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Summary

Purpose: To evaluate the efficacy and tolerability of he-
patectomy in combination with sorafenib in the treatment
of intermediate-advanced hepatocellular carcinoma (HCC).

Methods: One hundred and eighty-sixty consecutive pa-
tients with intermediate-advanced HCC who were treated
with sorafenib were enrolled in this study. They were divid-
ed into two groups: sorafenib group (39) and hepatectomy
combined with sorafenib group (147). Survival rates of the
patients were analyzed by the Kaplan-Meier method. Cox’s
proportional hazards model was used to analyze variables
associated with survival. Adverse events induced by sorafenib
were observed and recorded.

Results: The median follow-up duration was 13.0 months
(range 1-41). There were 77 patients with intermediate HCC
(BCLC stage B) (41.4%) and 109 patients with advanced HCC
(BCLC stage C) (58.06%). The overall survival was greater

Introduction

Hepatocellular carcinoma (HCC) is the sixth
most prevalent cancer and the third most frequent
cause of cancer-related death [1]. For optimal man-
agement, the treatment choice is guided by stag-
ing systems and treatment guidelines. Until now
numerous staging systems have been proposed and
treatment guidelines vary by region. The Barcelo-
na Clinic Liver Cancer (BCLC) classification, which
is approved by the European Association for the
Study of the Liver (EASL) and the American Associ-

in patients with intermediate HCC than in patients with
advanced HCC (p=0.011). Surgery before administration
of sorafenib did not contribute to overall survival of pa-
tients with intermediate HCC (p=0.312). For patients with
advanced HCC, the survival of those who underwent sur-
gery before sorafenib was significantly longer than that of
patients who received sorafenib alone (15.0 months, 95%
CI 12.3-17.7 vs. 8.0 months, 95% CI 5.5-10.5; p=0.024) and
surgery before sorafenib was identified as the only predic-
tor of survival for patients with advanced HCC (HR, 0.582;
95%ClI, 0.353-0.932; p=0.035).

Conclusions: The combination of surgery and sorafenib is
safe and significantly prolongs overall survival of patients
with advanced HCC.

Key words: advanced hepatocellular carcinoma, hepatec-
tomy, sorafenib, survival

ation for the Study of Liver Diseases, is widely used
in western countries [2]. It incorporates variables
related to tumor burden, liver functional reserve,
and general performance status. According to the
BCLC classification, liver resection should be per-
formed only in patients with very early and early-
stage HCC (BCLC stages 0 and A), whereas patients
with intermediate and advanced stages (BCLC
stages B and C) should receive palliative treat-
ment [3]. However, some other factors modulate the
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therapeutic decisions in daily clinical practice,
such as presence of comorbidities, anatomical
location of tumors and expertise of the involved
teams. Recently, many papers reported experience
with surgical management of intermediate and ad-
vanced HCC, showing that in selected patients a
radical approach could be offered with encouraging
survival and morbidity [4-7].

Sorafenib, a multikinase inhibitor with antian-
giogenic and antiproliferative properties [8,9], has
been shown to prolong the median overall survival
and the median time to radiological progression
compared to placebo in randomized controlled tri-
als [10,11] and has become the current standard of
care for patients with well-preserved liver function
(Child-Pugh A class) and with advanced tumors or
those tumors progressing on loco-regional thera-
pies (concept of treatment migration) [12]. We be-
lieve that combining surgery and sorafenib may
have the potential to increase the efficacy of treat-
ment. Herein, we conducted this study to evaluate
the safety and efficacy of liver resection in com-
bination with continuous sorafenib treatment in
patients with intermediate-advanced HCC.

Methods

Patients and study design

This was a retrospective study. From June 2014 to
June 2016, 202 consecutive patients with HCC received
sorafenib at our department. Of the 202 patients, 186
who were regarded as having intermediate-advanced
HCC according to the BCLC classification were enrolled
in this study. A hundred and forty-seven patients under-
went hepatectomy before administration of sorafenib,
which was defined as surgery+sorafenib group. The
remaining 38 patients were the sorafenib-alone group.
The diagnosis of HCC was made by imaging methods
following the European Association for the Study of the
Liver (EASL) criteria [13]. The research protocol of this
study was carried out after approval of the Clinical Re-
search Ethics Committee of the Eastern Hepatobiliary
Surgery Hospital. Informed consent was obtained from
all participants.

