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Purpose: To predict patient survival in early-stage hepatocellular carcinoma (HCC) follow-
ing hepatic resection. We evaluated the prognostic potential of the aspartate aminotransferase 
to platelet ratio index (APRI) in order to use it to model a nomogram.
Patients and Methods: We randomized 901 early-stage HCC patients treated with hepatic 
resection at our center into training and validation cohorts that were followed from 
January 2009 to December 2012. X-tile software was used to establish the APRI cut-off 
threshold in the training cohort. The validation cohort was subsequently assessed to deter-
mine threshold value accuracy. Data generated from the multivariate analysis in the training 
cohort were used to design a prognostic nomogram. Decision curve analyses (DCA), con-
cordance index values (C-index) and calibration curves were used to determine the perfor-
mance of the nomogram.
Results: X-tile software revealed that the optimal APRI cut-off threshold in the training 
cohort that distinguished between patients with different prognoses was 0.9. We, therefore, 
validated its prognostic value. Multivariate analyses showed that poor overall survival was 
associated with APRI above 0.9, blood loss of more than 400 mL, liver cirrhosis, multiple 
tumors, tumor size greater than 5 cm, microvascular invasion and satellite lesions. When the 
independent risk factors were integrated into the prognostic nomogram, it performed well 
with accurate predictions. Indeed, the performance was better than comparative prognos-
ticators (P<0.05 for all) with 0.752 as the C-index (95% CI: 0.706–0.798). These results 
were verified by the validation cohort.
Conclusion: APRI was a noninvasive and accurate predictive indicator for patients with 
early-stage HCC. Following hepatic resection to treat early-stage HCC, individualized 
patient survival predictions can be aided by the nomogram based on APRI.
Keywords: hepatocellular carcinoma, hepatic resection, survival, nomogram, aspartate 
aminotransferase to platelet ratio index, APRI

Introduction
Among causes of global cancer-related death, hepatocellular carcinoma (HCC) is the 
third highest in rank and also the sixth most prevalent tumor malignancy.1 The main 
risk factors of HCC include hepatitis virus infection, aflatoxin B1 exposure and 
excessive alcohol consumption.1 Meanwhile, in developed countries, non-alcoholic 
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fatty liver disease has become a leading HCC etiology.2 

Liver cancer is endemic in many countries, but seriously 
so in China as it accounts for half of the patients globally.3 

Liver transplants and therapeutic surgical tumor removal are 
preferred treatments for early-stage HCC patients.1 

However, only 25% of HCC patients in China are treated 
by hepatic surgery.4 The high recurrence rates depress the 
long-term prognosis of HCC, despite some instances of 
curative treatment being reported.5

Inflammation has been regarded as a typical symptom 
of cancer.6 A number of studies suggest that HCC tumor 
development and spread are closely associated with 
inflammation occurring in the host.7 Prognostic factors 
based on hematological indicators of systemic inflamma-
tion including aspartate aminotransferase-to-alanine ami-
notransferase (AST/ALT) ratio, neutrophil-to-lymphocyte 
ratio (NLR) and platelet to lymphocyte ratio (PLR) are 
currently used to predict cancer survival.7–9 Serological 
markers of immune status or liver function are potential 
HCC prognostic factors in addition to those based on 
inflammation. Unlike the advanced stage, early-stage 
HCC is more dependent on reserve liver function as liver 
cirrhosis is closely associated with HCC mortality.10 Thus, 
a noninvasive and accurate biomarker reflecting liver func-
tion and inflammation is urgently required as an alternative 
to liver biopsy. Aspartate aminotransferase (AST) to plate-
let ratio index (APRI) was reported as a rapid and reliable 
tool for evaluating the liver function and cirrhosis severity, 
even to the point of replacing liver biopsy.11 Other inflam-
matory markers with predictive value for HCC prognosis 
including PLR, NLR and AST/ALT had no such advan-
tage. Recently, HCC prognosis was also demonstrated to 
be associated with APRI.12 However, APRI has not been 
definitively validated following hepatic resection in early- 
stage HCC patients. Moreover, a model based on APRI to 
accurately predict early-stage HCC prognosis has not been 
developed so far.

HCC prognosis has been predicted using various sta-
ging systems. The Hong Kong Liver Cancer (HKLC) 
staging system developed in 2014 is based on a large 
number of HBV-related HCC patients. It is designed to 
be more sensitive at identifying patients requiring more 
aggressive treatment than the Barcelona Clinic Liver 
Cancer (BCLC) staging system.13 Despite several studies 
reporting that the HKLC system more effectively predicted 
survival than the BCLC system,14,15 it lacks external vali-
dation in different cohorts. Thus, the currently most vali-
dated and reliable prediction systems are still BCLC1 and 

AJCC eighth edition.16 However, both systems lack defi-
nite prognostic thresholds.

Accurate and reliable prognostic nomograms have been 
developed and validated in several cancer types.17,18 

Nomograms can quantify patient scores based on risk 
factors to predict survival outcomes and can help clini-
cians to make clinical decisions. Nomograms can be used 
preoperatively to determine whether surgical resection or 
other treatments should be applied. For instance, transar-
terial chemoembolization (TACE) combined with radio-
frequency ablation (RFA) has been reported to be as 
good as surgery with less post-treatment morbidity.19 

Postoperative nomograms can be used to help surgeons 
select patient subgroups for further treatment, such as 
TACE or immunological therapy. Thus, nomogram is con-
sidered to be a new prognostic criterion compared with 
other staging systems. We, therefore, set out to establish 
a predictive APRI threshold in order to construct an APRI- 
based nomogram to provide an individualized prognosis 
for early-stage HCC patients treated with hepatic 
resection.

