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INTRODUCTION

Surgical resection of hepatocellular carcinoma (HCC) 
is the first-line treatment option with curative intent in 
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Objective: To evaluate the performance of predicting early recurrence using preoperative factors only in comparison with 
using both pre-/postoperative factors.
Materials and Methods: We retrospectively reviewed 549 patients who had undergone curative resection for single 
hepatcellular carcinoma (HCC) within Milan criteria. Multivariable analysis was performed to identify pre-/postoperative high-
risk factors of early recurrence after hepatic resection for HCC. Two prediction models for early HCC recurrence determined 
by stepwise variable selection methods based on Akaike information criterion were built, either based on preoperative factors 
alone or both pre-/postoperative factors. Area under the curve (AUC) for each receiver operating characteristic curve of the two 
models was calculated, and the two curves were compared for non-inferiority testing. The predictive models of early HCC 
recurrence were internally validated by bootstrap resampling method.
Results: Multivariable analysis on preoperative factors alone identified aspartate aminotransferase/platelet ratio index (OR, 
1.632; 95% CI, 1.056–2.522; p = 0.027), tumor size (OR, 1.025; 95% CI, 0.002–1.049; p = 0.031), arterial rim enhancement 
of the tumor (OR, 2.350; 95% CI, 1.297–4.260; p = 0.005), and presence of nonhypervascular hepatobiliary hypointense 
nodules (OR, 1.983; 95% CI, 1.049–3.750; p = 0.035) on gadoxetic acid-enhanced magnetic resonance imaging as significant 
factors. After adding postoperative histopathologic factors, presence of microvascular invasion (OR, 1.868; 95% CI, 1.155–
3.022; p = 0.011) became an additional significant factor, while tumor size became insignificant (p = 0.119). Comparison of 
the AUCs of the two models showed that the prediction model built on preoperative factors alone was not inferior to that 
including both pre-/postoperative factors {AUC for preoperative factors only, 0.673 (95% confidence interval [CI], 0.623–
0.723) vs. AUC after adding postoperative factors, 0.691 (95% CI, 0.639–0.744); p = 0.0013}. Bootstrap resampling method 
showed that both the models were valid.
Conclusion: Risk stratification solely based on preoperative imaging and laboratory factors was not inferior to that based on 
postoperative histopathologic risk factors in predicting early recurrence after curative resection in within Milan criteria single 
HCC patients.
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patients with well-preserved liver function. Unfortunately, 
the recurrence rate within five years after curative resection 
has been reported to be as high as 50%, and more than 
80% of tumor recurrences occur in the liver (1-3). Among 
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them, intrahepatic metastasis usually occurs within the 
first 2 years after curative resection and is associated 
with a poorer prognosis (4, 5). Therefore, it is particularly 
important to individually assess the risk of postoperative 
tumor recurrence to predict the prognosis. However, the 
most widely accepted risk factors associated with increased 
risk of tumor recurrence are mostly histopathologic factors, 
such as microvascular invasion (MVI), worse tumor cell 
grade, and microsatellite nodules, which are available 
only after surgery (6-8). Extensive efforts have been 
made to identify high-risk factors of early HCC recurrence, 
which can be extracted from preoperative laboratory and/
or imaging studies (9-12). Recently, a few studies have 
reported that certain findings of gadoxetic acid-enhanced 
magnetic resonance imaging (MRI) reflect increased risk of 
early HCC recurrence (10, 12). However, to the best of our 
knowledge, previous literature fails to describe how well 
such preoperative factors can recapitulate the actual risk 
of early HCC recurrence, in comparison with postoperative 
histopathological factors.

In the current study, we searched for risk factors of 
early tumor recurrence in within Milan criteria single 
HCC patients who underwent curative resection, first 
by evaluating preoperative findings only, and then 
reassessed them by considering preoperative factors 
and postoperative histopathologic factors altogether. 
Next, two prediction models for early HCC recurrence 
either based on preoperative factors alone or both pre-/
postoperative factors were built, and a non-inferiority 
test was performed to compare their performance for risk 
stratification. The purpose of this study was to evaluate 
the performance of predicting early recurrence using 
preoperative factors only in comparison with using both 
pre-/postoperative factors.

