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Abstract

Background

Independent risk factors associated with hepatitis B (HBV)-related hepatocellular carci-
noma (HCC) after resection remains unknown. An accurate risk score for HCC recurrence
is lacking.

Methods

We prospectively followed up 200 patients who underwent liver resection for HBV-related
HCC for at least 2 years. Demographic, biochemical, tumor, virological and anti-viral treat-
ment factors were analyzed to identify independent risk factors associated with recurrence
after resection and a risk score for HCC recurrence formulated.

Results

Two hundred patients (80% male) who underwent liver resection for HBV-related HCC were
recruited. The median time of recurrence was 184 weeks (IQR 52—207 weeks) for the entire
cohort and 100 patients (50%) developed HCC recurrence. Stepwise Cox regression analy-
sis identified that one-month post resection HBV DNA >20,000 IU/mL (p = 0.019; relative risk
(RR) 1.67; 95% confidence interval (C.1.): 1.09—2.57), the presence of lymphovascular per-
meation (p<0.001; RR 2.69; 95% C.l.: 1.75-4.12), microsatellite lesions (p<0.001; RR 2.86;
95% C.1.: 1.82—4.51), and AFP >100ng/mL before resection (p = 0.021; RR 1.63; 95% C.I.:
1.08-2.47) were independently associated with HCC recurrence. Antiviral treatment before
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resection (p = 0.024; RR 0.1; 95% C.1.: 0.01-0.74) was independently associated with
reduced risk of HCC recurrence. A post-resection independent predictive score (PRIPS)
was derived and validated with sensitivity of 75.3% and 60.6% and specificity of 55.7% and
79.2%, to predict the 1- and 3-year risks for the HCC recurrence respectively with the hazard
ratio of 2.71 (95% C.I.: 2.12-3.48; p<0.001). The AUC for the 1- and 3-year prediction were
0.675 (95% C.1.: 0.6—0.78) and 0.746 (95% C.I.: 0.69-0.82) respectively.

Conclusion

Several tumor, virological and biochemical factors were associated with a higher cumulative
risk of HCC recurrence after resection. PRIPS was derived for more accurate risk assess-
ment. Regardless of the HBV DNA level, antiviral treatment should be given to patients
before resection to reduce the risk of recurrence.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide [1]. According
to cancer statistics released by the World Health Organization in 2008, HCC ranked the third
in the cancer mortality globally [2]. 78% of liver cancer is caused by either chronic hepatitis B
(CHB) or C infection [3]. CHB increases the risk by more than 20-fold. In Hong Kong, the
prevalence of CHB infection is approximately 8% [4]. Patients with CHB are estimated to expe-
rience HCC at a rate of 0.5% per year [5]. This rate increases to 2-3% per year in CHB patients
who already had cirrhosis [6], highlighting the importance and impact of hepatitis B virus
(HBV)-related HCC in the morbidity and mortality in high CHB prevalence population.

Investigators have identified several important viral factors, including high HBV viral load,
genotype C, core promoter mutation, pre-S deletions, and presence of T1653 and V1753 muta-
tions to be associated with increased risk of developing HCC in CHB patients [7-10]. For
patients who develop HCC, 20-30% are candidates for curative resection [11]. Nevertheless, the
intrahepatic recurrence rate after tumor resection is estimated to be >50% after 3 years [12].

In a previous relatively small-sized study, we have identified that age >60 years, tumor size
>5cm, a-fetoprotein (AFP) level >1000ng/ml and HBV viral load >2,000 IU/mL after tumor
resection, to be associated with increased cumulative risk of HCC recurrence [13]. We have
also completed a large-scale study using a statistical method to formulate a predictive score to
estimate the chance of occurrence of HCC as a time-dependent event during prospective fol-
low-up [14]. Based on these works, we conducted a large scale prospective-retrospective study
in patients who underwent resection for HBV-related HCC to identify independent risk factors
associated with recurrence of HCC and derived a novel post-resection independent predictive
score (PRIPS) for the development of recurrence. This novel risk score PRIPS would be useful
to predict the chance of recurrence of the HCC after resection and hence may provide impor-
tant guidance for subsequent surveillance strategy for HCC recurrence, and the development
of novel therapeutic strategies in the prevention of recurrence.

Patients and Methods
Study Design and Ethics

This study was designed in 2009 by the Departments of Medicine and Surgery, the University
of Hong Kong, Queen Mary Hospital. The study protocol conformed to the ethical guidelines
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of the 1975 Declaration of Helsinki and was approved by the institutional review board of the
University of Hong Kong/ Hospital Authority, Hong Kong (Certificate number: UW 08-157).
No written or oral consent was obtained from the participants. The reason was that it was not
an interventional study and all data was analyzed anonymously. The IRB committee has
approved this consent procedure.

Patient’s selection

We prospectively recruited patients diagnosed to have HBV-related HCC who underwent
curative tumor resection between July 2009 and June 2011, in the Department of Surgery, the
University of Hong Kong, Queen Mary Hospital. All recruited patients were either at stage 0 or
A, according to the Barcelona Clinic Liver Cancer Staging upon resection. In addition, we
included the 72 patients who were recruited and followed up in the previous study [13]. Diag-
nosis of HBV-related HCC was based on imaging techniques including computerized tomogra-
phy (CT), hepatic angiography, magnetic resonance imaging and AFP level. All patients had
HCC confirmed by histological examination of the resected surgical specimens and HBV infec-
tion confirmed by positive hepatitis B surface antigen (HBsAg) in the serum. HCC recurrence
is defined as development of new intrahepatic lesions at least 6 months after the first HCC
resection. Patients with other concomitant liver diseases including hepatitis C or D viral infec-
tion, autoimmune hepatitis, Wilson’s disease, primary biliary cirrhosis, alcoholic liver disease,
fatty liver (diagnosed by ultrasonography) and extrahepatic metastasis diagnosed before resec-
tion were excluded from the study. Patients who suffered mortality from other causes besides
liver cause were censored at the last follow-up upon the time of death. Patients with other sig-
nificant co-morbidities were not recruited. Patient’s history of antiviral treatment given before
and within six months after resection was recorded.

Preoperative Investigations

Baseline demographic data including patient’s sex and age at first tumor resection were
recorded. Serum samples within 2 weeks before HCC resection were taken for liver function
tests and AFP. Abnormal alanine transaminase (ALT) is defined as a value of above the upper
limit of normal that is >53 IU/L for male and >37 IU/L for female, whereas abnormal AFP is
defined as >20ng/mL. Model for end stage liver disease (MELD) score and Child-Pugh score
for cirrhosis upon resection was calculated.

