which have also been 
shown to obtain anti-HBV effector function, although SCG101’s 
TCR is major histocompatibility complex class I-restricted.24 
Persistence of SCG101 was detected in post-infusion blood 
samples via quantification of the vector copy number (VCN) 
of the lentiviral integrate (figure  2A). The median maximum 
concentrations (Cmax) were 25.91 copies/µg for the lower dose 
group and 46.23 copies/µg DNA for the higher dose group. This 
reflected a 1.78-fold higher maximum concentration in line with 
the 1.78-fold increase in the actual administered dose (average 
5×107 vs 0.89×108 HBV-TCR+ T cells/kg; online supplemental 
table S1). When quantifying the SCG101 concentration over 
the first 4 weeks after infusion, the median area under the curve 
(AUC)0–28d values were 289 891 and 511 605 day×copies/µg 
genomic DNA for the lower and higher dose groups, respectively 
(individual values shown in figure 2B). Notably, patient ST1206 
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exhibited an exceptionally high AUC0–28d and Cmax relative to 
the SCG101 dose infused (figure  2A,B). The cell expansion 
measured by multimer staining of HBV-TCR+ T cells showed 
similar patterns to that measured by VCN (figure 2C). Interest-
ingly, patient ST1301’s VCN fell below the limit of quantifica-
tion between week 34 and 78 but became detectable and started 

increasing again afterward (figure 2A). In parallel, an increase 
in the absolute numbers of total lymphocytes and of SCG101 T 
cells was detected (online supplemental figure S1C, figure 2C). 
In patient ST1206, the AUC0–28d and Cmax after the second infu-
sion without prior lymphodepletion reached 56% of the first 
infusion values (figure 2A,C). Taken together, cell expansion was 

Figure 1  Inclusion of patients with HBV-associated HCC. (A) Scheme of the treatment procedure with SCG101 autologous T cells generated by 
lentiviral transduction to express an HBV-specific TCR, restricted towards the HBsAg-derived peptide S20–28 and presented on HLA-A*02. Before 
SCG101 administration, patients received nucleos(t)ide analogue (NUC) treatment and a lymphodepleting regimen with cyclophosphamide and 
fludarabine (3 days). (B) Histological and immunohistochemical analyses of tumour biopsies taken 3 years (ST1301), 1 year (ST1401) and 5 years 
(ST1204) before SCG101 infusion. Left side: Morphological analysis using H&E staining. Right side: HBsAg staining; magnification positions are 
indicated with small boxes. Scale bars: 1 mm and 50 µm (inlay), respectively. Tumour biopsies of ST1105, ST1206 and ST1207 could not be obtained. 
A liver biopsy of ST1206 showed around 10% HBsAg+ hepatocytes.28 ACT, adoptive cell transfer; DLT, dose-limiting toxicity; HBV, hepatitis B virus; 
HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma; HLA, human leucocyte antigen; TCR, T-cell receptor.
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dose-dependent, with a long-term persistence of >2 years in the 
patient with the longest follow-up.

Safety of HBV-specific T-cell transfer
The most frequently reported treatment-related AEs (TRAEs) 
of grade 3 (5~20× upper limit of normal (ULN)) or grade 4 
(>20× ULN) were an alanine and aspartate aminotransferase 

(ALT/AST) increase in all patients (6/6, 100%), a decreased 
platelet count in five patients (5/6, 83.8%), a CRS in four 
patients (4/6, 66.7%), hypotension, decreased neutrophil, white 
blood cell and lymphocyte count in three patients (3/6, 50.0%) 
(online supplemental figure S1), as well as gamma-glutamyl 
transferase increase and anaemia in one patient (1/6, 16.7%) 
(table 3 and online supplemental table S3). None of the patients 
experienced neurotoxicity or serious AEs related to SCG101 
treatment. The haematological toxicities were consistent with 
the known AE profile of cyclophosphamide and fludarabine as 
lymphodepletion chemotherapy agents (online supplemental 
figure S1). Patient ST1206 did not experience any AE after the 
second SCG101 infusion. A transient creatinine increase on day 
7 in this patient (data not shown) was not considered an off-
target activity of SCG101 but a consequence of the CRS.28

