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Summary
Background Glypican-3 (GPC3) is a well-characterized hepatocellular carcinoma (HCC)-associated antigen and a
promising target for HCC treatment. CT017 CAR T cells were engineered to co-express CAR-GPC3 and runt-
related transcription factor 3 (RUNX3), which triggers CD8+ T-cell infiltration into the cancer microenvironment.

Methods This single-center, single-arm, open-label, phase I clinical study enrolled heavily pretreated patients with
GPC3-positive HCC between August 2019 and December 2020 (NCT03980288). Patients were treated with CT017
CAR T cells at a dose of 250 × 106 cells. The primary objective was to assess the safety and tolerability of this
first-in-human product.

Findings Six patients received 7 infusions (one patient received 2 infusions) at the 250 × 106 cells dose. Three patients
received CT017 monotherapy, and three patients received CT017-tyrosine kinase inhibitor (TKI) combination therapy
at the first infusion. One patient received CT017-TKI combination therapy at the second infusion after CT017
monotherapy. All patients experienced cytokine release syndrome (CRS), with 50% (3/6) at Grade 2, 50% (3/6) at
Grade 3, and all events resolved after treatment. No immune effector cell-associated neurotoxicity syndrome was
observed. Dose escalation was not performed due to the investigator’s decision regarding safety. Of six evaluable
patients, one achieved partial response and two had stable disease for a 16.7% objective response rate, 50%
disease control rate, 3.5-month median progression-free survival, 3.2-month median duration of disease control,
and 7.9-month median overall survival (OS) with 7.87-month median follow-up. The longest OS was 18.2 months
after CT017 infusion.

Interpretation Current preliminary phase I data showed a manageable safety profile and promising antitumor ac-
tivities of CT017 for patients with advanced HCC. These results need to be confirmed in a robust clinical trial.
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Research in context

Evidence before this study
Though systemic therapies for advanced hepatocellular
carcinoma (HCC) improve prognosis, long-term clinical
benefits are still limited. CAR T cells showed significant
efficacy in treating hematologic malignancies but its
application in solid tumors is still challenging.
Earliest preclinical study reported the anti-tumor activity of
Glypican-3 (GPC3)-targeted CAR T cells by efficiently
eliminating GPC3-positive hepatocellular carcinoma and
might become a new treatment method for GPC3-positive
hepatocellular carcinoma. Preclinical studies of this product
showed that Runt-related transcription factor 3 (RUNX3) co-
expression improved the persistence, increased T cell
infiltration in tumor tissues, and enhanced antitumor activity
of CAR T cells in vivo.

Added value of this study
Our study provides the first clinical evidence of newly
engineered CAR T cells named CT017 that can co-express
GPC3 CAR and RUNX3 for treating advanced HCC patients.
The study results showed a manageable safety profile of
CT017 and potential therapeutic benefits of CT017 plus TKIs
combination therapy in patients with advanced HCC.

Implications of all the available evidence
Advanced-stage HCC is unsuitable for local therapy and
available systemic therapeutics provide modest clinical
benefit. Current study data provided preliminary evidence
that CT017 CAR-GPC3 T cell therapy as monotherapy or
combination therapy could be a safe and alternative
therapeutic option for advanced HCC patients.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most
common cancers with substantial morbidity and mor-
tality.1 Many patients are diagnosed with advanced-
stage, unresectable disease. Several multi-target tyro-
sine kinases inhibitors (TKIs, i.e., sorafenib, lenvatinib,
regorafenib) have shown favorable survival benefits in
HCC since 2008.2–4 The emerging immunotherapy or
immuno-oncology combinations have revolutionized
the treatment scenario of solid tumors.5 Immune
checkpoint inhibitors (i.e., anti-PD-1/PD-L1 antibodies,
anti-CTLA-4 antibodies) as dual-blockade therapy or in
combination with TKIs and/or anti-angiogenesis agents
have also improved the prognosis for HCC patients in
recent years.6–9 And more benefits are expected for HCC
patients with continued explorations on the predictive
biomarkers for precision medicine and new combina-
tions of immune checkpoint inhibitors.10–12 However,
the long-term survival of most patients remains poor,
and therapeutic options with novel mechanisms are
urgently needed.