MATERIALS AND METHODS

Study Population 
This was a retrospective study, conducted at a single, 

tertiary academic center. The Institutional Review Board 
approved this study and waived the requirement for 
informed consent. A study coordinator, with 14 years of 
experience in abdominal MRI, retrospectively searched our 
institution’s surgicopathologic, medical, and radiologic 
database between January 2010 and December 2014, to 
identify patients who met the following inclusion criteria: 1) 
high risk for HCC, with conditions such as chronic hepatitis, 

and liver cirrhosis (LC), according to American Association 
for the Study of Liver Diseases guidelines; 2) contrast-
enhanced liver computed tomography (CT), and gadoxetic 
acid-enhanced liver diffusion-weighted MRI, according to 
our standard protocol performed within two months prior to 
curative resection; 3) no prior treatment for HCC; 4) single 
HCC within the Milan criteria; and 5) at least two years of 
follow-up after surgery (13). A total of 549 patients met 
the inclusion criteria (Fig. 1), and their characteristics are 
shown in Table 1. The criteria for surgical resection of HCC 
are as follows: 1) Child’s classification of liver function 
of A or B with an indocyanine green (ICG) 15-minute 
retention rate < 30%; 2) tumors that involved no more than 
three Healey’s segments, without portal vein main trunk 
involvement or distant metastasis; and 3) absence of other 
major diseases that could complicate the surgery. The mean 
time interval between acquisition of MRI and surgery was 
18 days (range, 0–58 days). 

Liver CT and MR Technique
Multiphase liver CT composed of unenhanced, hepatic 

arterial, portal venous, and equilibrium (delayed) phases, 
was conducted with 64-multidetector CT scanners 
(Aquilion 64, Canon Medical Systems, Ottawara, Japan and 
LightSpeed VCT, GE Healthcare, Waukesha, WI, USA). MRI 
was performed using a 3T whole-body MR system (Intera 
Achieva 3.0T, Philips Healthcare, Best, The Netherlands), 
with a 32-channel phased-array coil used as a receiver coil. 

1235 consecutive patients with HCCs
underwent surgical resection for single

HCC (2010. 1–2014. 12)

355 patients without gadoxetic
acid enhanced MRI according

to our protocol

41 patients with less than 
2 year follow-up

290 patients with prior treatment
- 205 with TACE
- 48 with RFA
- 37 with prior surgery for HCC

880 patients with gadoxetic 
acid enhanced MRI

549 patients finally
included

Fig. 1. Flow diagram of patient selection for study.  
HCC = hepatocellular carcinoma, MRI = magnetic resonance imaging, 
RFA = radiofrequency ablation, TACE = transarterial chemoembolization
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Table 1. Characteristics of Included 549 Patients and Univariable Analysis

Factors
Total

(n = 549)
Early HCC 

Recurrence (n = 109)
No Early HCC 

Recurrence (n = 440)
Odds Ratio 
(95% CI)

P

Clinical factors
Age (year)* 55 (26–84) 55 (31–81) 56 (26–84) 0.99 (0.96–1.01) 0.388
Sex (male) 442 (80.5) 88 (80.7) 354 (80.5) 1.01 (0.60–1.73) 0.947
Cause of liver disease

Hepatitis B virus 465 (84.7) 94 (86.2) 371 (84.3) 1 (reference)
Hepatitis C virus 32 (5.8) 9 (8.3) 23 (5.2) 1.54 (0.69–3.44) 0.288
Other 52 (9.5) 6 (5.5) 46 (10.5) 0.51 (0.21–1.20) 0.139
Liver cirrhosis 247 (45.0) 60 (55.0) 187 (42.5) 1.65 (1.08–2.52) 0.019

Laboratory factors
AFP (ng/mL)* 17.5 (1.3–47524.4) 44.4 (1.3–8275.0) 13.8 (1.3–47524.4) 1.00 (1.00–1.00) 0.546
PIVKA-II* 37 (3–35940) 63 (13–7466) 35 (3–35940) 1.00 (1.00–1.00) 0.732
GGT* 35 (8–600) 44 (14–257) 3335 (8–600) 1.00 (0.99–1.00) 0.834

