
OR I G I N A L R E S E A R C H

Regorafenib Combined with PD-1 Blockade
Immunotherapy versus Regorafenib as Second-Line
Treatment for Advanced Hepatocellular Carcinoma:
A Multicenter Retrospective Study
Jingjun Huang 1,*, Yongjian Guo1,*, Wensou Huang 1,*, Xiaotao Hong2, Yi Quan3, Liteng Lin1,
Jingwen Zhou1, Licong Liang1, Yaqin Zhang4, Juan Zhou5, Mingyue Cai1, Kangshun Zhu 1

1Department of Minimally Invasive Interventional Radiology, The Second Affiliated Hospital of Guangzhou Medical University, Guangzhou City,
Guangdong Province, People’s Republic of China; 2Department of Interventional Medical Center, Jieyang People’s Hospital, Jieyang City, Guangdong
Province, People’s Republic of China; 3Department of Oncology Medical Center, The First People’s Hospital of Zhaoqing, Zhaoqing City, Guangdong
Province, People’s Republic of China; 4Department of Radiology, The Fifth Affiliated Hospital of Sun Yat-Sen University, Zhuhai City, Guangdong
Province, People’s Republic of China; 5Department of Pharmacy, The Second Affiliated Hospital of Guangzhou Medical University, Guangzhou City,
Guangdong Province, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Kangshun Zhu; Mingyue Cai, Department of Minimally Invasive Interventional Radiology, the Second Affiliated Hospital of
Guangzhou Medical University, 250 East Changgang Road, Guangzhou City, Guangdong, 510260, People’s Republic of China, Tel +86-20-34156205,
Fax +86-20-34153709, Email zhksh010@163.com; cai020@yeah.net

Purpose: To evaluate the safety and efficacy of regorafenib combined with anti-PD-1 antibody sintilimab (rego-sintilimab) as a
second-line treatment for advanced hepatocellular carcinoma (HCC).
Methods: This multicenter retrospective study evaluated consecutive patients with advanced HCC who received rego-sintilimab
(rego-sintilimab group) or regorafenib alone (regorafenib group) as a second-line treatment from January 2019 to December 2020.
Adverse events, objective response rate (ORR), progression-free survival (PFS), and overall survival (OS) were compared between the
two groups. Uni- and multi-variable analyses of prognostic factors for OS and PFS were performed using Cox proportional hazard
regression models.
Results: In total, 113 patients were included in the study: 58 received rego-sintilimab and 55 received regorafenib. The rego-sintilimab
group had higher ORR (36.2% vs 16.4%, P = 0.017), longer PFS (median 5.6 vs 4.0 months; P = 0.045), and better OS (median 13.4 vs 9.9
months; P = 0.023) than the regorafenib group. Regorafenib alone, Child-Pugh B, and neutrophil-to-lymphocyte ratio (NLR) > 3.6 were
independent prognostic factors for poor OS. Regorafenib alone, α-fetoprotein level, and NLR > 3.6 were independent prognostic factors for
poor PFS. Subgroup analyses showed a survival benefit of rego-sintilimab in patients with NLR ≤ 3.6 (hazard ratio 0.518 [95% CI, 0.257–
0.955]) but not in those with NLR > 3.6 (0.852 [0.461–1.572]); P = 0.002 for interaction. The difference in incidence of grade 3/4 adverse
events between the two groups was not statistically significant (39.7% vs 30.9%; P = 0.331).
Conclusion: Rego-sintilimab was tolerated and led to better OS than regorafenib as a second-line treatment for advanced HCC
patients, especially in those with NLR ≤ 3.6.
Keywords: liver cancer, regorafenib, anti-PD-1 antibody, second-line treatment, overall survival, neutrophil-to-lymphocyte ratio

Introduction
Despite recent improvements in surveillance programs, 50–75% of patients with hepatocellular carcinoma (HCC) are
diagnosed at an advanced stage.1 Multi-kinase inhibitor sorafenib and lenvatinib are the first-line treatments for advanced
HCC, as recommended by updated Barcelona Clinical Liver cancer (BCLC) treatment algorithms.1 However, these two
drugs only result in a median progression-free survival (PFS) of 3.7–7.3 months,2,3 and a second-line treatment is needed
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after disease progression. Multi-kinase inhibitor regorafenib,4 cabozantinib,5 and VEGFR-2 inhibitor ramucirumab6 are
appropriate for pretreated patients with advanced HCC. Nonetheless, these second-line treatments only result in an
objective response rate (ORR) of 4–11% and a median overall survival (OS) of 8.5–10.6 months versus a median OS of
7.3–8.0 months for patients treated with placebo. Among the current standard second-line HCC therapies, regorafenib
appears to be the best choice in terms of OS.7 However, given the low ORR and modest improvement in OS, a more
effective second-line treatment is needed.

