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Summary
Background Cabozantinib is approved for previously treated advanced hepatocellular carcinoma (aHCC) and has been
investigated in gastric cancer (GC) and gastroesophageal junction adenocarcinoma (GEJ). Atezolizumab plus bev-
acizumab is approved for unresectable or metastatic HCC untreated with prior systemic therapy. We evaluated ef-
ficacy and safety of cabozantinib plus atezolizumab in aHCC previously untreated with systemic anticancer therapy or
previously treated GC/GEJ.

Methods COSMIC-021 (ClinicalTrials.gov, NCT03170960) is an open-label, phase 1b study in solid tumours with a
dose-escalation stage followed by tumour-specific expansion cohorts, including aHCC (cohort 14) and GC/GEJ
(cohort 15). Eligible patients were aged ≥18 years with measurable locally advanced, metastatic, or recurrent
disease per RECIST version 1.1. Patients received oral cabozantinib 40 mg daily and intravenous atezolizumab
1200 mg once every 3 weeks until progressive disease or unacceptable toxicity. The primary endpoint was
investigator-assessed objective response rate per RECIST version 1.1.

Findings Patients were screened between February 14, 2019, and May 7, 2020, and 61 (30 aHCC, 31 GC/GEJ) were
enrolled and received at least one dose of study treatment. Median duration of follow-up was 31.2 months (IQR
28.5–32.7) for aHCC and 30.4 months (28.7–31.9) for GC/GEJ. Objective response rate was 13% (4/30, 95% CI
4–31) for aHCC and 0% (95% CI 0–11) for GC/GEJ. Six (20%) aHCC patients and three (10%) GC/GEJ patients
had treatment-related adverse events resulting in discontinuation of either study drug.

Interpretation Cabozantinib plus atezolizumab had clinical activity with a manageable safety profile in aHCC pre-
viously untreated with systemic anticancer therapy. Clinical activity of cabozantinib plus atezolizumab was minimal
in previously treated GC/GEJ.

Funding Exelixis, Inc., Alameda, CA, USA.

*Corresponding author. City of Hope Comprehensive Cancer Center, Duarte, CA, 91010, USA.
E-mail address: danli@coh.org (D. Li).
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Introduction
Advanced gastrointestinal cancers are associated with
poor prognoses, with 5-year survival rates of 4%, 7%,
and 6% for metastatic liver, stomach, and esophageal
cancers, respectively.1–3 These grim statistics suggest
that despite the current arsenal of systemic treatment
options,4,5 additional therapies are needed.

The small-molecule inhibitor cabozantinib inhibits
the activity of multiple receptor tyrosine kinases,
including MET and vascular endothelial growth factor
receptor (VEGFR), resulting in the inhibition of tumour
angiogenesis and metastasis.6 Cabozantinib is approved
as a single-agent therapy in patients with advanced he-
patocellular carcinoma (aHCC) who previously received
sorafenib.7 Furthermore, in a phase 2 randomised
discontinuation trial of patients with solid tumours,
cabozantinib demonstrated a 5% objective response rate

and a 33% disease control rate in the cohort of patients
with advanced gastric cancer (GC) or gastroesophageal
junction adenocarcinoma (GEJ).8

Antibodies against programmed cell death protein 1
(PD-1)/PD ligand 1 (PD-L1) prevent PD-1/PD-L1 in-
teractions between tumour and immune cells, which
renders the tumour susceptible to immune cell–
mediated attack. Various clinical studies have shown
efficacy with anti–PD-1/PD-L1 antibodies in patients
with aHCC previously untreated with systemic anti-
cancer therapy.9–13 The anti–PD-L1 monoclonal antibody
atezolizumab in combination with VEGF inhibitor
bevacizumab provided superior outcomes for these pa-
tients vs sorafenib and was more effective than atezoli-
zumab alone, leading to the approval of this
combination as frontline therapy for patients with
aHCC.9,10 The combination of the anti–PD-L1

