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Abstract

Resistance limits the efficacy and durability of immune checkpoint inhibitors (ICIs) in hepatocellular carcinoma (HCC).
Therefore, we conducted a retrospective cohort study to investigate the outcomes and characteristics of HCC patients with
resistance to immunotherapy. Patients with HCC who have received ICIs at Eastern Hepatobiliary Surgery Hospital between
2016 and 2021 were retrospectively screened and divided into primary resistance, secondary resistance, and durable response
group. Time to progression (TTP), overall survival (OS), subsequent management and post-progression survival (PPS) were
analyzed. Of 496 patients included, 229 (46.2%) and 141 (28.4%) patients developed primary and secondary resistance,
and 126 (25.4%) patients achieved a durable response, the median TTP was 2.83 [2.56-3.09] months, 11.93 [10.45-13.40]
months, and not reached, respectively, whereas the median OS was 12.83 [10.36—15.30] months, 31.53 [28.09-34.97] and
not reached, respectively. Multivariate logistic regression revealed that Child—Pugh score, BCLC stage, and combined sys-
temic therapies (ICI plus bevacizumab or lenvatinib versus ICI monotherapy) were independently associated with primary
resistance, and only combined systemic therapies (ICI plus bevacizumab versus ICI monotherapy) were independently asso-
ciated with secondary resistance. AFP levels were independently associated with PPS in patients with primary resistance,
while post-progression therapies (ICI-based therapies versus others) were independently associated with PPS in patients
with resistance. The risk of resistance was notably lower in patients receiving the combination of ICI plus bevacizumab.
High AFP levels were associated with the survival of patients with primary resistance. ICI-based maintenance therapy after
resistance may provide a significant survival advantage for HCC patients.
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advent of immune checkpoint inhibitors (ICIs), the therapeu-
tic landscape for HCC is rapidly evolving [3]. The IMbrave
150 trial demonstrated that the regimen of atezolizumab
plus bevacizumab displayed superior clinical outcomes to
sorafenib [4, 5]. Additionally, the HIMALAYA phase 3 trial
provides tremelimumab and durvalumab as an alternative
regimen for advanced HCC [6]. On the other hand, another
anti-VEGF-based approach via multi-target TKIs also syner-
gistically enhances the response to ICI [7, 8]. The combina-
tion of lenvatinib and pembrolizumab achieved a promising
antitumor activity in the phase 1b study [7]. Although the
same success was neither seen in the later LEAP-002 [9] nor
COMIC-132 trial [8], the combination of ICI plus TKI still
has an important role in HCC.

Moreover, resistance remains a significant issue for HCC
patients despite impressive advances in immunotherapy-
based treatments. Meanwhile, resistance can be categorized
as primary resistance (ineffective to immunotherapy) and
secondary resistance (progression after an initial response)
[10], with distinct outcomes and molecular mechanisms [11].
Multiple mechanisms and determinants influence immuno-
therapy resistance of HCC, including intrinsic and extrinsic
factors [12]. Although several studies have investigated the
mechanism of immunotherapy resistance in HCC, they are
mostly based on cellular experiments and animal models,
lacking detailed clinical characteristics of patients with
resistance from the real world [11, 13-15]. Currently, early
identification of resistance risks before ICI treatment and
sequential therapies to manage immunotherapy resistance
are still unsolved issues for HCC. Therefore, we conducted
a retrospective cohort study to investigate the outcomes
and characteristics of patients with primary or secondary
resistance to immunotherapy in HCC. We hypothesized that,
compared to monotherapy, ICI combination therapies (e.g.,
with bevacizumab or lenvatinib) would lower the risk of both
primary and secondary resistance and that clinicopathologi-
cal factors would predict resistance outcomes.

Patients and methods
Study design and patients

This is a single-center retrospective cohort study conducted
at Eastern Hepatobiliary Surgery Hospital (EHBH). HCC
patients who received ICI therapy (anti-PD-1/PD-L1 mAb)
at EHBH between 2016 and 2021 were enrolled. Patients
were recruited from September 2016 to December 2021,
with ICI exposure starting at treatment initiation, follow-
up continuing until death or data cutoff (October 2022),
and data collected from medical records between July and
October 2022. Inclusion criteria were as follows: (1) patients
aged 18-75 years; (2) pathologically or clinically diagnosed
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HCG; (3) have received at least six weeks of exposure to ICI
therapy; (4) with an Eastern Cooperative Oncology Group
(ECOG) performance score 0—1, and a Child—Pugh score
A or B; (5) had at least one measurable lesion and tumor
response was assessed by Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1. Exclusion criteria
included: (1) response unevaluable; (2) first response evalu-
ation > six months from ICI initiation; (3) follow-up < six
months without PD; (4) discontinuation of ICI treatment
without PD.

According to the definition of tumor resistance to PD-1
pathway blockade recommended by the Society for Immuno-
therapy of Cancer (SITC) Immunotherapy Resistance Task-
force [10], patients were divided into primary resistance,
secondary resistance, and durable response group. Briefly,
primary resistance was defined as when HCC patients were
exposed to ICI therapy for at least six weeks and with the
best overall response (BOR) of PD or SD for less than
six months. Secondary resistance was defined as HCC
patients having disease progression after the initial objec-
tive response (CR/PR) or SD for more than six months. The
durable response group consists of patients with the durable
response (CR, PR, or SD) for more than six months without
progression at data cutoff. The baseline characteristics of
patients were extracted from medical records. The study was
conducted following the Declaration of Helsinki (as revised
in 2013) and approved by the Ethics Committee of EHBH.
Due to the retrospective nature of this study, informed con-
sent was waived by the Ethics Committee. Patients WERE
NOT involved in the design, or conduct, or reporting, or
dissemination plans of our research.

Objectives and assessments

The primary objective was to compare the outcome (time
to progression (TTP) and overall survival (OS)) of HCC
patients with primary resistance, secondary resistance, or
durable response to ICI therapy, as well as the clinicopatho-
logical factors associated with resistance. TTP was defined
as the time interval between ICI initiation and tumor pro-
gression. OS was defined as the time interval between ICI
initiation and death from any cause. Clinicopathological fac-
tors were compared between patients with primary resist-
ance and secondary resistance/durable response or between
patients with secondary resistance and durable response.
Subsequent management post-resistance was also obtained
and was classified as ICI-based therapy and other therapy
(including locoregional therapy (LRT), TKIs, or best sup-
portive care (BSC)). Post-progression survival (PPS) was
compared in patients with a follow-up > one-month post-
resistance. PPS was defined as the time interval between the
first documentary tumor progression after immunotherapy
to death from any cause. Confounders included HBV status,
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prior therapies, and ECOG PS; effect modifiers included age
and AFP levels. HCC was diagnosed per AASLD guidelines
[16] (pathological or imaging-based). AFP and DCP were
dichotomized at 400 pg/L based on prior literature [17-20].
The data were collected and analyzed from July to October
2022.

Statistical analyses

Categorical variables were expressed as numbers (per-
centages) and compared with odds ratio (OR) using uni-
variate logistic regression analysis and multivariate logis-
tic regression analysis. TTP, OS, and PPS were analyzed
by the Kaplan—Meier method and compared by the Log-
rank method. The median TTP, OS, or PPS was expressed
as numbers [95% CI]. The PPS was further analyzed by
the COX proportional hazards model. Time-adjusted Cox
regression analysis was conducted to assess the effect of
resistance on OS, and p values were calculated from the
Wald test. p <0.05 was considered statistically significant.
Stata 16 for Windows software was used for statistical
analysis.