Immunotherapy with anti-programmed death-1 (PD-1) antibody is a possible second-line option. Data from Phase 1/2
trials have shown durable responses with anti-PD-1 antibodies, including nivolumab and pembrolizumab, in HCC
patients for whom prior sorafenib treatment had failed;8,9 however, phase 3 data for pembrolizumab has failed to
demonstrate any improvement in OS compared with placebo in a second-line setting.10 As anti-PD-1 antibody mono-
therapy has not proved to be significantly effective, combinations of anti-PD-1 antibody and tyrosine-kinase inhibitors or
VEGF inhibitors are being widely considered.11 Regorafenib is a potent VEGFR2/3 inhibitor, which may lead to a
promising ORR in combination with anti-PD-1 immunotherapy.12 In an HCC model, the combination of regorafenib and
anti-PD-1 antibody has been shown to increase intratumoral CD8+ T-cell infiltration by normalizing the tumor
vasculature13 and subsequently improving the efficacy of the anti-PD-1 antibody.

Recently, anti-PD-1 antibody sintilimab combined with a VEGF inhibitor (a bevacizumab biosimilar) showed a
significant OS benefit versus sorafenib as a first-line treatment for Chinese HCC patients.14 Sintilimab has a high PD-1
occupancy rate (> 95%)15 and long occupancy duration on circulating T cells,16 indicating a potentially powerful anti-
tumor immune effect. Considering the characteristics of regorafenib and sintilimab described above, it is reasonable to
speculate that their combination (rego-sintilimab) may have an advantage over the current standard second-line
regorafenib monotherapy. Therefore, this multicultural retrospective study aimed to investigate the safety and efficacy
of rego-sintilimab, in comparison with regorafenib alone, for advanced HCC patients in a second-line setting.

Materials and Methods
Patient Selection
We reviewed the electronic medical records of consecutive patients with advanced HCC who received rego-sintilimab or
regorafenib after disease progression on sorafenib or lenvatinib treatment, from January 2019 to December 2020, at the
Second Affiliated Hospital of Guangzhou Medical University, Jieyang People’s Hospital, and the First People’s Hospital
of Zhaoqing. Patients were assigned to receive either rego-sintilimab or regorafenib, according to the patient’s decision
and the attending physician’s suggestion. This retrospective study was conducted in accordance with the Declaration of
Helsinki and approved by the institutional review boards of the Second Affiliated Hospital of Guangzhou Medical
University, Jieyang People’s Hospital, and the First People’s Hospital of Zhaoqing. Written informed consent was
obtained from each patient prior to treatment.

HCC was diagnosed according to the European Association for the Study of Liver and American Association for the
study of Liver Disease guidelines.17 The inclusion criteria for the study population were as follows: 1) age between 18
and 75 years; 2) Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1; 3) BCLC stage C HCC; 4)
Child-Pugh A or B liver function; and 5) radiographic disease progression on first-line treatment with sorafenib or
lenvatinib. Patients were excluded from this study if they 1) had previously received targeted therapy in addition to
sorafenib or lenvatinib monotherapy; 2) had previously received immunotherapy; 3) currently or previously had any
malignant tumor in addition to HCC; 4) had severe medical comorbidities including severe organ dysfunction and
coagulation disorders, such as creatinine ≥1.5 upper limit of normal or international normalized ratio ≥1.5; or 5) had a
follow-up less than 3 months.

Data Collection
Baseline characteristics were collected within 1 week before the initiation of rego-sintilimab or regorafenib treatment.
Inflammation-based prognostic scores consisting of the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte
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ratio (PLR) were calculated based on the baseline data. NLR was calculated as the neutrophil count divided by the
lymphocyte count, and PLR was calculated as the platelet count divided by the lymphocyte count.18

All dynamic computed tomography (CT) and magnetic resonance (MR) imaging analyses, including analyses of
tumor size, tumor number, macrovascular invasion, extrahepatic metastasis, and treatment response, were conducted
independently by two diagnostic radiologists who were blinded to treatment allocation and clinical information. When
there was any ambiguity, the final determination was made by consensus.

Treatment Protocol and Adjustment
Regorafenib was initially prescribed at 120 mg/day, which could be adjusted to 160 or 80 mg/day according to the
patient’s tolerance, during weeks 1–3 of each 4-week cycle. Sintilimab (Innovent Biologics, Suzhou, China) was
prescribed at a fixed dose of 200 mg every 3 weeks.

Follow-up of patients was conducted at 3- to 6-week intervals. Treatment was discontinued in cases of progressive
disease confirmed by CT or MR imaging at follow-up, or where patients had hepatic decompensation with Child-Pugh C
or clinical progression to ECOG performance status > 2, or intolerable toxicity even after the dose adjustment of
regorafenib (to 80 mg/day), or treatment interruption. Patients who experienced intolerable toxicity in the rego-sintilimab
group could discontinue either regorafenib or sintilimab treatment and retain the other following their physician’s
suggestion. Patients discontinuing second-line treatment might receive post-line treatments such as apatinib, and/or
anti-PD-1 antibody immunotherapy other than sintilimab, and/or regional therapies, ie, transarterial chemoembolization,
or iodine 125 seed implantation for patients with Child-Pugh A/B and ECOG score 0–2, or best support treatment for
patients with Child-Pugh C or ECOG score > 2, according to the attending physicians’ consensus.

