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Background: The aim of this study was to develop nomograms to predict the risk of intrahepatic vascular
invasion (IVI) of hepatocellular carcinoma (HCC) patients and estimate the overall survival (OS) and cancer-
specific survival (CSS) of HCC patients with IVI.

Methods: The Surveillance, Epidemiology, and End Results (SEER) database was used to identify
patients with HCC from 2010 to 2015. Ultimately, 1,287 HCC patients with IVI were included in this
study and randomly divided into training (n=901) and validation (n=386) cohorts. Multivariate logistic
regression analysis and multivariate Cox proportional hazards regression analysis were performed to
construct nomograms to visually quantify the risk of IVI in patients with HCC and predict the prognosis.
The prediction effect of nomograms was evaluated using Harrell’s concordance index (C-index), receiver
operating characteristic (ROC) curve, calibration plots, and decision curve analysis (DCA), respectively.
Results: The C-index of the nomogram for risk prediction was 0.730. The C-indices based on the
nomogram were 0.762 [95% confidence interval (CI): 0.745-0.779] and 0.770 (95% CI: 0.753-0.787) for OS
and CSS prediction in the training cohort, respectively. In the validation cohort, the C-indices were 0.779
(95% CI: 0.752-0.806) and 0.795 (95% CI: 0.768-0.822) for OS prediction and CSS prediction, respectively.
Opverall, the ROC curve, calibration plots, and DCA indicated the good performance of nomograms.
Conclusions: We identified the relevant risk and prognostic factors for IVI in patients with HCC. The

nomograms performed well on validation and may help to facilitate clinical decision-making.
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Introduction death (1). Worldwide, approximately 841,000 people are

Globally, primary liver cancer is the sixth most common newly diagnosed with liver cancer, and almost 782,000 people

cancer and the third most common cause of cancer-related die from this disease each year (2). Hepatocellular carcinoma
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(HCC) is the most common primary malignant tumor of the
liver. Patients with HCC are prone to vascular invasion, which
is associated with poor prognosis and frequently involves the
portal vein, hepatic/vena cava branches, or less frequently,
the hepatic arteries (3-5). Two types of hepatic vascular
invasion have been defined: macrovascular invasion and
microvascular invasion. The former is directly diagnosed by
imaging and includes the main portal veins or their branches,
hepatic veins, or the inferior vena cava, whereas the latter is
defined as the invasion of HCC cells into the microvascular
of peritumoral tissues, which is only visible under
microscopic examination of specimen after operation (6).
Intrahepatic vasculature mainly includes the portal vein or
its branches and hepatic veins. Portal vein tumor thrombus
(PVTT) is the most common form of intrahepatic vascular
invasion (IVI) of HCC and plays a major role in the
prognosis and clinical staging of HCC (7,8). PV'I'T occurs in
patients with HCC with a prevalence rate ranging from 44%
to 62% (9). In contrast, the incidence of hepatic vein tumor
thrombus (HVT'T) is relatively low and ranges from 1.4%
to 4.9% (10,11). HCC associated with PVTT or HVTT
is regarded as advanced HCC, which is related with poor
prognosis (12,13). Once PVTT occurs, it progresses rapidly
to cause severe complications, such as portal hypertension,
hepatocellular jaundice, and intractable ascites. According to
previous reports, the median survival time of untreated HCC
with PVTT was 2.7-4 months (14). Clinically, PVTT is
related to large tumor size, increased tumor number, higher
tumor grade, poor Child-Pugh class, and elevated serum
alpha-fetoprotein (AFP) (15).

The therapeutic modalities for patients with HCC
primarily include liver resection, liver transplantation,
radiofrequency ablation, transarterial chemoembolization
(TACE), radiotherapy, and systemic therapy. For patients at
an early stage [Barcelona Clinic Liver Cancer (BCLC) stage
0 or A], radiofrequency ablation, liver resection, and liver
transplantation are the only potential curative treatments (16).
TACE is the main treatment method for patients with
intermediate-stage tumors (stage B). However, HCC with
PVTT is defined as advanced HCC (BCLC stage C) and
thus has very limited treatment options. The presence of
PVTT is considered a contraindication to surgical resection
or TACE regardless of the size of the primary tumor (17,18).
Liver transplantation is only suitable for patients with early-
stage HCC; however, the shortage of donor livers restricts
treatment to some extent (19,20). Although improved
survival of HCC patients with major vascular invasion after
radiotherapy has been reported, the extreme sensitivity of
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the liver parenchyma to radiation is still the main obstacle
for HCC with IVI (21,22). Sorafenib and lenvatinib are
the most representative systemic drugs for the treatment
of advanced liver cancer and have been demonstrated
to prolong the median survival time by approximately
2-3 months (23).

Considering the poor prognosis and shortage of standard
treatment plans, early identification of high-risk patients
who are prone to IVI and subsequent active intervention
may help achieve greater survival benefits for patients
with HCC. It was reported that preoperative neoadjuvant
therapies could be used to downstage HCC with PVTT to
provide an opportunity for curative surgical resection (24).
Postoperative adjuvant TACE has been shown to prolong
survival of HCC patients with PVTT (25). A study
conducted by Zhang ez a/l. showed that TACE plus sorafenib
(TACE-S) was superior to TACE alone in terms of 6-month
and 1-year overall survival (OS) and that TACE-S resulted
in fewer adverse effects than did TACE alone (26).

In this study, we aimed to identify risk factors for IVI in
patients with HCC and further identify prognostic factors
for those patients using the Surveillance, Epidemiology,
and End Results (SEER) database. Nomograms were
also constructed to serve as visual tools to quantify the
risk of IVI in patients with HCC and predict the survival
of those patients. We present the following article in
accordance with the TRIPOD (Transparent Reporting of
a Multivariable Prediction Model for Individual Prognosis
or Diagnosis) reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-22-1912/rc).