NLR*
1.559 

(0.539–10.750)
1.481 

(0.557–5.603)
1.577

 (0.539–10.750)
0.80 

(0.61–1.06)
0.129

APRI* 0.438 (0–3.953) 0.531 (0–3.953) 0.425 (0–3.196) 2.02 (1.36–3.06) < 0.001
NA‡ 32 (5.8) 6 (5.5) 26 (5.9) - -
≥ 0.413 291 (56.3) 72 (69.9) 219 (52.9) 2.068 (1.301–3.286) 0.002
< 0.413 226 (43.7) 31 (30.1) 195 (47.1) 1 (reference)

ALBI score* -3.12 (-3.79–1.82) -3.11 (-3.71–1.82) -3.12 (-3.79–1.99) 1.47 (0.74–2.90) 0.262
Imaging factors

Tumor size (mm)† 2.81 ± 1.03 3.02 ± 1.00 2.76 ± 1.03 1.24 (1.02–1.51) 0.018
≥ 35 177 (32.2) 51 (28.8) 126 (71.2) 1.018 (1.007–1.028) 0.001
< 35 372 (67.8) 58 (15.6) 314 (84.4) 1 (reference) -

Irregualr tumor contour 272 (49.5) 63 (57.8) 209 (47.5) 1.51 (0.99–2.31) 0.055
Typical HCC enhancement
  pattern

472 (86.0) 89 (81.7) 383 (87.0) 0.66 (0.37–1.15) 0.148

Capsule 374 (68.1) 77 (70.6) 297 (67.5) 1.15 (0.73–1.83) 0.528
Intratumoral fat 112 (20.4) 25 (22.9) 87 (19.8) 1.20 (0.72–2.00) 0.463
Satellite nodule 10 (1.8) 1 (0.9) 9 (2.0) 0.44 (0.05–3.53) 0.442
Arterial rim enhancement 75 (13.7) 24 (22.0) 51 (11.6) 2.15 (1.25–3.69) 0.005
Peritumoral enhancement 63 (11.5) 19 (17.4) 44 (10.0) 1.90 (1.05–3.40) 0.031
Pertumoral hypointensity 87 (15.8) 15 (13.8) 72 (16.4) 0.81 (0.44–1.48) 0.506
NHHN 64 (11.7) 21 (19.3) 43 (9.8) 2.20 (1.24–3.89) 0.006
ADC value 1023 (270–2791) 997 (643–1896) 1030 (270–2791) 1.00 (0.99–1.00) 0.508

Pathologic factors
Anatomic resection 66 (12.0) 12 (11.0) 54 (12.3) 0.88 (0.45–1.71) 0.716
Serosal invasion 2 (0.3) 1 (0.9) 1 (0.2) 4.06 (0.25–65.50) 0.322
Safety margin 289 (52.6) 62 (56.9) 227 (51.6) 1.26 (0.82–1.93) 0.278
Satellite nodule 12 (2.2) 6 (5.6) 6 (1.4) 4.21 (1.33–13.33) 0.014
Gross vascular invasion 10 (1.8) 3 (2.8) 7 (1.6) 1.75 (0.44–6.88) 0.422
MVI 196 (35.7) 57 (52.3) 139 (31.6) 2.37 (1.55–3.63) < 0.001
Edmonson grade - - - - 0.215

Grade 1 (reference) 50 (9.1) 4 (3.7) 46 (10.5) 1 (reference) -
Grade 2 460 (83.8) 97 (89.0) 363 (82.5) 3.07 (1.08–8.74) 0.035
Grade 3 37 (6.7) 8 (7.3) 29 (6.6) 3.17 (0.87–11.49) 0.078
Grade 4 2 (0.3) 0 (0) 2 (0.5) < 0.001 (< 0.001 to > 999.99) 0.986

Unless otherwise indicated, data are numbers with percentage in parentheses. *Data are medians with range in parentheses, †Data 
are means ± standard deviations, ‡NA (missing) cases. Percentages were calculated after excluding NA (missing) cases. ADC = 
apparent diffusion coefficient, AFP = alpha-fetoprotein, ALBI = albumin-bilirubin, APRI = AST/platelet ratio index, AST = aspartate 
aminotransferase, CI = confidence interval, GGT = gamma-glutamyl transferase, HCC = hepatocellular carcinoma, MVI = microvascular 
invasion, NA = non-assessable, NHHN = nonhypervascular hepatobiliary hypointense nodule, NLR = neutrophil/lymphocyte ratio, 
PIVKA-II = protein induced by vitamin K absence-II
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Gadoxetic acid (Primovist, Schering AG, Berlin, Germany) 
was used as a contrast agent. Details of imaging techniques 
of liver CT and MRI are provided in the Supplementary 
Materials.

