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Background. Portal vein tumor thrombosis (PVTT) is one of the major predictive factors for patients with hepatocellular
carcinoma (HCC). The objective of this study was to establish a prognostic nomogram for identifying individual survival
outcomes in patients with HCC and PVTT on conservative treatment based on specific factors. Methods. Two hundred and ten
patients with HCC and PVTT on conservative treatment in Beijing Ditan Hospital between June 2008 and May 2017 were studied
retrospectively as a derivation cohort. We built a nomogram based on independent risk factors for survival prediction. The
concordance index (c-index) and a calibration curve were used to evaluate the predictive accuracy. During the study, 102 patients
were included at the Putuo Hospital and Third People’s Hospital of Changzhou as a validation cohort. Results. In the derivation
cohort, the independent factors for overall survival were identified by multivariate analysis, namely, aspartate aminotransferase
>1191U/L, gamma-glutamyl transferase >115IU/L, Child-Pugh class C liver function, creatinine >91 ymol/L, «a-fetoprotein
>400 ng/ml, and largest tumor diameter >5 cm. The nomogram had a c-index of 0.737 (95% confidence interval, 0.692-0.782) and
the calibration curves fitted well. The median survival time was 4.2 months in the derivation cohort, with an MST of 5 months for
BCLC C stage and 1.8 months for BCLC D stage patients. Kaplan-Meier analysis showed significant statistical differences in the 6-
month overall survival rates of the primary and validation cohorts after the total scores were divided into three quartiles (low risk:
0-85; intermediate risk: 86-210; high risk: >211; p < 0.0001 in both cohorts). Conclusions. The nomogram can be a more accurate
and individualized prediction for 6-month overall survival of patients with HCC and PVTT on conservative treatment, and it is
possible to consider further active interventions for patients in the low-risk group (0-85 scores) to achieve the aim of
prolonging survival.

1. Introduction

Hepatocellular carcinoma (HCC) is typically developing in
individuals with chronic liver disease or cirrhosis [1]. HCC is
characterized by its propensity to invade the vasculature
within the liver [2]. Portal vein tumor thrombosis (PVTT) is
a common phenomenon in unresectable HCC, which is

observed in 10-60% of HCC patients [3-5]. PVTT can cause
intrahepatic or distant metastasis through the portal system
and lead to liver dysfunction and portal hypertension,
leading to ascites formation, variceal rupture, hepatic en-
cephalopathy, and/or death [6]. PVTT is an independent
predictor of tumor recurrence and is widely accepted as a
sign of advanced stage, which frequently leads to a poor
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prognosis [7, 8]. PVTT has categorized into five grades: Vp0,
no PVTT; Vpl, distal to the second-order branches; Vp2, in
the second-order branches; Vp3, in the right first-order
branches; and Vp4, in the main trunk or left first-order
branches (or both) (The Liver Cancer Study Group of Japan)
[9].

HCC associated with PVTT is considered an advanced
stage with no curative therapy according to the Barcelona
Clinic for Liver Cancer (BCLC) staging system and treat-
ment guidelines [10]. Palliative sorafenib chemotherapy is
the only therapeutic method for this group of patients [4].
However, studies have shown that the median survival time
is only 8.1 months in patients treated with sorafenib [11].
Except for the sorafenib treatment recommended by BCLC,
radiofrequency, locoregional therapy, and surgical resection
may improve the prognosis of patients with HCC and PVTT
[12]. Unfortunately, the median survival duration after these
treatments is still unsatisfactory.

As mentioned above, various attempts have been made
to treat HCC with PVTT. However, transcatheter arterial
chemoembolization (TACE) is contraindicated for patients
with main PVTT because of the potential risk of acute liver
failure or infarction due to ischemia after the procedure.
Furthermore, patients with end-stage liver disease including
severely impaired liver function (Child-Pugh C) and/or
severe complications such as massive ascites, hepatic en-
cephalopathy, upper gastrointestinal bleeding, or poor
Eastern Cooperative Oncology Group performance status
(ECOG PS) cannot receive surgical resection or locoregional
therapy, but can only receive symptomatic supportive
treatment [13, 14]. This study was based on the use of
symptomatic supportive care for patients who were not
eligible for the surgical resection, locoregional therapy, or
sorafenib chemotherapy.