Viral Factors

Viral markers including HBsAg, hepatitis B e antigen (HBeAg) and antibody to HBeAg (anti-
HBe) were measured by the AxSYM immunoassay systems (Abbott Laboratories, Chicago, IL).
Specific HBV mutations including precore mutations (G1896A), core promoter mutations
(A1762T/G1764A), pre-S deletions, C1653T and T1753V mutations were determined by direct
sequencing in which the detailed methodologies were described in previous studies [15,16].
HBYV genotypes were determined by phylogenetic comparison of the pre-S/S sequences with
reference HBV sequences in the NCBI GenBank. Serum samples were obtained at three time
points: before, and at one and six months after surgery for quantification of serum HBV DNA,
measured by the COBAS Tagman HBV Test (Roche Diagnostics, Branchburg, NJ) with a
lower limit of detection of 20 IU/mL.

Surgery and Tumor Factors

Surgery factors including blood loss during operation and techniques of hepatic resection (ana-
tomical or non-anatomical resection) were recorded. The resected tumors with its surrounding
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liver were examined for its histopathological features. The tumor size, resection margin, histo-
logical grade, presence of microsatellite formation and vascular permeation in the resected
tumor, together with the presence of cirrhosis in the non-tumorous liver were determined.

Follow-up

All patients were followed up at three monthly intervals with liver function test, AFP levels,
chest x-ray and helical contrast CT of the abdomen after resection to monitor for both intrahe-
patic and extrahepatic recurrence. All patients were follow-up for at least a period of 104 weeks
after resection.

Statistical analysis

Statistical analyses to identify risk factors for recurrence were performed using the SPSS 21.0
(IBM SPSS Statistics, IBM Corp, Somers, NY). Log-rank test was used to compare the cumula-
tive risks of development of HCC recurrence. Multivariable stepwise Cox regression model was
used to determine independent risk factors associated with HCC recurrence.

The PRIPS was then calculated as the weighted sum of those significant risk factors, with
weights taken as the estimated coefficients in multivariable Cox regression model. Prediction
accuracy of the risk score for 1- and 3-year HCC recurrence was assessed by the area under the
curve (AUC) in a time-dependent Receiver Operating Characteristic curve (ROC) analysis [17].
The corresponding 95% confidence intervals (CI) were obtained by bootstrapping of size 1000
with confidence limits taken as the 2.5™ and 97.5™ percentiles of the bootstrap samples. Tenta-
tive optimal cutoff values for predicting 1- and 3-year HCC recurrence were obtained as those
that maximized the Youden index, that was sensitivity and specificity—1, as derived from the
time-dependent ROC analysis. At the optimal cutoff values, sensitivity, specificity, predictive
values and likelihood ratios, as well as their corresponding 95% CIs were calculated. For practi-
cal reason, the final risk score was subtracted by the tentative optimal cutoff values such that the
optimal cutoft values were 0, i.e. a risk score >0 predict HCC recurrence. Finally, we validated
the optimal cutoff values by using the leave-one-out cross-validation method [18]. The time-
dependent ROC and cross-validation analyses were performed in R 3.0.1 version [19].

Results

Two hundred patients with resection for HBV-related HCC who fulfilled the inclusion criteria
were recruited (Table 1). Seventy-two patients (36%) were recruited between June 2004 and
December 2006 from the previous study and the remaining 128 patients were recruited between
July 2009 and June 2011. The median age upon diagnosis of HCC was 56 years [interquartile
range (IQR) 49-65)] and 160 patients (80%) were male. Thirty-one patients (15.5%) were
HBeAg positive. The median follow-up time was 207 weeks (IQR 182-458 weeks) for patients
with no recurrence. By the end of the study, 100 patients (50%) developed HCC recurrence, of
which 53 patients died. For the entire cohort, the median time of recurrence was 184 weeks (3.5
years) (IQR 52-207 weeks) for the entire cohort of 200 patients. In comparison, no patients
died in the non-tumor recurrence group (p<0.001) (Table 1). Five patients died of pneumonia,
three patients died of stroke and 1 patient died of congestive heart failure. The remaining 44
patients died of HCC. None of the patients in the non-tumor recurrence group died.

All 200 patients had HBV DNA available before surgery for sequence analysis. One hundred
and seventy-three patients had sufficiently high HBV DNA levels for PCR amplification for
analysis of genotyping, pre-S deletions, core promoter, precore, C1653T and T1753V muta-
tions, in which 34.1% were genotype B and 65.9% were genotype C; 20.2% had pre-S deletions;
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Table 1. Virological and clinic-pathological factors of the 200 patients in cumulative recurrence of hepatocellular carcinoma after resection by log-
rank test.

Tumor Recurrence (n = 100) No Tumor Recurrence (n = 100) p Value
Demographic Factors
Median age (IQR) years 56 (49-66) 56 (49.3-63) 0.26
Age >60 years 38% 34% 0.73
Male 79% 81% 0.77
Biochemical Factors
AFP >100ng/mL 48% 35% 0.01
MELD score (IQR) 6.4 (4.95-8.20) 6.5 (5.1-8.28) 0.90
Child-Pugh score A 96% 96% 1.00
Cbild-Pugh score B 4% 4% 1.00
Surgery Factors
Blood loss (L) 0.58 (0.2—-1.2) 0.45 (0.15-1.0) 0.34
Anatomical resection 85% 89% 0.40
Tumor Factors
BCLC stage 0 12% 14% 0.67
BCLC stage A 88% 86% 0.67
Tumor number = 1 92% 93% 0.72
Tumor number = 2 7% 5%
Tumor number = 3 1% 2%
Tumor size >3cm 72% 57% 0.026
Poor differentiated tumor 88% 62% <0.001
Presence of microsatellite lesions 31% 6% <0.001
Lymphovascular permeation 52% 19% <0.001
Cirrhosis 60% 54% 0.47
Viral Factors
Pre-resection HBV DNA >20,000 IU/mL 66% 44% 0.002
1 month post-resection HBV DNA >20,000 1U/mL 56% 34% 0.002
6 months post-resection HBV DNA >20,000lu/mL 37% 23% 0.031
Pre-S deletion 18% 17% 0.93
Positive eAg 16% 15% 0.78
C1653T 23% 10% 0.042
T1753V 29% 25% 0.87
Genotype C 64% 50% 0.39
Presence of core promoter mutation 82% 60% 0.032
Presence of precore mutation 33% 31% 0.95
Antiviral Treatment
Antiviral treatment before resection 1% 23% <0.001
Antiviral treatment after resection 43% 49% 0.40
Outcome
Death 53% 0% <0.001

doi:10.1371/journal.pone.0148493.t001

82.1% had core promoter mutations; 40% had precore mutations; 19.1% had C1653T muta-
tions and 31.2% had T1753V mutations.

