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Background: Regorafenib is a standard second-line therapy for advanced hepatocellular carcinoma (HCC), but its efficacy as
a monotherapy is limited. Combining regorafenib with immune checkpoint inhibitors (ICIs) may enhance antitumor activity through
synergistic modulation of the tumor microenvironment. This study synthesizes real-world evidence from comparative cohorts by
summarizing arm-level efficacy and safety outcomes reported for regorafenib plus ICIs and for regorafenib monotherapy.

Methods: A systematic search of PubMed, Embase, The Cochrane Library, and Web of Science was conducted up to January 10,
2026, to identify comparative real-world studies. Outcomes were synthesized primarily at the arm level: ORR was pooled as a single-
arm proportion, and mPFS/mOS were summarized using reported medians. Random-effects models and exploratory meta-regression
were used to examine differences in pooled arm-level summaries across cohort types rather than within-study head-to-head
comparative effect estimates.

Results: Six studies involving 921 patients were included. Because adjusted within-study comparative estimates were inconsistently
reported, findings should be interpreted as non-comparative arm-level summaries. In arm-level pooling, cohorts receiving regorafenib
plus ICIs had a higher pooled ORR (0.28, 95% CI: 0.23-0.32) than cohorts receiving regorafenib monotherapy (0.10, 95% CI:
0.06-0.14). The pooled mPFS summary was longer in the combination cohorts (7.34 months; 95% CI: 6.09-8.59) than in the
monotherapy cohorts (3.97 months; 95% CI: 3.16-4.77). The pooled mOS summary was numerically longer with the combination
(16.87 months) versus monotherapy (11.07 months). The incidence of grade >3 adverse events was broadly similar between cohort types.
Conclusion: In this arm-level synthesis of real-world comparative cohorts, regorafenib plus ICIs was associated with numerically
higher pooled response and longer pooled mPFS summaries than regorafenib monotherapy, while severe adverse event incidence
appeared broadly similar across cohort types. Because these results are based on non-comparative pooled arm-level estimates and
heterogeneous observational cohorts, they should be considered hypothesis-generating rather than definitive evidence of superiority.
Prospective comparative trials and well-adjusted real-world analyses are needed to clarify comparative effectiveness and identify
patients most likely to benefit.

Registration: PROSPERO CRD 420261290236.
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Introduction

Primary liver cancer ranks among the most common malignancies and is a leading cause of cancer-related mortality
worldwide, imposing a substantial global health burden.! Hepatocellular carcinoma (HCC) accounts for the majority of
primary liver cancer cases. Due to its characteristically insidious onset, a substantial proportion of patients present at an
advanced stage, precluding potentially curative interventions such as surgical resection or liver transplantation.” For these
patients, systemic therapy remains central to disease management.’

After progression on first-line systemic therapy, the oral multikinase inhibitor regorafenib is a guideline-endorsed and
widely used second-line option, particularly for patients who progressed on sorafenib and tolerated prior sorafenib.* Its
approval was supported by the Phase III RESORCE trial, which demonstrated a statistically significant improvement in
median overall survival (mOS) with regorafenib compared with placebo (10.6 vs 7.8 months).* However, regorafenib
monotherapy yields modest tumor shrinkage in many patients, as reflected by relatively low objective response rates
(ORR), underscoring an unmet need for strategies capable of achieving deeper and more durable responses.*

In recent years, the treatment landscape of HCC has been reshaped by immune checkpoint inhibitors (ICIs). In the
first-line setting, combinations of anti-angiogenic agents and ICIs—such as atezolizumab plus bevacizumab
(IMbravel50) and camrelizumab plus rivoceranib (CARES-310)—have demonstrated improved efficacy compared
with sorafenib, supporting the clinical relevance of immunotherapy—antiangiogenic synergy.®’ Meanwhile, the biological
heterogeneity of HCC and the continual identification of prognostic and potentially actionable molecular features
underscore the need to optimize systemic strategies across different patient subsets.® '° Mechanistically, regorafenib
has been proposed to exert immunomodulatory effects through the inhibition of angiogenic and immune-related signaling
pathways, such as vascular endothelial growth factor receptor (VEGFR) and colony-stimulating factor 1 receptor
(CSFIR). This inhibition may help alleviate an immunosuppressive tumor microenvironment and potentially enhance
the activity of programmed cell death-1 (PD-1) blockade.'' On this basis, regorafenib combined with ICIs has been
increasingly explored and adopted in real-world practice.