Methods
Patient selection

A retrospective case listing from the SEER database from
1975 to 2018 using SEER*Stat software (version 8.3.8;
https://seer.cancer.gov/seerstat/) was obtained. Since this
study aimed to identify risk factors for IVI in patients with
HCC and prognostic factors in HCC patients with IVI,
patients in the SEER database from 2010 to 2015 with data
on IVI and other definitive information were ultimately
included in our study. IVI mainly includes the invasion
of the portal vein or its branches and hepatic veins. In
this study, the types of vascular invasion included portal
vein invasion or its branches, hepatic vein invasion, and
unspecified IVL. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
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Liver cancer identified by site code C22.0
(n=126,023)

Y

Y
HCC cases included (n=45,124)

Excluded (n=80,899)

* |CD-O-3 code: cases which were not 8170-8175 (n=20,878)

e Tumour sequence number: cases which were not one primary only or 1st
of 2 or more primaries (n=12,570)

Diagnosis confirmation: cases which were not pathologically diagnosed
(n=41,294)

Type of follow-up time: cases which were not actively followed (n=764)
Survival months flag: incomplete dates or not calculated or complete
dates with 0 days of survival (n=4,706)

Cause-specific death classification: missing/unknown COD (n=687)

Y

Excluded (n=39,599)

Intrahepatic vascular invasion unknown (n=27,994)

Age at diagnosis <20 years (n=83)

Patients whose race, grade, T stage, N stage, M stage, AJCC stage,
tumour size, surgical approach, radiation and chemotherapy were
unknown (n=11,522)

Y

Study population (n=5,525)

Y

HCC without intrahepatic vascular invasion (n=4,238)

Y

Y

HCC with intrahepatic vascular invasion (n=1,287)

Training cohort (n=901) and validation cohort (n=386)

Figure 1 The process of data extraction from the SEER database. SEER, Surveillance, Epidemiology and End Results database; COD,

cause of death; HCC, hepatocellular carcinoma; AJCC, American Joint Committee on Cancer.

inclusion criteria in the present study were as follows: (I)
diagnosed with liver cancer (primary tumor site was the
liver; C22.0) between 1975 and 2018; (II) diagnosed with
HCC (International Classification of Disease for Oncology,
3rd Edition: 8170, 8171, 8172, 8173, 8174, and 8175) as
a primary malignancy between 2010 and 2015; (III) liver
cancer was the first primary tumor (tumor sequence number:
1 primary only or the first of 2 or more primaries); (IV) with
histopathology confirmed (diagnosis confirmation: positive
histology); (V) actively followed up and with definite data
on survival time (0 days of survival was excluded); and (VI)
with definite information on IVI (CS extension recode:
100, 150, 200, 250, 270, 300, 350, 370, 380, 390, 400, 520,
630, 635, and 638). The exclusion criteria were as follows:
(I) missing/unknown COD; (II) age at diagnosis <20 years;
(IIT) unknown race, grade, and tumor size; (IV) unknown T
stage, N stage, M stage and American Joint Committee on
Cancer (AJCC) stage; and (V) unknown use of radiotherapy,
chemotherapy, and surgical approach. In the SEER database,
tumor grade was coded as grade 1 (well differentiated), grade
2 (moderately differentiated), grade 3 (poorly differentiated),
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or grade 4 (undifferentiated), and the tumor, node, metastasis
(TNM) staging was conducted based on the 7th edition
of the AJCC. As shown in Figure I, a total of 1,287 HCC
patients with IVI were extracted to identify risk factors and
prognostic factors. All patients with HCC and IVI were
randomly divided into the training (n=901) and validation
(n=386) cohorts. For detailed information on selection codes,
see Table S1. The raw measurements of 45,124 patients
diagnosed with HCC are shown at https://cdn.amegroups.
cn/static/public/ter-22-1912-1.xlsx, and raw measurements
of 1,287 patients with HCC and IVI are shown at https://
cdn.amegroups.cn/static/public/ter-22-1912-2 xlsx.

Data elements

The variables used in our study were race, sex, age at
diagnosis, grade, T stage, N stage, M stage, AJCC stage,
primary tumor size, IVI, AFP, fibrosis score, surgical
approach, radiation, chemotherapy, and cause-specific
death classification. The surgical approaches for primary
HCC included no surgery at the primary site, local tumor
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destruction, liver resection, and liver transplantation. The
primary endpoints of this study were OS and cancer-specific
survival (CSS). According to the instructions in SEER
database, OS was defined as the time from diagnosis to any
cause of death. However, CSS was regarded as the time
from diagnosis to death attributed to HCC.

Construction of visk and prognostic nomogram

For risk nomogram construction, the multivariate logistic
regression analysis was performed to identify risk factors for
IVI in patients with HCC. Those variables that significantly
predicted the probability of IVI were used to construct a
nomogram for risk evaluation of IVI for patients with HCC.

For prognostic nomogram construction, 1,287 eligible
patients were randomly divided into training (n=901)
and validation (n=386) cohorts in a ratio of 7:3 (27,28).
Univariate and multivariate Cox proportional hazards
regression analyses were conducted in the training group,
and those variables that significantly related to OS and CSS
were used to construct nomograms for predicting 1-, 2-,
and 3-year survival rates in HCC patients with IVL

Validation of risk and prognostic nomogram

The validation of the risk nomogram was performed by
using the concordance index (C-index) and calibration
curves. The prognostic nomograms were validated in
both the training cohort and the validation cohort. The
discriminative ability of the nomograms was evaluated by
using the C-index and the receiver operating characteristic
curve (ROC) and by assessing the area under the curve
(AUC) (29,30). The calibration curves were used to
assess the predictive accuracy of the nomogram (31).
Bootstrapping methods was adopted in 1,000 samples
to evaluate the discrimination and calibration of the
nomograms. Decision curve analysis (DCA), as a
suitable method for evaluating alternative diagnostic and
prognostic strategies, was also used to determine whether
the nomogram was superior to the AJCC staging system
throughout the range of threshold probabilities (32).