Outcomes
Adverse events (AEs) related to treatment were recorded according to National Cancer Institute Common Terminology
Criteria for Adverse Events, version 5.0.19

Treatment responses were assessed based on dynamic CT or MR imaging, according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.120 and modified RECIST.21 ORR was defined as the incidence of complete
response and partial response. Disease control rate (DCR) was defined as the incidence of complete response, partial
response, and stable disease.

PFS was defined as the time from the initiation of regorafenib until the date when tumor progression or death was
confirmed or the last follow-up in censored data. OS was defined as the time from the initiation of regorafenib until death
or the last follow-up in censored data.

Statistical Analyses
Categorical data are presented as numbers (percentages) and quantitative data as median values (interquartile range
[IQR]) unless otherwise indicated. Pearson’s χ2-test, correction of continuity, or Fisher’s exact test was used to compare
categorical data (baseline patient characteristics, AEs, and treatment responses) between the two groups, as appropriate.
Mann–Whitney U-test or Student’s t-test was used to compare quantitative data (baseline characteristics or mean dose of
regorafenib) between the two groups. Receiver operating characteristic (ROC) curve analyses were performed to
determine the optimal cut-off values of lymphocyte, neutrophil, and platelet levels, NLR, and PLR for predicting 1-
year survival. OS and PFS curves were constructed using the Kaplan–Meier method, and the Log rank test was used for
comparisons. Univariate analyses and multivariate analyses of prognostic factors for OS and PFS were performed with
Cox proportional hazard regression models. Variables with P<0.10 in the univariate analysis were included in the
multivariate analysis. All tests were two-sided and P<0.05 was considered statistically significant. All statistical analyses
were performed using SPSS Statistics, version 22.0 (SPSS, Chicago, IL, USA).
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Results
Study Population
A total of 128 patients with advanced HCC who received rego-sintilimab or regorafenib as a second-line treatment were
assessed for eligibility during the study period. Fifteen patients were excluded because they met the exclusion criteria
(Figure 1). Finally, 113 patients were included in this study (rego-sintilimab group, n = 58; regorafenib group, n = 55).
The baseline characteristics between the two groups were not significantly different (Table 1).

In detail, 36.2% (21/58) of patients in the rego-sintilimab group and 36.4% (20/55) in the regorafenib group had
Child-Pugh B liver function (P = 0.986); and 39.7% (23/48) of patients in the rego-sintilimab group and 36.4% (20/35) in
the regorafenib group had received lenvatinib as first-line treatment (P = 0.719). The median duration of first-line
treatment was 7.3 months (IQR, 4.1–12.0) in the rego-sintilimab group and 7.5 months (IQR, 3.7–14.6) in the regorafenib
group (P = 0.508). The mean daily dose of regorafenib was 109.0 mg ± 23.4 in the rego-sintilimab group and 115.6 mg ±
23.9 in the regorafenib group (P = 0.137). The median duration of second-line treatment with rego-sintilimab or
regorafenib was 5.7 months (IQR, 3.5–10.1) in the rego-sintilimab group and 4.1 months (IQR, 2.4–7.1) in the
regorafenib group.

Safety
Treatment-related AEs are shown in Table 2. No treatment-related mortality occurred. The overall incidence of AEs was
similar between the rego-sintilimab group and the regorafenib group (any grade: 93.1% vs 89.1%, P = 0.675; grade 3/4:
39.7% vs 30.9%, P = 0.331). There was a higher incidence of rash of any grade in the rego-sintilimab group compared
with the regorafenib group (22.4% vs 7.3%, P = 0.024). Incidences of other AEs were not significantly different between
the two groups. AEs of any grade with an incidence over 20% in the rego-sintilimab group included fatigue, hand–foot
skin reaction, rash, hypertension, hypothyroidism, hyperbilirubinemia, diarrhea, and anorexia. Grade 3/4 AEs with an
incidence over 5% in the rego-sintilimab group included hand–foot skin reaction, hypertension, hyperbilirubinemia, and
diarrhea.

Treatment was discontinued because of AE in 12.1% (7/58) of patients in the rego-sintilimab group and in 9.1% (5/
55) in the regorafenib group (P = 0.608). Grade 4 skin toxicity was observed in one patient after two cycles of rego-

Figure 1 Flow diagram showing exclusion of patients with advanced hepatocellular carcinoma (HCC) who received regorafenib combined with sintilimab (rego-sintilimab)
or regorafenib in a second-line setting.
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sintilimab and grade 4 hyperbilirubinemia in one patient with immune-related hepatitis confirmed by liver biopsy after
six cycles of rego-sintilimab; both recovered after discontinuation of sintilimab and treatment with glucocorticoid.
Another five cases of treatment discontinuation in the rego-sintilimab group were caused by grade 3 AEs, ie rash in
two patients, pneumonitis in one patient, and gastrointestinal hemorrhage in two patients.

