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Abstract: Portal vein tumor thrombus (PVTT) is a complication of hepatocellular carcinoma (HCC). Our aim was to
determine if sorafenib given postoperatively prolongs the survival of HCC patients with PVTT who undergo hepatic
resection. Between 2009 and 2013 advanced HCC with PVTT who underwent surgical resection were given the
option to take sorafenib postoperatively. Overall survival (OS) and disease-free survival (DFS) of patients that had
resection alone and those that took sorafenib were compared. Seventy patients were included; 45 (64.3%) received
resection alone, and of the 25 (35.7%) patients who received resection plus sorafenib, 10 began sorafenib after
surgery, 15 began after recurrence. The median survival times of the resection and resection + sorafenib groups
were 10 months (IQR: 1, 30 months) and 15 months (IQR: 3, 62 months), respectively. The median DFS of surgical
resection and resection + sorafenib groups were 3 months (IQR: 1, 7 months) and 4 months (IQR: 1, 36 months),
respectively. Patients who began sorafenib within 2 weeks after surgery had longer OS and DFS than patients who
received resection alone or who began sorafenib after recurrence. Sorafenib improves OS and DFS of HCC patients

with PVTT who undergo surgical resection.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most common cancer, and the third leading
cause of cancer mortality globally [1].
Approximately half of yearly deaths due to HCC
occur in China [2]. Portal vein tumor thrombosis
(PVTT) in patients with HCC is a major compli-
cation associated with poor survival [3, 4], and
if left untreated the median survival is less
than 6 months [5]. Portal or hepatic vein inva-
sion as demonstrated by magnetic resonance
imaging (MRI) and ultrasonography occurs in
50% to 80% of HCC cases [6]. However, the
optimal treatment for HCC with vascular inva-
sion remains unclear [7, 8].

Sorafenib is a small molecular inhibitor of a
number of tyrosine protein kinases including
vascular endothelial growth factor (VEGF),
platelet-derived growth factor (PDGF), tyrosine

kinase inhibitor (TKI), and Raf kinases [9]. The
drug is indicated for the treatment of advanced
renal cell carcinoma and thyroid cancer, and in
2007 was approved for the treatment of unre-
sectable HCC [9]. Two large randomized trials
have shown that sorafenib improved survival in
patients with advanced HCC [10, 11] with sub-
sequent studies showing similar results [12,
13].

According the American Association for the
Study of the Liver Diseases/Barcelona Clinic for
Liver Cancer (AASLD/BCLC) Staging System
and Treatment Guidelines, the only treatment
option for PVTT in patients with BCLC stage C
disease is sorafenib [10, 14]. However, recent
reports from Asia and the United States indi-
cate that surgical resection with complete extir-
pation of the tumor provides a chance of cure
for patients with HCC, and can provide signifi-
cantly better long-term survival for certain
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select groups with PVTT [4, 15, 16]. We have
established a PVTT type system to guide the
treatment of PVTT, and found liver resection is
the only therapeutic option that offers a chance
of cure in HCC patients with PVTT, especially for
patients with PVTT type | or Il [3, 17].

The outcome of surgical resection of HCC with
PVTT, however, is still unsatisfactory with a
3-year median survival of only 17% [4]. The
results of our previous study using an animal
model and PVTT-1 cell lines strongly suggest
that sorafenib has a potential application in
HCC patients who have undergone hepatecto-
my by effectively reducing postoperative recur-
rence and metastasis [18]. The present study
was performed to translate the findings of the
animal study into clinical practice.

The purpose of this study was to determine if
sorafenib given postoperatively prolongs the
survival of HCC patients with PVTT who have
undergone surgical resection.

Methodology
Patients

From January 2009 to December 2013, 1345
hepatic resections for HCC were performed at
our study team, and of these there were 121
patients with macroscopic PVTT. All patients
were encouraged to take oral sorafenib postop-
eratively, and provided detailed information
about sorafenib, including its efficacy and
potential adverse effects. The decision to take
sorafenib was based on a patient’s personal
preference and economic status as the cost of
sorafenib is not covered by health insurance in
China.

