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Background: The RESORCE trial reported that regorafenib was effective as the second-
line treatment for patients with hepatocellular carcinoma (HCC) after progression on
sorafenib. Real-world data are needed to assess clinical outcomes and adverse events
in the setting of daily practice.

Objective: We aimed to evaluate the efficacy and safety of regorafenib after disease
progression with sorafenib in Chinese patients with advanced HCC.

Patients andMethods:A total of 41 patients with advanced HCCwho did not respond to
sorafenib and followed a regorafenib regimen were enrolled in this retrospective study.
Overall survival (OS), progression-free survival (PFS), radiological responses, and adverse
events (AEs) were evaluated. Survival curves were compared by using the log-rank test
and constructed with the Kaplan–Meier method.

Results: The median PFS with regorafenib was 6.6 months (range: 5.0–8.2 months), and
the median OS with regorafenib was not reached. The 1-year OS rate of regorafenib was
66.4%. The median OS of sequential sorafenib to regorafenib treatment was 35.3 months
[95% confidence interval (CI), 24.3–46.3], and the 2-year OS rate of sequential sorafenib to
regorafenib treatment was 74.4%. The most common AEs of regorafenib treatment were
elevated aspartate aminotransferase [17/41 patients (41.5%)], elevated alanine
aminotransferase [16/41 patients (39%)] and hand-foot syndrome [14/41
patients (34.1%)].

Conclusion: Regorafenib appears to be safe and clinically effective in patients with
advanced HCC who progressed on first-line sorafenib.
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INTRODUCTION

In 2018, liver cancer became the sixth most common cancer and
the fourth leading cause of cancer-related deaths worldwide, with
China ranking first worldwide in terms of the incidence of liver
cancer (Bray et al., 2018). Due to the early characteristic
symptoms and signs are not obvious, most patients with
hepatocellular carcinoma (HCC) are often diagnosed at an
advanced stage (Truty and Vauthey, 2010). Currently, for
patient with advanced HCC have the following variable
treatment modalities: transcatheter arterial chemoembolization
(TACE), chemotherapy, and targeted drug therapy (Liccioni
et al., 2014). About 80% of patients with advanced HCC who
have unresectable tumors, and many are not diagnosed until their
tumors have grown to a large (>5.0 cm) or very large size
(>10 cm). Molecular targeted drugs such as sorafenib have
been shown to significantly extend overall survival (OS) and
time to progression (TTP) in patient with advanced HCC (Truty
& Vauthey, 2010; (Yeo et al., 2005; (Palmer, 2008). Although
sorafenib has been the main treatment for advanced HCC in the
past decade, the emergence of drug resistance is still inevitable

(Huang et al., 2020). For HCC patients whose disease progresses
after sorafenib treatment, second-line oral regorafenib can
significantly improve overall survival (Bruix et al., 2017;
(Duffy and Greten, 2017; (Bruix et al., 2013).

Regorafenib is an oral multikinase inhibitor that blocks the
activation of multiple angiogenesis kinases and oncogenic
kinases, including vascular endothelial growth factor receptors
(VEGFR 1, VEGFR2, and VEGFR3), platelet-derived growth
factor receptor β, and fibroblast growth factor receptor 1, and
mutated oncogenic kinases RAS, MAPK, and KIT (Wilhelm et al.,
2011; (Subramonian et al., 2020). Compared with sorafenib,
regorafenib targets a wider range of kinases, and has a
stronger pharmacological effect (Strumberg and Schultheis,
2012). However, the RESORCE trial did not report the
baseline clinical data of patients when sorafenib treatment was
initiated. We need real-world data to learn more about the
differences between daily practice and clinical trials in
patients. Regorafenib was approved for HCC in China in
2017. Therefore, in this study we aimed to evaluate the safety
and efficacy of regorafenib after disease progression with
sorafenib in Chinese patients with advanced HCC, with the
aim of complementing phase III findings.

METHODS

Study Population Selection and
Regorafenib Treatment
The study was a single-center, single-arm study. Patients were
enrolled who met the following criteria: 1) patients were
18–80 years of age and had confirmed advanced HCC; 2)
none of the patients had a history of other malignant
tumors before the discovery of HCC; 3) complete clinical,
imaging and follow-up data of the patients are available. The
exclusion criteria were as follows: 1) patients who were given
regorafenib for less than one medication cycle; 2) patients with
any of the following conditions within 12 months prior to
taking the drug: myocardial infarction, severe/unstable angina,
coronary artery bypass grafting, congestive heart failure,
cerebrovascular accident (including transient ischemic
attack), pulmonary embolism; 3) patients with other severe,
acute, chronic physical illness that may increase the risk
associated with participating in study treatment, or may not
be considered appropriate for inclusion by the investigator;
and 4) patients with an expected survival time of less than
3 months. The complete eligibility criteria are shown in the
supplementary data.

