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ABSTRACT

Background. The prognosis of patients with hepatocellular car-
cinoma (HCC) without portal vein tumor thrombosis (PVTT)
after curative resection is at variance.We identified the risk fac-
tors of poor postoperative prognosis and consequently devel-
oped prognostic nomograms generating individual risk of death
and recurrence for this subgroup of patients with HCC.
Methods. The risk factors were identified and nomograms were
developed based on a retrospective study of 734 patients in the
primary cohort who underwent curative resection for HCC from
2010 to 2012. The predictive accuracy and discriminative ability
of the nomograms were determined by concordance index (C-
index) and calibration curve and compared with traditional stag-
ing systems of HCC.The results were validated in an independent
cohort of 349 patients operated at the same institution in 2007.

Results. All of the independent factors for survival in multivari-
ate analysis in the primary cohort were selected into the nomo-
grams. The calibration curve for probability of survival showed
good agreement between prediction by nomograms and actual
observation. The C-indices of the nomograms for predicting
overall survival and recurrence-free survival were 0.755 (95%
confidence interval [CI], 0.752–0.758) and 0.665 (95% CI,
0.662–0.668), respectively, which were statistically higher than
the C-indices of other HCC prognostic models. The results were
further confirmed in the validation cohort.
Conclusion. The proposed nomograms resulted in more
accurate prognostic prediction for patients with HCC with-
out PVTT after curative resection. The Oncologist 2017;22:
561–569

Implications for Practice: Hepatocellular carcinoma (HCC) poses a great therapeutic challenge due to the poor prognosis in patients
underwent surgical resection. The portal vein tumor thrombosis (PVTT) as a robust risk factor for survival has been routinely
integrated to staging systems. Nonetheless, the prognosis stratification for patients without PVTT was neglected to some extent.
Herein, independent risk factors of OS and RFS in HCC patients without PVTT were reconfirmed. A predictive nomogram was
constructed on these risk factors and was demonstrated to be a more accurate predictive model in HCC patients without PVTT,
compared with the traditional staging systems.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common malig-
nancy and the second leading cause of cancer-related mortality
worldwide [1]. Despite curative resection, the long-term prognosis
of HCC is still poor, with an extremely high tumor recurrence rate
that exceeds 60% at 5 years even in patients with small tumors
[2]. Fortunately, some highly selected patients may benefit from a
prognosis predictive model and therapeutic assignment [3, 4].

Thus, identification of prognostic markers of HCC has long
been of interest. According to a systematic review [5], portal
vein tumor thrombosis (PVTT) was indicated to be one of the
most robust predictors of survival. Accumulating investigations
have been conducted referring to prognostic factors of HCC
with PVTT following variable treatment modalities, including
resection, transarterial chemoembolization, radiotherapy, and
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conservative management [6–8]. However, the prognostic fac-
tors associated with prognosis of HCC without PVTT, a sub-
group lacking this robust indicator, remain to be elucidated.

In an attempt to stratify expected survival outcomes for
HCC patients, a number of staging systems have also been
developed for classification and prognostication of HCC, includ-
ing the Barcelona Clinic Liver Cancer (BCLC), Okuda score, Can-
cer of the Liver Italian Program (CLIP), Chinese University
Prognostic Index, and Japan Integrated Staging Score [9–13].
Unfortunately, their criteria vary greatly, are predominantly
derived from patients with metastatic and locally advanced dis-
ease, often with impaired liver function, and only serve to clas-
sify patients into various groups with varying outcomes but do
not predict individualized outcomes [14, 15].

While other predictive models assign prognosis based on
risk groups, nomograms provide a more individualized predic-
tion of outcome based on a combination of variables [16]. Cur-
rently, one nomogram (Memorial Sloan-Kettering Cancer
Center [MSKCC]) based on a small sample in the U.S. has been
proposed to predict survival, and another has been proposed
to predict pulmonary metastases, but neither has been exter-
nally validated; in addition, the MSKCC includes patients who,
according to current guidelines, are generally not ideal candi-
dates for hepatic resection (i.e., extrahepatic) along with some
who didn’t meet the criteria of R0 resection [14, 15].