Preoperative evaluation

All patients had chest X-ray, ultrasonography (USG)
of abdomen, and contrast computed tomography (CT)
or magnetic resonance imaging (MRI) of the abdomen.
Laboratory blood tests including complete blood counts,
serum albumin, total bilirubin, aspartate amino trans-
ferase (AST), alanine aminotransferase (ALT), prothrom-
bin time , hepatitis B surface antigen, antibodies to hepa-
titis C, serum alpha-fetoprotein (AFP), carcinoembryonic
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9)
were obtained. Resectability of each primary tumor mass
and metastatic focus was assessed cautiously by USG,
CT and MRI. Liver function was evaluated carefully by
the Child-Pugh classification.

Surgical algorithms and procedures

Resection criteria were constant over the study pe-
riod, including resectable tumor, tumor thrombus, gross
metastatic focus and adequate liver function reserve. Be-
sides, maximum resection of the intrahepatic HCC, an-
giotomy and thrombus removal were considered in cases
accompanied with portal venous, hepatic venous or infe-
rior caval vein thrombus. Hepatic resection was carried
out under general anesthesia using a right subcostal in-
cision with a midline extension. Pringle’s maneuver was
routinely used with a clamp/unclamp time of 30 min/5
min. Liver resection was carried out by a clamp crushing
method. Major hepatectomy was defined as resection of
three or more hepatic segments according to Couinaud’s
classification, and minor hepatectomy was defined as
resection of fewer than three hepatic segments.

Sorafenib

Sorafenib was administered as 400 mg b.i.d. Discon-
tinuation and dose reduction was based on tolerance. The
selection criteria for sorafenib included well-preserved

Table 1. Characteristics of the study population

BCLC stage (n) B (77)

54 (16-74)

C (109)
49 (16-80)

Age (years)?

Male gender 89.6% (69) 93.6% (102)
HbsAg positive 81.8% (63) 83.5% (91)
Total bilirubin (umol/L)? 14.9 164
(5.0-63.9) (5.8-142.0)
ALT (IU/L)? 44 35.6
(10.0-177.1) (6.6-208.1)
AST (IU/L)? 46.7 45.7
(16.1-188.9)  (17.3-264.0)
Albumin (g/L)® 39.4+4.8 39.8+4.5
AFP (ng/ml)? 302.2 1210.0
(0.6-2041000.0) (9634000.0)

Child-Pugh A class
Cirrhosis

94.9% (75)
80.5% (62)

97.2% (100)
75.2% (82)
Tumor number

Solitary 0 62.4% (68)
Multiple 100% (77) 37.6% (41)
Maximum tumor size (mm)? 98.5 100
(11-180) (32-189)
Macrovascular invasion 0 97.2% (1006)
Extrahepatic spread 0 25.7% (28)

Operation 24.7% (19) 18.3% (20)

Other treatment(s)

TACE 59.7% (46) 52.3% (57)
Radiotherapy 5.2% (4) 3.7% (4)
PEI 2.6% (2) 0
RFA 3.9% (3) 0

Results are expressed as % (n) unless otherwise specified; *Median
(range); " Mean (standard deviation); HbsAg: hepatitis B surface an-
tigen; ALT: alanine aminotransferase; AST: aspartate aminotrans-
ferase; AFP: alpha-fetoprotein; TACE: transarterial hemoembolization;
PEIL: percuraneous ethanol injection; RFA: radiofrequency ablation
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liver function (Child-Pugh A class or B class); tumors in
BCLC C stage; tumors in BCLC B stage with poor arte-
rial supply or those tumors progressing on loco-regional
therapies (concept of treatment migration). Sorafenib
was administered 4-6 weeks after surgery for patients
who also had undergone hepatectomy:.

Follow-up

The follow-up program included serum AFP assay,
abdominal USG, chest X-ray and liver function tests
every month. Contrast CT scan was performed every 3
months for surveillance of recurrence. Safety and toler-
ance evaluation involved documented history and physi-
cal examinations, laboratory tests, whereas grading of
adverse events was assessed using the National Cancer
Institute Common Terminology Criteria version 3.0. Pa-
tients who underwent surgical treatment were observed
prospectively for postoperative residual tumors with as-
sessment by serum AFP assay, abdominal USG, CT/MR]I,
and chest X-ray one month later after operation.

Statistics

Quantitative values were compared using the Stu-
dent’s t-test or the Mann-Whitney nonparametric U test,
and the x? test or Fisher’s exact test were used to com-
pare categorical data between groups. Continuous varia-
bles were summarized as medians (ranges) or mean+SD,
and categorical variables as percentages. Clinically ap-
plicable cut-offs were chosen for easy interpretation.

