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ABSTRACT

Introduction and Objectives: Cabozantinib, a multi-kinase inhibitor targeting AXL and MET, is approved for
second-line treatment of hepatocellular carcinoma (HCC). However, the combination of cabozantinib with
immune checkpoint inhibitors (ICls) remains controversial after the COSMIC-312 study. The role of AXL and
MET expression in predicting cabozantinib response is unclear. This study aims to evaluate cabozantinib’s
efficacy with ICIs and the predictive value of AXL and MET expression.
Materials and Methods: From January 2019 and December 2023, 50 advanced HCC patients treated with cabo-
zantinib were retrospectively enrolled.
Results: Overall, 74% of patients received prior immunotherapy, 72% had been treated with more than two differ-
ent multiple kinase inhibitors (MKIs), and 58% received cabozantinib as a fifth-line or later therapy. Cabozantinib
was used alone (60%), with ICIs (12%), or with chemotherapy (28%). A majority (70%) received a dosage exceeding
40 mg/day. The ORR to cabozantinib was 0%, while the DCR was 42.2%. median PFS was 3.3 months, and OS was
6.1 months. There was no significant difference in PFS or OS between patients receiving five or more lines of treat-
ment and those receiving fewer. Cabozantinib plus ICIs showed longer PFS (6.7 vs. 3.2 months, p = 0.04) and a
trend toward improved OS compared to cabozantinib alone. AXL expression may predict better outcomes. Com-
mon adverse effects included palmar-plantar erythrodysesthesia (24.2%) and hypertension.
Conclusions: This study highlights the potential of cabozantinib combined with immunotherapy in heavily
pretreated HCC, with AXL expression as a possible predictive biomarker.

© 2025 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

its advanced stages [1]. With the advent of immune checkpoint
inhibitors (ICIs), the first-line treatment paradigm for unresect-

Hepatocellular carcinoma (HCC), the seventh most common
cancer worldwide in 2020, remains highly lethal, particularly in

Abbreviation: ALBI, Albumin-Bilirubin score; AXL, AXL; BCLC, Barcelona Clinic Liver Can-
cer; CPS, Child-Pugh score; DCR, disease control rate; HCC, hepatocellular carcinoma; HBV,
hepatitis B virus; HCV, hepatitis C virus; ICls, immune checkpoint inhibitors; IHC, immuno-
histochemistry; MET, MET receptor tyrosine kinase; MKIs, multiple kinase inhibitors; ORR,
objective response rate; OS, overall survival; PFS, progression-free survival; RECIST,
Response Evaluation Criteria in Solid Tumors; TKIs, tyrosine kinase inhibitors
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able HCC has shifted from tyrosine kinase inhibitors (TKIs) alone
to combination therapies, such as atezolizumab/bevacizumab and
durvalumab/tremelimumab [2,3]. Challenges persist despite
advancements in novel immunotherapy combinations [4]. Fur-
thermore, multiple lines of systemic therapy are available. Anti-
vascular endothelial growth factor (anti-VEGF) agents—including
sorafenib, lenvatinib, regorafenib, ramucirumab, and cabozantinib
—are recommended. However, prognosis remains poor in later
lines of treatment.
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Cabozantinib, a multi-kinase inhibitor targeting VEGFR 1-3, RET,
KIT, AXL, MET, and FLT3, has been approved for use in unresectable
HCC as a second- or third-line treatment based on the results of the
CELESTIAL trial [5]. However, in the COSMIC-312 study, the combina-
tion of cabozantinib and atezolizumab failed to demonstrate superior
efficacy compared to sorafenib in patients who had not received prior
systemic anticancer therapies [6]. In contrast, in renal cell carcinoma,
the combination of cabozantinib and nivolumab showed significant
survival benefit and likelihood of response over sunitinib monother-
apy, suggesting that cabozantinib may have an immunomodulatory
effect [7]. Thus, the potential of combining cabozantinib with ICls
remains controversial, particularly in heavily pretreated patients
with HCC.

AXL and MET are key drivers of tumor progression in HCC.
AXL promotes epithelial-mesenchymal transition (EMT), invasion,
migration, angiogenesis, and immune evasion, while MET contrib-
utes to tumor growth, metastasis, angiogenesis, and drug resis-
tance [8—10]. Cabozantinib, by targeting both AXL and MET
pathways, can control tumor progression [11]. However, the role
of AXL and MET expression in predicting response to cabozanti-
nib remains uncertain, highlighting the need for further investiga-
tion.

This study aims to evaluate the real-world efficacy of cabo-
zantinib, particularly in combination with immunotherapy, and
to investigate the relationship between AXL and MET expres-
sion and treatment outcomes in patients with unresectable
HCC.