The purpose of this study was to identify prognostic factors
of patients with HCC without PVTT. Furthermore, we aim to
establish and independently validate prognostic nomograms
for recurrence-free survival (RFS) and overall survival (OS) via
integrating the clinicopathologic variables associated with HCC
outcome from a large HCC cohort of patients without PVTT
who underwent curative resection. In addition, we also wish to
compare the accuracy of these nomograms for predicting indi-
vidual prognosis with that obtained from the established clini-
cal prognostic models to ascertain whether our nomograms are
an accurate instrument of prognosis.

MATERIALS AND METHODS

Patient Selection
Two independent cohorts of patients with HCC without PVTT
following curative resection were enrolled in this study. The
training and validation cohorts were randomly collected from
patients with HCC who underwent curative hepatectomy in
Zhongshan Hospital during the 3-year period from 2010 to
2012 (n 5 734) and in 2007 (n 5 349), respectively. All the
patients had survived for at least 30 days postoperatively. The
inclusion and exclusion criteria for the patients analyzed in
both training and validation cohort are as follows: (a) without
any preoperative anticancer treatments that could introduce
any bias; (b) exact diagnosis of pathologically proven HCC; (c)
complete removal of the tumor without residual cancer,
defined as a complete resection of all tumor lesions and the
cut surface being free of cancer by histological examination (R0
resection); (d) with complete clinicopathologic and follow-up
data; (e) none of the patients were suffering from a recurrence
of HCC or from any other concomitant malignancy; (f) without
any macroscopic invasion to portal vein or metastasis to distant
sites. All patients provided informed consent to participate in

Table 1. Basal clinicopathologic characteristics in training
and validation cohort

Characteristics
Training set,
n 5 734 (%)

Validation set,
n 5 346 (%)

Age

�52 398 (54.2%) 210 (60.7%)

>52 336 (45.8%) 136 (39.3%)

Gender

Male 613 (83.5%) 294 (85%)

Female 121 (16.5%) 52 (15%)

HBsAga

Positive 603 (83.6%) 287 (82.9%)

Negative 118 (16.4%) 59 (17.1%)

AFP (ng/mL)

�400 533 (72.6%) 233 (67.3%)

>400 201 (27.4%) 113 (32.7%)

ALT (U/L)

�40 588 (80.1%) 186 (53.8%)

>40 146 (19.9%) 160 (46.2%)

ALB (g/L)

�40 233 (31.7%) 87 (25.1%)

>40 501 (68.3%) 259 (74.9%)

GGT (U/L)

�45 442 (60.2%) 209 (60.4%)

>45 292 (39.8%) 137 (39.6%)

Liver cirrhosis

Yes 537 (73.2%) 291 (84.1%)

No 197 (26.8%) 55 (15.9%)

Tumor size (cm)

�5 437 (59.5%) 234 (67.6%)

>5 297 (40.5%) 112 (32.4%)

Tumor encapsulation

None 246 (33.5%) 161 (46.5%)

Complete 488 (66.5%) 185 (53.5%)

Tumor multiplicity

Single 636 (86.6%) 302 (87.3%)

Multiple 98 (13.4%) 44 (12.7%)

Tumor differentiation

I–II 511 (69.6%) 257 (74.3%)

III–IV 223 (30.4%) 89 (25.7%)

MVI

Yes 177 (24.1%) 89 (25.7%)

No 557 (75.9%) 257 (74.3%)

BCLC stage

A 492 (67%) 174 (50.3%)

B 242 (33%) 172 (49.7%)

CLIP score

0-1 645 (87.8%) 261 (75.4%)

2-4 89 (12.2%) 85 (24.6%)
aThe information of HBsAg of 13 patients in the training cohort was
not applicable.
Abbreviations: AFP, a-fetoprotein; ALB, albumin; ALT, alanine amino-
transferase; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the
Liver Italian Program; GGT, g-glutamyl transferase; HBsAg, hepatitis B
virus surface antigen; MVI, microscopic vascular invasion.
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the study, and the study protocol was approved by the Clinical
Research Ethic Committee of Zhongshan hospital.

