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Introduction
Hepatocellular carcinoma (HCC) is the sixth 
most common cancer and the fourth leading 
cause of cancer-related death worldwide.1 HCC 
is most prevalent in East Asia and Africa, which 
are endemic areas of chronic viral hepatitis B and 
C. However, the incidence and mortality rates are 
rapidly rising in the United States and Europe in 
recent years imposing substantial health eco-
nomic burdens.2,3 Despite the implementation of 

surveillance, hepatitis B vaccination, and hepati-
tis C direct-acting antiviral treatment, many 
patients still have unresectable and advanced-
stage HCCs that require systemic therapy.4

Sorafenib is a multikinase inhibitor and the first 
front-line systemic therapy approved for the treat-
ment of unresectable HCC based on the results of 
two multicenter, randomized, phase III studies.5,6 
However, the results are still limited for cases of 
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Abstract
Background: The response rate to sorafenib is limited for unresectable hepatocellular 
carcinoma (HCC). Little is known about the long-term outcomes of objective responders. The 
role of second-line therapies on the survival of sorafenib-responders is unclear. We aimed to 
delineate the long-term outcomes and the role of subsequent treatment after responding to 
sorafenib.
Methods: From September 2012 to December 2019, 922 patients who received sorafenib 
treatment for unresectable HCC were retrospectively reviewed. Of these, 21 (2.3%) achieved a 
complete response (CR) and 54 (5.9%) had a partial response (PR) based on mRECIST criteria. 
Factors associated with survivals were analyzed.
Results: During the median follow-up of 35.3 months, the median duration of response was 
18.3 months (range: 2.3–45.5) for patients achieving CR and 10.0 months (range: 1.9–60.3) for 
PR. The median overall survival (OS) was 39.5 months [95% confidence interval (CI): 28.4–50.5] 
including values not yet estimable for CR and 25.8 months for PR. Patients who experienced 
treatment-related adverse events (TRAEs) had better median OS than those without (44.9 
versus 18.1 months, p = 0.003). Eventually, 53 patients developed tumor progression; 30 
patients received second-line systemic treatment including nivolumab (n = 8), regorafenib 
(n = 15), and chemotherapy (n = 7). Sorafenib–nivolumab sequential therapy provided the best 
median OS versus sorafenib–regorafenib and sorafenib–chemotherapy in these patients (55.8, 
39.5, and 25.5 months), respectively.
Conclusions: The response is durable for advanced HCC patients with CR or PR to sorafenib. 
Subsequent immunotherapy seems to provide the best survival. This information is important 
for characterizing outcomes of sorafenib-responders and the choice of sequential treatment.
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objective tumor responses even after a long period 
of treatment experience (over 10 years). Previous 
studies and reports have presented sporadic HCC 
cases with complete response (CR) or partial 
response (PR) to sorafenib treatment.7–11 
Nevertheless, there is little information on the 
duration of response and long-term outcomes of 
objective responders. In addition, several second-
line treatments have been used for patients who 
failed sorafenib in recent years.12,13 The therapeu-
tic efficacy and benefits of sequential systemic 
therapies for sorafenib objective responders are 
unclear. Here, we aimed to investigate the long-
term outcomes of HCC patients who had objec-
tive tumor responses to sorafenib treatment and 
the factors associated with survival benefits in 
these patients.

Materials and methods

Populations
A total of 922 consecutive patients who received 
sorafenib treatment for unresectable HCC in 
Taipei Veterans General Hospital were retro-
spectively enrolled. The diagnosis of HCC was 
according to the criteria of American Association 
for the Study of Liver Diseases (AASLD) treat-
ment guidelines for HCC.14 Among patients who 
had the following radiologic evaluation, 21 
(2.3%) had a complete response (CR) and 54 

(5.9%) had a partial response (PR) according to 
modified Response Evaluation Criteria in Solid 
Tumors (mRECIST) criteria15 and serum alpha-
fetoprotein (AFP) levels. These 75 objective 
responders were evaluated for long-term treat-
ment outcomes by sorafenib. In addition, the 
efficacy of post-sorafenib sequential systemic 
therapies was investigated in 30 patients who 
failed sorafenib treatment because of tumor pro-
gression. The algorithm of patient selection is 
shown in Figure 1. This study was approved by 
the Institutional Review Board (IRB), Taipei 
Veterans General Hospital (IRB number: 2014-
03-009AC, 2019-10-001BC and 2021-04-
006BC). The informed consent was waived by 
the IRB as a result of retrospective design and 
most enrolled patients died.