2. Materials and methods
2.1. Study design and setting

This retrospective cohort study was conducted at the Department
of Oncology, Taipei Veterans General Hospital, Taiwan. Patients with
unresectable or advanced HCC, confirmed either histologically or
clinically according to international guidelines, were identified from
electronic medical records between January 2019 and December
2023. Eligible patients were 18 years or older at the time of diagnosis
and received palliative systemic treatment with cabozantinib. Data
collected included patient demographics (age, sex), underlying
comorbidities, tumor histology, laboratory results, imaging reports,
tumor stage, prior local and systemic treatments, cabozantinib dos-
age, treatment outcomes, drug-related toxicities, and date of death or
last follow-up. This study was approved by the Institutional Review
Board of Taipei Veterans General Hospital. (TPEVGH IRB No.: 2024-
10-004AC)

2.2. Immunohistochemistry

Four-micrometer whole tissue sections were used for immu-
nohistochemistry (IHC) analysis. The IHC of AXL was performed
using a HPA037422 antibody (dilution 1:100; Merck, Darmstadt,
Germany). The IHC of MET was performed using an ab227637
antibody (dilution 1:100; Abcam, Cambridge, UK). IHC was per-
formed using the Roche Ventana Benchmark ULTRA System
(Roche Ventana, Tucson, AZ, USA). Membranous staining in
tumor cells was considered positive and evaluated using the his-
tochemical scoring system (H-score). H-score is the product of
the percentage of tumor cells showing positive staining and staining
intensity (0, no staining; 1, weak staining; 2, moderate staining; and 3,
strong staining), ranging from 0 to 300. The results were further classi-
fied as negative (0—14), weak (15—99), moderate (100—199), or strong
(200-300) for further analysis. Weak, moderate, and strong staining
were collectively defined as positive.
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2.3. Outcome measures

In this study, treatment response was assessed by using
RECIST criteria by two specialist reviewers. The RECIST definitions
were as follows: complete response (CR) indicated no viable
tumor; partial response (PR) was defined as a tumor size decrease
of more than 30%; stable disease (SD) was characterized by a
tumor size change between +20% and -30%; and progressive dis-
ease (PD) was defined as an increase of more than 20%, based on
the sum of the largest diameters of the target lesions. The objec-
tive response rate (ORR) was defined as the proportion of CR and
PR, while the disease control rate (DCR) was defined as the pro-
portion of CR, PR, and SD. This version clarifies the definitions
and is aligned with standard academic writing conventions. Pro-
gression-free survival (PFS) was defined as the time from the ini-
tiation of cabozantinib to the onset of PD or death. Overall
survival (0S) was measured from the start of cabozantinib treat-
ment to death from any cause.

2.4. Statistical analysis

The patient’s baseline characteristics are presented by calculating
the mean, median, standard deviation, and interquartile range. The
associations between cabozantinib treatment responses across
groups were analyzed using the Fisher exact test and chi-square (x2)
test. A chi-square analysis with 1,000 bootstrap resamples was per-
formed to assess the association between IHC expression and treat-
ment response. The estimation of PFS and OS were conducted using
the Kaplan—Meier method, and the differences in survival curves
were assessed through the log-rank test. A Cox proportional-hazards
model was used to calculate hazard ratios and assess prognostic fac-
tors on progression and mortality in univariate and multivariate anal-
yses. Changes in the Albumin-Bilirubin (ALBI) score during the
treatment course with cabozantinib were evaluated using paired t-
tests. P < 0.05 was considered statistically significant. All the statisti-
cal analyses were performed by IBM® SPSS®, version 21.0 (IBM Corp.
Released 2012. IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY: IBM).

2.5. Ethical statement

This study has been approved by the institutional review board of
Taipei Veterans General Hospital (TPEVGH IRB No.: 2024-10-004AC),
which is the appropriate regulatory agency to review research on
both adults and children. All methods were carried out in accordance
with relevant guidelines and regulations.

3. Results
3.1. Patient characteristics

A total of 50 HCC patients treated with cabozantinib were
enrolled. The median age was 55 years (interquartile range: 48-65),
and 76% of the patients were male. Hepatitis B virus (HBV) infection
was present in 74% (37/50) of patients, while 8% (4/50) had hepatitis
Cvirus (HCV) infection, with 4% (2/50) showing co-infection. In terms
of liver function, 34% of patients were classified as Child-Pugh class
(CPS) A, 52% as CPS B, and 14% as CPS C. The Barcelona Clinic Liver
Cancer (BCLC) stage B accounted for 48% of patients, and stage C for
38%. Additionally, 48% of patients (24/50) were diagnosed with cir-
rhosis.

3.2. Use of cabozantinib in later line setting

Regarding prior systemic treatments, 74% of patients had previ-
ously undergone immunotherapy, and 72% had received more than



K.-C. Lai, T-L. Hsu, S.-Y. Lin et al.

two different tyrosine kinase inhibitors prior to cabozantinib. With
respect to combination regimens, 60% of patients received cabozanti-
nib monotherapy, 12% received cabozantinib with ICIs (6 patients: 3
patients received durvalumab and 3 patients received atezolizumab),
and 28% received cabozantinib with chemotherapy. A majority (70%)
were treated with a cabozantinib dosage exceeding 40 mg/day, and
58% received cabozantinib as part of a fifth-line or later systemic
treatment regimen. Detailed demographic and clinical characteristics
are presented in Table 1.

3.3. Combination of cabozantinib with immunotherapy

The outcomes of cabozantinib therapy are presented in the
swimmer’s plot (Supplementary Fig. 1). The ORR to cabozantinib was
0%, and the DCR was 42.2%. The combination of cabozantinib with ICls
showed a significantly higher DCR compared to combination with

