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Objective: The present study aimed to identify the risk factors for early postoperative 
recurrence of hepatocellular carcinoma (HCC) in patients with microvascular invasion (MVI) 
and develop a predictive model.
Inclusion Population and Methods: Patients who underwent surgery for HCC with 
pathological identification of MVI at the Cancer Hospital of the Chinese Academy of 
Medical Sciences from January 2014 to June 2019 were consecutively enrolled in this 
study. A total of 416 patients were included, divided into an early recurrence group (N = 
169) and a non-early recurrence group (N = 247), taking 12 months as the cut-off point for 
early recurrence. Univariate and multivariate Cox analysis was adopted to screen for risk 
factors for recurrence, and independence of risk factors was determined by logistic regres
sion analysis. All variables were included in the logistic regression analysis. As previous 
studies have shown that tumor diameter is a risk factor for recurrence, this was also included 
in the analyses. A predictive model for early recurrence was established and evaluated.
Results: The results indicate that MVI grouping, preoperative serum AFP, number of 
tumors, satellite nodules, hepatic capsule invasion, tumor diameter, and lymph node metas
tasis are independent risk factors for early postoperative recurrence. The above factors were 
adopted to develop a predictive model. The model had good discrimination and calibration in 
predicting early postoperative recurrence. Decision curve analysis demonstrated good clin
ical utility.
Conclusion: MVI grouping, preoperative serum AFP, number of tumors, satellite nodules, 
hepatic capsule invasion, tumor diameter, and lymph node metastasis were shown to be 
independent risk factors for early postoperative recurrence. The predictive model developed 
by applying the above risk factors had good predictive value in patients with early post
operative recurrence.
Keywords: hepatocellular carcinoma, microvascular invasion, prognosis, early recurrence, 
predictive model, nomogram, risk factor

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common malignant tumor world
wide and the fourth most common one in China.1 Although the systemic treatment 
of HCC has improved in recent years and the prognosis of advanced-stage HCC has 
improved, the overall mortality is still high and further studies on postoperative 
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adjuvant therapies are needed.2,3 Globally, HCC has the 
fourth highest level of mortality among all malignant 
neoplasms and in China, the third highest.1 The risk fac
tors for the development of primary HCC include hepatitis 
B infection, hepatitis C infection, alcoholism, nonalcoholic 
steatohepatitis, and other rare diseases that cause persistent 
hepatic injury. In China, the main etiology is hepatitis 
B infection. Hepatitis B viral infection is not only a risk 
factor for the development of primary HCC, but also has 
an impact on the prognosis. In hepatitis B-associated HCC, 
the positivity of the e-antigen has been reported to be an 
independent risk factor for poor prognosis.4

For patients with primary HCC, surgery and ablation 
are the main ways to achieve the possibility of radical 
tumor treatment and long-term survival. Prior studies 
report that, for patients with microvascular invasion 
(MVI), the recurrence rate within two years is higher in 
those treated with radiofrequency ablation than in those 
undergoing surgery, even for those with a single tumor of 
less than 3 cm in size.5 Surgery not only has the potential 
for maximum tumor resection but also allows the obtain
ing of adequate histological specimens to guide the prog
nosis. Therefore, surgery is currently the main local 
treatment employed in order to attain radical possibilities 
for patients. In previous literature, the probability of post
operative pathological confirmation of MVI ranges from 
11% to 60% in all patients undergoing surgery for HCC.6 

Researchers in our hospital (Cancer Hospital of the 
Chinese Academy of Medical Sciences) have reported an 
incidence of approximately 39%.7