Assessed Preoperative Factors 
The included clinical, laboratory, and imaging factors 

for this study are listed in Table 1. Among the laboratory 
factors that have been reported to be related with HCC 
recurrence in previous studies, those that were evaluated 
within one month before surgery were recorded (9, 14-17). 
The formulae of the calculated factors including neutrophil/
lymphocyte ratio (NLR), aspartate aminotransferase (AST)/
platelet ratio index (APRI), and albumin-bilirubin (ALBI) 
score in this study were as follows:

NLR = neutrophil count / lymphocyte count;
APRI = (AST [IU/L] / upper limit normal of AST / platelet 

[x 109/L]) x 100; and
ALBI score = (log 10 bilirubin [μmoL/L] x 0.66) + 

(albumin [g/L] x -0.085).
Imaging factors evaluated in this study were selected 

based on previous literature (10, 12, 18-26). For imaging 
analysis, two abdominal radiologists (each with 20 and 
17 years of liver MRI interpretation experience) who 
were blinded to the clinicopathological data of the 
patients, reviewed the MR images independently on 
picture archiving, and communication system (Pathspeed, 
GE Medical Systems Integrated Imaging Solutions, 
Mount Prospect, IL, USA). Consensus data were used for 
image analysis. Details for assessed imaging factors and 
interobserver agreements are provided in Supplementary 
Materials. One reviewer measured the apparent diffusion 
coefficient (ADC) values of the tumors, using a manually 
drawn round region of interest (ROI) on the ADC map. ROI 
was drawn three times for each tumor, and the average 
value was used as the ADC value. The ROI was drawn on 
the axial slice at the largest cross-sectional area of the 
tumor, for uniformity of ROI placement at homogeneous 
solid components. Cystic, necrotic, or hemorrhagic areas, if 
any, were avoided as much as possible.

Pathologic Factors
The study coordinator reviewed the pathologic reports of 

the resected HCCs and recorded the following: 1) anatomic 
resection vs. nonanatomic resection, 2) serosal invasion, 3) 
safety margin (≤ 1 cm vs. > 1 cm), 4) presence of satellite 
nodule, 5) presence of gross vascular invasion, 6) presence 

of MVI, and 7) Edmonson grade of HCC. Details for assessed 
pathologic factors are provided in Supplementary Materials. 

Follow-Up Protocol after Surgical Resection
Multiphasic abdominal CT or MRI was performed every 

three months after surgery. Physical examination, chest 
radiography, and laboratory tests including serum alpha-
fetoprotein (AFP), and protein induced by vitamin K 
absence-II (PIVKA-II) were also performed at every visit. 
Early recurrence was defined as recurrence within two years 
after resection of HCC.

Statistical Analysis
The characteristics of the patients were summarized 

using mean with standard deviation, or median with 
range for continuous data, and number with percentage 
for categorical data. Univariable logistic regression was 
used to study the relation between each variable and early 
HCC recurrence. Factors with p value < 0.15 in univariable 
analysis were considered for further multivariable analyses. 
For multivariable analyses, stepwise variable selection 
method based on Akaike information criterion (AIC) 
was performed twice, once with preoperative laboratory 
and imaging factors only, and once more after adding 
postoperative pathologic factors of early recurrence of 
HCC. If significant factors from multivariable analysis were 
different between using preoperative factors only, and using 
both pre- and postoperative factors, a subgroup analysis 
was performed to confirm a relationship between the 
discrepant risk factors. 

Two prediction models for early HCC recurrence were then 
developed, based on the results of multivariable logistic 
regression models using preoperative factors only, and 
using both pre- and postoperative factors, respectively. To 
quantify the prognostic performance, area under the curve 
(AUC) for each receiver operating characteristic (ROC) curve 
for the prediction model was then calculated with 95% 
confidence interval (CI). Afterwards, the two AUCs were 
compared for non-inferiority testing with the non-inferiority 
margin of 0.05 (27).

