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Purpose: Amid the era of targeted-immunotherapy for hepatocellular carcinoma (HCC), the selection of second-line therapy
following failure of diverse first-line regimens remains inadequately explored. This multicenter study aimed to assess how first-line
treatment strategies impact the efficacy and safety of second-line regorafenib—either alone or in combination with PD-1 inhibitors—in
patients with unresectable HCC (uHCC). Specifically, we focused on two key populations: patients who failed first-line tyrosine kinase
inhibitor (TKI) monotherapy, and a rapidly expanding cohort who progressed after first-line TKI plus PD-1 inhibitor combination
therapy, and to address the critical clinical dilemma of whether to continue immunotherapy in the second line.

Patients and Methods: This retrospective study enrolled 288 uHCC patients from five centers, stratified into two cohorts based on
first-line therapy: 126 patients with first-line TKI monotherapy (Pre-Monotherapy cohort) and 162 with first-line TKI+PD-1
combination therapy (Pre-Combination cohort). All received second-line regorafenib alone or with PD-1 inhibitors. Primary endpoints
were overall survival (OS) and progression-free survival (PFS); secondary endpoints included progression-free survival (PFS),
objective response rate (ORR), disease control rate (DCR), and safety.

Results: In the Pre-Monotherapy cohort, regorafenib plus PD-1 significantly improved outcomes versus regorafenib alone: mPFS
(10.5 vs 4.7 months, p<0.001), mOS (18.9 vs 14.0 months, p=0.003), ORR (29.69% vs 4.84%, p<0.001), and DCR (89.06% vs
67.74%, p=0.004). In the Pre-Combination cohort, no significant differences were observed in PFS (9.2 vs 6.3 months, p=0.062), OS
(16.2 vs 13.2 months, p=0.13), ORR (22.33% vs 15.25%, p=0.276), or DCR (82.52% vs 74.58%, p=0.227).

Conclusion: Second-line regorafenib plus PD-1 inhibitors yields significant clinical benefits in uHCC patients who failed first-line
TKI monotherapy. However, in those who progress following first-line TKI plus PD-1 inhibitor therapy, continuing immunotherapy in
the second line confers no additional efficacy, underscoring the need to explore alternative strategies. This study provides the first
evidence-based guidance for the unmet clinical scenario of “first-line targeted-immunotherapy failure”, highlighting the importance of
precision sequential therapy tailored to first-line regimens.
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Introduction
Hepatocellular carcinoma (HCC) is a common malignant tumor, ranking third in global cancer mortality, with its death
rate expected to rise steadily over the next decade.' Due to its stealthy pathogenesis, varied malignancy, and tendency to
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metastasize, many tumors are diagnosed at advanced stages. These patients have missed the chance for curative surgery
and must depend on systemic therapy to extend their overall survival.? In the past few years, sorafenib, lenvatinib, and
donafenib, which are multi-kinase inhibitors, have been recognized as the primary targeted therapy for uHCC.** The
first-line systemic treatment of uHCC has entered a new era of targeted-immunotherapy combination, driven by the
widespread clinical use of immune checkpoint inhibitors (ICIs) and significant advancements in Phase III clinical trials
like IMbravel50, CARES-310, and LEAP-002.> " However, most patients still inevitably experience disease progression,
underscoring an urgent need to optimize second-line treatment strategies—particularly as the population of patients
failing first-line targeted-immunotherapy combination therapy is rapidly expanding.

As a novel oral multi-target kinase inhibitor, regorafenib is the first globally approved second-line standard treatment
for uHCC patients who have not benefited from sorafenib therapy. Yet its modest survival benefit (mOS extension of ~2.8
months) highlights the need for more effective approaches.® The integration of immune checkpoint inhibitors (ICIs) has
emerged as a promising direction: Preclinical studies indicate that regorafenib inhibits the vascular endothelial growth
factor receptor (VEGFR) and the JAK1/2-STAT1 and MAPK signaling pathways, while increasing PD-L1 expression in
tumors. It also normalizes tumor vasculature, enhancing CD8+ T cell infiltration and thereby boosting the efficacy of PD-
1 antibodies.”'® The findings provide a robust theoretical basis for the concurrent application of regorafenib and PD-1
inhibitors. However, clinical evidence supporting this combination regimen has historically focused on patients with
disease progression after first-line TKI monotherapy.'"'?> While these studies have validated the efficacy of the
regorafenib-PD-1 combination in this subgroup, they leave a critical gap: there is a paucity of relevant research on the
cohort of patients who progress after first-line targeted-immunotherapy combinations (eg, TKI plus PD-1 inhibitors).

With the increasing adoption of targeted-immunotherapy combinations for liver cancer, a growing proportion of
patients now receive TKI plus PD-1 inhibitor combinations as first-line therapy. This shift has created a pressing clinical
dilemma: for patients who progress after first-line TKI plus PD-1 inhibitor therapy, does continuing immunotherapy in
the second line confer benefit? Current clinical guidelines offer limited direction for this specific scenario. Although
multiple studies have investigated regorafenib-based second-line regimens, none have systematically compared regor-
afenib monotherapy versus regorafenib-PD-1 inhibitor combinations—stratified by first-line treatment history. This
represents a critical gap, given the substantial biological and therapeutic distinctions between failure after TKI mono-
therapy versus failure after combination therapy.

This study is the first to address this gap, evaluating the efficacy of second-line regorafenib (with or without PD-1
inhibitors) in two well-defined cohorts: patients failing first-line TKI monotherapy and those failing first-line TKI+PD-1
combination therapy. By focusing on the impact of first-line treatment strategies on second-line efficacy, we aim to
validate the role of the regorafenib-PD-1 combination in patients failing first-line TKI monotherapy, clarify whether
continuing immunotherapy benefits patients progressing after first-line combination therapy; and provide evidence-based
guidance for personalized sequential therapy—ultimately filling a key knowledge gap in current HCC management.