According to the Code of Practice for HCC published 
in 2019,8 MVI is defined as a cluster of cancer cells found 
in the microscopic endothelial cell-lined vascular lumen, 
which occurs mainly in the portal venous system. MVI is 
graded according to the number of cancer cells under the 
microscope and its location in relation to the tumor, the 
definition and grading of which is derived from the 2015 
Standardized Pathology Guidelines for the Diagnosis of 
Primary HCC.8 Numerous previous studies have con
firmed that MVI is an important adverse prognostic factor 
after hepatectomy in patients with HCC.9 According to 
relevant literature, MVI not only has an impact on the 
overall survival of patients with HCC but is also a risk 
factor for early postoperative recurrence.10 Most previous 
studies have employed a cut-off point of two years for 
early postoperative recurrence, ie, recurrence within two 
years is considered early postoperative recurrence, and 
recurrence developing after two years is regarded as late 

postoperative recurrence.11 Furthermore, previous studies 
suggest that early recurrence after surgery is more likely to 
be an intrahepatic metastasis of the original tumor, while 
late recurrence is more likely to be a new tumor within the 
liver. It has also been reported based on the minimum 
p-value method that the most likely time point of early 
recurrence is eight months post-operation.10 Although the 
choice of specific time points varies, one finding is con
sistent across the various reports—the prognosis for 
patients with early postoperative recurrence is worse than 
that for patients with non-early recurrence.11,12

Many studies have been conducted based on imaging13 or 
clinical-pathological factors14,15 to develop predictive mod
els for the early recurrence of HCC after surgery or ablation. 
However, there is no report based on the MVI subgroup to 
develop a predictive model for early postoperative recur
rence; the present study aims to fill this gap. Among patients 
with HCC undergoing surgery, early recurrence is more 
likely in those with MVI, and early postoperative recurrence 
is a high-risk factor for poor prognosis. Investigation of the 
risk factors for early recurrence after hepatectomy in patients 
with primary HCC with MVI and the development of 
a predictive model are therefore of great clinical importance.

Methods
Inclusion Population
Since the publication of the Standardized Pathology 
Guidelines for the Diagnosis of Primary HCC in 2015, the 
pathological reports in our hospital have strictly followed the 
guidelines for MVI grouping, and all patients undergoing 
hepatectomy for HCC are classified into three groups: M0, 
M1, and M2. In the present study, those previously 
ungrouped but with pathologically definite reports of MVI 
were defined as MX. To maximize the sample size, from 
January 2014 to June 2019, all patients who underwent 
hepatectomy at the Cancer Hospital of the Chinese 
Academy of Medical Sciences were enrolled consecutively. 
The detailed inclusion criteria were as follows: postoperative 
pathological identification of HCC with MVI; preoperative 
hepatic function Child score of grade A; no serious cardiac, 
pulmonary, or renal dysfunction affecting the prognosis; and 
ECOG physical fitness score of 0 to 1. The exclusion criteria 
were as follows: patient died within one-month post- 
operation; no recurrence, and duration of follow-up shorter 
than 12 months; and undetermined recurrence status. The 
detailed processes are illustrated in Figure 1.
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This study was conducted with approval from the 
Ethics Committee of Cancer Hospital, Chinese Academy 
of Medical Sciences (CAMS) and Peking Union Medical 
College (PUMC). This study was conducted in accordance 
with the declaration of Helsinki. Written informed consent 
was obtained from all participants.

Data Collection and Grouping Criteria of 
Patients
In the present study, information concerning the clinical 
examination, pathology, and prognosis of the patients was 
collected by three different surgeons of the department of 

Figure 1 The grouping of enrolled patients and statistic processes.
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Hepatobiliary Surgery. Each of the three clinicians col
lected the respective data independently, based only on 
the case number and date of surgery of patients, and 
a final summary was compiled. To ensure the reproduci
bility of the content of the case collection and the design 
of further clinical studies, the authors pre-defined the spe
cific definitions of indicators that require the clinician’s 
subjective judgment, as shown in Appendix Table 1. The 
last follow-up date in the present study was July 1st, 2020.