An appropriate cut-off value for continuous factors among 
selected factors in the prediction models was determined 
using ROC analysis by maximizing the Youden index. Variance 
inflation factor was used as an indicator of autocorrelation 
or collinearity of independent variables included in the 
model. When the value of variance inflation factor was > 10, 
the multicollinearity was considered to be high (28).
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A p value < 0.05 was considered statistically significant. 
The predictive models of early HCC recurrence were 
internally validated by bootstrap resampling method with 
1000 replicates (29). The performance of the bootstrap 
sample applied to the prediction models was estimated, 
and it was determined that the model was valid if the 
performance of the bootstrap sample showed a similar level 
of performance. Statistical analyses were performed using R 
version 3.5.0 (The R Foundation for Statistical Computing, 
Vienna, Austria). The kappa (κ) test and 95% CIs were used 
to determine interobserver agreement of imaging findings 
(Supplementary Table 1).

RESULTS

The characteristics of the patients and various risk factors 
for early tumor recurrence are shown in Table 1. Among 549 
patients, 109 exhibited early HCC recurrence, and median 
time of early recurrence after surgery was 10.8 months 
(range 2.2–24.0 months). 

Univariable Analysis of Laboratory, Imaging, and 
Pathologic Factors for Early Recurrence

Table 1 shows the results of univariable logistic 
regression analysis. Early recurrence rate of HCC with LC was 
significantly higher compared to that with noncirrhotic liver 
(24.3% [60/247] vs. 16.2% [49/302], p = 0.019). Among 
the laboratory factors, APRI was significantly different 
between patients with early tumor recurrence and those 
without (p = 0.0005). Early recurrence rate of HCC with 
optimal cut off value of APRI ≥ 0.413 was significantly 
higher compared with that of APRI < 0.413 [13.7% (31/226) 
vs. 24.7% (72/291), p = 0.002]. Among imaging factors, 
tumor size with optimal cut off value of ≥ 35 mm (p = 

0.018), arterial rim enhancement (Rim) of tumor (p = 
0.005), peritumoral parenchymal enhancement (p = 0.031), 
and presence of nonhypervascular hepatobiliary hypointense 
nodules (NHHNs) (p = 0.006) were significant factors 
associated with early HCC recurrence. Among pathologic 
factors, presence of satellite nodule and MVI (p = 0.014, 
< 0.001, each) were significant for early HCC recurrence. 

Multivariable Analysis of Laboratory, Imaging, and 
Pathologic Factors for Early Recurrence

Table 2 shows the results of multivariable analyses 
using selected factors based on AIC. Multivariable analysis 
using preoperative factors identified APRI, tumor size, 
Rim of the tumor, and presence of NHHNs as significant 
factors (p < 0.05) (Figs. 2, 3). Multivariable analysis 
including postoperative histopathologic factors as well 
indicated APRI, Rim of the tumor, presence of NHHNs 
and MVI to be significant factors. There was no evidence 
of multicollinearity among the variables. The sensitivity, 
specificity, positive predictive value, negative predictive 
value, and accuracy of each significant predictive factor for 
early recurrence are shown in Table 3. Subgroup analysis 
to confirm a relationship between tumor size groups (≥ 
35 mm vs. < 35 mm) and presence of MVI showed that 
the frequency of MVI was 28.8% (107/372) in ≥ 35 mm 
group, and 50.3% (89/177) in < 35 mm group, which was 
statistically significant (p < 0.001, odds ratio 2.505, 95% 
CI: 1.729–3.628).

Prediction Models for Early HCC Recurrence
Two prediction models for early HCC recurrence based on 

multivariable logistic regression models using preoperative 
factors only and using both pre- and postoperative factors, 
respectively, were created. Their equations are as follows:

Table 2. Multivariable Analysis Using Stepwise Variable Selection Method Based on Akaike Information Criterion for Early HCC 
Recurrence

