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Abstract

Background GT90001 (also known as PF-03446962) is an anti-ALK-1 monoclonal antibody and has shown activity
in hepatocellular carcinoma (HCC). This phase 1b/2 study was designed to determine the recommended phase 2
dose (RP2D) of GT90001 plus nivolumab, and assess the safety and anti-tumor activity in patients with advanced HCC.

Methods Patients with advanced HCC were recruited from 3 centers. Eligible patients in the dose de-escalation stage
received the GT90001 on day 1 of a 14-day cycle in a rolling-six design with a fixed dose of nivolumab (3.0 mg/kg).
Patients in dose-expansion stage received the RP2D of GT90001 plus nivolumab. Primary endpoint was safety. Key
secondary endpoint was objective response rate (ORR) as per RECIST 1.1.

Results Between July 9, 2019, and August 8, 2022, 20 patients were treated (6 in phase 1b; 14 in phase 2) and evalu-
able for analysis. In phase 1b, no dose-limiting toxicities were observed, and GT90001 7.0 mg/kg was confirmed

as the RP2D. Common grade 3/4 adverse events (AEs) were platelet count decreased (15%). No deaths due to AEs
were reported. Confirmed ORR and disease control rate were 30% (95% Cl, 14.6%-51.9%) and 40% (95% Cl, 21.9%-
61.3%), respectively. Median duration of response was not calculated (95% Cl, 7.39 months to not calculated). Median
progression-free survival (PFS) was 2.81 months (95% Cl, 1.71-9.33), with 6-month and 12-month PFS rates of 35%
and 25%, respectively. One patient with multiple intra- and extra-hepatic metastases was diagnosed with pseudo-
progression upon GT90001 plus nivolumab exposure.

Conclusions GT90001 plus nivolumab has a manageable safety profile and promising anti-tumor activity in patients
with advanced HCC.

Trial registration number ClinicalTrials.gov identifier NCT03893695.
Keywords GT90001, PF-03446962, Nivolumab, Immunotherapy, Anti-angiogenic therapy, Hepatocellular carcinoma

*Correspondence:

Chiun Hsu

hsuchiun@ntu.edu.tw

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit

line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecormmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line
to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-023-03098-w&domain=pdf

Hsu et al. BMC Medicine (2023) 21:395

Background

Immune checkpoint inhibitors (ICIs) targeting the pro-
grammed cell death-1 (PD1)/programmed cell death
ligand-1 (PDL1) pathway constituted the backbone of
systemic therapy for patients with un-resectable hepa-
tocellular carcinoma (HCC) [1]. Many single-agent and
combination regimens have been tested in the first-
line and more advanced stage settings. Single-agent
nivolumab or pembrolizumab produced an objective
response rate of about 15% in patients with advanced
HCC who had received sorafenib therapy [2, 3], and a
randomized, placebo-controlled trial demonstrated sur-
vival benefit in Asian HCC patients who had progres-
sion on or intolerance to sorafenib or oxaliplatin-based
chemotherapy [4]. The therapeutic benefit, in terms of
both survival and objective response, may be further
improved by combining anti-PD1/anti-PDL1 ICIs with
anti-angiogenic targeted therapy [5-8]. Angiogenesis
inhibition may exert immune modulatory effects in the
tumor micro-environment through multiple mechanisms
[9]. Therefore, ICIs plus anti-angiogenic agents are cur-
rently the most extensively tested immuno-oncology
(I0)-based combination regimen for advanced HCC.

GT90001 (previously known as PF-03446962) is a
monoclonal antibody targeting the activin receptor-
like kinase 1 (ALK-1), a serine/threonine kinase recep-
tor regulating angiogenesis through interaction with the
transforming growth factor-p (TGEp) signaling network
[10]. Preclinical studies indicated that ALK-1 activity may
contribute to resistance to inhibitors targeting the vascu-
lar endothelial growth factor receptor (VEGFR) signaling
pathway, while anti-ALK-1 and anti-VEGFR may have
antitumor synergy [11, 12]. In addition, TGFp signal-
ing may regulate antitumor immunity through multiple
mechanisms. Increased TGFp activity may suppress anti-
tumor response through inhibiting CD4+T helper cell
function (Ty1 and T}2), decreasing differentiation and
function of cytotoxic T cells, promoting pro-tumor T;;17
response, and recruiting immune suppressive myeloid
cells into the tumor microenvironment [13]. The role of
TGEFp in regulatory T cells, B cells, and innate immu-
nity has also been extensively studied [13]. Combination
of TGEP inhibitors with anti-PD1 immune checkpoint
inhibitors may produce synergistic antitumor activities in
pre-clinical models [14, 15], providing rational for testing
this combination in the clinic.

GT90001 has been evaluated in several early-phase
clinical trials for patients with advanced solid tumors.
The recommended dosage for phase 2 trials was 7 mg/
kg intravenously every 2 weeks. The most common
treatment-related adverse events demonstrated in these
trials of GT90001 included thrombocytopenia, fatigue,
and telangiectasia, which were also distinct from adverse
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associated with VEGFR inhibition [16-18]. Although
single-agent antitumor activity in terms of objective
response rate was absent, about 30% of patients with
advanced HCC in these early-phase trials achieved sta-
ble disease lasting for more than 12 weeks, suggesting
disease-stabilizing effects of GT90001 [18].

Based on the above evidence, we conducted a phase
1b/2 study of GT90001 combined with nivolumab to test
the hypothesis that GT90001 may improve the thera-
peutic efficacy of anti-PD1 ICI therapy for patients with
advanced HCC. This study consisted of a dose de-escala-
tion stage to determine the recommended phase 2 dosage
(RP2D) of GT-90001 in combination with the anti-PD1
nivolumab and a dose expansion stage to evaluate the
safety and efficacy of GT-90001- nivolumab combination
(Fig. 1).