The time point defining early recurrence has been 
reported variously in the literature, but have all studies 
have set it at two years post-operation or within two years 
of surgery. In light of previous literature and considering 
that patients in the present study were reviewed postopera
tively at three-month intervals for two years, we chose 12 
months as the cut-off point for early recurrence;5,10,12 ie, in 
the present study, the early recurrence group was defined 
as those with recurrence within 12 months post-operation. 
The late recurrence group was defined as those with recur
rence later than 12 months postoperatively; the non-early 
recurrence group included the late recurrence group and 
patients who had no recurrence at the end of the follow-up. 
The recurrence status in the liver after the operation was 
confirmed by the liver enhanced MRI examination. The 
status of extrahepatic recurrence was confirmed by 
enhanced CT examination. The above recurrence status 
would also take into account the dynamic changes of 
AFP before and after surgery. If the recurrence status 
was still uncertain, the final recurrence status and treat
ment plan would be determined through 
a multidisciplinary team consultation.

Statistical Analysis Process
First, the Kaplan-Meier method was used to plot the overall 
survival curves for the early recurrence group, late recur
rence group and non-early recurrence group, and the Log 
rank test was performed to compare the differences in over
all survival between groups. Then the risk factors for recur
rence were investigated using univariate and multivariate 
Cox regression analysis. Subsequently, multivariate logistic 
regression was adopted, with the occurrence of early recur
rence as the dependent variable, and the risk factors for early 
recurrence in Cox-screening as the independent variables; 
fitting analysis was conducted to determine the independent 
risk factors for early recurrence among the risk factors 
screened by the Cox regression. Finally, the screened inde
pendent risk factors were adopted to develop a predictive 

model and presented as a nomogram, and the model was 
evaluated in terms of discrimination, calibration, and clinical 
utility. The evaluation of the model’s predictive ability was 
mainly based on the AUC area of the ROC curve, the 
calibration was mainly based on the calibration curve, and 
the evaluation of clinical utility was mainly based on deci
sion curve analysis (DCA). The detailed processes of the 
statistical analysis are demonstrated in Figure 1. In the 
present study, IBM SPSS Statistics 25 (R software version 
3.6.2 and R studio version 1.2.5033) was adopted for statis
tical analysis and charting. The variables with P < 0.1 in the 
univariate analysis continued to be included in the subse
quent multivariate analysis. The test values were set at α = 
0.05 unless otherwise specified. All the independent vari
ables were screened by the autocovariance covariance with 
the variance inflation factor (VIF) ≤ 5. For the intra-group 
comparisons, a chi-squared test or Fisher’s exact probability 
test was used for countable data. The t-test or ANOVA was 
used for measurement data that were normally distributed, 
and the rank-sum test was used for measurement data that 
were not normally distributed.

Results
Baseline Characteristics of Enrolled 
Population and Differences in Survival 
Between Groups
A total of 1320 patients with HCC were enrolled in the 
present study, including 482 patients with MVI confirmed 
by postoperative pathology, ie, an MVI positivity of 
36.5%. Among these patients, there were 235 cases of 
M1 (48.7%), 117 cases (24.32%) of M2, and 130 cases 
(26.9%) of MX. Based on the inclusion and exclusion 
criteria, a final number of 416 patients were enrolled, 
with a total of 193 cases (46.3%) of M1, 103 cases of 
M2 and 120 cases of MX. The contingency table and the 
chi-squared test were adopted to calculate the grouping of 
the patients, and comparison was conducted between the 
groups, with a p-value of 0.754 indicating that there was 
no statistically significant difference between the two 
groups of patients (the initial MVI-positive group and the 
finally enrolled group) with regard to MVI grouping sta
tus. The detailed screening of patients and the grouping are 
illustrated in Figure 1.