Research in context

Evidence before this study
We searched PubMed for articles published between January
1, 2013, and April 12, 2023, using the terms “tyrosine kinase
inhibitor” OR “axitinib” OR “sorafenib” OR “lenvatinib” OR
“cabozantinib” OR “regorafenib” AND “immune checkpoint
inhibitor” OR “avelumab” OR “pembrolizumab” OR
“durvalumab” OR “nivolumab” OR “atezolizumab” OR
“tislelizumab” AND “hepatocellular carcinoma” OR “gastric
cancer” OR “gastroesophageal junction adenocarcinoma.”
Results were not limited to trials published in English. We
identified 990 citations related to advanced hepatocellular
carcinoma; of these, 12 reported clinical trial results on
tyrosine kinase/vascular endothelial growth factor (VEGF)
inhibition plus programmed cell death protein 1/programmed
cell death ligand 1 (PD-1/PD-L1) inhibition combination in
previously untreated patients (four phase 1b, one phase 1/2,
six phase 3, one not indicated). Five of these clinical trials
were for atezolizumab plus bevacizumab and three were for
cabozantinib in combination with either nivolumab (two) or
atezolizumab. We identified 1276 citations related to gastric
cancer/gastroesophageal junction adenocarcinoma; of these,
nine reported clinical trial results on tyrosine kinase/VEGF
inhibition plus PD-1/PD-L1 inhibition combination in
previously treated patients (two phase 1a/1b, two phase 1b,
one phase 1/2, four phase 2). This included two reports for
ramucirumab plus durvalumab and one report for
cabozantinib plus durvalumab. The existing evidence suggests
that the role of combination tyrosine kinase/VEGF inhibition
plus immune checkpoint inhibition for patients with

advanced hepatocellular carcinoma (aHCC) previously
untreated with systemic anticancer therapy and patients with
previously treated gastric cancer/gastroesophageal junction
adenocarcinoma has not yet been fully investigated.

Added value of this study
Results from the cohort of patients with aHCC previously
untreated with systemic anticancer therapy from COSMIC-021
established preliminary efficacy of cabozantinib plus
atezolizumab and provided a rationale for investigating the
combination in aHCC in the phase 3 COSMIC-312 study
(NCT03755791). We report the longest follow-up for patients
with aHCC receiving this regimen. To our knowledge, this is
the first study to investigate cabozantinib plus atezolizumab
in patients with previously treated gastric cancer or
gastroesophageal junction adenocarcinoma. The safety profile
of the combination treatment in each population was similar
to previously reported safety profiles of each individual agent.

Implications of all the available evidence
The results of this study show tolerable safety and potential
clinical activity of cabozantinib plus atezolizumab among
untreated patients with advanced liver cancer and minimal
activity in previously treated gastric cancer or
gastroesophageal junction adenocarcinoma. The use of a
tyrosine kinase inhibitor in combination with a PD-1 or PD-L1
immune checkpoint inhibitor in these patient populations
requires additional investigation.
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monoclonal antibody durvalumab with the anti-CTLA-4
monoclonal antibody tremelimumab also received
approval as frontline therapy based on the significant
improvements in overall survival compared with sor-
afenib alone.11 Additionally, single-agent anti–PD-1
monoclonal antibodies pembrolizumab and nivolumab
also showed activity in this patient population.12,13

Among patients with advanced GC/GEJ, the PD-1 in-
hibitor pembrolizumab initially received accelerated
approval as a third-line treatment based on clinical ac-
tivity.14 However, this approval has since been with-
drawn after the phase 3 KEYNOTE-061 trial did not
meet its primary endpoints of improved progression-
free survival and overall survival15 suggesting that
single-agent PD-1/PD-L1 therapy may not be sufficient
in this patient population. Treatments of durvalumab
plus the anti-VEGFR2 monoclonal antibody ramucir-
umab and pembrolizumab plus ramucirumab achieved
objective responses in patients with advanced GC/GEJ
in phase 1a/b studies showing promise for the anti-PD-
L1/PD-1 plus VEGF inhibitor combination in these
patients.16,17