Methods

Study design and participants

This single-arm, open-label trial for patients with unre-
sectable HCC was conducted at 3 medical centers in Tai-
wan (ClinicalTrials.gov identifier NCT03893695). Key
eligibility criteria included the following: age>20 years;
histologically or cytologically confirmed unresectable
HCC that was refractory or not amenable to locoregional
therapy; disease progression or intolerance after first-
line systemic treatment; at least one measurable tumor
lesion according to Response Evaluation Criteria In Solid
Tumors (RECIST) version 1.1 [19]; Child—Pugh score 5 or
6; Eastern Cooperative Oncology Group (ECOG) perfor-
mance score 0 or 1; a life expectancy of at least 3 months;
and adequate organ function. Key exclusion criteria
included the following: liver tumors occupying>50% of
the liver volume; tumor invasion into bile ducts; tumor
invasion or thrombosis at the main portal vein; and prior
therapy with ICIs. Complete eligibility criteria are listed
in the supplement (Appendix File 1: Table S1). This study
was approved by the institutional review boards from all
participating centers and was performed in accordance
with the ethical principles that have their origin in the
Declaration of Helsinki, and the International Council
for Harmonisation Good Clinical Practice (ICH-GCP).
All patients signed written informed consent prior to any
study-related procedure.

Procedures

Dose de-escalation phase. The primary objective of
this phase was to evaluate the safety and the RP2D of
GT90001 combined with nivolumab. A rolling-six design
was used (Appendix File 1: Figure S1). Both GT90001 and
nivolumab were given as a 60-min intravenous infusion
(IV) on day 1 of a 14-day cycle. The dosage of nivolumab
was fixed at 3.0 mg/kg. The initial dosage of GT90001
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Patients screened (n=23)

3 patients exclued due to not meeting
eligibility criteria

Dose de-escalation (n=6)
Rolling-six design

RP2D

4

Dose expansion (n=14)

GT90001 7.0 mg/kg+nivolumab 3.0 mg/kg (n=6) *
4 DLTs

GT90001 4.0 mg/kg+nivolumab 3.0 mg/kg (n=0)
J DLTs

GT90001 3.0 mg/kg+nivolumab 3.0 mg/kg (n=0)

'

Treatment discontinuation due to
progressive disease (n=6)

!

Post-progression therapy (n=4)
surgery resection (n=2)
systemic therapy (n=1)
ablation therapy (n=1)

Remained alive (n=3)
recurrence-free >6 months (n=3)

\4

GT90001 7.0 mg/kg+nivolumab 3.0 mg/kg (n=14)

Treatment discontinuation due to
progressive disease (n=10)
content withdrew (n=1)

A 4

Post-progression therapy (n=>5)
systemic therapy (n=5)

A 4

Remained alive (n=2)

A 4

Completed 52-cycle treatment and safety FU (n=3)

Fig. 1 Study profile. *No DLTs were observed in the 7.0 mg/kg cohort. RP2D =recommended phase 2 dose; DLTs =dose-limiting toxicities

was 7.0 mg/kg, and 3 dose levels were planned (7.0, 4.5,
and 3.0 mg/kg). Dose was only de-escalated when two or
more dose-limiting toxicities (DLTs) were observed at a
particular dose level. DLT was defined as any one of the
following: (1) grade 4 platelet count decreased or grade
3 decrease with active bleeding; (2) grade 4 neutropenia,
lymphopenia, anemia, alanine aminotransferase (ALT)/
aspartate aminotransferase (AST) increased, alkaline
phosphatase increased, vomiting, fatigue, rash, infec-
tion or fever (in the absence of neutropenia); (3) grade
3 nausea or vomiting lasting for>3 days despite anti-
emetic treatment; (4) grade 3 rash, infection or fever
(in the absence of neutropenia) lasting for>7 days; (5)
life-threatening toxicity as determined by the principal
investigator; (6) any other grade 3 or worse treatment-
emergent adverse events (TEAEs) occurring within the
first 28 days of treatment.

Dose-expansion phase. The primary objective of this
phase was to assess the efficacy and safety of GT90001

at the recommended dosage in combination with
nivolumab. After the RP2D was determined, additional
patients were enrolled in the dose-expansion cohort
(Appendix File 1: Figure S1) and treated at the RP2D for
up to 2 years, until disease progression, the development
of unacceptable toxicity, loss of clinical benefit, or with-
drawal of consent.

Tumor response was evaluated by investigators accord-
ing to RECIST 1.1. Assessments of tumor response were
conducted by computed tomography (CT) or magnetic
resonance imaging at baseline and scheduled for every
8 weeks within one year, then every 12 weeks thereaf-
ter (with a window of+1 week) until disease progres-
sion. Confirmation of partial response (PR) or complete
response (CR) is required at 4 weeks after response, as
per RECIST 1.1 [19].

Safety and tolerability were monitored throughout
the trial and during the 30-day follow-up period (after
the last administration of the study treatment). Adverse
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events (AEs) were graded according to the National Can-
cer Institute Common Terminology Criteria for Adverse
Events (NCI-CTCAE 5.0) and incidence of any TEAEs,
serious AEs (SAEs), treatment-related AEs, AEs leading
to discontinuation, and deaths, were recorded. The fol-
lowing AEs were considered related to the mechanism of
action of GT90001, including platelet count decreased,
fatigue, fever, telangiectasia, amylase increased, lipase
increased, epistaxis, nausea, chills, and headache.
Patients were monitored by physical examination, chest
radiography, ECOG performance score, vital signs, and
laboratory analyses (hematology, serum biochemistry,
urinalysis, and coagulation) at baseline, before cycles 1-3,
every 8 weeks within one year, every 12 weeks thereafter,
at the end of study treatment, and follow-up 30 days.