Materials and Methods
Study Design and Patients

Between April 2019 and December 2023, we gathered demographic, clinical, and survival information from uHCC
patients received regorafenib in combination with PD-1 inhibitors or regorafenib as second-line treatment after experi-
encing failure of first-line therapy at five leading medical institutions in China. This retrospective study was approved by
the Institutional Ethics Committee on January 5, 2023 (approval number KY-2022-12-79-1). The study complied with the
2013 update of the Declaration of Helsinki principles and individual consent for this retrospective study was waived.

This study established two main cohorts based on different first-line treatment strategies, including the monotherapy
cohort (Pre-Monotherapy) and the combination therapy cohort (Pre-Combination therapy). The first cohort comprised
126 patients who received TKI monotherapy as their initial treatment; The second group consisted of 162 patients who
received combination therapy as their initial treatment. We assessed the effectiveness and safety of regorafenib alone
compared to its combination with PD-1 inhibitors in each cohort.
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13715 who had progressed

The study included patients with histologically confirmed HCC per international guidelines,
after first-line therapy with TKI monotherapy (sorafenib/lenvatinib) or TKIs combined with a PD-1 inhibitor (Sintilimab/
Pembrolizumab/Tislelizumab). Participants received regorafenib as a second-line treatment for at least one 28-day cycle,
had Child-Pugh A or B liver function, an ECOG performance status of <2, and at least one measurable lesion according
to the Modified Response Evaluation Criteria in Solid Tumors for HCC.'® Comprehensive CT/MRI and laboratory data
were collected from treatment initiation until death or the study’s end on January 8, 2025.Exclusion criteria encom-
passed: (I) any current or past malignant tumors other than HCC; (II) concurrent administration of different targeted
therapies with regorafenib as a second-line treatment; (III) Have serious underlying health problems, such as heart
disease, lung disease, or kidney disease; (IV) incomplete or lost follow-up; (V) participation in other clinical intervention

studies while on regorafenib.

Study Procedures

Following the failure of initial treatment, patients were allocated to receive either regorafenib with a PD-1 inhibitor or
regorafenib alone, depending on their clinical condition, financial situation, and their doctor’s recommendation. The
initial dosage of regorafenib was established at 80 to 160 mg, administered orally on a daily basis. This dosage was
subsequently adjusted according to the patient’s tolerance level, with modifications made to ensure optimal tolerability.
The treatment regimen involved a 3-week cycle, with patients receiving therapy for a total of 4 weeks, followed by
a l-week discontinuation period. The treating physician decides on dose adjustments or therapy discontinuation
according to the type and severity of adverse events (AEs). In certain situations, the dose can be decreased to 80 mg
daily, and in rare instances, it may be further reduced to 40 mg. The choice of PD-1 inhibitor is not limited to a specific
brand, including sintilimab, Tislelizumab, and pembrolizumab, and the dose is administered every 3 weeks as directed by
the manufacturer. Treatment was continued until the disease progression based on mRECIST criteria, clinical progression
is observed (ECOG performance score of 3 or more or symptoms worsen), death, or if toxicity is deemed unacceptable
Physicians may incorporate additional treatment modalities into the second-line regimen, including transarterial che-
moembolization (TACE), hepatic arterial infusion chemotherapy (HAIC), radiation therapy, or optimal supportive care,
as deemed appropriate.

The follow-up period length was calculated starting from the first day regorafenib was given. Patient baseline
characteristics were gathered within a week before starting regorafenib treatment. The patient information gathered
included the following: Gender, hepatitis B virus infection, Child-Pugh score, grade, ALBI score, BCLC stage, alpha-
fetoprotein (AFP), albumin, total bilirubin, cirrhosis, ascites, macrovascular invasion, extrahepatic metastasis, lymph
node metastasis, prior systemic treatment, prior local treatment. The localized approach for second-line therapy, the
initial dosage of regorafenib, and other related factors. During the treatment phase, the efficacy of the treatment and
adverse drug reactions should be evaluated once during each follow-up period according to the patient’s symptoms, vital
signs, laboratory tests, and other measures. The present study was terminated on January 8, 2025.

Efficacy and Safety Analyses

To assess the long-term efficacy of later-line treatment, overall survival (OS) was chosen as the primary endpoint,
measured from the initiation of regorafenib treatment to death or the latest follow-up. Secondary endpoints included
progression-free survival (PFS), tumor objective response rate (ORR), disease control rate (DCR), and safety analysis.
For tumour assessment, CT or MRI according to mRECIST was performed at baseline and every 2-3 months during
follow-up. Two radiologists, each with over 15 years of experience, analyzed the image data. For patients with tumors in
the liver and lesions outside it, CR (complete response) is defined as all lesions, both intrahepatic and extrahepatic,
reaching CR, while PR (partial response) is defined as liver lesions reaching PR and extrahepatic lesions reaching CR or
PR. SD (stable disease) was defined as the stability of intrahepatic lesions with concurrent CR, PR, or SD of extrahepatic
lesions, or stability of extrahepatic lesions with concurrent CR, PR, or SD of intrahepatic lesions. Progressive disease
(PD) was identified by its occurrence in either extrahepatic or intrahepatic lesions. Adverse events were assessed
according to CTCAE version 5.0."”
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Statistical Methods

Continuous variables are presented as mean = SD or median (25th, 75th percentile), and categorical variables are
expressed as counts with percentages. Baseline data for the two groups were analyzed using y? or Fisher’s exact tests for
categorical variables, and #-tests or Mann—Whitney U-tests for continuous variables. The y*test or Fisher’s test was
employed to compare ORR, DCR, and AEs across the two groups. Univariate and multivariate Cox proportional
regression analyses were performed to identify independent prognostic risk factors for survival, with findings presented
as hazard ratios (HR) and 95% confidence intervals (CI). Multivariate analyses were performed on variables with a P
value below 0.10 identified in the univariate analyses. Subgroup analysis employed the Cox regression model to compare
PFS and OS between the groups across different variables, generating a forest plot with corresponding hazard ratios
(HRs) and 95% confidence intervals (Cls). The stratified Log rank test was employed to compare OS and PFS, and the
Kaplan-Meier method was utilized to estimate their respective curves. All tests were two-sided, with statistical
significance set at P<0.05. Statistical analyses were conducted using R version 4.2.1.