Nevertheless, the premise that adding ICIs to tyrosine kinase inhibitors (TKIs) consistently translates into a survival
benefit has been questioned by high-level evidence. Notably, the phase III LEAP-002 trial evaluating lenvatinib plus
pembrolizumab versus lenvatinib alone in the first-line setting did not meet its primary endpoints for overall survival,
despite a strong biological rationale for combination therapy.'> Although LEAP-002 involved a different TKI and
treatment line than regorafenib-based second-line therapy, it highlights that a strong mechanistic rationale for combina-
tion therapy may not necessarily translate into incremental survival gains in unselected populations.'? Therefore,
synthesizing real-world comparative evidence is crucial to characterize whether cohorts treated with regorafenib plus
PD-1 inhibitors show more favorable outcomes than cohorts treated with regorafenib alone in later-line HCC, and to
describe any differences in toxicity; however, causal inference may be limited when adjusted within-study comparative
effect estimates are not consistently reported.

To date, definitive evidence from large-scale randomized controlled trials (RCTs) directly comparing regorafenib plus
ICISs versus regorafenib monotherapy is lacking. While several real-world comparative studies have addressed this clinical
question, individual reports are often limited by small sample sizes and fragmentation. Accordingly, we conducted
a systematic review and arm-level meta-analysis of real-world comparative studies to synthesize evidence on efficacy
and safety outcomes in cohorts treated with regorafenib plus ICIs versus regorafenib monotherapy in advanced HCC, with

the aim of informing second-line treatment strategies and identifying priorities for future prospective research.

Methods

Protocol and Registration
This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement. The protocol was registered in PROSPERO (CRD 420261290236).
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Search Strategy

To identify relevant studies, we conducted a comprehensive search of PubMed, Embase, the Cochrane Library, and Web of
Science from database inception to January 10, 2026. The search strategy combined Medical Subject Headings (MeSH)
terms and free-text keywords and was built around the following core concepts: (“Liver Neoplasms” OR “Hepatocellular
Carcinoma” OR “HCC” OR “Liver Cancer”) AND (“Regorafenib”) AND (“Immune Checkpoint Inhibitors” OR
“Immunotherapy” OR “PD-1” OR “PD-L1” OR ‘“Programmed Cell Death 1 Receptor” OR ‘“Nivolumab” OR
“Pembrolizumab” OR “Camrelizumab” OR “Sintilimab” OR “Tislelizumab” OR “Toripalimab” OR “Atezolizumab™).
Reference lists of included studies and relevant reviews were also screened. Only publications written in English were
considered. Full electronic search strategies for all databases are provided in the Supplementary Appendix.

Eligibility Criteria
Study inclusion criteria were established based on the PICOS framework. Population (P): adult patients (=18 years) with
histologically or radiologically confirmed advanced HCC who had progressed on or were intolerant to first-line systemic
therapy. Intervention (I): regorafenib combined with ICIs as second-line treatment. Comparator (C): regorafenib mono-
therapy as second-line treatment. Outcomes (O): the study reported at least one of the following efficacy or safety
outcomes for each treatment cohort: mOS, median progression-free survival (mPFS), ORR, and/or adverse events (AEs).
Because real-world comparative studies frequently differ in follow-up duration and do not uniformly report time-to-event
effect measures, we did not require identical follow-up lengths or complete reporting of all endpoints as eligibility
criteria. From a statistical standpoint, excluding studies solely on the basis of varying follow-up duration would introduce
selection bias by systematically omitting shorter-duration or earlier-published cohorts, thereby reducing sample size and
potentially distorting pooled estimates. Instead, studies were included if arm-level outcome data were available for both
cohorts for at least one prespecified endpoint, and each endpoint was synthesized using only studies that reported that
endpoint for both cohorts. This endpoint-specific inclusion strategy preserves statistical power for each outcome while
maintaining transparency; between-study variability in follow-up is addressed through random-effects models and
reported as part of the heterogeneity assessment.

Exclusion criteria included: (1) studies with insufficient data to extract outcomes at the cohort/arm level for both
treatment strategies (ie, data were unavailable for one cohort); (2) single-arm studies lacking a control group; (3) reviews,
meta-analyses, case reports, editorials, letters, and conference abstracts without full text; and (4) animal or in vitro studies.