Factors
Preoperative Factors Only Adding Postopertive Pathologic Factors

Odds Ratio (95% CI) P Odds Ratio (95% CI) P
Liver cirrhosis 1.604 (0.999–2.576) 0.051 1.546 (0.959–2.492) 0.074
NLR 0.781 (0.585–1.061) 0.116 0.806 (0.597–1.089) 0.160
APRI 1.632 (1.056–2.522) 0.027 1.712 (1.103–2.659) 0.017
Tumor size 1.025 (1.002–1.049) 0.031 1.019 (0.995–1.043) 0.119
Arterial rim enhancement 2.350 (1.297–4.260) 0.005 2.004 (1.091–3.680) 0.025
Peritumoral enhancement 1.873 (0.977–3.590) 0.059 1.696 (0.880–3.270) 0.115
NHHN 1.983 (1.049–3.750) 0.035 2.003 (1.050–3.822) 0.035
MVI NA NA 1.868 (1.155–3.022) 0.011

Numbers in parentheses are 95% CIs. 
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Preoperative factor-only model

                                    p [event = 1]
log odds = log (________________)                        1 - p [event = 1]

�= -2.576 + 0.472 x LC - 0.239 x NLR + 
0.490 x APRI + 0.627 x peritumoral + 0.855 
x Rim + 0.685 x NHHN + 0.025 x size

Preoperative and postoperative factor model

                                    p [event = 1]
log odds = log (________________)                        1 - p [event = 1]

�= -2.673 + 0.436 x LC - 0.215 x NLR + 
0.538 x APRI + 0.528 x peritumoral + 0.695 
x Rim + 0.695 x NHHN + 0.625 x MVI + 
0.019 x size

Peritumoral, peritumoral enhancement.

The ROC curves of the two prediction models made 
by using only preoperative factors and by adding post-
operative pathologic factors are displayed in Figure 4. 
Comparison of the AUCs of the two models showed that the 

prediction model based on preoperative factors only was 
non-inferior to the one that used both pre-/postoperative 
factors {AUC for preoperative factors only, 0.673 (95% 
confidence interval [CI], 0.623–0.723) vs. AUC after adding 
postoperative factors, 0.691 (95% CI, 0.639–0.744); p = 
0.0013}. The AUCs of the bootstrap sample were 0.675 
(95% CI, 0.614–0.722) and 0.693 (95% CI, 0.634–0.740) 
for preoperative factors-only model and pre-/postoperative 
factors altogether-model, respectively, which were both 
similar to their primary models. Therefore, bootstrap 
resampling method showed that both the models were valid.

DISCUSSION

The results of our study showed that the prediction model 
built on only preoperative laboratory and imaging factors 
was not inferior to that using both preoperative factors 
and postoperative histopathologic factors altogether, as 
demonstrated by comparing the AUCs. This seemed to have 
clinical significance, considering that a large number of 
HCCs are being treated without histologic confirmation.

Fig. 2. MRI of 54-year-old male with HCC. Arterial phase tumor rim enhancement, peritumoral parenchymal enhancement, and high APRI 
were noted. APRI level was 0.456.
In S8 dome, 3-cm sized lobulated mass showing strong enhancement on arterial phase (A) with subsequent washout on portal phase (B) is 
present. Of note, arterial phase enhancement is not homogeneous; enhancement is seen mostly in outer or peripheral portion of tumor while 
inner portion shows poor enhancement. Peritumoral parenchymal enhancement on arterial phase (arrow) (C) was noted beyond tumor margins 
that can be defined on hepatobiliary phase (D). E, F. Segmentectomy was performed for HCC. Seven months after surgery, subtraction of pre-
contrast from arterial phase images demonstrated multiple recurrent HCCs in liver (arrows). APRI = AST/platelet ratio index, AST = aspartate 
aminotransferase

A

D

B

E

C

F
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In our study, we confined our scope to single HCC 
patients within the Milan criteria because we considered 
them as optimal candidates for curative resection. We 
intended to simulate the clinical situation of patients 
being initially diagnosed with HCC, who have a demand 
for risk stratification on postoperative tumor recurrence, 
solely based on the preoperative factors. However, unlike 

most previous studies that simply focused on identifying 
meaningful preoperative risk factors, we attempted to 
directly compare their performance with that of post-
operative histopathological factors (which are considered as 
gold standard for predicting clinical outcome), based a non-
inferiority test design. 