Although some staging models are applied to classify
tumors for selecting suitable treatment modalities, such as
BCLC staging [15], tumor, node, metastasis (TNM) staging
(the American Joint Committee on Cancer 2010) [16],
Cancer of the Liver Italian Program, Japanese Integrated
Staging, and Okuda staging systems, these models do not
assess the survival prognosis of individuals with HCC and
PVTT. But individualized predicting or stratifying patients
of HCC associated with PVTT on conservative treatment
remain unsatisfactory. The prognostic nomograms can be
more accurate and allow personalized assessment of overall
survival for patients with HCC [17]. The purpose of the
present study was to develop a nomogram based on specific
factors for predicting individual survival outcomes in HCC
patients with PVTT on conservative treatment.

2. Materials and Methods

2.1. Patient Selection. Conservative therapy is recommended
in patients with massive ascites, upper gastrointestinal
bleeding due to esophageal varices, hepatic encephalopathy,
Child-Pugh class C liver function, and poor ECOG PS and
those who did not suitable for sorafenib treatment. Patients
with HCC and PVTT who underwent conservative therapy
did not receive local or systemic chemotherapy,
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radiotherapy, radiofrequency ablation, and/or surgical re-
section. Instead, they received symptomatic supportive care
mainly to treat complications, such as ascites, hyper-
splenism, upper gastrointestinal bleeding, hepatorenal
syndrome, and hepatic failure caused by portal
hypertension.

The clinical data of all patients with HCC and PVTT on
conservative treatment were analyzed retrospectively. A total
of 210 patients were included in the derivation cohorts in
Beijing Ditan Hospital (Beijing, China), Capital Medical
University, between October 2008 and May 2017. 102 pa-
tients were enrolled in the validation cohorts in Putuo
Hospital (Shanghai, China), Shanghai University of Tradi-
tional Chinese Medicine, and Third People’s Hospital of
Changzhou (Changzhou, China) between October 2010 and
September 2016. HCC was diagnosed based on the rec-
ommendations of the European Association for the Study of
Liver Disease [18] or American Association for the Study of
Liver Diseases [13], which included a serum alpha-feto-
protein (AFP), ultrasound, computed tomography (CT),
magnetic resonance imaging (MRI), and angiography.
PVTT showed portal vein filling defect in contrast-enhanced
imaging (CT-scan or MRI), and embolic enhancement was
identical or similar to that observed in patients with primary
liver cancer [19]. Patients with autoimmune liver disease,
hepatitis A, D, or E, syphilis, or acquired immune deficiency
syndrome and patients with other primary malignancies
were excluded. Patients were not included in the study if the
data were incomplete or not available for follow-up. This
project was approved by the Ethics Committee of Beijing
Ditan Hospital (Beijing, China).

2.2. Data Collection. Clinical data included the demo-
graphic status (age and gender), etiology (HBV-Ag, anti-
HCV, and alcohol consumption), complications (ascites,
hepatic encephalopathy, and hypersplenism), comorbidity
index, liver function (alanine aminotransferase (ALT),
aspartate aminotransferase (AST), y-glutamyl trans-
peptidase (GGT), total bilirubin (TBIL), serum albumin
(ALB), and prothrombin time (PT)), blood routine (white
blood cell (WBC) count), kidney function (creatinine (Cr)),
and tumor-related indexes (a-fetoprotein (AFP), tumor
number, largest tumor diameter, and lymph node metas-
tasis). The data were collected at the time of diagnosis of
HCC with PVTT.