Patients and Methods
Patients
The Barcelona Clinic Liver Cancer guidelines were used 
to diagnose early-stage HCC patients at the Eastern 
Hepatobiliary Surgery Hospital (EHBH, Shanghai, 
China) who underwent liver resection between 
January 2009 and December 2012. After attaining 
informed consent and ethical approval from the EHBH 
Clinical Research Ethics Committee, we retrospectively 
analyzed patient data in accordance with the tenets of the 
Helsinki Declaration (1964).

For inclusion into the study, patients were required to 
have the following: (1) histopathologically confirmed HCC 
diagnosis; (2) BCLC staging system classification equiva-
lent to stage 0 and A1 (the definition of early-stage HCC); 
(3) Child-Pugh class A or B; (4) R0 resection with negative 
margin; (5) no pre-surgery history of any anticancer treat-
ment. Additionally, patients were screened based on the 
following exclusion criteria: (1) combined morbidity with 
other malignancies; (2) lymph node metastasis or extrahe-
patic metastasis confirmed by imaging examination or post-
operative pathology; (3) inferior vena cava, portal, hepatic 
vein or similar macrovascular invasion; (4) patients with 
recurrence and reoperation; (5) clinical follow-up data that 
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was missing or inadequate. The study design and the 
recruited patient flowchart are shown in Figure 1.

Data Collection and Definitions
Clinic characteristics of each patient including gender, age, 
platelets (PLT), liver function data, hepatitis virus data and 
tumor biomarkers were collected before surgery. Tumor sta-
tus, pathological reports, Edmondson-Steiner grade, TNM 
stage and BCLC grade were determined when surgery was 
complete. The 8th edition of the American Joint Committee 
on Cancer (AJCC) was used to classify TNM stage.16 The 
differentiation grade of tumors was established using the 
Edmondson-Steiner classification.20 The threshold level of 
HBV-DNA, microvascular invasion (MVI) and satellite 
lesions were considered as we previously described.21 To 
mathematically derive APRI, we used the following formula: 
[AST (IU/L) ÷ highest normal level] ÷ PLT (×109/L).22

Surgical Treatment
All patients underwent routine assessment within 7 days 
before surgery, including preoperative elaborate blood tests, 
coagulation function test, biochemical indicators and other 
examinations. Chest radiographs, abdominal b-ultrasound, 
spirometry, blood gas analysis and liver imaging examina-
tions were also performed routinely. Magnetic resonance 
imaging (MRI), contrast-enhanced computed tomography 

(CT), or three-dimensional CT images were imaging techni-
ques used to capture images of the liver in order to assess 
tumor status and determine the extent of surgical resection. 
Furthermore, imaging was used to establish whether the 
future liver remnant was sufficient in size. Surgery was 
only conducted once contraindications had been excluded.

Liver resection was performed by the right subcostal 
incision and extended to the left subcostal and xiphoid 
process if necessary. The abdominal cavity, primary 
focus and other organs were carefully probed by the sur-
geon. Anatomic resection was preferred for tumors hemi 
hepatic or located in liver lobes or segments. The hepatic 
parenchyma was separated by a clamp-crushing method 
and the related hepatic pedicles and veins were ligated 
carefully. Pringle’s maneuver was routinely carried out to 
occlude the hepatic portal vein in order to manage and 
restrict intraoperative bleeding, with clamping and 
unclamped cycles of 15 and 5 minutes respectively. For 
large, deep or paravascular tumors, preoperative three- 
dimensional CT images were used to determine tumor 
boundaries and resection ranges. Large tumor size can 
make complete liver mobilization and extraparenchymal 
inflow control difficult. In such cases, extraparenchymal 
control of the main hepatic veins or the inferior vena cava 
is preferred. This method can substantially reduce both 
operative bleeding and the risk of rupture.23 Microscopic 

Figure 1 The included patient flowchart and study design.
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absence of remaining tumors including around the margin 
was defined as R0 resection.24

Follow-Up
During the first year, patients who underwent hepatectomy 
were followed up by telephone or outpatient visits every 3 
months then once every 6 months subsequently. Routine 
follow-up examination included abdominal b-ultrasound, 
liver function and level of serum a-fetoprotein (AFP). CT 
with or without MRI of the liver was conducted once 
every 6 months. Tumor recurrence was considered when 
new lesions were detected on two imaging examinations or 
AFP continued to rise. The interval between the surgical 
operation date to the final date of follow-up or death was 
used to measure overall survival (OS), while the duration 
from the date of surgery to the initial diagnosed recurrence 
was used to determine recurrence-free survival (RFS).21 

March 2016 was the last date of follow-up for all patients.

