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Purpose: To develop and validate a nomogram for individualized prediction of the long-
term prognosis of patients with non-B, non-C hepatocellular carcinoma (NBNC-HCC) who
underwent hepatectomy.

Materials and Methods: Five hundred ninety-four patients who met the criteria were
included in the research and randomly categorized into the training or validation cohort. The
nomogram was constructed on the basis of the independent risk variables that were acquired
via multivariate Cox proportional hazard regression analysis. Several complementary meth-
ods included the Harrell c-index, time-dependent areas under the receiver operating char-
acteristic curve (tdAUC), and calibration plot, and the Kaplan—Meier curve with Log rank
test were used to test predictive performance of the model. The clinical utility of the model
was tested by the decision cure analysis (DCA).

Results: Tumor diameter, tumor number, elevated serum gamma-glutamyl transpeptidase
(GGT) level, microvascular invasion (MVI), and macrovascular invasion were independent
risk factors of prognosis of NBNC-HCC. C-indexes of the nomogram were 0.702 (95%
confidence interval [CI], 0.662—0.741) in the training cohort and 0.700 (95% CI, 0.643—
0.758) in the validation cohort, and median tdAUC values of the nomogram were 0.743
(range, 0.736—0.775) in the training cohort and 0.751 (range, 0.686—0.793) in the validation
cohort, which were both higher than those in the conventionally used Barcelona Clinic Liver
Cancer staging system, American Joint Committee on Cancer, and eighth edition and the
model of Zhang et al. The calibration plot depicted a good consistency between prediction of
the model and observed outcome. The Kaplan—Meier curve analysis showed that the model
was able to separate patients into three distinct risk subgroups. The DCA analysis also
demonstrated that the nomogram was clinically useful.

Conclusion: We developed and validated a nomogram that was accurate and clinically
useful in patients with NBNC-HCC who underwent hepatectomy.

Keywords: non-B non-C hepatocellular carcinoma, resection, prognosis, nomogram,

survival

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common malignant tumor and
the fourth cause of cancer-associated deaths globally.! Hepatitis B virus (HBV) and
hepatitis C virus (HCV) infection are the main causes of HCC.? However, with the
change of lifestyle, popularity of hepatitis B vaccines, and clinical use of effective

antiviral drugs, the incidence of virus-related HCC is decreasing gradually>* and
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accompanied with an increase of non-viral HCC, also
known as non-B, non-C HCC (NBNC-HCC).>¢

As with viral-associated HCC, surgical resection
remains the main treatment that can provide long-term
prognosis in NBNC-HCC.” Yet, the long-term outcome
in NBNC-HCC postoperatively is still not satisfactory. In
previous studies, the 5-year overall survival (OS) rate in
NBNC-HCC has been reported as only 42.6%-48.8%.°
Because of the heterogeneous nature of HCC, accurate
prediction of prognosis after treatment is of great signifi-
cance. A good individualized prognostic prediction model
may benefit some highly selected patients through well-
selected therapeutic assignment.'®!'!

Currently, there are several widely used HCC staging
systems such as the Barcelona Clinic Liver Cancer staging
system (BCLC)'? and American Joint Committee on Cancer
staging system, eight edition (AJCC*™),'3 which have impor-
tant guiding significance for prognosis. However, they fail to
achieve individualized prognostic prediction, so even with the
same treatment, patients within the same stage of HCC tend to
have different outcomes. In addition, these staging systems
were not specifically constructed for patients with NBNC-
HCC. As an individualized predictive tool to predict the prog-
nosis of patients, a nomogram has been used and validated in
various tumors in recent years.'*'® The nomogram developed
by Zhang et al'” was developed specifically for prognostic
prediction in patients with NBNC-HCC who underwent hepa-
tectomy, but the model was not validated in their study.

Therefore, this study aimed to construct a nomogram
for individualized prediction in patients with NBNC-HCC
after resection and validate its predictive performance
through several complementary methods in order to deter-
mine whether the model can predict prognosis more accu-
rately than other models.