To investigate the effect of the complications on prog-
nosis, we recorded the comorbidities of patients and cal-
culated the Deyo comorbidity index, which is an adjustment
of the Charlson disease severity index [20]. The index in-
cluded 11 categories of diseases as follows: myocardial in-
farction, congestive heart failure, peripheral vascular disease,
cerebrovascular disease, dementia, chronic pulmonary dis-
ease, rheumatic disease, peptic ulcer disease, diabetes,
hemiplegia or paraplegia, and renal disease. We did not
include mild, moderate, or severe liver disease, any malig-
nancy, metastatic solid tumor, or AIDS as they did not meet
the characteristics of this study. This score was included as a
covariate in Cox regression analysis.
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2.3. Follow-Up. Patient survival was the endpoint of the
study, which was measured in months from the time of the
initial diagnoses of HCC with PVTT to death or the last
follow-up date. The number of days of survival for each
patient was obtained when possible, and then divided the
number of days/30 for the exact number of months.
Therefore, the patient was not available for follow-up and
not included in the study.

2.4. Statistical Analysis. Demographic and clinical charac-
teristics were summarized as the median and range or
number. Most experimental data have been converted to
categorical variables based on cutoff values, which were
calculated based on the maximum Youden index
(sensitivity + specificity — 1) values. Categorical variables
were detected using the chi-square test to compare the
differences between two groups. Detection of continuous
variables conforming to normal distribution and variance
homogeneity was determined using the t-test. Overall sur-
vival (OS) was analyzed using the Kaplan—-Meier method,
which was calculated from the date of diagnosis of HCC with
PVTT to death or the last follow-up time. Univariate and
multivariate Cox proportional hazards regression analyses
were carried out to identify significant factors predicting the
risk of death. The nomogram was established using inde-
pendent risk factors affecting prognosis, which is a visual
presentation of the Cox regression model. The performance
of the nomogram was measured by concordance index (c-
index) and assessed by calibration which was performed by
bootstrapping. Analyses were performed using SPSS 22.0
statistical package (SPSS, Inc., Chicago, IL, USA) and RMS
packages in R version 3.0.2. p value <0.05 was considered
statistically significant.

3. Results

3.1. Characteristics of Derivation and Validation Cohorts.
A total of 312 patients diagnosed with HCC with PVTT on
conservative treatment were included in this study. Of
these patients, the median age was 55 years (range 28-91
years), 274 were male and 38 were female, and the majority
were HBV related (83.7%). The most commonly presented
complication was ascites (73.3%), followed by hepatic
encephalopathy (5.4%). Most subjects were classified as
Vp4 PVTT (69.5%), BCLC stage C (81.3%), and TNM stage
ITIB (86.9%), had tumors >5cm in diameter (60.6%), had
more than three tumors (53.5%), and had no lymph node
metastasis (86.2%). The clinical features of the patients in
the derivation and validation cohorts are summarized in
Table 1.

Kaplan-Meier estimates of overall survival indicated that
the survival rates for derivation samples at 1, 3, and 6 months
were 86.2%, 63.3%, and 39.5%, respectively. The survival
rates for validation samples at 1, 3, and 6 months were
89.2%, 54.9%, and 34.3%, respectively (Figure 1). The me-
dian survival time (MST) was 4.2 months in the derivation
cohort, with an MST of 5 months for BCLC C stage and 1.8
months for BCLC D stage patients. The majority of the

derivation cohort was classified as Vp3-4 PVTT (92.4%), and
7.6% were classified as Vp2. The MST of Vp3-4 PVTT and
BCLC C stage HCC (73.3%) was 5.1 months.

3.2. Prognostic Factors of Survival. The results of univariate
Cox regression analyses showed that hepatic ALT, AST,
GGT, Child-Pugh class, WBC, Cr, AFP, tumor number >3,
and largest tumor diameter >5cm obtained from the der-
ivation cohort were predictive factors for survival. These
factors were included in the multivariate Cox regression
analyses. Finally, AST, GGT, Child-Pugh class, Cr, AFP, and
largest tumor diameter >5cm were selected as significant
factors affecting the prognosis for overall survival by the
forward selection procedure (Table 2).