Statistical Analysis
In this study, data were presented in categorical variables, 
stated as percentages, while Fisher’s exact or the Chi- 
squared were used to test for differences between vari-
ables. Multivariate and univariate analyses through the 
Cox proportional hazards model were employed to deter-
mine independent prognostic factors for survival. The rms 
package of R software (version 3.5.1) was applied to the 
training cohort to construct a nomogram based on the 
independent predictors. The nomogram’s performance 
was tested using calibration curves and the concordance 
index (C-index) which were derived and presented for this 
purpose. The comparison of C-indices between the nomo-
gram and other predictors was performed using the 
R Hmisc package, specifically, the rcorrp.cens function.18 

In the validation cohort, calibration evaluation and valida-
tion of the nomogram were conducted with a bootstrap of 
1000 samples.25 From the training cohort, version 3.6.1 of 
X-tile software from Yale University School of Medicine 
(Connecticut, United States)26 calculated the optimum 
APRI threshold level. The validation cohort then verified 
its precision. The R package survminer was used to mea-
sure variable survival distribution, while the rmda package 
was employed for a net benefit-dependent decision curve 
analysis (DCA).27 The 23rd version of SPSS (IBM, 
New York, United States) was used alongside R software 
to carry out statistical tests and two-tailed probability 
values of P<0.05 were considered statistically significant.

Results
Patients Clinicopathologic Characteristics
This study observed early-stage HCC patients amounting 
to 901 in total. Validation and training cohorts were estab-
lished using the random number table method to achieve 
a 1:1 distribution for each cohort. Table 1 outlines the 
patient clinicopathologic traits. The proportion of male 
patients was 84.0%, while among all patients, ages ranged 
from 18 to 83 years with 52.2±10.7 years being the aver-
age. The most common etiology was hepatitis B (88.6%). 
Patients with HBV-DNA level exceeding 2000 IU/mL 
were 46.2% of the total, while 56.6% of patients devel-
oped liver cirrhosis. Additionally, almost all patients 
(97.6%) had a Child-Pugh score of A. With respect to 
the tumor status, 876 (97.2%) cases presented with 
a single nodule and 342 (38.0%) patients had tumor size 
greater than 5 cm. Regarding pathological reports, 265 
(29.4%) patients were MVI positive and 253 (28.1%) 
cases had satellite lesions. Edmondson-Steiner grade III 
+IV was identified in 714 (79.2%) patients. As for tumor 
staging, 90.0% and 61.2% of patients were classified as 
BCLC stage A and AJCC eighth stage IB, respectively. 
Apart from age, the validation and training cohorts were 
otherwise similar in most respects. All included patients 
underwent open surgery, with an average operation time of 
127.9±40.4 minutes and an average hospital stay of 17.3 
±8.2 days. Post-hepatectomy liver failure was observed in 
6 (0.6%) patients, and postoperative 30-day and 90-day 
mortality were observed in 6 (0.6%) and 21 (2.3%) 
patients, respectively. Perioperative complications mainly 
included pleural effusion in 81 cases (9.0%), pneumonia in 
9 cases (1.0%), bile leakage in 52 cases (5.8%), post-
operative hemorrhage in 11 cases (1.2%), incision infec-
tion in 20 cases (2.2%), and gastric retention in 8 
cases (0.9%).

Patients Characteristics Stratified by APRI 
and Prognostic Value of APRI
The validation and training cohort median APRI values 
were 0.54 (range, 0.12–2.79) and 0.58 (range, 0.08–-
2.71), respectively. X-tile software facilitated a clear dis-
tinction between poor and favorable prognostic 
outcomes. It revealed an APRI threshold of 0.9 in the 
training cohort (Supplemental Figure S1). The threshold 
value was used to classify patients into low and high 
(≤0.9, >0.9, respectively) APRL categories 
(Supplemental Table S1). High ARPI patients in both 
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Table 1 Clinicopathologic Characteristics of Patients with Early Stage HCC in the Training and Validation Cohorts

Total Patients Training Cohort Validation Cohort

Variables n=901 n=451 n=450 P value

Sex

Male 757 (84.0%) 383 (84.9%) 374 (83.1%) 0.458
Female 144 (16.0%) 68 (15.1%) 76 (16.9%)

HBsAg

Negative 103 (11.4%) 46 (10.2%) 57 (12.7%) 0.245

Positive 798 (88.6%) 405 (89.8%) 393 (87.3%)

Age, y

≤60 693 (76.9%) 328 (72.7%) 365 (81.1%) 0.003
>60 208 (23.1%) 123 (27.3%) 85 (18.9%)

PLT, x10^9/L
≤100 158 (17.5%) 81 (18.0%) 77 (17.1%) 0.738

>100 743 (82.5%) 370 (82.0%) 373 (82.9%)

TB, μmol/L

<34.2 891 (98.9%) 445 (98.7%%) 446 (99.1%%) 0.753

≥34.2 10 (1.1%) 6 (1.3%%) 4 (0.9%%)

ALB, g/L

≥40 646 (71.7%) 322 (71.4%) 324 (72.0%) 0.841
<40 255 (28.3%) 129 (28.6%) 126 (28.0%)

ALT, IU/L
≤50 676 (75.0%) 345 (76.5%) 331 (73.6%) 0.308

>50 225 (25.0%) 106 (23.5%) 119 (26.4%)

AST, IU/L

≤40 592 (65.7%) 295 (65.4%) 297 (66.0%) 0.852

>40 309 (34.3%) 156 (34.6%) 153 (34.0%)

GGT, IU/L

≤60 472 (52.4%) 234 (51.9%) 238 (52.9%) 0.763
>60 429 (47.6%) 217 (48.1%) 212 (47.1%)

LDH, IU/L
≤225 725 (80.5%) 361 (80.0%) 364 (80.9%) 0.749

>225 176 (19.5%) 90 (20.0%) 86 (19.1%)