Materials and Methods

Ethical Statements

The study was conducted in accordance with the 1975
Declaration of Helsinki. Written informed consent was
obtained from all study patients. The institutional research
ethics committee of Mengchao Hepatobiliary Hospital of
Fujian Medical University approved the study (approval
number: 2019 049 01).

Patient Selection
Data of patients who underwent hepatectomy as their
primary anti-cancer therapy for HCC between August 21,

2008 and December 31, 2014 were identified and collected
through primary liver cancer big data. Patients who met all
of the following criteria were included in the research for
further statistical analysis: (1) patients with NBNC-HCC,
defined as seronegative for the hepatitis B surface antigen,
HBV-DNA, hepatitis C antibody, and HCV-RNA test;® (2)
those with liver function of Child-Pugh class A/B7; (3)
those who underwent RO resection (removal of all detect-
able tumor nodes and negative surgical margin in post-
operative pathological examination); (4) those without
extrahepatic metastasis; (5) those without a medical his-
tory of other malignancy; and (6) those with complete
clinical and follow-up data. All data were verified by
three independent researchers.

Diagnosis and Hepatectomy

Routine preoperative assessments of patients included
liver, renal, and cardiopulmonary function tests, alpha
fetoprotein (AFP) analysis, hepatitis B/C immunology,
and imaging examination. Imaging examination included
radiography or computed tomography (CT) scan of the
chest, abdominal ultrasonography, contrast-enhanced CT,
or magnetic resonance (MRI). The diagnosis of HCC was
determined by the appearance of typical radiological fea-
tures on contrast-enhanced MRI, CT, or abdominal ultra-
sonography and confirmed by postoperative pathological
examination. The use of anatomical or partial hepatectomy
depended on the tumor variables, such as the diameter,
number, and location and patient’s liver function status.
Intraoperative ultrasonography was routinely performed to
ensure that all detectable tumor nodes were removed. The
removal of three or more Couinaud segments intraopera-
tively was regarded as major liver resection.'®

Follow-Up

All patients were followed up regularly in the outpatient
department after discharge. The interval of follow-up was
about every 2 months during the first 2 years and every 6
months thereafter. The routine follow-up assessments
included abdominal ultrasonography and laboratory exam-
ination of variables, such as liver function and the serum
AFP level. When recurrence was highly suspected in
patients on the basis of findings, such as an abnormal
ultrasonography result or continuously elevated AFP
level, contrast-enhanced CT or MRI was routinely per-
formed. When tumor recurrence was diagnosed, appropri-
ate treatments, which were based on the basic condition,
reserved liver function, and tumor recurrence pattern of
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each patient, were prescribed according to the advice of
the multidisciplinary team.

Outcome Measure

The end-point in this research study was OS, which was
defined as the interval between the date of resection and
the date of either death or the last follow-up.

Statistical Analysis

Continuous variables are expressed as mean (standard devia-
tion), and they were compared using the Student’s #-test or
Mann—Whitney U-test. Categorical variables are expressed
as number (percentage), and they were compared using the
chi-square test or Fisher exact test. Univariate and multi-
variate Cox proportional hazard regression analyses of the
training cohort were performed to acquire the independent
risk factor for OS. The statistically significant (p<0.05) vari-
ables in the univariate Cox regression analysis were chosen
for further multivariate Cox regression analysis via the step-
wise backward selection method. The nomogram was con-
structed on the basis of the independent risk factors of OS
using the R package “rms” (Institute for Statistics and
Mathematics, Vienna, Austria).

Predictive performance of the nomogram model was
verified through discrimination and calibration.'” The dis-
criminative ability of the nomogram was analyzed by the
Harrell c-index and time-dependent areas under the recei-
ver operating characteristic curve (tdAUC).'® Calibration
of the nomogram was analyzed by using the calibration
plot. Clinical utility of the nomogram was tested via the
decision cure analysis (DCA).>° Kaplan-Meier curves and
the Log rank test for risk groups were further applied to
measure the performance of the nomogram, and risk
groups were generated by the previously reported cut-off
values (50th and 85th percentiles) of the total points
assessed using the nomogram.?’