Study Selection

Two reviewers independently screened titles and abstracts and then assessed full texts for eligibility. Discrepancies were
resolved by discussion; if consensus could not be reached, a third reviewer adjudicated. The study selection process was
documented using a PRISMA flow diagram.

Data Extraction

Data extraction was independently performed by two reviewers using a standardized electronic form. Extracted variables
included first author, publication year, region, study design, sample size, baseline patient characteristics, follow-up
information (eg, median follow-up time and/or data cutoff when reported), and outcomes of interest. Outcome data were
extracted separately for each treatment cohort/arm (regorafenib plus ICIs and regorafenib monotherapy), including ORR
(events/total), reported mPFS/mOS (and 95% CIs when available), and AEs incidence. When follow-up duration was
reported, it was recorded to support interpretation of time-to-event summaries and between-study heterogeneity rather
than used as an exclusion criterion. For safety outcomes, the incidence of all-grade and grade >3 AEs was extracted;
when available, we recorded whether AEs were reported as treatment-related or all-cause and used the definitions
provided by the original studies.
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Risk of Bias (Quality) Assessment

The methodological quality of included observational studies was assessed using the Newcastle-Ottawa Scale (NOS).
Two reviewers independently performed the assessment, and disagreements were resolved by consensus or third-reviewer
adjudication. Studies were categorized a priori as higher quality (7-9), moderate quality (4—6), or lower quality (0-3)
according to NOS scores.

Statistical Analysis

All statistical analyses were conducted primarily using STATA version 14.0 (StataCorp LP, College Station, TX, USA),
with sensitivity analyses performed in R version 4.5.0 (R Foundation for Statistical Computing, Vienna, Austria) using
the “meta” package (version 8.2.1). Because most included real-world comparative studies did not report adjusted within-
study comparative effect estimates, the primary quantitative synthesis was conducted at the arm level. Specifically, ORR
and AEs incidence were pooled as single-arm proportions using random-effects models, and mPFS/mOS were summar-
ized using reported medians with corresponding 95% ClIs where available, separately by treatment strategy. Time-to-
event endpoints were not synthesized as comparative effect sizes (eg, hazard ratios) because such measures were
inconsistently reported and could not be derived reliably from published arm-level medians. We anticipated variability
in follow-up duration across real-world cohorts; therefore, each endpoint was analyzed using an endpoint-specific set of
studies that reported that endpoint for both cohorts, rather than excluding studies solely due to differences in follow-up.
This approach prioritizes transparency and minimizes selective exclusion, but it also requires cautious interpretation
because pooled medians do not account for censoring patterns, maturity of follow-up, or differences in assessment
schedules across studies. Differences between strategies were explored using random-effects meta-regression with
treatment strategy as a moderator; these exploratory analyses evaluate differences in pooled arm-level summaries across
cohorts and do not constitute within-study head-to-head effect estimates. Heterogeneity was assessed using Cochran’s
Q test and the I statistic (substantial heterogeneity defined as I > 50% or P < 0.10). Random-effects models were used
to account for between-study clinical and methodological variability in real-world data. Sensitivity analyses were
conducted using leave-one-out influence analyses by sequentially omitting one study at a time (R, “meta”: metainf).
For endpoints where a summary estimate and 95% CI were available, standard errors were approximated from the
reported 95% CI using (U—L)/(2x1.96), and random-effects models were refitted as a robustness check. The possibility of
publication bias was assessed using Begg’s and Egger’s tests.

Results

Study Selection

A systematic search of four databases yielded 2126 records (PubMed, n = 257; Embase, n = 1457; Cochrane Library, n =
40; Web of Science, n = 372). After removing 246 duplicates, 1880 records underwent title/abstract screening, and 35
articles were assessed in full text. Six real-world comparative studies involving 921 patients met the eligibility criteria
and were included in the quantitative synthesis.>'>"'” The study selection process is presented in Figure 1, and the main
characteristics of included studies are summarized in Table 1.

Quality Assessment
Methodological quality was assessed using the Newcastle-Ottawa Scale (NOS). Overall, the included studies were of
moderate quality, with typical limitations inherent to observational designs. Detailed NOS scores are provided in Table 2.