A total of 416 patients were enrolled, with 169 cases in 
the early recurrence group and 247 in the non-early recur
rence group. The overall survival curve of the two groups 
of patients is shown in Figure 2A. The survival difference 
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between the two groups was statistically significant, with 
the chi-squared value of the Log rank test at 218.5 (P < 
0.001). At the same time, in those patients with recurrence, 
the difference in overall survival between the early and 
late recurrence groups was compared, with the chi-squared 
value in the Log rank test at 57.4 (P < 0.001). The details 
are illustrated in Figure 2B. The baseline characteristics of 
the patients in the early recurrence group and the non-early 
recurrence group were compared, with the test value set at 
α = 0.1. Statistically significant differences existed 
between the two groups in terms of age distribution, pre
sence of diabetes mellitus, preoperative portal hyperten
sion, preoperative serum AFP, T and N stages (according 
to the American Joint Committee on Cancer [AJCC] 
Cancer Staging Manual, eighth edition) (AJCC [8th ed.]), 
tumor diameter, number of tumors, satellite nodules, exis
tence of hepatic capsule invasion, proximity to/invasion of 
blood vessels discernable with the naked eye, diaphragm 
involvement, preoperative tumor rupture, MVI grouping, 
Barcelona Clinic Liver Cancer (BCLC) staging, and post
operative radiotherapy. The details are illustrated in 

Table 1. According to the literature, some of these vari
ables are negative factors for the prognosis of patients 
after hepatectomy,4,16,17 which indicates that these factors 
might simultaneously be risk factors for early recurrence 
of HCC after hepatectomy.

All kinds of tumor-related treatments performed before 
and after surgery were also included, taking into account 
the preoperative tumor-related treatments and various 
postoperative adjuvant treatments given to patients with 
MVI. Postoperative adjuvant treatment was defined as 
treatment within three months of surgery or before post
operative recurrence.

Determination of Independent Risk 
Factors for Early Recurrence
In the univariate Cox regression analysis, α = 0.1 was set 
as the test level; it was found that preoperative albumin, 
preoperative AST level, preoperative AFP level, N stage 
(AJCC [8th ed.]), combined nerve invasion, multiple 
tumors, tumor diameter, satellite nodules, hepatic capsule 
invasion, diaphragm involvement, preoperative tumor 

Figure 2 (A) The difference in overall survival between the early recurrence group and the non-early recurrence group. (B) The difference in overall survival between the 
early recurrence group and the late recurrence group.
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Table 1 The Baseline Characteristics of the Patients

Variables Early Recurrence Non-Early Recurrence P-value

Case of patients 169 247 -

Age at the surgery (year) 0.001

>60 38 (22.49%) 93 (37.65%)

≤60 131 (77.51%) 154 (62.35%)

Gender 0.782

Male 144 (85.21%) 208 (84.21%)

Female 25 (14.79%) 39 (15.79%)

BMI 25.00 ± 3.39 24.54 ± 3.79 0.207

Preoperative hemoglobulin 148.26 ± 17.04 147.53 ±16.43 0.661

Preoperative platelet 178.58 ± 73.24 174.63 ± 74.89 0.594

Preoperative blood glucose 5.59 ± 1.84 5.59 ± 1.47 0.985

Preoperative serum creatinine 73.07 ± 13.86 75.17 ± 14.11 0.133

Preoperative albumin 43.49 ± 4.48 44.08 ± 4.11 0.163

Preoperative ALT(U/L) 33.52 ± 23.55 34.53 ± 31.86 0.724

Preoperative AST(U/L) 36.49 ± 25.12 32.59 ± 26.64 0.134

Preoperative total bilirubin(mmol/L) 13.53 ± 5.69 13.21 ± 5.27 0.563

LnAFP(ng/mL) 5.24 (2.94–7.48) 3.60 (1.58–6.18) <0.001

Hypertension 0.978

No 122 (72.19%) 178 (72.06%)

Yes 47 (27.81%) 69 (27.94%)

Diabetes 0.05

No 149 (88.17%) 200 (80.97%)

Yes 20 (11.83%) 47 (19.03%)

Cardiopathy 0.627

No 162 (95.86%) 239 (96.76%)

Yes 7 (4.14%) 8 (3.24%)

Smoke 0.495

No 88 (52.07%) 137 (55.47%)

Yes 81 (47.93%) 110 (44.53%)

Alcoholism 0.413

No 116 (68.64%) 160 (64.78%)

Portal hypertension 0.056

No 125 (73.96%) 202 (81.78%)

Yes 44 (26.04%) 45 (18.22%)

Preoperative HBsAg 0.262

Positive 139 (82.25%) 192 (77.73%)

Negative 30 (17.75%) 55 (22.27%)

HCVAb 0.584

Negative 159 (94.08%) 229 (92.71%)

Positive 10 (5.92%) 18 (7.29%)

The T staging of the eighth version <0.001

T1 7 (4.14%) 24 (9.72%)

T2 106 (62.72%) 192 (77.73%)

T3 32 (18.93%) 17 (6.88%)

T4 24 (14.20%) 14 (5.67%)

(Continued)
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Table 1 (Continued). 