Per the definition of the ASTCT, all patients developed a 
CRS.33 A body temperature >38°C was reported in all patients 
(6/6, 100%) (figure 3A). Other symptoms included hypotension 
in four patients (blood pressure systolic <90 mm Hg, diastolic 
<60 mm Hg; 4/6, 66.7%) (figure  3B), sinus tachycardia in 
four patients (heart rate >100 beats per minute; 4/6, 66.7%), 
headache in three patients (3/6, 50.0%), hypoxia (blood oxygen 
<90%), nausea and vomiting in two patients each (2/6, 33.3%) 
(table 3 and online supplemental table S3). A CRS was observed 
on the day of infusion, accompanied by a rapid increase of CRP 
(figure  3C) and IL-6 (figure  3D), with IL-6 levels most likely 
being dose-dependent. All four patients dosed with 1×108 cell/
kg experienced a CRS of grade 3 (online supplemental table 
S3) within 24 hours to 4 days and lasting for 2–4 days. Treat-
ment included glucocorticosteroids (GCs) in all six patients 
(figure  3E), tocilizumab (figure  3F) and vasopressors (norepi-
nephrine bitartrate in ST1204, ST1206 and ST1207; dopamine 
in ST1105) in the four patients receiving the higher dose of 
SCG101, and oxygen therapy in three patients (ST1401, ST1204 
and ST1105). In total, the CRS could clinically be handled well 
and all patients recovered with no remaining symptoms. The 
patients could be discharged after a mean observation time of 16 
days (range 7–29 days).

All patients showed a transient increase in AST and ALT (grade 
3–4) activity within 1–3 days after SCG101 infusion, which 
lasted for 2–14 days (figure 4A,B). ALT levels correlated with the 
number of infused cells (figure 4C). Patients who had received 
the 5×107 TCR-T+ cells/kg dose experienced up to grade 3 
elevations (5~20× ULN), while those receiving the 1×108 TCR-
T+ cells/kg dose experienced grade 4 elevations (>20×ULN). 
Among the higher dose group, three patients experienced grade 
1 (1~1.5×ULN) or grade 2 (1.5~3× ULN) increases in total 
serum bilirubin at day 1 (patients ST1206 and ST1207) or 10 

Table 1  Baseline characteristics of patients receiving SCG101

Patient characteristics
Number of patients 
(n=6)

Age (years, median, (range)) 46 (30–56)

Sex (n, male) 6

ECOG performance status (n, 0/1) 3/3

Years of diagnosis with HCC, median (range) 3.1 (1.2–5.7)

BCLC stage (n, B/C) 1/5

Extrahepatic metastasis

 � Lung 4

 � Lymph node 1

 � Pleural 1

 � Bone 1

 � Mesentery 1

Child-Pugh score (n, A / 5–6) 6

Serum HBsAg (IU/mL, median, (range)) 813.4 (435.4–1581.6)

Serum AFP (n)

 � ≥400 ng/mL 2

 � <400 ng/mL 4

Cirrhosis (n)

 � Yes 4

 � No 2

SLD of target lesion (mm, median, (range)) 63.5 (11.0–137.3)

Prior lines of systemic therapy (n)

 � 1 3*

 � 2 2

 � ≥3 1

Prior PD-1 inhibitor treatment (n; end day before SCG101 
infusion (d, range))

4 (−199 to −55)

Prior antiviral treatment (years, median, (range)) 6.2 (0.4–21.4)

Nucleoside analogues (n) 6

Interferons (n) 0

*Including one patient with combination therapy.
AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern 
Cooperative Oncology Group; HBsAg, hepatitis B surface antigen; HCC, 
hepatocellular carcinoma; n, number in respective category; PD-1, programmed cell 
death protein 1; SLD, sum of the longest diameter.

Table 2  Pretreatment HBV markers

Patient ID Age/sex Antiviral treatment Serum HBeAg HBV-DNA (IU/mL)
Serum
HBsAg (IU/mL)

HBsAg+ cells in liver 
area

HBsAg+ cells in 
HCC area

Dose (TCR+ cells/
kg)