Treatment Response
Tumor responses of the two groups are shown in Table 3. Two patients in rego-sintilimab group versus no patients
in the regorafenib group showed complete response (Figure 2). The ORR for the rego-sintilimab group was
significantly higher than that observed in the regorafenib group (24.1% vs 9.1% by RECIST 1.1, P = 0.033;

Table 1 Baseline Patient Characteristics at Initiation of Second-Line Treatment

Characteristic Rego-Sintilimab Group
(N = 58)

Regorafenib Group
(N = 55)

P value

Male 51 (87.9) 50 (90.9) 0.608

Age (years) 54 (41–62) 51 (47–63) 0.776

ECOG score 1 23 (39.7) 28 (50.9) 0.230
Positive for HBsAg 48 (82.8) 49 (89.1) 0.335

Child-Pugh B 21 (36.2) 20 (36.4) 0.986

Presence of ascites 14 (24.1) 13 (23.6) 0.950
Tumor diameter (cm) 6.4 (4.3–9.5) 5.5 (4.3–8.5) 0.531

Tumor size >5 cm 40 (69.0) 34 (61.8) 0.424
>3 intrahepatic tumors 42 (72.4) 41 (74.5) 0.798

Macrovascular invasion 40 (69.0) 31 (56.4) 0.166

Extrahepatic metastasis 37 (63.8) 29 (52.7) 0.233
First-line treatment with lenvatinib† 23 (39.7) 20 (36.4) 0.719

Time on first-line treatment (months) 7.3 (4.1–12.0) 7.5 (3.7–14.6) 0.508

Previous treatment procedures 0.996
Surgery or radical ablation 15 (25.9) 14 (25.5)

TACE or HAIC ‡ 38 (65.5) 36 (65.5)

Others § 5 (8.6) 5 (9.1)
Laboratory test
α-fetoprotein (ng/mL) 1087 (19–16,763) 264 (19–5455) 0.299

Alanine aminotransferase (U/L) 30 (21–48) 37 (28–49) 0.110
Aspartate aminotransferase (U/L) 45 (32–83) 47 (31–67) 0.927

Total bilirubin (μmol/L) 13.3 (9.0–20.2) 14.8 (9.7–25.3) 0.222

Albumin (g/dL) 35.4 (31.3–39.4) 34.7 (32.0–38.9) 0.508
Lymphocyte (109/L) 1.05 (0.72–1.49) 0.91 (0.74–1.33) 0.373

Neutrophils (109/L) 2.92 (2.39–3.76) 2.79 (2.04–4.26) 0.776

Platelet (109/L) 143 (102–225) 113 (84–176) 0.299
Inflammation-based prognostic score
NLR 2.81 (1.92–5.33) 3.56 (2.01–5.64) 0.640

PLR 155 (95–198) 137 (82–200) 0.299
Study Center 0.664

Center 1 a 31 (53.4) 33 (60.0)

Center 2 b 15 (25.9) 14 (25.5)
Center 3 c 12 (20.7) 8 (14.5)

Change of α-fetoprotein (%) & −1.3 (−22.1–39.4) 12.0 (−18.7–51.6) 0.346

Notes: Categorical data was presented as number (percentage) and quantitative data as median value (Interquartile range). †Sorafenib was as reference. ‡TACE or HAIC
without surgery or radical ablation. §Including palliative ablation, radiotherapy, or Iodine 125 seed implantation, without surgery, radical ablation, TACE, or HAIC. aThe
Second Affiliated Hospital of Guangzhou Medical University. bJieyang People’s Hospital. cThe First People’s Hospital of Zhaoqing. &Change of α-fetoprotein = (lowest α-
fetoprotein level after treatment – baseline α-fetoprotein level)/baseline α-fetoprotein level × 100%.
Abbreviations: rego-sintilimab, regorafenib combined with sintilimab; ECOG, Eastern Cooperative Oncology Group; HBsAg, hepatitis B surface antigen; TACE,
transarterial chemoembolization; HAIC, hepatic arterial infusion chemotherapy; PIVKA-II, protein induced by vitamin K absence or antagonist-II; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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Table 2 Adverse Events in the Two Groups

Adverse Events Any Grade Grade 3 or 4

Rego-Sintilimab Group (N=58) Regorafenib Group (N=55) P value Rego-sintilimab
Group (N=58)

Regorafenib Group (N=55) P value

Overall incidence 54 (93.1) 49 (89.1) 0.675 23 (39.7) 17 (30.9) 0.331
Fatigue 21 (36.2) 16 (29.1) 0.420 0 2 (3.6) 0.452

Hand–foot skin reaction 17 (29.3) 18 (32.7) 0.695 4 (6.9) 7 (12.7) 0.296

Rash 13 (22.4) 4 (7.3) 0.024 2 (3.4) 0 0.499
Pneumonitis 7 (12.1) 1 (1.8) 0.079 2 (3.4) 0 0.499

Hypertension 16 (27.6) 13 (23.6) 0.631 8 (13.8) 6 (10.9) 0.642

Hypothyroidism 13 (22.4) 8 (14.5) 0.282 0 0 —
Hyperthyroidism 5 (8.6) 2 (3.6) 0.479 0 0 —

Hyperbilirubinemia 13 (22.4) 11 (20.4) 0.792 4 (6.9) 2 (3.6) 0.724

Increased GGT 6 (10.3) 5 (9.1) 0.822 1 (1.7) 0 >0.999
Increased AST 11 (19.0) 8 (14.5) 0.530 2 (3.4) 3 (5.5) 0.952