All the statistical tests were two-sided, and a p<0.05
was regarded as statistically significant. SPSS, version 20
(IBM Corp., Armonk, NY, USA) and R, version 3.5.2 (R
packages “rms”, “CsChange”, “timeROC”, and “stdca”)
were used to perform all statistical analyses in the study.

Results
Baseline Characteristics and Prognosis of

Patients
According to the study’s inclusion criteria, 594 patients
were enrolled and randomly categorized into the training

cohort (n=396) or validation cohort (n=198) in a 2:1 ratio.
The detailed flowchart for patient collection is shown in
Figure S1. The baseline characteristics of the whole cohort
and a comparison between the training and validation
cohorts are shown in Table 1. Overall, non-alcoholic fatty
liver disease (NAFLD) and alcoholic liver disease (ALD)
were diagnosed in 6.9% and 9.4% of patients, respectively,
and most patients (83.0%) were diagnosed with cryptogenic
HCC. Most patients were male (87.2%); 26.8% of patients
were diagnosed with hypertension, and 15.3% of patients
had diabetes. Most patients had a solitary tumor node
(83.8%), and the mean diameter of the tumor node was
7.39 £ 422 cm. According to the HCC staging system,
72.6% of patients remained BCLC A stage, and 56.4% of
patients were classified as AJCC®" IB stage.

The median follow-up times of patients were 59.2
months and 59.4 months in the training and validation
cohorts, respectively. The 1-, 2-, 3-, 4-, and 5-year OS
rates were 86.3%, 77.3%, 68.5%, 58.5%, and 50.8% in the
training cohort and 84.0%, 76.3%, 69.3%, 61.2%, and
52.3% in the validation cohort, respectively.

Risk Factors for OS and Construction of

the Nomogram

Results of the univariate and multivariate Cox proportional
hazard regression analyses are shown in Tables 2 and 3.
Multivariate analysis showed that five variables were inde-
pendent risk factors of OS: large tumor diameter (p=0.015,
hazard ratio [95% confidence interval]=1.042 [1.008-1.078]),
multiple tumor nodes (p=0.003, 1.656 [1.184-2.315]), high
preoperative serum GGT level (p=0.009, 1.517 [1.109—
2.074]), presence of microvascular invasion (p=0.007, 1.593
[1.135-2.234]), and macrovascular invasion (p<0.001, 2.954
[1.937—4.505]) (Table 3). On the basis of these independent
risk factors, a nomogram for predicting OS was constructed
and verified in the training and validation cohorts (Figure 1).

Predictive Performance of the

Nomogram

C-indexes of the nomogram model reached 0.702 (95%
confidence interval [CI], 0.662—0.741) in the training cohort
and 0.700 (95% CI, 0.643-0.758) in the validation cohort,
which were higher than those of the BCLC staging system
(0.636, 95% CI 0.599-0.672, p<0.001; 0.626, 95% CI
0.572-0.680, p<0.001), AJCC®" staging system (0.658,
95% CI1 0.620-0.695, p=0.002; 0.641, 95% CI 0.588-0.694,
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Table | Baseline Clinical Characteristics of Patients with NBNC-HCC