Previous studies have made considerable progress 

Fig. 3. MRI of 54-year-old female with 1.6-cm sized HCC in S7 of liver (not shown). 
A. Preoperative MRI revealed 1-cm sized NHHN at S4 on HBP. Enhancement of this lesion was not perceivable on arterial phase (not shown). 
B. Gadoxetic acid-enhanced MRI with diffusion-weighted images performed 18 months after right hemihepatectomy showed that NHHN on 
HBP had increased in size, measuring 1.9 cm. C. On arterial phase, nodular enhancement within lesion had developed (arrow). D. On diffusion-
weighted images, enhancing focus showed high signal intensity (arrow) indicating nodule-in-nodule type HCC. HBP = hepatobiliary phase,  
NHHN = nonhypervascular hepatobiliary hypointense nodules

A

C

B

D

Table 3. Diagnostic Performance of Preoperative and Postoperative Each Significant Factors in Prediction of Early Recurrence
Factors Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

APRI ≥ 0.413 69.7 (76/109) 47.1 (207/440) 24.6 (77/309) 86.3 (207/240) 51.6 (283/549)
Tumor size ≥ 35 mm 46.8 (51/109) 71.4 (314/440) 28.8 (51/177) 84.4 (314/372) 66.5 (365/549)
Arterial rim enhancement 22.0 (24/109) 88.4 (389/440) 32.0 (24/75) 82.1 (389/474) 75.2 (413/549)
Peritumoral parenchymal 
  enhancement 

17.4 (19/109) 90.0 (396/440) 30.2 (19/63) 81.5 (396/486) 75.6 (415/549)

Presence of NHHNs 19.3 (21/109) 90.2 (397/440) 32.8 (21/64) 81.9 (397/485) 76.1 (418/549)
MVI 52.3 (57/109) 68.4 (301/440) 29.1 (57/196) 85.3 (301/353) 65.2 (358/549)

NPV = negative predictive value, PPV = positive predictive value
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in elucidating preoperative imaging and postoperative 
histopathological factors, reflecting high risk of post-
operative tumor recurrence in HCC patients after curative 
resection (9-12, 14, 16, 30). Histopathological factors, 
such as MVI, seem to be the most important factors directly 
linked to treatment outcome (30). However, at least from 
the practical point of view, these factors have little value 
during treatment planning as histopathological information 
is available only after surgery. 

In our study, when postoperative factors were added to 
multivariable analysis in addition to preoperative factors, 
MVI was an additional significant factor, while tumor size, 
which was a significant factor when using preoperative 
factors only, became insignificant. This may indicate the 
possible association between tumor size and MVI, which 
seems meaningful, as MVI is known as one of the most 
important factors associated with early HCC recurrence 
after surgical resection (30). Subgroup analysis also showed 
that presence of MVI was significantly different according 
to tumor size. The importance of MVI for postoperative 
tumor recurrence and lower survival has also been reported 

in many studies (31, 32). In a multicentric study of 1073 
patients by Pawlik et al. (33), the rates of MVI were 
reported to be 25%, 40%, 55%, and 63% in patients 
with HCC < 3 cm, 3–5 cm, > 5–6.5 cm, and > 6.5 cm, 
respectively. Studies by Du et al. (34) and Yamashita et al. 
(35) reported the rates of MVI of surgically resected small 
HCC to be 18.1% (n = 458, tumor ≤ 3 cm) and 28.9% (n 
= 149, tumor ≤ 2 cm), respectively. Taking these studies 
together, the fact that tumor size becoming insignificant 
after adding MVI in the multivariable analysis seems 
meaningful and possibly reflects an association between 
the tumor size and MVI. It can also be suggested that 
some difference in the diagnostic performance between the 
preoperative prediction model and postoperative pathologic 
factor-added prediction model may have been due to the 
presence of MVI in some small tumors. 

Among the preoperative laboratory factors, we found 
APRI to be significant both before and after adding 
postoperative histopathologic factors. APRI was originally 
developed as a predictive marker for liver fibrosis, and 
cirrhosis, especially for hepatitis C virus infected patients 
(36). A few studies have suggested APRI to be associated 
with tumor recurrence and survival after surgical resection 
of HCC (9, 37, 38). Similar to our study, it has been 
reported that higher levels of APRI are associated with 
increased risk of HCC recurrence. The exact mechanism of 
high APRI and poor prognosis remains unclear, but some 
researchers hypothesize that platelets might have a role 
in stimulating tumor angiogenesis, and therefore, promote 
tumor growth (9, 36, 37). Another potential explanation 
would be that platelets reduce the cytolytic activity of 
natural killer cells and thus, might protect tumor cells (39). 
The optimal cut-off value of APRI differs among studies; 
the values reported in previous studies range from 0.40 
to 1.94, whereas our study showed a value of 0.413 (37, 
40-42). We believe that a prospective multicenter-large 
population study would be necessary to confirm the value 
of APRI as a significant risk factor of early HCC recurrence.