Tumor Response

Tumor response was assessed using mRECIST, in accordance with the eligibility criteria. In the arm-level pooled
analysis, cohorts receiving the combination strategy reported a higher ORR than cohorts receiving regorafenib mono-
therapy. The pooled ORR was 0.28 (95% CI: 0.23-0.32; I = 6.4%) for regorafenib plus ICIs, versus 0.10 (95% CI:
0.06-0.14; I? = 41.6%) for regorafenib monotherapy (Figure 2). In arm-level random-effects meta-regression, treatment
strategy was a significant moderator of the pooled arm-level ORR summaries across cohorts (P = 0.001). This finding
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Figure | PRISMA 2020 flow diagram of study identification, screening, eligibility assessment, and inclusion for the systematic review and meta-analysis.

indicates a difference in aggregated arm-level response summaries between cohort types, but it does not represent
a within-study head-to-head treatment effect and may be confounded by between-study differences in patient selection

and baseline characteristics.

Survival Outcomes
Survival outcomes were summarized using the pooled mPFS and mOS. Regarding mPFS, the pooled median was 7.34
months (95% CI: 6.09-8.59; I* = 79.6%) in the combination cohorts, versus 3.97 months (95% CI: 3.16-4.77; I =
87.0%) in the monotherapy cohorts (Figure 3). Meta-regression suggested that treatment strategy was associated with
differences in pooled arm-level mPFS summaries across cohorts (P = 0.030), which should be interpreted cautiously
because this is not a within-study comparative estimate and may reflect between-study and between-cohort confounding.
For mOS, the pooled median was 16.87 months (95% CI: 14.70-19.03) in the combination cohorts and 11.07 months
(95% CI: 10.01-12.13) in the monotherapy cohorts (Figure 4). In meta-regression, the difference in pooled mOS
summaries was not statistically significant (P = 0.524). The interpretation of pooled medians is limited by substantial
heterogeneity, potential confounding (including post-progression therapies), and reduced statistical power relative to

analyses based on time-to-event comparative measures.

Safety Outcomes

For all-grade AEs, the pooled incidence was 0.83 (95% CI: 0.79-0.87) in the combination cohorts and 0.82 (95% CI:
0.78-0.86) in the monotherapy cohorts (Figure 5), with low heterogeneity. Meta-regression did not identify a statistically
significant difference in pooled all-grade AEs incidence between strategies (P = 0.571).
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Table | The Baseline Characteristics of the Studies Included in the Meta-Analysis

First Region | Study Design | Treatment Treatment Total Safety Regorafenib PD-1 Follow- mPFS mOS ORR (%) DCR (%) Grade
Author, 1 2 Sample Population Dosage Inhibitor Up (Months) (months) >3 AEs
Year Size (n) Dosage (Median) (%)
Yan Li, China Retrospective, TACE TACE 188 (128 128 (after 80-160 mg/day 200 mg/ No specific | 6.5 (TRP)/4.6 | 15.8 (TRP)/ 32.8 (TRP)/ 71.9 (TRP)/ 12.5
2025" multicenter +regorafenib | +regorafenib after PSM) (3 weeks on/l week | 3 weeks value (final (TR) 12.1 (TR) 17.2 (TR) 51.6 (TR) (TRP)/
+PD-1 (TR) PSM) off) follow-up 15.6
inhibitors Feb 2025) (TR)
(TRP)
Jingjun China Retrospective, Regorafenib Regorafenib 113 113 Initial 120 mg/day, 200 mg/ 12.8 (trial 5.6/4.0 13.4/9.9 36.2/16.4 74.1/56.4 39.7/
Huang, multicenter +sintilimab alone adjustable to 80/ 3 weeks group)/8.3 309
2022° 160 mg/day (3 weeks (control
on/l week off) group)
Liang China Retrospective, Regorafenib Regorafenib 208 (165 165 (after 80-160 mg/day Per standard 13.5 (trial 79132 25.6/16.4 24.3/10.3 79.4/50.0 23.8/
Qiao, multicenter +ICI alone after PSM) (3 weeks on/l week | instructions group)/14.8 20.0
20247 PSM) off) (eg, 200 mg/ (control
3 weeks) group)
Huagqiang China Retrospective, Regorafenib Regorafenib 46 46 80/120/160 mg/day No uniform No specific 11.5/5.1 16.8/11.5 21.7/8.7 47.8/32.6 No
Bi, 2024'3 single-center +PD-1 alone dose specified | value reported
inhibitors (follow-up
to Jul 2021)
Weihong China Retrospective, Regorafenib Regorafenib 288 288 80-160 mg/day Per standard No specific 10.5/4.7 18.9/14.0 29.69/4.84 89.06/67.74 2031/
Ma, multicenter +PD-1 alone (3 weeks on/l week | instructions value (final (Pre- (Pre- (Pre- (Pre- 14.52
2025'¢ inhibitors off) (eg, 200 mg/ follow-up Monotherapy | Monotherapy | Monotherapy | Monotherapy
3 weeks) Jan 2025) cohort) cohort) cohort) cohort)
Kan Liu, China Retrospective, Regorafenib Regorafenib 78 78 80-160 mg/day 200 mg/ No specific | 5.9/3.0 12.9/10.3 18.8/10.0 66.7/43.3 22.9/
2022'* single-center +PD-1 alone (3 weeks on/l week 3 weeks (eg, value 233
inhibitors off) camrelizumab) | (cutoff
Mar 2022)