Conventional clinicopathologic variables comprising age,
gender, hepatitis B virus surface antigen (HBsAg), liver cirrhosis
(LC), a-fetoprotein (AFP), alanine aminotransferase (ALT), g-
glutamyl transferase (GGT), tumor size, number, microvascular
invasion, encapsulation, differentiation, BCLC stage, and CLIP
score were recorded and detailed in Table 1.

Follow-Up Procedure
The follow-up procedure was described in our previous study
[17]. In brief, all patients were monitored prospectively by
serum AFP, liver function test, abdomen ultrasonography, and
chest x-ray every 1 to 6 months, according to the postoperative
time. For patients with test results suggestive of recurrence,
computed tomography and/or magnetic resonance imaging
was used to verify whether intrahepatic recurrence and/or dis-
tal metastasis had occurred. A diagnosis of recurrence was
based on typical imaging appearance in computed tomography
and/or magnetic resonance imaging scan with or without an
elevated AFP level. OS was defined as the interval between sur-
gery and time of either death or last observation taken. RFS
was defined as the interval between surgery and time of recur-
rence. Once evidence of recurrence was confirmed, RFS was
calculated as the time when recurrence was first suspected.
The median follow-up time was 39 months (range, 2–60
months) in the training cohort and 43 months (range, 1.5–63
months) in the validation cohort, respectively.

Statistical Analysis
Risk factors were identified via SPSS 16.0 (SPSS, Chicago, IL).
Chi-square test or Fisher’s exact test was used to compare
results. Categorical variables were grouped based on clinical
findings (definition of groups is shown in Table 1), and decisions
on the groups were made before modeling. Continuous varia-
bles were compared using the Student’s t test or Mann-
Whitney U test for variables with an abnormal distribution. Sur-
vival curves were depicted using the Kaplan-Meier method and
compared using the log-rank test. Cox regression analysis was
used for multivariate analyses. Independent prognostic factors
were identified through backward selection in a Cox regression
model. Variables significantly related to survival in the univari-
ate Cox models (p< .05) were subsequently included in the
multivariate model.

A nomogram was established based on the results of multi-
variate analysis and by using the package of rms in R version
2.14.1 (http://www.r-project.org/). The performance of the
nomogram was measured by concordance index (C-index) and
assessed by comparing nomogram-predicted survival probabil-
ity versus observed Kaplan-Meier estimates. Bootstraps with
1,000 resample were used for these activities. Comparisons
between the nomogram and other staging systems were per-
formed with the rcorrp.cens package in Hmisc in R and were
evaluated by the C-index. The larger the C-index, the more
accurate was the prognostic prediction. During the external val-
idation of the nomogram, the total points of each patient in
the validation cohort were calculated according to the formu-
lated nomogram, then the total points as a factor in this cohort
was analyzed via Cox regression; finally, the C-index and calibra-
tion curve were derived on the basis of the regression analysis.
The decision curve analysis (DCA) [18] was applied to evaluate

the clinical usefulness of the nomograms for the prediction of
prognosis.

RESULTS

Clinicopathological Characteristics
The detailed characteristics of patients in the primary and valida-
tion cohorts were presented in Table 1; the two independent
sets had an overall similar tumor burden. Most patients were
men (83.5%), were positive for HBsAg (83.6%), and had a single
tumor nodule at the time of resection in primary cohort (86.6%).

Identification of Prognostic Factors in Patients with
HCC Without PVTT
The median follow-up time was 39 months (range, 2–60
months), the median RFS was 28 months (range, 1–60 months),
and the postoperative 1-, 3-, and 4-year OS and RFS rates were
95.8%, 58.7%, 44.7% and 81.5%, 45.5%, and 41%, respectively.

Univariate analysis revealed that elevated AFP (p< .001),
GGT (p< .001), lager tumor size (p< .001), multiple tumor
number (p< .001), presence of microscopic vascular invasion
(MVI; p< .001), absence of tumor encapsulation (p 5 .009),
and poor cancer cell differentiation (p< .001) were identified
as significant prognostic factors of OS. In multivariate analysis,
AFP (hazard ratio [HR], 1.282; 95% confidence interval [CI],
1.119–1.468; p< .001), GGT (HR, 1.854; 95% CI, 1.264–2.719;
p 5 .002), tumor size (HR, 1.108; 95% CI, 1.060–1.159;
p< .001), tumor numbers (HR, 1.247; 95% CI, 1.023–1.521;
p 5 .029), and presence of MVI (HR, 2.299; 95% CI, 1.570–
3.367; p< .001) remained significant independent predictors
of OS (Table 2).