Results

Study Patients and Baseline Characteristics

Between April 2019 and December 2023, 343 uHCC patients were enrolled in this study to receive regorafenib as
a second-line treatment. According to the study protocol, 55 patients were excluded due to failure to meet the inclusion
criteria. Ultimately, 288 eligible patients were included in this study (Figure 1). The cohort had an average age of 56
years, with 89.6% being male. All patients were infected with HBV or HCV, and most were at BCLC stage C (n=227,
79.1%). Most patients received interventional therapy as part of their first-line treatment (n=241, 83.7%), and a majority
began regorafenib therapy at a 160 mg dose (n=191, 66.3%). Baseline demographic and clinical characteristics were
similar between the two treatment groups in each cohort (Table 1). Furthermore, baseline characteristics were similar
between the regorafenib and regorafenib-PD-1 groups in the overall population.(Supplementary Table S1).

between April 2019 and December 2023
343 patients received regorafenib

épatients were excluded: \

* 13 patients received PD-1 monotherapy as
first-line treatment

» 29 patients had previously undergone
bevacizumab treatment

* 5 patients had a history of gastrointestinal
bleeding,

* 6 patients were lost to follow-up

KZ patients underwent liver transplantation /

[ 288 patients eligible for analysis ]
v y
Pre-Monotherapy Pre-Combination therapy
N=126 N=162
y J

y l v !

Regorafenib Regorafenib-PD-1 Regorafenib Regorafenib-PD-1
N=62 N=64 N=59 N=103

Figure | Flowchart of study population.
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Table 1 Demographic and Clinical Characteristics of Patients at Second-Line Treatment Initiation

Characteristics Pre-Monotherapy P value Pre-Combination therapy P value
Regorafenib Regorafenib-PD-1 Regorafenib Regorafenib-PD-1
(n=62) % (n=64) % (n=59) % (n=103) %
Gender, n (%) 0.190 0.387

Female 5(8.1%) 10 (15.6%) 7 (11.9%) 8 (7.8%)

Male 57 (91.9%) 54 (84.4%) 52 (88.1%) 95 (92.2%)

Age, median (IQR) 58.5 (51, 63) 58 (50, 65) 0.637 57.475 £ 9.5671 54.68 + 9.2781 0.070
ECOG, n (%) 0.593 0.993

0 22 (35.5%) 25 (39.1%) 20 (33.9%) 34 (33%)

[ 27 (43.5%) 30 (46.9%) 26 (44.1%) 46 (44.7%)

2 13 (21%) 9 (14.1%) 13 (22%) 23 (22.3%)

Types of Infectious Viruses, n (%) 0614 0.773

HBV 56 (90.3%) 56 (87.5%) 53 (89.8%) 91 (88.3%)

HCV 6 (9.7%) 8 (12.5%) 6 (10.2%) 12 (11.7%)

Child-pugh grade, n (%) 0.691 0.989

A 38 (61.3%) 37 (57.8%) 31 (52.5%) 54 (52.4%)

B 24 (38.7%) 27 (42.2%) 28 (47.5%) 49 (47.6%)

ALBI score, mean * sd —2.0889 + 0.498 —2.2695 + 0.54956 0.056 —1.9226 +0.4797 —2.0267 £ 0.51936 0.209
ALBI grade, n (%) 0.122 0.654

| 8 (12.9%) 17 (26.6%) 6 (10.2%) 13 (12.6%)

2 47 (75.8%) 43 (67.2%) 44 (74.6%) 79 (76.7%)

3 7 (11.3%) 4 (6.2%) 9 (15.3%) 11 (10.7%)

BCLC stage, n (%) 0.473 0.715

A 3 (4.8%) I (1.6%) 1 (1.7%) 2 (1.9%)

B 14 (22.6%) 12 (18.8%) 8 (13.6%) 19 (18.4%)

C 45 (72.6%) 51 (79.7%) 50 (84.7%) 82 (79.6%)

AFP, n (%) 0.433 0.468

< 400 ng/mL 41 (66.1%) 38 (59.4%) 35 (59.3%) 67 (65%)

= 400 ng/mL 21 (33.9%) 26 (40.6%) 24 (40.7%) 36 (35%)

Albumin, mean * sd 35.498 + 43393 36.927 £ 47216 0.080 34.722 + 3.9058 34.956 + 4.6643 0.745
Total bilirubin, median (IQR) 15.65 (10.6, 21.7) 14.3 (11.65, 19.15) 0.751 18.6 (12.7, 28.8) 15.3 (12.1, 21.4) 0.071
Cirrhosis, n (%) 0.166 0.343

No 7 (11.3%) 13 (20.3%) 10 (16.9%) 12 (11.7%)

Yes 55 (88.7%) 51 (79.7%) 49 (83.1%) 91 (88.3%)

Ascites, n (%) 0.381 0.287

No 25 (40.3%) 21 (32.8%) 25 (42.4%) 35 (34%)

Yes 37 (59.7%) 43 (67.2%) 34 (57.6%) 68 (66%)

Macrovascular invasion, n (%) 0.837 0218

No 36 (58.1%) 36 (56.2%) 34 (57.6%) 49 (47.6%)

Yes 26 (41.9%) 28 (43.8%) 25 (42.4%) 54 (52.4%)