Increased ALT 7 (12.1) 5 (9.1) 0.608 1 (1.7) 1 (1.8) >0.999

Leukopenia 7 (12.1) 3 (5.5) 0.365 2 (3.4) 0 0.499
Lymphopenia 6 (10.3) 3 (5.5) 0.540 0 0 —

Neutropenia 5 (8.6) 6 (10.9) 0.682 1 (1.7) 0 >0.999

Thrombocytopenia 6 (10.3) 5 (9.1) 0.822 1 (1.7) 1 (1.8) >0.999
Anemia 7 (12.1) 3 (5.5) 0.365 1 (1.7) 0 >0.999

Proteinuria 4 (6.9) 6 (10.9) 0.675 0 0 —

Increased creatinine 1 (1.7) 1 (1.8) >0.999 0 0 —
Diarrhea 16 (27.6) 11 (20.0) 0.345 3 (5.2) 1 (1.8) 0.649

Nausea 6 (10.3) 6 (10.9) 0.922 0 0 —

Anorexia 15 (25.9) 13 (23.6) 0.784 0 1 (1.8) 0.979
Weight loss 2 (3.4) 4 (7.3) 0.627 0 0 —

Constipation 4 (6.9) 3 (5.5) >0.999 0 0 —

Presence of ascites 1 (1.7) 2 (3.6) 0.963 0 0 —
Gastrointestinal hemorrhage 2 (3.4) 3 (5.5) 0.952 2 (3.4) 3 (5.5) 0.952

Gingival bleeding 4 (6.9) 6 (10.9) 0.675 0 0 —

Epistaxis 1 (1.7) 1 (1.8) >0.999 0 0 —
Hoarseness 6 (10.3) 5 (9.1) 0.822 0 0 —

Infusion reaction 5 (8.6) — — 0 — —

Note: Data are numbers of patients and data in parentheses are percentages.
Abbreviations: rego-sintilimab, regorafenib combined with sintilimab; GGT, γ glutamyltransferase; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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36.2% vs 16.4% by mRECIST, P = 0.017). Similarly, the DCR for the rego-sintilimab group was significantly
higher than that observed in the regorafenib group (74.1% vs 54.5% by RECIST 1.1, P = 0.029; 74.1% vs 56.4%
by mRECIST, P = 0.047).

Table 3 Treatment Responses

mRECIST RECIST 1.1

Treatment
Response

Rego-Sintilimab
Group (N=58)

Regorafenib
Group (N=55)

P value Rego-Sintilimab
Group (N=58)

Regorafenib
Group (N=55)

P value

CR 2 0 0 0
PR 19 9 14 5

SD 22 22 29 25

PD 15 24 15 25
ORR, % 36.2 16.4 0.017 24.1 9.1 0.033

DCR, % 74.1 56.4 0.047 74.1 54.5 0.029

Notes: Objective response rate (ORR) = (CR + PR)/N, and disease control rate (DCR) = (CR + PR + SD)/N, where CR is number of patients with complete response, PR is
number of patients with partial response, SD is number of patients with stable disease, and N is total number of patients.
Abbreviations: PD, progressive disease; rego-sintilimab, regorafenib combined with sintilimab; RESICT, response evaluation criteria in solid tumors; mRESICT, modified
response evaluation criteria in solid tumors.

Figure 2 Two patients with hepatocellular carcinoma (HCC) who achieved complete response according to modified response evaluation criteria in solid tumors during
second-line treatment with regorafenib combined with sintilimab (rego-sintilimab). (A) Case 1, a 52-year-old male who sequentially underwent liver resection, transarterial
chemoembolization, and sorafenib treatment. The arterial phase CT image 3 days prior to rego-sintilimab treatment showed multiple HCC nodules in the right liver lobe.
(B) Arterial phase CT imaging from case 1 at 17 weeks after initiation of rego-sintilimab showed that enhancement of all HCC nodules in the right liver lobe disappeared.
(C) Case 2, a 48-year-old female who sequentially underwent transarterial chemoembolization and sorafenib treatment. The arterial phase CT image 5 days prior to rego-
sintilimab treatment showed a large HCC mass with inhomogeneous enhancement at segment 4 (arrow). (D) Arterial phase CT imaging of case 2 at 8 months after initiation
of rego-sintilimab showed significant shrinkage and no enhancement of the HCC (arrow).
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ROC Curve Analyses
ROC curve analyses for predicting 1-year survival revealed that the optimal cut-off values for NLR, PLR, lymphocytes,
and neutrophils were 3.59 (area under the curve [AUC], 0.0719; 95% CI, 0.620–0.818; P <0.001), 190 (AUC, 0.653;
95% CI, 0.547–0.760; P = 0.007), 1.16*109/L (AUC, 0.617; 95% CI, 0.509–0.726; P = 0.041), and 3.16*109/L (AUC,
0.681; 95% CI, 0.575–0.787; P = 0.002), respectively. Thus, these variables were classified into NLR ≤ 3.6 vs NLR >
3.6, PLR ≤ 190 vs PLR >190, lymphocytes ≤ 1.16*109/L vs lymphocytes > 1.16*109/L, and neutrophils ≤ 3.16*109/L vs
neutrophils > 3.16*109/L. The AUC for platelets was not statistically significant (AUC, 0.545; 95% CI, 0.433–0.657; P =
0.433), and thus no cut-off value for this variable could be determined using the ROC curve.