Criteria for inclusion in this study were: 1) BCLC
stage C disease, which is generally considered
an indication for surgical resection, diagnosed
by 2 experienced hepatic surgeons; 2)
Macroscopic PVTT identified before surgery; 3)
No hepatic vein invasion and/or extrahepatic
spread; 4) Child-Pugh classification A or B, with
no history of encephalopathy, ascites refracto-
ry to diuretics, or variceal bleeding; 5) No
previous treatment of HCC. Patients were
divided into 2 groups for analysis; those
that underwent surgical resection alone and
those that underwent surgical resection and
received sorafenib postoperatively. Patients
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who received sorafenib were divided into 2 sub-
groups; preventive sorafenib therapy subgroup,
i.e., patients that began sorafenib immediately
postoperatively, and post-relapse sorafenib
therapy, i.e., patients that began sorafenib
after a recurrence was diagnosed. The
Institutional Review Board of the Eastern
Hepatobiliary Surgery Hospital (the Second
Military Medical University, Shanghai, China)
approved this study, and informed consent was
obtained from all patients.

Surgery

Surgery was performed through a right sub-
costal incision with a midline extension.
Intraoperative ultrasonography (IOUS) was rou-
tinely performed to accurately determine the
number and location of the lesions, and their
relationship to major vessels. The aim of sur-
gery was RO resection with clear resection mar-
gin of at least 1 cm. The Pringle maneuver was
used to occlude hepatic blood inflow, and liver
resection was carried out by a clamp crushing
method. Thrombectomy was performed accord-
ing to the location and extent of PVTT. For
patients with PVTT located within the resected
area, the PVTT was resected en bloc with the
tumor. For patients with PVTT protruding into
the main portal vein beyond the resection line,
the PVTT was extracted from the opened stump
of the portal vein. For patients with PVTT
extending into the main portal trunk and its pri-
mary branches on both sides, the main portal
trunk was exposed and was clamped distal to
the PVTT. The portal vein was incised at the
bifurcation of the right and left portal veins,
and the PVTT was extracted. After flushing with
normal saline and confirming that no PVTT
remained, the stump was closed by a continu-
ous suture. In all cases, PVTT was confirmed by
pathological examination.

Sorafenib treatment

Patients who chose to receive sorafenib
received oral sorafenib (400 mg) twice daily
after surgery. In cases where toxicity limited
administration, the dose was reduced to 200
mg twice daily. Treatment was stopped tempo-
rarily when intolerable side effects occurred.
Toxicity and side effects were evaluated in
accordance with the official drug information
[19]. Some patients chose to begin sorafenib
within 2 weeks after surgery (preventive group),
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Table 1. Patient characteristics

histological evidence, or on the

Surgical resection

Surgical resection

noninvasive diagnostic criteria for
HCC wused by the European

+ sorafenib P value
(n=45) (n=25) Association for the Study of the
Sex 0.410 Liver (EASL) [20]. Patients with
Male 40 (88.9) 24 (96) intrahepatic or extrahepatic recur-
rences were treated according to
Female 5(11.1) 1(4) .
the location and number of recur-

Age, years 50.1£9.2 482101 0475 rent tumors, liver function status,

Total bilirubin, ymol/L 14.6 (11.9, 19.6) 13.2(9.9,16.7) 0.155 presence/absence of extrahepat-

Albumin, mg/dL 40.8 (39.3,42.8) 42(38.9,47.6) 0.177 ic metastases, and presence/

ALT, U/L 47.2 (30.4,69.9) 49.2(33.9,57.9) 0.936 absence of tumor thrombus in the

Tumor size, cm 9.4+23 8.9+3.7 0.507 portal vein, hepatic vein, and/or

AFP 0.305 inferior vena cava. Treatments
< 400 ng/mL 19 (42.2) 7(28) included surgery, local ablative
> 400 ng/mL 26 (57.8) 18 (72) thergpy, regional therapy, or sys-

Liver cirrhosis 0.236 temic therapy.

Yes 37 (82.2) 17 (68) Statistical analysis
No 8(17.8) 8(32)

Encapsulation 0.474 Patient demographic and clinical
Complete 7 (15.6) 2(8) data were summarized as mean
Incomplete 38 (84.4) 23 (92) + sftandard deviatjon (SD) for

PVTT type 1.000 continuous data with a normal

distribution, median (interquartile
Typel, i 31(68.9) 17(68) range [IQR]: 1st and 3rd quartiles)
Type IlI, IV 14 (31.1) 8(32)

for data non-normally distributed,

AFP, alpha fetoprotein; ALT, alanine aminotransferase; PVTT, portal vein tumor
thrombosis. Data are presented as mean + standard deviation, number (%), or

median (interquartile range).

and other chose to begin sorafenib only after
recurrence occurred (sorafenib after recur-
rence group). Unless limited by toxicity, all
patients continued sorafenib until death. Liver
function tests and evaluation of toxicity was
performed monthly in all patients receiving
sorafenib.