Intervention
According to the national health insurance crite-
ria in Taiwan, sorafenib is reimbursed for HCC 
patients with Child-Pugh A liver function and 
extrahepatic metastasis or tumor invasion to 
major vessels, including the main portal vein and 
its first branch.4 Patients with HCC refractory to 
transarterial chemoembolization (TACE) (treat-
ment failure after repeated TACE for at least 
three times within 12 months) and Child-Pugh A 
liver reserves have also been reimbursed for 
sorafenib since November 2016.16

Figure 1. Patient selection algorithm.
CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
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Sorafenib was initiated at 400 mg twice daily, and 
the dose was reduced or temporarily interrupted 
upon development of treatment-related adverse 
events (TRAEs) or hepatic deterioration.4 The 
option of second-line therapy after tumor pro-
gression was based on the Taiwan FDA-approved 
treatments, shared decision-making between the 
clinicians and patients, and the criteria of Taiwan 
National Health Insurance. During the study 
period, regorafenib was reimbursed for the 
patients with sorafenib-failed HCC in Child-
Pugh A status. Besides, nivolumab was reim-
bursed during April 2019 to March 2020 with the 
same criteria for regorafenib. Regorafenib was 
administered orally 160 mg per day during the 
first 3 weeks of each 4-week cycle,12 and 
nivolumab was intravenously used at a dose of 
2–3 mg/kg every 2 weeks.13,17 Fluorouracil-based 
or gemcitabine plus platinum-based chemothera-
pies18,19 were prescribed to eligible patients who 
did not meet the timing or criteria of reimbursed 
targeted agents after sorafenib failure. The dosage 
of second-line agents was adjusted according to 
the severity of TRAE and patients’ condition. 
Treatment was terminated with the occurrence of 
tumor progression, liver function deterioration, 
intolerable adverse events, or death.

Comparison
This retrospective study is designed to analyze the 
survival and clinical outcomes of sorafenib-
responders. A comparison group was not defined 
in this study.

Outcomes
The long-term clinical outcomes and survival 
benefits were analyzed in objective responders to 
sorafenib treatment. Besides, the efficacy of post- 
sorafenib sequential systemic therapies was inves-
tigated in 30 patients who failed sorafenib 
treatment because of tumor progression. In addi-
tion, the most common TRAE of sorafenib, 
including hand–foot skin reaction (HFSR), diar-
rhea, and hypertension, were recorded and con-
sidered for survival analysis. Hand–foot skin 
reaction was characterized by erythema, dyses-
thesia, or paresthesia on the palms and soles 
together with rash.20 Diarrhea was characterized 
by an increase in frequency and loose or watery 
bowel movements, or both. The AE of hyperten-
sion was defined as new-onset of high blood pres-
sure (>140/90 mmHg) in the cases without 
underline hypertension or more increased blood 

pressure that needs addition of medications in 
subjects with underlying hypertension.21 All 
TRAEs were documented and graded according 
to the Common Toxicity Criteria for Adverse 
Effects (CTCAE) version 4.0.

Time
The duration of patient collection was from 
September 2012 to December 2019, and the fol-
lowing data cutoff was on December 31, 2020.

Statistical analysis
Continuous variables were expressed as medians 
[interquartile ranges (IQR)] while categorical var-
iables were analyzed as frequency and percent-
ages. The Pearson chi-square analysis or Fisher’s 
exact test was used to compare categorical varia-
bles while the Mann–Whitney U test was applied 
for continuous variables. Overall survival (OS) 
and progression-free survival (PFS) from the 
beginning of sorafenib treatment to death or 
tumor progression, as well as post-sorafenib sur-
vival (PSS) from the time documented for 
sorafenib failure to death, were estimated via the 
Kaplan–Meier method and compared by a  
log-rank test. We also applied Prediction Of 
Survival in Advanced Sorafenib-treated HCC 
(PROSASH)-II score to differentiate OS of our 
patients.22 In addition, Cox’s proportional-hazard 
model was used to identify prognostic factors for 
survival. Schoenfeld residuals were used to test 
the assumption of proportional hazards 
(Supplemental Figure 1); p < 0.05 was consid-
ered statistically significant for all analyses. All 
statistical analyses were performed using the 
Statistical Package for Social Sciences (SPSS 
26.0 for Windows, SPSS Inc, Chicago, IL, USA) 
and GraphPad Prism 8 (GraphPad Software, San 
Diego, CA, USA).