After screening, we retrospectively collected clinical data of
patients with advanced HCC who received sequential sorafenib-
regorafenib treatment at our center before February 2019.
Patients with radiological progression during sorafenib therapy
are strongly recommended for treatment with regorafenib. A total
of 41 patients in our center were enrolled in this study, and each
cycle included 4 weeks. They took 160 mg regorafenib per day for
the first 3 weeks, and stopped all the treatment in the last week of
the cycle (Bruix et al., 2017). Dose adjustment of regorafenib was
allowed depending on patient tolerance.

TABLE 1 | Baseline characteristics of patients with hepatocellular carcinoma
treated with regorafenib after sorafenib (n = 41).

Characteristics Patients

Age, years, median (range) 41 (31–80)
Sex, male, n (%) 33 (80.5)
Etiology, n (%)
Hepatitis B virus 40 (97.6)
Hepatitis C virus 0 (0)
Alcohol 6 (14.6)
Unknown 1 (2.4)

BCLC stage, n (%)
B 16 (39.0)
C 25 (61.0)
ECOG, 0/1/2, n 18/22/1

Child-Pugh class, n (%)
A 25 (61.0)
B 16 (39.0)

Extrahepatic metastasis, n (%) 23 (53.5)
Macrovascular invasion, n (%) 9 (20.9)
AFP≥400 ng/ml, n (%) 20 (48.8)
Therapies prior regorafenib, n (%)
Resection 36 (87.8)
Radiofrequency ablation 25 (61.0)
TACE 34 (82.9)
TAI 6 (14.6)
Radiation therapy 8 (19.5)
Sorafenib 41 (100)

Tumor number, n (%)
≥3 9 (22.0)
<3 32 (78.0)

Tumor diameter, median (range),cm 3.3 (1.0–9.8)
TTP of sorafenib (month) 7.0
Tumor progression patterns of sorafenib, n (%)
New intrahepatic lesion 11 (26.8)
Increase in intrahepatic tumor size 15 (36.6)
Increase in extrahepatic tumor size/new extrahepatic lesion 15 (36.6)

BCLC, barcelona clinic liver cancer; ECOG, eastern cooperative oncology group; TACE,
transarterial chemoembolization; AFP, Alpha-fetoprotein; TAI, transcatheter arterial
infusion; TTP, Time to progression.

Frontiers in Pharmacology | www.frontiersin.org June 2022 | Volume 13 | Article 9173842

Hou et al. Regorafenib Treatment in Advanced HCC

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Clinical Parameters and Evaluation
We collected clinical parameters such as etiology, age, sex,
Child-Pugh class, alpha-fetoprotein (AFP), metastasis of
primary HCC, macrovascular invasion, treatment prior to
or combined with regorafenib and sorafenib initiation,
initial and final sorafenib and regorafenib dosses, adverse
events (AEs) after treatment with sorafenib and regorafenib,
date of radiological progression, and date of death or last
follow-up. Efficacy was evaluated every 2 months by computed
tomography (CT) or magnetic resonance imaging (MRI) scans
and blood indicator (AFP level) assessment. All patients
received contrast-enhanced CT or MRI examinations, unless
the administration of the contrast material was

contraindicated. PET-CT was generally performed when
systemic progression needed to be evaluated. All images
were assessed by one of the authors (J.X.H) who had
10 years of experience. Tumor imaging response and disease
progression were evaluated according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1
(Eisenhauer et al., 2009). Reported AEs were assessed in
terms of type, causality, and severity as graded by Common
Terminology Criteria for Adverse Events (CTCAE)
Version 5.0.