Note: Wording such as “No specific value/No reported/No” in the table indicates not reported.

e 32 Ny

61:9707 Adeaay ) pue s193ue| 0OUQ

Abbreviations: AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events; DCR, disease control rate; ICl, immune checkpoint inhibitor; mOS, median overall survival; mPFS, median progression-free survival; ORR,
objective response rate; PD-1, programmed cell death |; PSM, propensity score matching; TACE, transarterial chemoembolization; TRP, TACE + regorafenib + PD-1 inhibitor; TR, TACE + regorafenib; NR, not reported.
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Table 2 Quality Assessment of the Studies Included in
(Newcastle-Ottawa Scale)

the Meta-Analysis

Study Ql | Q2| Q3 | Q4

Yan Li, 2025'* I I I I
Jingjun Huang, 2022° | 1 I I |
Liang Qiao, 2024'7 I I I I
Huagiang Bi, 2024 | | I I I
Weihong Ma, 2025'¢ | | I I |
Kan Liu, 2022'° I I I I

Q6 | Q7 | Q8 | Total

N N ONDNMNNDN

O VO NV VUV

For grade >3 AEs, the pooled incidence was 0.23 (95% CI: 0.15-0.30; I = 30.0%) in the combination cohorts and
0.19 (95% CI: 0.14-0.24) in the monotherapy cohorts (Figure 6). Meta-regression did not identify a statistically
significant difference in pooled grade >3 AEs incidence (P = 0.637). These results suggest that, at the level of pooled
arm-level summaries, severe AEs incidence was broadly similar between cohort types.

Effect % Effect %
study (95% Cl) Weight study (95% Cl) Weight
Yan Li, 2025 —?—0— 0.33(0.22,0.46) 14.44 Yan Li, 2025 “—‘— 0.17 (0.09, 0.29) 13.63
Jingjun Huang, 2022 3—0— 0.35(0.23,0.49) 12.55 Jingjun Huang, 2022 3—0— 0.16 (0.08,0.28) 12.78
Liang Qiao, 2024 _._ 0.24 (0.15,0.35) 21.71 Liang Qiao, 2024 —4— 0.10 (0.04, 0.18) 20.62
Huagiang Bi, 2024 —.— 0.22 (0.07,0.44)  6.60 Huagiang Bi, 2024 —.— 0.09 (0.01,0.28) 8.59
Weihong Ma, 2025 —:;'0— 0.30 (0.23,0.38) 32.19 Weihong Ma, 2025 —°—§ 0.05 (0.02, 0.10) 32.14
Kan Liu, 2022 —O—é— 0.18 (0.08, 0.34) 12.51 Kan Liu, 2022 —:5— 0.10 (0.03,0.24) 12.24
Overall, DL (I2 = 6.4%, p = 0.375) <> 0.28 (0.23, 0.32) 100.00 Overall, DL (I2 = 41.6%, p = 0.128) <> 0.10 (0.06, 0.14) 100.00

T T T T
-5 0 5 -2 0 2

NOTE: Weights are from random-effects model NOTE: Weights are from random-effects model

Figure 2 Forest plot of objective response rate (ORR) synthesized via arm-level pooling of single-arm proportions. The plot displays pooled estimates for (A) regorafenib
plus immune checkpoint inhibitors (ICls) and (B) regorafenib monotherapy.