Follow-up

All patients received postoperative follow-up by
the same team. For the first year after surgery,
patients were seen every 1-3 months, and
thereafter every 3 months. Patients received
serum alpha fetoprotein (AFP), liver function
tests, and abdominal ultrasound monthly, and
abdominal computed tomography (CT) with
contrast and chest X-ray every 3 months. If
tumor recurrence or metastases were suspect-
ed because of an elevated AFP level or ultra-
sound findings, contrast-enhanced CT or MRI
was performed. Fine needle aspiration biopsies
were done when necessary. The diagnosis of
tumor recurrence was based on cytological or
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and number (%) for categorical
data by group. Difference between
groups were compared using
2-sample t-test or Mann-Whitney
U test for continuous data with and without a
normal distribution, respectively, and Pearson
chi-square or Fisher’s exact test for categorical
data. Overall survival (0S), defined as the time
from surgery to last follow-up, and disease-free
survival (DFS), defined as the time from surgery
to recurrence, were analyzed and represented
using Kaplan-Meier curves compared with the
log-rank test. A 2-tailed value of P<0.05 was
considered to indicate statistical significance.
All analyses were performed using SPSS
Medical Pack for Windows (version 11.0; SPSS,
Chicago, IL, USA).

Results
Patient characteristics

A total of 70 HCC patients with PVTT were
included in the analysis; 45 (64.3%) were
treated with surgical resection alone and 25
(35.7%) with resection and sorafenib and the
mean age of patients in the 2 groups was 50.1
+ 9.2 years and 48.2 + 10.1 years, respective-
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Table 2. Operative and postoperative outcomes

Surgical resection

Surgical resection +

Variables sorafenib P value
(n=25)
Median blood loss, mL 400 (200, 800) 500 (375, 850) 0.151
Blood transfusion, yes (%) 10 (22.2) 4 (16) 0.756
Blood transfusion amount, mL 1400 (1200, 1500) 1600 (1450, 3400) 0.106
Pleural effusion, yes (%) 10 (22.2) 7 (28) 0.772
Subphrenic collection/abscess, yes (%) 3(12.0) 6 (13.3) 1.000
Bile Leak, yes (%) 2(8.3) 1.000
Postoperative hemorrhage, yes (%) 1(4) 1.000
Liver failure 1(4) 1.000
Infected ascites 0 (0) 0.534

Data are presented as number (%), or median (interquartile range).

ly. Demographic and clinical data of the 2
groups are summarized in Table 1. The 2
groups were comparable in all demographic
and clinical characteristics. There were also no
significant differences in treatments after
tumor recurrence between the 2 groups
(Supplementary Table 1).

Surgical resection and postoperative out-
comes

Open surgical resection was performed in all
cases. The Pringle maneuver was used in 65
patients with a median clamp time of 16 min
(IQR: 8, 58 min). Surgical and postoperative
outcomes, including blood loss and transfu-
sions and postoperative bleeding, were similar
between the 2 groups and are summarized in
Table 2. There were no cases of surgery-related
mortality in either group. The postoperative
complications included 17 patients with pleural
effusions, 9 with subphrenic fluid collections/
abscesses, 5 with bile leakage, 4 with hemor-
rhage, 3 with liver failure, and 2 with infected
ascites, and there was no difference in the rate
of complications between the 2 groups (all,
P>0.05).

Survival analysis

The median OS of both groups was 13.2
months (IQR: 1, 62 months). A total of 60
patients died during the follow-up period; 41
(91.1%) in the surgical resection group and 19
(76%) in surgical resection + sorafenib group.
The median survival times of the surgical resec-
tion and surgical resection + sorafenib groups
were 10 months (IQR: 1, 30 months) and 15
months (IQR: 3, 62 months), respectively. The
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6, 12, and 18 months survival rates of the 2
groups were 73.3%, 42.2%, and 15.2%, and
84%, 68%, and 38.8%, respectively. Kaplan-
Meier curves and log-rank test indicated that
OS was significantly greater in the surgical
resection + sorafenib group (Figure 1A; log-
rank P=0.011).