ST1301 56/M ETV neg* <100 1004 50% 1% 5×107

ST1401 34/M ETV neg <50 1582 20% 0% 5×107

ST1105 42/M ETV neg 1980 1000 n/a n/a 1×108

ST1204 30/M ETV/TDF neg 59 435 20% 5% 1×108

ST1206 54/M ETV neg 29 557 10% n/a 1×108

ST1207 50/M ETV neg 66 626 n/a n/a 1×108

*ST1301 tested positive (index value 25.1, normal range 0–1) for HBeAg on 20 October 2021, but tested negative (0.48 S/CO, normal range 0–1) the following day at a different 
hospital. Time point of biopsy: ST1301 3 years, ST1204 5 years, ST1401 1 year before SCG101 infusion.
ETV, entecavir; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; neg, negative; S/CO, Signal-to-Cut-Off 
Ratio; TCR, T-cell receptor; TDF, tenofovir disoproxil fumarate.
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days (ST1204) post SCG101 infusion and recovered without 
sequelae (figure 4D). All patients showed significant increases in 
serum lactate dehydrogenase (LDH), following the same trend 
as the liver enzymes (figure  4E). Five patients had a transient 
and significant increase in serum ferritin levels (figure 4F), two 
patients (ST1301 and ST1105), who did not show increased bili-
rubin levels, demonstrated a transient increase in the Interna-
tional Normalised Ratio (INR) of up to 32% (figure 4G). A mild 
and transient decrease in serum albumin levels was observed 
in all patients (figure  4H). These markers for liver function 
remained unremarkable during the long-term follow-up moni-
toring (online supplemental figure S2), and all TRAEs were 
manageable and reversible. Thus, no dose-limiting toxicity 
(DLT) was observed during the DLT monitoring period (within 
28 days after the first infusion).

HBsAg reduction after T-cell infusion
HBsAg reduction was observed in all six patients (figure 5A–F, 
upper panels) concurrently with the peak expansion time of 

SCG101 T cells 4–16 days post-infusion (figure 2). Median base-
line serum HBsAg was 813.4 IU/mL (435.4–1581.6 IU/mL). Four 
patients showed a reduction of ≥1 log10 and were defined as 
antiviral responders (figure  5A,D–F). The reduction remained 
stable throughout the follow-up period, which extended to 26.9 
months until the data cut-off (figure 5A,E). The transient ALT 
flares occurred simultaneously with the HBsAg reduction, indi-
cating cytolytic clearance of target cells with HBV integration 
or infection (figure  5A–F, lower panels). Interestingly, patient 
ST1301 had stable HBsAg levels of around 8 IU/mL throughout 
1 year following SCG101 infusion, and it further reduced to 
4.3 IU/mL at month 27 after more T cells became detectable in 
blood again (figures 2A,C and 5A). However, in patient ST1206 
the second infusion without lymphodepletion at month 7 did 
neither lead to further reduction of serum HBsAg (0.35 IU/mL 
before the second infusion) nor an ALT increase (figure 5E). The 
overall median relative decrease of HBsAg was 1.96 log10 (range, 
0.16–3.84 log10) (online supplemental figure S3A) and there was 

Figure 2  Long-term monitoring of SCG101 in blood. Six HLA-A*02:01 patients were enrolled; two received a targeted dose of 5×107 HBV-TCR+ T 
cells/kg (dashed lines), and four received 1×108 HBV-TCR+ T cells/kg (solid lines). Reddish lines indicate responders with ≥1 log10 HBsAg reduction 
(ST1301, ST1204, ST1206, ST1207); green and blue lines indicate <1 log10 HBsAg reduction (ST1401, ST1105). (A) Genomic DNA was extracted 
from whole blood samples. The viral copy number (VCN) of a fragment of the lentiviral vector integrated into the T cells was quantified via qPCR. 
(B) Correlation analysis of the area under the curve (AUC) for 28 days and the number of infused SCG101 T cells. (C) The number of TCR+ T cells in 
peripheral blood was determined by multimer staining of the TCR and quantified via flow cytometry. *Indicates a second infusion of 1.11×108 HBV-
TCR+ T cells/kg into patient ST1206 without additional lymphodepletion. ACT, adoptive cell transfer; gDNA, genomic DNA; HBV, hepatitis B virus; 
HBsAg, hepatitis B surface antigen; HLA, human leucocyte antigen; LLOQ, lower limit of quantification; qPCR, quantitative PCR; TCR, T-cell receptor.
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a general trend of high numbers of cell expansion and the inten-
sity of simultaneous HBsAg reduction (figure 5G).