3.3. Nomogram. The nomogram was established based on
the abovementioned predictors, which were used to predict
the survival rates of 1, 3, and 6 months by adding the score
corresponding to each factor and projecting the total score
to the bottom scale (Figure 2). The c-index for predicting
overall survival was 0.737 (95% confidence interval,
0.692-0.782) for the derivation data and 0.709 (95%
confidence interval, 0.643-0.775) for the validation data.
The calibration curves showed that the predicted survival
probabilities were in agreement with the actual results
observed in both derivation (Figures 3(a)-3(c)) and vali-
dation cohorts (Figures 3(d)-3(f)) for 1-, 3-, and
6-month OS.

3.4. Performance of the Nomogram in Stratifying Risk of
Patients. Patients were divided into three quartiles
according to the total scores: (low risk: 0-85; intermediate
risk: 86-210; high risk: 2211). Kaplan-Meier analysis
showed significant statistical differences in the 1-, 3-, and 6-
month OS rates in the primary and validation cohorts after
the total scores were divided into three quartiles. 6-month
OS rate in the primary cohort is 83.3% in the low-risk group,
30.5% in the intermediate-risk group, and 11.8% in the high-
risk group (p < 0.0001; Figure 4(a)), and 6-month OS rate in
the validation cohort is 67.9% in the low-risk group, 33.3% in
the intermediate-risk group, and 6.9% in the high-risk group
(p <0.0001; Figure 4(b)).

Furthermore, patients with HCC and PVTT on con-
servative treatment were stratified for mortality with respect
to different tumor characteristics, including BCLC and tu-
mor diameter using a nomogram scoring system. As shown
in Figure 5, the Kaplan-Meier curves of the BCLC stages C
(Figure 5(a)) and D (Figure 5(b)) and tumor diameter <5 cm
(Figure 5(c)) and >5 cm (Figure 5(d)) of the primary cohorts
indicated that the nomogram stratification showed good
prognostic effect.

4, Discussion

Despite advances in imaging modalities and improvements
in the efficacies of anti-HCC treatment, the incidence of
PVTT is increasing. PVTT can induce intrahepatic spread of
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TaBLE 1: Clinical characteristics of patients with PVTT.

Variables Derivation cohort n=210 (%) Validation cohort n=102 (%) p value
Median age (range) 54 (28-80) 62(34-91) <0.001*
Sex (M/F) 177/33 (84.3/15.7) 97/5 (95.1/4.9) 0.006"
HBYV related 190/20 (90.5/9.5) 71/31 (69.6/30.4) <0.001°
Cirrhosis (yes/no) 193/17 (91.9/8.1) 94/8 (92.2/7.8) 0.939°
Comorbidity index" <0.001°

0 score 131 (62.4) 85 (83.3)

1 score 3 (1.4) 4 (3.9)

2 score 68 (32.4) 8 (7.8)

>3 score 8 (3.8) 5(4.9)
ALT (IU/L) (270/<70) 74/136 (35.2/64.8) 19/83 (18.6/81.4) 0.003"
AST (IU/L) (=119/<119) 78/132 (37.1/62.9) 26/76 (25.5/74.5) 0.041°
GGT (IU/L) (2115/<115) 144/66 (68.6/31.4) 70/32 (68.6/31.4) 0.992°
Child-Pugh class (A or B/C) 176/34 (83.8/16.2) 78/24 (76.5/23.5) 0.118°
WBC (x10°/L) (24.3/<4.3) 133/77 (63.3/36.7) 67/35 (65.7/34.3) 0.684"
Cr (umol/L) (291/<91) 28/182 (13.3/86.7) 19/83 (18.6/81.4) 0.220°
Portal vein invasion (Vp2-3/Vp4) 64/146 (30.5/69.5) 35/67 (34.3/65.7) 0.494°
AFP (ng/mL) (>400/<400) 100/110 (47.6/52.4) 45/57 (44.1/55.9) 0.561°
Tumor number (>3/<3) 121/89 (57.6/42.4) 46/56 (45.1/54.9) 0.038°
Tumor diameter (cm) (=5/< 5) 130/80 (61.9/38.1) 59/43 (57.8/42.2) 0.491°
Lymph node metastasis (yes/no) 33/177 (15.7/84.3) 10/92 (9.8/90.2) 0.155"
BCLC stage (C/D) 168/42 (80/20) 86/16 (84.3/15.7) 0.358"
TNM stage (ITIB/IVA) 177/33 (84.3/15.7) 94/8 (92.2/7.8) 0.054"