In univariate analysis, sex (p 5 .024), HBsAg (p 5 .037), ele-
vated ALT (p 5 .024), raised AFP (p< .001), LC (p 5 .019), GGT
(p< .001), larger tumor size (p< .001), multiple tumor number
(p< .001), presence of MVI (p< .001), and poor cancer cell dif-
ferentiation (p< .001) were identified as significant predictors
of RFS. In multivariate analysis, GGT (HR, 1.38; 95% CI, 1.091–
1.745; p 5 .007), raised AFP (HR, 1.093; 95% CI, 1.002–1.193;
p 5 .046), LC (HR, 1.153; 95% CI, 1.008–1.318; p 5 .037), tumor
size (HR, 1.056; 95% CI, 1.020–1.093; p 5 .002), tumor multi-
plicity (HR, 1.408; 95% CI, 1.203–1.648; p< .001), and presence
of MVI (HR, 1.629; 95% CI, 1.269–2.092; p< .001) remained
significant independent predictors of RFS (Table 2).

Construction of Nomograms for OS and RFS
The prognostic nomogram that integrated all the independent
prognostic factors for OS derived from the training cohort is
shown in Figure 1A. The C-index for OS prediction in training
cohort was 0.755 (95% CI, 0.752–0.758). The calibration plot for
the probability of survival at 2 and 3 years after surgery showed
optimal consistency between the prediction by nomogram and
actual observation (Fig. 2A and 2B).

The prognostic nomogram that combined all the independ-
ent prognostic factors for RFS derived from the training cohort
is shown in Figure 1B. The C-index for RFS prediction in training
cohort was 0.665 (95% CI, 0.662–0.668). The calibration plot for
the probability of RFS at 2 and 3 years after surgery showed
optimal consistency between the prediction by nomogram and
actual observation (Fig. 2C and 2D).
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Validation of the Nomogram
In the validation cohort, the median follow-up time was 43
months (range 1.5–63 months); the median time to recurrence
was 35.8 months (range 1–63 months). The postoperative 1-,
3-, and 5-year OS and RFS rates were 88.4%, 61.1%, 51.2% and
81.5%, 54.3%, and 46.4%, respectively.

The C-index of the constructed nomogram for predicting
OS was 0.7 (95% CI, 0.697–0.703), and a calibration curve fit
well between prediction and observation in the probability of

both 2-year and 3-year OS (Fig. 2E and 2F). The C-index of the
proposed nomogram for predicting RFS was 0.658 (95% CI,
0.655–0.661), and a calibration curve showed good agreement
between prediction and observation in the probability of both
2-year and 3-year RFS (Fig. 2G and 2H).

Comparative Performance of Staging Systems
We compared the accuracy of our nomograms with the rou-
tinely clinically used prognostic models of BCLC stage, CLIP

Table 2. Independent prognostic factors predicting OS and RFS in training cohort

Variables

Univariate analysis for OS Multivariate analysis for OS Univariate analysis for RFS Multivariate analysis for RFS

HR 95% CI
p
value HR 95% CI

p
value HR 95% CI

p
value HR 95% CI

p
value

Age, years 0.994 0.978–1.010 .463 NA NA NA 1.001 0.991–1.010 .886 NA NA NA

Sex, male versus
female

1.265 0.757–2.112 .37 NA NA NA 1.436 1.048–1.967 .024 NA NS NS

HBsAg, positive
versus negative

0.95 0.587–1.537 .834 NA NA NA 1.407 1.020–1.939 .037 NS NS NS

ALB, g/L 0.957 0.908–1.009 .106 NA NA NA 0.971 0.941–1.003 .078 NA NA NA

TBIL, lmol/L 1.012 0.979–1.045 .486 NA NA NA 1.009 0.990–1.029 .365 NA NA NA

ALT, U/L 1.001 0.993–1.008 .875 NA NA NA 1.005 1.001–1.009 .024 NS NS NS

GGT, >60 versus
�60 U/L

2.232 1.157–3.200 <.001 1.854 1.264–2.719 .002 1.637 1.318–2.032 <.001 1.38 1.091–1.745 .007

lg(AFP) 1.508 1.314–1.731 <.001 1.282 1.119–1.468 <.001 1.18 1.083–1.285 <.001 1.093 1.002–1.193 .046