Statistical analysis

For this study, HCC patients with IVI were divided into
training (n=901) and validation (n=386) cohorts randomly
at a ratio of 7:3 by R software (version 4.0.2; The R
Foundation for Statistical Computing, Vienna, Austria).
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Kaplan-Meier method was applied to estimate the OS
and CSS. The differences in the significance between the
survival curves was assessed by log rank tests. Multivariate
logistic regression analysis was adopted to estimate the
odds ratio (OR) of the various included risk factors.
The multivariable Cox proportional hazards regression
model was adopted to examine the hazard ratios (HRs)
of the various included prognostic factors. Based on the
multivariate logistic regression analysis and multivariate
Cox regression analysis, nomograms to predict the risk of
IVI of patients with HCC and to estimate the OS and CSS
of HCC patients with IVI were developed, respectively, by
incorporating the various independent risk and prognostic
factors. The predictive ability of risk nomogram was
assessed by using the C-index and calibration curves.
The discriminative ability of the prognostic nomograms
was evaluated by using the C-index and the ROC curve.
Additionally, the 1-, 2-, and 3-year calibration curve analysis
and DCA was applied to assess the nomograms. All tests
were 2-sided, and a value of P value of less than 0.05 was
considered statistically significant. All statistical analyses
were all performed with SPSS 26.0 (IBM Corp., Armonk,
NY, USA) and R software (version 4.0.2).

Results
Baseline characteristics of the population study

A total of 5,525 patients with HCC with definitive
information on IVI were included in our study, and of
these, 1,287 (23.3%) had IVI at initial diagnosis and 4,238
cases (76.7%) did not. Table 1 shows the demographic and
clinicopathologic characteristics of the study population.
According to the data characteristics of the table, we found
that the proportions of HCC patients with IVI stratified
by age, race, pathological grade, T stage, N stage, M
stage, primary tumor size, AFP, and fibrosis score were
significantly different. In addition, patients with HCC
who were younger, non-White, higher pathological grade
(grade III and IV), higher N stage (N1), higher M stage
(M1), larger primary tumor size (>5 cm), elevated AFP, and
FO (no fibrosis or mild to moderate fibrosis) had a higher
incidence of IVI. We then evaluated a total of 1,287 HCC
patients with IVI. Patients were divided into a training
cohort and validation cohort in a ratio of 7:3 by the split-
sample method. Table 2 presents the detailed information
for the training and validation cohorts, which were found to
be comparable.
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Variables Without IVI, n (%) With IVI, n (%) P value
Age (year) 0.014
<65 2,361 (55.7) 767 (59.6)
>65 1,877 (44.3) 520 (40.4)
Race 0.010
White 2,860 (67.5) 814 (63.2)
Black 522 (12.3) 193 (15.0)
Other 856 (20.2) 280 (21.8)
Sex 0.060
Male 3,232 (76.3) 1,014 (78.8)
Female 1,006 (23.7) 273 (21.2)
Grade <0.001
I 1,420 (33.5) 213 (16.6)
I 2,100 (49.6) 657 (51.0)
1] 658 (15.5) 395 (30.7)
v 60 (1.4) 22 (1.7)
T stage <0.001
T1 3,123 (73.7) 0
T2 691 (16.3) 584 (45.4)
T3a 424 (10.0) 81 (6.3)
T3b 0 622 (48.3)
N stage <0.001
NO 4,106 (96.9) 1,132 (88.0)
N1 132 (3.1) 155 (12.0)
M stage <0.001
MO 4,022 (94.9) 1,110 (86.2)
M1 216 (5.1) 177 (13.8)
Tumor size (cm) <0.001
<5 2,755 (65.0) 451 (35.0)
>5 1,483 (35.0) 836 (65.0)
AFP <0.001
Normal 1,312 (31.0) 251 (19.5)
Elevated 2,120 (50.0) 843 (65.5)
Unknown 806 (19.0) 193 (15.0)
Fibrosis score <0.001
FO 438 (10.3) 152 (11.8)
F1 1,094 (25.8) 245 (19.0)
Unknown 2,706 (63.9) 890 (69.2)

Table 1 (continued)
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Table 1 (continued)

Variables Without IVI, n (%) With IVI, n (%) P value
Radiation <0.001
No 3,966 (93.6) 1,141 (88.7)
Yes 272 (6.4) 146 (11.3)
Chemotherapy <0.001
No 2,870 (67.7) 790 (61.4)
Yes 1,368 (32.3) 497 (38.6)
Surgical approach <0.001
No surgery 1,683 (39.7) 675 (52.4)
Local tumor destruction 637 (15.0) 43 (3.3
Liver resection 1,308 (30.9) 486 (37.8)
Liver transplantation 610 (14.4) 83 (6.4)

HCC, hepatocellular carcinoma; IVI, intrahepatic vascular invasion; AFP, alpha-fetoprotein; Other, includes American Indian/Alaskan native
and Asian/Pacific Islander; FO, equivalent to Ishak score 0-4 (no fibrosis or mild to moderate fibrosis); F1, equivalent to Ishak score 5-6
(severe fibrosis or cirrhosis).

Table 2 Demographic and clinicopathological characteristics of the training cohort and validation cohort

Characteristics Total cohort Training cohort Validation cohort P value
(n=1,287), n (%) (n=901, 70.0%), n (%) (n=386, 30.0%), n (%)

Age (year) 0.624
<65 767 (59.6%) 533 (59.2%) 234 (60.6%)
>65 520 (40.4%) 368 (40.8%) 152 (39.4%)

Race 0.870
White 814 (63.2%) 569 (63.2%) 245 (63.5%)
Black 193 (15.0%) 138 (15.3%) 55 (14.2%)
Other 280 (21.8%) 194 (21.5%) 86 (22.3%)

Sex 0.642
Male 1,014 (78.8%) 713 (79.1%) 301 (78.0%)
Female 273 (21.2%) 188 (20.9%) 85 (22.0%)

Grade 0.972
| 213 (16.6%) 151 (16.8%) 62 (16.1%)
I 657 (51.0%) 460 (51.1%) 197 (51.0%)
11l 395 (30.7%) 274 (30.4%) 121 (31.3%)
Y 22 (1.7%) 16 (1.8%) 6 (1.6%)

T stage 0.847
T2 584 (45.4%) 412 (45.7%) 172 (44.6%)
T3a 81 (6.3%) 58 (6.4%) 23 (6.0%)
T3b 622 (48.3%) 431 (47.8%) 191 (49.5%)

Table 2 (continued)
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Total cohort