Dose adjustments

If a patient experienced immune-related adverse events
(irAEs) attributed to nivolumab, nivolumab was with-
held or permanently discontinued depending on the
types and severity of irAEs. Corticosteroids were admin-
istrated according to current guidelines. Dose reduction
of nivolumab was not allowed in this study. The detailed
dose modification regimen of GT90001 was listed as fol-
lowing: (1) no dose interruption or modification was
made for grade 1 or 2 toxicity, regardless of non-hema-
tologic or hematologic toxicity; (2) dose suspension
or reduction is required or suggested for grade 3 non-
hematologic non-DLTs (until toxicity returned to <grade
1 or has returned to baseline) and grade 3 hematologic
non-DLTs (until toxicity returned to<grade 2 or has
returned to baseline); (3) dose reduction or discontinu-
ation is required or suggested for the following possibly-
related toxicities: grade 3 non-hematologic DLTs or grade
4 non-hematologic toxicity (until the toxicity returned
to<grade 1 or has returned to baseline), and grade 3
hematologic DLTs or grade 4 hematologic toxicity (until
the toxicity returned to<grade 2 or has returned to
baseline). If toxicity recovered to tolerable (grade 1 non-
hematologic toxicities or grade 2 hematologic toxicities)
within 4 weeks, protocol therapy could continue; if not,
whether protocol therapy would be continued was judged
by investigators.

Outcomes and statistical analysis

The primary endpoint of this trial was AEs according to
NCI-CTCAE 5.0. Secondary endpoints included objec-
tive response rate (ORR; CR and PR according to RECIST
1.1), the disease control rate (DCR; CR, PR, and stable
disease [SD] >16 weeks according to RECIST 1.1), dura-
tion of response (DOR; the time from the first evidence
of response until disease progression [PD] or death), time
to response (TTR; the time from treatment initiation to
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the first evidence of verified response), and progression-
free survival (PFS; time from treatment initiation to PD
or death from any cause).

In the dose de-escalation phase, sample sizes for each
dose were determined on the basis of the rolling-six
design. In the dose-expansion phase, no formal hypoth-
esis testing is pre-defined in this exploratory study. All
patients in phase 1 and phase 2 studies were used for the
analysis of primary and secondary endpoints. Patient
characteristics, safety outcomes, and tumor response are
summarized descriptively. Categorical variables are sum-
marized by frequencies (percentage [%]) and continuous
variables are summarized by medians (interquartile range
[IQR]). Safety was assessed in all patients who received at
least one dose of study medication and had at least one
safety assessment. Efficacy analyses were assessed in the
intention-to-treat population, defined as patients who
received at least one dose of study medication. We esti-
mated 95% confidence intervals (CIs) using the Clopper-
Pearson method for tumor response. DOR, TTR, and
PFS were analyzed by Kaplan—Meier methodology and
expressed as medians with 95% Cls. All statistical tests
were two-sided, significance set at p<0.05. Statistical
analyses were performed using SAS software (SAS Insti-
tute Inc, USA).

Results

Patient characteristics

Enrolment occurred from July 9, 2019 and June 26, 2020,
and the data cutoft for analysis was August 8, 2022. A
total of 23 patients with advanced HCC were screened
and among them, 3 patients were ineligible (Child—Pugh
score>6 [n=1]; no measurable lesion [n=1];>50% liver
occupation [#n=1]). Finally, we enrolled a total of 20 eli-
gible patients in the phase 1 dose de-escalation and the
phase 2 dose-expansion cohorts (Fig. 1). Patient charac-
teristics are shown in Table 1. The median age of enrolled
patients was 60.5 years; of these, 75% were male. 60% of
patients had a baseline ECOG performance status of 1.
This study included 18 (90%) patients with hepatitis B
virus (HBV) infection, and 1(5%) with hepatitis C virus
(HCV) infection. Extrahepatic metastases were present
in 19 (95%) patients and macrovascular invasion was pre-
sent in 2 (10%) patients. Patients were heavily pretreated
and all of them had previously been treated with systemic
therapy, including sorafenib (19 [95%]) and lenvatinib (1
[5%]). During the study, 17 (85%) of 20 patients discon-
tinued treatment; among them, 16 (80%) discontinued
due to disease progression or symptomatic deterioration,
and one (5%) discontinued due to consent withdrawal. As
of data cutoff, 3 patients completed 52-cycle treatment
with GT90001 plus nivolumab and the safety follow-up.
The last patient’s last visit date was 28 April 2022.
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Table 1 Patient characteristics at baseline

Characteristic All patients (n=20)

Median age, years 60.5
<65 13 (65.0)
>65 7 (35.0)

Gender, n (%)

Male 15 (75.0)
Female 5(25.0)

ECOG performance status, n (%)

0 8(40.0)
1 12 (60.0)
Previous therapy, n (%)

Systemic therapy 20 (100.0)
Sorafenib 19 (95.0%)
Lenvatinib 1 (5.0%)

Surgical resection 14 (70.0)

Radiotherapy 6 (30.0)

Other treatment 16 (80.0)

By Etiology, n (%)

HBV 18 (90.0)

HCV 1(5.0)

a-fetoprotein, n (%)

<200 ng/mL 9(45.0)

>200 ng/mL 11 (55.0)

Extrahepatic metastases, n (%) 19 (95.0)
Macrovascular invasion, n (%) 2(10.0)
BCLC stage, n (%)

B 2(10.0)

C 18 (90.0)

No alcohol dependency or abuse within 1 year, 20 (100.0)

n (%)

Data are median or n (%)

ECOG Eastern Cooperative Oncology Group, HBV hepatitis B virus, BCLC
Barcelona Clinic Liver Cancer

DLTs

In the dose de-escalation phase, only 1 patient of the first
6 patients required dose interruption between cycles 1
and 2, because of sepsis (considered unlikely related to
the study drug) and renal impairment (considered pos-
sibly related to the study drug). One patient reported
grade 3 platelet count decreased but had no active bleed-
ing. Other 4 patients experienced grade 2 or less TEAEs
within the first 28 days of treatment. In general, GT90001
7.0 mg/kg was well tolerated and no DLTs were observed
in the 7.0 mg/kg cohort. Therefore, no dose de-escalation
was required and GT90001 7.0 mg/kg was confirmed as
the RP2D when combined with nivolumab.