Results

Demographic characteristics of the patients
The entire cohort of sorafenib-treated HCC 
(n = 922) was male-predominant (78.9%) and 
most had chronic hepatitis B virus (HBV) infec-
tion (57.6%). Most patients were within Child-
Pugh class A (86.1%); more than half of them 
were classified beyond albumin-bilirubin (ALBI) 
grade 1 (66.3%); 86.0% of tumors were at 
Barcelona Clinic Liver Cancer (BCLC) stage C; 
57.9% with macroscopic vascular invasion, and 
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56.6% presented extrahepatic metastasis. The 
detailed baseline characteristics of the cohort are 
shown in Table 1.

Of the 75 objective responders (21 CR, 54 PR) to 
sorafenib treatment, three complete responders 
were at BCLC stage B and received sorafenib due 
to TACE failure. The maximal tumor size was 
smaller in CR patients (median size 2.5 versus 
4.7 cm, p = 0.001). The prevalence of macrovas-
cular invasion or extrahepatic metastasis was 
comparable between CR and PR groups. Patients 
with complete tumor response had a longer treat-
ment duration than patients with PR (751 versus 
401 days, p = 0.001); more patients with CR to 
sorafenib had experienced a dose reduction for 
more than 25% of the recommended dose (95.2% 
versus 70.4%, p = 0.021). None of them received 
aspirin during sorafenib treatment. Detailed 
demographic characteristics and treatment condi-
tions are shown in Table 2.

Treatment outcomes of objective responders
Of the 21 complete responders, the median time 
to response (TTR) and duration of response 
(DOR) were 4.3 and 18.3 months, respectively. 
The median TTR and DOR of PR patients were 
2.8 and 10.0 months, respectively (Table 3). 
During the median follow-up period of 
35.3 months (IQR, 16.6–46.3), five (6.7%) objec-
tive responders had ongoing sorafenib treatment 
at the data cutoff date. Eventually, 53 patients 
(70.6%) developed tumor progression and 43 
patients died. The median PFS and OS were 
18.8 (95% CI, 12.7–25.0) and 39.5 months (95% 
CI, 28.4–50.5), respectively. Figure 2(a) and (b) 
shows that patients with CR had a significantly 
longer PFS and OS than PR patients (median 
PFS: 29.3 versus 15.1 months, p = 0.011; median 
OS: not reached versus 25.8 months, p < 0.001). 
However, no significant difference of OS could be 
identified according to the PROSASH-II model 
in these objective responders (Supplemental 
Figure 2).

TRAE-associated survival benefits
Most (88.0%) objective responders experienced 
sorafenib-related adverse events during treat-
ment. The most common TRAE was HFSR 
(69.3%) followed by diarrhea (42.7%) and hyper-
tension (26.7%). The incidence of AEs was com-
parable between CR and PR patients (Table 3). 
Figure 3(a) shows that patients who experienced 

TRAE had significantly longer OS than those 
without AE (median OS: 44.9 versus 18.1, 
p = 0.003). A significantly better OS was also 
observed in patients who developed diarrhea 
(median OS: 56.4 versus 30.5, p = 0.031) or 
hypertension (median OS: 85.2 versus 35.3, 
p = 0.013) during sorafenib treatment. No signifi-
cant survival difference was noted according to 
the presence of HFSR [Figure 3(b)–(d)].

In addition, marginally longer PFS was observed 
in patients who developed TRAE than the others 
(median PFS: 21.0 versus 8.6 months, p = 0.064). 
Patients who suffered from sorafenib-related diar-
rhea had significantly better PFS than the coun-
terparts (median PFS: 18.8 versus 17.2 months, 
p = 0.048). The benefits of HFSR or hypertension 
to PFS were marginal without statistical signifi-
cance (Supplemental Figure 3). However, nearly 
all patients in this study had reduced sorafenib 
dose during the treatment course; no significant 
differences of PFS or OS was observed according 
to dose reduction (Supplemental Figure 4).