Training cohort

Validation cohort

Characteristics (n=1,287), n (%) (n=901,70.0%),n (%) (n=386, 30.0%), n (%) P value
N stage 0.639
NO 1,132 (88.0%) 795 (88.2%) 337 (87.3%)
N1 155 (12.0%) 106 (11.8%) 49 (12.7%)
M stage 0.988
MO 1,110 (86.2%) 777 (86.2%) 333 (86.3%)
M1 177 (13.8%) 124 (13.8%) 53 (13.7%)
Tumor size (cm) 0.060
<5 451 (35.0%) 301 (33.4%) 150 (38.9%)
>5 836 (65.0%) 600 (66.6%) 236 (61.1%)
AFP 0.090
Normal 251 (19.5%) 190 (21.1%) 61 (15.8%)
Elevated 843 (65.5%) 578 (64.2%) 265 (68.7%)
Unknown 193 (15.0%) 133 (14.8%) 60 (15.5%)
Fibrosis score 0.248
FO 152 (11.8%) 98 (10.9%) 54 (14.0%)
F1 245 (19.0%) 170 (18.9%) 75 (19.4%)
Unknown 890 (69.2%) 633 (70.3%) 257 (66.6%)
Radiation 0.880
No 1,141 (88.7%) 798 (88.6%) 343 (88.9%)
Yes 146 (11.3%) 103 (11.4%) 43 (11.1%)
Chemotherapy 0.449
No 790 (61.4%) 547 (60.7%) 243 (63.0%)
Yes 497 (38.6%) 354 (39.3%) 143 (37.0%)
Surgical approach 0.234
No surgery 675 (52.4%) 487 (54.1%) 188 (48.7%)
Local tumor destruction 43 (3.3%) 30 (3.3%) 13 (3.4%)
Liver resection 486 (37.8%) 324 (36.0%) 162 (42.0%)
Liver transplantation 83 (6.4%) 60 (6.7%) 23 (6.0%)
Median follow-up time [months, 12 [3-50] 11 [3-50] 14 [4-51] 0.828

25th-75th percentile]

AFP, alpha-fetoprotein; Other, includes American Indian/Alaskan native and Asian/Pacific Islander; FO, equivalent to Ishak score 04 (no fibrosis
or mild to moderate fibrosis); F1, equivalent to Ishak score 5-6 (severe fibrosis or cirrhosis).

Survival analysis of patients in total cobort

The median OS of all patients with HCC was 20 months
[interquartile range (IQR) 7-39 months]. The median OS
of HCC patients with and without IVI were 11 months

© Translational Cancer Research. All rights reserved.

(IQR 3-28 months) and 22 months (IQR 11-42 months),

respectively. The median OS of patients with and without

surgery was 30 months (IQR 17-50 months) and 8 months
(IQR 2-20 months), respectively. The 1-, 2-, and 3-year
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Figure 2 Kaplan-Meier method was used to estimate OS and CSS for HCC patients with and without IVI. (A) Estimation of OS in HCC
patients with and without IVI. (B) Estimation of CSS in HCC patients with and without IVI. OS, overall survival; CSS, cancer-specific

survival; HCC, hepatocellular carcinoma; IVI, intrahepatic vascular invasion.

OS rates of all patients were 68.6%, 55.7%, and 47.0%,
respectively, whereas they were 49.9%, 35.9%, and 29.7%,
respectively, in patients with IVI and 74.2%, 61.6%, and
52.3%, respectively, in those without IVIL. The results revealed
that HCC patients with IVI had a dismal survival rate. Figure 2
shows that HCC patients with IVI have significantly worse
OS and CSS compared to those without IVI.

Identification of risk factors in HCC patients with IVI

Results of the multivariate logistic regression analysis (as
shown in 7Table 3) indicated that grade II (OR: 1.89; 95%
CI: 1.58-2.25; P<0.001), grade III (OR: 2.76; 95% CI:
2.25-3.38; P<0.001), N1 stage (OR: 2.21; 95% CI: 1.69-
2.90; P<0.001), M1 stage (OR: 1.47; 95% CI: 1.16-1.87;
P=0.002), larger (>5 cm) tumor size (OR: 3.03; 95% CI:
2.64-3.49; P<0.001), and elevated AFP (OR: 1.61; 95% CI:
1.36-1.90; P<0.001) were potentially significant high-risk
factors compared with grade I, NO stage, MO stage, small
(<5 cm) primary tumor size, and normal AFP. However,
age >65 years (OR: 0.76; 95% CI: 0.66-0.87; P<0.001) was
significantly associated with a lower risk of IVI.

Identification of prognostic factors in the training cobort

As shown in Tible 4, we identified 8 identical independent
prognostic factors for OS and CSS in the training cohort
based on the univariate and multivariate Cox proportional
hazards regression analysis. For CSS prediction, female
gender (HR: 0.78; 95% CI: 0.63-0.96; P=0.020), grade III
(HR: 1.75; 95% CI: 1.36-2.25; P<0.001), T3b stage (HR:
1.82; 95% CI: 1.45-2.30; P<0.001), N1 stage (HR: 1.31;
95% CI: 1.02-1.68; P=0.033), M1 stage (HR: 1.54; 95%
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CI: 1.23-1.94; P<0.001), larger (>5 cm) primary tumor
size (HR: 1.25; 95% CI: 1.02-1.54; P=0.033), elevated
AFP (HR: 1.41; 95% CI: 1.13-1.77; P=0.003), local tumor
destruction (HR: 0.56; 95% CI: 0.35-0.91; P=0.019), liver
resection (HR: 0.36; 95% CI: 0.28-0.46; P<0.001), and liver
transplantation (HR: 0.13; 95% CI: 0.07-0.23; P<0.001)
were all significantly associated with CSS in HCC patients
with IVL For grade II, grade IV, and T3a stage, although no
significant difference was observed in prognosis, a tendency
toward poor CSS was seen compared with grade I and T2
stage. The same conclusion was found for OS prediction,
which is also shown in Table 4.

Construction and validation of the nomogram risk model

A nomogram for risk assessment of IVI was constructed
based on the above significant risk factors. We excluded
3 variables related to therapy, which were not suitable as
risk predictors. The nomogram showed that tumor size
contributed most to the risk evaluation, followed by grade,
N stage, AFP, M stage, and age (Figure 34). Harrell’s
C-index statistic of the nomogram for risk prediction
was 0.730 (95% CI: 0.715-0.745), which indicated good
predictive efficiency in evaluating the risk of IVI for patients
with HCC. The calibration plots showed a consistency
between the nomogram-predicted risk and the actual risk
(Figure 3B).