Table 1
Baseline characteristics.
Characteristics N (%)
Median age, years (range) 55 (IQR: 48-65)
<65 12 (24)
> 65 38(76)
Sex (male) 38(76)
Viral 43 (86)
HBV 37(74)
HCV 4(8)
Co-infection 2(4)
Non-viral 7(14)
CPS class
A 17 (34)
B 26(52)
C 7(14)
ALBI grade
I 16 (32)
il 26 (52)
1 8(16)
Cirrhosis 24 (48)
Macrovascular invasion 24 (48)
BCLC stage
B 24(48)
C 19(38)
D 7(14)
AFP
> 400 ng/ml 25(50)
<400 ng/ml 25(50)
Previous local treatment
Surgery 17 (34)
RFA 13(26)
TACE 33(66)
RT 16 (32)
Transplantation 3(6)
Previous immunotherapy 37(74)
Previous chemotherapy 15(30)
Previous TKIs
> 2 TKIs 36(72)
<2 TKlIs 14(28)
Lenvatinib 39(78)
Sorafenib 33(66)
Regorafenib 20 (40)
Drugs combined with cabozantinib
Immunotherapy 6(12)
Chemotherapy 14 (28)
No 30(60)
Cabozantinib dosage
> 40 mg/day 35(70)
<40 mg/day 15(30)
Treatment lines for cabozantinib
> 5t 29 (58)
<5t 21(42)

IQR = Interquartile Range; CPS class: Child-Pugh Score Class; ALBI grade: Albumin-Bil-
irubin grade; BCLC stage: Barcelona Clinic Liver Cancer stage; AFP: Alpha-Fetoprotein;
RFA: Radiofrequency Ablation; TACE: Transarterial Chemoembolization; RT: Radio-
therapy; TKIs: Tyrosine Kinase Inhibitors
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chemotherapy or cabozantinib monotherapy (83.3%, 28.6%, and 33.3%,
respectively, p < 0.05). Positive AXL expression was associated with a
higher DCR, though this was not statistically significant (50% vs. 0%,
p = 0.13). A chi-square analysis with 1,000 bootstrap resamples was con-
ducted, revealing a contingency coefficient of 0.522 (95% CI: 0.31-0.71),
indicating a moderate association between AXL expression and treat-
ment response. The bias was 0.002, with a standard error of 0.11. Addi-
tionally, patients who achieved SD with prior targeted therapies,
including lenvatinib, sorafenib, or regorafenib, showed a trend toward
higher DCR with subsequent cabozantinib treatment (Table 2).

3.4. Progression-free survival and overall survival

The median PFS for the total population was 3.3 months (95% CI:
2.6—4.0), and the OS was 6.1 months (95% CI: 3.1-9.1). Patients with
SD exhibited significantly longer PFS (6.2 vs. 2.8 months, p < 0.01)
and OS (14.8 vs. 3.9 months, p < 0.01) compared to those with PD
(Fig. 1A and B). No significant difference was observed in PFS or OS
between patients who received five or more lines of treatment and
those with fewer than five lines of treatment (Fig. 1C and D). When
cabozantinib was combined with ICIs, patients demonstrated a longer
PFS (6.7 vs. 3.2 months, p = 0.04) and a trend toward better OS com-
pared to cabozantinib monotherapy (Fig. 1E and F). The dose of cabo-
zantinib was not associated with clinical outcomes (Fig. 1G and H).

3.5. AXL expression

Both ALBI grade and CPS class were significantly associated with
OS but not PFS. (Fig. 2A-D). The staining results showed that the pro-
portion of AXL-positive cases was 40% (4/10), with 2 cases classified
as weak positive and 2 cases as moderate positive. The proportion of
MET expression was 2/7, with both cases classified as weak positive.
The presence of AXL expression in cancer tissues showed a trend
toward longer OS (14.6 vs. 5.0 months, p = 0.25). (Fig. 2E and F). In
contrast, the presence of MET expression was not associated with
clinical outcomes (Fig. 2G and H).

3.6. Prognostic factors for progression and death

Univariate analysis identified anti-HCV antibody positive, cirrho-
sis, alpha—fetoprotein (AFP) levels > 400 ng/mL, serum albumin <
3.5 mg/dl as risk factors for progression. In the multivariate analysis,
AFP levels > 400 ng/mL and serum albumin < 3.5 mg/dl remained as
independent predictors of risk. Although univariate analysis identi-
fied the combination with ICIs as a protective factor against progres-
sion, this association was not significant in multivariate analysis
(Table 3). Regarding risk factors for death, univariate analysis
revealed cirrhosis, serum albumin <3.5 mg/dl and total bilirubin >
1.20 mg/dl as risk factors for death, while multivariate analysis
merely indicated that serum albumin < 3.5 mg/dl (HR: 10.66) was
independent poor risk factor (Table 4).

3.7. Safety

In this cohort, high grade adverse effect of cabozantinib was rare.
The common adverse effects included palmar-plantar erythrodyses-
thesia (24.2%), hypertension (15.2%), elevated aspartate transami-
nase/alanine aminotransferase (15.2%) and diarrhea (12.1%). In
addition, other adverse effects such as fatigue, nausea/vomiting, leu-
kopenia, skin rash and hypothyroidism occurring at an incidence rate
of less than 10 %. The detailed adverse events during treatment with
cabozantinib are shown in supplementary table 1.
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Table 2
Treatment response by RECIST 1.1 criteria.