Safety and tolerability
All 20 patients treated with GT90001 plus nivolumab
were assessed for safety. A summary of TEAEs in all

Page 5 of 11

grades and grades 3 or 4 in the safety population was
shown in Table 2. All patients (100%) experienced
TEAEs (all causality); of these, 15 (75%) patients expe-
rienced protocol-defined AESI. The most common fre-
quent TEAEs (all causality) in more than 20% of patients
were platelet count decreased (11 [55%] of 20 patients,
of whom 3 [15%] had grade>3), pruritus (9 [45%] of
20 patients, of whom one had grade >3), rash (8 [40%],
two had grade>3), peripheral edema (7 [35%]; one
had grade>3), abdominal distension (5 [25%]), ALT/
AST increased (5 [25%]; one had grade>3), fatigue (5
[25%]), epistaxis (5 [25%]), cough (4 [20%]), constipa-
tion (4 [20%]), and dizziness (4 [20%]). A total of 11 (55%)
patients occurred grade 3 or 4 AEs, with the most com-
mon being platelet count decreased (15%). Grade 3 or 4
AEs in 6 (30%) patients were considered to be treatment-
related and included skin rash (n=2), platelet count
decreased (n=3), and AST increased (n=1). All these
treatment-related grade 3 or 4 events were resolved with
supportive care.

A total of 7 SAEs were reported in five (25%) patients,
and the events included hepatitis [#=1], jaundice chole-
static [n=1], hyperamylasemia [n=1], hyponatrae-
mia [n=1], sepsis [n=1], renal impairment [#=1], and
metastases to central nervous system [n=1]. Among
them, hepatitis, hyperamylasemia, and renal impairment
were judged to be treatment-related (15%). During the
whole study, only 2 (10%) patients required dose reduc-
tion due to grade 3 platelet count decreased, which were
considered to be probably related to GT90001 (Appen-
dix File 1: Table S2). Thus, the dose of GT90001 was
reduced from 7.0 to 4.5 mg/kg and the dose of nivolumab
was withheld. Additionally, nivolumab was withheld in 1
patient due to skin rash and another 1 due to ALT/AST
increased and nephropathy. GT90001 was withheld in 1
patient due to platelet count decreased. Treatment inter-
ruption of both GT90001 and nivolumab due to TEAEs
occurred in 9 (60%) patients (Appendix File 1: Table S2).
The most common cause was platelet count decreased (2
patients). In all other cases, supportive care was sufficient
to decrease the severity to grade 1 or less. No TEAE-
related treatment discontinuation or deaths occurred.

Although most patients experienced some increase in
systolic and diastolic blood pressure (Appendix File 1:
Figure S2), only 3 of them were recorded as having hyper-
tension as an adverse event according to NCI-CTCAE 5.0
(Table 2). No evident association between blood pressure
changes and response to study drug treatment was noted
(data not shown).

A total of 6 patients occurred irAEs that required
steroid therapy. Among them, patient 1 (Ptl) expe-
rienced skin rash and recovered from topical des-
oximetasone ointment (twice/day, 4 weeks) and oral
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Table 2 Adverse events in the safety population (n=20)

Adverse events Adverse events (All-causality) Treatment-related®

All Grades Grade 3/4 All Grades Grade 3/4

Any events 20 (100) 11 (55) 20 (100) 6 (30)
Any serious events ° 5(25) 3(15) 3(15)
Frequent AEs (> 10% incidence)

o

G
<
w

11 (55) 3(15)
8 (40) 105

8 (40)
2(10)

Platelet count decreased

Ul

Pruritus
Rash
Peripheral edema

N
S

9]
= o <

Abdominal distension
ALT/AST increased
Fatigue

g
wu
o
<

Epistaxis
Dizziness
Constipation
Cough

ul

GECECE

Diarrhoea

Blood bilirubin increased
Hot flush

Hypertension

Decreased appetite
Hypokalaemia
Headache

K2R

Hyperthyroidism
Jaundice cholestatic
Pneumonia
Stomatitis

Chest pain

=]

Blood thyroid stimulating hormone increased
Weight increased

Skin infection

Upper respiratory tract infection

g

Dyspnoea

9
- = O O O N O O O O W W O O w N N

g

Rhinitis allergic
Nausea

Chronic kidney disease
Haematuria
Abdominal pain

=)

Eosinophilia
Insomnia

NN NN NN N NN NN DN NN NDNDRNDNDWWWW W W W ww ™D DM oo il N0 O —
O O O O O O O O O O O O O O O —= N O O O O O O O O O O O O o — O — N
p=/

[elNeclN el ol el ecl ol el oleclolclol oo oo RN RN, NG, T, NG NV NG N

O O N O O O O

Benign prostatic hyperplasia

Data were expressed as n (%)

2 Adverse events were defined as all treatment-emergent adverse events regardless of relationship to study drug

b Serious events were defined as events that result in death, hospital admission or prolongation of a hospital admission, persistent or significant disability/
incapability, congenital anomaly/birth defect, or were life-threatening, or any other medically important events

"

¢ Treatment-related events were identified by the investigator and defined as events that are “possibly”, “probably’, or “definitely” related to GT90001, nivolumab, or
both



Hsu et al. BMC Medicine (2023) 21:395

prednisolone (15-30 mg/day, 2 weeks). However, Pt2’s
skin rash remained even after 7-week topical desoxi-
metasone and 1-year oral prednisolone (5-30 mg/day).
In addition, one patient reported two suspected pneumo-
nitis events and he recovered after oral dexamethasone
(4 mg, 7 days) followed by prednisolone (2-30 mg/day,
1 month). Another 3 patients received dexamethasone
therapy to manage diabetes insipindus (subcutaneous
injection, 4 mg), brain metastasis post-treatment sequela
(IV, 5 mg), and oral ulcer (topical, 2 weeks as needed),
and all these events were resolved.