Construction and validation of the nomogram prognostic
model

Two prognostic nomograms based on the selected
prognostic factors from the training cohort were also
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Table 3 Multivariate logistic regression analysis of risk of IVI from

HCC
Variable OR 95% ClI P value
Age (year) <0.001
<65 Reference
>65 0.76 0.66-0.87 <0.001
Race 0.278
White Reference
Black 1.15 0.94-1.40 0.166
Other 1.10 0.93-1.30 0.284
Grade <0.001
| Reference
Il 1.89 1.58-2.25 <0.001
I 2.76 2.25-3.38 <0.001
\% 1.42 0.84-2.42 0.194
N stage <0.001
NO Reference
N1 2.21 1.69-2.90 <0.001
M stage 0.001
MO Reference
M1 1.47 1.16-1.87 0.002
Tumor size (cm) <0.001
<5 Reference
>5 3.03 2.64-3.49 <0.001
AFP <0.001
Normal Reference
Elevated 1.61 1.36-1.90 <0.001
Unknown 1.10 0.88-1.37 0.406
Fibrosis score 0.198
FO Reference
F1 1.07 0.87-1.33 0.527
Unknown 0.87 0.74-1.04 0.125

IVI, intrahepatic vascular invasion; HCC, hepatocellular
carcinoma; OR, odds radio; Cl, confidence interval; Other,
includes American Indian/Alaskan native and Asian/Pacific
Islander; AFP, alpha-fetoprotein; FO, equivalent to Ishak score
0-4 (no fibrosis or mild to moderate fibrosis); F1, equivalent to

Ishak score 5-6 (severe fibrosis or cirrhosis).
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developed for the prediction of OS and CSS at 1-, 2-, and
3-year according to the multivariate Cox proportional
hazards regression analysis. Both nomograms demonstrated
that the surgical approach contributed the most to
prognosis, followed by T stage, grade, AFP, M stage, N
stage, sex, and tumor size (Figure 4). Each level of every
variable was assigned a score on the points scale. The total
score was obtained by adding the scores for each selected
variable. The prediction corresponding to the total score
were regarded as the 1-, 2-, and 3-year OS and CSS of each
patient.

The 2 prognostic nomograms were validated internally
in the training cohort and externally in the validation
cohort. The C-indices based on the nomogram were 0.762
(95% CI: 0.745-0.779) for OS prediction and 0.770 (95%
CI: 0.753-0.787) for CSS prediction in the training cohort.
In the validation cohort, the C-indices were 0.779 (95%
CI: 0.752-0.806) and 0.795 (95% CI: 0.768-0.822) for OS
prediction and CSS prediction, respectively, which further
indicated a good predictive accuracy for the OS and CSS
of patients with HCC and IVI. Moreover, our prognostic
model was found to be superior to the traditional AJCC
staging system because it demonstrated better discriminative
ability in both the training (1-year AUC: 0.854 vs. 0.752;
2-year AUC: 0.859 vs. 0.743; 3-year AUC: 0.857 vs. 0.731;
Figure 5A4) and validation (1-year AUC: 0.853 vs. 0.746;
2-year AUC: 0.854 vs. 0.750; 3-year AUC: 0.851 vs. 0.729;
Figure 5B) cohorts for 1-, 2-, and 3-year OS. The same
trend was observed for the 1-, 2-, and 3-year CSS in both
the training cohort (Figure 5C) and the validation cohort
(Figure 5D).

The calibration plots exhibited a good agreement
between predicted and observed survival for the 1-, 2-,
and 3-year OS in the training (Figure 64) and validation
cohorts (Figure 6B). Likewise, the calibration plots for CSS
at different time points also showed excellent consistency
with the survival predicted by the nomogram and observed
survival in both the training cohort (Figure 6C) and
validation cohort (Figure 6D). These findings suggested that
the 2 prognostic nomograms were reliable to some extent.
As shown in Figure 7, DCA showed that 2 prognostic
nomograms had good clinical validity in predicting the 1-,
2-, and 3-year OS and CSS of HCC patients with IVI due
to the wide field of threshold probability. Furthermore, a
preferable net benefit was also obtained with the formulated
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Table 4 Univariate and multivariate Cox regression analyses of OS and CSS for patients with IVI from HCC in the training cohort

0os CSS
Variables Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% ClI) P value HR (95% ClI) P value HR (95% CI) P value HR (95% ClI) P value

Age (year)

<65 Reference Reference Reference Reference

>65 1.18 (1.01-1.38)  0.041 1.16 (0.99-1.37) 0.070  1.15(0.98-1.36) 0.098
Race

White Reference Reference Reference Reference

Black 0.93 (0.75-1.16) 0.528 0.94 (0.75-1.18) 0.572  0.94 (0.75-1.19) 0.626 0.93 (0.74-1.18)  0.566

Other 0.74 (0.60-0.90) 0.003 0.88(0.72-1.09) 0.239  0.75(0.61-0.93) 0.008 0.90(0.73-1.12) 0.354
Sex

Male Reference Reference Reference Reference

Female 0.73 (0.60-0.90) 0.002 0.75(0.61-0.92) 0.005 0.75(0.61-0.92) 0.006 0.78(0.63-0.96)  0.020
Grade

| Reference Reference Reference Reference

I 0.78 (0.63-0.96) 0.022  1.10(0.88-1.38) 0.409 0.75(0.60-0.94) 0.013 1.08(0.85-1.36) 0.536

11l 1.26 (1.00-1.58) 0.047  1.79 (1.41-2.28) <0.001 1.25(0.99-1.59) 0.062 1.75(1.36-2.25) <0.001

Y 1.07 (0.60-1.91) 0.809 1.22(0.68-2.21) 0.501  0.89 (0.47-1.71) 0.730 1.03 (0.53-2.00) 0.934
T stage

T2 Reference Reference Reference Reference

T3a 1.72 (1.23-2.41) 0.002 1.30(0.91-1.85) 0.154  1.92 (1.36-2.73) <0.001 1.42(0.98-2.06) 0.062

T3b 3.53 (2.97-4.19) <0.001 1.65(1.33-2.05) <0.001 3.88(3.23-4.67) <0.001 1.82(1.45-2.30) <0.001
N stage