A B

Effect % Effect %
study (95% Cl) Weight study (95% Cl) Weight
Yan Li, 2025 —‘:?— 0.72 (0.59, 0.82) 17.30 Yan Li, 2025 —*:— 0.52(0.39, 0.64) 17.21
Jingjun Huang, 2022 —4:— 0.74 (0.60, 0.84) 16.96 Jingjun Huang, 2022 —:‘— 0.57 (0.43,0.70) 16.65
Liang Qiao, 2024 —3’— 0.80 (0.69, 0.88) 18.97 Liang Qiao, 2024 _“v:_ 0.50 (0.39, 0.61) 18.32
Huagiang Bi, 2024 — 0.48 (0.27,0.69) 11.06 Huagiang Bi, 2024 —O—v 0.30 (0.13,0.53) 12.44
Weihong Ma, 2025 “#  0.89(0.83,0.94) 21.19 Weihong Ma, 2025 —— 0.68 (0.60, 0.76) 20.66
Kan Liu, 2022 —‘-ir— 0.67 (0.50, 0.81) 14.52 Kan Liu, 2022 —‘—vi— 0.44 (0.28,0.60) 14.72
Overall, DL (I? = 79.6%, p < 0.001) <> 0.74 (0.64, 0.84) 100.00 Overall, DL (I? = 73.8%, p = 0.002) <> 0.52 (0.42, 0.62) 100.00

T T T T
-1 0 1 -1 0 1

NOTE: Weights are from random-effects model

NOTE: Weights are from random-effects model

Figure 3 Forest plot summarizing median progression-free survival (mPFS) reported in included real-world studies for (A) regorafenib plus ICls and (B) regorafenib

monotherapy.
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A

study

Yan Li, 2025

Jingjun Huang, 2022
Liang Qiao, 2024
Huagiang Bi, 2024
Kan Liu, 2022

Overall, DL ( = 74.9%, p = 0.003)

Effect %
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16.80 (14.10, 19.50) 19.08
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16.87 (14.70, 19.03) 100.00

NOTE: Weights are from random-effects model

study

Yan Li, 2025

Jingjun Huang, 2022

Liang Qiao, 2024

Huagiang Bi, 2024

Kan Liu, 2022

Overall, DL (I? = 57.8%, p = 0.050)

Effect %

(95% CI) Weight

11.30 (9.60, 13.00)  18.64

10.90 (9.10, 12.70)  17.62

12.70 (10.80, 14.60) 16.65

11.50 (9.80, 13.20)  18.64

9.80 (8.90, 10.70) 28.45

11.07 (10.01, 12.13) 100.00

NOTE: Weights are from random-effects model

3
il
N
0
T
10

Figure 4 Forest plot summarizing median overall survival (mOS) reported in included real-world studies for (A) regorafenib plus ICls and (B) regorafenib monotherapy.
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oba bbby

Effect %
(95% Cl) Weight
0.86 (0.75,0.93) 17.71
0.82(0.70,0.91) 13.37
0.83(0.73,0.90) 20.38
0.83(0.61,0.95) 5.23
0.82(0.75,0.88) 34.46
0.82(0.66,0.92) 8.85

0.83 (0.79, 0.87) 100.00

B
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Yan Li, 2025

Jingjun Huang, 2022
Liang Qiao, 2024
Huagiang Bi, 2024
Weihong Ma, 2025
Kan Liu, 2022

Overall, DL (1> = 0.0%, p = 1.000)

bbb

Effect %
(95% Cl) Weight
0.83(0.71,0.91) 16.28
0.82(0.70,0.91) 13.78
0.80 (0.70, 0.88) 19.30
0.83(0.61,0.95) 5.56
0.81(0.74,0.87) 35.66
0.82(0.66,0.92) 9.41

0.82(0.78, 0.86) 100.00

T
-1
NOTE: Weights are from random-effects model

T
-1

NOTE: Weights are from random-effects model

Figure 5 Forest plot of all-grade adverse events (AEs) pooled as single-arm proportions for (A) regorafenib plus ICls and (B) regorafenib monotherapy.
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Figure 6 Forest plot of grade 23 adverse events (AEs) pooled as single-arm proportions for (A) regorafenib plus ICls and (B) regorafenib monotherapy.
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Sensitivity Analysis
Leave-one-out influence analyses suggested that the pooled arm-level summaries for ORR, mPFS, mOS, and AEs
incidence were not materially altered by sequential omission of any single study (Supplemental Figure 1), indicating that

the overall pooled patterns were not driven by one individual study.