Outcomes of sequential systemic therapies
Of the 53 patients who discontinued sorafenib 
treatment because of tumor progression, 30 
patients received sequential second-line systemic 
therapies including regorafenib (n = 15), 
nivolumab (n = 8), and chemotherapy (n = 7). 
Figure 4(a) and (b) shows that sequential 
nivolumab monotherapy provided significantly 
better PSS and OS versus chemotherapy. 
Comparable survival benefits were observed 
between nivolumab and regorafenib in patients 
with sorafenib-failed HCC (median PSS: not yet 
reached versus 15.5 months, p = 0.088; median 
OS: 55.8 versus 39.5 months, p = 0.064). In multi-
variate analyses, nivolumab sequential therapy 
[hazard ratio (HR): 0.083, p = 0.030] was inde-
pendently associated with a better OS in sorafenib-
failed HCC (Table 4).

Discussion
This is the largest real-world cohort of Asian 
patients with unresectable HCC treated by 
sorafenib to date; 8.2% of patients had an objec-
tive tumor response by radiological assessment. 
For advanced HCC patients with response to 
sorafenib, the duration of response could last for 1 
year; the median OS was 39.5 months. Presence 
of TRAE, particularly diarrhea and hypertension, 
and administration of subsequent immunotherapy 
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Table 1. Baseline characteristics of total HCC patients treated with sorafenib.

Characteristics Total

N = 922

Age, years 65.2 ± 12.8

Sex (male), n (%) 727 (78.9)

Cause of disease, n (%)

 Chronic hepatitis B 531 (57.6)

 Chronic hepatitis C 217 (23.5)

BCLC stage B/C, n (%) 129/793 (14.0/86.0)

Maximal tumor size, cm 5.6 (3–10.3)

Infiltrative tumor type, n (%) 104 (11.3)

Macroscopic vascular invasion, n (%) 534 (57.9)

 Main PVI (Vp4) 159 (17.2)

Extrahepatic metastasis, n (%) 522 (56.6)

Child-Pugh class A/B/C, n (%) 794/128/0 (86.1/13.9/0)

AFP (before Sorafenib), ng/mL 377.37 (22.04–6349)

Prothrombin time, INR 1.09 (1.04–1.16)

White blood cell, /cumm 6000 (4600–8000)

Neutrophil-lymphocyte ratio 3.50 (2.35–5.68)

Platelet count, K/cumm 154 (103–222)

Creatinine, mg/dl 0.88 (0.76–1.09)

ALT, U/L 39 (25–63)

AST, U/L 52 (34–94)

Albumin, g/dl 3.7 (3.4–4.1)

Total bilirubin, mg/dl 0.88 (0.61–1.27)

ALBI grade 1/2/3, n (%) 311/597/14 (33.7/64.8/1.5)

Sorafenib treatment

 Dose, mg/day 640 (420–800)

 Duration, days 67 (50–133)

 Dose reduction, n (%) 661 (71.7)

 Dose reduction >25%, n (%) 422 (45.8)

Prior treatment to HCC, n (%)

 Surgical resection/ RFA, n (%) 248/248 (26.9/26.9)

 TACE/ TACE failure (⩾3 times), n (%) 478/129 (51.8/14.0)

 Number of prior treatment lines 0/1/2/>2, n (%) 244/318/223/137 (26.5/34.5/24.2/14.8)

AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; AL(S)T, alanine(aspartate) aminotransferase; BCLC, Barcelona 
Clinic Liver Cancer; INR, international normalized ratio; PVI, portal vein invasion; RFA, radiofrequency ablation; TACE, 
transarterial chemoembolization.
Continuous variables were expressed as median (interquartile).
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Table 2. Basic characteristics of HCC patients with objective responses to sorafenib.