Inhibition of VEGFR, MET, and other tyrosine ki-
nases including the TAM family of kinases (TYRO3,
AXL, and MER) by cabozantinib reduces the potential
for tumour growth and creates an immune-permissive
tumour microenvironment6,18; PD-1/PD-L1 inhibition
by atezolizumab has been shown to reverse T-cell sup-
pression.19 Therefore, combining these two mecha-
nisms of action may lead to a synergistic tumour
response. In addition, potential synergistic efficacy be-
tween PD-1/PD-L1 and VEGF pathway inhibition has
been demonstrated in multiple cancers including he-
patocellular cancer, endometrial cancer, and renal
cancer.20–23 Promising clinical activity of cabozantinib
plus immune checkpoint inhibitors for several solid
tumour indications has been demonstrated, including
improved progression-free survival and overall survival
with cabozantinib in combination with nivolumab, an
anti–PD-1 monoclonal antibody, vs sunitinib as first-line
treatment for renal cell carcinoma in the phase 3
CheckMate 9ER study.20,21 The phase 3 COSMIC-312
study evaluated cabozantinib plus atezolizumab vs sor-
afenib for first-line treatment of aHCC and showed that
of the primary endpoints, the combination significantly
improved progression-free survival but not overall sur-
vival.22 Limited data are available on the potential of
tyrosine kinase inhibitor/immune checkpoint inhibitor
combinations for the treatment of GC/GEJ.

In the phase 1b COSMIC-021 trial, we evaluated the
combination of cabozantinib plus atezolizumab in pa-
tients with advanced solid tumours. Reported here are
results for expansion cohort 14, which enrolled patients
with aHCC previously untreated with systemic anti-
cancer therapy, and expansion cohort 15, which enrolled
patients with previously treated GC/GEJ. These two GI
tumour cohorts with a small total number of patients

were analyzed using the same methods; thus, reported
here together in this manuscript.

Methods
Study design
COSMIC-021 was a multicentre, open-label, phase 1b
study consisting of a dose-escalation stage in solid tu-
mours followed by a tumour-specific cohort expansion
stage. Patients were enrolled in expansion cohort 14 at
nine sites in Italy and the United States. Patients were
enrolled in expansion cohort 15 at 14 sites in France,
Italy, Spain, and the United States. The study adhered to
the principles in the Guideline for Good Clinical Prac-
tice and the Declaration of Helsinki. The study protocol
was reviewed and approved by the institutional review
boards at participating sites. All patients gave written,
informed consent. The protocol is included in the
Appendix.

Registration and protocol
The study is registered with ClinicalTrials.gov,
NCT03170960. The scoping review conducted by our
research team and protocol is registered at DOI:
10.17605/OSF.IO/JWTGE.

Patients
All eligible patients were aged ≥18 years with measur-
able disease per Response Evaluation Criteria in Solid
Tumours version 1.1 (RECIST v1.1) and had inoperable
locally advanced, metastatic, or recurrent disease.
Eligible patients for cohort 14 had aHCC previously
untreated with systemic anticancer therapy, an Eastern
Cooperative Oncology Group (ECOG) score ≤1, and a
Child-Pugh A classification. Prior local-regional treat-
ment was allowed. Eligible patients for cohort 15 had
GC, GEJ, or lower one-third esophageal adenocarci-
noma, an ECOG score ≤1, radiographic progression on
or after platinum- or fluoropyrimidine-containing
chemotherapy, and ≤2 prior lines of therapy (HER2/
neu-directed therapy was allowed).