Annals of Hepatology 30 (2025) 101917

Cabozantinib

CR/PR  SD PD DCR p value
All population 0% 42.2%  57.8% 42.2%
Sex
Male 0% 45.5%  54.5% 455% 073
Female 0% 36.4%  63.6% 36.4%
CPS class
A 0% 533%  46.7% 533% 0.50
B 0% 348%  65.2% 34.8%
C 0% 50.0%  50.0% 50.0%
Cirrhosis
Absence 0% 46.2%  53.8% 46.2%  0.26
Presence 0% 29.2% 70.8% 29.2%
Macrovascular invasion
Yes 0% 381% 61.9% 38.1% 0.56
No 0% 47.8%  52.2% 47.8%
Previous lenvatinib response
Disease control group 0% 44.4% 55.6% 44.4% 0.12
Progression group 0% 11.1%  88.9% 11.1%
Previous sorafenib response
Disease control group 0% 41.7%  58.3% 41.7%  0.46
Progression group 0% 278%  72.2% 27.8%
Previous regorafenib response
Disease control group 0% 41.7%  58.3% 41.7%  0.66
Progression group 0% 28.6%  71.4% 28.6%
Regimens
Cabozantinib monotherapy 0% 33.3% 66.7% 33.3% <0.05
Cabozantinib + chemotherapy 0% 28.6%  71.4% 28.6%
Cabozantinib + immunotherapy 0% 833% 16.7% 83.3%
Dosage of cabozantinib
< 40 mg/day 0% 333%  66.7% 333% 0.76
> 40 mg/day 0% 40.0%  60.0% 40.0%
Treatment lines for cabozantinib
> 5 0% 294%  70.6% 294%  0.54
<5t 0% 424%  57.6% 42.4%
Tissue AXL expression
Positive 0% 50.0%  50.0% 50.0% 0.13
Negative 0% 0% 100% 0%
Tissue MET expression
Positive 0% 50.0%  50.0% 50.0% 1.0
Negative 0% 20.0%  80.0% 20.0%

CPS class: Child-Pugh Score class

3.8. Liver function monitoring

First, we utilized the ALBI grade to monitor changes in liver func-
tion following cabozantinib treatment. Prior to initiating cabozanti-
nib, liver function assessments classified 32% of patients as ALBI
grade 1, 52% as ALBI grade 2, and 16% as ALBI grade 3. After four
weeks of cabozantinib treatment, liver function assessment showed
that 26% of patients were classified as ALBI grade 1, 48% as ALBI grade
2, and 26% as ALBI grade 3. After eight weeks of treatment with
cabozantinib, 28% of patients were classified as ALBI grade 1, 53%
as ALBI grade 2, and 20% as ALBI grade 3. The proportional
changes in ALBI grade following cabozantinib treatment are illus-
trated in supplementary Fig. 2A. Second, we evaluated the ALBI score
at baseline, 4 weeks, and 8 weeks after the initiation of cabozantinib.
The ALBI score significantly worsened 4 weeks after treatment initia-
tion (baseline vs. 4 weeks: —2.30 vs. —2.14; p = 0.003) but remained
stable at 8 weeks with no significant statistical difference (4 weeks
vs. 8 weeks: —2.14 vs. —2.04; p = 0.159) (supplementary Fig. 2B).

4. Discussion

The major findings of this study include: 1) Despite its use in fifth-
line treatment and beyond, cabozantinib still demonstrated a favor-
able DCR, PFS, and OS; 2) The combination of cabozantinib with ICIs
resulted in a higher DCR and longer PFS; and 3) AXL expression may
serve as a potential predictor of cabozantinib efficacy.

The high-DCR achieving cabozantinib is the only drug approved
for use after second-line treatment in HCC. In the CELESTIAL trial, the
ORR was only 4%, but the DCR reached as high as 64%, with 28% of
patients receiving cabozantinib as a third-line treatment [5]. How-
ever, real-world studies on cabozantinib remain limited. A retrospec-
tive cohort study involving 96 patients with unresectable HCC who
received cabozantinib found that all patients were categorized as
Child-Pugh A, and the majority received it as third-line systemic
treatment. The ORR in this cohort was 4.2%, with a DCR of 63.5% [12].
Another retrospective study involving 88 HCC patients treated with
cabozantinib as second- or later therapy reported a PR rate of 6.8%
and a DCR of 38.6% [13]. Other retrospective studies have also shown
similar efficacy of cabozantinib in treating patients with unresectable
HCC [14,15]

As ICIs have become the recommended first-line treatment, Chan
et al. conducted a phase II trial showing that cabozantinib retains effi-
cacy after prior ICI treatment. In this trial, 47 patients who had
received ICI-based regimens as first-line treatment showed an ORR of
6.4%, DCR of 83.0%, median PFS of 4.1 months, and OS of 9.9 months
[16]. In our study, approximately half of the patients received cabo-
zantinib after fifth-line treatment, with around 60% classified as CPS
B or CPS C. Despite this, cabozantinib demonstrated a comparable
DCR of 42.2% to other studies. Overall, cabozantinib has consistently
shown clinical benefits after prior treatment with multiple kinase
inhibitors or ICls, as observed in both clinical trials and real-world
data.
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Fig. 1. Impact of treatment regimens and cabozantinib combination on progression-free survival and overall survival

Patients with stable disease exhibited (A) significantly longer PFS (6.2 vs. 2.8 months, p < 0.01) and (B) OS (14.8 vs. 3.9 months, p < 0.01) compared to those with progressive
disease. No significant difference in (C) PFS or (D) OS was observed between patients who received five or more lines of treatment and those who received fewer than five lines.
Patients treated with cabozantinib combined with ICIs showed significantly longer (E) PFS (6.7 vs. 3.2 months, p = 0.04) and (F) a trend toward longer OS compared to those not
receiving the combination with ICIs. On the other hand, the dose of cabozantinib was not associated with clinical outcomes in terms of (G) PFS or (H) OS.
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Fig. 2. Association of CPS Class, ALBI Grade, and AXL/MET expression with progression-free survival and overall survival
Both CPS class and ALBI grade were not significantly associated with (A, C) PFS, but were significantly associated with (B, D) OS, respectively. The presence of AXL expression
demonstrated a significantly longer (E) PFS and a trend toward longer (F) OS. The presence of MET expression was not associated with (G) PFS and (H) OS.
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Table 3