Variables Early Recurrence Non-Early Recurrence P-value

The N staging of the eighth version 0.001

N0 160 (94.67%) 246 (99.60%)

N1 9 (5.33%) 1 (0.40%)

Pathological nerve invasion 0.207

0 163 (96.45%) 243 (98.38%)

1 6 (3.55%) 4 (1.62%)

The tumor diameter 5.50 (3.50–9.00) 4.00 (3.00–6.00) <0.001

The number of tumors 0.008

Single 141 (83.43%) 227 (91.90%)

Multiple 28 (16.57%) 20 (8.10%)

Satellite nodules 0.002

No 129 (76.33%) 217 (87.85%)

Yes 40 (23.67%) 30 (12.15%)

Hepatic capsule invasion <0.001

No 41 (24.26%) 118 (47.77%)

Yes 128 (75.74%) 129 (52.23%)

Close to/Invasion of the vessels by naked eyes 0.059

No 107 (63.31%) 178 (72.06%)

Yes 62 (36.69%) 69 (27.94%)

Diaphragm involvement 0.009

No 144 (85.21%) 230 (93.12%)

Yes 25 (14.79%) 17 (6.88%)

Preoperative tumor rupture 0.002

No 153 (90.53%) 241 (97.57%)

Yes 16 (9.47%) 6 (2.43%)

MVI Grouping <0.001

M1 56 (33.14%) 137 (55.47%)

M2 52 (30.77%) 51 (20.65%)

MX 61 (36.09%) 59 (23.89%)

BCLC Staging 0.001

0 7 (4.14%) 24 (9.72%)

A 15 (8.88%) 38 (15.38%)

B 123 (72.78%) 171 (69.23%)

C 24 (14.20%) 14 (5.67%)

Preoperative/intra-operative ablation 0.652

No 166 (98.22%) 241 (97.57%)

Yes 3 (1.78%) 6 (2.43%)

Preoperative radiotherapy 0.814

No 165 (97.63%) 242 (97.98%)

Yes 4 (2.37%) 5 (2.02%)

Preoperative intervention 0.246

No 157 (92.90%) 236 (95.55%)

Yes 12 (7.10%) 11 (4.45%)

(Continued)
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rupture and MVI grade were correlated with recurrence. 
The details are shown in Table 2. Because of possible 
multiple collinearity issues with T stage, tumor size, 
tumor vascular invasion, and number of the tumors, 
these factors were not included in the analysis. The vari
ables for which P < 0.1 were included in the subsequent 
multivariate Cox regression analysis and adjusted to 
determine the independent risk factors affecting recur
rence; it was found that MVI grouping, preoperative 
AFP level, number of tumors, preoperative tumor rupture, 
combined satellite nodules, hepatic capsule invasion, and 
lymph node metastasis were the risk factors for recur
rence. The details are shown in Table 2. In the literature, 
tumor diameter is also a risk factor for recurrence; this 
factor was therefore also included in the further 
analysis.18 The above eight variables were introduced 
into the logistic regression analysis simultaneously to 
predict whether the occurrence of early postoperative 
recurrence would be the outcome variable. After adjusting 
the risk factors, it was finally found that MVI grouping, 
preoperative AFP level, number of tumors, combined 
satellite nodules, hepatic capsule invasion, and the exis
tence of lymph node metastasis were the independent risk 
factors for early postoperative recurrence, as shown in 
Figure 3.