Cirrhosis, present
versuss absent

1.069 0.869–1.313 .529 NA NA NA 1.167 1.026–1.328 .019 1.153 1.008–1.318 .037

Tumor size, �5cm 1.175 1.130–1.221 <.001 1.108 1.060–1.159 <.001 1.108 1.078–1.139 <.001 1.056 1.020–1.093 .002

Tumor multiplicity 1.637 1.366–1.962 <.001 1.247 1.023–1.521 .029 1.613 1.409–1.860 <.001 1.408 1.203–1.648 <.001

Tumor
encapsulation,
none versus
complete

1.611 1.124–2.308 .009 NS NS NS 1.16 0.926–1.454 .197 NA NA NA

Differentiation,
III–IV versus I–II

1.968 1.373–2.822 <.001 NS NS NS 1.43 1.140–1.794 .002 NS NS NS

MVI, presence
versus absence

3.339 2.377–4.860 <.001 2.299 1.570–3.367 <.001 2.067 1.637–2.610 <.001 1.629 1.269–2.092 <.001

P values �.05 were considered significant and were marked in bold.
Abbreviations: AFP, a-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; CI, confidence interval; GGT, g-glutamyl transferase; HBsAg, hepati-
tis B virus surface antigen; HR, hazard ratio; MVI, microscopic vascular invasion; NA, not applicable; NS, not significant; OS, overall survival; RFS,
recurrence-free survival; TBIL, total bilirubin.

Figure 1. Hepatocellular carcinoma OS (A) and RFS (B) nomograms. (To use the nomogram, the value of an individual patient is located on
each variable axis, and a line is drawn upward to determine the number of points received for each variable value. The sum of these num-
bers is located on the total point axis, and a line is drawn downward to the survival axes to determine the likelihood of 2- or 3-year survival).
Abbreviations: AFP, a-fetoprotein; GGT, g-glutamyl transferase; MVI, microscopic vascular invasion; OS, overall survival; RFS,

recurrence-free survival.
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score, Okuda Stage, and AJCC seventh edition together with
two other nomograms, MSKCC and Singapore Liver Cancer
Recurrence (SLICER) [19], to ascertain whether our nomograms
are feasible prognostic models. The discriminatory capacity of
each prognostic system was compared by means of Harrell’s C-
index, as shown in Table 3. The discriminatory capacity of the
first ranked prognostic model in the primary cohort was the
nomogram with a C-index of 0.755 (95% CI; 0.752–0.758) for
OS and 0.665 (95% CI, 0.662–0.668) for RFS. The nomogram
consistently ranked the first in terms of discriminatory accuracy
in the validation cohort with C-index of 0.7 (95% CI, 0.697–
0.703) for OS and 0.658 (95% CI, 0.655–0.661) for RFS.

Clinical Usefulness of Nomograms as Evaluated by DCA
Given that the proposed nomograms demonstrated superior
predictive capabilities relative to the BCLC stage and CLIP score

in terms of C-index, comparison of constructed nomograms
with BCLC stage and CLIP score as predictor of prognosis on
DCA was necessary to be performed to ascertain the clinical
usefulness of the nomograms. On DCA, compared with BCLC
stage and CLIP score, nomograms showed better net benefit
with a wider range of threshold probability and improved per-
formance for predicting 2- and 3-year OS and RFS (Fig. 3A–3D).
This further represents superior estimation of decision out-
comes at higher threshold probability and net benefit levels.

DISCUSSION

Based on the two large independent cohorts of patients who
underwent curative resection for HCC, novel and validated
nomograms were developed for predicting individual probabil-
ities of recurrence and cancer-specific death at 2 and 3 years.