NO Reference Reference Reference Reference

N1 2.92(2.33-3.65) <0.001 1.36 (1.07-1.73) 0.012  2.89 (2.29-3.66) <0.001 1.31(1.02-1.68)  0.033
M stage

MO Reference Reference Reference Reference

M1 2.94 (2.39-3.62) <0.001 1.55(1.24-1.93) <0.001 2.99 (2.41-3.70) <0.001 1.54 (1.23-1.94) <0.001
Tumor size (cm)

<5 Reference Reference Reference Reference

>5 1.86 (1.56-2.21) <0.001 1.24 (1.02-1.51) 0.029  1.94 (1.61-2.34) <0.001 1.25(1.02-1.54)  0.033
AFP

Normal Reference Reference Reference Reference

Elevated 1.54 (1.26-1.90) <0.001 1.39 (1.12-1.73) 0.003  1.56 (1.25-1.94) <0.001 1.41(1.13-1.77)  0.003

Unknown 1.58 (1.21-2.06)  0.001 1.56 (1.19-2.06) 0.001 1.61(1.21-2.13) 0.001  1.59 (1.19-2.12)  0.002
Table 4 (continued)
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Table 4 (continued)

oS CSs

Variables Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% ClI) P value HR (95% ClI) P value HR (95% CI) P value HR (95% ClI) P value

Fibrosis score

FO Reference Reference Reference Reference
F1 1.36 (1.00-1.87) 0.052 1.41 (1.02-1.94) 0.059 1.33(0.95-1.85) 0.096 1.32(0.94-1.85) 0.115
Unknown 1.65(1.26-2.16) <0.001 1.29(0.97-1.70) 0.078 1.68 (1.26-2.23) <0.001 1.28 (0.95-1.71)  0.103

Surgical approach
No surgery Reference Reference Reference Reference
Local tumor destruction 0.34 (0.22-0.53) <0.001 0.51(0.32-0.81) <0.001 0.35(0.22-0.56) <0.001 0.56 (0.35-0.91)  0.019
Liver resection 0.25(0.21-0.30) <0.001 0.35(0.27-0.44) 0.004 0.25(0.21-0.31) <0.001 0.36(0.28-0.46) <0.001
Liver transplantation 0.14 (0.09-0.21) <0.001 0.19(0.12-0.31) <0.001 0.09 (0.05-0.15) <0.001 0.13(0.07-0.23) <0.001

Radiation
No Reference Reference Reference Reference
Yes 1.05(0.82-1.34) 0.716 1.12 (0.87-1.44) 0.368

Chemotherapy
No Reference Reference Reference Reference
Yes 1.10(0.94-1.29) 0.228 1.14 (0.97-1.34) 0.126

OS, overall survival; CSS, cancer-specific survival; IVI, intrahepatic vascular invasion; HCC, hepatocellular carcinoma; HR, hazard ratio; Cl,
confidence interval; Other, includes American Indian/Alaskan native and Asian/Pacific Islander; AFP, alpha-fetoprotein; FO, equivalent to
Ishak score 0-4 (no fibrosis or mild to moderate fibrosis); F1, equivalent to Ishak score 5-6 (severe fibrosis or cirrhosis).

A 0 10 20 30 40 50 60 70 80 90 100 B
Points L 1 L 1 L 1 1 1 1 L |
<65 — -

Age —_— 1.0 1

>65

= [\ 1 |
Grade r . T . 08 e

| 1l N1 % o
= 0.6 T

N stage i ! -

NO g =

M1 B 0.4 -

M stage —_— <

MO Apparent

>5cm 0.2 — Biased-corrected
Tumor size : ) ) Ideal
<5cm
AEP Unknown 0.0 1 . T T T T
Normal Elevated 0.0 0.2 0.4 9.6 . 0.8 1.0

Total points : Nomogram-predicted risk

0 50 100 150 200 250 300 350 400
Risk " T ; T T T T |
0.1 02 03 04 05 06 07 08

Figure 3 Construction and validation of the nomogram for predicting the risk of IVI in patients with HCC. (A) Construction of the
nomogram to predict the risk of IVI from HCC. (B) Validation of the nomogram to predict the risk of IVI from HCC by plotting of the

calibration curve. HCC, hepatocellular carcinoma; IVI, intrahepatic vascular invasion; AFP, alpha-fetoprotein.
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Figure 4 Nomogram to predict the 1-, 2-, and 3-year OS and CSS of patients with IVI from HCC. (A) Nomogram to predict 1-, 2-, and
3-year OS of patients with IVI from HCC. B, Nomogram to predict 1-, 2-, and 3-year CSS of patients with IVI from HCC. OS, overall
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survival; CSS, cancer-specific survival; HCC, hepatocellular carcinoma; IV, intrahepatic vascular invasion.

nomogram compared with the AJCC staging system at

different time points, which indicated the favorable clinical

Discussion

HCC is a highly invasive primary malignant tumor that is

utility of the 2 nomograms prone to intrahepatic metastasis via vascular invasion (33).
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Figure 5 Time-dependent receiver operating characteristic curves of the nomogram and the AJCC staging system (OS and CSS in the

training cohort and validation cohort). (A) 1-, 2-, and 3-year OS of the training cohort. (B) 1-, 2-, and 3-year OS of the validation cohort. (C)

1-, 2-, and 3-year CSS of the training cohort. (D) 1-, 2-, and 3-year CSS of the validation cohort. AUC, area under the curve; OS, overall

survival; CSS, cancer-specific survival; ROC, receiver operating characteristic; AJCC, American Joint Committee on Cancer.

Patients with IVI have a poor prognosis, including unilateral
or main PVTT and HVTT. PVTT is associated with a
poor prognosis because it is closely related to intrahepatic
metastasis and tumor recurrence. Under optimal supportive
treatment, the medial survival time of patients with PVTT
is only 2-4 months (34,35). A retrospective study showed
that the disease control rate of patients with HCC and
PVTT was about 33.3% (36). HVTT usually coexists with

© Translational Cancer Research. All rights reserved.