Publication Bias

Publication bias and small-study effects were assessed using Begg’s rank correlation test and Egger’s linear regression
test. For ORR, no evidence of small-study effects was observed (Begg’s P = 0.45; Egger’s P = 0.17). For mPFS, Begg’s
test was not significant (Begg’s P = 1.00), whereas Egger’s test suggested potential small-study effects (Egger’s P =
0.03). Given the limited number of included studies and the substantial clinical and methodological heterogeneity
inherent to real-world cohorts, these tests should be interpreted cautiously and do not necessarily indicate true publication
bias. For mOS, no significant asymmetry was detected (Begg’s P = 1.00; Egger’s P = 0.47). For safety outcomes, no
evidence of publication bias was found for all-grade AEs (Begg’s P = 1.00; Egger’s P = 0.94) or grade >3 AEs (Begg’s
P =1.00; Egger’s P = 0.94).

Discussion

Regorafenib is a guideline-endorsed second-line option for advanced HCC after failure of first-line systemic therapy,
supported by the phase III RESORCE trial demonstrating a survival benefit versus placebo in sorafenib-experienced
patients.* However, objective responses to regorafenib monotherapy are generally infrequent, and the depth of tumor
shrinkage is often modest, providing the clinical rationale for evaluating combination approaches in the second-line

1 . .
618 randomized evidence also

setting. Although antiangiogenic TKI-ICI combinations have reshaped first-line therapy,
indicates that increased early antitumor activity does not invariably translate into improved OS. For example, LEAP-002
showed that lenvatinib plus pembrolizumab did not significantly improve OS compared with lenvatinib alone despite
promising earlier-phase signals.'? In the context of increasing heterogeneity in first-line regimens and subsequent
treatment pathways, clarifying how regorafenib combined with PD-1/PD-L1 blockade performs relative to regorafenib
alone in routine practice remains clinically relevant. Real-world comparative cohorts have emerged, but they are
heterogeneous in design, patient selection, and outcome reporting; therefore, synthesizing available evidence may help
contextualize expected cohort-level outcomes while awaiting more definitive prospective data.

Across six real-world comparative studies, our arm-level pooled summaries revealed a consistent pattern of numerically
higher pooled ORR and longer pooled mPFS summaries in cohorts treated with regorafenib plus ICIs compared with those
treated with regorafenib monotherapy. These findings, however, are non-comparative arm-level estimates and should not be
interpreted as definitive evidence of superiority. The direction of these aggregated patterns is nonetheless broadly consistent
with individual observational reports suggesting improved response and PFS with regorafenib—ICI combinations in certain
settings. Response assessment in advanced HCC is sensitive to the choice of criteria and imaging schedules; the use of
mRECIST—which emphasizes changes in viable tumor following antiangiogenic therapy—is therefore relevant when
interpreting ORR and disease control patterns across cohorts. Notably, heterogeneity for ORR in the combination cohorts
was low, suggesting that the response signal in aggregated real-world cohorts may be comparatively consistent across
settings despite variation in ICI agents, regorafenib starting doses, and local practice patterns.

The observed ORR and PFS patterns are biologically plausible. Regorafenib has immunomodulatory properties and
may influence the tumor microenvironment through vascular normalization and immune regulation.'® Inhibition of
VEGFR signaling may reduce hypoxia and improve immune cell trafficking, potentially facilitating CD8+ T-cell
infiltration and responsiveness to PD-1 blockade.'”?° Regorafenib has also been reported to modulate tumor-
associated macrophages via inhibition of the p38 kinase/Crebl/KIf4 axis, shifting polarization from an M2-like
immunosuppressive phenotype toward an MIl-like antitumor phenotype.21 These mechanisms provide a biological
rationale for why regorafenib combined with PD-1/PD-L1 blockade could be associated with improved tumor control
in observational cohorts; however, arm-level pooled estimates cannot establish a causal treatment effect.