Statistical Analysis
All study patients who met the eligibility criteria at baseline were
included in the analyses. The primary endpoint for the study was
OS and the secondary endpoint was progression-free survival
(PFS). OS for regorafenib was defined as the time from the
treatment of regorafenib to death from any cause. For
sequential treatment with sorafenib-regorafenib, OS was
defined as the time from the treatment of sorafenib to death
from any cause. PFS was defined as the time from the initiation of
regorafenib to the date of radiological assessment progression, or
death. TTP was defined as the time from the initiation of
sorafenib or regorafenib to the date of radiological assessment
progression. OS, PFS, and TTP were estimated by using the
Kaplan-Meier method with 95% confidence intervals (CIs). OS,
PFS, and TTP were compared between different subgroups by
means of the log-rank test. Analysis was performed using SPSS
statistical software (version 24; SPSS-IBM, Chicago, IL,
United States). p < 0.05 was considered statistically significant.

RESULTS

Patient Characteristics
A total of 41 patients with advanced HCC who did not
respond to sorafenib and followed a regorafenib regimen
were enrolled in our study. The median age was 42 (range:
25–75) years; Among them, 33 (80.5%) patients were male.
Most patients had a history of local treatment prior to
regorafenib included 25 (61.0%) patients undergo
radiofrequency ablation, 40 (97.6%) patients received
interventional therapy [include transarterial
chemoembolization (TACE) and transcatheter arterial

FIGURE 1 | Progression-free survival (A) and Overall survival (B) of regorafenib in patients with advanced hepatocellular carcinoma in Chinese clinical settings.

FIGURE 2 | Overall survival of patients receiving sequential sorafenib-
regorafenib treatment.

TABLE 2 | Efficacy of regorafenib treatment.

Variable Total (n = 41)

Response by RECIST v 1.1
Complete response 0
Progressive disease 8 (19.5%)
Stable disease 29 (70.7%)
Objective response rate 4 (9.8%)
Disease control rate 33 (80.5%)

Progression-free survival, median 6.6 months (95% CI, 5.0–8.2 months)
Overall survival, median Not reached
One-year overall survival rate 66.4% (95% CI, 50.72–82.08%)

CI, confidence interval.
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infusion (TAI)] and eight patients (19.5%) received radiation
therapy (RT). There were 9 (20.9%) patients had
macrovascular invasion and 23 (53.5%) patients had
extrahepatic metastasis. Most patients (78.0%) received a
full dosage of sorafenib (800 mg). After sorafenib treatment
failed, 28 patients (68.0%) received 160 mg once daily and 13
(32.0%) patients received 120 mg once daily as the starting
dose of regorafenib. Of the 41 patients, 40 received other
therapies as follows: TACE (n = 34), radiofrequency ablation
(RFA) (n = 25), radiation therapy (n = 8), and transcatheter
arterial infusion (TAI) (n = 1) during sequential sorafenib-
regorafenib treatment. The baseline characteristics of patient
are summarized in Table 1.

Efficacy of Regorafenib
During the follow-up period, the median PFS of patients who
received regorafenib after sorafenib was 6.6 months (95% CI,
5.0–8.2 months), and the median OS was not reached (Figure 1).
The 1-year OS rate of patients who received regorafenib after
sorafenib was 66.4% (95% CI, 50.72–82.08%). The median OS of
patients receiving sequential sorafenib-regorafenib treatment was
35.3 months (95% CI, 24.3–46.3) (Figure 2), and the 2-year OS
rate of patients receiving sequential sorafenib-regorafenib
treatment was 74.4% (95% CI, 59.7–89.1%). The objective
response and disease control rate during treatment with
regorafenib were 9.8% (n = 4) and 80.5% (n = 33),
respectively (Table 2). In this study, the response was
indicated at stable disease in 29 patients (70.7%) and
progressive disease in eight patients (19.5%). OS was
associated with baseline alpha fetoprotein levels (<400 vs. ≥
400 ng/ml; p = 0.049), but not with extrahepatic metastasis
(p = 0.844), the starting dose of regorafenib (160 mg or
<160 mg) (p = 0.615), or the last dose of sorafenib (800 mg or
<800 mg) (p = 0.172). However, we found that the PFS had a
relationship with the starting dose of regorafenib (160 mg or
<160 mg) (10.7 vs. 5.7 months, p = 0.006), but not with the
starting dose of sorafenib (800 mg or <800 mg) (8.0 vs.
5.7 months, p = 0.084), baseline alpha fetoprotein levels (<400
vs. ≥ 400 ng/ml; p = 0.108), or extrahepatic metastasis (p = 0.107).