ALP, U/L

≤130 792 (87.9%) 393 (87.1%) 399 (88.7%) 0.482

>130 109 (12.1%) 58 (12.9%) 51 (11.3%)

HBV-DNA load, IU/mL

<2000 485 (53.8%) 245 (54.3%) 240 (53.3%) 0.766
≥2000 416 (46.2%) 206 (45.7%) 210 (46.7%)

AFP, μg/L

≤400 594 (65.9%) 299 (66.3%) 295 (65.6%) 0.814

>400 307 (34.1%) 152 (33.7%) 155 (34.4%)

CEA, μg/L

≤10 892 (99.0%) 447 (99.1%) 445 (98.9%) 0.997
>10 9 (1.0%) 4 (0.9%) 5 (1.1%)

(Continued)
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Table 1 (Continued). 

Total Patients Training Cohort Validation Cohort

CA19-9, μg/L

≤39 738 (81.9%) 376 (83.4%) 362 (80.4%) 0.254

>39 163 (18.1%) 75 (16.6%) 88 (19.6%)

APRI

≤0.9 686 (76.1%) 344 (76.3%) 342 (76.0%) 0.923
>0.9 215 (23.9%) 107 (23.7%) 108 (24.0%)

Blood loss, mL
<400 691 (76.7%) 341 (75.6%) 350 (77.8%) 0.442

≥400 210 (23.3%) 110 (24.4%) 100 (22.2%)

Tumor number

Single 876 (97.2%) 438 (97.1%) 438 (97.3%) 0.844

Multiple 25 (2.8%) 13 (2.9%) 12 (2.7%)

Tumor size, cm

≤5 559 (62.0%) 273 (60.5%) 286 (63.6%) 0.350
>5 342 (38.0%) 178 (39.5%) 164 (36.4%)

MVI
No 636 (70.6%) 314 (69.6%) 322 (71.6%) 0.524

Yes 265 (29.4%) 137 (30.4%) 128 (28.4%)

Satellite lesions

No 648 (71.9%) 327 (72.5%) 321 (71.3%) 0.695
Yes 253 (28.1%) 124 (27.5%) 129 (28.7%)

Liver cirrhosis
No 391 (43.4%) 194 (43.0%) 197 (43.8%) 0.817

Yes 510 (56.6%) 257 (57.0%) 253 (56.2%)

Edmondson-Steiner grade

I+II 187 (20.8%) 95 (21.1%) 92 (20.4%) 0.819

III+IV 714 (79.2%) 356 (78.9%) 358 (79.6%)

Child-Pugh (A/B)

A 879 (97.6%) 439 (97.3%) 440 (97.8%) 0.670
B 22 (2.4%) 12 (2.7%) 10 (2.2%)

TNM stage (AJCC eighth)
IA 90 (10.0%) 49 (10.9%) 41 (9.1%) 0.445

IB 551 (61.2%) 267 (59.2%) 284 (63.1%)

II 260 (28.9%) 135 (29.9%) 125 (27.8%)

BCLC stage

0 90 (10.0%) 49 (10.9%) 41 (9.1%) 0.380
A 811 (90.0%) 402 (89.1%) 409 (90.9%)

Notes: P value: training cohort versus validation cohort. P<0.05 was defined as statistical significance. 
Abbreviations: HCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; PLT, platelets; TB, total bilirubin; ALB, albumin; ALT, alanine transaminase; AST, 
aspartate aminotransferase; GGT, γ-glutamyl transferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; HBV-DNA, hepatitis B virus deoxyribonucleic acid; AFP, 
a-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19–9; APRI, aspartate aminotransferase-to-platelet ratio index; MVI, microvascular invasion; 
TNM, TNM Classification of Malignant Tumors; AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer.
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cohorts had a poorer liver function. For instance, a higher 
proportion of them had elevated total bilirubin, alanine 
transaminase, aspartate aminotransferase, γ-glutamyl 
transferase, lactate dehydrogenase and alkaline phospha-
tase, while levels of serum albumin and platelets were 
lower (all P <0.05). They also had higher rates of liver 
cirrhosis and comprised a greater proportion with ele-
vated serum CA199 and HBV-DNA levels, compared 
with low APRI patients (P<0.05). However, there was 
no significant difference between high and low APRI 
groups in tumor status.

As shown in Figure 2A, the high ARPI group had 
significantly lower one-, three- and five-year OS rates 
than the low ARPI group (79.4%, 59.3% and 49.2%, 
respectively, versus 91.0%, 79.1% and 68.2%, respec-
tively, P<0.01). The validation cohort confirmed the prog-
nostic accuracy of APRI. The validation results (Figure 
2B) showed that the high ARPI group also had signifi-
cantly lower one-, three- and five-year OS rates than the 
low ARPI group (83.1%, 66.9% and 53.6%, respectively, 
versus 89.8%, 75.8% and 66.2%, respectively, P=0.041).

Survival Analysis
All patients were followed up for 3–86 months with 
a median duration of 64 months. The training cohort’s 
two-, three- and four-year cumulative RFS rates were 
68.6%, 61.6% and 52.7%; while OS rates were 78.6%, 
74.9% and 67.8%, respectively. The validation cohort’s 
cumulative two-, three- and four-year RFS rates were 
63.7%, 58.2% and 52.3%, while OS rates were 77.3%, 
73.9% and 68.3%, respectively. The respective validation 

and training cohort median RFS durations were 54 and 56 
months.