Figure 2. The calibration curve for predicting OS of patients at 2 years (A) and 3 years (B), RFS at 2 years (C) and 3 (D) years in the training
cohort; predicting patient OS at 2 years (E) and 3 years (F) and predicting patient RFS at 2 years (G) and 3 years (H) in the validation
cohort. Nomogram-predicted probability of survival is plotted on the x-axis; actual survival is plotted on the y-axis.

Abbreviations: OS, overall survival; RFS, recurrence-free survival.
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The nomograms, integrating independent prognostic factors
that reflect the preoperative clinical essentials and postopera-
tive pathologic findings, are reliable and convenient graphic
tools.

The advantage of the current study was that homogene-
ous early-stage HCC patients without PVTT were enrolled for
analysis, and all of them underwent curative resection. Thus,
significant confounders on cancer outcome such as variation
of tumor stage and therapeutic modalities were eliminated
[20]; furthermore, postoperative outcome and prognostic fac-
tors in a subset without the influence of the powerful prognos-
tic indicator PVTT can be elucidated. These nomograms
possess C-indices of 0.755 and 0.655 for OS and RFS, respec-
tively; although not perfect, they are more accurate than tradi-
tional staging systems such as BCLC, CLIP, AJCC seventh edition
and Okuda stage, which was in line with the fact that predic-
tive accuracy of nomograms has been superior compared with
the traditional staging systems in other cancer populations
[16, 21].

Early HCC without PVTT is generally allocated for surgical
resection; nevertheless, tumor biology, hepatic function, and
eventual prognosis are quite discrepant. A more precise stag-
ing system would give clinicians the ability to identify patients
with statistically heterogeneous outcomes from within other-
wise homogeneous clinical groups. Prognostic discrepancies
within patients diagnosed with same BCLC stage, which can be
identified by our nomogram, would help to stratify individual
risk for recurrence and, thus, would also help to optimize post-
operative follow-up and treatment. In the present study, in the
validation cohort, we first found 5-year OS and RFS were
51.2% and 46.4%, respectively; although indicating a relatively
favorable prognosis for patients without PVTT, the result
remains not optimal. Given that there is no consensus on the
follow-up procedures for detection of recurrent HCC after
resection [22], these nomograms enable surgical patients to
be easily monitored on an individual basis and to be appropri-
ately allocated for participation in clinical trials of postopera-
tive adjuvant therapy (e.g., patients with total risk scores for
recurrence of �10 in whom the probability of 1-year RFS rate
is�60% and 3-year RFS rate is�20%).

PVTT was considered as a special type of metastasis with
formation of tumor embolus in portal vein in HCC [23]. Liver
function status was reported to impact long-term prognosis in
HCC with PVTT. The ascites, jaundice, hepatic encephalopathy,
and liver failure may induced by the formation of PVTT and
thus might account for, at least in part, the difference in prog-
nostic factors between HCC with and without PVTT [24]. In the
present paper, serum GGT and AFP level, tumor size and num-
ber, and MVI were identified as independent prognostic fac-
tors for both OS and RFS in multivariate analysis; in addition,
LC was found to be an independent prognostic factor for RFS.
Accordingly, most of these factors are tumor specific, different
from those in PVTT-present HCC to some extent [25].

These nomograms integrated the independent prognostic
variables of HCC, including the pathological characteristics and
the serum tumor biomarkers, thus making it accurate for pre-
diction of survival. For the pathological variables, in addition to
tumor size and number, reflecting the disease stage, MVI and
LC were also included. Many studies have confirmed the pres-
ence of MVI to be associated with external hepatic metastasisTa
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[26–28]; thus, it is a predictor of poor prognosis after curative
resection for HCC. On the contrary, only a few studies defined
the role of underlying LC for patient prognosis after liver resec-
tion, although LC is the predominant preneoplastic condition
for HCC [29] and was responsible for shortened RFS and OS of
HCC patients following resection [30, 31].