Extrahepatic metastasis, n (%) 0.255 0.290

No 41 (66.1%) 36 (56.2%) 36 (61%) 54 (52.4%)

Yes 21 (33.9%) 28 (43.8%) 23 (39%) 49 (47.6%)

With surgery/RFA/MWA/SBRT in first-line 0.154 0.688
treatment, n (%)

No 10 (16.1%) 17 (26.6%) 25 (42.4%) 47 (45.6%)

Yes 52 (83.9%) 47 (73.4%) 34 (57.6%) 56 (54.4%)

With HAIC/TACE in first-line treatment, 0.216 0.134
n (%)

No 14 (22.6%) 9 (14.1%) 12 (20.3%) 12 (11.7%)

Yes 48 (77.4%) 55 (85.9%) 47 (79.7%) 91 (88.3%)

Locoregional treatment in secondline 0.382 0.266
treatment, n (%)

No 36 (58.1%) 42 (65.6%) 34 (57.6%) 50 (48.5%)

Yes 26 (41.9%) 22 (34.4%) 25 (42.4%) 53 (51.5%)

(Continued)
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Table 1 (Continued).

Characteristics Pre-Monotherapy P value Pre-Combination therapy P value
Regorafenib Regorafenib-PD-1 Regorafenib Regorafenib-PD-I
(n=62) % (n=64) % (n=59) % (n=103) %
Starting dose of Reg, n (%) 0.856 0.886
80mg 4 (6.5%) 5 (7.8%) 6 (10.2%) 12 (11.7%)
120mg 17 (27.4%) 15 (23.4%) 15 (25.4%) 23 (22.3%)
160mg 41 (66.1%) 44 (68.8%) 38 (64.4%) 68 (66%)

Abbreviations: Reg, Regorafenib; ECOG, Eastern Cooperative Oncology Group; ALBI, albumin-bilirubin; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein;
TKI, tyrosine kinase inhibitor; RFA, radiofrequency ablation; MWA, microwave ablation; SBRT, stereotactic body radiotherapy; HAIC, hepatic arterial infusion chemotherapy;
TACE, transcatheter arterial chemoembolization; IQR, interquartile range.

Monotherapy Before Regorafenib

In the Pre-Monotherapy cohort, 62 patients (49.21%) received regorafenib and 64 patients (50.79%) received regor-
afenib-PD-1. A significant difference was observed in PFS and OS between the two groups (Figure 2). The regorafenib

A. In the Pre - Monotherapy cohort

1.00 A

Progression-free survival

Regorafenib

Regorafenib-PD-1

B.In the Pre - Combination cohort

1.00 1
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0.251

Regorafenib

Regorafenib-PD-1

0.75 1
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Figure 2 lllustrates progression-free and overall survival in both the Pre-Monotherapy cohort (A) and the Pre-Combination therapy cohort (B).
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group had a median PFS of 4.7 months (95% CI, 4.4—7.4 months), compared to 10.5 months (95% CI, 7.4-?) in the other
group. The median overall survival (mOS) was 14.0 months (95% CI, 12.0-17.3 months) for the regorafenib group and
18.9 months (95% CI, 15.8-27.5 months) for the Regorafenib-PD-1 group. In terms of efficacy, the objective response
rate (ORR) was significantly higher in the regorafenib-PD-1 group at 29.69% compared to 4.84% in the regorafenib
group (P<0.001). The DCR in the Regorafenib-PD-1 group was 89.06%, significantly higher than the 67.74% observed in
the regorafenib group (P=0.004) (Table 2).

Multivariate analysis identified regorafenib plus PD-1 as a second-line treatment (HR=0.422, 95% CI 0.268-0.665,
p<0.001), male gender (HR=0.389, 95% CI 0.208-0.729, p=0.003), AFP levels > 400 ng/mL (HR=1.712, 95% CI
1.072-2.732, p=0.024) and Total bilirubin (HR=1.012, 95% CI 1.005-1.019, p<0.001) as independent prognostic factors
for PFS (Table 3). Furthermore, multivariate analysis revealed that regorafenib plus PD-1 treatment (HR=0.527, 95% CI:
0.345-0.807, p=0.003), Total bilirubin (HR=1.013, 95% CI 1.006-1.021, p<0.001) and BCLC C (HR=8.519, 95% CI:
1.158-62.670, p=0.035) were identified as independent prognostic factors for OS (Table 4).

Table 2 Treatment Responses in the Overall Cohort and Two Sub-Cohorts by mRECIST

Efficacy evaluation Total Cohort Pre-Monotherapy Pre-Combination Therapy
Regorafenib Regorafenib-PD-1 P value Regorafenib Regorafenib-PD P value Regorafenib Regorafenib-PD-1 P value
(n=121) % (n=167) % (n=62) % -1 (n=64) % (n=59) % (n=103) %

CR 5 5 - 2 3 - 3 2

PR 7 37 - ! 16 - 6 21

SD 74 100 - 39 38 - 35 62

PD 35 25 - 20 7 - 15 18

ORR 12(9.92%) 42(25.15%) 0.001 3(4.84%) 19(29.69%) <0.001 9(15.25%) 23(22.33%) 0.276
DCR 86(71.07%) 142(85.03%) 0.004 42(67.74%) 57(89.06%) 0.004 44(74.58%) 85(82.52%) 0.227

Table 3 Presents Both Univariate and Multivariate Analyses of Factors Linked to Progression-Free Survival (PFS) Within the Pre-
Monotherapy Cohort

Characteristics Total(N) Univariate analysis Multivariate analysis
Hazard Ratio (95% CI) | P value | Hazard Ratio (95% CI) | P value

Second-line treatment regimen 126

Regorafenib 62 Reference Reference

Regorafenib-PD-| 64 0.503 (0.328-0.771) 0.002 0.422 (0.268-0.665) <0.001
Gender 126

Female 15 Reference Reference

Male 11 0.576 (0.319-1.042) 0.068 0.389 (0.208-0.729) 0.003

Age 126 0.978 (0.957-0.998) 0.032 0.987 (0.966—1.009) 0.262
ECOG PS 126

0 47 Reference

[ 57 1.219 (0.768-1.933) 0.401

2 22 0.989 (0.518-1.889) 0.973
Types of Infectious Viruses 126

HBV 14 Reference

HCV 112 1.144 (0.574-2.283) 0.702
Child-pugh grade 126

A 75 Reference

B 51 1.229 (0.799-1.889) 0.348

(Continued)
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Table 3 (Continued).