Efficacy

In phases 1b and 2, a total of 20 patients were enrolled
in the GT90001 7.0 mg/kg dose level and evaluable for
response. Target lesion size decreased in 9 (45%) patients
by investigator assessment (Fig. 2A). Objective responses
were observed in 8 (40%; 95% CI, 19.1% to 63.9%) of
20 patients by investigator assessment; of these eight
patients, all patients achieved PR. The reassessment was
performed for patients at week 4 from PR or CR being
reported for the first time, as part of a work-up for the
response confirmation. Six (30%) patients achieved a
confirmed PR (Table 3), with a confirmed ORR of 30%
(95% CI, 14.6% to 51.9%). Of the 6 responders, 5 (83.3%)
patients had a DOR of more than 6 months, and 4
(66.7%) patients had a DOR of more than 12 months. The
median DOR was not reached (NR; 95% CI, 7.39 months
to NR) and the median TTR was 1.91 months (95%
CL, 1.17 to NR). The time on treatment for all patients
is shown in Fig. 2B. SD (>16 weeks) was reported as
the best response in 2 (10%) patients. Overall, the con-
firmed DCR with SD > 16 weeks was 40% (95% CI, 21.9%
to 61.3%). The number of PFS events was 17 at the data
cutoff and median PFS was 2.81 months (95% CI, 1.71
to 9.33 months). The 6-month and 12-month PFS were
35% (95% CI, 15.7% to 55.2%) and 25% (95% CI, 9.1% to
44.9%), respectively (Fig. 3).

One patient (Pt2, 54-year-old man) was diagnosed
with pseudo-progression upon GT90001 plus nivolumab
exposure (Fig. 4A). This patient with multiple intra- and
extra-hepatic metastases started study treatment on
August 5, 2019. A CT scan showed enlargement of the
liver lesions after two-cycle treatment (September 2,
2019). Laboratory tests confirmed the increase of alpha-
fetoprotein (AFP) and liver function indexes (AST and
bilirubin) at the time of pseudo-progression. Due to the
improvement of symptoms, the patient received post-
progression therapy. From week 10 (October 14, 2019),
the liver lesions looked necrotic and the abdominal
tumor continued to shrink, accompanied by a decrease
of AFP and AST levels. At the one-year follow-up exami-
nation (July 2020), the CT scan revealed a high-density
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lesion, raising the suspicion of tumor progression. In
March 2021, the patient presented with progression
in CT showing enlargement of liver lesions. Thus, a
biopsy was collected for diagnostic purposes and HCC
recurrence was proven. The patient underwent abla-
tion therapy. Since then, the patient had no evidence
of progression and remained recurrence-free for more
than 6 months. During the treatment, he experienced a
skin rash after GT90001 plus nivolumab exposure. To
manage the toxicity, he received topical dexametasone
ointment twice/day for 7 weeks, followed by 5-30 mg/
day prednisolone (from February 4, 2020 to February 3,
2021), but the skin rash fluctuated until the end of follow-
up. Another patient (Pt6, 52-year-old man) with lung
metastases started study treatment on December 2019
and has achieved the best response of SD. However, the
follow-up CT images showed progressive enlargement
of the lung lesions from February 2020 (Fig. 4B). Then,
the patient underwent surgical resection for lung metas-
tases in November 2020 and remained recurrence-free
for more than 6 months. Ptl (60-year-old man) with lung
metastases started a study treatment since July 2019 and
achieved the best response of PR. The CT scan showed
the possible recurrence of HCC (lesion increase from 10
to 17 mm) (Fig. 4C). The suspicion of HCC recurrence
was disproved by the surgery. Furthermore, the combi-
nation of GT90001 and nivolumab shows a remarkable
long-tail effect, since 8 subjects are still alive as of 19"
Apr 2023. 6 of them have received no further systematic
anti-tumor therapy after trial completion. And 3 patients
are still on progression-free status without any other
anti-tumor treatment.

Discussion

On the basis of evidence showing the potential of antian-
giogenic agents plus immunotherapy, we conducted the
first, multicenter, single-arm, phase 1b/2 study to deter-
mine the recommended phase 2 dose of GT90001 when
combined with nivolumab, as well as to prospectively
investigate the efficacy and safety of this combination at
the recommended dose in patients with advanced HCC.
In this phase 1b/2 study, we found that this combination
regimen is well-tolerated and has promising anti-tumor
activity with durable remissions and objective responses
in this population.