Risk factors for progression.
Variables Univariate Multivariate
General factors HR (95% CI) p value HR (95% CI) p value
Age >65vs. < 65 147  (0.76-2.84) 0.26
Sex Male vs. female 135 (0.68-2.67) 039
HBsAg-positive Yes vs. no 0.82 (041-1.62) 056
Anti-HCV-positive Yes vs. no 3.16  (1.25-7.99) 0.02 2.15 (0.79-5.90) 0.14
CPS class Class B,Cvs. A 1.03 (0.57-1.88) 0.92
Cirrhosis Yes vs. no 195 (1.09-349) 0.02 112 (0.58-2.16) 0.74
Macrovascular invasion Yes vs. no 1.42 (0.81-2.52) 022
Laboratory data
AFP (ng/ml) > 400 vs < 400 259  (1.35-495) <0.01 239  (1.21-4.71)  0.01
Serum albumin (mg/dl) <3.5vs>35 225 (1.26-4.05) <0.01 194 (1.02-3.71) 0.04
Total bilirubin (mg/dl) >1.20vs < 1.20 1.62 (0.91-2.88) 0.10
Previous TKIs > 2 TKIs vs < 2 TKIs 1.04 (0.55-1.95) 091
Regimens with cabozantinib with ICIs vs without ICIs 040  (0.16-1.03) 0.06 0.50  (0.19-1.34) 0.17
Dosage of cabozantinib (mg/day) <40 vs>40 1.04 (056-1.95) 0.89
Treatment lines for cabozantinib > 5" vs <50 1.60 (0.90-2.86) 0.11

CPS class: Child-Pugh Score class; AFP: Alpha-Fetoprotein; TKIs: Tyrosine Kinase Inhibitors;

Table 4
Risk factors for death

ICIs: Immune Checkpoint Inhibitors

Variables Univariate Multivariate

General factors HR (95% CI) p value HR (95% CI) p value
Age >65vs. <65 152 (0.73-3.17) 0.26

Sex Male vs. female 1.72 (0.79-3.73) 0.17

HBsAg-positive Yes vs. no 0.78 (0.37-1.66) 0.52

Anti-HCV-positive Yes vs. no 2.26 (0.85-6.01) 0.10

CPS class Class B, Cvs. A 1.52 (0.79-2.95) 0.21

Cirrhosis Yes vs. no 234 (1.24-4.43) <0.01 1.16 (0.51-2.68) 0.72
Macrovascular invasion Yes vs. no 1.46 (0.79-2.72) 0.23

Laboratory data

AFP (ng/ml) > 400 vs < 400 1.67 (0.88-3.18) 0.12

Serum albumin (mg/dl) <3.5vs>35 852  (3.61-20.10) <0.01 10.66  (3.70-30.71) <0.01
Total bilirubin (mg/dl) >1.20vs < 1.20 3.07 (1.61-5.82) <0.01 1.68 (0.70-4.03) 0.24
Previous TKIs > 2 TKIs vs < 2 TKIs 099 (0.51-1.92) 0.98

Regimens with cabozantinib with ICIs vs without ICIs 044  (0.15-1.28) 0.11

Dosage of cabozantinib (mg/day)  <40vs >40 099  (0.49-1.98) 0.97

Treatment lines for cabozantinib > 5% vs < 5™ 133 (0.71-2.50) 0.37

CPS class: Child-Pugh Score class; AFP: Alpha-Fetoprotein; TKIs: Tyrosine Kinase Inhibitors; ICIs: Immune Checkpoint Inhibitors

The benefits of combining cabozantinib with immunotherapy are
not yet well established. In preclinical models, the combination of
cabozantinib with antiprogrammed cell death protein-1 (anti-PD-1)
therapy has shown enhanced tumor response rates, reduced viability,
and increased necrosis compared to those of monotherapy. Addition-
ally, neutrophil infiltration in tumors was significantly increased,
enhancing the innate neutrophil-driven immune response. This com-
bination also offers potential to overcome tumor resistance [17].
However, in the COSMIC-312 trial, cabozantinib combined with ate-
zolizumab failed to demonstrate a survival benefit over sorafenib in
the first-line setting [18]. In contrast, cabozantinib combined with
nivolumab has shown superior efficacy compared to sunitinib in
renal cell carcinoma (RCC), establishing it as a successful first-line
regimen for RCC [7]. In our study, the combination of cabozantinib
with ICI demonstrated a higher DCR and longer PFS, although no OS
benefit was observed. Despite the heavily pretreated population and
poor liver function in our cohort, the combination of cabozantinib
with ICIs still showed potential for providing clinical benefit.

The role of AXL expression in HCC requires further investigation.
AXL upregulation impacts the immune system, contributing to a sup-
pressive tumor microenvironment that impairs the immune response
against cancer cells [19,20] Additionally, high AXL expression has
been linked to resistance to targeted therapies and anti-PD-1 treat-
ments in various cancers. In HCC, AXL signaling upregulation has
been associated with resistance to sorafenib and lenvatinib.