Progression-Free Survival
The median follow-up duration was 12.8 months (IQR, 8.0–18.7) for the rego-sintilimab group and 8.3 months (IQR,
5.9–13.0) for the regorafenib group. During follow-up, 47 of 58 (81.0%) patients in the rego-sintilimab group and 51 of
55 (92.7%) patients in the regorafenib group experienced tumor progression. The median PFS in the rego-sintilimab
group was 5.6 months (95% CI, 4.2–7.0) compared with 4.0 months (95% CI, 2.5–5.5) in the regorafenib group (P =
0.045) (Figure 3).

Figure 3 Kaplan–Meier curves for progression-free survival (PFS) of patients with advanced hepatocellular carcinoma who received regorafenib combined with sintilimab
(rego-sintilimab) (median PFS, 5.6 months; 95% CI, 4.2–7.0) or regorafenib (median PFS, 4.0 months; 95% CI, 2.5–5.5; P = 0.045) in a second-line setting.
Abbreviation: CI, confidence interval.
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According to the univariate and multivariate analyses, regorafenib alone (hazard ratio [HR], 1.499; 95% CI, 1.005–
2.237; P = 0.047), α-fetoprotein (HR per 104 ng/mL, 1.047; 95% CI, 1.023–1.070; P < 0.001), and NLR > 3.6 (HR,
1.658; 95% CI, 1.094–2.513; P = 0.017) were independent prognostic factors for PFS (Table 4).

Overall Survival
During the follow-up period, 36 of 58 (62.1%) patients in the rego-sintilimab group and 39 of 55 (70.9%) patients in the
regorafenib group died. The 6-, 12-, and 24-month OS rates were 86.2%, 54.8%, and 40.3% (median OS, 13.4 months
[95% CI, 9.2–17.5]), respectively, in the rego-sintilimab group, and 79.5%, 39.2%, and 15.1% (median OS, 9.9 months
[95% CI, 8.3–11.5]), respectively, in the regorafenib group (P = 0.023) (Figure 4). According to the univariate and
multivariate analyses, regorafenib alone (HR, 1.630; 95% CI, 1.031–2.578; P = 0.037), Child-Pugh B liver function (HR,
1.595; 95% CI, 1.002–2.540; P = 0.049), and NLR > 3.6 (HR, 1.897; 95% CI, 1.075–3.348; P = 0.027) were independent
prognostic factors for OS (Table 5).

Subgroup analyses according to different variables were conducted to compare the risk of death between rego-
sintilimab and regorafenib (Figure 5). A trend of lower risk of death for rego-sintilimab over regorafenib was shown in

Table 4 Analyses of Prognostic Factors for Progression-Free Survival

Factor Univariable Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Regorafenib alone 1.495 (1.005–2.225) 0.047 1.499 (1.005–2.237) 0.047

Female 1.569 (0.832–2.959) 0.164
>65 years 0.708 (0.380–1.321) 0.278

ECOG score = 1 0.887 (0.592–1.330) 0.562

Positive for HbsAg 0.642 (0.342–1.205) 0.168
Child-Pugh B 1.033 (0.681–1.568) 0.878

Presence of ascites 1.033 (0.659–1.621) 0.887

Tumor diameter (per cm) 1.005 (0.954–1.058) 0.863
Tumor >5 cm 1.074 (0.706–1.634) 0.739

>3 intrahepatic tumors 1.417 (0.893–2.248) 0.139

Macrovascular invasion 0.920 (0.608–1.393) 0.694
Extrahepatic metastasis 1.366 (0.909–2.054) 0.133

First-line treatment with lenvatinib 0.771 (0.510–1.165) 0.217

Time on first-line treatment (per month) 1.009 (0.997–1.021) 0.156
Previous surgery or ablation 0.975 (0.618–1.540) 0.914

α-fetoprotein (per 104 ng/mL) 1.050 (1.027–1.074) < 0.001 1.047 (1.023–1.070) < 0.001

Alanine aminotransferase >50 U/L 1.130 (0.708–1.804) 0.609
Aspartate aminotransferase >40 U/L 1.229 (0.822–1.837) 0.315

Total bilirubin >22 μmol/L 1.160 (0.734–1.836) 0.525

Albumin <35 g/dL 0.955 (0.641–1.421) 0.819
Lymphocyte <1.16*109/L 1.482 (0.969–2.265) 0.069 0.351

Neutrophils >3.16*109/L 1.330 (0.887–1.995) 0.168
Platelet of 100–200*109/L Ref

Platelet <100*109/L 0.844 (0.499–1.425) 0.525

Platelet >200*109/L 0.909 (0.517–1.599) 0.740
NLR >3.6 1.844 (1.229–2.765) 0.003 1.658 (1.094–2.513) 0.017