Whole Cohort Training Cohort Validation Cohort P-value
(n=594) (n=396) (n=198)
Age, Mean (SD), years 584 (11.9) 58.8 (11.6) 57.6 (12.4) 0.234
Gender
Female 76 (12.8%) 53 (13.4%) 23 (11.6%) 0.633
Male 518 (87.2%) 343 (86.6%) 175 (88.4%)
Etiology
NAFLD 41 (6.9%) 33 (8.3%) 8 (4.0%) 0.134
ALD 56 (9.4%) 41 (10.4%) 15 (7.6%)
Others* 4 (0.7%) 3 (0.8%) I (0.5%)
Cryptogenic 493 (83.0%) 319 (80.6%) 174 (87.9%)
Hypertension
Absent 435 (73.2%) 285 (72.0%) 150 (75.8%) 0.376
Present 159 (26.8%) 111 (28.0%) 48 (24.2%)
Diabetes
Absent 503 (84.7%) 335 (84.6%) 168 (84.8%) |
Present 91 (15.3%) 61 (15.4%) 30 (15.2%)
Cirrhosis
Absent 380 (64.0%) 252 (63.6%) 128 (64.6%) 0.880
Present 214 (36.0%) 144 (36.4%) 70 (35.4%)
Child-Pugh
A 589 (99.2%) 392 (99.0%) 197 (99.5%) 0.874
B 5 (0.8%) 4 (1.0%) I (0.5%)
Platelets, 10°/L
<100 39 (6.6%) 23 (5.8%) 16 (8.1%) 0.38
=100 555 (93.4%) 373 (94.2%) 182 (91.9%)
Total bilirubin, umol/L
<17.1 471 (79.3%) 316 (79.8%) 155 (78.3%) 0.747
>17.1 123 (20.7%) 80 (20.2%) 43 (21.7%)
Albumin, g/L
<35 16 (2.7%) 11 (2.8%) 5 (2.5%) |
235 578 (97.3%) 385 (97.2%) 193 (97.5%)
GGT, U/L
<64 280 (47.1%) 177 (44.7%) 103 (52.0%) 0.11
>64 314 (52.9%) 219 (55.3%) 95 (48.0%)
ALP, U/L
<129 487 (82.0%) 318 (80.3%) 169 (85.4%) 0.163
>129 107 (18.0%) 78 (19.7%) 29 (14.6%)
LDH, U/L
<245 519 (87.4%) 348 (87.9%) 171 (86.4%) 0.694
>245 75 (12.6%) 48 (12.1%) 27 (13.6%)
AFP, ng/mL
<20 294 (49.5%) 196 (49.5%) 98 (49.5%) 0.807
20-400 137 (23.1%) 94 (23.7%) 43 (21.7%)
2400 163 (27.4%) 106 (26.8%) 57 (28.8%)
(Continued)
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Table | (Continued).
Whole Cohort Training Cohort Validation Cohort P-value
(n=594) (n=396) (n=198)
NLR, Mean (SD) 2.44 (1.24) 2.45 (1.30) 243 (1.12) 0917
Intraoperative blood loss, mL
<800 529 (89.1%) 350 (88.4%) 179 (90.4%) 0.546
2800 65 (10.9%) 46 (11.6%) 19 (9.6%)
Intraoperative blood transfusion
No 513 (86.4%) 342 (86.4%) 171 (86.4%) |
Yes 81 (13.6%) 54 (13.6%) 27 (13.6%)
Hepatectomy
Minor 439 (73.9%) 295 (74.5%) 144 (72.7%) 0.716
Major 155 (26.1%) 101 (25.5%) 54 (27.3%)
Tumor size, Mean (SD), cm 7.39 (4.22) 7.60 (4.34) 6.97 (3.94) 0.077
Tumor number
Solitary 498 (83.8%) 326 (82.3%) 172 (86.9%) 0.193
Multiple 96 (16.2%) 70 (17.7%) 26 (13.1%)
Satellite nodules
Absent 372 (62.6%) 246 (62.1%) 126 (63.6%) 0.787
Present 222 (37.4%) 150 (37.9%) 72 (36.4%)
Tumor capsule
Complete 139 (23.4%) 97 (24.5%) 42 (21.2%) 0.477
Incomplete 306 (51.5%) 205 (51.8%) 101 (51.0%)
None 149 (25.1%) 94 (23.7%) 55 (27.8%)
Edmondson-Steiner classification
71l 115 (19.4%) 76 (19.2%) 39 (19.7%) 0.971
mnnv 479 (80.6%) 320 (80.8%) 159 (80.3%)
MVI
Absent 398 (67.0%) 267 (67.4%) 131 (66.2%) 0.829
Present 196 (33.0%) 129 (32.6%) 67 (33.8%)
Macrovascular invasion
Absent 525 (88.4%) 354 (89.4%) 171 (86.4%) 0.342
Present 69 (11.6%) 42 (10.6%) 27 (13.6%)
BCLC staging system
0 12 (2.0%) 9 (2.3%) 3 (1.5%) 0.386
A 431 (72.6%) 285 (72.0%) 146 (73.7%)
B 82 (13.8%) 60 (15.2%) 22 (11.1%)
C 69 (11.6%) 42 (10.6%) 27 (13.6%)
AJCC staging system8th
1A 12 (2.0%) 9 (2.3%) 3 (1.5%) 0.964
1B 335 (56.4%) 222 (56.1%) 113 (57.1%)
1l 149 (25.1%) 98 (24.7%) 51 (25.8%)
A 64 (10.8%) 44 (11.1%) 20 (10.1%)
1B 34 (5.7%) 23 (5.8%) 11 (5.6%)

Notes: *Others: primary biliary cirrhosis, | patient; Budd-Chiari syndrome, 2 patients; Wilson disease, | patient.