PVTT in patients with HCC, which increases the difficulty
in evaluating the prognosis of HVTT alone (11,37). In our
study, the median OS of patients with IVI was 11 months,
and the 1-, 2-, and 3-year OS rates were 49.9%, 35.9%, and
29.7% for patients with IVI, respectively, which revealed
a poor prognosis of HCC patients with IVI. Therefore, it
is important to explore the predictors of IVI from HCC
for clinical decision-making. A previous study showed that
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Figure 6 Calibration curves of the nomogram for the prediction of the 1-, 2-, and 3-year OS and CSS of patients with IVI from HCC in the
training cohort and validation cohort. (A) Calibration curves of the nomogram for the prediction of 1-, 2-, and 3-year OS of patients with
IVI from HCC in the training cohort. (B) Calibration curves of the nomogram for the prediction of 1-, 2-, and 3-year OS of patients with
IVI from HCC in the validation cohort. (C) Calibration curves of the nomogram for the prediction of 1-, 2-, and 3-year CSS of patients
with IVI from HCC in the training cohort. (D) Calibration curves of the nomogram for the prediction of 1-, 2-, and 3-year CSS of patients
with IVI from HCC in the validation cohort. OS, overall survival; CSS, cancer-specific survival; HCC, hepatocellular carcinoma; IVI,

intrahepatic vascular invasion.

cirrhosis, a serum alkaline phosphatase (ALP) level >100 IU/L,
tumor size >8 c¢m, incomplete tumor capsule, and adjacent
organ invasion were independent risk factors for PVI'T in
HCC according to a multivariate analysis (38). In addition, it
was reported that larger tumor size (>5 cm) and higher serum
AFP level were strong preoperative predictors of vascular
invasion including portal venous invasion (39). Patients
with PVTT had bigger tumors and higher AFP levels at the
time of diagnosis compared to those without PVTT (40). It

© Translational Cancer Research. All rights reserved.

was also reported that the grade of tumor differentiation is
closely related to vascular invasion and proliferation (41,42).
The expression of angiogenic factors in poorly differentiated
HCC was increased, and the microvessel density was high,
which may at least partially explain why poor differentiation
is more closely related to vascular invasion (41,43).

In our study, we concluded that younger age (<65 years),
grade II and III tumors, N1 stage, M1 stage, larger primary
tumor size (>5 cm), and elevated AFP were significant
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Figure 7 Decision curve analyses of the nomogram and the AJCC staging system. (A) 1-, 2-, and 3-year OS of the training cohort. (B) 1-,
2-, and 3-year OS of the validation cohort. (C) 1-, 2-, and 3-year CSS of the training cohort. (D) 1-, 2-, and 3-year CSS of the validation

cohort. AJCC, American Joint Committee on Cancer; OS, overall survival; CSS, cancer-specific survival.

predictors of high potential of IVI from HCC. Our research
further concluded that HCC patients with IVI with grade
III, T3b stage, N1 stage, M1 stage, larger (>5 cm) primary
tumor size, elevated AFP, and no surgery were significantly
associated with shorter survival (OS and CSS) than those
with grade I, T2 stage, NO stage, MO stage, small (<5 cm)
tumor size, normal AFP, and surgery. Female patients with
HCC and IVI seemed to have a better survival compared
to their male counterparts. Higher histologic grade refers
to poorly differentiated or undifferentiated tumor, which
indicates higher malignancy of the tumor. According to
the AJCC staging system, the T stage is mainly classified
according to tumor size, vascular invasion, and the number

© Translational Cancer Research. All rights reserved.

of primary tumor lesions. In our study, we found that the T
stage was significantly associated with the survival of HCC
patients with IVI. The higher the T stage was, the higher
the likelihood of tumor invasion and metastasis, which may
partially explain why a higher T stage contributed to worse
survival. Consistent with our results, findings of other
studies show lymph node metastasis in patients with HCC
to be closely related to a lower survival rate, with vascular
invasion or extrahepatic metastasis indicating advanced-
stage cancer and poor prognosis (44,45).

Serum AFP is currently the most widely used biomarker
for HCC screening, early diagnosis, and efficacy and
prognostic evaluation (46). The expression level of AFP
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is closely related to the occurrence and development of
HCC. High serum levels of AFP usually indicate a high
risk of HCC development and a poor prognosis (47). AFP
can promote the metastasis of HCC cells by promoting the
expression of metastasis-related genes, which can play a key
role in the invasion and distant metastasis of cancer cells (48).
Our research found that patients diagnosed with HCC who
had an elevated AFP level were more likely to have IVI than
were patients with a normal AFP level, which is consistent
with a previous report (49). We also concluded that HCC
patients with IVI with elevated AFP were associated with
shorter survival (OS and CSS).

Notably, Zhang ez 4l. found that young patients with
HCC were more often associated with aggressive tumor
behavior with larger tumor size and higher serum AFP level
and that these patients had more unfavorable pathological
characteristics including bigger lesion size and portal vein
invasion (50). The presence of macrovascular invasion in
HCC has been associated with younger age at diagnosis,
elevated AFP levels, and large tumor size (51). In agreement
with previous studies, our research found that patients
with HCC with elevated AFP level were more likely to
develop IVI compared to patients with a normal AFP level.
Moreover, IVI is more common in patients with HCC
younger than 65 years old. The phenomenon that young
patients with HCC are more prone to IVI may involve
complex mechanisms, which were not elucidated in our
study. Younger age and elevated AFP are potential risk
factors for IVI. Due our study having a different focus, we
did not explore the correlation between age and AFP. Based
on the above statements, our study partially explained the
association of patients older than 65 years with a lower risk
of IVL.

In patients with HCC with macrovascular invasion,
including PVTT or HVTT, the optimal treatment strategy
has not yet been established. Although sorafenib is approved
as a first-line therapy for patients with advanced HCC, the
therapeutic benefits of sorafenib in prolonging survival are
limited (52). Currently, no adjuvant chemotherapies are
approved as a standard treatment for postoperative patients
because of their controversial effects, which highlights the
need for better treatment strategies (53,54). In the current
study, it was evident that patients with IVI who received
chemotherapy had better survival. Nevertheless, due to
the lack of detailed chemotherapy strategy information in
our data set, we cannot compare the effects of different
chemotherapy regimens on survival. Curative-intent surgery
is usually technically challenging, and with a high tumor
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recurrence rate, surgical resection and liver transplantation
are also contraindicated in HCC with IVI (55,56). However,
our research showed that the prognosis of patients receiving
surgical treatment was more favorable than that of patients
receiving nonsurgical treatment in the overall sample. Two
large-scale studies of patients diagnosed with HCC with
PVTT from China and Japan showed that the median
survival times of the surgery group were much longer than
those of their counterparts who did not undergo surgery
(57,58). However, the therapeutic effects of surgical
treatment have only been confirmed in tumor thrombi not
involving the main portal vein or the superior mesenteric
vein (59).