Characteristics Total(N) Univariate analysis Multivariate analysis
Hazard Ratio (95% CI) | P value | Hazard Ratio (95% CI) | P value
ALBI score 126 1.215 (0.797-1.852) 0.365
ALBI grade 126
| 25 Reference
2 90 1.271 (0.743-2.176) 0.382
3 I 1.379 (0.542-3.507) 0.499
BCLC stage 126
A 4 Reference
B 26 4.882 (0.643-37.101) 0.125
C 96 4.929 (0.680-35.734) 0.115
AFP 126
< 400 ng/mL 79 Reference Reference
= 400 ng/mL 47 1.508 (0.984-2.312) 0.059 1.712 (1.072-2.732) 0.024
Albumin 126 0.978 (0.933-1.025) 0.351
Total bilirubin 126 1.011 (1.004-1.018) 0.002 1.012 (1.005-1.019) < 0.001
Cirrhosis 126
No 20 Reference
Yes 106 1.207 (0.669-2.179) 0.531
Ascites 126
No 46 Reference
Yes 80 1.238 (0.796-1.925) 0.343
Macrovascular invasion 126
No 72 Reference
Yes 54 1.312 (0.859-2.005) 0.209
Extrahepatic disease 126
No 77 Reference
Yes 49 0.805 (0.521-1.242) 0.326
With surgery/RFA/MWA/SBRT 126
No 27 Reference
Yes 99 1.388 (0.805-2.392) 0.238
With HAIC/TACE 126
No 23 Reference
Yes 103 0.847 (0.491-1.460) 0.549
Locoregional treatment in second-line treatment 126
No 78 Reference
Yes 48 0.976 (0.633—1.506) 0.914
Starting dose of Rego 126
80mg 9 Reference
120mg 32 1.132 (0.489-2.619) 0.772
160mg 85 0.839 (0.380-1.852) 0.665

Table 4 Presents Both Univariate and Multivariate Analyses of Factors Linked to Overall Survival (OS) in the Pre-Monotherapy

Cohort
Characteristics Total(N) Univariate Analysis Multivariate Analysis
Hazard Ratio (95% CI) | P value | Hazard Ratio (95% Cl) | P value
Second-line treatment regimen 126
Regorafenib 62 Reference Reference
Regorafenib-PD-| 64 0.649 (0.438-0.962) 0.031 0.527 (0.345-0.807) 0.003
(Continued)
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Table 4 (Continued).

Characteristics Total(N) Univariate Analysis Multivariate Analysis
Hazard Ratio (95% CI) | P value | Hazard Ratio (95% CI) | P value
Gender 126
Female 15 Reference
Male 11 1.005 (0.548-1.844) 0.987
Age 126 0.986 (0.966—1.007) 0.202
ECOG PS 126
0 47 Reference
| 57 0.767 (0.499-1.180) 0.228
2 22 0.839 (0.473—1.486) 0.547
Types of Infectious Viruses 126
HBV 14 Reference
HCV 112 1.221 (0.635-2.348) 0.550
Child-pugh grade 126
A 75 Reference Reference
B 51 1.490 (1.002-2.216) 0.049 1.533 (0.970-2.423) 0.068
ALBI score 126 1.449 (0.985-2.133) 0.060 0.772 (0.475-1.256) 0.298
ALBI grade 126
[ 25 Reference
2 90 1.404 (0.846-2.328) 0.189
3 I 1.928 (0.869—4.275) 0.106
BCLC stage 126
A 4 Reference Reference
B 26 6.032 (0.808—45.055) 0.080 6.659 (0.877-50.582) 0.067
C 96 7.060 (0.979-50.909) 0.053 8.519 (1.158-62.670) 0.035
AFP 126
< 400 ng/mL 79 Reference
2 400 ng/mL 47 1.327 (0.890-1.977) 0.165
Albumin 126 0.972 (0.930-1.015) 0.201
Total bilirubin 126 1.012 (1.006—1.018) < 0.001 1.013 (1.006—1.021) < 0.001
Cirrhosis 126
No 20 Reference
Yes 106 0.955 (0.560-1.629) 0.865
Ascites 126
No 46 Reference
Yes 80 1.349 (0.897-2.030) 0.151
Macrovascular invasion 126
No 72 Reference
Yes 54 1.225 (0.826-1.816) 0.313
Extrahepatic disease 126
No 77 Reference
Yes 49 0.988 (0.663—1.471) 0.951
With surgery/RFA/MWA/SBRT 126
No 27 Reference
Yes 99 1.177 (0.726—1.906) 0.509
With HAIC/TACE 126
No 23 Reference
Yes 103 0.828 (0.501-1.368) 0.461
Locoregional treatment in second-line treatment 126
No 78 Reference
Yes 48 0.823 (0.545-1.242) 0.353

(Continued)
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Table 4 (Continued).