Results
Patients and outcomes
This study enrolled 601 patients with HCC who met the

inclusion criteria (Fig. 1). One-hundred and five patients
were excluded (58 with response unevaluable; 12 with first

Fig.1 Study flow chart

1. Aged 18-75 years

response evaluation > six months from ICI initiation; 26
with follow-up < six months without PD; 9 with discon-
tinuation of ICI treatment without PD). Of the remaining
496 patients in the cohort, 229 patients (46.2%) devel-
oped primary resistance, 141 patients (28.4%) developed
secondary resistance, and 126 patients (25.4%) achieved
durable responses (Fig. 1). The demographic and base-
line characteristics of patients are shown in Table 1. 169
(73.7%), 110 (78.0%), and 111 patients (88.0%) have
received the combination therapy of LRT (local regional
treatment) and ICIs in primary resistance, secondary
resistance, and durable response groups, respectively. In
addition, in primary resistance, secondary resistance, and
durable response groups, 173 (75.6%), 119 (84.4%) and
113 patients (89.7%) were treated with the combination
of systemic therapies (bevacizumab, lenvatinib, etc.) and
ICIs, respectively.

The median follow-up of patients was 22.8 [20.18-25.41]
months. The median time to progression (TTP) for patients
with primary resistance, secondary resistance, and durable
response was 2.83 [2.56-3.09] months, 11.93 [10.45-13.40]
months, and not reached, respectively (primary resistance
versus secondary resistance and durable response, HR
539.20 [145.78-1994.30], p <0.001; secondary resistance
versus durable response, HR 40.20 [17.59-91.89], p <0.001)
(Figure S1A). The median overall survival (OS) was 12.83
[10.36-15.30] months, 31.53 [28.09-34.97] months and not
reached in primary resistance, secondary resistance, and
durable response group, respectively (primary resistance
versus secondary resistance and durable response, HR 4.96

2. Pathologically or clinically diagnosed HCC

3. Received at least 6 weeks of ICI therapy between 2016-2021 in EHBH
4. ECOG PS 0/1, Child-Pugh score A/B

5. Measurable disease as defined by RECIST v1.1

N=601
105 Excluded
58 Response unevaluable
— 12 First response evaluation > 6 months from ICl initiation
26 Follow-up < 6-months without PD
9 Discontinued ICI without PD
N=496
|
| |
FDasBOR PD after CRIPR/SD
SD < 6months {eiemonthis)
Primary Secondary Durable
Resistance Resistance Response
n=229 n=141 n=126
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Table 1 Baseline characteristics of patients Table 1 (continued)
Character- Primary Secondary Durable p value Character- Primary Secondary Durable p value
istic resistance resistance response istic resistance resistance response

(n=229) (n=141) (n=126) (n=229) (n=141) (n=126)
Age, years 0.07 Bevacizumab 4 (1.7%) 2 (1.4%) 16 (12.6%)
>60 48 (20.9%) 42 (29.7%) 24 (19.0%) Lenvatinib 120 (52.4%) 98 (69.5%) 86 (68.2%)
<60 181 (79.0%) 99 (70.2%) 102 (80.9%) Sorafenib 39 (17.0%) 12 (8.5%) 6 (4.7%)
Gender 0.806 Other 10 (4.3%) 7 (4.9%) 5(3.9%)
Male 201 (87.7%) 121 (85.8%) 108 (85.7%) No 56 (24.4%)  22(15.6%) 13 (10.3%)
Female 28 (12.2%) 20 (14.1%) 18 (14.2%) Best overall response <0.001
HBV 0.374 CR 0 6 (4.2%) 2 (1.5%)
Yes 220 (96.0%) 132 (93.6%) 117 (92.8%) PR 7 (3.0%) 34 (24.1%) 58 (46.0%)
No 9 (3.9%) 9 (6.3%) 9 (7.1%) SD 35(15.2%) 101 (71.6%) 66 (52.3%)
HBsAg 0.028 PD 187 (81.6%) O 0
Yes 216 (94.3%) 123 (87.2%) 110 (87.3%) Previous therapies 0.922
No 13 (5.6%) 18 (12.7%) 16 (12.6%) Pre-Surgery 88 (38.4%) 55 (39.0%) 32 (25.3%)
HCV 0.142 Pre-LRT 118 (51.5%) 71 (50.3%) 40 (31.7%)
Yes 3(1.3%) 5(3.5%) 6 (4.76%) Pre-TKI 38 (16.5%)  20(14.1%) 16 (12.6%)
No 226 (98.6%) 136 (96.4%) 120 95.2%) HBYV, hepatitis B virus; HCV, hepatitis C virus; BCLC, Barcelona
ECOG PS 0.159 Clinic Liver Cancer; AFP, alpha-fetoprotein; DCP, des-gamma-
0 152 (66.3%) 93 (65.9%) 95 (75.3%) carboxy prothrombin; LRT, locoregional therapy; CR, complete
1 77 (33.6%) 48 (34.0%) 31 (24.6%) response; PR, partial response; SD, stable disease; PD, progressive
Child-pugh score 0.002 disease; TKI, tyrosine kinase inhibitor
A 200 (87.3%) 135(95.7%) 121 (96.0%)
B 29 (12.6%) 6 (4.2%) 5(3.9%) .
Macrovascular invasion 0.188 [3.7-6.67], p<0.001; secondary resistance versus durable
Yes 108 (47.1%) 53 (375%) 53 (42.0%) response, HR 7.23 [3.30-15.83], p<0.001) (Figure S1B).
No 121 (52.8%) 88 (62.4%) 73 (57.9%) L. . .
Extrahepatic spread 0.099 Characteristics of primary resistance
Yes 76 (33.1%) 47 (33.3%) 29 (23.0%) . o . .
No 153 (66.8%) 94 (66.6%) 97 (76.9%) The patients with primary resistance to ICI treatment exhib-
BCLC stage 0.001 ited significantly worse outcomes than those with secondary
A 15 (6.5%) 20 (14.1%) 27 (21.4%) resistance and durable response (Figure S1). Notably, pri-
B 65(283%)  39(27.6%)  25(19.8%) mary resistance demonstrated a stronger association with OS
C 149 (65.0%) 82 (58.1%) 74 (58.7%) than secondary resistance or durable response in both time-
AFP. jg/L 0.007 invariant (main effect) and time-varying analyses. However,
> 400 112 (48.9%) 46 (32.6%) 57 (45.2%) the impact of primary resistance on OS decreased over time
<400 117 (51.0%) 95 (673%) 65 (51.5%) when modeled as a time-varying covariate. In contrast, sec-
DCP. mAU/mL 0011 ondary resistance showed no significant correlation with
>400 156 (68.1%) 74 (524%) 74 (S8.7%) OS compared to durable response in either analysis type
<400 T2G1A%) 66 (468%) 46 (36.5%) (Table S1). Thus, we first compared the clinical characteris-
First line 0559 tics between patients with primary resistance and those with
Yes 190 (82.9%) 119 (84.3%) 110 (87.3%) secondary resistance and durable response to identify unique
No 39(17.0%)  22(156%) 16 (12.6%) features of primary resistance (Fig. 2). The results showed
Treatment naive <0.001 that HBsAg-positive patients had a significantly higher risk
Yes 96 (41.9%) 59 (41.8%) 81 (642%) of primary resistance to ICI therapy compared with HBsAg-
No 133 (58.0%) 82 (58.1%) 45 (35.7%) negative patients (OR 2.42 [1.24-4.71], p=0.009). Patients
LRT 0.007 with Child—Pugh B or higher AFP/DCP levels at baseline
Yes 169 (737%) 110 (78.0%) 111 (88.0%) were prone to develop primary resistance (Child—Pugh B
No 60 262%)  31(21.9%) 15 (11.9%) versus A, OR 3.37 [1.64-6.92], p=0.001; AFP>400 pg/L
Systematic therapies 0.003 versus AFP <400 pg/L, OR 1.48 [1.03-2.12], p=0.030;
Yes 173(75.6%)  119(84.4%)  113(89.7%) DCP >400 pg/L versus DCP <400 pg/L, OR 1.63
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Univariate Logistic regression analysis