Chimeric antigen receptor (CAR) T cell therapy is a
novel immunotherapy that enables autologous T cells to
express synthetic receptors to specifically recognize the
surface tumor-associated antigens for exerting subse-
quent antitumor effects, and eliminating the resistance,
metastases, and recurrence of cancer.13 CAR T-cell
therapy has achieved remarkable efficacy in the treat-
ment of hematologic malignancies.14,15 However, the
application of CAR T cells to solid tumors has been a
great challenge. Although the antitumor efficacy was
observed in some early phase clinical trials, it was much
less effective.16,17 Challenges include finding a safe and
effective target, improving CAR T-cell trafficking to the
site of disease and increasing the infiltration, and
maintaining a durable proliferation of CAR T cells in the
tumor microenvironment.18,19
There are several preclinical and clinical studies of
CAR T-cell therapies for HCC, demonstrating prom-
ising therapeutic potential.20–22 Glypican-3 (GPC3) is a
cell-surface glycophosphatidylinositol-anchored protein.
It is extensively and highly expressed on HCC cells and
shows minimal expression in normal adult tissues.23

Moreover, elevated GPC3 in HCC is associated with
poor prognosis.24 Therefore, GPC3 is one of the well-
characterized HCC-associated antigens and is a prom-
ising target for the treatment of HCC. Previously, a
phase I trial of Y035 CARGPC3 T-cell therapy for
advanced HCC showed an expected safety profile and
promising antitumor activities with two partial response
(PR) and one stable disease (SD) observed in 13 pa-
tients.25 Synergistic effects with sorafenib has been
studied and demonstrated the potential benefit of
combining sorafenib with GPC3-targeted CAR T cells
against HCC in preclinical models.22 A patient with
recurrent HCC achieved long-term complete response
after receiving a combination of sorafenib with four
doses of Y035 CAR-GPC3 T cells, which suggests a
promising option for patients with advanced HCC.26

To further enhance the efficacy, new technologies to
improve GPC3-specific CAR T-cell therapy are being
continuously explored. Runt-related transcription factor
3 (RUNX3) is a key regulator of tissue-resident memory
(TRM) cell differentiation and homeostasis.27 It functions
to trigger CD8+ T-cell infiltration in the cancer micro-
environment by regulating a series of immune-related
chemokines.28 Whether CAR T cells co-expressing
RUNX3 could better infiltrate into tumor tissue and
have enhanced antitumor activity remains unknown.
Therefore, we engineered new CAR T cells named
CT017, which co-express CAR-GPC3 and RUNX3,
termed a fourth-generation CAR T-cell therapy. The
RUNX3 expression of Run-CAR-T (i.e., CAR T cells co-
expressing RUNX3) was measured by Western blot
www.thelancet.com Vol 63 September, 2023
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analysis after activation in preclinical studies, and the
RUNX3 expression had been well confirmed. Preclinical
studies also showed that RUNX3 co-expression
improved the persistence, tumor infiltration, and anti-
tumor activity of CAR T cells in vivo.29 In this study, we
conducted a prospective phase I trial to explore the
safety and potential efficacy of CT017 CAR T cells as
monotherapy and combination therapy in patients with
heavily treated advanced GPC3 positive HCC.
Methods
Study design and participants
This single-center, open-label, single-arm, phase I trial
was held in the First Affiliated Hospital of Zhejiang
University in China (NCT03980288). Patients were
eligible if they were aged 18–75 years, had a histological
diagnosis of HCC with positive GPC3 expression (IHC
staining in any percentage of tumor cells with intensity
≥1+), and measurable advanced disease as defined by
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1. Patients were refractory to standard sys-
temic treatment. GPC3 immunohistochemistry staining
was evaluated by the central lab as previously
described.25 Other key eligibility criteria included a
Child-Pugh score ≤7, an Eastern Cooperative Oncology
Group (ECOG) performance state score of 0 or 1, HBV-
DNA <2000 IU/mL, and adequate bone marrow, liver,
and kidney function.

Enrolled patients underwent leukapheresis to obtain
peripheral blood mononuclear cells. The manufacturing
of CT017 CAR T cells was completed around 2 weeks
afterward. CT017 CAR T cells consisted of a humanized
anti-GPC3 single-chain variable fragment (scFv)
(Supplementary Table S1), CD8α hinge domain, CD8α
transmembrane domain, 4-1BB intracellular domain,
and CD3ζ intracellular signaling. In addition, by using a
self-cleaving F2A peptide, RUNX3 was co-expressed
with CAR-GPC3 (Supplementary Fig. S1a). The
expression of CARs in the transduced T cells was
measured by fluorescence-activated cell sorting analysis
(FACS), and the CAR expression detection results are
shown in Supplementary Fig. S1b. Patients received the
lymphodepletion therapy regimen 6 days before CT017
CAR-GPC3 T-cell infusion, comprising cyclophospha-
mide (300 mg/m2) and fludarabine (25 mg/m2) for 3
days.