Characteristics Total(N) Univariate Analysis Multivariate Analysis
Hazard Ratio (95% CI) | P value | Hazard Ratio (95% CI) | P value
Starting dose of Rego 126
80mg 9 Reference
120mg 32 0.651 (0.294-1.444) 0.291
160mg 85 0.624 (0.298-1.309) 0.212

Subgroup analyses were conducted based on different clinical characteristics and treatment choices. The enhancement
in PFS with regorafenib combined with PD-1 inhibitors was sustained across nearly all subgroups, except for those with
BCLC stage B. In patients with BCLC stage B, the preference for local therapies in second-line treatment may account
for the improved PFS observed with second-line monotherapy, despite the lack of significant difference in OS. We
speculate that the choice of this treatment approach may have influenced the observed outcomes. A trend towards longer
OS with regorafenib plus PD-1 compared to regorafenib monotherapy was observed across all subgroups (Figure 3).

Treatment-related adverse events (TRAEs) are shown in Table 5. The incidence of treatment-related adverse events
(TRAEs) was higher in patients treated with regorafenib combined with a PD-1 inhibitor than in those receiving
regorafenib alone (81.25% vs 58.06%, P=0.005). The occurrence of grade 3 or 4 TRAEs was comparable between the
groups (20.31% vs 14.52%, P=0.392). In this cohort, the likelihood of developing pneumonitis and neutropenia was

Subgroup Reg Reg+PD-1 PFS HR(95%CI) P value oS HR(95%CI) P value
Age | '
<65 51 48 ——i z 0.572(0.360 — 0.909)  0.0180 >—0—é-¢ 0.689(0.444 - 1.070)  0.0975
> 65 11 16 —— 0.329(0.108 — 1.000) ~ 0.0500 ~ +—e—— 0.543(0.222 - 1.326)  0.1801
Gender E E
Female 5 10 ————— 0.342(0.100 — 1.164)  0.0859 +—e——7—— 0.439(0.133 — 1.448)  0.1763
Male 57 54 ——i E 0.476(0.298 — 0.758)  0.0018 -—O—eﬁ 0.685(0.450 — 1.042)  0.0769
ECOG ' :
0 2 25 —— 0461(0.228—0.931) 00307  +—e—1i— 0.641(0.340 — 1.209)  0.1695
1 27 30 ——, 0.510(0.276 — 0.945)  0.0325 ——————i 0.847(0.467 — 1.536)  0.5850
2 13 9 b—O—é—| 0.612(0.197 — 1.898)  0.3949 '—O—é1 0.373(0.133 — 1.046)  0.0608
BCLC stage E E
B 14 12 ——L——e—> 1.605(0.595 - 4.328)  0.3501 ——e———— (.776(0.319 — 1.886)  0.5756
C 45 51 ro—i E 0.329(0.202 - 0.535)  <0.01 ——t E 0.557(0.358 = 0.869)  0.0099
AFP ' '
<400 ng/mL 41 38 ——i E 0.445(0.250 — 0.793)  0.0060 '—O—f—ﬂ 0.696(0.417 — 1.160)  0.1638
>400 ng/mL 21 26 ——of 0.507(0.263 - 0.979)  0.0430 —— 0.466(0.243 - 0.893)  0.0213
Child—pugh grade
A 38 37 —e—n 0.618(0.358 — 1.070)  0.0856 —— 0.719(0.428 — 1.209)  0.2138
B 24 27 ——1 E 0.339(0.169 — 0.680)  0.0023 ——i E 0.471(0.255-0.872)  0.0166
Extrahepatic metastasis ' '
No 41 36 ——i E 0.536(0.310 — 0.926)  0.0254 v—O—%—‘ 0.672(0.403 — 1.121) ~ 0.1280
Yes 21 28 ——i 0.445(0.223 - 0.891)  0.0223 ——— 0.634(0.341 - 1.178)  0.1493
Macrovascular invasion E E
No 36 36 —— 0.568(0.320 — 1.008)  0.0533 —— 0.661(0.390 — 1.121) ~ 0.1249
Yes 26 28 — 0.404(0.213 - 0.767)  0.0056 —— 0.671(0372 - 1.211)  0.1851
Locoregional treatment in second—-line treatment ' '
No 36 42 ——i z 0.473(0.276 — 0.812)  0.0066 >—0—;—‘ 0.722(0.444 - 1.175)  0.1900
Yes 26 22 —— 0.526(0.262 — 1.058)  0.0718 —e—i 0.545(0.276 — 1.075)  0.0798
Starting dose of Rego E E
120mg 17 15 —————————> 0.994(0.457 - 2.160)  0.9874 ——e——————1 0.889(0.410 - 1.928)  0.7653
160mg 41 44 ——i E 0.406(0.235 - 0.702)  0.0012 ——1 E 0.520(0.317 — 0.854)  0.0098
0 05 1 1.5 2 0 05 1 1.5 2
— — >
Favours RP Favours R Favours RP Favours R

Figure 3 Presents a univariable Cox regression analysis for subgroups of patients in the Pre-Monotherapy cohort, comparing those treated with regorafenib alone to those
receiving regorafenib combined with a PD-1 inhibitor. Reference, Reg group.
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Table 5 TRAEs
Adverse Events Pre-Monotherapy Pre-Combination Therapy
Regorafenib Regorafenib-PD-1 P value Regorafenib Regorafenib-PD-1 P value
(n=62) % (n=64) % (n=59) % (n=103) %

Overall incidence 36(58.06%) 52(81.25%) 0.005 39(66.10%) 79(76.70%) 0.144
Grade 23 TRAEs 9(14.52%) 13(20.31%) 0.392 14(23.73%) 34(33.01%) 0.213
Hand—foot skin 11(17.74%) 18(28.12%) 0.166 18(30.51%) 39(37.86%) 0.345
reaction