Establishment and Evaluation of the 
Predictive Model for Early Recurrence
Based on the risk factors screened above, a model predict
ing early recurrence of HCC with MVI was developed and 
displayed in the form of a nomogram, as shown in 
Figure 4. The predictive value for early recurrence of the 
present model was compared with the conventionally used 
AJCC (8th ed.) staging and BCLC staging; the details are 
shown in Figure 5. The predictive model was significantly 

better than AJCC (AUC: 0.74 vs 0.63) and BCLC (AUC: 
0.74 vs 0.59) staging in diagnosing early postoperative 
recurrence. The calibration curve showed that the pre
dicted probability of the prediction model had good linear 
correlation with the true probability. The DCA showed 
that the predictive model had significantly higher net clin
ical benefits than AJCC and BCLC staging and good 
clinical utility value. The details are illustrated in Figure 6.

Discussion
To complete the present study, the following two main 
issues should be resolved in advance: 1) the time point 
of early postoperative recurrence, and 2) the determina
tion of independent risk factors for early recurrence. 
There is currently no recognized definite time point for 
early postoperative recurrence. We chose a time point of 
12 months, for the following reasons. 1) The time points 
for early recurrence of HCC reported in the related 
literature are all at or within two years.5,11,19–21 2) 
Previous studies have found that for patients with recur
rence after surgery, overall survival after surgery was 
significantly worse when recurrence occurred within 12 
months than when recurrence occurred beyond 12 
months.19,20 This conclusion remained valid after apply
ing multivariate analysis to adjust other confounding 
factors affecting the prognosis, indicating that recurrence 
within 12 months was an independent risk factor affect
ing the prognosis. 3) According to the relevant guide
lines, patients with HCC are reviewed every three 
months for two years after surgery.22 As the time point 
of early recurrence for research should be selected dur
ing the postoperative follow-up period, 12 months after 
surgery was selected as the time point of early recur
rence in the present study.

Table 1 (Continued). 

Variables Early Recurrence Non-Early Recurrence P-value

Postoperative radiotherapy 0.069

No 147 (86.98%) 198 (80.16%)

Yes 22 (13.02%) 49 (19.84%)

Postoperative intervention 0.234

No 111 (65.68%) 148 (59.92%)

Yes 58 (34.32%) 99 (40.08%)
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Table 2 The Results of Univariate Factor and Multivariate Cox Analysis of the Recurrence

Variable Univariate COX Analysis Multivariate COX Analysis

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

Age(year)

>60 1
≤60 1.22 (0.92, 1.62) 0.1618

Gender
Male 1

Female 0.82 (0.56, 1.19) 0.2956

BMI 1.03 (0.99, 1.06) 0.109

Hypertension

No 1
Yes 1.15 (0.87, 1.53) 0.3268

Diabetes
No 1

Yes 0.96 (0.68, 1.37) 0.8304

Cardiopathy

No 1

Yes 1.12 (0.57, 2.18) 0.7413

Smoke
No 1

Yes 1.19 (0.92, 1.53) 0.1861

Alcoholism

No 1

Yes 0.94 (0.72, 1.24) 0.6782

Portal hypertension

No 1
Yes 1.23 (0.91, 1.66) 0.1787

Preoperative WBC (109/L) 1.04 (0.97, 1.13) 0.2805
Preoperative Hb(g/L) 1.00 (0.99, 1.01) 0.6798

Preoperative PLT (109/L) 1.00 (1.00, 1.00) 0.413

Preoperative Glu(mmol/L) 1.05 (0.97, 1.14) 0.2394
Preoperative Cre (mg/dl) 0.99 (0.99, 1.00) 0.244

Preoperative ALB(g/L) 0.95 (0.93, 0.98) 0.0023 0.98 (0.95, 1.01) 0.151

Preoperative ALT (U/L) 1.00 (1.00, 1.01) 0.5469
Preoperative AST (U/L) 1.00 (1.00, 1.01) 0.0404 1.00 (1.00, 1.01) 0.6034

Preoperative TBIL(mmol/L) 1.01 (0.99, 1.04) 0.3457

Preoperative LnAFP(ng/mL) 1.09 (1.04, 1.13) 0.0002 1.09 (1.02, 1.11) 0.0062

Preoperative HBsAg

Positive 1
Negative 0.83 (0.60, 1.15) 0.257

The AJCC N staging of the eighth version
N0 1 1

N1 3.00 (1.53, 5.86) 0.0013 2.81 (1.40, 5.61) 0.0035

(Continued)
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Table 2 (Continued). 