Procedures
In the dose-escalation stage, patients received oral
cabozantinib either 40 mg or 60 mg once daily (QD) in
combination with intravenous atezolizumab 1200 mg
once every 3 weeks. No dose-limiting toxicities were
observed at either cabozantinib dose, and the cabo-
zantinib 40-mg QD dose was selected as the recom-
mended dose for use in the combination, based on
clinical activity and tolerability.21,24 In the aHCC and
GC/GEJ expansion cohorts, patients received oral
cabozantinib 40 mg QD and intravenous atezolizumab
1200 mg once every 3 weeks. Cabozantinib could be
dose-reduced from 40 mg QD to 20 mg QD and from
20 mg QD to 20 mg every other day to manage adverse
events. Atezolizumab infusions could be delayed for
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adverse event management; dose reductions were not
allowed for atezolizumab. Patients received study treat-
ment until radiographic or clinical disease progression
or unacceptable toxicity. Treatment beyond radiographic
progression was allowed at the discretion of the inves-
tigator in patients who experienced clinical benefit. Pa-
tients were followed every 12 weeks (±14 days) for
survival until death, withdrawal of consent, or decision
to no longer collect study data. Tumour assessments
were performed using computed tomography or mag-
netic resonance imaging at screening, every 6 weeks for
the first 12 months, and every 12 weeks thereafter.
Tumour response was assessed by investigators using
RECIST v1.1. The PD-L1 expression in the archival or
recently biopsied tumour samples were assessed using
Ventana SP263 assay (Roche Diagnostics, Florham
Park, NJ) and characterised according to the combined
positive score (CPS, total number of tumour and im-
mune cells stained with PD-L1 divided by the number of
all viable tumour cells, then multiplied by 100). The PD-
L1 expression levels were categorised as CPS ≥5% or
<5%.

Outcomes
The primary endpoint was investigator-assessed objec-
tive response rate per RECIST v1.1. Safety was the sec-
ondary endpoint, and assessments included adverse
events, treatment-related adverse events, serious adverse
events, and adverse events of special interest, including
immune-related adverse events for atezolizumab.
Exploratory endpoints included investigator-assessed
duration of response, progression-free survival per
RECIST v1.1, overall survival, and biomarker analyses
(samples for biomarker analyses were not required for
enrollment). Disease control rate was defined as the
percentage of patients with a complete response, partial
response, or stable disease.

Statistical analysis
We estimated 30 patients per cohort for the primary
endpoint of objective response rate to ensure the lower
bound of the two-sided 80% Blyth-Still-Casella confi-
dence interval (CI) extended ≤12 percentage points
from the point estimate.25 Each cohort may be expanded
by approximately 50 additional patients upon approval
by the Study Oversight Committee; the decision
regarding additional enrollment was to be based on the
clinical significance of the achieved ORR (a minimum
observed ORR of around 20% or higher). No formal
statistical comparisons to historical controls or between
cohorts were planned. Categorical and continuous vari-
ables were summarised with descriptive statistics. For
time-to-event endpoints (progression-free survival,
overall survival, duration of response), medians and
95% CIs were estimated using the Kaplan–Meier
method. All enrolled patients received at least one
dose of any study treatment and were included in all

efficacy and safety analyses. Statistical analyses were
performed with SAS® software, version 9.4 (Cary, NC).

Role of the funding source
The funder was involved in the study design and pro-
vided cabozantinib. Roche provided atezolizumab. The
funder participated in the data collection, analysis,
interpretation, and the decision to submit for publica-
tion in collaboration with the authors.

Results
Between February 14, 2019, and May 7, 2020, we
screened 43 and 44 patients for aHCC and GC/GEJ
respectively and enrolled 30 for aHCC and 31 for GC/
GEJ (22 patients with GEJ, eight patients with GC, one
patient with duodenal bulb as primary tumour) (Fig. 1).
Eighteen (60%) of the patients with aHCC and 18 (58%)
of the patients with GC/GEJ had an ECOG score of 1
(Table 1). Among patients with aHCC, six (20%) had
hepatitis B virus (HBV), 11 (37%) had hepatitis C virus
(HCV), and 13 (43%) had a nonviral aetiology; two pa-
tients (7%) had macrovascular invasion, ten (33%) had
portal vein invasion, and 13 (43%) had extrahepatic in-
vasion. Among patients with GC/GEJ, 16 (52%), 14
(45%), and one (3%) had received one, two, and three
prior lines of therapy, respectively. Common sites of
disease were liver (28 [93%] aHCC, 13 [42%] GC/GEJ),
lung (8 [27%] aHCC, 7 [23%] GC/GEJ), and lymph node
(7 [23%] aHCC, 17 [55%] GC/GEJ).