The median DFS of both groups was 3 months
(IQR: 1, 36 months). There were 69 patients
with recurrence after surgery, 45 (100%) in the
surgical resection group and 24 (96%) in the
surgical resection + sorafenib group. The medi-
an DFS of the surgical resection, and surgical
resection + sorafenib groups were 3 months
(IQR: 1, 7 months) and 4 months (IQR: 1, 36
months), respectively. The 3 and 6 month DFS
rates of the 2 groups were 28.9% and 4.4%,
and 56% and 16%, respectively. Kaplan-Meier
curves and log-rank test indicated that DFS
was significantly greater in the surgical resec-
tion + sorafenib group (Figure 1B; log-rank
P=0.0151).

Sorafenib subgroups

The 25 patients who receive sorafenib were
divided into 2 subgroups; 10 patients began
sorafenib within 2 weeks after surgery and
15 began therapy after recurrence. The 2
subgroups had similar demographic and clini-
cal characteristics (all, P>0.05; Table 3).
Furthermore, the number and size of the hepat-
ic lesions and the extent of PVTT were similar
between the preventive sorafenib and surgical
resection groups, and between the preventive
sorafenib and sorafenib after recurrence

groups (Supplementary Tables 2 and 3, respe-
ctively).
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and 13 months (IQR: 3,
28 months), respectively.
Kaplan-Meier analysis indi-
cated that OS was signifi-
cantly different among 3
groups (log-rank P=0.012;
Figure 2A). The OS of the
preventive sorafenib group
was significantly greater
than that of the other 2
groups, and there was no
difference in OS between
the surgical resection and
sorafenib after recurrence
groups.

The median DFS of the surgi-
cal resection, preventive
sorafenib, and sorafenib
after recurrence groups was
3 months (IQR: 1, 7 months),
5 months (IQR: 1, 36 mo-
nths), and 3 months (IQR: 1,
9 months), respectively. Ka-
plan-Meier analysis indicat-
ed that DFS was significantly
different among 3 groups
(log-rank P=0.009; Figure
2B). The DFS of the preven-
tive sorafenib group was sig-
nificantly greater than that of
the other 2 groups, and
there was no difference in
DFS between the surgical
resection and sorafenib
after recurrence groups.

Discussion

Figure 1. Kaplan-Meier curve for (A) overall survival (OS), and (B) disease-free
survival (DFS) between the surgical resection (SR) and surgical resection +
sorafenib groups. Difference between groups was compared using the log-
rank test (P=0.011, 0.015, for OS and DFS, respectively).

Among these 25 patients who receive
sorafenib, the major complications that
occurred were rash, diarrhea, alopecia, and
arthralgia, and there were no differences in the
rate of complications between the 2 subgroups

(Supplementary Table 4).

The median OS of the surgical resection,
preventive sorafenib, and sorafenib after
recurrence groups was 10 months (IQR: 1,
30 months), 18.5 months (IQR: 3, 62 months),
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The results of this study indi-
cate that sorafenib adminis-
tered postoperatively can
improve the OS and DFS of
patients with BCLC stage C
disease and PVTT who have
undergone hepatic resection. Importantly, the
improvement in survival was only seen when
patients began sorafenib within 2 weeks after
surgery and not if treatment was begun once
recurrence had occurred. Furthermore, the
drug was well tolerated with minimal serious
adverse events.

According to the EASL HCC management for
guidelines, sorafenib is the standard first-line
treatment for patients with PVTT [20]. However,