PLR >190 1.629 (1.049–2.530) 0.030 0.294

Study Center 1 a Ref
Study Center 2 b 0.960 (0.598–1.543) 0.867

Study Center 3 c 1.136 (0.666–1.935) 0.640

Notes: The uni- and multi-variate analyses were performed using Cox proportional hazard regression model. aThe Second Affiliated Hospital of Guangzhou Medical
University. bJieyang People’s Hospital. cThe First People’s Hospital of Zhaoqing.
Abbreviations: HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HBsAg, hepatitis B surface antigen; PIVKA-II, protein induced by
vitamin K absence or antagonist-II; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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all the subgroups. Rego-sintilimab reduced risk of death, with benefit only seen in patients with NLR ≤ 3.6 (HR, 0.518
[95% CI, 0.257–0.955]) but not in those with NLR > 3.6 (0.852 [0.461–1.572], P = 0.002 for interaction). It also seemed
that rego-sintilimab reduced death more in patients with ECOG score 0 (0.421 [0.210–0.847]) or Child-Pugh A liver
function (0.456 [0.250–0.834]) than in those with ECOG score 1 (0.838 [0.448–1.565]) or Child-Pugh B liver function
(0.884 [0.436–1.792]), but the interaction between treatment method and ECOG score or Child-Pugh class was not
statistically significant (P = 0.086 and P = 0.107 for the interactions, respectively). There was no statistically significant
interaction between treatment method and other subgroups (P > 0.05 for all interactions).

Discussion
Our study showed that rego-sintilimab conferred a significant survival benefit when compared with regorafenib in a
second-line setting in patients with advanced HCC in whom prior sorafenib or lenvatinib treatment had failed. This
finding was associated with an increase in median OS from 9.9 months to 13.4 months. In the multivariate analyses,
combination with anti-PD-1 antibody sintilimab was an independent predictor for better OS and PFS. This survival
benefit may be attributed to a higher ORR and DCR and a longer PFS in patients who received rego-sintilimab compared
to those who received regorafenib alone. A recent phase 1b trial investigated regorafenib combined with anti-PD-1
antibody pembrolizumab in first-line treatment of HCC and showed a promising ORR of 28% by RECIST 1.1;12 by
comparison, the ORR by RECIST 1.1 in the rego-sintilimab group in our study was 24.1% in a second-line setting. These

Figure 4 Kaplan–Meier curves for overall survival (OS) of patients with advanced hepatocellular carcinoma who received regorafenib combined with sintilimab (rego-
sintilimab) (median OS, 13.4 months; 95% CI, 9.2–17.5) or regorafenib (median OS, 9.9 months; 95% CI, 8.3–11.5; P = 0.023) in a second-line setting.
Abbreviation: CI, confidence interval.
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results indicate that rego-sintilimab has an advantage over regorafenib alone: regorafenib potently inhibits JAK1/2-
STAT1 and MAPK signaling and subsequently attenuates PD-L1 expression in tumors,22 and increases intratumoral CD8
+ T-cell infiltration through vasculature normalization by targeting VEGFR2/3,13 which probably improves the efficacy
of anti-PD-1 antibody. However, a randomized controlled trial formally assessing the efficacy and safety of rego-
sintilimab needs to be conducted prior to using this combination as a standard second-line treatment for HCC.

The median OS in the regorafenib group was 9.9 months, slightly poorer than the median OS of 10.3–12.1 months for
second-line regorafenib treatment reported by previous studies.4,23,24 It is worth noting that these studies included only
patients with Child-Pugh A liver function, whereas about 35% of patients in our study had Child-Pugh B HCC. The OS
of Child-Pugh B patients with regorafenib treatment was reported to be significantly poorer than that of Child-Pugh A
cohort in a multicenter study,25 consistent with the results of our study. Nonetheless, an effective treatment is still
required for Child-Pugh B patients. Casadei’s study showed that 35% of patients who had Child-Pugh A HCC before
sorafenib treatment might experience liver function deterioration to Child-Pugh B when sorafenib ceased.26 The latest
phase I/II study by Kudo et al27 showed that immune checkpoint inhibitor immunotherapy had favorable safety for
patients with Child-Pugh B HCC, comparable to that seen in Child-Pugh A patients. In our subgroup analyses, it seemed

Table 5 Analyses of Prognostic Factors for Overall Survival

Factor Univariable Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Regorafenib alone 1.690 (1.069–2.670) 0.025 1.630 (1.031–2.578) 0.037

Female 1.284 (0.658–2.505) 0.463
>65 years 0.746 (0.338–1.647) 0.468

ECOG score = 1 1.592 (1.009–2.514) 0.046 0.160

Positive for HbsAg 0.631 (0.303–1.317) 0.220
Child-Pugh B 1.661 (1.044–2.642) 0.032 1.595 (1.002–2.540) 0.049

Presence of ascites 0.968 (0.574–1.632) 0.902

Tumor diameter (per cm) 1.034 (0.972–1.100) 0.288
Tumor >5 cm 1.215 (0.747–1.974) 0.433