Despite more favorable pooled ORR and pooled mPFS summaries, a statistically significant difference in pooled
mOS summaries was not observed, although mOS was numerically longer in the combination cohorts. Several factors

OncoTargets and Therapy 2026:19 htps: 9


https://www.dovepress.com/article/supplementary_file/606160/606160%20Revised%20Supplementary%20Material.docx

Yu et al

may explain this divergence. First, OS in advanced HCC is strongly influenced by post-progression therapies, liver
function deterioration, and competing risks related to cirrhosis, as illustrated by trials such as LEAP-002'? and
COSMIC-312.** Second, pooling reported medians does not account for censoring patterns and follow-up duration
in the way time-to-event comparative measures (eg, hazard ratios) do, limiting sensitivity for detecting OS differences.
Third, baseline differences across cohorts—such as liver function, tumor burden, and first-line treatment history—may
confound both PFS and 0S.> In addition, the evolving landscape of HCC treatment has introduced multiple second-
line therapeutic regimens. Given the relatively low ORR of regorafenib monotherapy, many clinicians in real-world
practice combine regorafenib with ICI therapy in the second-line setting to improve efficacy.>* Furthermore, as
alternative options expand, some clinicians utilize ICI rechallenge in combination with other TKIs, such as lenvatinib.
A recent comprehensive narrative review highlighted that ICI rechallenge represents a rational and feasible therapeutic
strategy, demonstrating notable antitumor activity and an acceptable safety profile for selected HCC patients,
particularly those with preserved liver function and lower tumor burden.”” Emerging observational data also suggest
that the incremental value of adding (or reintroducing) PD-1 blockade in the second line with regorafenib may depend
heavily on prior ICI exposure. In Ma et al,'® regorafenib plus PD-1 was associated with more favorable outcomes after
failure of first-line TKI monotherapy, whereas no clear benefit was observed among patients progressing after first-line
TKI plus PD-1 therapy. This pattern underscores the importance of stratifying or adjusting for prior immunotherapy
exposure when interpreting second-line outcomes and is consistent with concepts such as primary resistance and T-cell
dysfunction/exhaustion in some contexts.”® Accordingly, patient selection based on prior therapy, and the careful
weighing of regorafenib-based combinations versus ICI rechallenge strategies, remains central when interpreting real-
world survival summaries.

From a safety perspective, pooled arm-level summaries suggested broadly similar incidences of grade >3 AEs
between combination and monotherapy cohorts. Regorafenib-related toxicities, including hand—foot skin reaction,
hypertension, and fatigue, are well characterized.* While immune-related adverse events (irAEs) such as rash, thyroid
dysfunction, and hepatitis may occur with ICIs, they are often manageable with established monitoring and treatment
algorithms; however, retrospective datasets may under-ascertain low-grade events and may inconsistently report attribu-
tion (treatment-related vs all-cause). Moreover, the safety implications of sequential or repeated ICI exposure in later-line
settings warrant continued monitoring in real-world practice.’”*® Overall, our findings suggest that, in the included
cohorts, combining ICIs with regorafenib did not appear to be associated with a marked increase in severe toxicity at the
level of aggregated incidence estimates, although causal inferences cannot be made.

Limitations

Several limitations should be acknowledged. First, the quantitative synthesis was conducted at the arm level because
comparative within-study effect estimates were inconsistently reported. Consequently, the pooled results and meta-
regression findings should be interpreted as comparisons of aggregated cohort-level outcome summaries rather than as
definitive within-study comparative treatment effects. Second, the observational design of the included studies introduces
selection bias and residual confounding that may not be fully addressed even in studies using matching or multivariable
adjustment. Third, there was substantial clinical heterogeneity, including variation in the specific PD-1 inhibitors used,
regorafenib starting doses and dose modifications, and use of concomitant or sequential locoregional therapies in some
cohorts; these factors reflect real-world complexity but limit attribution of outcomes to a single standardized regimen. In
addition, follow-up duration and outcome reporting were not uniform across studies; for time-to-event endpoints, pooled
medians may be influenced by censoring patterns and the maturity of follow-up, which may contribute to heterogeneity
and limit cross-cohort interpretability. Finally, all included studies were conducted in China, where HBV is
a predominant etiology. As etiologic differences may influence tumor biology and immune contexture, generalizability
to non-Asian populations and to non-viral or MASLD-related HCC should be considered cautiously.

Conclusions
In this arm-level synthesis of real-world comparative cohorts, regorafenib plus ICIs was associated with numerically
higher pooled ORR and longer pooled mPFS summaries than regorafenib monotherapy, while pooled mOS summaries
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did not differ significantly and severe AEs incidence was broadly similar between cohort types. These estimates are non-
comparative and reflect aggregated arm-level data from heterogeneous observational studies; they should be regarded as
hypothesis-generating rather than evidence of superiority. Comparative effectiveness conclusions are further limited by
residual confounding, variable follow-up, and inconsistent within-study effect reporting.
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