The safety profiles of GT90001 plus nivolumab are gen-
erally acceptable and manageable in our patients. The
most common events were platelet count decreased,
fatigue, epistaxis, dizziness, and constipation but these
events of grade 3 or more were infrequent, which was
consistent with the historical data for solid tumors [16].
More importantly, these events were resolved soon with
supportive care or dose interruptions. Only 9 patients
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required dose interruptions due to TEAEs, and 6 patients
received steroid therapy to manage skin rash, suspected
pneumonitis, brain metastasis post-treatment sequela,
and oral ulcer. In all other cases, supportive care was
sufficient to decrease the severity to grade 1 or less. No
TEAEs leading to dose reduction, discontinuation, or
deaths occurred. The most-reported irAEs were rash,
peripheral edema, and diarrhea, while these events were

as expected, mild, infrequent, and manageable. The safety
profiles of this regimen were consistent with the known
profiles of GT90001 or nivolumab monotherapies in sim-
ilar populations or other tumor types [2, 18, 20, 21]. Tel-
angiectasia is a major safety concern for ALK-1-targeted
agents but was not observed in our study. Overall, no
new and unexpected safety signals were identified for the
GT90001 plus nivolumab regimen, suggesting that they
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Table 3 Activity of GT90001 plus nivolumab

Patients (n=20)

Confirmed objective response® 6 (30%; 14.6%-51.9%)
Partial response 6 (30%; 14.6%-51.9%)

2 (10%; 2.8%-30.1%)
12 (60%; 38.7%-78.2)
8 (40%; 21.9%-61.3%)
1.91 months (1.17-NC)
NC (7.39-NC)
2.81 months (1.71-9.33)

Stable disease (> 16 weeks)
Progressive disease

Confirmed disease control®
Median time to response
Median duration of response
Median progression-free survival

Data are expressed as n (%; 95% Cl) or median (95% Cl)
Cl confidence interval, NC not calculated
2 Objective response = complete response or partial response

b Disease control =complete response, partial response, or stable disease

can be delivered safely with acceptable toxicity in this
population.

Anti-PD1/anti-PDL1 plus anti-angiogenic agents or
anti-CTLA4 regimens are now the standard of care as
first-line systemic therapy for unresectable HCC based
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on the survival benefit, compared with single-agent
multi-kinase inhibitor (MKI) therapy, demonstrated by
randomized controlled trials [22-24]. Although these
clinical trials greatly improve our care for HCC patients,
several scientific and clinical questions remain unan-
swered. First, no clinical characteristics or predictive bio-
markers can be used to select one regimen over another
based on the trial results. Second, in the case of anti-angi-
ogenic MKI, not all trials were positive. The mechanistic
reasons for the lack of improved survival compared with
MKI monotherapy (e.g., cabozantinib plus atezolizumab
versus sorafenib [25], pembrolizumab plus lenvatinib
versus lenvatinib [26]) are unknown. Third, treatment
options for patients whose tumors progress after first-
line anti-PD1/anti-PDL1 based therapy are lacking, and
the development scope of second-line systemic therapy
is still elusive. Agents with novel immune modulatory
mechanisms are needed.

GT90001 may modulate the tumor immune microen-
vironment through its TGF-B-inhibiting and anti-vas-
cular effects. While single-agent GT90001 therapy had
only limited antitumor efficacy in advanced solid tumors
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Fig. 3 Kaplan-Meier curves of progression-free survival
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Fig.4 CTimages of representative cases. A Patient 2 experienced pseudo-progression after 4 cycles of GT90001 plus nivolumab treatment
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&)\

— —

and achieved partial response at cycle 6. B Patient 6 with lung metastases achieved stable disease under treatment while also experiencing
progressive enlargement of lung lesions in February 2020. After surgical resection for lung lesions in November 2020, the patient remained
recurrence-free for more than 6 months. C Patient 1 with lung metastases achieved PR under the treatment but experienced HCC recurrence
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(ORR of 0-6.8%, median PFS shorter than 2 months
[16-18]), combination of GT90001 with nivolumab in
this trial demonstrated promising response rate and
long-term tumor control in the responding subjects.
In 2 of our subjects, even when new recurrent tumors
developed after study drug therapy, post-progression sur-
gery or ablation therapy achieved recurrence-free status
for more than 6 months and the original wide-spread
metastases remained in remission. This finding sug-
gests that the combination of GT90001 and nivolumab
might induce long-term immune-modulatory effects. A
biomarker study of GT90001 monotherapy in patients
with advanced HCC suggested that the following mark-
ers were associated with treatment efficacy: high tumor
expression of c-met, high serum levels of bone morpho-
genetic protein-9 (a high affinity ALK-1 ligand), lower
serum TGF-B, and low vascular endothelial growth fac-
tor receptor-3 [18]. These findings imply the pleotropic
immune modulatory effects of GT90001 through modu-
lation of both TGF-f and angiogenesis signaling.

An obvious limitation of this study is its small sample
size and non-randomized design, which make compari-
son of treatment efficacy of GT90001 plus nivolumab
with other ICI or MKI-based regimens difficult. This
study did not prospectively collect tumor or blood sam-
ples for biomarker studies, which is critical for mecha-
nistic exploration. Finally, all of our subjects received
first-line MKI therapy (sorafenib or lenvatinib). Appli-
cation of results from this study will be limited because
the standard first-line systemic therapy for unresectable
HCC now is ICI-based combination therapy. This change
will also impact on design of confirmatory clinical trials
of new regimens in the second-line setting. Despite all
these limitations, future studies for mechanistic clarifi-
cation and structure optimization of ALK-1 inhibitor are
warranted to identify novel immune modulatory agents
for the treatment of HCC.

Conclusions

This phase 1b/2 study confirmed that the combination
of GT90001 (7.0 mg/kg, every 2 weeks) and nivolumab
had a manageable safety profile in patients with advanced
HCC. Additionally, the regimen demonstrated promis-
ing anti-tumor activity, showing durable remissions and
objective responses in this population. This finding sug-
gested that this combination might be a potential treat-
ment option for advanced HCC.