Demographic Factors and HCC Recurrence

Patients with age >60 years upon diagnosis and gender were not associated with HCC recur-
rence (Table 1). Recurrence was strongly associated with death (p<0.001).

PLOS ONE | DOI:10.1371/journal.pone.0148493 February 22, 2016 5/15



@’PLOS ‘ ONE

Risk Factors and PRIP Score for Recurrence of HBV HCC Post Resection

Biochemical Factors and HCC Recurrence

AFP >100ng/mL (p = 0.01) at the time of resection was associated with a higher cumulative
risk of developing HCC recurrence after resection (Table 1). There was no difference in the
MELD and Child-Pugh scores upon resection between the two groups.

Surgery Factors and HCC Recurrence

There was no difference in blood loss and resection techniques between the two groups
(Table 1).

Tumor Factors and HCC recurrence

Resected tumor size >3cm (p = 0.026); moderate or poor differentiated HCC (p<0.001), the
presence of lymphovascular permeation (p<0.001) and the presence of microsatellite lesions
(p<0.001) at the time of resection were associated with a higher cumulative risk of developing
HCC recurrence after resection (Table 1). 114 (57%) patients were diagnosed to have underly-
ing cirrhosis, which was not associated with recurrence. 26 (13%) patients have Barcelona-
Clinic Liver Cancer (BCLC) stage 0 and 174 (87%) patients have BCLC stage A diseases respec-
tively upon diagnosis. 185 patients (92.5%) have single lesion, 12 patients (6%) have two lesions
and 3 patients (1.5%) have three lesions respectively. There was no difference in BCLC staging
and number of tumors between the two groups.

Virological Factors and HCC Recurrence

Despite only 31 patients (15.5%) were HBeAg positive, the median HBV DNA at the time of
resection remained high at 5.4x10* TU/mL (IQR 2.4x10°~1.1x10° TU/mL). Patients with pre-
resection HBV DNA >20,000 IU/mL (p = 0.002), 1 and 6 months post-resection HBV DNA
>20,000 IU/mL (p = 0.001 and p = 0.02 respectively), the presence of core promoter

(p =0.032) and C1653T (p = 0.042) mutations was associated with a higher cumulative risk of
developing HCC recurrence after resection (Table 1). Genotypes, pre-S deletion, precore and
T1753V mutations were not associated with cumulative risk of developing HCC recurrence
after resection.

Antiviral Treatment and HCC Recurrence

Twenty-four and 92 patients received antiviral treatment before and within 6 months after
resection respectively. Out of the 24 patients who received antiviral treatment before resection,
8 patients (33.3%) had HBV DNA >20,000 IU/mL before resection and 22 patients (91.7%)
had undetectable HBV DNA at 6 months after resection. Only 1/24 patients (4.2%) and none
of the 8 patients with HBV DNA >20,000 IU/mL developed HCC recurrence. Patients who
received antiviral treatment before resection were associated with significantly lower cumula-
tive risk of recurrence compared to patients with no anti-viral treatment (p<0.001) (Table 1).

For those patients who received antiviral treatment within 6 months after resection, 62/92
(67.4%) had HBV DNA >20000 IU/mL before resection, 36/92 (39.1%) had undetectable HBV
DNA at 6 months after resection and 43/92 (46.7%) developed HCC recurrence.

Independent Risk Factors for HCC Recurrence

Significant factors associated with higher cumulative risk of tumor recurrence by univariable
analyses included AFP >100 ng/mL at the time of resection; tumor size >3cm; poor tumor dif-
ferentiation; the presence of lymphovascular permeation; the presence of microsatellite lesions;
HBV viral load >20,000 IU/mL pre-resection, at 1 and 6 months post resection; the presence
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Table 2. Multivariable analysis of independent factors associated with tumor recurrence.

Variables Relative cumulative risk (95% Confidence Interval) of hepatocellular carcinoma p
recurrence Value

Lymphovascular permeation 2.69 (1.75-4.12) <0.001
Presence of microsatellite lesions 2.86 (1.82—4.51) <0.001
One month post resection HBV DNA >20,000 IU/ 1.67 (1.09-2.57) 0.019
mL

Antiviral treatment before resection 0.10 (0.01-0.74) 0.024
AFP >100ng/mL before resection 1.63 (1.08-2.47) 0.021

doi:10.1371/journal.pone.0148493.t002

of core promoter and C1653T mutations; patients with antiviral treatment before resection
(Table 1) were identified. These data were entered into multivariate analysis (Table 2). Stepwise
Cox regression analysis identified that one-month post-resection HBV DNA >20,000 [U/mL
(p = 0.019; relative risk (RR) 1.67; 95% C.1.: 1.09-2.57) (Fig 1), the presence of lymphovascular
permeation (p<0.001; RR 2.69; 95% C.L.: 1.75-4.12) (Fig 2), the presence of microsatellite
lesions (p<0.001; RR 2.86; 95% C.I.: 1.82-4.51) (Fig 3), and AFP >100ng/mL before resection
(p=0.021; RR 1.63; 95% C.1.: 1.08-2.47) (Fig 4) were independently associated with HCC
recurrence (Table 2). Antiviral treatment before resection (p = 0.024; RR 0.1; 95% C.L.: 0.01-
0.74) (Fig 5) was independently associated with reduced risk of HCC recurrence.