During screening, all six patients had HBV-DNA levels below 
the quantification limit of the individual assay applied at each 
study site (online supplemental figure S3B). HBV-DNA levels had 
slightly increased in four patients the day before T-cell infusion 
(figure 5H, online supplemental figure S3B). In two of those, the 
HBV-DNA rose slightly above 100 IU/mL after T-cell transfer and 
then returned to normal. In patient ST1105, the HBV-DNA level 
of 1980 IU/mL detected before infusion remained at a compa-
rable level after infusion and during follow-up (figure 5H). As 
an exception, patient ST1401, who did not show a significant 
drop in HBsAg, experienced a significant increase of HBV-DNA 
one to 2 days after SCG101 infusion, peaking at 1410 IU/mL and 
returning to below 50 IU/mL on day 7 (figure 5H, online supple-
mental figure S3B).

Overall, the antiviral activity of SCG101, as determined by 
the decrease of HBsAg, was rapid, strong and sustained in most 
patients.

HCC monitoring after T-cell infusion
All six patients with their far-advanced HCC were analysed 
for the antitumour efficacy of the SCG101 T-cell therapy. 
Target lesions were measured 1 and 2 months after infusion 
and bimonthly thereafter. According to mRECIST criteria, 3/6 
patients achieved tumour shrinkage with a best percentage 
change in target lesion size of −19.5%, −74.6% and −100% 
(figure 6A,B). This constituted two partial responses (PR) with 
a duration of 8.0 and ≥9.5 months, respectively (figure 6A–C). 
The two patients who showed a PR, ST1301 and ST1206, had 

low baseline AFP levels (online supplemental figure S3D) and 
the least tumour progression between screening and SCG101 
infusion (figure  6A). ST1206 first experienced a decrease in 
AFP, followed by an increase in month 5 and hence under-
went a reinfusion approximately 7 months after the first infu-
sion. Nevertheless, the patient experienced disease progression 
in non-target lesions, subsequently transitioning to long-term 
survival follow-up and receiving additional anticancer therapies. 
The median follow-up time was 10.9 months. In total, three 
patients died, one was lost to follow-up and two patients are 
known to remain alive more than 2 years after SCG101 infusion.

Two of the patients with tumour shrinkage had 1–5% HBsAg+ 
tumour cells within the HCC area of the biopsy (figure 1B and 
table 2). The target lesion of patient ST1301 was detected in the 
lung with an unknown presence of the target peptide. Following 
an initial minor reduction, a pronounced size reduction of this 
lung lesion was observed 18 months after SCG101 infusion 
(figure 6A, online supplemental figure S3C), concurrently with 
the re-emergence of SCG101 T cells (figure  2). Two patients 
were evaluated as stable disease (figure 6B), resulting in an ORR 
of 33.3% and a disease control rate of 66.7%. The median 
progression-free survival (PFS) was 12.8 weeks, with one patient 
remaining progression-free, including non-target lesions, for 
over 2 years until data cut-off (figure 6D).

DISCUSSION
New therapies for both HCC and its leading cause, CHB, 
are urgently needed. As a new immunotherapeutic modality 
addressing both challenges, we developed lentiviral vector-
transduced autologous HBsAg-specific TCR-T cells (SCG101). 
SCG101 exploits a high-avidity TCR that is expressed on CD4+ 
and CD8+ T cells. Viral vector transduction of the TCR allows 
TCR-T cells to persist in both animal models24 28 34 and in a 
patient with HCC.28 In this study, we present a larger popula-
tion of six HLA-A*02:01 positive patients with an advanced 
HBV-associated HCC treated with SCG101 after up to three 
prior systemic therapies. In this study population, we confirmed 
SCG101’s safety and efficacy. All TRAEs, including CRS and 
increased liver enzymes, were reversible. A substantial HBsAg 
reduction was observed in 5/6 participants, and a tumour 
response per mRECIST was observed in 2/6 after SCG101 
infusion.

CRS is one of the most common adverse reactions in T-cell 
immunotherapy, most likely induced by macrophage activation.35 
In our study, all six participants experienced varying levels of 
CRS up to grade 3, primarily presenting with symptoms of high 
fever, hypotension and elevation of CRP and IL-6 in serum. A 
comparable CRS was also observed in other studies using glyp-
ican 3 (GPC3)-specific CAR-T cells in patients with HCC36 37 or 
CAR-T cells against haematological cancers in chronically HBV-
infected patients.38 39 In those studies, no correlation between the 
development of CRS and liver function was observed. SCG101-
induced CRS was manageable using tocilizumab and GC pulse 
therapy to mitigate the macrophage activation and typical CRS 
symptoms, although the four patients receiving the higher dose 
of SCG101 still required vasopressor treatment.