>3 intrahepatic tumors 1.703 (0.978–2.965) 0.060 0.257

Macrovascular invasion 1.149 (0.713–1.850) 0.569
Extrahepatic metastasis 1.326 (0.819–2.147) 0.251

First-line treatment with lenvatinib 0.883 (0.555–1.405) 0.600

Time on first-line treatment (per month) 0.996 (0.981–1.012) 0.626
Previous surgery or ablation 0.713 (0.404–1.257) 0.243

α-fetoprotein (per 104 ng/mL) 1.020 (1.000–1.040) 0.045 0.223

Alanine aminotransferase >50 U/L 1.520 (0.917–2.519) 0.105
Aspartate aminotransferase >40 U/L 2.039 (1.262–3.295) 0.004 0.116

Total bilirubin >22 μmol/L 1.555 (0.941–2.571) 0.085 0.243

Albumin <35 g/dL 1.371 (0.869–2.161) 0.175
Lymphocyte <1.16*109/L 1.975 (1.168–3.341) 0.011 0.165

Neutrophils >3.16*109/L 2.278 (1.442–3.599) < 0.001 0.066

Platelet of 100–200*109/L Ref
Platelet <100*109/L 1.226 (0.700–2.147) 0.477 0.682

Platelet >200*109/L 1.321 (0.723–2.413) 0.365 0.624
NLR >3.6 2.610 (1.641–4.150) < 0.001 1.897 (1.075–3.348) 0.027

PLR >190 2.360 (1.476–3.773) < 0.001 0.133

Study Center 1 a Ref
Study Center 2 b 0.684 (0.375–1.246) 0.214

Study Center 3 c 1.141 (0.636–2.048) 0.659

Notes: The uni- and multi-variate analyses were performed using Cox proportional hazard regression model. aThe Second Affiliated Hospital of Guangzhou Medical
University. bJieyang People’s Hospital. cThe First People’s Hospital of Zhaoqing.
Abbreviations: HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HBsAg, hepatitis B surface antigen; PIVKA-II, protein induced by
vitamin K absence or antagonist-II; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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that rego-sintilimab reduced death more in patients with Child-Pugh A liver function than in those with Child-Pugh B
liver function, but the interaction between treatment method and Child-Pugh class was not statistically significant.
Whether patients with Child-Pugh B liver function could benefit from the combination of regorafenib and anti-PD-1
antibody needs further study.

An effective prognostic biomarker for immunotherapy in HCC patients is currently lacking and urgently needed.28

NLR is an easily accessed and widely available blood-based clinical biomarker. A lower NLR may delineate a healthy

Figure 5 Subgroup analyses according to different variables for comparing overall survival between regorafenib combined with sintilimab (rego-sintilimab) and regorafenib. A
trend of better survival benefit for rego-sintilimab over regorafenib was observed in all the subgroups. Rego-sintilimab reduced risk of death, with benefit only seen in
patients with neutrophil-to-lymphocyte ratio (NLR) ≤ 3.6 (HR, 0.518 [95% CI, 0.257–0.955]), not in those with NLR > 3.6 (0.852 [0.461–1.572]; P = 0.002 for interaction).
There was no statistically significant interaction between the treatment method and other subgroups (P > 0.05 for all interactions).
Abbreviations: HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group.
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host immune anti-tumor response29 and was an independent predictor for PFS and OS in our study. Its clinical relevance
is thought to be because an elevated peripheral neutrophil count is a marker of chronic inflammation, which often leads to
impaired immunity,30 whereas the peripheral lymphocyte count is a hallmark of a healthy cytotoxic T-cell response.31 In
our subgroup analyses, rego-sintilimab conferred a survival benefit only in patients with NLR ≤ 3.6, not in those with
NLR > 3.6. This result may help to select patients suitable for second-line treatment with rego-sintilimab.

The safety profile of rego-sintilimab was generally consistent with historical data on regorafenib4 and sintilimab,14

with no new AEs reported. The combination with sintilimab did not increase the overall incidence of any grade or grade
3/4 AEs compared with regorafenib treatment. Treatment was discontinued in 12.1% of patients in the rego-sintilimab
group because of AEs, similar to the incidence previously reported with sintilimab–bevacizumab biosimilar treatment
(14%).14

This study had several limitations. First, as a retrospective study, the comparison of rego-sintilimab and regorafenib
may be subject to selection bias, and no matched pair analysis between the two groups was performed because of a small
sample size. Instead, we conducted multivariate analyses and subgroup analyses to correct for confounding factors.
Second, the sample size in this study was relatively small. Results of the subgroup analyses should be cautiously
interpreted, and validation by further studies is needed. Third, different baseline NLR cut-off values were used in
different studies (range 1.9–5.0).32 This heterogeneity could hinder the application of NLR in clinical settings. Thus,
large cohort studies are required to establish the most appropriate NLR cut-off value in HCC patients undergoing
immunotherapy.

In conclusion, rego-sintilimab was tolerated and yielded promising outcomes in a second-line setting for patients with
advanced HCC. These patients appeared to benefit from rego-sintilimab and showed better treatment responses, PFS, and
OS in comparison with those treated with regorafenib alone, especially in those who had an NLR ≤ 3.6.
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