Int J Clin Exp Med 2017:10(1):1615-1623
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Table 3. Comparison of patients who received preventative

sorafenib or after recurrence

for recurrence who had undergone
surgical resection and found that

Preventive Sorafenib after P the time to recurrence in the
sorafenib recurrence value sorafenib arm was 21.45 + 1.98
(n=10) (n=15) months as compared to 13.44 +
Sex 1.000 2.66 months in the control arm
Male 10 (100) 14 (93.3) (P=0.006) and the recurrence rate
Female 0(0) 1(6.7) of the 2 groups was significantly dif-
Age, years 52.1+6.6 455+114 04114  [erent(29.4%vs 70.7%, respective-
Total bilirubin, umol/L  13.9 (9.6, 17.8) 12.9 (11.7, 16.5) 0.807 'rﬁgr:;s?(ﬁs?aall/r;tigressrlnfleﬁ t(fg;
Albumin, mg/dL 43.9(38.4,51.1) 41.3(39,45.2) 0.461 . .
taking sorafenib was the only prog-
ALT, U/L 45.8 (38.2,70.2) 50.9 (31.1,58.4) 0.765 nostic variable associated with HCC
Tumor size, cm 96+4.3 7.8+ 3.7 0.269 recurrence (hazard ratio [HR]
AFP 0.659  =0.24, P=0.014).
<400 ng/mL 2 (20) 5(33.3)
> 400 ng/mL 8(80) 10 (66.7) The recently published STORM
Liver Cirrhosis 1.000 study was a phase Il randomi-
Yes 7 (70) 10 (66.7) zed, double-blind, placebo-con-
No 3(30) 5 (33.3) trolled trial 'of adjuvant' sorafenib
Encapsulation 1.000 after resection or ablation to pre-
vent recurrence of HCC [27]. The
Complete 1(10) 1(6.7) primary endpoint was recurrence-
Incomplete 9(90) 14(933) free survival (RFS), and secondary
PVTT type 0.667 endpoints included time to recur-
Type I, Il 6 (60) 11(73.3) rence (TTR) and OS, and a total of
Type Ill, IV 4 (40) 4 (26.7) 1114 patients were randomized to

AFP, alpha fetoprotein; ALT, alanine aminotransferase; PVTT, portal vein tu-
mor thrombosis. Data are presented as mean + standard deviation, number

(%), or median (interquartile range).

other therapies are available for these patients
such as surgical resection, transarterial che-
moembolization (TACE), and radiotherapy [15,
21, 22]. Recent studies have suggested that
hepatic resection is a more optimal treatment
option which may yield better long-term surviv-
al for these patients [15, 17, 23], although the
prognosis is still poor with early tumor recur-
rence [24]. Taken together, the aforementioned
studies indicate that treatment of PVTT is com-
plicated and the outcomes of monotherapy are
unacceptable. Thus, combination therapy mi-
ght be indicated to prevent the recurrence of
HCC with PVTT after surgery. However, it is cur-
rently not recommended in Western guidelines
(AASLD, EASL) [14, 20].

A significant amount of research is currently
being devoted to determining the value of
sorafenib given postoperatively after liver
resection [25]. In a recent study, Wang et al.
[26] administered sorafenib postoperatively for
4 months to patients with HCC and risk factors

1620

receive soranefib (n=556) or place-
bo (n=558) after treatment. Base-
line characteristics were balanced
between groups, and no differenc-
es RFS, TTR, and OS were observed. While
these results are different than ours, it must be
noted there are differences between the 2
studies. The STORM trial examined the adju-
vant use of sorafenib post surgery in BCLC A
patients, but did not examine the use of
sorafenib after surgery for advanced staged
HCC patients, particularly patients with PVTT
(i.e., BCLC C stage), as was done in our study
and thus the cancer burden of the patients in
the 2 studies was different. The STORM study
included patients with microvascular invasion,
whereas our study focused on patients with
macroscopic PVTT. Thus, the results of the
STORM study do not contradict the results of
the current study because the study popula-
tions were different, and do not preclude the
use of sorafenib in BCLC C patients.

Published cases of a major or complete
response of advanced HCC treated with
sorafenib have led several centers to consider
surgery after downstaging with sorafenib [28,