Independent Risk Factors of OS and RFS 
in the Training Cohort
Table 2 summarizes the multivariate and univariate ana-
lyses of the training cohort which showed that when APRI 
was above 0.9 (RFS: HR=1.535, 95% CI:1.093–2.156, 
P=0.013; OS: HR=1.667, 95% CI:1.096–2.536, 
P=0.017), blood loss was more than 400 mL (RFS: 
HR=1.419, 95% CI:1.044–1.928, P=0.025; OS: 
HR=1.671, 95% CI:1.178–2.370, P=0.004), multiple 
tumors (RFS: HR=2.389, 95% CI:1.219–4.681, P=0.011; 
OS: HR=3.957, 95% CI:1.904–8.222, P<0.001), tumors 
larger than five centimeters (RFS: HR=1.754, 95% 
CI:1.270–2.422, P=0.001; OS: HR=2.637, 95% 
CI:1.756–3.961, P<0.001), MVI positivity (RFS: 
HR=1.571, 95% CI:1.169–2.112, P=0.003; OS: 
HR=1.905, 95% CI:1.342–2.705, P<0.001), satellite 
lesions (RFS: HR=1.370, 95% CI:1.019–1.840, P=0.037; 
OS: HR=1.645, 95% CI:1.162–2.329, P=0.005) and liver 
cirrhosis (RFS: HR=1.485, 95% CI:1.091–2.021, P=0.012; 
OS: HR=1.553, 95% CI:1.072–2.249, P=0.020) correlated 
with poorer RFS and OS. In addition, male gender 
(HR=1.583, 95% CI:1.024–2.449, P=0.039) and ALB 
less than 40 g/L (HR=1.445, 95% CI:1.085–1.925, 
P=0.012) also correlated with diminished RFS.

Construction and Validation of the OS 
Nomogram
The prognostic nomogram was constructed from all seven 
separate OS risk factors in the training group (Figure 3). 

Figure 2 HCC patient Kaplan–Meier curves stratified by APRI in the training cohort (A) and validation cohort (B). 
Abbreviations: HCC, hepatocellular carcinoma; APRI, aspartate aminotransferase-to-platelet ratio index.
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Each individual risk factor had a specific score, and the 
individualized grade of each included patient was defined 
by the sum of points from the seven predictors. The 
projections from the total points on the scale (range, 
0–300) indicated the probability of survival at 2-, 3-, and 
4-year. From the training group, the nomogram’s C-index 
for predicting survival was 0.752 (95% CI: 0.706–0.798), 

while enhanced alignment between two-, three- and four- 
year predictions and manifested outcomes was shown by 
the calibration curves (Figure 4A–C). In parallel, the OS 
nomogram’s C-index from the validation group was 0.701 
(95% CI: 0.654–0.748), while the idealized 45° line was 
harmonious with two-, three- and four-year OS calibration 
curves (Figure 4D–F).

Table 2 Univariate and Multivariate Analysis of the Training Cohort for OS and RFS

OS RFS

Variables HR 95% CI P value HR 95% CI P value

Univariate

Sex (Female/Male) 1.404 0.869–2.268 0.165 1.663 1.098–2.519 0.016

HBsAg (Negative/Positive) 0.872 0.534–1.424 0.584 1.269 0.802–2.008 0.309

Age (≤60/>60, y) 1.295 0.926–1.811 0.131 1.168 0.880–1.550 0.281
PLT (≤100/>100, x10^9/L) 0.877 0.592–1.299 0.514 0.832 0.602–1.150 0.265

TB (≥34.2/<34.2, μmol/L) 1.915 0.611–6.009 0.265 1.262 0.404–3.943 0.689

ALB (<40/≥40, g/L) 1.302 0.934–1.814 0.120 1.674 1.278–2.191 <0.001
ALT (>50/≤50, IU/L) 1.320 0.932–1.869 0.118 1.495 1.125–1.987 0.006

AST (>40/≤40, IU/L) 1.883 1.376–2.577 <0.001 1.675 1.288–2.178 <0.001

GGT (>60/≤60, IU/L) 1.910 1.389–2.627 <0.001 1.668 1.286–2.163 <0.001
LDH (>225/≤225, IU/L) 2.495 1.783–3.492 <0.001 1.930 1.437–2.591 <0.001

ALP (>130/≤130, U/L) 2.273 1.540–3.353 <0.001 1.696 1.177–2.445 0.005

HBV-DNA (≤2000/>2000, IU/mL) 1.688 1.232–2.312 0.001 1.495 1.154–1.936 0.002
AFP (>400/≤400, μg/L) 1.899 1.387–2.598 <0.001 1.367 1.046–1.787 0.022

CEA (≤10/>10, μg/L) 0.827 0.116–5.907 0.850 1.057 0.263–4.253 0.938

CA199 (>39/≤39, μg/L) 1.238 0.836–1.834 0.286 1.307 0.943–1.810 0.107
APRI (≤0.9/>0.9) 1.910 1.369–2.663 <0.001 1.821 1.374–2.413 <0.001

Blood loss (≥400/<400, mL) 2.388 1.731–3.294 <0.001 1.733 1.310–2.292 <0.001

Tumor number (Single/Multiple) 2.903 1.479–5.697 0.002 2.616 1.383–4.946 0.003
Tumor size (>5/≤5, cm) 3.151 2.288–4.340 <0.001 1.934 1.493–2.505 <0.001