Characteristics Total CR PR p value

N = 75 n = 21 n = 54

Age, years 63.0 ± 11.7 59.6 ± 12.3 64.4 ± 11.6 0.501

Sex (male), n (%) 62 (82.7) 20 (95.2) 42 (77.8) 0.073

Cause of disease, n (%)

 Chronic hepatitis B 40 (53.3) 11 (52.4) 29 (53.7) 0.918

 Chronic hepatitis C 24 (32.0) 6 (28.6) 18 (33.3) 0.691

BCLC stage B/C, n (%) 3/72 (4.0/96.0) 3/18 (14.3/85.7) 0/54 (0/100.0) 0.005

Maximal tumor size, cm 4.2 (0.6–21.7) 2.5 (0.6–14) 4.7 (1.3–21.7) 0.001

Infiltrative tumor type, n (%) 6 (8.0) 1 (4.8) 5 (9.3) 0.519

Intrahepatic tumor number 1/2/⩾3, 
n (%)

31/3/22 (41.3/4.0/29.3) 12/0/3 (57.1/0/14.3) 19/3/19(35.2/5.6/35.2) 0.151

Macroscopic vascular invasion, n (%) 41 (54.7) 8 (38.1) 33 (61.1) 0.072

 Main PVI (Vp4), n (%) 5 (6.7) 1 (4.8) 4 (7.4) 0.680

Extrahepatic metastasis, n (%) 44 (58.7) 10 (47.6) 34 (63.0) 0.226

Child-Pugh class A/B/C, n (%) 71/4/0 (94.7/5.3/0) 19/2/0 (90.5/9.5/0) 52/2/0 (96.3/3.7/0) 0.405

AFP (before Sorafenib), ng/mL 133.5 (1.05–10,92,300) 24.46 (1.05–4,27,773) 287.08 (2.39–10,92,300) 0.162

Prothrombin time, INR 1.07 (0.9–1.34) 1.05 (1.0–1.2) 1.08 (0.9–1.34) 0.710

White blood cell, /cumm 5500 (2300–13,400) 5400 (2300–13,400) 5600 (2400–11,900) 0.944

Neutrophil-lymphocyte ratio 3.2 (0.48–21.5) 2.46 (0.48–7.51) 3.4 (1.06–21.5) 0.105

Platelet count, K/cumm 143 (14–1118) 171 (14–1118) 137 (45–419) 0.440

Creatinine, mg/dl 0.87 (0.52–7.49) 0.89 (0.71–7.49) 0.85 (0.52–1.6) 0.339

ALT, U/L 41 (10–167) 37 (18–167) 42 (10–133) 0.461

AST, U/L 44 (12–168) 39 (20–113) 46 (12–168) 0.415

Albumin, g/dl 4.0 (2.7–4.9) 3.9 (3.2–4.8) 4 (2.7–4.9) 0.972

Total bilirubin, mg/dl 0.89 (0.25–4.52) 0.81 (0.44–4.52) 0.91 (0.25–2.66) 0.571

ALBI grade 1/2/3, n (%) 39/36/0 (52.0/48.0/0) 11/10/0 (52.4/47.6/0) 28/26/0 (51.9/48.1/0) 0.967

Sorafenib treatment

 Dose, mg/day 440 (100–800) 380 (100–660) 460 (160–800) 0.064

 Duration, days 480 (121–1738) 751 (288–1477) 401 (121–1738) 0.001

 Dose reduction, n (%) 72 (96.0) 21 (100.0) 51 (94.4) 0.270

 Dose reduction >25%, n (%) 58 (77.3) 20 (95.2) 38 (70.4) 0.021

 Combination of LRT, n (%) 37 (49.3) 7 (33.3) 30 (55.6) 0.084

(Continued)
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Table 3. Clinical responses and outcomes of HCC with objective response to Sorafenib.

Characteristics Total CR PR p value

N = 75 n = 21 n = 54

TTR (months), median (range) 3.3 (0.9–39.7) 4.3 (0.9–28.5) 2.8 (0.9–39.7) 0.106

DOR (months), median (range) 12.1 (1.9–60.3) 18.3 (2.3–45.5) 10.0 (1.9–60.3) 0.072

PFS (months), median (95% CI) 18.8 (12.7–25.0) 29.3 (16.0–42.6) 15.1 (11.1–19.1) 0.011

OS (months), median (95% CI) 39.5 (28.4–50.5) Not reached 25.8 (22.2–29.5) <0.001