A 3 + 3 clinical trial design was applied
(Supplementary Fig. S2). Patients were treated in a dose
escalation/de-escalation scheme with a starting dose of
250 × 106 CAR T cells, and subsequent dose groups
could be escalated to 400 × 106 CAR T cells or de-
escalated to 150 × 106 CAR T cells per safety, pre-
liminary efficacy, and pharmacokinetics profile. Dose-
limiting toxicity (DLT) was observed over a period of
28 days. Patients were eligible to receive the second and
third dose at 12 and 24 weeks after the first dose
www.thelancet.com Vol 63 September, 2023
infusion, if the first dose of treatment was considered
tolerable and potentially beneficial. Additionally, the
second or third dose of CAR T-cell therapy could be
administered as a monotherapy or in combination with
anti-HCC treatments. If three patients in a certain dose
group completed the first cell infusion and no DLT was
observed, an additional three patients were enrolled and
started the combination therapy of CAR T cells with
routine drugs for HCC. Combination therapy could be
sorafenib (or other multi-kinase inhibitors), or in com-
bination with programmed death-1/programmed death-
ligand 1 (PD-1/PD-L1) monoclonal antibodies, or other
treatments that may benefit subjects. The clinical ratio-
nale or decision on combination therapy will be based
on the subjects’ previous treatments, responses and
tolerance assessed by the investigator. Sorafenib and
other multi-kinase inhibitors may promote anti-tumor
immunity through synergizing the effects of CAR T
cells as well as modulating the tumor microenviron-
ment as reported.22,26,30 The reactivating exhausted im-
mune response by immune checkpoint inhibitors may
prolong CAR T cells functional persistence to make
CAR T cells better play the role of tumor-targeting im-
mune infiltration and highly specific antitumor immune
response.31

Computed tomography (CT) with contrast was used
to assess the tumor response to treatment 1 month
following cell infusion according to RECIST version 1.1.
Adverse events (AEs) were coded using the Medical
Dictionary for Regulatory Activities (version 21.1) and
graded based on the Common Terminology Criteria for
Adverse Events version 5.0 (CTCAE 5.0). Cytokine
release syndrome (CRS) was graded and managed ac-
cording to the American Society of Transplantation and
Cellular Therapy (ASTCT) CRS grading criteria.32 DLTs
were defined as CT017 treatment-related elevated bili-
rubin or glutamic-pyruvic transaminase (ALT) or
glutamic-oxalacetic transaminase (AST) of Grade ≥3
lasting for more than 14 days; CT017 CAR-GPC3 T cell-
related Grade ≥3 CRS lasting for more than 7 days;
immune effector cell-associated neurotoxicity syndrome
(ICANS) of Grade 3 or more; other treatment-related
nonhematologic AEs of Grade 3 or more that last for
more than 7 days (with the exception of Grade 3 fever,
laboratory abnormalities of no clinical significance, and
Grade 3 fatigue); CT017 treatment-related ≥ Grade 4
hematologic toxicity (except lymphopenia and leuko-
penia) that could not be recovered to ≤ Grade 2 after 14
days of treatment; and CT017 treatment-related hemo-
phagocytic lymphohistiocytosis (HLH).

Analysis of CAR-GPC3 DNA copy numbers and
cytokine measurements
The blood samples were collected from patients before
and at pre-specified time points after CT017 CAR T-cell
infusion. A fully validated real-time fluorescent quanti-
tative polymerase chain reaction (qPCR) assay was
3
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applied to determine the CT017 CAR-GPC3 DNA copy
numbers in peripheral blood as described previously.33

The plasma concentrations of interleukin (IL)-6, IL-8,
IL-10, tumor necrosis factor alpha (TNF-α), and
interferon-gamma (IFN-γ) were measured using a
cytometric bead array according to the manufacturer’s
instructions (BD Biosciences; catalog numbers 558276,
558277, 558274, 560112, and 560111, respectively). The
plasma concentrations of IL-2 and IL-15 were measured
using electrochemiluminescence according to the
manufacturer’s instructions (Meso Scale Discovery,
K151QQD, and K151RDD). Transforming growth fac-
tor-β1 (TGF-β1) levels were measured using enzyme-
linked immunosorbent assay (ELISA) according to the
manufacturer’s instructions (R&D Systems; catalog
numbers SB100B).