Abbreviations

AE Adverse event

AFP Alpha fetoprotein

ALK-1 Activin receptor-like kinase 1
ALT Alanine aminotransferase

AST Aspartate aminotransferase

Page 10 of 11
Cls Confidence intervals
CR Complete response
cT Computed tomography
DCR Disease control rate
DLTs Dose-limiting toxicities
DOR Duration of response
ECOG Eastern Cooperative Oncology Group
HBV Hepatitis B virus
HCC Hepatocellular carcinoma
HCV Hepatitis C virus
ICH-GCP International Council for Harmonisation Good Clinical Practice
ICls Immune checkpoint inhibitors
10 Immuno-oncology
IQR Interquartile range
irAEs Immune-related adverse events
% Intravenous infusion
MKI Multi-kinase inhibitor
NCI-CTCAE  National Cancer Institute Common Terminology Criteria for
Adverse Events
NR Not reached
ORR Objective response rate
PD Disease progression
PDI Programmed cell death-1
PDL1 Programmed cell death ligand-1
PFS Progression-free survival
PR Partial response
RP2D Recommended phase 2 dosage
SAEs Serious adverse events
SD Stable disease
TEAES Treatment-emergent adverse events

TGFB Transforming growth factor-3
TTR Time to response
VEGFR Vascular endothelial growth factor receptor

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512916-023-03098-w.

Additional file 1: Appendix Table 1. Complete eligibility criteria. Appen-
dix Table S2. Details of dose reduction or interruption due to treatment-
emergent adverse events in all patients. Appendix Figure S1. Study
procedures. Appendix Figure S2. Changes in patient blood pressure. (A)
Changes in blood pressure between baseline and at the end of study drug
treatment. (B) The percentage of patients who experienced a change in
blood pressure. Abbreviations: SBP=systolic blood pressure; DBP=diastolic
blood pressure.

Acknowledgements

This study was sponsored by Suzhou Kintor Pharmaceuticals Inc. We thank the
patients, their caregivers, the investigators, and the study site research person-
nel for their participation in the trial. Professional medical writing assistance
for this publication was provided by Beijing Preintell Biomed and funded by
Suzhou Kintor Pharmaceuticals Inc.

Authors’ contributions

Concept and design: CH and YZT; Patient enrolment: CH, YF C,and CJY;

Data collection and management: CH, YF C, CJ Y, and YW X; Analysis and
interpretation of data: CH; Project administration: CH, YF C, CJ Y, YW X, MD,
and YZT; Supervision: CH, YF C, CJY, MD, and YZ T; Writing-original draft: CH;
and writing-review & editing: CH, YF C, CJ Y, MD, and YZ T. All authors read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets supporting the results of the present study can be obtained from
the corresponding author upon reasonable request.


https://doi.org/10.1186/s12916-023-03098-w
https://doi.org/10.1186/s12916-023-03098-w

Hsu et al. BMC Medicine (2023) 21:395

Declarations

Ethics approval and consent to participate

This study was performed in accordance with the ethical principles of the
Declaration of Helsinki and the International Council for Harmonisation Good
Clinical Practice and was approved by the institutional review boards from

all participating centers (Approval numbers: 201812030MSB, 19CT010Ae,
AB-CR-108-012). All patients signed written informed consent prior to any
study-related procedure.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Author details

'Department of Medical Oncology, National Taiwan University Cancer Center,
No. 57, Ln. 155, Sec. 3, Keelung Road., Da'an Dist., Taipei 106, Taiwan. zDepart—
ment of Oncology, National Taiwan University Hospital, No. 7, Chung-Shan
South Road, Taipei 100, Taiwan. *Department of Hematology and Oncology,
Mackay Memorial Hospital, Taipei, Taiwan. “Department of Oncology, National
Cheng Kung University Hospital, College of Medicine, National Cheng Kung
University, Taipei, Taiwan. >Suzhou Kintor Pharmaceuticals, Inc,, Suzhou, China.

Received: 18 May 2023 Accepted: 28 September 2023
Published online: 20 October 2023

References

1. Hsu C. Success is not final, failure is not fatal: The changing landscape of
systemic therapy for advanced hepatocellular carcinoma. J Cancer Res
Pract. 2021;8(4):127-33.

2. El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, et al.
Nivolumab in patients with advanced hepatocellular carcinoma (Check-
Mate 040): an open-label, non-comparative, phase 1/2 dose escalation
and expansion trial. Lancet. 2017,389(10088):2492-502.

3. Finn RS, Ryoo BY, Merle P, Kudo M, Bouattour M, Lim HY, et al. Pembroli-
zumab as second-line therapy in patients with advanced hepatocellular
carcinoma in KEYNOTE-240: a randomized, double-blind. Phase Il Trial J
Clin Oncol. 2020;38(3):193-202.

4. QinS,Chen Z Fang W, Ren Z, Xu R, Ryoo B-Y, et al. Pembrolizumab plus
best supportive care versus placebo plus best supportive care as second-
line therapy in patients in Asia with advanced hepatocellular carcinoma
(HCCQ): Phase 3 KEYNOTE-394 study. J Clin Oncol. 2022;40(4_suppl):383.

5. Cheng AL, Qin 'S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. Updated
efficacy and safety data from IMbrave150: atezolizumab plus bevaci-

zumab vs. sorafenib for unresectable hepatocellular carcinoma. J Hepatol.

2022,76(4):862-73.

6. RenZ Xul, BaiV,XuA, Cang S, Du C, et al. Sintilimab plus a bevacizumab
biosimilar (IBI305) versus sorafenib in unresectable hepatocellular carci-
noma (ORIENT-32): a randomised, open-label, phase 2-3 study. Lancet
Oncol. 2021;22(7):.977-90.

7. Finn RS, lkeda M, Zhu AX, Sung MW, Baron AD, Kudo M, et al. Phase Ib
study of lenvatinib plus pembrolizumab in patients with unresectable
hepatocellular carcinoma. J Clin Oncol. 2020;38(26):2960-70.