Treatment-related adverse effect, n (%) 66 (88.0) 19 (90.5) 47 (87.0) 0.681

 HFSR, n (%) 52 (69.3) 15 (71.4) 37 (68.5) 0.806

 Diarrhea, n (%) 32 (42.7) 10 (47.6) 22 (40.7) 0.589

 Hypertension, n (%) 20 (26.7) 7 (33.3) 13 (24.1) 0.416

Persistent using sorafenib n (%) 5 (6.7) 4 (19.0) 1 (1.9) 0.007

Progressive disease, n (%) 53 (70.6) 14 (66.7) 39 (72.2) 0.635

 New extrahepatic metastasis, n (%) 20 (26.7) 5 (23.8) 15 (27.8) 0.366

 New intrahepatic metastasis, n (%) 32 (42.7) 12 (57.1) 20 (37.0) 0.410

 Intrahepatic growth, n (%) 7 (9.3) 0 (0) 7 (13.0) 0.050

 Extrahepatic growth, n (%) 8 (10.7) 0 (0) 8 (14.8) 0.034

 Major vascular progression, n (%) 2 (2.7) 0 (0) 2 (3.7) 0.315

Death, n (%) 43 (57.3) 2 (9.5) 41 (75.9) <0.001

CI, confidence interval; CR, complete response; DOR, duration of response; HFSR, hand–foot skin reactions; PFS, progression-free survival; PR, 
partial response; OS, overall survival; TTR, time to response.

Characteristics Total CR PR p value

N = 75 n = 21 n = 54

Prior treatment to HCC, n (%)

 Surgical resection, n (%) 27 (36.0) 11 (52.4) 16 (29.6) 0.065

 RFA, n (%) 15 (20.0) 5(23.8) 10 (18.5) 0.607

 TACE, n (%) 33 (44.0) 8 (38.1) 25 (46.3) 0.521

 TACE failure (⩾3), n (%) 5 (6.7) 3 (14.3) 2 (3.7) 0.099

 Number of prior treatment lines 
0/1/⩾2, n (%)

7/43/25
(9.3/57.3/33.4)

1/11/9
(4.8/52.4/42.8)

6/32/16
(11.1/59.3/29.6)

0.187

AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; AL(S)T, alanine(aspartate) aminotransferase; BCLC, Barcelona Clinic Liver Cancer; CR, complete 
response; HCC, hepatocellular carcinoma; INR, international normalized ratio; LRT, local regional treatment; PR, partial response; PVI, portal vein 
invasion; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.
Continuous variables were expressed as median and range.

Table 2. (Continued)
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Figure 2. Survival benefits of HCC responders to sorafenib treatment according to tumor response:  
(a) progression-free survival (PFS) and (b) overall survival (OS) of HCC responders according to the tumor 
responses to sorafenib treatment.
HCC, hepatocellular carcinoma.

Figure 3. Overall survival (OS) of HCC responders to sorafenib treatment according to the presence of 
treatment-related adverse events (TRAEs). OS according to the presence of (a) all TRAEs, (b) hand–foot skin 
reactions (HFSR), (c) diarrhea, and (d) hypertension.
HCC, hepatocellular carcinoma.
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were associated with better survival benefits in 
sorafenib-responders.

A low tumor response rate is the main disadvan-
tage of sorafenib treatment for HCC. In the 
SHARP and Asian-Pacific study, only 2% and 
3.3% of patients had partial response; no com-
plete response was reported.5,6 According to an 
Italian multicenter study that enrolled 296 HCC 
patients, the overall objective response rate was 
8%, including two patients (1%) with CR and 22 
with PR (7%).7 In a Spanish multicenter retro-
spective study, 12 (1%) complete responders 
were identified from 1119 patients; the outstand-
ing OS reached 85.8 months.11 Of the real-world 
cohorts in Taiwan, approximately 5–7% of HCC 
developed objective responses to sorafenib treat-
ment.8,10,23 Similar to previous studies, the objec-
tive response rate of our cohort was low, but the 
therapeutic efficacy was durable in the 
sorafenib-responders.