Anti-drug antibody and replication competent
lentivirus
Anti-CAR-GPC3 antibodies (ADA) in peripheral blood
were tested before and at 28 days following CT017 CAR
T-cell infusion and afterward by a fully validated ligand
binding assay. The replication competent lentivirus
(RCL) was determined by a fully validated qPCR assay.

Ethics
The study was approved by the institutional ethics
committee of the First Affiliated Hospital of Zhejiang
University (Approval No. 12 of the Research Ethics Re-
view Conference in 2019). Written informed consent
was obtained from patients before enrollment in the
study.

Statistical analyses
Descriptive statistics consisted of medians with ranges
and means with SDs for continuous variables and
counts and percentages for categorical variables.
Progression-free survival (PFS) and overall survival (OS)
were analyzed using the Kaplan–Meier method. All an-
alyses were performed with SAS 9.4.

Role of the funding source
This study was funded by CARsgen Therapeutics Co.,
Ltd. The study funder provided study drugs and partic-
ipated in study design, data collection, data analysis,
data interpretation, and writing of the report.
Fig. 1: Patient disposition. Abbreviations: ICF, informed consent
forms; N, number.
Results
Patient characteristics
Between August 2019 and December 2020, 15 patients
with GPC3-positive HCC signed the informed consent
form after target screening, and nine patients under-
went leukapheresis. As of the data cutoff date (29
August 2022), three of the nine patients discontinued
the study before lymphodepletion, including two for
rapid disease progression, and one due to patient
decision. Six patients received a total of 7 infusions of
CT017 CAR-GPC3 T cells at a dose level of
250 × 106 cells (Fig. 1, Supplementary Fig. S3).

Among the six patients who received cell infusion,
the median age was 50.5 years (range, 36–66 years), and
all patients were male. All patients had Barcelona Clinic
Liver Cancer stage C disease and extrahepatic metastatic
lesions. One (16.7%) patient had portal vein tumor
thrombus, and four (66.7%) patients had clinically sig-
nificant abnormal alpha-fetoprotein (AFP) levels. All six
patients were diagnosed with HCC for a median time of
1.25 years and had received at least two prior lines of
therapy. Among the six patients, four had received prior
immunotherapy. Four patients had prior surgery and
their primary tumors were removed, and the primary
tumors of the other two patients were treated by trans-
hepatic arterial chemoembolization (TACE). All patients
had Child-Pugh class A disease with a median Child-
Pugh score of 5. All patients had a history of hepatitis
B, and five patients also had liver cirrhosis. All patients
had an ECOG score of 1. GPC3 positivity was confirmed
by immunohistochemistry. Of the six patients who
received CT017, two were treated with CAR T-cell
monotherapy and four in combination with regorafenib
or sorafenib (one of whom started at the second infu-
sion). No differences in baseline characteristics were
observed between these two groups (Table 1).

Characteristics of CT017 CAR-GPC3 T cells
CT017 CAR-GPC3 T cells were successfully manufac-
tured for all six patients. The median manufacturing
time was 8 days (range 8–9). The median CD3+ T cells
ratio was 98.6% (range 96.6%–99%), including helper T
lymphocytes (Th) (52.9%, range 20.6%–84.6%) and
www.thelancet.com Vol 63 September, 2023
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CT017 250 × 106 cells with
combination therapy
N = 4

CT017 250 × 106 cells without
combination therapy
N = 2

Total
N = 6

Median age (range), years 50.5 (36–56) 56.0 (46–66) 50.5 (36–66)

Sex, n (%)

Male 4 (100) 2 (100) 6 (100)

Female 0 0 0

ECOG score, n (%)

0 0 0 0

1 4 (100) 2 (100) 6 (100)

Child-Pugh score

5 4 (100) 2 (100) 6 (100)

Median duration of HCC (range), years 1.30 (0.4–3.3) 1.25 (1–1.5) 1.25 (0.4–3.3)

Hepatitis B, n (%) 4 (100) 2 (100) 6 (100)

AFP, n (%)

Normal 2 (50.0) 0 2 (33.3)

Abnormal, clinically significant 2 (50.0) 2 (100) 4 (66.7)

Hepatocirrhosis, n (%)

Yes 3 (75.0) 2 (100) 5 (83.3)

No 1 (25.0) 0 1 (16.7)

Disease type, n (%)

Hepatocellular carcinoma 4 (100) 2 (100) 6 (100)

Pathological grading, n (%)

Moderately differentiated 1 (25.0) 1 (50.0) 2 (33.3)

Poorly differentiated 1 (25.0) 0 1 (16.7)