Abbreviations: NAFLD, non-alcoholic fatty liver disease; ALD, alcoholic liver disease; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; LDH, lactate
dehydrogenase; AFP, alpha fetoprotein; NLR, neutrophil to lymphocyte ratio; MVI, microvascular invasion; BCLC, Barcelona Clinic Liver Cancer staging system; AJCC,

American Joint Committee on Cancer.

Cancer Management and Research 2020:12

submit your manuscript

7775


http://www.dovepress.com
http://www.dovepress.com

Lin et al

Dove

Table 2 Univariate Cox Regression Analysis of OS in the Training Cohort

Variable B SE HR (95% CI) P-value
Age, Mean (SD), years 0.000 0.006 1.000 (0.988-1.013) 0.949
Gender 0.001 0.208 1.001 (0.666—1.504) 0.997
Etiology 0.528
NAFLD Ref Ref Ref Ref
ALD 0.473 0.357 1.605 (0.798-3.229) 0.184
Others* —0.160 1.038 0.852 (0.111-6.519) 0.878
Cryptogenic 0.371 0.289 1.449 (0.823-2.553) 0.199
Hypertension, Present vs Absent —0.036 0.161 0.965 (0.704-1.322) 0.823
Diabetes, Present vs Absent —0.170 0.208 0.844 (0.561-1.269) 0.415
Cirrhosis, Present vs Absent 0.075 0.151 1.078 (0.802-1.447) 0.619
Child-Pugh, B vs A 0.285 0.221 1.330 (0.862-2.052) 0.198
Platelets, 10%/L, <100 vs100 0.262 0.278 1.299 (0.754-2.241) 0.346
Total bilirubin, umol/L, >17.1 vs <17.1 —0.025 0.187 0.975 (0.676—1.407) 0.892
Albumin, g/L, <35 vs 235 0.385 0.362 1.469 (0.723-2.984) 0.287
GGT, U/L, >64 vs <64 0.633 0.152 1.883 (1.398-2.537) <0.001
ALP, U/L, >129 vs <129 0.527 0.169 1.694 (1.217-2.358) 0.002
LDH, U/L, >245 vs <245 0.398 0.215 1.489 (0.977-2.268) 0.064
AFP, ng/mL 0.014
<20 Ref Ref Ref Ref
20400 0.248 0.184 1.282 (0.894-1.838) 0.177
2400 0.490 0.168 1.632 (1.174-2.270) 0.004
NLR 0.104 0.052 1.109 (1.002—-1.228) 0.045
Intraoperative blood loss, mL, 2800 vs <800 0.736 0.194 2.088 (1.427-3.055) <0.001
Intraoperative blood transfusion, Yes vs No 0.696 0.185 2.006 (1.394-2.885) <0.001
Hepatectomy, Major vs Minor 0.488 0.159 1.629 (1.194-2.223) 0.002
Tumor diameter, cm 0.073 0.016 1.076 (1.043-1.110) <0.001
Tumor number, Multiple vs Solitary 0.665 0.169 1.945 (1.397-2.709) <0.001
Satellite nodules, Present vs Absent 0.643 0.146 1.902 (1.429-2.531) <0.001
Tumor capsule 0.001
Complete Ref Ref Ref Ref
Incomplete 0.230 0.190 1.259 (0.867-1.827) 0.226
None 0.712 0.209 2.038 (1.352-3.072) 0.001
Edmondson-Steiner classification, III/IV vs I/l 0.375 0.199 1.455 (0.985-2.150) 0.060
MVI, Present vs Absent 0.910 0.148 2.484 (1.859-3.319) <0.001
Macrovascular invasion, Present vs Absent 1.529 0.189 4.614 (3.184-6.687) <0.001