The Kaplan-Meier method was utilized to estimate sur-
vival and log-rank test to estimate differences between
groups. The clinicopathologic variables identified by
univariate analysis with p<0.05 were included in multi-
variate analysis by the Cox’s proportional hazards model
for potential associations with the survival outcomes of
HCC patients. All statistical analyses were conducted us-
ing SPSS version 16.0 (SPSS, Chicago, IL, USA). P values

<0.05 were considered statistically significant.

Results

Patient characteristics

Characteristics of the 186 newly diagnosed,
previously untreated patients with intermediate-
advanced HCC who were retrospectively stud-
ied are shown in Table 1. Of the 186 patients, 77
(41.4%) were in BCLC stage B and the remaining
were in BCLC stage C. Time zero was the day pa-
tients underwent operation or the day they had
sorafenib for the first time. The median follow-up
duration was 13.0 months (range 1-41). Patients
who were subjected to liver resection were admin-
istered sorafenib with a median of 30 days after
operation (range 26-53). The overall survival was
greater in patients with intermediate HCC than in
patients with advanced HCC (p=0.011).

Table 2. Surgical procedures and outcomes of patients stratified according to the Barcelona Clinic Liver Cancer (BCLC)

classification
Procedures/Outcomes n n
BCLC stage (n) B (77) C(109)
Surgery, No. (%) 19 (24.7) 20 (18.3)
Major/minor 13/6 8/12
Thrombus removal from portal vein 0 19
Type of PVTT removal
Removal via PV stump 0 6
Removal via main trunk 0 13
Thrombus removal from bile duct 0 1
Combined organ resection
Partial diaphragmatic resection 0 3
Partial gastric wall resection 0 1
Intraoperative blood loss, median (range), mL 400 (50-3000) 500 (200-2000)
Intraoperative transfusion, n (%) 5(206.3) 9 (45)
Duration of Pringle maneuver, median (range), mL 19 (9-45) 24 (10-50)
Hospital mortality 0 0
Length of hospital stay, median (range), days 14 (9-28) 16 (9-27)
Complications
Pleural effusion 4 5
Ascites 4 4
Respiratory infection 1 0
Hyperbilirubinemia 1 1
Enteroplegia 1 0
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Table 3. Univariate analysis of factors related with survival of patients included into the study according to BCLC staging

BCLC stage B BCLC stage C
N Median survival Log rank test N Median survival Log rank test
(range, months) (p value) (range, months) (p value)
Age (yr) 0.811 0.371
<60 52 17.0 (10.5-23.5) 89 8.0 (6.2-9.8)
>60 25 18.0 (7.6-28.4) 20 12.0 (7.0-17.0)
Gender 0.951 0452
Male 69 17.0 (12.0-22.0) 102 13.3 (6.9-11.1)
Female 8 13.6 (7.3-19.9) 7 34.0
HbsAg 0.348 0.240
Positive 63 17.0 (10.9-23.1) 91 9.0 (6.3-11.7)
Negative 14 18 12.0 (7.7-16.3)
AFP (ng/ml) 0.288 0.290
<400 40 17.0 (6.4-27.6) 41 10.0 (6.5-13.5)
>400 37 15.7 (11.1-22.9) 68 8.0 (5.4-10.6)
Total bilirubin (umol/L) 0.323 0.238
<17.1 50 21.0 (16.3-25.7) 61 10.0 (7.6-12.4)
>17.1 27 12.0 (9.4-14.6) 48 6.0 (1.8-10.2)
ALT (IU/L) 0.837 0455
<40 38 17.0 (9.4-24.6) 61 10.0 (5.1-14.9)
>40 39 18.0 (10.3-25.7) 48 8.0 (5.2-10.8)
AST (IU/L) 0.815 0.038
<40 28 17.0 (5.5-28.5) 45 11.0 (3.5-18.5)
>40 49 18.0 (10.5-25.4) 64 6.0 (3.1-8.9)
Albumin (g/L) 0.116 0.144
<40 35 12.0 (9.8-14.2) 55 9.0 (5.0-13.0)
>40 42 17.6 (15.7-22.3) 54 9.0 (6.7-11.3)
Cirrhosis 0.924 0.319
Yes 62 17.0 (11.2-22.9) 82 10.0 (6.9-13.1)
No 15 18.0 (4.7-31.3) 27 8.0 (5.1-10.9)
Tumor number 0.650
Solitary 0 - 68 9.0 (7.0-11.0)
Multiple 77 17.0 (11.7-22.3) 41 8.0 (2.7-13.3)
Macrovascular invasion 0.604
Present 0 - 106 9.0 (7.0-11.0)
Absent 77 17.0 (11.7-22.3) 3 3.0 (0-154)
Extrahepatic spread 0.112
Present 0 - 28 6.0 (2.4-9.0)
Absent 77 17.0 (11.7-22.3) 81 11.0 (6.9-15.1)
Operation 0.312 0.024
Yes 19 19.0 (13.8-24.2) 20 15.0 (12.3-17.7)
No 58 13.0 (8.2-17.9) 89 8.0 (5.5-10.5)
Other treatment(s)? 0431 0.247
Yes 47 18.0 (13.8-22.2) 57 12.0 (9.1-14.9)
No 30 13.7 (8.0-16.0) 52 8.0 (5.4-10.6)