Data are presented as 7 (%), or median (interquartile range). "Comorbidity index includes 11 disease categories described fully in the Methods section. *#-test.
" Chi-square test or Fisher’s exact test. HBV: hepatitis B virus; ALT: alanine transaminase; AST: aspartate transaminase; GGT: gamma-glutamyl transferase;

WBC: white blood cell count; Cr: creatinine; AFP: a-fetoprotein; BCLC: Barcelona Clinic for Liver Cancer; TNM: tumor, node, metastasis staging.
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Figure 1: Kaplan-Meier estimates of overall survival in the der-
ivation and validation samples.

tumor cells and distal metastasis and can aggravate portal
hypertension, resulting in upper gastrointestinal bleeding,
the presence of ascites, and liver failure [21, 22]. PVTT is an
important cause of poor prognosis in HCC patients [23-26].
At present, several treatments that can prolong the survival
time of patients with HCC and PVTT exist; however, with
progression of the disease, patients with end-stage liver
cancer usually cannot undergo any intervention, but can
only receive support treatment. Therefore, it is necessary to
accurately predict individual survival outcomes in HCC

patients with PVTT on conservative treatment according to
clinical characteristics. According to our research, the
mortality rate for HCC with PVTT on conservative treatment
increased with an increase in the follow-up period. This
resulted in the mortality rate reaching 84.2% in 12 months,
making the evaluation of overall survival insignificant. In
addition, the median survival time for HCC with PVTT
patients was only 2.7-4 months [27]. Therefore, the 6-month
overall survival evaluation was valuable. In the present study,
the clinical and radiologic characteristics of HCC patients
with PVTT were incorporated into multivariate Cox re-
gression analyses. We found that AST >1191U/L, GGT
>1151U/L, Child-Pugh class C liver function, Cr>91 ymol/
L, AFP >400 ng/ml, and largest tumor diameter >5cm were
independent predictors of individual survival outcomes.
Based on these six parameters, an effective and easy-to-apply
nomogram was set up to estimate the individual survival
prognosis of patients with HCC with PVTT on conservative
treatment at 1, 3, and 6 months.

Previously suggested prognostic indices for PVTT, in-
cluding neutrophil-lymphocyte ratio (NLR), ascites, arterio-
venous fistula, and TACE response [28, 29], are associated with
individual survival outcomes. A study by Jeong et al. reported
that the tumor size, tumor diversity, PVTT site, degree of portal
vein occlusion, lymph node metastasis, Child-Pugh grading,
and the Eastern Cooperative Oncology Group performance
status are favorable prognostic factors for the survival of HCC
patients with PVTT on radiotherapy. They also reported that
their scoring system showed better prognostic ability than the
Cancer of the Liver Italian Program, Japanese Integrated
Staging, and Okuda systems. However, our nomogram is fo-
cused on patients with end-stage HCC and PVTT who are
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TaBLE 2: Univariate and multivariate Cox regression analyses for overall survival of HCC with PVTT in the derivation cohort.
. Univariate Cox Multivariate Cox
Variable
HR 95% CI p value HR 95% CI p value
Median age 0.994 (0.975-1.013) 0.550
Gender 0.936 (0.725-1.208) 0.610
HBYV related 1.130 (0.609-2.097) 0.699
Cirrhosis 1.015 (0.776-1.327) 0.923
Comorbidity index 0.980 (0.810-1.180) 0.802
ALT>701U/L 2.006 (1.411-2.852) <0.001
AST>1191U/L 2.849 (2.003-4.053) <0.001 1.766 (1.194-2.611) 0.004
GGT >1151U/L 2.679 (1.727-4.155) <0.001 2.037 (1.265-3.279) 0.003
Child—Pugh class C 2.955 (1.958-4.459) <0.001 3.294 (2.075-5.227) <0.001
WBC>4.3x10°/L 2.075 (1.394-3.088) <0.001
Cr>91 ymol/L 1.757 (1.099-2.808) 0.018 2.578 (1.573-4.223) <0.001
Portal vein invasion Vp4 0.890 (0.613-1.290) 0.537
AFP >400 ng/ml 1.900 (1.335-2.703) <0.001 1.545 (1.073-2.227) 0.020
Tumor number >3 1.491 (1.041-2.135) 0.029
Largest tumor diameter >5cm 2.129 (1.436-3.157) <0.001 2.784 (1.804-4.296) <0.001
Lymph node metastasis 0.942 (0.579-1.532) 0.809
HR, hazard ratios; CI, confidence interval.
0 10 20 30 40 50 60 70 80 90 100
Points L 1 1 1 1 1 1 1 1 1 J
>119
AST (IU/L) [ !
<119 >115
GGT (IU/L) I )
<115 C
Child—Pugh class | )
AorB >91
Cr (umol/L) I )
<91 >400
AFP (ng/mL) f
<400 >5
Tumor diameter (cm) I )
<5
Total Points r T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450
1-month survival f T T T T T T T T T |
0.95 0.9 0.8 07 06 05 04 03 02 0.1 0.05
3—month survival . T T T T T T T T T |
0.9 0.8 07 06 05 04 03 02 0.1 0.05 0.01
6—month survival T T T T T T — )
0.8 0.7 0.6 05 04 03 0.2 0.1 0.05 0.01