According to clinical trials and real-world studies, 
the most common TRAEs of sorafenib included 
diarrhea, arterial hypertension, fatigue, and der-
matological toxicities, mainly as HFSR.5–7,24–26 
Previous studies suggested that the presence of 
adverse events may be of prognostic and predic-
tive importance in sorafenib-treated HCC.27–33 
Here, we found that the presence of diarrhea and 
hypertension were associated with better OS in 
the objective responders to sorafenib. Diarrhea 
was also associated with a better PFS. In contrast, 
no significant survival benefits of HFSR could be 
identified in these responders probably because 
most (69.3%) had expressed HFSR during 

sorafenib treatment. This finding confirms that 
optimal management of sorafenib-related AEs 
would prolong treatment duration and improve 
patients’ survival.34

Dose reduction was often carried out in clinical 
practice in approximately 26–45% of patients, 
even the majority of AEs were grades 1–2.5–7,25,26 
According to a previous study, sorafenib dose 
reduction can improve HCC survival and increase 
patients’ tolerance and adherence coupled with 
longer duration and a higher cumulative dose.35 
In this study, most (96.0%) objective tumor 
responders had experienced a dose reduction, 
and 77.3% of them underwent a more than 25% 
dose reduction during sorafenib treatment. Dose 
reductions did not lead to survival differences 
probably because of the high application rate of 
this practice.

Aspirin use was reported in association with bet-
ter clinical outcomes and survival benefits in 
patients who received sorafenib treatment for 
HCC.36 As to our patients, none of sorafenib-
responders had used aspirin during the sorafenib 
or subsequent therapies for HCC. Therefore, we 
did not include aspirin use in the analysis. 
PROSASH-II score was suggested as the most-
effective prognostic classification model for 
patients with sorafenib-treated HCC.22 However, 
no significant survival difference could be identi-
fied according to PROSASH-II model in our 
objective responders. It is possible that our 
patients were objective responders to sorafenib; 
consequently, PROSASH-II scores could not fur-
ther differentiate them.

Figure 4. Survivals of HCC responders to sorafenib treatment according to the administration of second-
line systemic therapy: (a) postsorafenib survival (PSS) and (b) overall survival (OS) according to the different 
subsequent therapies after sorafenib failure.
HCC, hepatocellular carcinoma.
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Table 4. Factors associated with overall survival in 30 HCC patients received sequential systemic therapy.

Characteristics Univariate analysis Multivariate analysis

 HR 95% CI p HR 95% CI p

Age, years >60 versus ⩽60 1.083 (0.361–3.247) 0.877 NA

Sex Male versus Female 0.999 (0.221–4.516) 0.998 NA

HBsAg-positive Yes versus No 2.143 (0.713–6.440) 0.174 2.636 (0.793–8.762) NS

Anti-HCV-positive Yes versus No 0.577 (0.127–2.615) 0.476 NA

Tumor size, cm >5 versus ⩽5 0.813 (0.275–2.402) 0.707 NA

Tumor number Multiple versus 
single

1.516 (0.507–4.537) 0.457 NA

Tumor shape Infiltrative versus 
nodular

1.623 (0.357–7.384) 0.531 NA

Macrovascular 
invasion

Yes versus No 2.494 (0.775–8.022) 0.125 2.156 (0.486–9.569) NS

 Main PVI (Vp4) Yes versus No 0.647 (0.081–5.155) 0.681 NA

Extrahepatic 
metastasis

Yes versus No 0.510 (0.170–1.532) 0.230 NA

AFP, ng/ml >400 versus ⩽400 1.474 (0.505–4.305) 0.478 NA

 <10 versus ⩾10 1.260 (0.345–4.606) 0.727 NA

Prothrombin time, 
INR

>1.2 versus ⩽1.2 1.158 (0.374–3.119) 0.851 NA

Platelet count >100k versus ⩽100k 0.404 (0.118–1.390) 0.151 0.467 (0.089–2.434) NS