2includes TACE, PEI, Radiotherapy, RFA; HbsAg: hepatitis B surface antigen; AFP: alpha-fetoprotein; ALT: alanine aminotransferase; AST:

aspartate aminotransferase
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Analysis by BCLC stage (TACE 59.7%, radiotherapy 5.2%, RFA 3.9%, PEI
BCLC-B 2.6%). No adjuvant therapy contributed to overall

Patients in BCLC stage B consisted of 69 men
and 8 women with a median age of 54 years (range
16-74). Most of the patients (94.5%) are in Child-
Pugh A liver function. The patient characteristics
are summarized in Table 1. Among the 77 patients,
19 underwent hepatectomy before been treated
with sorafenib. Surgical procedures and outcomes
for the patients are shown in Table 2. Forty-seven
(61.0%) patients received other adjuvant therapies
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Figure 1. Kaplan-Meier overall survival for patients with
advanced HCC who were treated with surgery combined
with sorafenib or sorafenib alone.

survival of patients in BCLC stage B with the treat-
ment of sorafenib (Table 3).

BCLC-C

Among the BCLC stage C patients, there were
102 men and 7 women. The median age was 49
years (range 16-80). A hundred and six (97.2%) pa-
tients presented with macrovascular invasion and
28 (25.7%) presented with extrahepatic spread.
Twenty-four (22.0%) patients were inflicted with
both macrovascular invasion and extrahepatic
spread. The characteristics of patients were shown
in Table 1. Although 82 (75.2%) patients had cir-
rhosis, most of the patients (97.2%) presented with
Child-Pugh A liver function. The HbsAg-positive
rate was 83.5%. Fifty-seven patients (52.3%) re-
ceived TACE and 4 (3.7%) underwent radiotherapy
during the treatment of sorafenib. Twenty of the
109 patients underwent surgery before administra-
tion of sorafenib. The complication rate was 50.0%
and the most common complications were ascites
and pleural effusion, which usually resolved with
diuretics or paracentesis. No patient died during
the hospitalization period. Table 2 summarizes the
surgical procedures and outcomes.

Survival

The survival of patients with advanced HCC
who underwent surgery before sorafenib was
significantly longer than that of patients who re-
ceived sorafenib alone (15.0 months, 95% CI 12.3-
17.7 vs. 8.0 months, 95% CI 5.5-10.5; p=0.024;
Figure 1). Baseline demographic data were well-

Table 4. Comparison of baseline characteristics between patients with advanced HCC treated with sorafenib and treated

with sorafenib combined with surgery

Characteristics Sorafenib Sorafenib combined with surgery p value
Age, years® 49.7+11.8 48.4+8.7 0.643
Gender, M/F 83/6 19/1 0.774
Total bilirubin, pmol/L? 20.2+15.3 14474 0.102
ALT, IU/L? 44.1+30.6 48.8+41.5 0.565
AST, IU/L? 63.2+42.6 43.2+24.5 0.007
Albumin, g/L? 39.0+4.2 39.4+4.9 0.671
AFP, ng/ml® 140402.1+£1020553.2 12520.1+43099.8 0.578
Prothrombin time, s? 12.6+1.2 12.0£1.3 0.051
HBS/eAg, positive/negative 75/14 16/4 0.642
Child-Pugh class, A/B 86/3 20/0 0.405
No. of tumor, Solitary/multiple 54/35 14/6 0.437
Macrovascular invasion, present/absent 87/2 19/1 0.334
Extrahepatic spread, present/absent 24/65 4/16 0.519

2mean+SD. ALT:alanine aminotransferase; AST:aspartate aminotransferase; AFP:alpha-fetoprotein
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Table 5. Multivariate Cox’s model for factors related with survival of patients with advanced HCC
Variables HR 95%CI for HR p value
Surgery before administration of sorafenib 0.582 0.353-0.932 0.035
AST (=40 UI/L vs >40 IU/L) 1.267 0.856-1.874 0.237