Fatigue 15(24.19%) 18(28.12%) 0.616 17(28.81%) 34(33.01%) 0.580
Hepatotoxicity 27(43.55%) 29(45.31%) 0.842 12(20.34%) 25(24.27%) 0.566
Hypertension 20(32.26%) 26(40.63%) 0.329 24(40.68%) 28(27.18%) 0.077
Diarrhea 14(22.58%) 19(29.69%) 0.364 13(22.03%) 29(28.16%) 0.392
Anorexia 17(27.42%) 23(35.94%) 0.304 16(27.12%) 34(33.01%) 0.435
Nausea 1(1.61%) 3(4.69%) 0.619 3(5.08%) 14(13.59%) 0.113
Hypothyroidism 6(9.68%) 12(18.75%) 0.146 8(13.56%) 22(21.36%) 0.219
Rash 3(4.84%) 5(7.81%) 0.718 7(11.86%) 8(7.77%) 0.387
Proteinuria 6(9.68%) 7(10.94%) 0.816 8(13.56%) 17(16.50%) 0.618
Weight loss 1(1.61%) 3(4.69%) 0.619 3(5.08%) 8(7.77%) 0.747
Neutropenia 10(16.13%) 21(32.81%) 0.030 5(8.47%) 20(19.41%) 0.073
Thrombocytopenia 2(3.23%) 4(6.25%) 0.680 4(6.78%) 14(13.59%) 0.207
Pneumonitis 3(4.84%) 11(17.19%) 0.044 2(3.39%) 11(10.68%) 0.136
Dysphonia 0(0%) 2(3.13%) 0.496 2(3.39%) 8(7.77%) 0.329

Notes: Data are shown in terms of count (percentage). No fatalities were associated with the treatment. TRAEs, treatment-related adverse events;

significantly higher in patients receiving regorafenib combined with PD-1 inhibitors than in those receiving regorafenib
alone.

Combination Therapy Before Regorafenib

In the Pre-Combination therapy cohort, there were no significant differences in PFS, OS, ORR, and DCR between the
groups. The mPFS was 6.3 months (95% CI, 4.8-10.8 months) for the regorafenib group and 9.2 months (95% CI,
7.2—14.7 months) for the Regorafenib-PD-1 group (P=0.062). The median overall survival (mOS) was 13.2 months for
the regorafenib group and 16.2 months for the Regorafenib-PD-1 group (P=0.13) as shown in Figure 2. The objective
response rate (ORR) was 22.33% in the Regorafenib-PD-1 group, marginally higher than the 15.25% observed in the
regorafenib group (P=0.276). In addition, the DCR in the Regorafenib-PD-1 arm was 82.52%, which was also higher
than in the regorafenib arm (82.52%vs.74.58%, P=0.227) (Table 2). Multivariate analysis identified the presence of
ascites (HR=0.617, 95% CI 0.413-0.921, p=0.018) and the use of surgery/RFA/MWA/SBRT in first-line treatment
(HR=0.563, 95% CI 0.378-0.840, p=0.005) as independent prognostic factors for PFS (Supplementary Table S2). In the
multivariate analysis of OS, no independent prognostic factors with statistical significance were identified.

Subgroup analysis in this study cohort demonstrated a notable enhancement in overall survival (OS) for most
subgroups treated with regorafenib and PD-1 inhibitors, except for patients over 65, those with an ECOG performance
status of 2, individuals at BCLC stage B, and those who underwent locoregional treatment as second-line therapy
(Figure 4). This finding may be due to elderly patients and those with poorer health being more prone to adverse events
with long-term combination therapy. Furthermore, patients with BCLC stage B more frequently undergo local treatment
options in second-line therapy, which could explain why the efficacy of regorafenib monotherapy is more pronounced in
these specific subgroups.

During the follow-up, no mortality linked to the treatment was observed. The occurrence of treatment-related adverse
events and serious grade 3/4 reactions was comparable between the regorafenib and Regorafenib-PD-1 groups, with any
grade events at 66.10% versus 76.70% (P=0.144) and grade 3/4 events at 23.73% versus 33.01% (P=0.213) (Table 5).
There was no significant difference in the incidence of any grade or grade 3/4 TRAEs between the two groups. The
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Subgroup Reg Reg+PD-1 PFS HR(95%CI) P value oS HR(95%CI) P value
Age ' '
<65 48 90 H—‘E 0.546(0.353 — 0.843)  0.0064 '-O—l: 0.679(0.460 — 1.001)  0.0507
> 65 11 13 ——e———————> 1.683(0.549 - 5.161)  0.3625 ——e—————— 1.388(0.533-3.613)  0.5015
Gender i E
Female 7 8 ————> 1.014(0.252 — 4.088) 0.9840 +—e———1 0.964(0.308 —3.017)  0.9495
Male 52 95 !-0—; 0.656(0.430 — 0.999)  0.0493 ’-0-51 0.751(0.513 — 1.098)  0.1392
ECOG | '
0 20 34 '_“E_' 0.815(0.400 — 1.658)  0.5718 '—O-E—t 0.812(0.437 — 1.508)  0.5097
1 26 46 o, 0.473(0.264 — 0.848)  0.0119  re—i 0.565(0.330 — 0.967)  0.0375
2 13 23 H:_| 0.854(0.331 —2.207)  0.7451 l—é—'—' 1.209(0.546 — 2.678)  0.6399
BCLC stage i E
B 8 19 ——— 0.532(0.192 — 1.472)  0.2241 H—————e———> 2.644(0.866 — 8.074)  0.0878
C 50 82 H—i—' 0.730(0.467 — 1.140)  0.1667  ve= E 0.564(0.382 - 0.833)  0.0039
AFP ' '
<400 ng/mL 35 67 '-0—': 0.582(0.350 — 0.969)  0.0376 '—O-i—t 0.804(0.506 — 1.278)  0.3563
>400 ng/mL 24 36 —— 0.964(0.499 — 1.864) 09139  +e— 0.698(0.390 — 1.249)  0.2256
Child—pugh grade i E
A 31 54 —— 1.026(0.601 — 1.751)  0.9262 —e— 0.915(0.552 - 1.518)  0.7316
B 28 49 ro—i E 0.378(0.200 — 0.716)  0.0028 '-0—1: 0.594(0.353 - 0.997)  0.0486
Extrahepatic metastasis ' '
No 36 54 l—0~:—| 0.823(0.477 — 1.418)  0.4829 l—O:—| 0.931(0.580 — 1.495)  0.7675
Yes 23 49 ro—i, 0.479(0.261 — 0.880)  0.0177  +e—| 0.568(0.325-0.992)  0.0468
Macrovascular invasion i E
No 34 49 o—i, 0.549(0.317 - 0.950)  0.0323 —— 0.936(0.569 — 1.538)  0.7930
Yes 25 54 '—0:*—1 0.907(0.485 — 1.698)  0.7611 "HE 0.540(0.317 - 0.918)  0.0230
Locoregional treatment in second—-line treatment H '
No 34 50 H—&i 0.629(0.362 - 1.091)  0.0988 "HE 0.528(0.322-0.867)  0.0116
Yes 25 53 i 0.764(0.421 — 1.386)  0.3752 ——i 1.131(0.660 — 1.938)  0.6551
Starting dose of Rego i E
120mg 15 23 —— 1.008(0.417 — 2.434)  0.9865  +—er—1 0.811(0.385—1.705)  0.5800
160mg 38 68 H—é—! 0.717(0.443 — 1.161)  0.1765 H—Eﬂ 0.706(0.452 — 1.103)  0.1257
0 1 2 3 4 0 1 2 3 4
Favours RP Favours R Favours RP Favours R