The median duration of follow-up was 31.2 months
(interquartile range [IQR] 28.5–32.7) for patients with
aHCC and 30.4 months (IQR 28.7–31.9) for patients
with GC/GEJ. One patient with aHCC remained on
study treatment. All patients were included in efficacy
and safety analyses.

Among patients with aHCC, the objective response
rate was 13% (95% CI 4–31), with four confirmed partial
responses (Table 2). The disease control rate was 83%
(95% CI 65–94), with 21 cases of stable disease (70%);
median duration of objective response was 22 months
(IQR 6.5–22.1), and median time to objective response
was 11 months (IQR 4.8–19.6). Among patients with
GC/GEJ, the objective response rate was 0% (95% CI
0–11); disease control rate was 48% (95% CI 30–67),
with 15 (48%) cases of stable disease. Waterfall plots of
the best change from baseline in sum of target lesions
per investigator by RECIST v1.1 are shown in Fig. 2. No
clear relationship between the level of change in sum of
target lesions and PD-L1 status was observed for either
cohort.

Among patients with aHCC, median progression-
free survival was 5.7 months (95% CI 4.1–26.3), and
median overall survival was 19.0 months (95% CI 12.1–
not estimable [NE]) (Fig. 3). Responses were observed
irrespective of whether patients with aHCC had extra-
hepatic spread, macrovascular invasion, HBV, or HCV
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(Appendix p 3). Additionally, responses were observed
in patients whose Child-Pugh score was five but not in
those with a score of six (Appendix p 3). Similarly, pa-
tients with albumin-bilirubin (ALBI) score of one had
responses but no responses were observed with those
with a score of two (Appendix p 3). The median
progression-free survival and overall survival were
longer in patients with a Child-Pugh score of five vs six
and those with an ALBI score of one vs two (Appendix p
3). Among patients with GC/GEJ, median progression-
free survival was 2.4 months (95% CI 1.4–3.9), and
median overall survival was 6.4 months (95% CI
3.1–10.8).

Median duration of treatment was 5.8 months (IQR
2.8–12.2) for patients with aHCC and 2.7 months (IQR
1.8–4.2) for patients with GC/GEJ (Appendix pp 4, 8).
Twenty-six (87%) patients with aHCC and 16 (52%)
patients with GC/GEJ experienced adverse events lead-
ing to cabozantinib dose delays (Appendix p 4), and 16
(53%) and seven (23%), respectively, experienced
adverse events leading to cabozantinib dose reductions.
Fifteen (50%) and 11 (35%) patients with aHCC and
GC/GEJ, respectively, experienced adverse events lead-
ing to atezolizumab dose delays. Six (20%) patients with
aHCC and three (10%) patients with GC/GEJ experi-
enced treatment-related adverse events leading to
discontinuation of cabozantinib and/or atezolizumab.

Twenty-eight (93%) patients with aHCC and 25
(81%) patients with GC/GEJ experienced any-grade
treatment-related adverse events; 12 (40%) and 11
(35%) experienced grade 3/4 treatment-related adverse
events (Table 3). Common treatment-related adverse
events included palmar-plantar erythrodysaesthesia,
diarrhoea, fatigue, and increased aspartate aminotrans-
ferase. No grade 5 treatment-related adverse events

occurred in either cohort. Fourteen (47%) patients with
aHCC and 16 (52%) patients with GC/GEJ experienced
grade 3/4 treatment-emergent adverse events (Appendix
pp 5–6). Grade 5 treatment-emergent adverse events
occurred in four patients with aHCC (disease progres-
sion, hepatic failure, multiple organ dysfunction syn-
drome, upper gastrointestinal haemorrhage) and seven
patients with GC/GEJ (disease progression [6], sepsis).

Twenty-nine (97%) patients with aHCC and 17 (55%)
patients with GC/GEJ experienced adverse event of
special interest of any grade; 11 (37%) and seven (23%)
patients, respectively, experienced a grade 3/4 adverse
event of special interest (Appendix p 7). Common
adverse events of special interest included hepatitis
(diagnosis and laboratory abnormalities), rash, pancre-
atitis, and hypothyroidism.