The CRS treatment may, however, also alter T-cell function-
ality and thus the efficacy of SCG101. While the anti-IL6 receptor 
antibody does not seem to affect the efficacy of transferred T 
cells in CAR-T studies, the data on the effect of GCs remains less 
clear. Studies have reported either a reduced or unaltered effi-
cacy of CAR-T cells after GC treatment.35 40 In patient ST1401, 
who was the only patient without sustained HBsAg reduction, 

Table 3  Treatment-related adverse events after SCG101 infusion and 
lymphodepletion

Preferred term All, n (%) Grade 3 or 4, n (%)

Alanine aminotransferase increased 6 (100) 6 (100)

Aspartate aminotransferase increased 6 (100) 6 (100)

Cytokine release syndrome 6 (100) 4 (66.7)

Fever 6 (100) 0

Platelet count decreased 5 (83.3) 5 (83.3)

Hypoalbuminaemia 5 (83.3) 0

Neutrophil count decreased 4 (66.7) 3 (50.0)

Hypotension 4 (66.7) 3 (50.0)

Gamma-glutamyl transferase increased 4 (66.7) 1 (16.7)

Alkaline phosphatase increased 4 (66.7) 0

Sinus tachycardia 4 (66.7) 0

White blood cell count decreased 3 (50.0) 3 (50.0)

Lymphocyte count decreased 3 (50.0) 3 (50.0)

Monocyte count decreased 3 (50.0) 0

Bilirubin in the blood increased 3 (50.0) 0

Chills 3 (50.0) 0

Abdominal distension 3 (50.0) 0

Headache 3 (50.0) 0

Anaemia 2 (33.3) 1 (16.7)

Procalcitonin increased 2 (33.3) 0

Eosinophil count decreased 2 (33.3) 0

Nausea 2 (33.3) 0

Vomiting 2 (33.3) 0

Hypoxia 2 (33.3) 0

Any grade TRAEs occurring in ≥2 patients and all grade 3 or 4 TRAEs are listed.
TRAEs, treatment-related adverse events.
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Figure 3  Transient cytokine release syndrome after infusion of HBV-specific T cells. (A, B) Body temperature and blood pressure were measured 
at 15 min (±5 min), 30 min (±5 min), 1 hour (±15 min), and 2 hour (±15 min) after infusion on D0, and twice a day until D14. A sudden decrease in 
body temperature indicates treatment with antipyretics. (C) C-reactive protein (CRP) (D) and IL-6 serum levels indicate ongoing inflammation. The 
upper detection limit of the diagnostic IL-6 assay was 4000 for site 1 (ST1105) and 1000 pg/mL for site 2 (ST1204, ST1206, ST1207). (E, F) Systemic 
treatment of CRS with glucocorticosteroids and the anti-IL-6 receptor antibody tocilizumab during the first week after infusion of SCG101 is indicated 
by the coloured blocks. ACT, adoptive cell transfer; BID, two times a day; CRS, cytokine release syndrome; D0, day 0; DSP, dexamethasone sodium 
phosphate; HBV, hepatitis B virus; HSS, hydrocortisone sodium succinate; IL, interleukin; MSS, methylprednisolone sodium succinate; QD, once a day; 
TCR, T-cell receptor.
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markedly lower IL-6 levels in serum and a lower expansion rate 
of SCG101 T cells were detected. This could suggest that induc-
tion of inflammation and a certain level of cytokine release could 
also be beneficial or an indicator of a good response. In this 
regard, real-world data of commercial CD19 CAR-T cell prod-
ucts have shown that the product with the highest percentage of 
CRS induction also has the highest efficacy.41

After the infusion of SCG101 T cells, a significant increase in 
serum ALT, AST, LDH and ferritin was observed, in some patients 
accompanied by mild alterations in bilirubin, INR and albumin 
levels. All this, however, was reversible and rapidly normalised 
in parallel with the anti-inflammatory treatment given for CRS 
management. The liver injury and the simultaneous decrease of 
serum HBsAg were related to the on-target activity of SCG101, 
with its known cytolytic activity clearing hepatocytes and HCC 
cells expressing HBsAg.24 In acute, self-limiting HBV infection, 
these transient ALT flares are considered a sign of antiviral effi-
cacy and ultimately lead to a functional HBV cure.42 During 
acute, self-resolving hepatitis B or benign flares in CHB, ALT 
elevations last for one to 3 months.43 44 In our observation, ALT 
peaks occurred 2–3 days after SCG101 T-cell transfer and lasted 