HR:hazard ratio; Cl:confidence interval; AST:aspartate aminotransferase

Table 6. The adverse events after intaking of sorafenib

Adverse events N=186 (%)
All grades Grade s
n (%) n (%)
Hand-foot skin reaction 132 (70.9) 15 (8.2)
Diarrhea 102 (55.1) 15 (8.2)
Fatigue 84 (44.9) 0 (0)
Alopecia 54 (29.2) 0(0)
Erythra 44 (23.8) 0 (0)
Liver function lesion 39 (21.1) 0 (0)
Arthralgia 24 (12.9) 0 (0)
Hypertension 5(2.7) 0 (0)

matched between the two groups of patients except
for AST (Table 4). Univariate analysis revealed that
surgical treatment before sorafenib (p=0.024) and
AST (p=0.038) were associated with the prognosis
of patients with advanced HCC (Table 3). Factors
showing statistical significance were analyzed
using a multivariate Cox proportional hazard re-
gression. Here, only operative treatment before
sorafenib was identified as a predictor of survival
(HR, 0.582; 95%CI, 0.353-0.932; p=0.035; Table 5).

Safety and adverse events

All patients experienced at least one adverse
event during sorafenib administration. The most
common drug-related adverse events (DRAEs) were
hand-foot-skin reaction (70.7%), diarrhea (55.1%)
and fatigue (44.9%). Infrequent adverse events in-
cluded arthralgia (12.9%) and hypertension (2.7%).
Most DRAEs were mild to moderate. Seventeen
patients received reduced doses of sorafenib (400
or 600 mg/day) and 5 patients discontinued drug
administration, 3 for hyperbilirubinemia and 2 for
diarrhea. No statistically significant differences
were observed in the incidence rates of toxicities
according to whether patients were operated or
not. All the adverse events and their severity are
detailed in Table 6.

Discussion

In the current study we evaluated the efficacy
and safety of sorafenib in combination with sur-

gery in patients with intermediate-advanced HCC.
We established that the combination of sorafenib
and surgery was well-tolerated and significantly
prolonged the overall survival of patients with ad-
vanced HCC.

It is known that the BCLC staging system
which takes into account tumor stage, liver func-
tion and physical status is endorsed by renowned
scientific societies [2,13]. This staging system not
only identifies subgroups of HCC patients with
different prognosis but also offers treatment guid-
ance. According to BCLC staging system, surgical
treatment should be reserved for patients with sin-
gle lesions not exceeding 5cm and without portal
hypertension or hyperbilirubinemia. For patients
with stage B or C HCC, the BCLC classification rec-
ommends palliation using TACE or sorafenib [3].
However, there is no consensus on the definition of
unresectable HCC. During the past years, many sur-
geons have published their experience with surgi-
cal management of intermediate and advanced HCC
and they found that in selected patients surgery
could be offered with encouraging survival and
morbidity [4,14-17]. However, the high incidence
of postoperative recurrence remained a big chal-
lenge for sustained remission. Meanwhile, Feng
and colleagues found that sorafenib significantly
suppressed postsurgical intrahepatic recurrences
as well as abdominal metastasis in orthotopic HCC
xenograft model [18] and similar results were found
in the Wang’s et al. research [19]. So, comprehen-
sive therapy based on combination with systemic
therapy may play an important role in improving
the efficacy of therapy for advanced HCC. In our
study, we used both treatments sequentially for
synergy to complement each other and the median
survival of patients who received surgery before
sorafenib was 15.0 months, which was significantly
longer than that of patients who received sorafenib
alone (Figure 1).

The time of using sorafenib can be different.
We think the anti-angiogenic effects of sorafenib
may delay the time of wound healing and adverse
events induced by sorafenib may have adverse ef-
fect on recovery. To avoid such disadvantages from
sorafenib, we administered sorafenib 4-6 weeks
after the operation when patients recovered. This
approach is similar to that of an ongoing phase
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IIT randomized clinical trial (RCT) (STORM) [20].
The incidence of adverse events observed in the
combination group was similar to the group with
sorafenib as monotherapy and there were no unex-
pected side effects in the combination group. This
demonstrated it was safe for patients to receive
sorafenib treatment when they recovered from
surgery.

Now, another combination treatment - TACE
plus sorafenib - is widely studied. The results
of these studies show that the combination of
sorafenib and TACE is well tolerated in patients
with HCC[21-27]. Wolfgang and associates recently
reported a median overall survival of 10.6 months
for patients with TACE and sorafenib treatment [28].
In another study, Duan et al. showed that patients
with advanced HCC benefited from the combination
of TACE and sorafenib with a median overall sur-
vival of 12 months [23]. Compared with our study,
overall survival of patients with advanced HCC in
our study was longer than in patients who received
TACE and sorafenib. It is interesting to conduct
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