Post-resection Independent Predictive Score (PRIPS)

The derived PRIPS after subtracting the tentative optimal score was formulated as [0.43 *
AFP<100ng/mL before resection + 1.01 * presence of lymphovascular permeation + 1.03 *

One Month Post-
resection HBV DN
>20000 IU/mL
—No
Yes

100—

80—

40+

20—

Cumulative Risk of HCC Recurrence (%)

T T T T T T
0 1 2 3 4 :

Years After Tumor Resection

No.of  HBVDNA 90 54 44 36 34 34
patients  >20,000 IU/mL
atrisk
HBV DNA 110 85 7 67 67 67
<20,000 IU/mL

Log rank test: p=0.019

Fig 1. Cumulative tumor recurrence between patients with or without one month post-resection HBV
DNA >20,000 IU/mL.

doi:10.1371/journal.pone.0148493.g001
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Fig 2. Cumulative tumor recurrence between patients with or without lymphovascular permeation.

doi:10.1371/journal.pone.0148493.9002

presence of microsatellite lesions + 0.45 * one-month post-resection HBV DNA >20,000 IU/
mL—2.90 * antiviral treatment before resection- 0.45, with each variable either as presence = 1
or absence = 0]. The relative risk of the PRIPS for HCC recurrence was 2.71 (95% C.I.: 2.12—
3.48, p<0.001). The AUC were 0.675 (95% C.L: 0.6-0.78) and 0.746 (95% C.L.: 0.69-0.82) for 1-
and 3- year prediction respectively. The optimal cut-off of 0 had good sensitivity of 75.3% and
60.6% respectively and specificity of 55.7% and 79.2% respectively, to predict the 1- and 3-year
risks for the HCC recurrence after resection (Table 3; Fig 6). In the leave-one-out validation
analysis, all accuracy measures highly resembled to those obtained on the total sample, showing
good accuracy but with generally wider confidence intervals. The relative risk of the PRIPS by
the leave-one-out cross validation was 2.05 (95% C.1.: 1.63-2.57, p<0.001).

Discussion

This is the first prospective study to comprehensively investigate demographic, biochemical,
tumor, virological and antiviral treatment for risk factors associated with recurrence of HCC
after resection. In this study, the median time to HCC recurrence post-resection was 184
weeks, which is comparable to the 34 months as reported in the study by Shah SA et al [20].
and longer than the 24 and 11.9 months reported in the study by Cha C et al. and Kumar AM
et al. respectively [21,22]. The median follow-up time of 207 weeks was also much longer than
the 75 weeks in our previous study [13]. We have included additional risk factors namely, HBV
DNA level before and after HCC resection, pre-S deletions, C1653T and T1753V mutations,
MELD and Child-Pugh scores, and surgical factors including blood loss and anatomical resec-
tion in the current study [23]. Baseline demographics including male predominance and
median age of diagnosis were similar in both studies. However, age >60 years was no longer
associated with recurrence. The ‘age factor’ associated with recurrence after resection remains
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Presence of
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T No
—Yes

1007

80—

60

40 | —

207 .

Cumulative Risk of HCC Recurrence (%)

0

Years After Tumor Resection

No. of microsatellite 37 17 9 5 3 3
patients  lesions
atrisk
no 163 123 106 91 45 43
microsatellite
lesions

Log rank test: p<0.001

Fig 3. Cumulative tumor recurrence between patients with or without microsatellite lesions.

doi:10.1371/journal.pone.0148493.g003

controversial. A recent study found younger age was associated with more aggressive disease,
shorter survival and higher recurrence rate [24], another study suggested otherwise [25].

Biochemical and histopathological are strongly associated with tumor recurrence post-
resection. In this study, AFP >100ng/mL before resection and lymphovascular permeation
were independently associated with recurrence [13,23]. Similar pathological risk factors pre-
dicting recurrence patterns were found in a recent study.[26]. High serum AFP level suggests
tumor vascular invasion and was associated with poor recurrence-free survival [27]. Cirrhosis
was not found to be associated with recurrence in both of our studies [13]. The cirrhosis factor
remained controversial. Early studies have suggested that cirrhosis associated with recurrence
[28,29], whereas a more recent study in a Western cohort suggested that non-cirrhotic patients
were associated with higher recurrence rate [30]. Biochemical factors including MELD and
Child-Pugh scores, surgical factors including blood loss and anatomical resection were not
associated with recurrence in our study.

High HBV viral load was found to be strongly associated with recurrence after various inter-
ventions including liver resection, transcatheter arterial embolization and radiofrequency abla-
tion [13,31-35]. Ongoing HBV viral replication can induce active hepatitis, oxidative stress,
fibrosis and subsequent tumor recurrence. Integration of the oncogenic HBV DNA into the
host hepatocytes can alter transforming growth factor-betal and alpha (2)-macroglobulin pro-
duction and inhibit the effect of tumor suppressor genes, resulting in uncontrolled cellular pro-
liferation and malignancy [36]. Patients with high HBV viral load after the resection will
therefore be more prone to recurrence. There is also an increased risk of multicentric recurrent
tumors in the liver remnant and subsequent recurrence.
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Fig 4. Cumulative tumor recurrence between patients with or without AFP >100ng/mL before
resection.

doi:10.1371/journal.pone.0148493.9004

Recent meta-analysis demonstrated that the presence of pre-S, C1653T, T1753V, and core
promoter mutations are associated with an increased risk of HCC [37]. It is likely that these
mutations are associated with enhanced viral replication, resulting in hepatocarcinogenesis.
One study even suggested the presence of A1762T/G1764A double mutations might act in syn-
ergy with C1653T to increase the risk of HCC in patients with HBV genotype C2 infection
[38]. Nevertheless, the presence of genotype C and pre-S deletion were not associated with
recurrence in the current study. This concurred with findings from another recent study,
which suggested postoperative recurrence, or survival period may not be predominantly
affected by the genomic changes [24], but more closely associated with tumor characteristics.

The Cox regression model identified the presence of lymphovascular permeation, the pres-
ence of microsatellite lesions, one month post-resection HBV DNA >20,000 IU/mL, no antivi-
ral treatment before resection and AFP >100ng/mL as the 5 independent factors associated
with higher cumulative risk of tumor recurrence after resection. Among these 5 risk factors,
antiviral treatment before or after resection was the only amenable factor. Results from small
studies regarding the effectiveness of nucleoside analogues in HCC recurrence have been con-
troversial [39,40], whereas a large study of by Chan et al. [41], reported that the 5-year tumor
free survival rate in antiviral group was significantly higher than the control. More recently a
large cohort study from Taiwan [42] demonstrated that the 6-year cumulative recurrence and
the overall mortality were significantly lower with nucleoside analogue use. The likely mecha-
nism was that antiviral treatment decreased viral load, thereby reducing the risk of inflamma-
tion, fibrosis and subsequently recurrence of the HCC. Another study showed that patients
with low or undetectable HBV DNA (<2,000 IU/mL) and not on antiviral agents are still at
risk of developing HCC [43]. Therefore, pre-surgery HBV DNA and antiviral agent before sur-
gery remain important factors in predicting HCC recurrence. Antiviral treatment should be
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Fig 5. Cumulative tumor recurrence between patients with or without antiviral treatment before
resection.

doi:10.1371/journal.pone.0148493.9g005

Table 3. Optimal cut-off values by maximizing Youden index and their accuracies for the PRIPS derived from whole study population and validated
with leave-one-out cross-validation.