Multivariable Logistic regression

analysis
OR (95%Cl) p value OR (95%Cl) p value
Age, years
260/<60 0.80 (0.52 to 1.23) 0.322
Gender
Male/Female 1.19 (0.70 to 2.01) 0.513
HBV
Yes/No [ — 1.76 (0.77 to 4.01) 0.174
HBsSAG
Yes/No —_— 242 (1.24to 4.71) 0.009 S 1.97 (0.94 to 4.12) 0.071
ECOG PS
1/0 4 1.20 (0.82 to 1.76) 0.335
Child-pugh Score
B/A —m— 3.37(1.64106.92) 0.001 —_— 3.28 (1.5110 7.13) 0.003
Macrovascular Invasion
Yes/No | 1.35(0.94 to 1.93) 0.095
Extrahepatic Spread
Yes/No 4 1.24 (0.85 to 1.83) 0.256
BCLC Stage
B/A —m— 3.18(1.61t06.25) 0.001 R — 3.55 (1.70 to 7.43) 0.001
C/A —=— 299 (1.60 to 5.58) 0.001 —_— 2.88 (1.47 to 5.65) 0.002
AFP, pg/L
2400/<400 - - 1.48 (1.03t0 2.12) 0.030 = 1.47 (0.98 to 2.21) 0.160
DCP, mAU/mL
2400/<400 - 1.63 (1.13 t0 2.37) 0.009 —m— 1.49 (0.96 to 2.31) 0.073
First line
Yes/No —- 0.80 (0.49 to 1.31) 0.391
Treatment Naive
Yes/No - 0.65 (0.45 to 0.93) 0.020 —a—1 0.57 (0.26 to 1.24) 0.163
LRT
Yes/No —- 0.58 (0.38 to 0.90) 0.016 —ir 0.69 (0.42 to 1.15) 0.163
Systematic Therapies
Yes/No —— 0.46 (0.29 to 0.74) 0.001 NA NA
Bevacizumab/No —_— 0.13 (0.04 to 0.44) 0.001 —_—— 0.14 (0.04 to 0.51) 0.003
Lenvatinib/No —-— 0.40 (0.25 to 0.65) <0.001 —-— 0.43 (0.26 to 0.72) 0.001
Sorafenib/No —1u— 1.35(0.67 to 2.72) 0.396 —— 1.44 (0.68 to 3.05) 0.330
Other/No —_— 0.52 (0.20 to 1.33) 0.174 — ] 0.38 (0.13 to 1.10) 0.077
Previous Therapies
Pre-Surgery/No - 1.29 (0.89 to 1.86) 0.175
Pre-LRT/No - 1.48 (1.04 to 2.11) 0.030 —— 0.76 (0.35 to 1.63) 0.492
Pre-TKI/No 1 1.27 (0.77 to 2.09) 0.333
T T 1 T T 1
0.01 0.1 1 10 0.01 0.1 1 10

Secondary Resistance/Durable Response
Better

Primary Resistance
Better

Secondary Resistance/Durable Response

Primary Resistance

Better Better

Fig.2 Characteristics of patients with primary resistance to ICI. Odds ratios (ORs) were calculated via univariate logistic regression analysis
(left) and multivariate logistic regression analysis (right). OR, odds ratio; CI, confidence interval; NA, not applicable

risk of primary resistance was also observed in patients with
BCLC stage B or C HCC (B versus A, OR 3.18 [1.61-6.25],
p=0.001; C versus A, OR 2.99 [1.60-5.58], p=0.001).
Moreover, patients treated with the combination of ICI plus
locoregional therapy (LRT) or ICI plus systemic therapies
(bevacizumab or TKIs) displayed a lower risk of primary
resistance (LRT* versus LRT™, OR 0.58 [0.38-0.90],
p=0.016; Systemic therapies™ versus Systemic therapies™,
OR 0.46 [0.29-0.74], p=0.001). Subgroup analysis of sys-
temic therapies further showed that patients receiving the
combination of either bevacizumab or lenvatinib plus ICI
were less likely to develop primary resistance compared with
those treated with ICI monotherapy (bevacizumab versus
monotherapy, OR 0.13 [0.04-0.44], p=0.001; lenvatinib
versus monotherapy, OR 0.40 [0.25-0.65], p <0.001).
Meanwhile, treatment-naive HCC was also significantly
associated with a lower risk of primary resistance (OR
0.65 [0.45-0.93], p=0.02). Besides, patients with previous
LRT were also susceptible to primary resistance (OR 1.48

[1.04-2.11], p=0.03). Moreover, the multivariate logis-
tic regression model revealed that the Child—Pugh score,
BCLC stage, and Systemic therapies were independently
associated with primary resistance (Child—Pugh B versus
A, OR 3.28 [1.51-7.13], p=0.003; BCLC B versus A, OR
3.55 [1.70-7.43], p=0.001; BCLC C versus A, OR 2.88
[1.47-5.65], p=0.002; lenvatinib versus monotherapy, OR
0.43 [0.26-0.72], p=0.001; bevacizumab versus monother-
apy, OR 0.14 [0.04-0.51], p=0.003).