for less than 2 weeks. Although the overall ALT peaks reached 
similar levels as in acute hepatitis B, the faster kinetics might 
be attributed to more HBV-specific cells being directly effec-
tive after infusion instead of T-cell responses building up over 
several weeks.43 Also, the inflammatory environment associated 
with the CRS itself can lead to an elevation of liver enzymes.45 
Furthermore, the shorter duration of the ALT flare was possibly 
associated with much lower numbers of infected cells in these 
long-term CHB patients.46

Surprisingly, in the six patients presented here, the levels of 
ALT did not correlate with baseline HBsAg levels in serum. One 
possible explanation is that serum HBsAg does not fully reflect 
the overall number of HBsAg-expressing cells in the liver47 or 
that some patients contain shorter fragments of HBsAg that 
are not detected by the diagnostic assays but still express the 
peptide S20–28,

48 which the SCG101 TCR recognises. Instead, in 
this small cohort, we observed a trend that both the degree of 
liver enzyme elevations and the grade of CRS were related to the 
quantity of TCR-T cells infused, in line with an increased killing 
velocity in vitro when the number of effector cells is increased.24 
However, the success, as measured by the relative decrease of 

Figure 4  Liver function after transfer of SCG101 HBV-specific T cells. (A–B, D–H) Serum levels of liver function biomarkers monitored for 28 
days after T-cell transfer: aspartate transaminase (AST), alanine transaminase (ALT), TBIL (total bilirubin), ferritin, lactate dehydrogenase (LDH), the 
International Normalised Ratio (INR) for blood-clotting and albumin were measured on indicated days. (C) Correlation analysis of the maximum ALT 
elevation and the infused dose of SCG101, R2=0.6881, p value=0.0411 by simple linear regression analysis. ACT, adoptive cell transfer; HBV, hepatitis 
B virus; LD, lymphodepletion; TCR, T-cell receptor.
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Figure 5  Viral markers and liver flares following infusion of HBV-specific SCG101 T cells. (A–F) Serum HBsAg (upper panels) and ALT (lower panels) 
levels of individual patients. (G) Correlation analysis of the accumulated amount of SCG101 over 4 weeks as determined by AUC calculation of the 
VCN and the relative HBsAg reduction during that timeframe. (H) HBV-DNA levels determined by qPCR at individual study sites (lower levels of 
quantification: site 01: <1000, site 02: <20, site 03: <100, site 04: <50). ACT, adoptive cell transfer; ALT, alanine aminotransferase; AUC, area under 
the curve; gDNA, genomic DNA; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; qPCR, quantitative PCR; TCR, T-cell receptor; VCN, vector 
copy number.
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HBsAg, highlighted the importance of cell persistence rather 
than the infusion dose. The only patient without sustained 
HBsAg decrease, ST1401, had a very poor T-cell engraftment, 
and cell numbers quickly dropped. Similarly, in a prior study, 
long-term serum HBsAg levels were barely affected when HBV-
specific T cells transiently expressed a TCR after RNA electro-
poration.27 Patient ST1401, in which T-cell expansion was low, 
had not only lower IL-6 levels but also stood out because of 
much higher numbers of blood lymphocytes, eosinophils and 
monocytes before treatment, continuously high monocytes 
during treatment and high numbers of liver-infiltrating immune 
cells. Among those, anti-inflammatory immune cells might have 
contributed to the dysfunction of HBV-specific T cells.49

By contrast, patient ST1206 had exceptionally good cell 
persistence and a 99.99% reduction of HBsAg.28 A few clin-
ical studies in solid tumours have analysed cell persistence and 
found positive correlations with the response to T cell therapy. 
Already in a trial in the early days of T-cell therapy, it was found 
that patients with cell persistence for more than 6 weeks had 
less neuroblastoma progression.50 More recently, it was shown 
that clinical responses to treatment with CLDN6-specific CAR-T 
cells only occurred in patients with sustained T-cell persistence 
over 6 weeks.51 Similarly, the recent clinical data from Adaptim-
mune’s TCR-T cell product, the world’s first approved TCR-T 
cell therapy (afamitresgene autoleucel), demonstrated a correla-
tion between long T-cell persistence and treatment efficacy in its 
Phase II pivotal trial.52 Our findings align with this perspective, 

suggesting that the durable persistence of TCR-T cells, as achiev-
able with lentiviral transduction, can be associated with better 
clinical outcomes in solid tumours such as HBV-HCC.