Unknown/Other 2 (50.0) 1 (50.0) 3 (50.0)

Portal vein tumor thrombus, n (%)

Yes 1 (25.0) 0 1 (16.7)

No 3 (75.0) 2 (100) 5 (83.3)

Extrahepatic metastasis, n (%)

Yes 4 (100) 2 (100) 6 (100)

No 0 0 0

BCLC stage, n (%)

Stage B: intermediate stage 0 0 0

Stage C: advanced stage 4 (100) 2 (100) 6 (100)

GPC3 IHC staining intensity, n (%)

1+ 2 (50.0) 0 2 (33.3)

2+ 0 0 0

3+ 2 (50.0) 2 (100) 4 (66.7)

Previous lines, n (%)

1 0 0 0

2 4 (100) 2 (100) 6 (100)

≥3 0 0 0

Previous surgery

Yes 3 (75.0) 1 (50.0) 4 (66.7)

No 1 (25.0) 1 (50.0) 2 (33.3)

Previous local therapies

TACE 3 (75.0) 2 (100.0) 5 (83.3)

Radiotherapy 0 1 (50.0) 1 (16.7)

Previous systemic therapies, n (%)

Fluorouracil drugs 1 (25.0) 0 1 (16.7)

Platinum drugs 1 (25.0) 0 1 (16.7)

PD-1/PD-L1 inhibitor 3 (75.0) 1 (50.0) 4 (66.7)

Targeted drugs 4 (100) 2 (100) 6 (100)

Abbreviations: AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; GPC3, glypican-3; HCC, Hepatocellular carcinoma;
IHC, immunohistochemistry; n, number in respective category; N, total number; PD-1, Programmed death-1; PD-L1, Programmed death-ligand 1; TACE, transcatheter
arterial chemoembolization.

Table 1: Baseline characteristics.
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cytotoxic T cells (CTL) (41.8%, range 9.5%–73.1%).
Median transduction efficiency was 44.15% (range,
40.8%–46.2%). Further analysis showed that most of the
T cells were stem cell-like memory T cells (Tscm)
(39.1%, range 25.3%–64.8%), central memory T cells
(Tcm) (21.2%, range 18.8%–43.7%), effector memory T
cells (Tem) (21.6%, range 4.9%–30%), and effector T
cells (Tef) (11.55%, range 2%–19.5%) (Fig. 2a). The
a

b

Fig. 2: The FACS results of the phenotype of CT017 CAR-GPC3 T
cells. (a) The subset of CD3+ T cells of CT017 infused in each pa-
tient; (b) Representative FACS plots of CD3+CD95+ T cells (Patient
01, 03 and 05). Notes: FACS plots of CD3+CD95- T cells were not
shown. Abbreviations: CD, cluster of differentiation; FACS,
fluorescence-activated cell sorting; Tcm, central memory T cells;
Tef, effector T cells; Tem, effector memory T cells; Tscm, stem cell-
like memory T cells.
representative FACS plots of the CAR T-cell phenotypes
are shown in Fig. 2b.

Study drug exposure
Six patients received a total of 7 infusions with a dosage
of 250 × 106 cells, in which one patient received 2 in-
fusions. The first three patients started with CT017
monotherapy, and patient 03 had SD after the first dose
of CT017 CAR-GPC3 T cells and received a second
infusion in combination with sorafenib decided by the
investigator as the patient had been exposed to atezoli-
zumab plus bevacizumab and lenvatinib. With no DLTs
and significant safety signal identified, the next three
patients received a combination treatment of CT017
CAR-GPC3 T cells and regorafenib with a dosage of
250 × 106 cells considering that the patients had been
treated with PD-1/PD-L1 and/or no previous exposure
with regorafenib. Dose escalation was not performed
due to the investigator’s decision for safety concerns.

Safety
All patients had treatment-emergent adverse events
(TEAEs), and 1 (16.7%) patient had a serious TEAE
(anaphylactic shock). One patient discontinued from
CT017 treatment due to AEs, and no patients withdrew
from the study or died due to AEs. As shown in Table 2,
hematologic toxicities were the most reported Grade 3
or 4 TEAEs, including lymphocyte count decreased
(100%), platelet count decreased (66.7%), white blood
cell count decreased (66.7%), neutrophil count
decreased (50.0%). The hematologic TEAEs were ex-
pected toxicities of lymphodepletion chemotherapy and
were manageable. The most common nonhematologic
Grade 3 or 4 TEAEs included CRS (50.0%), blood
fibrinogen decreased (33.3%), and pneumonia (33.3%).