Characteristics of secondary resistance

We next compared the clinical characteristics between
patients with secondary resistance and those with durable
responses (Fig. 3). The data showed that an elder age was
associated with a higher risk of secondary resistance (OR
1.80 [1.01-3.19], p=0.044), while the lower risk was linked
to elevated AFP levels (OR 0.55 [0.33-0.91], p=0.02). A
lower risk of secondary resistance was observed in patients

@ Springer
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Univariate Logistic regression analysis Multivariable Logistic regression
analysis
OR (95%Cl) p value OR (95%Cl) p value
Age, years
260/<60 | = 1.80 (1.01 to 3.19) 0.044 - 1.58 (0.86 to 2.92) 0.138
Gender
Male/Female — 1.00 (0.50 to 2.00) 0.981
HBV
Yes/No RN “E— 1.12 (0.43 to 2.93) 0.805
HBsAG
Yes/No —— 0.99 (0.48 to 2.04) 0.987
ECOG PS
1/0 - 1.58 (0.92 to 2.69) 0.093
Child-pugh Score
B/A —_— 1.07 (0.32 to 3.61) 0.906
Macrovascular Invasion
Yes/No —a- 0.82(0.50t0 1.35)  0.456
Extrahepatic Spread
Yes/No - 1.67 (0.97 to 2.87) 0.063
BCLC Stage
BIA | o 210(097t0452)  0.057
CIA -+ 1.49 (0.77 to 2.88) 0.230
AFP, pg/L
2400/<400 —— 0.55 (0.33t0 0.91) 0.020 — 0.66 (0.38 to 1.14) 0.140
DCP, mAU/mL
2400/<400 — 0.69 (0.42 to 1.14) 0.153
First line
Yes/No —_— 0.78 (0.39 to 1.57) 0.498
Treatment Naive
Yes/No —— 0.39 (0.24 to 0.65) <0.001 —_— 0.35(0.08 to 1.44) 0.148
LRT
Yes/No —— 0.47 (0.24 to 0.93) 0.032 —1 0.59 (0.27 to 1.28) 0.187
Systematic Therapies
Yes/No — 0.62 (0.29 to 1.29) 0.204 NA NA
Bevacizumab/No —_—— 0.07 (0.01 to 0.37) 0.002 —_— 0.10 (0.01 to 0.52) 0.007
Lenvatinib/No — 0.67 (0.31to 1.41) 0.298 — 0.70 (0.32 to 1.52) 0.376
Sorafenib/No 1.18 (0.35 to 3.90) 0.784 —_— 0.91 (0.25t0 3.21) 0.889
Other/No 0.82(0.21 to 3.14) 0.781 —_— 0.88 (0.20 to 3.86) 0.875
Previous Therapies
Pre-Surgery/No —— 1.87 (1.11t0 3.17) 0.019 —_— 0.67 (0.28 to 1.59) 0.373
Pre-LRT/No — 2.15 (1.30 to 3.55) 0.003 — 0.76 (0.23 to 2.53) 0.662
Pre-TKI/No — 1.13 (0.56 to 2.30) 0.723
T T 1 T T 1
0.01 0.1 1 10 0.01 0.1 1 10

Durable Response Secondary Resistance
Better Better

Durable Response Secondary Resistance
Better Better

Fig. 3 Characteristics of patients with secondary resistance to ICI. ORs were calculated via univariate logistic regression analysis (left) and mul-

tivariate logistic regression analysis (right)

treated with the combination of ICI plus LRT (OR 0.47
[0.24-0.93], p=0.032) or ICI plus bevacizumab (OR 0.07
[0.01-0.37], p=0.002). Treatment-naive HCC was also sig-
nificantly associated with a lower risk of secondary resist-
ance (OR 0.39 [0.24-0.65], p <0.001). Besides, previous
surgery or previous LRT also correlated with the risk of
secondary resistance (preSurgery* versus preSurgery~, 1.87
[1.11-3.17], p=0.019; preLRT" versus preLRT~, OR 2.15
[1.30-3.55], p=0.003). Moreover, the multivariate logistic
regression model discovered that only the combination of
ICI plus bevacizumab was independently associated with
secondary resistance (bevacizumab versus monotherapy, OR
0.10 [0.01-0.52], p=0.007).

Post-progression survival
Next, we further investigated the outcome of patients after

resistance/progression. Univariate analysis in patients
with primary resistance showed that patients with poor

@ Springer

ECOG performance, extrahepatic metastasis, or higher
AFP or DCP levels had a significantly poor PPS (ECOG
PS 1 versus ECOG PS 0, HR 1.43 [1.01-2.02], p=0.042;
extrahepatic metastasis™ versus extrahepatic metastasis~,
HR 1.50 [1.06-2.12], p=0.021; AFP >400 pg/L ver-
sus AFP <400 pg/L, HR 1.81 [1.28-2.54], p=0.001;
DCP >400 pg/L versus DCP <400 pg/L, HR 1.61
[1.09-2.37], p=0.016) (Fig. 4). Notably, post-progression
therapies were also associated with PPS in patients with pri-
mary resistance (ICI-based therapy versus other therapy, HR
0.49 [0.35-0.70], p<0.001) (Fig. 4). The median post-pro-
gression survival (PPS) was 9.2 [7.2-11.9] months and 19.2
[14.2-25.8] months in patients with primary and secondary
resistance (primary versus secondary, HR 1.59 [1.15-2.20],
p=0.005), respectively (Figure S2).

For patients with secondary resistance, univariate
analysis showed that macrovascular invasion (MacVI), or
treatment-naive HCC displayed significantly worse PPS
(MacVI* versus MacVI~, HR 2.03 [1.13-3.67], p=0.018;
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Primary Resistance Secondary Resistance
Events HR (95%Cl) p value Events HR (95%Cl) p value
Age, years
260/<60 45/169 — 1.02(0.68to 1.54) 0.896 33/79 - 1.32(0.73t02.40) 0.354
Gender
Male/Female 186/28 —— 0.84(051t01.39) 0.506 96/16 —— 1.19(0.56t02.56) 0.639
HBV
Yes/No 2059 o 0.73(0.35t0 1.51)  0.406 1057 — T 0.63(0.19t02.06) 0.453
HBsAG
Yes/No 201/13 e 116 (0.57t02.39) 0.671 97/15 e 1.55(0.47t05.03) 0.463
ECOG PS
10 74/140 - 143(1.01t02.02) 0.042 4171 T 1.562(0.86t02.68) 0.147
Child-pugh Score
B/IA 27/187 T 1.34(0.84t02.14) 0.210 5/107 T 2.39(0.85t06.71) 0.096
Macrovascular Invasion
Yes/No 97NM17 = 1.38(0.99t0 1.94) 0.056 42/70 —— 2.03(1.13t0367) 0.018
Extrahepatic Spread
Yes/No 72/142 —a— 150(1.06t02.12) 0.021 39/73 -1 1.06 (0.58t0 1.94) 0.824
BCLC Stage
BIA 63/13 ——%—— 190(0.74t04.88) 0.177 30/15 —r— 1.39(0.49t0389) 0.529
CIA 138/13 % 246(1.00t06.06) 0.050 67/15 T 1.86(0.72t04.80) 0.198
AFP, pglL
>400/<400 104/110 —— 1.81(1.28t02.54) 0.001 3577 - 1.19(0.64t0221) 0.565
DCP, mAU/mL
2400/<400 145/68 - 161(1.09t02.37) 0.016 60/51 - 1.28(0.72t0228) 0.382
First line
Yes/No 176/38 . 1.08(0.70t0 1.66) 0.713 90/22 T 2.00(0.89t04.48) 0.089
Treatment Naive
Yes/No 89/125 b 1.01(0.72t0o 1.44) 0.915 44/68 —— 1.84(1.01t03.33) 0.045
LRT
Yes/No 160/54 - 094 (064t01.36) 0.745 86/26 o 1.16 (0.60t02.25) 0.650
Systematic Therapies
Yes/No 163/51 —T 0.80(0.54t01.18) 0.266 92/20 —— 0.98(0.47t02.03) 0.967
Bevacizumab/No 3/51 NR 0.999 120 =T 2.98(0.34t025.72) 0.320
Lenvatinib/No 114/51 —— 0.74(049t01.12)  0.165 75120 — 0.94(0.44t01.98) 0.875
Sorafenib/No 36/51 —— 0.92(055t0 1.55) 0.779 920 —E— 0.82(0.25t02.70) 0.757
Other/No 10/51 e 123(0.58t02.59) 0.576 7120 —_—t 1.50 (0.46t04.90) 0.499
Post-Progression Treatment
ICI-based/Other 119/95 — 0.49(0.35t00.70) <0.001 72/40 —a— 0.38(0.22t0 0.68) 0.001
Previous Therapies
Pre-Surgery/No 83/131 —- 0.85(0.60t0 1.20) 0.357 45/67 — 0.73(0.41t0 1.29) 0.286
Pre-LRT/No 112/102 —— 1.04 (0.74t0 1.46) 0.818 58/54 —a— 0.62(0.35t0 1.10) 0.108
Pre-TKI/No 37177 —— 092(059t01.42) 0.709 20/92 —a— 0.42(0.18t01.01) 0.053
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Fig.4 Subgroup analysis of post-progression survival (PPS) in patients with primary (left) or secondary resistance (right). The data were pre-