Int J Clin Exp Med 2017;10(1):1615-1623
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Figure 2. A. Kaplan-Meier curves for overall survival (OS) of the surgical resec-
tion (SR), preventive sorafenib, and sorafenib after recurrence groups. Differ-
ences between groups were compared with the log-rank test. The log-rank test
indicated OS was significantly different among the 3 groups (P=0.012). OS was
significantly greater in the preventive group than the other 2 groups, and there
was no difference between the SR and recurrence group (SR vs. recurrence:
P=0.260; "SR vs. preventive group: P=0.005; ftRecurrence vs. preventive
group: P=0.049). B. Kaplan-Meier curves for disease-free survival (DFS) of the
surgical resection (SR), preventive sorafenib, and sorafenib after recurrence
groups. Differences between groups were compared with the log-rank test.
The log-rank test indicated DFS was significantly different among the 3 groups
(P=0.009). The DFS was significantly greater in the preventive group than the
other 2 groups, and there was no difference between the SR and recurrence
group (SR vs. recurrence: P=0.324; *SR vs. preventive group: P=0.004; fRecur-
rence vs. preventive group: P=0.044).
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29], and no adverse effect
of preoperative administra-
tion of sorafenib has bene
observed during and imme-
diately after liver resection
for HCC [30]. It has also
been shown that sorafenib
may be a feasible treatment
option for recurrent HCC
after liver transplantation
[31]. While most studies
have focused on patients
with  good liver function
(Child-Pugh class A), recent
reports have suggested that
sorafenib may be tolerable
and of value in Child-Pugh
class B patients with HCC
[32-34].

The primary limitations of
this study are the small
number of patients, espe-
cially in the sorafenib sub-
groups, and that it was
performed at a single cen-

ter. In addition, patients
were not randomized to
receive sorafenib; instead

their decision to take the
drug was based on their per-
sonal preference and con-
cern over adverse effects
after discussion of the risks
and benefits, and their own
economic situation. Thus,
one potential bias is th-
at patients who received
sorafenib were better off
financially than the general
population, and that both
the patients and the trea-
ting physicians were more
aggressive with respect to
anti-cancer therapy. The
prolongation of DFS with
sorafenib was small, and
may be due to the small
sample size of the study.
However, despite these li-
mitations the results clear-
ly indicate that sorafenib
improved survival in the
patients studied.

Int J Clin Exp Med 2017:10(1):1615-1623
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Conclusions

Sorafenib administered postoperatively can
improve the OS and DFS of patients with BCLC
stage C disease and PVTT who have undergone
surgical resection, in particular for patients
who began sorafenib within 2 weeks after
surgery. Further studies of the postoperative
use of sorafenib in patients with HCC are
warranted.
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Supplementary Table 1. Summary of treatments after tumor recur-
rence

Treatment after tumor Surgi(?al Surgical rese.ction
recurrence resection + sorafenib P value
(n=45) (n=25)

Repeat resection 2(4.4) 2(8) 0.613
TACE 30 (66.7) 18 (72) 0.645
Radiotherapy 18 (40) 12 (48) 0.517
Systemic chemotherapy 9 (20) 8(32) 0.262
Best supportive care 10 (22.2) 3(12) 0.353

TACE, transcatheter arterial chemoembolization. Data are presented as number (%).

Supplementary Table 2. Comparison of lesion number and size and
extent of PVTT between the preventive sorafenib and surgical resec-
tion groups

Preventive sorafenib  Surgical resection

(n=10) (n=45) P value

PVTT type 0.713
Type |, Il 6 (60) 31 (68.9)
Type llI, IV 4 (40) 14 (31.1)

Lesion number 0.287
Single 8 (80) 26 (57.8)
Multiple 2 (20) 19 (42.2)

Tumor size, cm 9.61 +4.26 11.98 £+ 4.76 0.154

PVTT, portal vein tumor thrombosis. Data are presented as number (%).

Supplementary Table 3. Comparison of lesion number and size and
extent of PVTT between the preventive sorafenib and sorafenib after
recurrence groups

Preventive sorafenib Sorafenib after recurrence

(n=10) (n=15) P value

PVTT type 0.667

Type |, Il 6 (60) 11 (73.3)

Type llI, IV 4 (40) 4(26.7)
Lesion number 1.000

Single 8 (80) 12 (80)

Multiple 2 (20) 3(20)
Tumor size, cm 9.61 + 4.26 7.78 £ 3.74 0.269
PVTT, portal vein tumor thrombosis. Data are presented as number (%).
Supplementary Table 4. Summary of major complications in
sorafenib groups
Complication Preventive sorafenib  Sorafenib after recurrence Pvalue

(n=10) (n=15)

Rash 5 (50) 8(53.3) 1.000
Diarrhea 5 (50) 6 (40) 0.697
Alopecia 3(30) 6 (40) 0.691
Arthralgia 4 (40) 4 (26.7) 0.667

Data are presented as number (%).