According to the ASTCT criteria, CRS occurred in all
six patients with three at Grade 3. No neurotoxicity was
identified. All patients received tocilizumab and four
patients also received glucocorticoids for CRS. Patients
receiving glucocorticoid treatment showed higher peak
levels of IL-6, IL-8 and IFN-γ comparing with patients
without glucocorticoids. However, patients with gluco-
corticoid treatment had lower TGF-β levels (Fig. 3a). For
all patients, CRS started on the day of infusion, the
median duration was 7 days (range 4–14 days), and
cytokine concentrations aligned with the course of CRS
(Fig. 3b).

CT017 CAR-GPC3 T cells in peripheral blood and
cytokine profile
CT017 CAR-GPC3 T cells were detectable in peripheral
blood on the third day after infusion with a median copy
number of 524.5 copies/μg gDNA (range 203–1913).
The copy numbers increased rapidly, reaching a median
peak of 5067 copies/μg gDNA (range 2001–9801) after 7
days, and the median area under the curve (AUC) for
the CAR-GPC3 DNA copy numbers was 45,237.5
www.thelancet.com Vol 63 September, 2023
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Preferred term, n (%) CT017 250 × 106 cells with
combination therapy
N = 4

CT017 250 × 106 cells
without combination
therapy
N = 2

Total
N = 6

Grade 3 or 4 Any Grade 3 or 4 Any Grade 3 or 4 Any

Any TEAE 4 (100) 4 (100) 2 (100) 2 (100) 6 (100) 6 (100)

Hematologic toxicities

Lymphocyte count decreased 4 (100) 4 (100) 2 (100) 2 (100) 6 (100) 6 (100)

Platelet count decreased 3 (75.0) 4 (100) 1 (50.0) 2 (100) 4 (66.7) 6 (100)

White blood cell count decreased 2 (50.0) 3 (75.0) 2 (100) 2 (100) 4 (66.7) 5 (83.3)

Neutrophil count decreased 1 (25.0) 2 (50.0) 2 (100) 2 (100) 3 (50.0) 4 (66.7)

Non-hematologic toxicities

Cytokine release syndrome 2 (50.0) 4 (100) 1 (50.0) 2 (100) 3 (50.0) 6 (100)

Pyrexia 0 4 (100) 1 (50.0) 2 (100) 1 (16.7) 6 (100)

Hypoxia 0 4 (100) 1 (50.0) 2 (100) 1 (16.7) 6 (100)

Blood fibrinogen decreased 1 (25.0) 1 (25.0) 1 (50.0) 2 (100) 2 (33.3) 3 (50.0)

Pneumonia 1 (25.0) 2 (50.0) 1 (50.0) 1 (50.0) 2 (33.3) 3 (50.0)

Hepatic function abnormal 0 0 1 (50.0) 2 (100) 1 (16.7) 2 (33.3)

Anaphylactic shock 1 (25.0) 1 (25.0) 0 0 1 (16.7) 1 (16.7)

Pulmonary oedema 0 0 1 (50.0) 1 (50.0) 1 (16.7) 1 (16.7)

Hypertension 0 0 1 (50.0) 1 (50.0) 1 (16.7) 1 (16.7)

Abbreviations: AE, adverse event; CRS, cytokine release syndrome; N, number; TEAE, treatment-emergent adverse event.

Table 2: Summary of all grade 3 or 4 TEAEs (Safety Analysis Set).

Articles
copies/μg gDNA (range 31,606–93,803) (Fig. 3b), indi-
cating good expansion of the T cells. CT017 CAR-GPC3
T cells were still detectable 28 days after the first infu-
sion in all patients with a median duration of 34 days
(range 28–87). Patient 03 had a second infusion, with a
lower peak copy number (2275 vs. 5962 copies/μg
gDNA) compared with the first infusion. The patients
with glucocorticoid treatment had similar peak copy
numbers compared to patients without glucocorticoids
(Fig. 3a).

Eight serum cytokines were monitored during the
treatment. IL-2, IL-6, IL-8, IL-10, IL-15, and IFN-γ were
elevated after the onset of CRS. IL-6 elevated dramati-
cally and rapidly with a median peak value of
63,197.9 pg/mL (range 765.9–31,780) 3 days after infu-
sion, and the median fold of increase in IL-6 level over
baseline was 431.9 (range 36.3–1803.7). The median
peak levels of each cytokine were as follows: IL-2
79.46 pg/mL (range, 7.12–199.54), IL-8 95.53 pg/mL
(range, 21.76–280.91), IL-10 45.87 pg/mL (range,
11.71–88.44), IL-15 57.53 pg/mL (range, 34.74–115.56)
and IFN-γ 100.52 pg/mL (range, 47.1–310.7).