sented as forest plots via univariate COX regression analysis

treatment-naive HCC versus treatment-experienced, HR
1.84 [1.01-3.33], p=0.045) (Fig. 4). Moreover, post-
progression therapies were also associated with PPS in
patients with secondary resistance (ICI-based therapy ver-
sus other therapy, HR 0.38 [0.22-0.68], p=0.001) (Fig. 4).
Consistently, ICI-based post-progression therapy remark-
ably improved PPS in patients with primary and secondary
resistance (Fig. SA, B). The detailed ICI-based therapies
after progression have been listed (Table S3, S4).
Multivariate COX analysis of PPS further revealed
that AFP levels (AFP > 400 pg/L versus AFP <400 pg/L,
HR 1.53 [1.07-2.18], p=0.019) and post-progression
therapies (ICI-based therapy versus other therapy, HR
0.57 [0.40-0.81], p=0.002) were independently associ-
ated with PPS in patients with primary resistance, while
post-progression therapies (ICI-based therapy versus other
therapy, HR 0.32 [0.18-0.56], p < 0.001), treatment naive
(treatment naive versus treatment-experienced, HR 1.86
[1.02-3.39, p=0.043]), and macrovascular invasion (mac-
rovascular invasion versus no macrovascular invasion, HR

1.82 [1.01-3.29, p=0.046]) were independently associ-
ated with PPS in patients with secondary resistance
(Fig. 5C, D).

Discussion

Advancements in immunotherapy have recently revolution-
ized the management of advanced HCC [21]. However, with
the extensive use of ICI-based therapy in HCC, resistance
has emerged as a key barrier in clinical practice, limiting the
efficacy and durability of immunotherapy. Early identifica-
tion of resistance risks before ICI treatment and tailoring
the strategies to avoid or overcome resistance are of great
significance. Although multiple studies have investigated
the mechanism of immunotherapy resistance in HCC, they
are mostly based on cellular experiments and animal mod-
els, lacking detailed clinical characteristics of patients with
resistance from the real world [11, 14, 15, 22]. In this study,
using a large cohort of HCC patients on immunotherapy, we
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Fig.5 Kaplan—-Meier estimates of the post-progression survival
(PPS) of patients treated with ICI-based therapy or other therapies in
the primary resistance group (A) or secondary resistance group (B).
Characteristics of PPS in patients with primary resistance (C) or sec-

comprehensively described the outcomes and characteristics
of patients with resistance, finding nearly three-quarters of
HCC patients developed immunotherapy resistance (46.17%
primary, 28.43% secondary). Primary resistance indicated
the worst prognosis, and durable response indicated the best
prognosis. Child—Pugh B was an independent risk factor for
primary resistance. BCLC stage A and ICI combined with
bevacizumab or lenvatinib independently correlated with the
lower risk of primary resistance. On the other hand, patients
receiving the combination of ICI plus bevacizumab were
also at a lower risk of secondary resistance.

Child-Pugh B patients with HCC, unlike their
Child-Pugh A counterparts, have reduced liver reserves
and systemic therapy tolerance. Altered drug metabolism
and distribution may lower drug concentrations, heightening
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ondary resistance (D). HRs were calculated via univariate or multi-
variate COX regression analysis. HR, hazard ratio; CI, confidence
interval

primary resistance risks [17, 23]. Persistent hepatic inflam-
mation in Child—Pugh B patients can also activate pathways
like IL-6/STAT3 and IL-17, promoting tumor cell prolif-
eration, invasion, and drug resistance [24, 25]. A recent
meta-analysis reported that the HR of survival between
Child—Pugh B versus Child—Pugh A was 1.65 (p=0.4502)
in HCC patients treated with ICI [26]. Consistently, our
findings also demonstrated that patients with liver dysfunc-
tion at baseline were at a higher risk of primary resistance,
highlighting the importance of preserved liver function for
immunotherapy in patients with HCC.

A meta-analysis has demonstrated that compared with
non-viral-associated HCC, patients with HBV-associated
HCC had a more potent immunosuppressive milieu and were
more likely to benefit from immunotherapy [27]. However,
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our study found no link between HBV-associated HCC and
lower resistance risk. Instead, HBsAg status correlated with
higher primary resistance risk, implying HBV clearance
and antiviral therapy might boost immunotherapy efficacy.
Consistently, a recent study demonstrated that antiviral
therapy considerably improves the survival of patients with
HBV-related HCC [28]. On the other hand, HBV cccDNA
inhibitors were observed to reduce HBV cccDNA levels,
suggesting a new strategy to cure patients with chronic HBV
infection [29]. Further studies with larger cohorts would be
beneficial to clarify the association between HBsAg status,
HBV-HCC and immunotherapy resistance.

The BCLC staging system provides a framework for treat-
ment stratification and prognosis prediction in patients with
HCC, therefore contributing to the development of novel
therapeutic interventions and personalized treatment [30].
ICI-based combination therapies approved for advanced
HCC still face primary resistance to immunotherapy in about
70% of patients. Our findings indicate that BCLC stages B
and C were independently linked to a higher risk of pri-
mary resistance. This may stem from the elevated tumor
burden and increased tumor microenvironment heterogene-
ity in intermediate to advanced HCCs [31]. Our finding of
the association between BCLC stage and primary resistance
was in line with the previous studies [32, 33], indicating that
BCLC staging is also an important tool for evaluating the
prognosis of HCC in the context of primary drug resistance.