Another observation also supports the idea that not only 
the infused cell dose but also the setting plays an important 
role in engraftment. When patient ST1206 had an increase in 
AFP, and it was unclear whether the remaining SCG101 T cells 
were potentially exhausted, he received a second injection of 
SCG101 at the highest dose level. We refrained from a second 
lymphodepletion to avoid depleting any anti-HBV or antitu-
mour immune cells that had potentially built up after the first 
infusion of SCG101. This time, cells expanded less than after 
the previous lower dose injection, no symptomatic CRS or ALT 
elevations occurred, and serum HBsAg, which had remained 
below 1 IU/mL, was not further decreased. This indicates that 
either the remaining antigen stimulus was insufficient or that the 
lymphodepletion preconditioning is indispensable. Lymphode-
pletion is a chemotherapeutic treatment regimen that is standard 
practice to facilitate T-cell engraftment and persistence and has 
been shown to consequently improve treatment outcomes.53 
However, lymphodepletion bears the theoretical risk of a hepa-
titis flare. Encouragingly, we only observed minor increases in 
HBV-DNA after the lymphodepletion and before T-cell transfer. 
HBV reactivations have indeed been observed after CAR-T cell 
treatment of B cell lymphomas but have been attributed to the 
subsequent B cell aplasia and not to the lymphodepletion.54 A 
sudden increase and decrease of HBV-DNA just after SCG101 

Figure 6  Tumour responses after infusion of SCG101. (A) Percentage change in the sum of diameters of target lesion(s) over time, assessed by 
multiphasic CT scan at indicated time points, until a PD was documented. For patients ST1401 and ST1207, PD was confirmed by an additional scan 
per iRECIST criteria. (B) Best percent change from baseline in the sum of diameters of target lesion(s) at any time point for each patient. The dashed 
lines at –30% and +20% represent thresholds for PR and PD, respectively, per mRECIST criteria. (C,D) Tumour responses and PFS as per mRECIST 
criteria. Although patient ST1204 experienced a tumour size reduction at month 4, the overall response was regarded as PD due to the development 
of a new lesion. ACT, adoptive cell transfer; HBV, hepatitis B virus; iRECIST, immune response evaluation criteria in solid tumours; mRECIST, modified 
response evaluation criteria in solid tumours; PD, progressive disease; PFS, Progression-free survival; PR, partial response; SD, stable disease; TCR, T-cell 
receptor.
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T-cell transfer might have resulted from HBV+ hepatocyte 
killing and a sudden release of HBV-DNA-containing capsids or 
integrated HBV-DNA. We have already observed this phenom-
enon in vitro in the co-culture of HBV-specific T cells and HBV-
infected HepG2-NTCP cells,24 and it warrants further studies 
into SCG101’s mode of action with more narrow screening and 
different virological assays.

As a preventive measure against HBV reactivation, all patients 
continued oral nucleoside analogue therapy throughout enrol-
ment in the study. Long-term antiviral therapy has been recom-
mended as an important component of a comprehensive 
treatment of HCC to suppress viral replication or reactivation, 
reducing the risk of further liver deterioration and improving 
long-term prognoses.55 Nevertheless, these drugs rarely achieve 
meaningful HBsAg reductions or even seroconversion because 
of their inability to eliminate the HBV covalently closed circular 
DNA or integrated HBV-DNA from hepatocytes.56 For the six 
patients discussed here, serum HBsAg had remained high despite 
long antiviral treatment but was reduced rapidly after infusion. 
Liver biopsies for ST1206 taken before and after SCG101 infu-
sion confirmed the clearance of HBsAg-positive cells.28 The only 
other therapeutic approaches that have been shown to trigger 
sustainable HBsAg reductions in some patients are pegylated 
interferon (IFN) and nucleic acid polymers. Both require long-
term treatment. IFN therapy is accompanied by unpleasant side 
effects, and nucleic acid polymers by constantly elevated liver 
enzymes over months.57 With this in mind, it would be interesting 
to also test SCG101 T-cell infusion as a therapy in CHB patients 
at high risk of developing an HCC, and to potentially combine it 
with HBV vaccination to achieve a full seroconversion.