The presence of NHHNs on gadoxetic acid-enhanced MRI 
and Rim of the tumor on CT or MRI were also significant 
imaging factors before and after adding postoperative 
histopathologic factors to the multivariable analysis. The 
features of NHHNs include hypovascular well-differentiated 
HCCs, dysplastic nodules, and other benign nodules, and it 
is difficult to specify their precise nature by imaging (43). 
In a previous study, 75 (35.0%) of 214 NHHNs in 135 
patients with LC eventually progressed to hypervascular 
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Fig. 4. ROC curve analysis of two prediction models using 
preoperative laboratory and imaging factors of gadoxetic acid-
enhanced MRI only (gray curve) and using both preoperative 
and postoperative pathologic factors (black curve). Comparison 
of area under ROC curves of two models showed that performance of 
prediction model built on preoperative factors only was not inferior 
to that of one using both pre-/postoperative factors (preoperative 
factors only; 0.673 [95% CI: 0.623–0.723] vs. after adding 
postoperative factors; 0.691 [95% CI: 0.639–0.744]; p = 0.0013). 
AUC = area under curve, CI = confidence interval, ROC = receiver 
operating characteristic
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HCC during a mean follow-up period of 388 days, and 
similar results have been reported in other studies as 
well (44-46). Meanwhile, the presence of an Rim of the 
tumor on CT or MRI has been reported to be a feature 
associated with scirrhous and sarcomatous HCCs as well 
as early tumor recurrence (11, 47, 48). Similarly, Rim of 
HCC on gadoxetic acid-enhanced MRI was described to be 
a feature associated with cytokeratin 19-positive HCCs, 
which is a disease entity known to have poorer prognosis 
and higher rate of recurrence (49, 50). Therefore, Rim 
of HCC could be regarded as a preoperative risk factor, 
associated with early HCC recurrence after curative 
resection.

Some studies have reported additional factors such as 
age, AFP, PIVKA–II, tumor grade, peritumoral parenchymal 
enhancement on arterial phase, non-smooth tumor margin, 
and peritumoral hypointensity on hepatobiliary phase, 
and ADC value as significantly associated with early tumor 
recurrence (10, 51). However, we were unable to find 
statistical significance in our study. 

There were several limitations in our study. First, this was 
a retrospective study, and therefore, selection bias could 
exist. Second, this was a single-center study, and the study 
population mostly consisted of patients with underlying 
hepatitis B virus (HBV)-related liver disease. Therefore, the 
results of our study may not be generalizable to populations 
where HBV is not the dominant cause of liver disease. 
Third, an external validation study using different set of 
patients was not performed to verify our results. However, 
we did perform internal validation by bootstrap resampling, 
and the AUCs were similar to those of the primary models. 
Fourth, we only included patients who underwent surgery 
with single tumor within the Milan criteria. Therefore, our 
results may not be applicable to patients who are planned 
for other therapies, such as radiofrequency ablation, or 
those who have more advanced tumors. Lastly, APRI was 
missing in 32 (5.8%) patients due to missing AST levels 
prior to surgery. However, this seems to be a relatively small 
portion of the patients, and the similar rate of missing data 
in patients with or without early recurrence (5.5% vs. 5.9%) 
may suggest that its influence would be limited.

In conclusion, our results indicated larger tumor size, 
presence of NHHNs, arterial phase tumor rim enhancement, 
and higher APRI as high-risk factors for early HCC recurrence 
after curative resection that can be assessed in the 
preoperative period. The performance of risk stratification 
based on preoperative factors alone was not inferior to that 

including postoperative histopathologic factors, as well for 
predicting early postoperative tumor recurrence in within 
Milan criteria single HCC patients who underwent curative 
resection.
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