Discussion
In this cohort analysis of the phase 1b COSMIC 021
study, we report the efficacy and safety of cabozantinib
plus atezolizumab treatment for patients with aHCC
previously untreated with a systemic anticancer therapy
and patients with previously treated GC/GEJ. Notably,
this is the longest follow-up reported for this combina-
tion in an aHCC cohort, and this is the first study to
evaluate cabozantinib plus atezolizumab in patients
with previously treated GC/GEJ.

Among patients with aHCC, the current first-line
standard-of-care treatments are atezolizumab plus bev-
acizumab and durvalumab plus tremelimumab.10,11

Encouragingly, the progression-free survival and over-
all survival for cabozantinib plus atezolizumab in
COSMIC-021 were similar to those reported in the
phase 3 IMbrave150 study of atezolizumab plus

30 patients enrolled in
expansion cohort 14

1 continuing study treatment
 1 cabozantinib plus atezolizumab

30 included in efficacy and 
safety analyses 

0 continuing study treatment

31 included in efficacy and 
safety analyses 

29 discontinued study treatment
 11 progressive disease
 5 adverse events related to disease progression
 5 adverse events unrelated to disease progression
 2 withdrew consent
 1 lack of clinical benefit
 5 other reasons*   

31 discontinued study treatment
 18 progressive disease
 4 adverse events related to disease progression
 4 adverse events unrelated to disease progression
 3 withdrew consent
 2 lack of clinical benefit   

31 patients enrolled in
expansion cohort 15

Fig. 1: Trial profile for aHCC (cohort 14) and GC/GEJ (cohort 15) cohorts. *Other reasons for discontinuation in cohort 14 were due to
noncompliance (n = 1), robotic left hepatectomy (n = 1), and investigator decision (n = 3).
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bevacizumab and phase 3 HIMALAYA trial of durvalu-
mab plus tremelimumab.10,11,26 In the aHCC cohort of
the COSMIC-021 study, the progression-free survival
was 5.7 months, median overall survival was 19.0
months, and the ORR was 13%, while in the
IMbrave150 study, the median progression-free survival
was 6.9 months, median overall survival was 19.2
months, and the ORR was 30% and in the HIMALAYA
study the median progression-free survival of 3.8

months, median overall survival of 16.4 months and the
ORR was 20%.11,26

During further evaluation of cabozantinib plus ate-
zolizumab in previously untreated aHCC in the
COSMIC-312 phase 3 study, the median progression-
free survival (one of the dual primary endpoints)
showed an improvement with cabozantinib plus atezo-
lizumab vs sorafenib (6.8 vs 4.2 months), but the study
did not meet the other primary endpoint for improved
interim median overall survival (15.4 vs 15.5 months).22

Similar to COSMIC-312, the recent phase 3 LEAP-002
trial of lenvatinib plus pembrolizumab vs lenvatinib as
a first-line treatment in patients with unresectable
aHCC reported that its primary endpoint of overall
survival was not met.27 However, a phase 3 trial of PD-1
inhibition with camrelizumab plus tyrosine kinase in-
hibition with rivoceranib vs sorafenib as a first-line
treatment for patients with unresectable aHCC met its
primary endpoints of improved progression-free sur-
vival and overall survival, although the patient popula-
tion differed from other aHCC phase 3 trials because
the majority of patients (>80%) were recruited at centres
in Asia and had a hepatitis B etiology (>72%).28 The
safety and toxicity profile of cabozantinib plus atezoli-
zumab in the aHCC cohort of COSMIC-021 was com-
parable to that observed in the larger population of
patients with aHCC in COSMIC-312, and of that re-
ported with atezolizumab plus bevacizumab, a current
first-line standard of care for aHCC.10,22,26 Subgroup an-
alyses of the COSMIC-021 aHCC cohort suggested
improved clinical outcomes in patients with better he-
patic function at baseline based on Child-Pugh score as
well as ALBI grade, but the sample size of the cohort
and the lack of a control arm limit interpretation of
these data. A recent post hoc analysis of IMbrave150
indicated that better liver function at baseline (defined
by ALBI grade) was associated with improved outcomes
with atezolizumab plus bevacizumab and may have
been predictive of outcomes.29 Taken together, these
data suggest that the role of combination tyrosine kinase
inhibition plus PD-1/PD-L1 immune checkpoint inhi-
bition requires additional investigation in patients with
aHCC, with a focus on strategies to identify patient
subgroups that may benefit from the combination.