ALT, U/L >40 versus ⩽40 0.948 (0.311–2.888) 0.925 NA

AST, U/L >40 versus ⩽40 2.320 (0.722–7.455) 0.158 1.247 (0.278–5.599) NS

NLR >2.5 versus ⩽2.5 1.265 (0.384–4.166) 0.699 NA

ALBI grade Grade 2, 3 versus 1 0.913 (0.286–2.913) 0.878 NA

Sorafenib-AE Yes versus No 0.715 (0.091–5.608) 0.750 NA

Grade III AE Yes versus No 1.046 (0.228–4.803) 0.954 NA

Sequential 
therapy

Sorafenib–C/T 1 – – 1 – –

Sorafenib–
Regorafenib

0.607 (0.192–1.915) 0.394 0.434 (0.125–1.504) 0.188

Sorafenib–
Nivolumab

0.112 (0.013–0.970) 0.047 0.083 (0.009–0.782) 0.030

AEs, adverse events; AFP, alpha-fetoprotein; ALBI grade, albumin-bilirubin grade; AL(S)T, alanine(aspartate) aminotransferase; CI, confidence 
interval; C/T, chemotherapy; HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hazard ratio; INR, 
international normalized ratio; NLR, neutrophil-lymphocyte ratio; PVI, portal vein invasion.
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Nivolumab and regorafenib have demonstrated 
their therapeutic effectiveness for the sorafenib-
failed HCC according to the Checkmate-040 and 
RESCORCE trials in 2017.12,13 According to a 
Korean study, comparable efficacy and safety 
between nivolumab and regorafenib were 
observed in patients with sorafenib-failed 
advanced HCC. The median OS was 5.9 and 
6.9 months for nivolumab and regorafenib, 
respectively. Nivolumab sequential therapy was 
independently associated with prolonged OS.37 
Another retrospective study in Taiwan showed 
that subsequent nivolumab and regorafenib pro-
vided promising and comparable benefits to 
sorafenib-failed HCC.38 The OS was 14 and 
11 months from the time of nivolumab and 
regorafenib commencement and 21.9 and 
17.3 months in the nivolumab and regorafenib 
group since the beginning of sorafenib treat-
ment.38 Here, subsequent nivolumab treatment 
provided an optimal PSS (not yet reached at data 
cutoff on December 31, 2020) that was better 
than the survival observed in the Asian cohort of 
Checkmate-040 trial (14.9 months).39 The 
median OS from initiation of sorafenib to death 
in patients who received sorafenib–nivolumab 
sequential therapy was up to 55.8 months. A 
comparable survival benefits attributed to subse-
quent regorafenib was also observed in our 
patients (median PSS: 15.5 months, median OS 
from sorafenib initiation: 39.5 months) similar to 
the results of RESCORCE trial (10.6 and 
26.0 months, respectively).12,40 Real-world data 
of sorafenib–regorafenib showed median OS 
around 28.5 to 38.4 months.41,42 Our study focus-
ing on responders to sorafenib, showed a median 
OS of 39.5 months by sorafenib–regorafenib 
sequencing. These data suggest that nivolumab 
and regorafenib have promising treatment effi-
cacy and survival benefits as second-line therapies 
particularly in sorafenib-responders.

There are several limitations in this study. First, 
this is a retrospective study that only enrolled 
patients in single hospital. However, our hospital 
is the main leading tertiary medical center in 
Taiwan. The large case numbers and long-term 
follow-up period of this cohort as well as regular 
tumor reassessment and clinical evaluation ame-
liorates information bias as well. Second, the 
trough concentration of sorafenib was not 
checked in our patients, although it might predict 
the occurrence of serious AE, tumor response, 
and survival in patients with HCC.43 Third, most 

of our patients had chronic hepatitis B as the 
underlying hepatic disease. We should cautiously 
apply our experience to other populations. 
Finally, as a retrospective study, the genetic 
mutations of tumor, such as the specific BRAF 
alterations,44 and the tumor microenvironment, 
involving the pathophysiology of hypoxia-
induced angiogenesis and immunosuppression,45 
were not available. Precision and individualized 
approaches for systemic therapy of HCC are still 
in unmet need to select multikinase inhibitor-
preferred or immune checkpoint inhibitor-pre-
ferred patients. Further clinical trials with 
precision and individualized approaches focus-
ing on the genetics and microenvironment of 
tumor as well as the HCC etiology are needed to 
elucidate these issues.

In conclusion, although the objective response 
rate of HCC to sorafenib is low, the long-term 
benefit is durable. The presence of TRAE (par-
ticularly diarrhea and hypertension) was associ-
ated with better OS. Sequential therapy with 
nivolumab or regorafenib after sorafenib failure 
could provide promising and comparable benefits 
to HCC patients who had previous responses to 
sorafenib treatment. This information is impor-
tant for characterizing outcomes of sorafenib-
responders and the choice of sequential 
treatment.
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