1-year prediction 3-year prediction

Value 95% CI Value 95% CI
Total study population
Optimal cut-off 0 0
Sensitivity 75.3 36.6, 85.5 60.6 46.0, 76.9
Specificity 55.7 46.1,90.4 79.2 65.2,76.9
Positive predictive value 34.9 31.0, 59.2 721 64.0, 87.0
Negative predictive value 87.7 81.4,92.3 69.4 64.2,77.3
Positive likelihood ratio 1.70 1.42, 4.60 2.91 2.01,7.56
Negative likelihood ratio 0.44 0.27,0.72 0.50 0.33, 0.63
Leave-one-out cross-validation
Sensitivity 82.5 51.5, 86.3 77.2 55.0, 80.3
Specificity 47.3 47.2,71.1 55.6 54.2, 83.0
Positive predictive value 33.1 28.4,42.5 60.7 57.5,76.8
Negative predictive value 89.5 79.9, 92.6 73.4 63.2, 79.1
Positive likelihood ratio 1.57 1.25,2.34 1.74 1.58, 3.73
Negative likelihood ratio 0.37 0.25, 0.80 0.41 0.30, 0.66

doi:10.1371/journal.pone.0148493.t003
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Fig 6. Chance of recurrence of hepatocellular carcinoma at 1 and 3 years according to the different
values of the PRIPS.

doi:10.1371/journal.pone.0148493.9g006

given to all patients with low or undetectable HBV DNA level before resection. For patients in
resource poor countries, antiviral treatment could be prioritized according to the PRIPS.

The PRIPS was derived from the 5 independent risk factors including viral, pathological
and biochemical factors. This allows a more comprehensive assessment compared to other pro-
posed scoring system in predicting HCC recurrence, which either focuses on pathological or
biochemical factors. El-Assal ON et al. [44] used an invasiveness score based on 6 pathological
parameters, Roayaie S et al. [45] used a system of microvascular invasion, Pan QX et al. [46]
used the Glasgow Prognostic Score based on C-reactive protein and albumin level, Yamamura
Ket al. [47] used the neutrophil to lymphocyte ratio (NLR) prognostic score, Zhao WH et al.
[48] used the pre-surgery Cancer of the Liver Italian Program (CLIP) score and Shim JH et al.
[49] used the preoperative AFP<20ng/mL to predict HCC recurrence. Only the study by Shim
JH et al. provided an AUC analysis of the performance of their AFP model to compare with
our PRIPS model. The PRIPS model AUC for the 1- and 3-year predictions were 0.67 and 0.75
respectively, which is better than the AFP model with an AUC of 0.53 and 0.49 respectively. In
addition, we have compared the AUC of the PRIPS against the CLIP score using the current
cohort. The AUC of the CLIP score for 1- and 3-year prediction were 0.509 and 0.497, which
was lower than the AUROC of the PRIPS (AUROC of PRIPS for 1-yr = 0.675 and 3-ys = 0.746;
p-value <0.001).

This score was validated by the stringent leave-one out statistical analysis with high sensitiv-
ity and specificity of 82.5% and 47.3% respectively for the prediction at 1 year. There was a
slight change in sensitivity and specificity of 77.2% and 55.6% for the prediction at 3 years.
This was the first derived risk score to predict HCC recurrence after resection with integration
of viral, biochemical and histopathological factors. Using this novel recurrence risk score, clini-
cians can predict and subsequently reduce the risk of recurrence by starting patients on antivi-
ral treatment before or even after tumor resection. The estimated risk for 1- and 3-year HCC
recurrence in patients with 4 risk factors of lymphovascular permeation, microsatellite lesions,
one month post-resection HBV DNA >20,000 IU/mL and AFP >100ng/mL would be 80%
and 99% respectively. By commencing antiviral treatment before resection, the 1-year risk
would be reduced to 8% and the 3-year risk would be reduced to 24%.

There were several limitations of this study. Firstly, We were unable to perform external val-
idation to compare PRIPS with other prediction models with a different population at this
stage. We plan to perform external validation in future prospective study. Secondly, subjects
were not entirely prospectively recruited. Thirdly, there has been no accuracy estimation
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method that can be correct in all situations [50,51]. Leave-one-out is almost unbiased and was
chosen to provide accuracy estimates of minimum bias [52], rather than bootstrapping. Boot-
strapping has been shown to have large bias in its estimates, as illustrated in some real situa-
tions [53]. However, it is an expensive procedure with high sample size requirement. Hence,
external validation using independent dataset would be necessary to confirm the accuracy of
the proposed risk prediction model.

In conclusion, the present large-scale study had identified several tumor, virological and
biochemical factors associated with higher cumulative risks of HCC recurrence after resection.
In addition, a novel risk score PRIPS was derived to predict the risk of HCC recurrence after
resection. Regardless of the HBV DNA level, antiviral treatment should be given to patients
before resection to reduce the risk of recurrence.

Acknowledgments

We would also like to thank Dr. May Wong, Miss Teresa Tong, Miss Milky Tang and Miss
Deborah Ho for their important assistance in this study.

Author Contributions

Conceived and designed the experiments: IH DW MY. Performed the experiments: IH DW JY
RT OC MY. Analyzed the data: ITH DW DF AHC MY. Contributed reagents/materials/analysis
tools: IH DW RP JY RT OC MY. Wrote the paper: IH DW RP DF WS JFE ACC CL MY.

References

1. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin. 2005; 55
(2):74—108. PMID: 15761078

2. World Health Organization. Global status report on noncommunicable diseases 2010. Available: http:/
www.who.int/nmh/publications/ncd_report2010/en/.