Immunotherapies have evolved from monotherapy to pro-
gressively more intense dual or triplet therapy to overcome
the intrinsic primary resistance of HCC. Currently, com-
bined immunotherapy is the cornerstone of management for
unresectable HCC through additive or synergistic effects [21,
34]. The EMERALD-1 phase 3 trial found that combining
ICI (durvalumab) with bevacizumab and TACE significantly
improved PFS over TACE alone in embolization-eligible
HCC patients, indicating that ICI-based therapy plus TACE
enhances clinical efficacy [35]. Similarly, our data also
observed a lower risk of primary and secondary resistance
in patients treated with the combination of ICI plus locore-
gional therapy (LRT) in comparison to ICI monotherapy.
However, multivariate analysis revealed that the combina-
tion of ICI and LRT was not independently associated with
resistance. On the other hand, in advanced HCC patients,
atezolizumab plus bevacizumab demonstrated significant
superiority over sorafenib. This synergy has established it
as the first-line standard of care for advanced HCC [4, 5].
Wang et al. found that pre-existing immunity correlates with
better clinical outcomes from the combination therapy of
atezolizumab and bevacizumab. Key molecular correlates of
combination therapy were identified, highlighting that anti-
VEGF may synergize with anti-PD-L1 by targeting angio-
genesis, Treg proliferation, and myeloid inflammation. The
improved combinational efficacy was associated with high

VEGEF Receptor 2 (KDR) expression, Tregs, and bone mar-
row inflammatory features [36]. Consistently, compared with
those treated with ICI monotherapy, patients treated with ICI
in combination with bevacizumab or lenvatinib were con-
firmed to be less likely to develop primary resistance in our
study. In addition, patients on ICI with bevacizumab, but not
lenvatinib, showed lower secondary resistance, similar to the
durable response seen in atezolizumab plus bevacizumab-
treated patients in IMbrave 150.

According to a recent study, post-treatment AFP altera-
tions can serve as a prognostic biomarker for patients receiv-
ing atezolizumab plus bevacizumab [37]. In addition, the
high CRAFITY score based on serum AFP and C-reactive
protein (CRP) indicates worse prognosis in HCC patients
treated with ICIs [38, 39]. In this study, high AFP levels
were associated with primary resistance to immunotherapy,
though not significantly in multivariable analysis. However,
high AFP level emerged as an independent prognostic fac-
tor for primary resistance in PPS analysis, offering a new
biomarker for patients with primary resistance to immu-
notherapy. Single-cell RNA sequencing reveals that AFP-
positive HCC (APHC) has an immunosuppressive microen-
vironment. APHC tumor cells have genes linked to antigen
processing and interferon-y response. There is also a loss of
multiple T-cell subsets and a build-up of tumor-associated
macrophages, making APHC more prone to drug resistance
[40].

Currently, few studies have explored sequential therapies
after immune resistance for patients with HCC and other
tumors, and no uniform approaches for resistance manage-
ment have been developed yet [41, 42]. Available guide-
lines recommend the use of TKIs after progression on first-
line atezolizumab plus bevacizumab [43]. A phase 3 study,
IMbrave251, is now evaluating atezolizumab plus lenvatinib
or sorafenib versus lenvatinib or sorafenib alone in HCC pro-
gressed on atezolizumab plus bevacizumab (NCT04770896).
On the other hand, several studies reported that patients with
lung or renal cell carcinoma can still benefit from the sub-
sequent anti-PD-(L)1 therapy after resistance to immuno-
therapy [44-46]. Qin et al. reported that substantial tumor
shrinkage was found in patients with advanced HCC who
continued to use camrelizumab even after disease progres-
sion, suggesting that ICIs could still be beneficial for certain
patients after disease progression [47]. Furthermore, Talbot
et al. explored the sequential treatment after PD of ICI-based
therapy and revealed that the continuation of ICI therapy or
switching to TKI therapy after PD predicted prolonged PPS
[48]. Consistently, we also discovered that the continuation
of ICI-based therapies remarkably improves the prognosis
of HCC patients with either primary or secondary resist-
ance, highlighting the pivotal role of immunotherapy in the
sequential management of resistance. In patients with pri-
mary resistance to certain therapies, switching to another
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class of treatment is usually preferred. Notably, ICI-based
therapy was also associated with improved PPS in patients
with primary resistance. Several potential mechanisms
could explain this. First, immune re-activation may play
a key role. In both primary and secondary resistance, ICI-
based post-progression treatments may improve PPS through
mechanisms that reactivate anti-tumor immunity, such as
reactivating exhausted T cells or altering the tumor micro-
environment [49]. The tumor immune microenvironment
may change over time, allowing ICIs to be effective again
[20]. Another possible explanation was that the PD pattern
in patients with primary resistance to ICIs. Recent studies
revealed that HCC patients with less aggressive PD pattern
after progressed to ICIs might still benefit from subsequent
therapies and display improved outcomes. To further clarify
the causality, prospective studies stratifying by resistance
mechanisms (e.g., IFN-y pathway loss vs. antigen presenta-
tion defects) are needed [50].

Briefly, the incidence of treatment-related adverse effect
(TRAE) was 46.03% (58/126) in the durable response
group, 30.57% (70/229) in the primary resistance group, and
46.81% (66/141) in the primary resistance group, respec-
tively (Table S2). Kaplan—Meier analysis revealed that in
the primary resistance group, patients with TRAEs exhibited
superior OS compared to those without TRAEs (p=0.001).
In contrast, no significant difference in OS was observed
between patients with and without TRAEs in the durable
response group (p=0.806) or secondary resistance group
(p=0.59) (Figure S3A-C).

Evidence is mounting that TRAEs from ICI-based thera-
pies may indicate a better prognosis in various tumors,
including HCC. Our study also found that TRAESs were asso-
ciated with an improved prognosis in the primary resistance
group, implying these patients can still benefit from ICIs.
However, no such link was found in the durable response
or secondary resistance groups. Michielin et al. conducted
a time-dependent analysis and showed no significant asso-
ciation between the late-onset, long-lasting irAEs and OS
in lung cancer and melanoma patients [51]. Prolonged ICI
exposure in patients from durable response or secondary
resistance group may raise the incidence of TRAEs, reduc-
ing survival differences between those with and without
TRAEs. However, the detailed mechanism under the dis-
crepancy merits further investigation in larger prospective
cohorts.

There is no doubt that our study has limitations. Firstly,
generalizability is constrained by the HBV-dominant cohort
and single-center design. Patients in HBV-endemic regions
may exhibit unique comorbidities and immune profiles, lim-
iting the applicability of findings to areas with lower HBV
prevalence. The single-center design may introduce selec-
tion and information biases, as institutional protocols and
patient demographics may not adequately reflect population
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heterogeneity. To address these limitations, future research
should involve multicenter studies with diverse cohorts to
validate and extend these findings. Secondly, the number of
patients treated with ICI combined with bevacizumab was
limited due to the high economic burden of atezolizumab
and the late health-insurance coverage of bevacizumab in
China (December 2021). Thirdly, due to the geographic ori-
gin, patients with HCV infection and other nonviral etiolo-
gies were few, which may limit the interpretation of results,
therefore the association between HCV status and primary or
secondary resistance was not analyzed in the study. Unmeas-
ured confounders are inevitably an important potential
source of statistical uncertainty in clinical studies and may
be associated with both exposure factors and outcomes. The
degree of bias depends on the strength of the association of
the confounder with exposure and outcome. Fourthly, due to
the complexity and limited data of post-resistance manage-
ment in clinical practice, we only classified post-progression
therapies as ICI-based and others.

In conclusion, for the first time, we present the charac-
teristics of HCC patients who were resistant to immuno-
therapy and elucidate the relevant factors associated with the
prognosis of patients after resistance. In particular, patients
who received the combination therapy of ICI plus beva-
cizumab were at a notably lower risk of resistance. High
levels of AFP were independently associated with progno-
sis in patients with primary resistance to immunotherapy.
ICI-based maintenance therapies may provide prominent
survival benefits for HCC patients after resistance.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00262-025-04089-x.