Efficacy
All six patients were evaluable for efficacy. One patient
achieved a PR (Fig. 4), and the duration of response was
4.6 months. Two patients were evaluated as SD, one
treated by CT017 CAR-GPC3 T-cell monotherapy while
the other was treated in combination with regorafenib
(Fig. 5a and b). The objective response rate was 16.7%
and disease control rate was 50%. Changes in AFP
www.thelancet.com Vol 63 September, 2023
expression were indicative of the efficacy of CAR T-cell
therapy, where the treatment responders exhibited
decreased AFP levels and non-responders showed stable
or increased AFP levels (Fig. 5c).

The median follow-up time was 7.87 months. The
median PFS was 3.5 months (95% CI 0.9–4.9) and
median OS was 7.9 months. Four patients treated with
combination therapy, the duration of combination
therapy is likely to be correlated with OS (Fig. 6); The
median duration of disease control of one PR and two
SD patients was 3.2 months [min 1.9, max 4.6]; how-
ever, due to the small sample size, the correlation
should be further studied.

Anti-drug antibody and replication competent
lentivirus
Five patients underwent ADA testing. Two patients were
negative, and the other three had positive ADA after
CAR T-cell infusion (Supplementary Table S2). The
ADA titer varied in patients over time, e.g., the titer for
Patient 05 was 1 on D28 after infusion and increased to
125 on D128. In contrast, the ADA titer in Patient 06
was 56 and decreased to 12 on day 84. Patient 02 also
had a positive ADA titer of 28 on D28. Five patients were
tested for RCL, and all patients were negative.
Discussion
This was the first-in-human clinical trial of the fourth-
generation CAR T cells targeting GPC3. CRS occurred
in all patients, with 50% experiencing Grade 3 CRS. For
7
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all patients, CRS events started rapidly on the day of
infusion. Compared with data in previous trial of Y035
CAR-GPC3 T-cell therapy,25 patients in this trial had a
lower dose of infused CAR+ cells (250 × 106 cells vs.
700∼9250 × 106 cells) but higher incidence rate of CRS
(100% vs. 69.2%), suggesting a potentially increased
toxicity for this product; however, preclinical studies
showed that cytokine levels in CAR-GPC3 T cells co-
expressing RUNX3 are comparable to those in conven-
tional CAR-GPC3 T cells.29 Accordingly, CAR DNA copy
numbers in the peripheral blood after CT017 CAR-
GPC3 T-cell infusion were analyzed, and the higher
peak copy numbers were observed when compared with
that in the clinical trial of conventional CAR-GPC3 T
cells (5295 copies/μg gDNA vs. 360.4 copies/μg
gDNA).25 It’s worth to be noted that despite the high
incidence rate of CRS, no Grade 4 or 5 CRS occurred.
None of the patients required admission to the intensive
care unit. All patients recovered from CRS after treat-
ment of tocilizumab with or without glucocorticoids. No
DLT was identified, indicating that the therapy was
generally manageable in late-line HCC patients who are
at high unmet medical needs since no other alternative
therapies are available. Notably, Patient 03 received two
infusions, suggesting the feasibility of repeat infusion.
In four patients treated with combination therapy, no
increase in CRS incidence and severity was identified,
with two patients (50.0%) having Grade 3 CRS, same as
www.thelancet.com Vol 63 September, 2023
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Fig. 4: The radiological imaging evaluation of target lesion of the patient with PR. Abbreviation: PR, partial response.

Articles
that in the patients who received CT017 monotherapy
(one of two patients occurred with Grade 3 CRS). The
study result showed that the combination of CT017 with
TKI did not increase safety risk compared with that in
the monotherapy group. This is in line with our previ-
ously published case report of a patient achieving long-
term complete response with a manageable safety pro-
file when administered with the combination of con-
ventional GPC3-targeted CAR T therapy with
sorafenib.26 With the presented four cases in this trial,
more evidence of the feasibility of using the combina-
tion of TKI with CAR-GPC3 T to treat patients with
advanced-stage HCC was obtained. Taken together,
CT017 exhibited a manageable safety profile with a dose
of 250 × 106 cells in monotherapy and in combination
with TKI. To well manage the potential safety risk, close
monitoring of cytokine levels during CAR T-cell therapy
and early adequate doses of tocilizumab with or without
steroids are recommended to mitigate further severe
adverse events occurrence.