Themedian TTP (mTTP) with sorafenib was 7.0 months (95%
CI, 4.2–9.8 months, suggesting that the mTTP with sorafenib is
not relevant to the median OS of regorafenib (p = 0.552)
(Figure 3A). We did not find any connection between these
factors (R squared: 0.001) (Figure 3B). When we analyzed the
tumor progression patterns of sorafenib, we found that the
patients with an increase intrahepatic tumor size had the
worst prognosis among those with disease progression (Figure 4).

Safety and Tolerability of Regorafenib and
Correlation of Adverse Events Between
Sorafenib and Regorafenib
During the observation period, there were no treatment-related
deaths from sorafenib and regorafenib. The most common cause
of regorafenib dose modification was hand-foot skin reaction in
four patients (9%), and regorafenib doses were reduced to 120 mg

FIGURE 3 | Kaplan-Meier analyses of overall survival during treatment with regorafenib according to the time to progression (TTP) on prior sorafenib treatment (A),
and correlation diagram of TTP between sorafenib and regorafenib (B).

FIGURE 4 | Overall survival of patients with three tumor progression
patterns of sorafenib.

TABLE 3 | Adverse events (AEs) of regorafenib treatment (>10% of patients).

Adverse events Any grades, n (%)

Treatment related AEs 33 (80.5)
Palmar-plantar erythrodyses-thesia 14 (34.1)
Diarrhea 12 (29.3)
Abdominal distension 5 (12.2)
Decreased appetite 6 (14.6)
Elevated aspartate aminotransferase 17 (41.5)
Elevated alanine aminotransferase 16 (39.0)
Hypertension 5 (12.2)
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or 80 mg. However, two patients increased the regorafenib dose
from 120 to 160 mg due to disease progression. During the
follow-up period, 33 patients had at least one treatment-
related AEs, and the most common AE during regorafenib
treatment were elevated aspartate aminotransferase [17/41
patients (41.5%)], elevated alanine aminotransferase [16/41
patients (39%)] and hand-foot syndrome [14/41 patients
(34.1%)] (Table 3).

We also compared the adverse events during sorafenib and
regorafenib treatment in 41 patients (Figure 5). All common
sorafenib-related adverse events also emerged during regorafenib
therapy. The most common adverse events that were observed
during both sorafenib and regorafenib therapy were hand-foot
syndrome and diarrhea. Conversely, 21.4% of the patients who
did not have palmar-plantar erythrodyses-thesia during sorafenib
therapy developed this adverse event during regorafenib therapy.

DISCUSSION

This study was a single center, retrospective analysis of Chinese
patients who received regorafenib after progression disease of
sorafenib. The results of this retrospective analysis not only
demonstrate the efficacy and safety of sequential sorafenib-
regorafenib therapy in Chinese patients with advanced HCC
but also provide detailed clinical data that the RESORCE trial
that did not provide. These results provide the first outcome data
for sequential sorafenib-regorafenib treatment in patients with
advanced HCC in China.

There was no linear relationship between the TTP of sorafenib
and regorafenib. (R squared: 0.001). The result is similar to
additional analyses from the phase III RESORCE trial (Finn
et al., 2018). However, a study in Japan showed that after
sorafenib, the group with TTP >4.6 months had a significantly
longer TTP during regorafenib therapy than the group with TTP
≤4.6 months (Ogasawara et al., 2020). We compared the two
groups of data and found that sorafenib had no significant effect

on a group of Japanese patients, and disease progression occurred
soon after the use of the drug. Even if they changed to regorafenib,
the drug had no significant effect. However, this did not occur in
Chinese patients, who responded differently to the two drugs.

In our cohort, the patients could adjust the dosage according
to their tolerance, nine patients took sorafenib less than 800 mg
every day, and 13 patients took regorafenib less than 160 mg
every day. They chose dosage reduction because of AEs. The most
frequent AEs during sorafenib treatment were hand-foot
syndrome, diarrhea and elevated aspartate aminotransferase,
but the most frequent AEs during regorafenib treatment were
elevated aspartate aminotransferase, elevated alanine
aminotransferase and hand-foot syndrome. Both drugs are
oral multikinase inhibitors, so the patients had overlapping
adverse-event profiles, and their tolerability to regorafenib was
improved after treatment with sorafenib (Heo and Syed, 2018).
The majority of these events were lower than grade 3 and can be
alleviated by expectant treatment or by reducing the treatment
dose. For example, the rate of hand-foot syndrome in our study
was higher than that in the RESORCE trial, but we always advise
the patients to use hand cream containing salicylic acid and take
celecoxib or minocycline hydrochloride capsules to treat hand-
foot syndrome (Rimassa et al., 2019; (Chen et al., 2020). Dose
personalization of drugs and minimizing side effects could
improve their tolerability to drugs (Rizzo et al., 2020).