Author contributions CY, JZ, RJ and DW contributed to the acquisi-
tion or interpretation of data for this article. MR analyzed the data. XC
and YL drafted the manuscript and WS contributed to the manuscript
revision. RW and WS conceived and supervised the project. All authors
read, revised and accepted the submitted manuscript.

Funding This work was supported by the grants from the National
Natural Science Foundation of China (NSFC) 81972777, 82373300,
and 81972810, Clinical Research Plan of Shanghai Hospital Develop-
ment Center (SHDC2020CR4040), Program of Science and Technol-
ogy Commission of Shanghai Municipality (21Y11912600).

Data availability The data that support the findings of this study are
available from the corresponding author upon reasonable request. The
data are not publicly available due to privacy or ethical restrictions.

Declarations
Conflict of interest No potential conflicts of interest were disclosed.

Ethical approval The study was conducted following the Declaration of
Helsinki (as revised in 2013) and approved by the Ethics Committee of
EHBH. Due to the retrospective nature of this study, informed consent
was waived by the Ethics Committee.


https://doi.org/10.1007/s00262-025-04089-x

Cancer Immunology, Immunotherapy (2025) 74:239

Page110f12 239

Consent to participate The need for informed consent was waived
by the Institutional Review Board of Eastern Hepatobiliary Surgery
Hospital.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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://creativecommons.org/licenses/by/4.0/.

References

1. Llovet JM, Ricci S, Mazzaferro V et al (2008) Sorafenib in
advanced hepatocellular carcinoma. N Engl ] Med 359:378-390

2. Kudo M, Finn RS, Qin S et al (2018) Lenvatinib versus sorafenib
in first-line treatment of patients with unresectable hepatocellu-
lar carcinoma: a randomised phase 3 non-inferiority trial. Lancet
391:1163-1173

3. Bejjani AC, Finn RS (2022) Hepatocellular carcinoma: pick the
winner-tyrosine kinase inhibitor versus immuno-oncology agent-
based combinations. J Clin Oncol 40:2763-2773

4. Finn RS, Qin S, Ikeda M et al (2020) Atezolizumab plus bevaci-
zumab in unresectable hepatocellular carcinoma. N Engl J Med
382:1894-1905

5. Cheng A-L, Qin S, Ikeda M, Galle PR, Ducreux M, Kim T-Y,
Lim HY, Kudo M, Breder V, Merle P, Kaseb AO, Li D, Verret
W, Ma N, Nicholas A, Wang Y, Li L, Zhu AX, Finn RS (2022)
Updated efficacy and safety data from IMbrave150: atezolizumab
plus bevacizumab vs. sorafenib for unresectable hepatocellular
carcinoma. J Hepatol 76(4):862-873

6. Kudo M (2022) Durvalumab plus tremelimumab in unresectable
hepatocellular carcinoma. Hepatobiliary Surg Nutr 11:592-596

7. Finn RS, Tkeda M, Zhu AX et al (2020) Phase Ib study of len-
vatinib plus pembrolizumab in patients with unresectable hepa-
tocellular carcinoma. J Clin Oncol 38:2960-2970

8. Kelley RK, Oliver JW, Hazra S, Benzaghou F, Yau T, Cheng A-L,
Rimassa L (2020) Cabozantinib in combination with atezolizumab
versus sorafenib in treatment-naive advanced hepatocellular car-
cinoma: COSMIC-312 Phase III study design. Future Oncology
16(21):1525-1536

9. Finn RS, Kudo M, Merle P, Meyer T, Qin S, Ikeda M, Xu R,
Edeline J, Ryoo B-Y, Ren Z, Cheng A-L, Galle PR, Kaneko S,
Kumada H, Wang A, Mody K, Dubrovsky L, Siegel AB, Llovet
J (2022) LBA34 primary results from the phase III LEAP-002
study: lenvatinib plus pembrolizumab versus lenvatinib as first-
line (1L) therapy for advanced hepatocellular carcinoma (aHCC).
Ann Oncol 33:51401

10. Kluger HM, Tawbi HA, Ascierto ML, Bowden M, Callahan MK,

Cha E, Chen HX, Drake CG, Feltquate DM, Ferris RL, Gulley JL,
Gupta S, Humphrey RW, LaVallee TM, Le DT, Hubbard-Lucey
VM, Papadimitrakopoulou VA, Postow MA, Rubin EH, Sharon
E, Taube JM, Topalian SL, Zappasodi R, Sznol M, Sullivan RJ
(2020) Defining tumor resistance to PD-1 pathway blockade: rec-
ommendations from the first meeting of the SITC immunotherapy
resistance taskforce. ] ImmunoTherapy Cancer 8(1):¢000398

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

De Lorenzo S, Tovoli F, Trevisani F (2022) Mechanisms of pri-
mary and acquired resistance to immune checkpoint inhibitors in
patients with hepatocellular carcinoma. Cancers 14(19):4616
Ladd AD, Duarte S, Sahin I et al (2024) Mechanisms of drug
resistance in HCC. Hepatology 79:926-940

Wei CY, Zhu MX, Zhang PF et al (2022) PKCalpha/ZFP64/
CSF1 axis resets the tumor microenvironment and fuels
anti-PD1 resistance in hepatocellular carcinoma. J Hepatol
77:163-176

Brandi G, Tovoli F, Tavolari S (2023) Have we found the “holy
grail” that may predict response to immunotherapy in hepatocel-
lular carcinoma? Gastroenterology 164:15-18

. Haber PK, Castet F, Torres-Martin M et al (2023) Molecular

markers of response to anti-PD1 therapy in advanced hepatocel-
lular carcinoma. Gastroenterology 164(72-88):e18

Singal AG, Llovet JM, Yarchoan M et al (2023) AASLD Prac-
tice Guidance on prevention, diagnosis, and treatment of hepa-
tocellular carcinoma. Hepatology 78:1922-1965

Fulgenzi CAM, Scheiner B, D’Alessio A et al (2024) Immu-
notherapy vs best supportive care for patients with hepatocel-
lular cancer with Child-Pugh B dysfunction. JAMA Oncol
10:1253-1258

Pan H, Ruan M, Jin R et al (2025) Immune checkpoint inhibitor
plus tyrosine kinase inhibitor with or without transarterial chem-
oembolization for unresectable hepatocellular carcinoma. Front
Oncol 15:1385304

Kudo M, Ren Z, Guo Y et al (2025) Transarterial chemoemboli-
sation combined with lenvatinib plus pembrolizumab versus dual
placebo for unresectable, non-metastatic hepatocellular carcinoma
(LEAP-012): a multicentre, randomised, double-blind, phase 3
study. Lancet 405:203-215

Xu J, Shen J, Gu S et al (2021) Camrelizumab in combination
with apatinib in patients with advanced hepatocellular carcinoma
(RESCUE): a nonrandomized, open-label Phase II Trial. Clin
Cancer Res 27:1003-1011

Llovet JM, Castet F, Heikenwalder M et al (2022) Immuno-
therapies for hepatocellular carcinoma. Nat Rev Clin Oncol
19:151-172

Wei CY, Zhu MX, Zhang PF et al (2022) PKCo/ZFP64/CSF1 axis
resets the tumor microenvironment and fuels anti-PD1 resistance
in hepatocellular carcinoma. J Hepatol 77:163-176