MVI (No/Yes) 3.021 2.209–4.132 <0.001 1.949 1.491–2.549 <0.001
Satellite lesions (No/Yes) 2.159 1.571–2.967 <0.001 1.650 1.255–2.171 <0.001

Livers cirrhosis (No/Yes) 1.410 1.019–1.950 0.038 1.545 1.180–2.024 0.002

Edmondson-Steiner grade (I+II/III+IV) 1.900 1.211–2.982 0.005 1.294 0.932–1.798 0.124
Child-Pugh (A/B) 0.708 0.226–2.221 0.554 0.632 0.235–1.700 0.364

Multivariate

APRI (≤0.9/>0.9) 1.667 1.096–2.536 0.017 1.535 1.093–2.156 0.013

Blood loss (≥400/<400, mL) 1.671 1.178–2.370 0.004 1.419 1.044–1.928 0.025
Tumor number (Single/Multiple) 3.957 1.904–8.222 <0.001 2.389 1.219–4.681 0.011

Tumor size (>5/≤5, cm) 2.637 1.756–3.961 <0.001 1.754 1.270–2.422 0.001

MVI (No/Yes) 1.905 1.342–2.705 <0.001 1.571 1.169–2.112 0.003
Satellite lesions (No/Yes) 1.645 1.162–2.329 0.005 1.370 1.019–1.840 0.037

Livers cirrhosis (No/Yes) 1.553 1.072–2.249 0.020 1.485 1.091–2.021 0.012

Sex (Female/Male) 1.583 1.024–2.449 0.039
ALB (<40/≥40, g/L) 1.445 1.085–1.925 0.012

Note: P<0.05 was defined as statistical significance. 
Abbreviations: OS, overall survival; RFS, recurrence-free survival; HBsAg, hepatitis B surface antigen; PLT, platelets; TB, total bilirubin; ALB, albumin; ALT, alanine 
transaminase; AST, aspartate aminotransferase; GGT, γ-glutamyl transferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; HBV-DNA, hepatitis B virus deoxyr-
ibonucleic acid; AFP, a-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19–9; APRI, aspartate aminotransferase-to-platelet ratio index; MVI, 
microvascular invasion.
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Performance Comparison of the 
APRI-Based Nomogram and Other 
Predictors
The APRI-based nomogram we established was compared 
with other predictors including seven independent risk 
factors, AJCC eighth and BCLC staging systems to deter-
mine the optimal prediction model (Table 3). When com-
pared to C-indices of APRI (0.568), blood loss (0.593), 
tumor number (0.520), tumor size (0.651), MVI (0.632), 
satellite lesions (0.593), liver cirrhosis (0.538), AJCC 
eighth (0.664) and BCLC stage (0.550), the training cohort 
nomogram C-index (0.752) was significantly higher (all 
P<0.001). Concurrently, comparing C-indices of APRI 
(0.537), blood loss (0.552), tumor number (0.500), tumor 
size (0.620), MVI (0.592), satellite lesions (0.608), liver 
cirrhosis (0.516), AJCC eighth (0.609) and BCLC stage 
(0.533) to the nomogram’s C-index (0.701) in the valida-
tion cohort revealed that it was also significantly higher 
(all P<0.001). A nomogram based on APRI was hence 

demonstrated to be the most optimal prediction model for 
OS in patients with early-stage HCC following liver 
resection.

Assessment of the Discriminative Ability 
of the APRI-Based Nomogram
In the APRI-based nomogram, each risk factor corre-
sponds to a specific score. The total points for each patient 
were derived from the nomogram. In the training and 
validation cohorts, these total points ranged from 0 to 
253. Using X-tile software, all patients were split into 
low-, middle- and high-risk groups by cut-off scores of 
101 and 179 for the training cohort, and 69 and 171 for the 
validation cohort. As shown in Figure 5, the Kaplan–Meier 
curves of OS indicated clear and distinct prognosis rates in 
each risk group for training (Figure 5A) and validation 
(Figure 5B) cohorts. This means that the APRI-based 
nomogram can accurately stratify patients into different 
risk groups for early-stage HCC.

Figure 3 Survival predicting nomogram based on APRI for early-stage HCC patients. 
Abbreviations: APRI, aspartate aminotransferase-to-platelet ratio index; MVI, microvascular invasion.
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Decision Curve Analysis of the 
APRI-Based Nomogram
DCA is a new technique for assessing clinical predictive 
models by examining the range of threshold probabilities 
and overall therapeutic advantage.27 The greatest overall 

advantage attained through predicting survival over 
a broad range of threshold probabilities in the DCA was 
shown by the nomogram based on APRI which performed 
better than other predictors in the training (Figure 6A) and 
validation (Figure 6B) cohorts. Moreover, it showed that 

Figure 4 APRI-based nomogram calibration curves for predicting overall survival (OS) at two-, three-and four-year. (A–C) Two-, three-and four-year OS in the training 
cohort. (D–F) Two-, three-and four-year OS in the validation cohort. 
Abbreviation: APRI, aspartate aminotransferase-to-platelet ratio index.