Variable Univariate COX Analysis Multivariate COX Analysis

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

Pathological nerve invasion
No 1 1

Yes 1.83 (0.90, 3.70) 0.094 1.59 (0.77, 3.29) 0.2082

The number of tumors

Single 1 1

Multiple 1.84 (1.30, 2.61) 0.0006 1.74 (1.21, 2.51) 0.0028
The tumor diameter 1.10 (1.06, 1.13) <0.0001

Satellite nodules
No 1 1

Yes 2.03 (1.50, 2.75) <0.0001 1.79 (1.30, 2.47) 0.0003

Hepatic capsule invasion

No 1 1

Yes 1.86 (1.40, 2.47) <0.0001 1.42 (1.05, 1.92) 0.0232

HCV-Ab

Positive 1
Negative 0.95 (0.57, 1.57) 0.8303

Close to/Invasion of the vessels by naked eyes
No 1

Yes 1.25 (0.96, 1.63) 0.1039

Diaphragm involvement

No 1 1

Yes 1.51 (1.02, 2.22) 0.0386 0.95 (0.61, 1.46) 0.8062

Preoperative tumor rupture

No 1 1
Yes 3.00 (1.89, 4.76) <0.0001 2.14 (1.28, 3.58) 0.0036

MVI Grouping

M1 1 1

M2 2.00 (1.46, 2.76) <0.0001 1.62(1.16, 2.27) 0.0048
MX 1.67 (1.22, 2.27) 0.0012 1.27(0.92, 1.76) 0.1528

Preoperative/intra-operative ablation
No 1

Yes 0.73 (0.23, 2.27) 0.5820

Preoperative radiotherapy

No 1

Yes 1.14 (0.47, 2.77) 0.7726

Preoperative intervention

No 1
Yes 1.50 (0.89, 2.52) 0.1319

Postoperative radiotherapy
No 1

Yes 0.97 (0.70, 1.36) 0.8781

(Continued)
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Previous researchers have generally excluded all 
patients without recurrence from the enrolled population. 
The early/late recurrence groups are then determined 
according to the defined recurrence time point, and the 

two groups are compared to find the risk factors for early 
recurrence.15,23 We consider that those methods have the 
following shortcomings. 1) The difference between the 
two groups may represent only the difference in the 

Table 2 (Continued). 

Variable Univariate COX Analysis Multivariate COX Analysis

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

Postoperative intervention
No 1

Yes 1.19 (0.92, 1.54) 0.1865

Figure 3 Forest plot of the identification of independent risk factors for early recurrence in the enrolled patients by multivariate logistic regression.
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composition of the variables between patients with early/ 
late recurrence, and although the study population is lim
ited to the recurrence group, the results of the analysis 
may not necessarily indicate risk factors for recurrence. 2) 
Excluding patients without recurrence and comparing 
only thoseIn all populations studied with recurrence 
might reduce the effect of certain risk factors and affect 
the final result. 3) By limiting the study population to 
patients with recurrence, the screened risk factors and 
the related predictive model is narrowed and made applic
able only to patients with recurrence, ie, it may predict 
early recurrence only in this group, which is significantly 
smaller than the whole population; this affects the external 
validity of the subsequent conclusions. In clinical prac
tice, to perform an intervention it is necessary to analyze 
which patients from all enrolled populations will have 
early postoperative recurrence. In the present study, uni
variate and multivariate Cox analysis was therefore con
ducted first to determine the risk factors for postoperative 
recurrence of all the enrolled patients. At the same time, 
patients without recurrence and with survival of more than 

12 months after surgery were included in the study, and 
combined analysis was conducted together with those 
who had recurrence after 12 months, better ensuring the 
representativeness of the population in the present study. 
Therefore, the innovation of this study compared with 
previous studies is that it could find potential risk factors 
for early postoperative recurrence in all studied patients.