Figure 4 Presents a univariable Cox regression analysis of subgroups within the Pre-Combination therapy cohort, comparing patients treated with regorafenib monotherapy
to those receiving regorafenib combined with a PD-1 inhibitor. Reference: Reg group.

incidences of any grade and grade 3/4 TRAEs were similar across the groups. In the regorafenib group, the most common
TRAEs of any grade were hypertension (40.68%), hand-foot skin reaction (30.51%), and fatigue (28.81%).

Discussion

This study is the first to classify and evaluate second-line treatments for HCC based on first-line treatment patterns,
thoroughly analyzing the efficacy and safety of regorafenib combined with PD-1 after the failure of different first-line
therapies. Patients were categorized into two cohorts based on first-line treatment regimens: Pre-Monotherapy and Pre-
Combination therapy. The findings indicated that in the Pre-Monotherapy group, combining regorafenib with a PD-1
inhibitor significantly enhanced patient outcomes compared to using regorafenib by itself. However, in the Pre-
Combination therapy cohort, the efficacy of switching to regorafenib and continuing with immunotherapy was compar-
able to that of regorafenib alone. These findings indicate that the effectiveness and safety of second-line combination
regimens can differ greatly based on the initial treatment method, underscoring the need for personalized second-line
strategies in clinical practice tailored to patients’ first-line treatment history and disease characteristics.

Significant clinical benefits were observed in patients from the Pre-Monotherapy cohort who received regorafenib and
PD-1 inhibitors in a second-line treatment setting. This finding further corroborates previous preclinical findings.
Research has demonstrated that regorafenib enhances the recognition and elimination of cancer cells by natural killer
(NK) cells by inhibiting the STAT3 signalling pathway and increasing the expression of NKG2D ligands.'®'® This, in
turn, helps to overcome immunosuppression and boost antitumour immunity. Regorafenib has been shown to decrease
tumor-associated macrophages (TAMs) and shift blood vessel polarization from the tumor-promoting M2 phenotype to
the tumor-inhibiting M1 phenotype.'® Regorafenib enhances the antitumor immune response by promoting CD8+ T cell
growth and activation through its effects on macrophages.’**' Regorafenib stabilizes the tumor immune environment
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by targeting the colony-stimulating factor 1 receptor (CSF1R). This action decreases the number of macrophages that
enter the tumor.*** Our research aligns with prior clinical studies, demonstrating that for patients with disease
progression after sorafenib or lenvatinib treatment, second-line therapy with regorafenib combined with PD-1 inhibitors
is more effective than regorafenib alone. These consistent discoveries further enhance the credibility and reliability of our
research outcomes.**

In patients previously treated with first-line combination immunotherapy, regorafenib combined with PD-1 inhibitors
showed no statistically significant efficacy difference compared to regorafenib alone in the second-line setting, although
the combination therapy exhibited numerical advantages in ORR, DCR, mPFS, and mOS. The absence of notable
differences between the two groups in the Pre-Combination therapy cohort may be partly due to some patients
experiencing first-line therapy failure from T-cell exhaustion instead of TKI resistance, resulting in reduced effectiveness
of PD-1 inhibitor rechallenge. For these patients, combining other agents such as CTLA-4 or TIGIT inhibitors with
regorafenib might potentially enhance therapeutic outcomes. However, these hypotheses require further clinical studies to
validate their efficacy and safety.

Nonetheless, this research has certain limitations. The study’s statistical power is weakened due to the limited number
of included studies and the relatively small sample size. Secondly, all the studies are retrospective, which could result in
selection bias. Future research will involve prospective, interventional studies with larger cohorts to validate the efficacy
and safety of combining regorafenib with PD-1 inhibitors in patients unresponsive to different first-line therapies and
undergoing second-line treatment. We aim to identify prognostic indicators and biomarkers influencing the efficacy of
regorafenib combined with PD-1 treatment in advanced HCC patients, facilitating personalized and precise therapy for
uHCC.

Conclusion

The combination of regorafenib and PD-1 may increase the effectiveness for uHCC patients who have not benefited from
first-line TKI therapy. Administering regorafenib, either alone or with PD-1, as a second-line treatment after progression
from first-line TKI and PD-1 therapy does not significantly affect efficacy. These findings indicate that combining
regorafenib with PD-1 might not provide additional benefits for certain uHCC patient subgroups, influencing second-line

treatment decisions.
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