Costa F, Wiedenmann B, Roderburg C et al (2023) Systemic
treatment in patients with Child-Pugh B liver dysfunction and
advanced hepatocellular carcinoma. Cancer Med 12:13978-13990
Ait-Ahmed Y, Lafdil F (2023) Novel insights into the impact of
liver inflammatory responses on primary liver cancer develop-
ment. Liver Res 7:26-34

Chen HJ, Huang TX, Jiang YX et al (2023) Multifunctional roles
of inflammation and its causative factors in primary liver cancer:
a literature review. World J Hepatol 15:1258-1271

El Hajra I, Sanduzzi-Zamparelli M, Sapena V et al (2023) Out-
come of patients with HCC and liver dysfunction under immu-
notherapy: a systematic review and meta-analysis. Hepatology
77:1139-1149

Liu T, Li Q, Lin Z et al (2021) Viral infections and the efficacy of
PD-(L)1 inhibitors in virus-related cancers: Head and neck squa-
mous cell carcinoma and hepatocellular carcinoma. Int Immunop-
harmacol 100:108128

An M, Wang W, Zhang J et al (2023) Association of hepatitis B
virus DNA levels with overall survival for advanced hepatitis B
virus-related hepatocellular carcinoma under immune checkpoint
inhibitor therapy. Cancer Immunol Immunother 72:385-395
Wang L, Zhu Q, Zhang JD et al (2023) Discovery of a first-in-class
orally available HBV cccDNA inhibitor. J Hepatol 78:742-753
Argentiero A, Delvecchio A, Fasano R, Andriano A, Caradonna
IC, Memeo R, Desantis V (2023) The complexity of the tumor

@ Springer


http://creativecommons.org/licenses/by/4.0/

239

Page 12 of 12

Cancer Immunology, Immunotherapy (2025) 74:239

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

microenvironment in hepatocellular carcinoma and emerging
therapeutic developments. J Clin Med 12(23):7469

Pinyol R, Sia D, Llovet JM (2019) Immune exclusion-Wnt/
CTNNBI class predicts resistance to immunotherapies in HCC.
Clin Cancer Res 25:2021-2023

Cillo U, Vitale A, Grigoletto F et al (2006) Prospective valida-
tion of the Barcelona clinic liver cancer staging system. J Hepatol
44:723-731

Tsilimigras DI, Bagante F, Sahara K et al (2019) Prognosis after
resection of barcelona clinic liver cancer (BCLC) stage 0, A, and
B hepatocellular carcinoma: a comprehensive assessment of the
current BCLC classification. Ann Surg Oncol 26:3693-3700
Llovet JM, Kelley RK, Villanueva A et al (2021) Hepatocellular
carcinoma. Nat Rev Dis Primers 7(1):6

Sangro B, Kudo M, Erinjeri JP et al (2025) Durvalumab with
or without bevacizumab with transarterial chemoembolisation in
hepatocellular carcinoma (EMERALD-1): a multiregional, ran-
domised, double-blind, placebo-controlled, phase 3 study. Lancet
405:216-232

Zhu AX, Abbas AR, de Galarreta MR et al (2022) Molecular
correlates of clinical response and resistance to atezolizumab in
combination with bevacizumab in advanced hepatocellular carci-
noma. Nat Med 28:1599-1611

Zhu AX, Dayyani F, Yen CJ et al (2022) Alpha-fetoprotein as
a potential surrogate biomarker for atezolizumab + bevaci-
zumab treatment of hepatocellular carcinoma. Clin Cancer Res
28:3537-3545

Scheiner B, Pomej K, Kirstein MM et al (2022) Prognosis of
patients with hepatocellular carcinoma treated with immuno-
therapy—development and validation of the CRAFITY score. J
Hepatol 76:353-363

Hatanaka T, Kakizaki S, Hiraoka A et al (2022) Prognostic impact
of C-reactive protein and alpha-fetoprotein in immunotherapy
score in hepatocellular carcinoma patients treated with atezoli-
zumab plus bevacizumab: a multicenter retrospective study. Hepa-
tol Int 16:1150-1160

He H, Chen S, Fan Z et al (2023) Multi-dimensional single-cell
characterization revealed suppressive immune microenvironment
in AFP-positive hepatocellular carcinoma. Cell Discov 9:60
Arance A, de la Cruz-Merino L, Petrella TM et al (2023) Phase II
LEAP-004 study of lenvatinib plus pembrolizumab for melanoma
with confirmed progression on a programmed cell death protein-1
or programmed death ligand 1 inhibitor given as monotherapy or
in combination. J Clin Oncol 41:75-85

Ascierto PA, Mandala M, Ferrucci PF et al (2023) Sequencing of
ipilimumab plus nivolumab and encorafenib plus binimetinib for

@ Springer

43.

44,

45.

46.

47.

48.

49.

50.

51.

untreated BRAF-mutated metastatic melanoma (SECOMBIT): a
randomized, three-arm, open-label phase II trial. J Clin Oncol
41:212-221

Edeline J, Meyer T, Blanc J-F, Raoul J-L (2022) New challenges
facing systemic therapies of advanced HCC in the era of dif-
ferent first-line immunotherapy-based combinations. Cancers
14(23):5868

Akamatsu H, Teraoka S, Takamori S et al (2022) Nivolumab
retreatment in non-small cell lung cancer patients who responded
to prior immune checkpoint inhibitors and had ICI-free intervals
(WJOGY616L). Clin Cancer Res 28:0F1-OF7

Yang Y, Huang H, Li T et al (2021) Axitinib reverses resistance
to anti-programmed cell death-1 therapy in a patient with renal
cell carcinoma. Front Immunol 12:728750

Reckamp KL, Redman MW, Dragnev KH et al (2022) Phase 11
randomized study of ramucirumab and pembrolizumab versus
standard of care in advanced non-small-cell lung cancer previ-
ously treated with immunotherapy-lung-MAP S1800A. J Clin
Oncol 40:2295-2306

Qin S, Ren Z, Meng Z et al (2020) Camrelizumab in patients with
previously treated advanced hepatocellular carcinoma: a multicen-
tre, open-label, parallel-group, randomised, phase 2 trial. Lancet
Oncol 21:571-580

Talbot T, D’Alessio A, Pinter M et al (2023) Progression patterns
and therapeutic sequencing following immune checkpoint inhibi-
tion for hepatocellular carcinoma: an international observational
study. Liver Int 43:695-707

Wei SC, Levine JH, Cogdill AP et al (2017) Distinct cellular
mechanisms underlie anti-CTLA-4 and anti-PD-1 checkpoint
blockade. Cell 170(1120-1133):e17

Morad G, Helmink BA, Sharma P et al (2021) Hallmarks of
response, resistance, and toxicity to immune checkpoint blockade.
Cell 184:5309-5337

Ghisoni E, Wicky A, Bouchaab H et al (2021) Late-onset and
long-lasting immune-related adverse events from immune check-
point-inhibitors: an overlooked aspect in immunotherapy. Eur J
Cancer 149:153-164

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Characteristics and outcomes of primary and secondary resistance to immune checkpoint inhibitors in hepatocellular carcinoma
	Abstract
	Introduction
	Patients and methods
	Study design and patients
	Objectives and assessments
	Statistical analyses

	Results
	Patients and outcomes
	Characteristics of primary resistance
	Characteristics of secondary resistance
	Post-progression survival

	Discussion
	References