Patients with GC/GEJ in COSMIC-021 did not
demonstrate a response to cabozantinib plus atezolizu-
mab. In contrast, the phase 1 JVDJ study showed that six
of 29 patients with previously treated GC/GEJ who
received ramucirumab plus durvalumab had a partial
response (21% objective response rate).16 It is important
to note patients in the COSMIC-021 study had received
more prior lines of therapy vs JVDJ study (≥2 prior lines,
48% vs 28%). Disease control rate (55%), incidence of
grade ≥3 treatment-related adverse events (37.9%), and
median progression-free survival (2.6 months) from JVDJ
study were similar to those reported in COSMIC-021
(disease control rate 48%; grade ≥3 treatment-related

Cohort 14, aHCC
(N = 30)

Cohort 15, GC/GEJ
(N = 31)

Age, median (IQR), years 71 (63–77) 61 (50–68)

Race

White 22 (73) 21 (68)

Asian 6 (20) 0

Other or not reported 2 (7) 10 (32)

ECOG performance status

0 12 (40) 11 (35)

1 18 (60) 18 (58)

2 0 2 (6)

Disease aetiology

HBV 6 (20) –

HCV 11 (37) –

Nonviral 13 (43) –

Extent of diseasea

Extrahepatic invasion, yes 13 (43) –

Extrahepatic invasion, no 16 (53) –

Macrovascular invasion, yes 2 (7) –

Macrovascular invasion, no 20 (67) –

Portal vein invasion, yes 10 (33) –

Portal vein invasion, no 13 (43) –

Child-Pugh A 30 (100) –

Primary tumour

GC – 8 (26)b

GEJ – 22 (71)

Other – 1 (3)c

Prior lines of therapy

1 – 16 (52)

2 – 14 (45)

3 – 1 (3)

Tumour sites per investigator

Liver 28 (93) 13 (42)

Lung 8 (27) 7 (23)

Lymph node 7 (23) 17 (55)

Bone 2 (7) 4 (13)

Adrenal 2 (7) 1 (3)

Kidney 0 1 (3)

Other 0 6 (19)

Data are n (%), unless stated otherwise. aHCC = advanced hepatocellular carcinoma. ECOG = Eastern Cooperative
Oncology Group. GC = gastric cancer. GEJ = gastroesophageal junction adenocarcinoma. HBV = hepatitis B virus.
HCV = hepatitis C virus. IQR = interquartile range. aPresence of macrovascular invasion and portal vein invasion
were collected separately; extrahepatic, macrovascular, and portal vein invasion were unknown in one, eight,
and seven patients, respectively. bFour cardia, two noncardia, and two unspecified stomach. cPatient had
duodenal bulb as the primary tumour.

Table 1: Baseline demographics and clinical characteristics.
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adverse events 35%; median progression-free survival 2.4
months). Interestingly, five of the six partial responders
in the JVDJ study had high PD-L1–expressing tumours

(CPS ≥25%), suggesting that high PD-L1 expression may
influence tumour response to combination VEGF inhi-
bition plus PD-1/PD-L1 inhibition in this population. In

Cohort 14, aHCC (N = 30) Cohort 15, GC/GEJ (N = 31)

Objective response rate, n (%) 4 (13) 0

95% CI, % 4–31 0–11

Best overall response, n (%)

Confirmed complete response 0 0

Confirmed partial response 4 (13) 0

Stable disease 21 (70) 15 (48)

Progressive disease 3 (10) 10 (32)

Missing/not evaluablea 2 (7) 6 (19)