3. Befeler AS, Di Bisceglie AM. Hepatocellular carcinoma: Diagnosis and treatment. Gastroenterology
2002; 122(6):1609—-19. PMID: 12016426

4. Leung CM, Wong WH, Chan KH, Lai LS, Luk YW, Lai JY, et al. Public awareness of hepatitis B infec-
tion: a population-based telephone survey in Hong Kong. Hong Kong Med J 2010; 16(6):463—9. PMID:
21135423

5. Yuen MF, Hou JL, Chutaputti A; Asia Pacific Working Party on Prevention of Hepatocellular Carcinoma.
Hepatocellular carcinoma in the Asia pacific region. J Gastroenterol Hepatol. 2009; 24(3):346-53. doi:
10.1111/j.1440-1746.2009.05784.x PMID: 19220670

6. LlovetJM, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet. 2003; 362(9399):1907-17. PMID:
14667750

7. Yuen MF, Tanaka Y, Shinkai N, Poon RT, But DY, Fong DY, et al. Risk for hepatocellular carcinoma
with respect to hepatitis B virus genotypes B/C, specific mutations of enhancer ll/core promoter/precore
regions and HBV DNA levels. Gut 2008; 57(1):98—-102. PMID: 17483190

8. Ohata K, Hamasaki K, Toriyama K, Ishikawa H, Nakao K, Eguchi K. High viral load is a risk factor for
hepatocellular carcinoma in patients with chronic hepatitis B virus infection. J Gastroenterol Hepatol
2004; 19(6):670-5. PMID: 15151623

9. Cheung TK, Lai CL, Wong BC, Fung J, Yuen MF. Clinical features, biochemical parameters, and viro-
logical profiles of patients with hepatocellular carcinoma in Hong Kong. Aliment Pharmacol Ther 2006;
24(4):573-83. PMID: 16907890

10. Lin CL, Liu CH, Chen W, Huang WL, Chen PJ, Lai MY, et al. Association of pre-S deletion mutant of
hepatitis B virus with risk of hepatocellular carcinoma. J Gastroenterol Hepatol 2007; 22(7):1098-103.
PMID: 17608857

11. LaiEC, Fan ST, Lo CM, Chu KM, Liu CL, Wong J. Hepatic resection for hepatocellular carcinoma. An
audit of 343 patients. Ann Surg 1995; 221(3):291-98. PMID: 7717783

12. Poon RT, Fan St, Lo CM, Liu CL, Ng IO, Wong J. Long-term prognosis after resection of hepatocellular
carcinoma associated with hepatitis B-related cirrhosis. J Clin Oncol 2000; 18(5):1094-101. PMID:
10694562

PLOS ONE | DOI:10.1371/journal.pone.0148493 February 22, 2016 13/15


http://www.ncbi.nlm.nih.gov/pubmed/15761078
http://www.who.int/nmh/publications/ncd_report2010/en/
http://www.who.int/nmh/publications/ncd_report2010/en/
http://www.ncbi.nlm.nih.gov/pubmed/12016426
http://www.ncbi.nlm.nih.gov/pubmed/21135423
http://dx.doi.org/10.1111/j.1440-1746.2009.05784.x
http://www.ncbi.nlm.nih.gov/pubmed/19220670
http://www.ncbi.nlm.nih.gov/pubmed/14667750
http://www.ncbi.nlm.nih.gov/pubmed/17483190
http://www.ncbi.nlm.nih.gov/pubmed/15151623
http://www.ncbi.nlm.nih.gov/pubmed/16907890
http://www.ncbi.nlm.nih.gov/pubmed/17608857
http://www.ncbi.nlm.nih.gov/pubmed/7717783
http://www.ncbi.nlm.nih.gov/pubmed/10694562

@’PLOS ‘ ONE

Risk Factors and PRIP Score for Recurrence of HBV HCC Post Resection

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Hung IF, Poon RT, Lai CL, Fung J, Fan ST, Yuen MF. Recurrence of hepatitis B-related hepatocellular
carcinoma is associated with high viral load at the time of resection. Am J Gastroenterol 2008; 103
(7):1663-73. doi: 10.1111/j.1572-0241.2008.01872.x PMID: 18616655

Yuen MF, Tanaka Y, Fong DY, Fung J, Wong DK, Yuen JC, et al. Independent risk factors and predic-
tive score for the development of hepatocellular carcinoma in chronic hepatitis B. J Hepatol 2009; 50
(1):80-8. doi: 10.1016/}.jhep.2008.07.023 PMID: 18977053

Yeung P, Wong DK, Lai CL, Fung J, Seto WK, Yuen MF. Association of hepatitis B virus pre-S deletions
with the development of hepatocellular carcinoma in chronic hepatitis B. J Infect Dis 2011; 203(5):646—
54. doi: 10.10983/infdis/jiq096 PMID: 21227916

Tanaka Y, Mukaide M, Orito E, Yuen MF, Ito K, Kurbanov F, et al. Specific mutations in enhancer II/
core promoter of hepatitis B virus subgenotypes C1/C2 increase the risk of hepatocellular carcinoma. J
Hepatol 2006; 45(5):646-53. PMID: 16935384

Heagerty PJ, Lumley T, Pepe MS. Time-dependent ROC curves for censored survival data and a diag-
nostic marker. Biometrics 2000; 56(2):337—44. PMID: 10877287

Hastie T, Tibshirani R, Friedman J. Note on "Comparison of model selection for regression" by Vladimir
Cherkassky and Yungian Ma. Neural Comput 2003; 15(7):1477-80. PMID: 12816562

A Language and Environment for Statistical Computing, R Core Team, R Foundation for Statistical
Computing, Vienna, Austria. Available: http://www.R-project.org.

Shah SA, Cleary SP, Wei AC, Yang |, Taylor BR, Hemming AW, et al. Recurrence after liver resection
for hepatocellular carcinoma: risk factors, treatment, and outcomes. Surgery 2007; 141(3):330-9.
PMID: 17349844

Kumar AM, Fredman ET, Coppa C, El-Gazzaz G, Aucejo FN, Abdel-Wahab M. Patter. Patterns of can-
cer recurrence in localized resected hepatocellular carcinoma. Hepatobiliary Pancreat Dis Int 2015; 14
(3):269-75. PMID: 26063027

Cha C, Fong Y, Jarnagin WR, Blumgart LH, DeMatteo RP. Predictors and patterns of recurrence after
resection of hepatocellular carcinoma. J Am Coll Surg 2003; 197(5):753-8. PMID: 14585409

Hasegawa K, Kokudo N, Imamura H, Matsuyama Y, Aoki T, Minagawa M, et al. Prognostic impact of
anatomic resection for hepatocellular carcinoma. Ann Surg 2005; 242(2):252—9 PMID: 16041216

Mathews P, Lee D, Chung YH, Kim JA, Lee JH, Jin YJ, et al. Effects of genomic changes in hepatitis B
virus on postoperative recurrence and survival in patients with hepatocellular carcinoma. Ann Surg
Oncol 2013;20(4):1216-22. doi: 10.1245/s10434-012-2706-7 PMID: 23104706

Pompili M, Saviano A, de Mattaeis N, Cucchetti A, Ardito F, Federico B, et al. Long-term effectiveness
of resection and radiofrequency ablation for single hepatocellular carcinoma <3 cm. Results of a multi-
center ltalian survey. J Hepatol 2013; 59(1):89-97. doi: 10.1016/j.jhep.2013.03.009 PMID: 23523578

Lee SY, Konstantinidis IT, Eaton AA, Gonen M, Kingham TP, D'Angelica MI, Allen PJ, et al. Predicting
recurrence patterns after resection of hepatocellular cancer. HPB (Oxford). 2014; 16(10):943-53.