Pharmacological inhibition of AXL may enhance tumor-intrinsic
immunogenic responses in TKI-resistant HCC tumors [21,22] Overall,
according to the literature, AXL expression is considered a poor prog-
nostic factor in HCC patients who have not received AXL inhibitor
treatment [23,24]

The correlation between AXL expression and the efficacy of
cabozantinib across different cancer types remains unclear, and
current evidence is inconclusive. In metastatic renal cell carci-
noma, a post hoc analysis of 278 tumor tissue samples from the
METEOR trial demonstrated that high levels of AXL expression
was associated with better antitumor activity of cabozantinib and
longer PFS compared to everolimus [25]. Our study is the first to
observe a trend suggesting that AXL expression may predict bet-
ter clinical efficacy of cabozantinib in HCC. Although the differ-
ence was not statistically significant due to the limited
availability of tissue samples, this finding provides valuable
insight for future research on the potential role of AXL as a pre-
dictive biomarker for cabozantinib in HCC.

This study has several limitations. First, as a retrospective analysis,
it may be subject to information bias and selection bias. However, our
data provide valuable insights, as this is the real-world study demon-
strating the consistent efficacy of cabozantinib. Second, the limited
sample size and non-randomized design raise questions about the
reliability of the efficacy of the combination of cabozantinib and ICIs.
A well-designed clinical trial or matched study is recommended to
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address this. Lastly, the definition of AXL positivity is not well estab-
lished, and further data are needed to validate its utility as a bio-
marker.

5. Conclusions

This real-world data demonstrated that cabozantinib is effective,
well-tolerated, and feasible in patients with HCC refractory to multi-
ple lines of systemic therapies. Additionally, we highlighted the
potential for cabozantinib to be combined with immunotherapy in
heavily pretreated HCC. The AXL expression may also serve as a pre-
dictive biomarker for cabozantinib efficacy in HCC.

Funding

This work was supported by grants from Taipei Veterans General
Hospital (VGHTPE V113C-148), Taiwan Clinical Oncology Research
Foundation to San-Chi Chen.

Data availability statement

Data are available by requesting.
Declaration of interests

None.
Acknowledgments

The authors would like to acknowledge the support provided by
grants from Taipei Veterans General Hospital (VGHTPE V113C-148)
and the Taiwan Clinical Oncology Research Foundation. We sincerely
appreciate Dr. Caleb for his valuable assistance in reviewing and
refining the English language of this manuscript.

Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.aochep.2025.101917.

References

[1] Sung H, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer ] Clin
2021;71:209-49. https://doi.org/10.3322/caac.21660.

[2] Finn RS, et al. Atezolizumab plus Bevacizumab in unresectable hepatocellular car-
cinoma. N Engl ] Med 2020;382:1894-905. https://doi.org/10.1056/NEJ-
Moa1915745.

[3] Abou-Alfa GK, et al. Tremelimumab plus durvalumab in unresectable hepatocel-
lular carcinoma. NEJM Evid 2022;1 EVID0a2100070. https://doi.org/10.1056/EVI-
D0a2100070.

[4] Rizzo A, Ricci AD. Challenges and Future Trends of Hepatocellular Carcinoma
Immunotherapy. Int ] Mol Sci 2022;23. https://doi.org/10.3390/ijms231911363.

Annals of Hepatology 30 (2025) 101917

[5] Abou-Alfa GK, et al. Cabozantinib in patients with advanced and progressing
hepatocellular carcinoma. N Engl ] Med 2018;379:54-63. https://doi.org/
10.1056/NEJMoa1717002.

[6] Yau T, et al. Cabozantinib plus atezolizumab versus sorafenib for advanced hepa-
tocellular carcinoma (COSMIC-312): final results of a randomised phase 3 study.
Lancet Gastroenterol Hepatol 2024;9:310-22. https://doi.org/10.1016/S2468-
1253(23)00454-5.

[7] Choueiri TK, et al. Nivolumab plus Cabozantinib versus Sunitinib for advanced
renal-cell carcinoma. N Engl ] Med 2021;384:829-41. https://doi.org/10.1056/
NEJMo0a2026982.

[8] Rankin EB, Giaccia AJ. The receptor tyrosine kinase AXL in cancer progression.
Cancers (Basel) 2016;8. https://doi.org/10.3390/cancers8110103.

[9] Gay CM, Balaji K, Byers LA. Giving AXL the axe: targeting AXL in human malig-
nancy. Br ] Cancer 2017;116:415-23. https://doi.org/10.1038/bjc.2016.428.

[10] Matsumoto K, Umitsu M, De Silva DM, Roy A, Bottaro DP. Hepatocyte growth fac-
tor/MET in cancer progression and biomarker discovery. Cancer Sci
2017;108:296-307. https://doi.org/10.1111/cas.13156.

[11] Gherardi E, Birchmeier W, Birchmeier C, Vande Woude G. Targeting MET in can-
cer: rationale and progress. Nat Rev Cancer 2012;12:89-103. https://doi.org/
10.1038/nrc3205.

[12] Tovoli F, et al. Real-life clinical data of cabozantinib for unresectable hepatocellu-
lar carcinoma. Liver Cancer 2021;10:370-9. https://doi.org/10.1159/000515551.

[13] Finkelmeier F, et al. Cabozantinib in advanced hepatocellular carcinoma: efficacy
and safety data from an international multicenter real-life cohort. Liver Cancer
2021;10:360-9. https://doi.org/10.1159/000515490.