Disease control rate, n (%)b 25 (83) 15 (48)

95% CI, % 65–94 30–67

Duration of objective response, median (IQR), months 22.1 (6.5–22.1) NA

Time to objective response, median (IQR), months 11.0 (4.8–19.6) NA

Data are n (%), unless stated otherwise. aHCC = advanced hepatocellular carcinoma. CI = confidence interval. GC = gastric cancer. GEJ = gastroesophageal junction
adenocarcinoma. IQR = interquartile range. NA = not applicable. RECIST = Response Evaluation Criteria in Solid Tumours. aIn Cohort 14, one patient died prior to the first
post-baseline assessment, and the other patient did not meet the criteria for evaluation of response. In Cohort 15, four patients died, one patient withdrew from the study
prior to their first post-baseline assessment, and post-baseline assessments were missing for one patient. Deaths in both were not related to the study treatment. bDisease
control rate = complete response + partial response + stable disease.

Table 2: Tumour response per investigator per RECIST version 1.1.

Confirmed partial response

Stable disease

Progressive disease

*

PD-L1 CPS <5%

PD-L1 status not assessed

PD-L1 CPS ≥5% PD-L1 CPS ≥5%

PD-L1 CPS <5%

PD-L1 status not assessed
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Fig. 2:Waterfall plot of best change from baseline in sum of tumour lesions for individual patients per investigator. (A) aHCC. (B) GC/GEJ.
Waterfall plots show the maximum percentage reduction or minimum percentage increase from baseline in sum of diameters of target lesions.
Only patients with measurable disease and at least one postbaseline assessment are shown (n = 28 for aHCC; n = 24 for GC/GEJ). One patient in
the GC/GEJ cohort had progressive disease on Week 7 due to a new measurable lesion and was not included in the plot. PD-L1 status categorised
as CPS ≥5% or <5%. *The patient had an unconfirmed partial response and was therefore categorized as having stable disease. aHCC = advanced
hepatocellular carcinoma. CPS = combined positive score. GC = gastric cancer. GEJ = gastroesophageal junction adenocarcinoma. PD-
L1 = programmed cell death ligand 1.

Articles

www.thelancet.com Vol 67 January, 2024 7

www.thelancet.com/digital-health


addition, a phase 1a/1b study of ramucirumab plus
pembrolizumab in patients with previously treated GC/
GEJ17 and a phase 2 study of lenvatinib plus pem-
brolizumab in patients with GC/GEJ30 reported increased
response rates and longer median progression-free sur-
vival for patients with PD-L1 levels in tumours by CPS
≥1% compared with CPS <1%. Furthermore, the phase
1b CAMILLA study of cabozantinib plus durvalumab in
patients with various gastrointestinal malignancies
including 10 patients with advanced GC/GEJ also re-
ported that patients with PD-L1 levels in tumours by CPS
>5% vs overall population had improved objective
response rate, disease control rate, median progression-
free survival, and median overall survival.31 The
COSMIC-021 trial did not find a clear relationship be-
tween individual patient target lesion change and PD-L1
status for either cohort but was limited by the low
number of patients with known PD-L1 status (aHCC:
n = 10; GC/GEJ: n = 16). As differences in assays and

expression cutoffs make comparisons across studies
challenging, further research to better define optimal
cutoff of this potential biomarker of response to combi-
nation treatment in this patient population is needed.

Limitations of COSMIC-021 include the small sample
size of each cohort and the single-arm design. Given a
lack of response to treatment in the GC/GEJ cohort, we
were unable to correlate potential biomarkers with
tumour response in this population. Extended biomarker
analyses, including mechanism of resistance to the
combination regimen, could not be assessed due to the
scarcity of samples with biomarker or molecular data.

In these expansion cohorts of COSMIC-021, we
found that cabozantinib plus atezolizumab had clinical
activity with a manageable safety profile in patients with
aHCC previously untreated with systemic anticancer
therapy. Clinical activity of cabozantinib plus atezolizu-
mab was minimal in patients with previously treated
GC/GEJ.
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