Abbreviations: NAFLD, non-alcoholic fatty liver disease; ALD, alcoholic liver disease; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; LDH, lactate
dehydrogenase; AFP, alpha fetoprotein; NLR, neutrophil to lymphocyte ratio; MVI, microvascular invasion; B, coefficient; SE, stand error; Cl, confidence interval; HR, hazard

ratio.

p=0.006), and Zhang et al’s model (0.658, 95% CI 0.618—
0.698, p=0.003; 0.642, 95% CI 0.577-0.706, p=0.029).
The time-dependent AUC analysis also showed that the
nomogram model had better discrimination than the other
prognostic models (Figure 2A and B). Median tdAUC
values of the nomogram were 0.743 (range, 0.736-0.775)
in the training cohort and 0.751 (range, 0.686—0.793) in
the validation cohort at various time points. Details of
tdAUC values of the models are shown in Table S1.

For calibration of the nomogram, calibration plots
depicted a good consistency between the predicted out-
come of the nomogram and the observed outcome in terms
of 3-, 4-, and 5-year OS in the training and validation
cohorts (Figure 3A and B).

In addition, with the nomogram, each patient received
a corresponding total point. Median total points were 66.0
(range, 3.8-311.4) in the training cohort and 61.2 (range,
6.1-258.7) in the validation cohort. Values of 66.0 and
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Table 3 Multivariate Cox Regression Analysis of OS in the Training Cohort
Variable B SE HR (95% CI) P-value
Tumor diameter, cm 0.041 0.017 1.042 (1.008-1.078) 0.015
Tumor number, Multiple vs Solitary 0.504 0.171 1.656 (1.184-2.315) 0.003
MVI, Present vs Absent 0.465 0.173 1.593 (1.135-2.234) 0.007
Macrovascular invasion, Present vs Absent 1.083 0.215 2.954 (1.937-4.505) <0.001
GGT, U/L, >64 vs <64 0.417 0.160 1.517 (1.109-2.074) 0.009

Abbreviations: GGT, gamma-glutamyl transpeptidase; MVI, microvascular invasion; B, coefficient; SE, stand error; Cl, confidence interval; HR, hazard ratio.

146.4 points, which represent the 50th and 85th percentiles
of the total points in the training cohort, were used to
categorize the patients into three different risk subgroups
(low, intermediate, and high risk). The Kaplan—-Meier ana-
lysis showed that the three survival curves were widely
separated in the training and validation cohorts (both
p<0.001), which further indicated the good predictive per-
formance of the nomogram model (Figure 4A and B).

Clinical Utility of the Nomogram

DCA was performed to measure the clinical utility of the
model. DCA consisted of the continuous risk of the prob-
ability threshold (x-axis) and the net benefit (y-axis),
which graphically demonstrated the model’s clinical uti-
lity. As shown in Figure 5A and B, DCA revealed that the
nomogram had better net benefits than the BCLC staging
system, AJCC*™ staging system, and Zhang et al’s model
in the training and validation cohorts.

Discussion

Because of different pathogenic mechanisms of hepatocar-
cinogenesis between virus-associated HCC and NBNC-
HCC, the clinicopathologic features, especially tumor
characteristics, of patients are very different between the
two cancers. For instance, compared to patients with virus-
associated HCC, those with NBNC-HCC tend to have
a larger tumor diameter, solitary tumor node, and fewer
vascular invasion events.®® Although the conventionally
used BCLC stage and AJCC®" staging systems integrate
the tumor-associated variables, such as the number of
tumor nodes, tumor diameter, and vascular invasion, they
do not consider that these factors are very different in
HCC with a different etiology; thus, for patients with
NBNC-HCC, they cannot achieve good predictive perfor-
mance. In addition, none of these models includes the
clinical serum biomarker, and this may be one reason
why their prediction efficiency is poor. Furthermore,
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Figure 1 Nomogram for prognostic prediction in patients with non-B, non-C hepatocellular carcinoma who underwent hepatectomy.
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these staging systems cannot achieve individualized prog-
nostic prediction.