[14] Kanzaki H, et al. Cabozantinib for advanced hepatocellular carcinoma in the latest
real-world practice: a multicenter retrospective analysis. Drugs Real World Out-
comes 2023;10:513-20. https://doi.org/10.1007/s40801-023-00379-x.

[15] Bang YH, et al. Real-world efficacy and safety of cabozantinib in Korean patients
with advanced hepatocellular carcinoma: a multicenter retrospective analysis.
Ther Adv Med Oncol 2022;14:17588359221097934. https://doi.org/10.1177/
17588359221097934.

[16] Chan SL, et al. Multicentre phase II trial of cabozantinib in patients with hepato-
cellular carcinoma after immune checkpoint inhibitor treatment. ] Hepatol
2024;81:258-64. https://doi.org/10.1016/j.jhep.2024.03.033.

[17] Esteban-Fabro R, et al. Cabozantinib enhances anti-PD1 activity and elicits a neu-
trophil-based immune response in hepatocellular carcinoma. Clin Cancer Res
2022;28:2449-60. https://doi.org/10.1158/1078-0432.CCR-21-2517.

[18] Kelley RK, et al. Cabozantinib plus atezolizumab versus sorafenib for advanced
hepatocellular carcinoma (COSMIC-312): a multicentre, open-label, randomised,
phase 3 trial. Lancet Oncol 2022;23:995-1008. https://doi.org/10.1016/S1470-
2045(22)00326-6.

[19] Terry S, et al. Association of AXL and PD-L1 expression with clinical outcomes in
patients with advanced renal cell carcinoma treated with PD-1 blockade. Clin
Cancer Res 2021;27:6749-60. https://doi.org/10.1158/1078-0432.CCR-21-0972.

[20] Guo Z,LiY, Zhang D, Ma ]. Axl inhibition induces the antitumor immune response
which can be further potentiated by PD-1 blockade in the mouse cancer models.
Oncotarget 2017;8:89761-74. https://doi.org/10.18632/oncotarget.21125.

[21] Xie, et al. Targeting AXL induces tumor-intrinsic immunogenic response in tyro-
sine kinase inhibitor-resistant liver cancer. Cell Death Dis 2024;15:110. https://
doi.org/10.1038/s41419-024-06493-0.

[22] Pinato DJ, et al. Integrated analysis of multiple receptor tyrosine kinases identifies
Axl as a therapeutic target and mediator of resistance to sorafenib in hepatocellu-
lar carcinoma. Br J Cancer 2019;120:512-21. https://doi.org/10.1038/s41416-
018-0373-6.

[23] Hsu CH, Huang YH, Lin SM, Hsu C. AXL and MET in Hepatocellular Carcinoma: A
Systematic Literature Review. Liver Cancer 2022;11:94-112. https://doi.org/
10.1159/000520501.

[24] Hsu CC, et al. Axl and autophagy LC3 expression in tumors is strongly associated
with clinical prognosis of hepatocellular carcinoma patients after curative resec-
tion. Cancer Med 2019;8:3453-63. https://doi.org/10.1002/cam4.2229.

[25] Laimon YN, et al. Expression of the receptor tyrosine kinase AXL and clinical out-
comes to cabozantinib and everolimus in patients with metastatic renal cell carci-
noma enrolled in the METEOR trial. ] Clin Oncol 2024;42 4543-4543. https://doi.
0rg/10.1200/JC0.2024.42.16_suppl.4543.


https://doi.org/10.1016/j.aohep.2025.101917
https://doi.org/10.3322/caac.21660
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1056/EVIDoa2100070
https://doi.org/10.1056/EVIDoa2100070
https://doi.org/10.3390/ijms231911363
https://doi.org/10.1056/NEJMoa1717002
https://doi.org/10.1056/NEJMoa1717002
https://doi.org/10.1016/S2468-1253(23)00454-5
https://doi.org/10.1016/S2468-1253(23)00454-5
https://doi.org/10.1056/NEJMoa2026982
https://doi.org/10.1056/NEJMoa2026982
https://doi.org/10.3390/cancers8110103
https://doi.org/10.1038/bjc.2016.428
https://doi.org/10.1111/cas.13156
https://doi.org/10.1038/nrc3205
https://doi.org/10.1038/nrc3205
https://doi.org/10.1159/000515551
https://doi.org/10.1159/000515490
https://doi.org/10.1007/s40801-023-00379-x
https://doi.org/10.1177/17588359221097934
https://doi.org/10.1177/17588359221097934
https://doi.org/10.1016/j.jhep.2024.03.033
https://doi.org/10.1158/1078-0432.CCR-21-2517
https://doi.org/10.1016/S1470-2045(22)00326-6
https://doi.org/10.1016/S1470-2045(22)00326-6
https://doi.org/10.1158/1078-0432.CCR-21-0972
https://doi.org/10.18632/oncotarget.21125
https://doi.org/10.1038/s41419-024-06493-0
https://doi.org/10.1038/s41419-024-06493-0
https://doi.org/10.1038/s41416-018-0373-6
https://doi.org/10.1038/s41416-018-0373-6
https://doi.org/10.1159/000520501
https://doi.org/10.1159/000520501
https://doi.org/10.1002/cam4.2229
https://doi.org/10.1200/JCO.2024.42.16_suppl.4543
https://doi.org/10.1200/JCO.2024.42.16_suppl.4543