In addition, we analyzed the tumor progression pattern and
found that there were three tumor progression patterns of
sorafenib: increase in intrahepatic tumor size, new intrahepatic
lesion, and increase in extrahepatic tumor size/new extrahepatic
lesion. The results suggested that patients with an increase in
intrahepatic tumor size had the worst prognosis. This result is
different from another study in which the prognosis of patients
with radiologic tumor progression due to an increase in
extrahepatic tumor size/new extrahepatic lesion (NEH) was
the worst (Reig et al., 2013). When comparing the results of
the previous imaging data with new imaging data, we also found
that patients’ liver function deteriorated (elevated aspartate

FIGURE 5 |Correlation of common adverse events between sorafenib and regorafenib in patients with advanced hepatocellular carcinoma. Reproducibility rates of
regorafenib related adverse events during sorafenib therapy (left side) and occurrence rates of regorafenib related adverse events which did not found during sorafenib
therapy (right side) are indicated in this figure.
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aminotransferase or alanine aminotransferase, increased total
bilirubin, hypoproteinemia, ascites), when intrahepatic tumor
size increased or new intrahepatic lesion occurred. But we are
unable to treat patients with antitumor therapy because of their
poor liver function (Terashima et al., 2018). In the end, antitumor
therapy was not available for these patients, so their survival time
was short. It is critical to preserve liver function so that patients
are candidates for any antitumor therapy, as patients with poor
performance status cannot obtain any survival benefit from
HCC-directed therapy (Kirstein et al., 2020; (Piscaglia and
Ogasawara, 2018; (Rich et al., 2017).

The median OS from initiation of sorafenib to regorafenib was
35.3 months, which was longer than that observed in the RESORCE
trial. We compared the differences between the two groups, and the
basic condition in our group was different from that in the RESORCE
trial. For example, the proportion of patients with macrovascular
invasion or BCLC stage C was lower than that in the RESORCE trial,
and most patients in the RESORCE trial had extrahepatic disease.
One study showed that among patients with advanced HCC after
sorafenib, few patients with MVI or hypoalbuminemia at sorafenib
initiation were able to undergo regorafenib treatment (Uchikawa
et al., 2018). Hepatitis B is the main cause of HCC in China, and the
majority of HCC patients have large HCC tumors (Truty and
Vauthey, 2010; (Chen et al., 2019). The main cause of HCC in
Europe and America is fatty liver and alcoholic liver disease, and the
majority of HCC patients have small HCC tumors. This is also a basic
difference between Chinese patients with HCC and HCC patients
from other countries, so there are also differences in the treatment
effect. Furthermore, our patients could receivemany other treatments
such as RFA, TACE, RT, and TAI, during sequential sorafenib-
regorafenib treatment, and combining local therapies (RFA, TACE,
RT) or systemic therapy (TAI) with drug treatment might have the
potential to prolong OS. The variety of new treatments for patients
with advanced HCC who do not respond to sorafenib means that
multidisciplinarymanagement could obtain an effect (Liu et al., 2018).

Furthermore, a series of exciting breakthroughs in HCC
treatment will bring survival benefits to the majority of patients,
and a revolution in advanced HCC treatment has been driven by
combined therapy and immunotherapy in recent years (El-Khoueiry
et al., 2017; (Kudo, 2018). The combination of regorafenib and
immunotherapy drugs has also demonstrated synergistic antitumor
effect (Wu et al., 2019; (Tsai et al., 2017; (Von Felden, 2020).
Therefore, the combination of regorafenib and immunotherapy
for HCC may be a good choice.

There are some limitations in our study need to be considered.
Firstly, this study was retrospectively and carried out without
randomization which may have resulted in selection bias and
confounding. Second, as a single center study with small sample
size, our results are limited in terms of generalization. The results of
our study need further validation in the large-scale multi-center
study and more randomized controlled trials.

CONCLUSION

In summary, the results of this retrospective analysis verified the
efficacy and safety of regorafenib in patients with advanced HCC
in China. Regorafenib combined with other treatments may bring
survival benefits to patients. However, this is a retrospective and
single-arm study without a control group. Moreover, this
retrospective study had small sample size. Additional large-
scale studies are needed to explore and expound on the
specific treatment plan for patients.
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