Jeng KS, Sheen IS, Tsai YC. Does the presence of circulating hepatocellular carcinoma cells indicate a
risk of recurrence after resection? Am J Gastroenterol 2004; 99(8):1503-9. PMID: 15307868

Grazi GL, Cescon M, Ravaioli M, Ercolani G, Gardini A, Del Gaudio M, et al. Liver resection for hepato-
cellular carcinoma in cirrhotics and noncirrhotics. Evaluation of clinicopathologic features and compari-
son of risk factors for long-term survival and tumour recurrence in a single centre. Aliment Pharmacol
Ther 2003; 17 Suppl 2:119-29. PMID: 12786623

Taura K, lkai |, Hatano E, Yasuchika K, Nakajima A, Tada M, et al. Influence of coexisting cirrhosis on
outcomes after partial hepatic resection for hepatocellular carcinoma fulfilling the Milan criteria: an anal-
ysis of 293 patients. Surgery 2007; 142(5):685-94. PMID: 17981188

Beard RE, Hanto DW, Gautam S, Miksad RA. A comparison of surgical outcomes for noncirrhotic and
cirrhotic hepatocellular carcinoma patients in a Western institution. Surgery 2013; 154(3):545-55. doi:
10.1016/j.surg.2013.02.019 PMID: 23777589

Wang Q, Fiel MI, Blank S, Luan W, Kadri H, Kim KW, et al. Impact of liver fibrosis on prognosis following
liver resection for hepatitis B-associated hepatocellular carcinoma. Br J Cancer 2013; 109(3):573-81.
doi: 10.1038/bjc.2013.352 PMID: 23846171

Kubo S, Hirohashi K, Tanaka H, Tsukamoto T, Shuto T, Yamamoto T, et al. Effect of viral status on
recurrence after liver resection for patients with hepatitis B virus-related hepatocellular carcinoma. Can-
cer. 2000; 88(5):1016—1024. PMID: 10699889

Wu JC, Huang YH, Chau GY, Su CW, Lai CR, Lee PC, et al. Risk factors for early and late recurrence
in hepatitis B-related hepatocellular carcinoma. J Hepatol. 2009; 51(5):890-897. doi: 10.1016/j.jhep.
2009.07.009 PMID: 19747749

PLOS ONE | DOI:10.1371/journal.pone.0148493 February 22, 2016 14/15


http://dx.doi.org/10.1111/j.1572-0241.2008.01872.x
http://www.ncbi.nlm.nih.gov/pubmed/18616655
http://dx.doi.org/10.1016/j.jhep.2008.07.023
http://www.ncbi.nlm.nih.gov/pubmed/18977053
http://dx.doi.org/10.1093/infdis/jiq096
http://www.ncbi.nlm.nih.gov/pubmed/21227916
http://www.ncbi.nlm.nih.gov/pubmed/16935384
http://www.ncbi.nlm.nih.gov/pubmed/10877287
http://www.ncbi.nlm.nih.gov/pubmed/12816562
http://www.R-project.org
http://www.ncbi.nlm.nih.gov/pubmed/17349844
http://www.ncbi.nlm.nih.gov/pubmed/26063027
http://www.ncbi.nlm.nih.gov/pubmed/14585409
http://www.ncbi.nlm.nih.gov/pubmed/16041216
http://dx.doi.org/10.1245/s10434-012-2706-7
http://www.ncbi.nlm.nih.gov/pubmed/23104706
http://dx.doi.org/10.1016/j.jhep.2013.03.009
http://www.ncbi.nlm.nih.gov/pubmed/23523578
http://www.ncbi.nlm.nih.gov/pubmed/15307868
http://www.ncbi.nlm.nih.gov/pubmed/12786623
http://www.ncbi.nlm.nih.gov/pubmed/17981188
http://dx.doi.org/10.1016/j.surg.2013.02.019
http://www.ncbi.nlm.nih.gov/pubmed/23777589
http://dx.doi.org/10.1038/bjc.2013.352
http://www.ncbi.nlm.nih.gov/pubmed/23846171
http://www.ncbi.nlm.nih.gov/pubmed/10699889
http://dx.doi.org/10.1016/j.jhep.2009.07.009
http://dx.doi.org/10.1016/j.jhep.2009.07.009
http://www.ncbi.nlm.nih.gov/pubmed/19747749

@’PLOS ‘ ONE

Risk Factors and PRIP Score for Recurrence of HBV HCC Post Resection

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Jang JW, Choi JY, Bae SH, Yoon SK, Woo HY, Chang Ul, et al. The impact of hepatitis B viral load on
recurrence after complete necrosis in patients with hepatocellular carcinoma who receive transarterial
chemolipiodolization. Cancer. 2007; 110(8):1760—1767. PMID: 17724708

Xia F, Lai EC, Lau WY, Ma K, Li X, Bie P, et al. High serum hyaluronic acid and HBV viral load are main
prognostic factors of local recurrence after complete radiofrequency ablation of hepatitis B-related
small hepatocellular carcinoma. Ann Surg Oncol 2012; 19(4):1284-91. doi: 10.1245/s10434-011-2042-
3PMID: 21913016

Pan J, Clayton M, Feitelson MA. Hepatitis B virus X antigen promotes transforming growth factor-beta1
(TGF-beta1) activity by up-regulation of TGF-beta1 and down-regulation of alpha2-macroglobulin. J
Gen Virol. 2004; 85(Pt 2):275-82. PMID: 14769885

Liu S, ZhangH, Gu C, Yin J, He Y, Xie J, et al. Associations between hepatitis B virus mutations and
the risk of hepatocellular carcinoma: a meta-analysis. J Natl Cancer Inst 2009; 101(15):1066-82. doi:
10.1093/jnci/djp180 PMID: 19574418