In the present study, we analyzed the independent risk
factors for the prognosis of NBNC-HCC and constructed
a prognostic nomogram model. The results showed that
the predictive performance of the model was satisfactory,
which was verified by various methodologies. Further, the
tdAUC analysis confirmed the aforementioned results. In
addition, the DCA curve analysis displayed the superior
net benefit of the nomogram compared to the other mod-
els. Compared with the Zhang et al’s study, our study
included patients from 2008 to 2014, which ensured that

patients received a long enough follow-up for the observa-
tion of outcome at 4 and 5 years after resection. This factor
may be the reason for the better accuracy of our model in
the prediction of long-time prognosis in patients with
NBNC-HCC.

According to each individualized total point given by
the nomogram model, we were able to divide patients into
three different risk subgroups (high, intermediate, and low
risk). For the whole cohort, the high-risk subgroup con-
sisted of 15.7% of patients, with only a 5-year OS rate of
14.3%, whereas the low and intermediate risk subgroups
accounted for 51.9% and 32.5 of patients, with 5-year OS
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rates of 66.1% and 44.3%, respectively. This easy-to-apply
graphical model can be an additional tool for clinicians to
make individual predictions of patients’ prognosis and
identify high-risk patients among those with NBNC-
HCC, which may be valuable in guiding corresponding
follow-up strategies and postoperative adjuvant therapy.
Tumor diameter, multiple tumor nodes, vascular invasion
and elevated serum GGT level were identified as the inde-
pendent unfavorable factors of NBNC-HCC in this study.
The effects of tumor diameter, multiple tumor nodes, and
vascular invasion, which are relevant to aggressive behavior
of a tumor, on the prognosis of HCC have been reported in

many previous literatures.*** %> In addition, several studies
demonstrated the unfavorable effect of these factors in
NBNC-HCC,”*? which is consistent with our results. GGT,
a cost-effective and easily accessible serum biomarker, has
been reported to have diagnostic and prognostic effects in
various malignancies.”®*’ The possible mechanisms of GGT
in HCC are as follows: (1) a high level GGT may induce
DNA instability and result in tumor formation; and (2) the
GGT level may be related to the aggressive behavior of HCC,
such as poor differentiation, vascular invasion, or metastasis
of tumor cells.?®* 2 Li et al® also demonstrated the unfavor-
able association between the elevated GGT level and
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prognosis of NBNC-HCC. These studies may support our
clinical findings. However, the exact mechanism of the asso-
ciation between GGT and survival of NBNC-HCC remains
unclear and requires elucidation.

It is worth noting that 83% of the patients in the
present cohort had cryptogenic HCC. The risk factors of
NBNC-HCC include NAFLD/non-alcoholic steatohepati-
tis (NASH), ALD, aflatoxin infection, and aristolochic
acid intake.> Therefore, cryptogenic HCC in some of
these patients may be caused by aflatoxin infection or
aristolochic acid intake. Besides, NAFLD/NASH and
ALD are mainly related to diet and lifestyle. The diet
and lifestyle of Chinese individuals are different from
those of western developed countries, which may be the
reason why the proportion of NAFLD/NASH- and ALD-
related HCC in our cohort differs from that in the western
world.>' Currently, there are no data recording the contri-
butions of ALD and NAFLD/NASH to HCC in China,
although these entities will likely become leading causes
of HCC in the future,
exploration.

and they deserve further

There are several limitations to our study. Firstly, the
nomogram model was constructed using retrospective
data; therefore, the results need to be further validated in
prospective studies. Secondly, the etiology of most
patients included in the present study was cryptogenic;
considering regional disparity of etiology of NBNC-
HCC, multicenter cohorts are necessary to validate the
predictive performance of the nomogram. Lastly, the pre-
sent study included only the patients who underwent resec-
tion, so the nomogram may not be suitable for patients
who underwent other treatments.

Conclusions

In summary, we developed and validated a prognostic
nomogram for individualized prediction in patients with
NBNC-HCC who underwent resection. This novel nomo-
gram model may provide clinicians with useful guidance
for postoperative follow-up and treatments.
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