8. Yoo C, Ryoo B-Y, Kim H-D, Ryu M-H, Kang B, Chon HJ, et al. Regorafenib
plus nivolumab as first-line therapy for unresectable hepatocellular
carcinoma (UHCC): Multicenter phase 2 trial (RENOBATE). J Clin Oncol.
2022;40(4_suppl):415.

9. Fukumura D, Kloepper J, Amoozgar Z, Duda DG, Jain RK. Enhancing
cancer immunotherapy using antiangiogenics: opportunities and chal-
lenges. Nat Rev Clin Oncol. 2018;15(5):325-40.

10. Hu-Lowe DD, Chen E, Zhang L, Watson KD, Mancuso P, Lappin P, et al.
Targeting activin receptor-like kinase 1 inhibits angiogenesis and tumo-
rigenesis through a mechanism of action complementary to anti-VEGF
therapies. Cancer Res. 2011;71(4):1362-73.

Page 11 of 11

11. deVinuesa AG, Bocci M, Pietras K, Ten Dijke P. Targeting tumour vascula-
ture by inhibiting activin receptor-like kinase (ALK)1 function. Biochem
Soc Trans. 2016;44(4):1142-9.

12. Bhatt RS, Atkins MB. Molecular pathways: can activin-like kinase pathway
inhibition enhance the limited efficacy of VEGF inhibitors? Clin Cancer
Res. 2014;20(11):2838-45.

13. Nixon BG, Gao S, Wang X, Li MO. TGFbeta control of immune responses
in cancer: a holistic immuno-oncology perspective. Nat Rev Immunol.
2023;23(6):346-62.

14. Dodagatta-Marri £, Meyer DS, Reeves MQ, Paniagua R, To MD, Binnew-
ies M, et al. alpha-PD-1 therapy elevates Treg/Th balance and increases
tumor cell pSmad3 that are both targeted by alpha-TGFbeta antibody to
promote durable rejection and immunity in squamous cell carcinomas. J
Immunother Cancer. 2019;7(1):62.

15. Jiao S, Subudhi SK, Aparicio A, Ge Z, Guan B, Miura'Y, et al. Differences
in tumor microenvironment dictate t helper lineage polarization and
response to immune checkpoint therapy. Cell. 2019;179(5):1177-90 e13.

16. Goff LW, Cohen RB, Berlin JD, de Braud FG, Lyshchik A, Noberasco C, et al.
A Phase | Study of the Anti-Activin Receptor-Like Kinase 1 (ALK-1) Mono-
clonal Antibody PF-03446962 in Patients with Advanced Solid Tumors.
Clin Cancer Res. 2016;22(9):2146-54.

17. DoiT, Lee KH, Kim TM, Ohtsu A, Kim TY, lkeda M, et al. A phase |
study of the human anti-activin receptor-like kinase 1 antibody
PF-03446962 in Asian patients with advanced solid tumors. Cancer Med.
2016;5(7):1454-63.

18. Simonelli M, Zucali P, Santoro A, Thomas MB, de Braud FG, Borghaei H,
et al. Phase | study of PF-03446962, a fully human monoclonal antibody
against activin receptor-like kinase-1, in patients with hepatocellular
carcinoma. Ann Oncol. 2016;27(9):1782-7.

19. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R,
et al. New response evaluation criteria in solid tumours: revised RECIST
guideline (version 1.1). Eur J Cancer. 2009;45(2):228-47.

20. Necchi A, Giannatempo P, Mariani L, Fare E, Raggi D, Pennati M, et al.
PF-03446962, a full;-human monoclonal antibody against transforming
growth-factor beta (TGFbeta) receptor ALK1, in pre-treated patients with
urothelial cancer: an open label, single-group, phase 2 trial. Invest New
Drugs. 2014;32(3):555-60.

21. Wheatley-Price P, Chu Q, Bonomi M, Seely J, Gupta A, Goss G, et al.

A phase Il study of PF-03446962 in patients with advanced malig-
nant pleural mesothelioma. CCTG trial IND.207. J Thorac Oncol.
2016;11(11):2018-21.

22. Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. Atezolizumab
plus Bevacizumab in unresectable hepatocellular carcinoma. N Engl J
Med. 2020;382(20):1894-905.

23. Abou-Alfa GK, Lau G, Kudo M, Chan SL, Kelley RK, Furuse J, et al. Treme-
limumab plus durvalumab in unresectable hepatocellular carcinoma.
NEJM Evid. 2022;1(8):EVID0a2100070.

24. Qin'S,Chan S, Gu S, Bai Y, Ren Z, Lin X, et al. Camrelizumab plus rivocer-
anib vs. sorafenib as first-line therapy for unresectable hepatocellular
carcinoma. ESMO 2022. 2022;33(7):5808-69.

25. Kelley RK, Rimassa L, Cheng AL, Kaseb A, Qin S, Zhu AX, et al. Cabozan-
tinib plus atezolizumab versus sorafenib for advanced hepatocellular
carcinoma (COSMIC-312): a multicentre, open-label, randomised, phase 3
trial. Lancet Oncol. 2022;23(8):995-1008.

26. Finn R, Kudo M, Merle P, Meyer T, Qin S, Ikeda M, et al. Primary results
from the phase Ill LEAP-002 study: lenvatinib plus pembrolizumab versus
lenvatinib as first-line (1L) therapy for advanced hepatocellular carcinoma
(aHCC). ESMO 2022. 2022;33(suppl 7):5808-69.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Combination of GT90001 and nivolumab in patients with advanced hepatocellular carcinoma: a multicenter, single-arm, phase 1b2 study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration number 

	Background
	Methods
	Study design and participants
	Procedures
	Dose adjustments
	Outcomes and statistical analysis

	Results
	Patient characteristics
	DLTs
	Safety and tolerability
	Efficacy

	Discussion
	Conclusions
	Anchor 21
	Acknowledgements
	References