For the serum tumor biomarkers, AFP is the most univer-
sally investigated marker in HCC prognosis stratification [32].
According to a recent systematic review of prognostic factors,
AFP was one of the most robust predictors of death in patients
with cirrhosis and HCC [5]. However, serum AFP level was ele-
vated in 15%–58% of patients with chronic hepatitis and 11%–
47% of patients with LC [33]. Thus, reevaluation of tumor bio-
markers to find potential candidates to be included in the sur-
veillance of HCC prognosis might be of great importance in
clinical practice. Until now, various tumor markers such as GGT,
AFP-L3, and glypican-3 have emerged as complement or substi-
tute for AFP in the diagnosis and prognosis of HCC [32, 34].

Previous studies concerning GGT in HCC have indicated
that raised expression of hepatic GGTmay be closely associated
with the development of HCC [35–37]. The expression of GGT
provides tumor cells with an additional source of cysteine and
cystine from the cleavage of extracellular glutathione and

oxidized glutathione [38]. Furthermore, the GGT was signifi-
cantly higher in HCC patients with larger tumors [39]. In addi-
tion, the survival of HCC patients decreased as their GGT levels
rose, as did their tumor masses [37]. Consistent with the previ-
ous studies, the present study showed that elevated serum
GGT, as a stable serum molecule from liver, served as an inde-
pendent predictive factor for HCC RFS and OS.

Some limitations in the present study need to be consid-
ered. Firstly, because the dataset was obtained from a single
institute with HCC in a hepatitis B virus-endemic area, cross val-
idation and further investigations of these nomograms in multi-
center and prospective settings with more etiologic factors
should be conducted in our future research. Secondly, these
nomograms are clinically applicable for postoperative decision-
making rather than for preoperative decision-making. The
anticipated future utility of molecular or genomic pathological
biomarkers would substantially enhance the usage of these
nomograms. Thirdly, in the SLICER nomogram, margin distance
was a risk factor; however, the patients enrolled in our retro-
spective study all underwent curative resection with margin
distance over 1 cm, which might hamper the predictive per-
formance of the SLICER nomogram in our cohort. It is notewor-
thy that MSKCC was generated from a small series of 184

Figure 3. DCA. DCAs depict the clinical net benefit in pairwise comparisons between integrated nomogram, BCLC stage, and CLIP score.
Nomograms are compared against the BCLC stage and CLIP score in terms of 2- and 3-year OS (A, B) and 2- and 3-year RFS (C, D). Dashed
lines indicate the net benefit of nomogram in each of the curves across a range of threshold probabilities. The horizontal solid black line
represents the assumption that no patients will experience the event, and the solid gray line represents the assumption that all patients
will die or relapse. On DCA, nomogram showed superior net benefit compared to BCLC stage and CLIP score across a range of threshold
probabilities.
Abbreviations: BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the Liver Italian Program; DCA, decision curve analysis; RFS,

recurrence-free survival; OS, overall survival.
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patients and had evident divergence between observed and
expected outcomes during calibration, possibly due to the low
numbers involved. This nomogram performed less well in our
dataset, possibly due to the different patient profile of HCC in
the Asian population; moreover, our study only enrolled
patients with negative resection margin and patients without
macroscopic vascular invasion, which would also affect the per-
formance of the MSKCC nomogram.

CONCLUSION
In conclusion, these data indicated that variables associated with
poor OS and RFS in HCC without PVTT are all tumor related, to
some extent, and different from those in PVTT-present HCC [25].
Furthermore, a unique and consistent postoperative prognosis
prediction nomogram was generated via integrating these inde-
pendent prognostic factors. These nomograms possess much
better accuracy of both OS and RFS prediction than traditional
systems, including BCLC stage and CLIP scores.
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For Further Reading:

Yingqiang Zhang,Wenzhe Fan, Yu Wang et al. Sorafenib With and Without Transarterial Chemoembolization for Advanced Hepato-
cellular CarcinomaWith Main Portal Vein Tumor Thrombosis: A Retrospective Analysis. The Oncologist 2015;20:1417–1424.

Implications for Practice:

For patients with advanced hepatocellular carcinoma (HCC) and main portal vein tumor thrombosis (MPVTT), no benefit was seen
in this study in terms of disease control rate, time to progression, and overall survival for patients receiving sorafenib and transarte-
rial chemoembolization compared with those receiving sorafenib monotherapy. Considering the patients’ morbidity after combina-
tion therapy, monotherapy is appropriate for managing patients with advanced HCC andMPVTT.
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