Table 3 The Nomogram C-Index for OS and Other Predictors

Training Cohort Validation Cohort

Predictors C-Index 95% CI P value C-Index 95% CI P value

Nomogram 0.752 0.706–0.798 0.701 0.654–0.748
APRI 0.568 0.535–0.601 <0.001 0.537 0.503–0.571 <0.001

Blood loss 0.593 0.560–0.626 <0.001 0.552 0.519–0.585 <0.001

Tumor number 0.520 0.508–0.532 <0.001 0.500 0.486–0.513 <0.001
Tumor size 0.651 0.613–0.689 <0.001 0.620 0.582–0.658 <0.001

MVI 0.632 0.597–0.668 <0.001 0.592 0.557–0.627 <0.001

Satellite lesions 0.593 0.558–0.628 <0.001 0.608 0.574–0.643 <0.001
Livers cirrhosis 0.538 0.498–0.578 <0.001 0.516 0.475–0.556 <0.001

TNM stage 0.664 0.624–0.704 <0.001 0.609 0.570–0.648 <0.001

BCLC stage 0.550 0.524–0.577 <0.001 0.533 0.508–0.557 <0.001

Notes: P value: nomogram versus other predictors. P<0.05 was defined as statistical significance. 
Abbreviations: C-index, concordance index; OS, overall survival; CI, confidence interval; APRI, aspartate aminotransferase-to-platelet ratio index; MVI, microvascular 
invasion; BCLC, Barcelona Clinic Liver Cancer; TNM, TNM Classification of Malignant Tumors.
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the APRI-based nomogram was more suitable for clinical 
application in early-stage HCC.

Discussion
We retrospectively assessed a total of 901 early-stage HCC 
patients following hepatic resection in this study. Several 
major results were identified and validated. Firstly, 0.9 as 
the cut-off value of APRI in the training cohort enabled 
a clear distinction of poor outcomes and favorable prog-
noses. Importantly, the criterion was validated in the vali-
dation cohort. Secondly, APRI was a poor, separate 
determinant of survival and recurrence for post-surgery 
early-stage HCC patients. Thirdly, a prognostic nomogram 
based on APRI for the prediction of individualized patient 
survival of early-stage HCC was constructed and also 
validated. Our prognostic nomogram showed more 

accurate prediction and optimal distinctive capability. 
Validation and training cohort C-indices of 0.701 and 
0.752, respectively, were obtained when compared with 
other predictors. Moreover, DCA also demonstrated that 
the prognostic nomogram was more suitable for clinical 
application in early-stage HCC with a superior net benefit 
to other predictors.

The current gold standard for histological liver analysis 
in chronic hepatitis patients is a liver biopsy. Nevertheless, 
its clinical application is restricted due to its invasiveness, 
risk of painful tissue damage, injury to the bile duct, 
hemorrhage and its expense.11 Thus, several noninvasive 
tools have been developed to surrogate liver biopsy and 
applied on patients with hepatitis to measure the extent of 
liver fibrosis. Recent studies suggested that APRI was 
a simple, effective and noninvasive method in ascertaining 

Figure 5 Kaplan–Meier curves of overall survival (OS) for risk groups in the training cohort (A) and validation cohort (B).

Figure 6 Decision curve analysis (DCA) of the APRI-based nomogram and other predictors for overall survival (OS) in the training cohort (A) and validation cohort (B). 
The x-axis and the y-axis represent threshold predicted probability and net benefit, respectively. Solid black line: absence of patients experiencing the event. Solid gray line: 
all patients will die. Each predictor had a line with a corresponding color. The blue bar within the red horizontal line indicated that the nomogram was not the optimal model 
in this section. Generally, the APRI-based nomogram showed more net benefit with a wider range of threshold probabilities than other predictors. 
Abbreviation: APRI, aspartate aminotransferase-to-platelet ratio index.
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liver cirrhosis and fibrosis stages for chronic hepatitis B or 
C patients.28,29 Moreover, APRI has been reported to be 
a separate determinant in HCC patients following curative 
resection, radiofrequency ablation and transarterial 
chemoembolization.30,31 Consistent with the above results, 
our study also demonstrated that elevated APRI measure-
ments correlated with dismal prognoses. We used X-tile 
software, relying on the principles of the time-dependent 
technique to establish the APRI threshold offering optimal 
performance. Moreover, a validation cohort was developed 
to assess the stability of APRI. The results showed that an 
APRI threshold of 0.9 was the best predictor of prognosis 
for patients with early-stage HCC treated by curative 
resection. Importantly, APRI stability was verified in the 
validation cohort. The APRI threshold we present here is 
slightly different from that in previous reports. Using 
receiver operating characteristic curves for post-surgical 
hepatitis B-related hepatocellular carcinoma patients, 
Hung et al12 and Shen et al32 developed thresholds of 
0.47 and 0.62, respectively. Divergent cut-off value analy-
sis methods and different etiology of HCC may be respon-
sible for the differences with this study. Additionally, 
tumor status, sample size and criteria for patient inclusion 
were also important reasons for the differences. Hung et -
al12 study enrolled 76 patients with small (<5 cm) solitary 
HBV-related HCC, the median tumor size was 2.5 cm, 
which was significantly smaller than the tumor size in 
our study (median tumor size of 4.2 cm). Shen et al32 

included 332 HCC patients with a mean tumor size of 
8.76 cm, while 25.6% patients with macrovascular inva-
sion and 20.8% patients with portal vein tumor thrombi. 
However, such patients were not included in our study. 
Although the cut-off values of APRI were different, the 
views were consistent that a low APRI predicts better 
overall survival.