To identify patients with HCC at high risk for IVI
and to predict their survival, we established nomograms
and then validated their predictive accuracy. The results
showed that the models we constructed had good prediction
ability and could be used as personalized prediction tools
for clinical decision-making. The diagnosis of HCC is a
prerequisite for the diagnosis of portal vein thrombosis.
We suggested early monitoring of high-risk populations for
HCC, including regular AFP detection. The nomogram
we developed for risk evaluation of IVI from patients with
HCC showed that younger age (<65 years), grade II and
I1IT tumors, N1 stage, M1 stage, larger primary tumor
size (>5 cm), and elevated AFP were high risk factors for
the presence of IVI in patients with HCC. Therefore,
we suggest that regular detection of tumor markers and
abdominal imaging examinations should be considered to
diagnose IVI early for patients with HCC characterized
by younger age (<65 years), grade II and III tumors, N1
stage, M1 stage, larger primary tumor size (>5 cm), and
elevated AFP to aid in the early detection of IVI and the
early determination of treatment options. Furthermore,
the nomograms we constructed for OS prediction and
CSS prediction for HCC patients with IVI could also help
clinicians to predict the precise likelihood of survival at
different timepoints and to screen patients at high risk of
early death. Based on the predicted survival, we could make
more appropriate treatment regimens for individual HCC
patient with IVL.

To our knowledge, this is the first population-based
study to focus on establishing clinical prediction models
to evaluate the risk of IVI for patients with HCC and
to predict survival for patients with HCC diagnosed
with IVI. We evaluated the clinical applicability of the
nomograms for predicting OS and CSS by comparing
them to the AJCC stage. To our delight, our nomograms
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had better discriminability and accuracy for predicting 1-,
2-, and 3-year OS and CSS, respectively. In addition, our
nomograms predicted survival with higher accuracy and
more net benefit. We believe our models may be useful
tools for helping clinicians quantify the risk of IVI, estimate
survival, and thus make appropriate treatment strategies for
individual patients.

However, the present work still had some limitations.
First, this was a retrospective study in which selection
bias was inevitable. Second, information on detailed
therapeutic modalities such as TACE for patients with
HCC with vascular invasion was not available in the SEER
database. Third, we could not analyze the risk predictors
and prognostic factors of PVI'T or HVTT alone because
the SEER database does not classify IVI at length. Fourth,
the SEER database lacked specific information on HCC
etiology, functional liver status, performance status, total
tumor volume, and Child-Pugh scores, which may be
confounding factors in this study and might have influenced
the results. In summary, more detailed data are needed in
the future.

Conclusions

Our study showed that patients with HCC characterized
by younger age (<65 years), grade II and III tumors, N1
stage, M1 stage, larger primary tumor size (>5 cm), and
elevated AFP were more likely to have IVI. In addition,
male sex, grade III, T3b stage, N1 stage, M1 stage, larger
(>5 cm) primary tumor size, elevated AFP, and nonsurgical
treatment were significantly associated with shorter survival
(OS and CSS) compared with female sex, grade I, T2 stage,
NO stage, MO stage, small (<5 cm) tumor size, normal AFP,
and surgical treatment. Grade II, grade IV, and T3a stage
showed a tendency toward poor prognosis of OS and CSS,
and should be given greater attention. The nomograms we
constructed may be individualized and convenient tools to
identify IVI at initial diagnosis and may be used to make a
prognostic assessment for IVI in patients with HCC.
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Supplementary

Table S1 The selecting code from the SEER database

Inclusion criteria and exclusion criteria

Program selecting codes

Included cases of liver cancer from SEER data base

Included patients with hepatocellular carcinoma

Included liver cancer as the first primary malignant
tumor

Included patients with hepatocellular carcinoma
diagnosed by pathology

Included cases with definite information about
intrahepatic vascular invasion

Included cases with active follow-up time

Excluded patients with unknown follow-up time

Excluded patients with unknown cause of death

Excluded patients with unknown race
Excluded patients under 20 years
Excluded patients with useless T stage
Excluded patients with useless N stage
Excluded patients with unknown M stage

Excluded patients with unknown surgical approach

Excluded patients with unknown radiation information

Excluded patients with unknown tumor size

Included {Site recode ICD-O-3/WHO 2008} = ‘C22.0°

Included {Histologic Type ICD-0-3} = ‘8170’, ‘8171’, ‘8172’, ‘8173’ ‘8174,
8175’

Included {Sequence number} = ‘one primary only’ or ‘1st of 2 or more
primaries’

Included {Diagnostic confirmation} = ‘Positive histology’

Included {CS-extension} = ‘100’, ‘1507, ‘2507, ‘270’, ‘350’, ‘370’, ‘380’,
‘390, ‘400, ‘630’, ‘635’, ‘638’

Included {Type of follow-up time} = ‘Active follow-up’

Excluded {Survival months flag} = ‘Incomplete dates are available’ or ‘Not
calculated’ or ‘Complete dates with 0 days of survival’

Excluded {SEER cause-specific death classification} = ‘Dead (missing/
unknown CODY’

Excluded {Race recode (White, Black, Other)} = ‘Unknown’

Exclude {Age recode with <1 years old} = ‘0-19 years’

Excluded {Derived AJCC T, 7th ed (2010+)} = ‘NA’, ‘TO’, ‘TX’

Excluded {Derived AJCC N, 7th ed (2010+)} = ‘NA’, ‘Nx’

Excluded {Derived AJCC M, 7th ed (2010+)} = ‘NA’

Excluded {RX Summ--Surg Prim Site (1998+)} = ‘90’, ‘99’

Excluded {Radiation recode} = ‘Recommended, unknown if administered’

Excluded {CS-tumor size} = ‘9907, ‘991°, ‘992’, ‘993, ‘994’, ‘995’, ‘996,
‘999’
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