In the current study, one PR was observed in the
combination group and no PR was found in the mon-
otherapy group, suggesting that the addition of regor-
afenib may enhance the efficacy of CT017 CAR GPC3 T-
cell therapy. Regorafenib is an oral multikinase inhibitor
and is widely used for the treatment of advanced HCC.
www.thelancet.com Vol 63 September, 2023
Previous studies have reported that regorafenib has
immune-modulatory effects.34,35 A preclinical study has
demonstrated synergistic effects of regorafenib and
CAR-NK-92 cells in a mouse model with human colo-
rectal cancer xenografts.36 Further studies evaluating the
efficacy of combining regorafenib with CAR T-cell
therapy are warranted due to limited evidence and lack
of clear underlying mechanisms.

Four of the six patients had received prior anti-PD-1/
PD-L1 immunotherapy. Among patients who had un-
dergone prior immunotherapy, two achieved SD and
one achieved PR post CT017 CAR-GPC3 T-cell therapy,
while among patients without prior immunotherapy,
none benefited from CT017 infusion. Based on these
data, patients with prior use of immunotherapy may
derive greater benefit from CT017 CAR-GPC3 T-cell
therapy. These findings need to be further investigated
in future studies.

With the median follow-up of 7.87 months post
infusion, the median OS and median PFS were 7.9
months and 3.5 months in the heavily treated
advanced HCC patients respectively. The longest
survival time was 18.2 months without subsequent
systemic treatment. Given that all patients enrolled in
this trial had advanced-stage disease with high tumor
burden and had failed extensive pretreatment
9
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(including immunotherapy), the survival outcome is
promising which could be comparable to that in the
patients at second line modality, including regor-
afenib (mPFS 3.1 and mOS 10.6 months), cabozanti-
nib (mPFS 5.2 and mOS 10.2 months), ramucirumab
(mPFS 2.8 and mOS 8.5 months), and apatinib (mPFS
4.5 and mOS 8.7 months).37 However, the sample size
was too small to make a solid conclusion in the cur-
rent situation.

In general, T cells are crucial for the anti-tumor ac-
tivity of immunotherapy, but the mechanisms underly-
ing their development and migration within tumors
remain unknown. TRM cells are a subset of memory
CD8+ T cells persisting in peripheral tissues.38 RUNX3
plays a key role in the retention of TRM cells in non-
lymphoid tissues including solid tumors and promotes
CD8+ T-cell recruitment.28 Based on the hypothesis that
RUNX3 enhances the infiltration of CAR T cells into the
tumor microenvironment, CT017 CAR-GPC3 T cells
were designed. To our knowledge, this is the first clin-
ical trial to investigate CAR T cells co-expression with
RUNX3 in patients. The study observed a high fre-
quency of CRS combined with IL-6 elevation and long
duration of CAR T cells. However, since no liver bi-
opsies were performed after CAR T-cell therapy, the
evaluation of CAR T-cell infiltration in the tumor
microenvironment remains unknown.

This trial was conducted at a single center in China
where only Asian patients were enrolled. The sample
size is small and the patients had different pathological
grading status and experienced various prior therapies.
Therefore, further studies with a larger sample size are
warranted to explore the safety and efficacy in a more
specified patient population who may be beneficial from
the current investigational product.
n therapy (N = 4) median OS (95% CI) = 7.9 (4.7, 18.2) months

tion therapy (N = 2) median OS (95% CI) = 9.5 (5.6, 13.4) months

(months)

10 15 20

Analysis Set). Abbreviations: CI, confidence interval; mITT, modified
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Four patients in this trial were tested with GPC3
positive in a high percentage of tumor cells. Among
them, only one patient with GPC3 positive in more than
80% of tumor cells achieved PR. Meanwhile, the other
two patients with GPC3 positive in 20% tumor cells
achieved SD. It seems that no clear relationship between
the GPC3 staining area and clinical efficacy could be
established, while it’s worth conducting further studies
to well understand and find out what kind of disease
characteristics may matter in the effectiveness of CAR-
GPC3 T cells.

In summary, our study results preliminarily indicate
that CT017 combination therapy may exhibit encour-
aging anti-tumor effects with manageable toxicities. The
potential of CT017 CAR-GPC3 T cell therapy becoming
a novel treatment modality for patients with advanced
HCC is expected. Further investigation in larger trials is
warranted to determine the advantages of combination
therapy as well as the distinctive patient population with
optimal risk/benefit profiles.
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