The exact mechanism operating between APRI and 
poor prognosis of HCC patients after hepatectomy is still 
unclear. It may be related to the following reasons. Firstly, 
hepatocellular inflammation caused by hepatitis virus 
infection and alcohol consumption is a leading cause of 
HCC pathogenesis.22 AST, which exists in the mitochon-
dria of hepatocytes, is a reliable and sensitive biological 
indicator of inflammation in the liver. AST from the liver 
can be released into blood serum following disease of the 
liver that injures hepatic mitochondria, which indicates 
that liver function has been seriously damaged. 
Moreover, hepatocyte injury is closely associated with 
liver carcinogenesis.33 Secondly, circulating platelets 

have a dual role in the liver. Platelets are closely related 
to liver regeneration, which can promote hepatocellular 
regeneration and reflect the degree of liver function.34 In 
contrast, it has been reported that platelets can interact 
with cancer cells and promote tumor growth.35 Thus, an 
APRI encompassing AST and platelets could assess the 
reserve liver function of a patient and predict an indivi-
dualized prognosis after surgery. As the study results have 
indicated, HCC patients with APRI >0.9 had a worse 
prognosis and recurrence. Therefore, an elevated APRI 
indicates severe impairment of liver function and poor 
tumor prognosis.

A nomogram, constructed using independent risk fac-
tors, is an intuitive statistical model that can maximize 
prediction accuracy and estimate individualized prognosis. 
In several cancer types, nomograms with more accurate 
prediction and performance than other models for evaluat-
ing prognosis have been developed and validated.18,36 In 
the present study, of all the predictors incorporated into the 
prognostic nomogram, that is: liver cirrhosis, blood loss of 
more than 400 mL, multiple tumor, tumor size greater than 
5 cm, MVI and satellite lesions have been demonstrated to 
be associated with the prognosis of HCC.37–39 The APRI 
was shown to have a superior survival predictive ability 
than AST and PLT from multivariate analysis. Moreover, 
there is no literature reporting previous use of an APRI- 
based nomogram for predicting early-stage HCC patient 
prognosis. Thus, the APRI-based nomogram consisting of 
tumor status, blood loss and liver function was constructed 
to offer personalized survival for early-stage HCC patients 
after radical resection. The APRI-based nomogram dis-
played more accurate survival prediction and superior 
performance than other predictors according to the 
C-indexes, calibration plots and DCA. The validation 
group verified the nomogram’s stability.

Among all staging systems for HCC, BCLC and AJCC 
eighth TNM stage are the most widely used tools. In this 
study, both above-mentioned systems demonstrated the 
ability to classify HCC patients into different risk cate-
gories (Supplemental Figure S2A and B). However, our 
APRI-based nomogram compared with AJCC eighth TNM 
and BCLC staging systems showed more accuracy in 
stratify patients into different risk groups using X-tile 
software.26 X-tile software which is based on principles 
of the time-dependent technique can divide a population 
into low-, middle-, and high-risk groups and display an 
associated Kaplan–Meier curve with statistical signifi-
cance. This can provide more patient information and 
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help surgeons to make clinical decisions. Furthermore, the 
C-index, calibration plots and DCA provided overwhelm-
ing support for the APRI-based nomogram as the early- 
stage HCC optimal survival predictive model. Using this 
nomogram, surgeons can develop favorable postoperative 
decision-making and individualized surveillance 
strategies.

The utility of data produced by this study has several 
drawbacks. Firstly, the nomogram was retrospectively 
derived using a single center’s data with selective bias 
and further validation of the results through other prospec-
tive studies is needed. Secondly, most patients included in 
this study had a background of HBV infection (88.6%), 
thus, a multicenter trial with a large cohort stratified by 
different etiologies is needed to validate our results. 
Thirdly, our nomogram was not compared with HKLC 
system in prediction ability to identify which model was 
better, it should be further verified in the follow-up study. 
Fourthly, the nomogram was only suitable for the predic-
tion of survival in early-stage HCC patients and may 
ineligible for intermediate-stage and advanced HCC.

Conclusions
In conclusion, APRI was a noninvasive and accurate prog-
nostic marker for early-stage HCC patients. APRI eleva-
tions were linked to dismal HCC prognosis. In addition, 
we produced and validated an APRI-based nomogram for 
early-stage HCC patients after hepatic resection. The 
results showed that the APRI-based nomogram was asso-
ciated with more accurate prediction and better perfor-
mance compared with other predictors in prognosticating 
two-, three- and four-year patient HCC survival, which 
plays an important role for surgeons when guiding deci-
sion-making and individualized surveillance strategies in 
patients.

Abbreviations
APRI, aspartate aminotransferase to platelets; HCC, hepa-
tocellular carcinoma; DCA, decision curve analyses; 
C-index, concordance index values; AST/ALT, aspartate 
aminotransferase-to-alanine aminotransferase; NLR, neu-
trophil-to-lymphocyte; PLR, platelet to lymphocyte; 
BCLC, Barcelona Clinic Liver Cancer; PLT, platelets; 
AJCC, American Joint Committee on Cancer; MVI, 
microvascular invasion; MRI, magnetic resonance ima-
ging; CT, contrast-enhanced computed tomography; AFP, 
a-fetoprotein; OS, overall survival; RFS, recurrence-free 
survival.
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