Lyu H, Lee D, Chung YH, Kim JA, Lee JH, Jin YJ, et al. Synergistic effects of A1896, T1653 and T1762/
A1764 mutations in genotype c2 hepatitis B virus on development of hepatocellular carcinoma. J Viral
Hepat 2013; 20(3):219-24 doi: 10.1111/j.1365-2893.2012.01654.x PMID: 23383661

Kubo S, Tanaka H, Takemura S, Yamamoto S, Hai S, Ichikawa T, et al. Effects of lamivudine on out-
come after liver resection for hepatocellular carcinoma in patients with active replication of hepatitis B
virus. Hepatol Res. 2007; 37(2):94—100. PMID: 17300703

LiN, Lai EC, ShiJ, Guo WX, Xue J, Huang B, et al. A comparative study of antiviral therapy after resec-
tion of hepatocellular carcinoma in the immune-active phase of hepatitis B virus infection. Ann Surg
Oncol. 2010; 17(1):179-185. doi: 10.1245/s10434-009-0694-z PMID: 19727956

Chan AC, Chok KS, Yuen WK, Chan SC, Poon RT, Lo CM, et al. Impact of antiviral therapy on the sur-
vival of patients after major hepatectomy for hepatitis B virus-related hepatocellular carcinoma. Arch
Surg. 2011; 146(6):675-681. doi: 10.1001/archsurg.2011.125 PMID: 21690443

Wu CY, Chen YJ, Ho HJ, Hsu YC, Kuo KN, Wu MS, et al. Association between nucleoside analogues
and risk of hepatitis B virus—related hepatocellular carcinoma recurrence following liver resection.
JAMA 2012; 308(18):1906—14. PMID: 23162861

Sinn DH, Lee J, Goo J, Kim K, Gwak GY, Paik YH, et al. Hepatocellular carcinoma risk in chronic hepa-
titis B virus-infected compensated cirrhosis patients with low viral load. Hepatology 2015; 62(3):694—
701. doi: 10.1002/hep.27889 PMID: 25963803

El-Assal ON, Yamanoi A, Soda Y, Yamaguchi M, Yu L, Nagasue N. Proposal of invasiveness score to
predict recurrence and survival after curative hepatic resection for hepatocellular carcinoma. Surgery
1997; 122(3):571-7 PMID: 9308615

Roayaie S, Blume IN, Thung SN, Guido M, Fiel MI, Hiotis S, et al. A system of classifying microvascular
invasion to predict outcome after resection in patients with hepatocellular carcinoma. Gastroenterology
2009; 137(3):850-5 doi: 10.1053/j.gastro.2009.06.003 PMID: 19524573

Pan QX, Zhang JH, Su ZJ, Wang CR, Ke SY. The Glasgow Prognostic Score is an independent prog-
nostic predictor of hepatocellular carcinoma following radical resection. Oncol Res Treat 2014; 37
(4):192—7 doi: 10.1159/000361082 PMID: 24732643

Yamamura K, Sugimoto H, Kanda M, Yamada S, Nomoto S, Nakayama G, et al. Comparison of inflam-
mation-based prognostic scores as predictors of tumor recurrence in patients with hepatocellular carci-
noma after curative resection. J Hepatobiliary Pancreat Sci 2014; 21(9):682-8. doi: 10.1002/jhbp.114
PMID: 24823966

Zhao WH, Ma ZM, Zhou XR, Feng YZ, Fang BS. Prediction of recurrence and prognosis in patients with
hepatocellular carcinoma after resection by use of CLIP score. World J Gastroenterol 2002; 8(2):237—
42. PMID: 11925599

Shim JH, Yoon DL, Han S, Lee YJ, Lee SG, Kim KM, et al. Is serum alpha-fetoprotein useful for predict-
ing recurrence and mortality specific to hepatocellular carcinoma after hepatectomy? A test based on
propensity scores and competing risks analysis. Ann Surg Oncol 2012; 19(12):3687—-96. doi: 10.1245/
$10434-012-2416-1 PMID: 22644512

Schaffer C. A conservation law for generalization performance in " Machine Learning Proceedings of
the Eleventh International Conference", Morgan Kaufmann; 1994. pp. 259-265

Wolpert DH. The relationship between PAC the statistical physics framework the Bayesian framework
and the VC framework, Technical report, The Santa Fe Institute Santa Fe, NM; 1994.

Efron B. Estimating the error rate of a prediction rule improvement on cross validation. Journal of the
American Statistical Association 1983; 78(382):316-330.

Kohavi R. A study of cross validation and bootstrap for accuracy estimation and model selection. IJCAI
1995; 2:1137-1143.

PLOS ONE | DOI:10.1371/journal.pone.0148493 February 22, 2016 15/15


http://www.ncbi.nlm.nih.gov/pubmed/17724708
http://dx.doi.org/10.1245/s10434-011-2042-3
http://dx.doi.org/10.1245/s10434-011-2042-3
http://www.ncbi.nlm.nih.gov/pubmed/21913016
http://www.ncbi.nlm.nih.gov/pubmed/14769885
http://dx.doi.org/10.1093/jnci/djp180
http://www.ncbi.nlm.nih.gov/pubmed/19574418
http://dx.doi.org/10.1111/j.1365-2893.2012.01654.x
http://www.ncbi.nlm.nih.gov/pubmed/23383661
http://www.ncbi.nlm.nih.gov/pubmed/17300703
http://dx.doi.org/10.1245/s10434-009-0694-z
http://www.ncbi.nlm.nih.gov/pubmed/19727956
http://dx.doi.org/10.1001/archsurg.2011.125
http://www.ncbi.nlm.nih.gov/pubmed/21690443
http://www.ncbi.nlm.nih.gov/pubmed/23162861
http://dx.doi.org/10.1002/hep.27889
http://www.ncbi.nlm.nih.gov/pubmed/25963803
http://www.ncbi.nlm.nih.gov/pubmed/9308615
http://dx.doi.org/10.1053/j.gastro.2009.06.003
http://www.ncbi.nlm.nih.gov/pubmed/19524573
http://dx.doi.org/10.1159/000361082
http://www.ncbi.nlm.nih.gov/pubmed/24732643
http://dx.doi.org/10.1002/jhbp.114
http://www.ncbi.nlm.nih.gov/pubmed/24823966
http://www.ncbi.nlm.nih.gov/pubmed/11925599
http://dx.doi.org/10.1245/s10434-012-2416-1
http://dx.doi.org/10.1245/s10434-012-2416-1
http://www.ncbi.nlm.nih.gov/pubmed/22644512