FIGURE 2: Nomogram predicting 1-, 3-, and 6-month overall survivals of patients with HCC and PVTT on conservative treatment. The total
points were obtained by adding the scores of each variable corresponding to the point on the upper pointing axis. A line was then drawn to
the probability axis of the graph at the bottom, which indicated the survival probability at 1-, 3, and 6 months.

unable to receive surgical resection, locoregional therapy, and/
or sorafenib, based on the characteristics of the tumor and liver
function.

Moreover, after stratifying the survival rates in the quartiles,
we further identified the prognostic discrimination of the no-
mograms for the different BCLC stages and tumor diameters.
All PVTT patients enrolled underwent conservative therapy.
The 6-month OS of the low-risk group after stratification by
nomogram score was significantly higher than the intermittent-
and high-risk groups, especially in the BCLC C stage, tumor

diameter >5cm, and tumor diameter <5cm subgroups. The
nomogram can be used to evaluate the 1-, 3-, and 6-month
prognosis of patients on the basis of available data on liver
function and tumor stage, which will be helpful for explaining
the disease stage to patients and their families. Moreover, pa-
tients in the low-risk group (0-85 scores) have 6-month overall
survival rate of 83.3%, whose liver function and performance
status can be actively monitored and it is possible to consider
further active interventions to achieve the aim of prolonging
survival such as TACE or molecularly targeted agents.
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This is the first study to establish a nomogram for patients ~ survival rates of patients with HCC plus PVTT were poor. We
with HCC and PVTT on conservative treatment. Using this ~ hope that the nomogram will assist in assessing prognosis for
nomogram, we demonstrated that the 1-, 3-, and 6-month  clinicians and help guide treatment decisions. The study has a
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was omitted from the figure.

few limitations. First, owing to the retrospective nature of the
study, it is impossible to exclude the possibility of selection bias.
However, we attempted to minimize this bias by performing
multicenter research. Second, the suggested etiology of most of
our patients was HBV-positive (83.7%). Although the pro-
posed nomogram also provided a good c-index (0.707) for
predicting OS in HBV-negative patients, its performance in
patients with other etiologies remains to be investigated.

5. Conclusions

The nomogram established in this study may be useful for
estimating the survival of HCC with PVTT on conservative
treatment in a multicenter retrospective manner. After
stratification by the nomogram score, the 6-month OS of the

low-risk groups was significantly higher than that of the
intermittent- and high-risk groups, which may help guide
treatment decisions.
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