	Real-world efficacy of cabozantinib alone or in combination with ICIs in heavily pretreated hepatocellular carcinoma: potential role of AXL and MET expressionCabozantinib ± ICIs in pretreated HCC patientsKuan-ChangLaiaTe-LinHsubcdeShih-YaoLincdfNai-JungChiangadMing‑HuangChenacdYeeChaogMuh-HwaYangacSan-ChiChenacd*scchen16@vghtpe.gov.twaDepartment of Oncology, Taipei Veterans General Hospital, Taipei, TaiwanDepartment of OncologyTaipei Veterans General HospitalTaipeiTaiwanaDepartment of Oncology, Taipei Veterans General Hospital, Taipei, TaiwanbDivision of oncology and hematology, Department of Internal Medicine, Kinmen Hospital, TaiwanDivision of oncology and hematologyDepartment of Internal MedicineKinmen HospitalTaiwanbDivision of oncology and hematology, Department of Internal Medicine, Kinmen Hospital, TaiwancInstitute of Clinical Medicine, National Yang Ming Chiao Tung University, Taipei, TaiwanInstitute of Clinical MedicineNational Yang Ming Chiao Tung UniversityTaipeiTaiwancInstitute of Clinical Medicine, National Yang Ming Chiao Tung University, Taipei, TaiwandSchool of Medicine, College of Medicine, National Yang Ming Chiao Tung University, Taipei, TaiwanSchool of MedicineCollege of MedicineNational Yang Ming Chiao Tung UniversityTaipeiTaiwandSchool of Medicine, College of Medicine, National Yang Ming Chiao Tung University, Taipei, TaiwaneDivision of Transfusion Medicine, Department of Medicine, Taipei Veterans General Hospital, Taipei, TaiwanDivision of Transfusion MedicineDepartment of MedicineTaipei Veterans General HospitalTaipeiTaiwaneDivision of Transfusion Medicine, Department of Medicine, Taipei Veterans General Hospital, Taipei, TaiwanfDepartment of Pathology and Laboratory Medicine, Taipei Veterans General Hospital, Taipei, TaiwanDepartment of Pathology and Laboratory MedicineTaipei Veterans General HospitalTaipeiTaiwanfDepartment of Pathology and Laboratory Medicine, Taipei Veterans General Hospital, Taipei, TaiwangDepartment of Internal Medicine, Central Clinical and HospitalDepartment of Internal MedicineCentral Clinical and HospitalgDepartment of Internal Medicine, Central Clinical and Hospital*Corresponding author. E-mail address: scchen16@vghtpe.gov.tw (S.-C. Chen).Department of OncologyTaipei Veterans General Hospital201 Shipai Road, Sec. 2, #210TaipeiTaiwanAbstractIntroduction and ObjectivesCabozantinib, a multi-kinase inhibitor targeting AXL and MET, is approved for second-line treatment of hepatocellular carcinoma (HCC). However, the combination of cabozantinib with immune checkpoint inhibitors (ICIs) remains controversial after the COSMIC-312 study. The role of AXL and MET expression in predicting cabozantinib response is unclear. This study aims to evaluate cabozantinib's efficacy with ICIs and the predictive value of AXL and MET expression.Materials and MethodsFrom January 2019 and December 2023, 50 advanced HCC patients treated with cabozantinib were retrospectively enrolled.ResultsOverall, 74% of patients received prior immunotherapy, 72% had been treated with more than two different multiple kinase inhibitors (MKIs), and 58% received cabozantinib as a fifth-line or later therapy. Cabozantinib was used alone (60%), with ICIs (12%), or with chemotherapy (28%). A majority (70%) received a dosage exceeding 40 mg/day. The ORR to cabozantinib was 0%, while the DCR was 42.2%. median PFS was 3.3 months, and OS was 6.1 months. There was no significant difference in PFS or OS between patients receiving five or more lines of treatment and those receiving fewer. Cabozantinib plus ICIs showed longer PFS (6.7 vs. 3.2 months, p = 0.04) and a trend toward improved OS compared to cabozantinib alone. AXL expression may predict better outcomes. Common adverse effects included palmar-plantar erythrodysesthesia (24.2%) and hypertension.ConclusionsThis study highlights the potential of cabozantinib combined with immunotherapy in heavily pretreated HCC, with AXL expression as a possible predictive biomarker.KeywordsHepatocellular carcinoma (HCC)Immune checkpoint inhibitors (ICIs)CabozantinibAXLMETAbbreviationALBIAlbumin-Bilirubin scoreAXLAXLBCLCBarcelona Clinic Liver CancerCPSChild-Pugh scoreDCRdisease control rateHCChepatocellular carcinomaHBVhepatitis B virusHCVhepatitis C virusICIsimmune checkpoint inhibitorsIHCimmunohistochemistryMETMET receptor tyrosine kinaseMKIsmultiple kinase inhibitorsORRobjective response rateOSoverall survivalPFSprogression-free survivalRECISTResponse Evaluation Criteria in Solid TumorsTKIstyrosine kinase inhibitors
	1. Introduction
	2. Materials and methods
	2.1. Study design and setting
	2.2. Immunohistochemistry
	2.3. Outcome measures
	2.4. Statistical analysis
	2.5. Ethical statement

	3. Results
	3.1. Patient characteristics
	3.2. Use of cabozantinib in later line setting
	3.3. Combination of cabozantinib with immunotherapy
	3.4. Progression-free survival and overall survival
	3.5. AXL expression
	3.6. Prognostic factors for progression and death
	3.7. Safety
	3.8. Liver function monitoring

	4. Discussion
	5. Conclusions
	Funding
	Data availability statement
	Declaration of interests
	Acknowledgments
	Supplementary materials
	References