Although SCG101 showed very promising antiviral activity, 
the primary goal of the clinical trial was to assess its safety and 
efficacy against HBV-associated HCC. Regarding the antitu-
mour efficacy, the ORR was 33.3%, and the disease control rate 
was 4/6, with one PR occurring at each dose level. Since T-cell 
therapy trials lack control arms, a categorical evaluation or a 
comparison to compatible historical cohorts remains tricky.

One patient achieved an initial PR with about 70% tumour 
reduction but progressed with new lesions emerging 8 months 
afterward, while the original target lesions remained well 
suppressed. The development of these new lesions was accom-
panied by a marked increase in AFP with no significant change 
in serum HBsAg. The new lesions were not affected by the 
second infusion of SCG101, indicating that they might have lost 
HBsAg expression and could not efficiently be targeted by the 
TCR-T cells. Considering that HCC may lose HBsAg expression, 
dual-targeted TCR-T cell therapy against both AFP and HBsAg 
could be an interesting approach. AFP has been suggested to 
promote the formation of cancer stem cells and to attenuate 
T-cell responses by shaping the immune suppressive tumour 
microenvironment.58 This may have inhibited dendritic cells 
from presenting viral or tumour antigens and prevented the acti-
vation of endogenous T cells. The other PR in a patient with 
a lung metastasis was noted after 18 months. A complete loss 
of the target lesion coincided with SCG101’s reappearance in 
the blood circulation along with a general increase in lympho-
cyte count. This observation underlines SCG101’s capability of 
forming memory cells with the potential for giving rise to new 
TCR-T cells even a long time after infusion.

HBsAg could not be stained in all the HCCs we treated. This 
may have several reasons. In general, HBsAg is hard to stain 
if it is secreted and not retained in hepatocytes, and a biopsy 
taken from one area of the liver does not represent the average 
of HBsAg+ target cells in other areas, as a histology study from 

Gilead Sciences revealed.47 In addition, not all HCC cells are 
expected to contain the complete HBV S-gene due to the late 
tumour stage. Some cells may only contain HBV-DNA fragments 
that do not express the entire HBsAg detectable by immunolog-
ical assays, but still can express polypeptide sequences that can 
be targeted by S20–28-specific TCR-T cells.48 Therefore, HBsAg 
expression in the tumour was not an inclusion criterion in our 
study.

In addition, a phenomenon referred to as epitope spreading 
may occur. Tan et al hypothesised that immunological alterations 
could follow the transfer of RNA-electroporated, HBV-specific 
TCR-T cells, leading to the induction of additional antitumour 
T-cell responses.59 60 This may be fostered by the elimination 
of non-cancerous HBV-infected hepatocytes. However, whether 
HBV-specific T-cell therapy results in epitope spreading remains 
to be further investigated in upcoming studies. Furthermore, 
PFS and OS data need to be analysed in bigger cohorts to assess 
whether there is a benefit of reducing the viral antigen and elim-
inating the infected hepatocytes will provide additional advan-
tages, such as improved long-term survival and other clinical 
benefits, even when the tumour is not ultimately controlled. 
This will pave the way for also treating patients with CHB 
and patients with HCC at high risk of tumour occurrence or 
recurrence, for example, after surgical removal of the primary 
tumour, and for enabling HBV functional cure in patients with 
preserved liver function, who have a lower risk of complications 
during T-cell therapy than the patients with end-stage HCC in 
this study.

Taken together, SCG101 T-cell therapy, applied as a mono-
therapy for patients with HBV-related HCC, demonstrated both 
antiviral activity with significant reduction of HBsAg and anti-
tumour activities with a delayed progression in responders. The 
expansion of SCG101 T cells, reduction in serum HBsAg and 
observed tumour responses collectively underscore its on-target 
activity. However, a CRS up to grade 3 was observed that 
required therapeutic intervention and could be managed with 
steroid and anti-IL-6 receptor treatment. The proof-of-concept 
data accumulated to date support the continued development 
of HBV-specific T cell therapy as a novel therapeutic option for 
both CHB and HBV-associated HCC. Larger and systematic, 
controlled trials are required for a proper risk-benefit analysis. 
Optimising the dosing regimen and exploring combinations with 
other agents with potentially complementary mechanisms could 
further improve the efficacy–safety balance of T cells with a 
stable expression of an HBV-specific TCR.
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