Among patients undergoing hepatectomy for HCC, 
MVI-positive patients are a very important subset. In pre
vious reports, the incidence of MVI-positivity ranged 
between 11% and 60%.6 In the present study, the incidence 
of MVI-positivity was found to be 36.5%, which is similar 
to the reports of other researchers in our hospital.7 

According to relevant literature, MVI not only has an 
impact on the overall survival of patients with HCC but 
is a risk factor for early postoperative recurrence.10 A large 
multi-center retrospective case-control study conducted by 
Chan et al found that MVI grouping status was an inde
pendent risk factor for early recurrence among the post
operative pathological parameters.11 Therefore, in the 
present study, MVI grouping was included for further 

Figure 4 Nomogram predicting early recurrence.
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analysis, along with other relevant factors that might affect 
prognosis.

In patients with HCC who have the opportunity for 
surgery, the prognosis is determined by the following 
three main factors: treatment-related factors, patient fac
tors (such as hepatic function), and tumor-related factors. 
In terms of treatment, there is currently no standard treat
ment protocol for adjuvant therapy after surgery for HCC. 
In the case of systemic therapy, the STORM trial suggests 
no significant survival benefit of Sorafenib in patients 
with HCC without clear evidence of recurrence and with 
medium to high risk of recurrence after radical surgery.24 

For the combination of local and systemic therapy, the 
SPACE trial also fails to show a survival benefit of 
Sorafenib combined with the intervention over interven
tion therapy alone.25 In the present study, there was no 
statistical difference between the early recurrence group 
and the non-early recurrence group in terms of whether 
the intervention was performed before or after surgery, 
whether radiotherapy was performed, and26 whether 

ablation was performed before or after surgery, and the 
univariate COX analysis failed to show the significance of 
the included treatments in reducing the incidence of recur
rence. In terms of patient factors, the patients enrolled in 
the present study had preoperative hepatic function of 
Child score grade A and ECOG physical fitness score of 
0 to 1. In terms of tumor factors, the analysis reveals that 
MVI grouping, preoperative serum AFP levels, number of 
tumors, satellite nodules, hepatic capsule invasion, tumor 
diameter, and concomitant lymph node metastasis were 
independent risk factors for early postoperative recur
rence. Among these factors, many studies have shown 
the value of preoperative serum AFP levels, number of 
tumors, hepatic capsule invasion, and tumor diameter in 
prognosis.16,27,28 Preoperative tumor rupture indicates the 
abdominal dissemination of the tumor, which often sug
gests a poorer prognosis.29 However, for these patients, if 
hepatectomy for HCC can be performed (in one stage or 
in different stages), the overall prognosis is still better 
than with hemostasis alone.30 Although this study fails 
to show a statistical significance in the final multivariate 
logistic regression analysis, this could be due to the small 

Figure 6 Comparison of clinical decision curves for this model and conventional 
staging in terms of clinical utility.

Figure 5 Calibration curve of the predictive model.
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sample size. For those with HCC with lymph node metas
tases, surgery is contraindicated if the metastases can be 
pathologically determined.31 However, patients with HCC 
in China often have hepatitis B, and chronic hepatitis may 
cause perihepatic lymph node enlargement.32 The nature 
of such enlarged lymph nodes is often difficult to deter
mine preoperatively from imaging studies alone. 
Therefore, we performed lymph node dissection for 
patients in this group to further define the pathological 
stage. It was found in the present study that lymph node 
metastases had a great impact on early postoperative 
recurrence: patients with lymph node metastases often 
have early postoperative recurrence and poor prognosis.

Based on the screened independent risk factors for 
early recurrence, a predictive model for predicting early 
recurrence was developed, and its predictive value was 
compared with those of AJCC (8th ed.) and BCLC sta
ging. Many previous studies have been conducted to ana
lyze the risk factors for the early recurrence of HCC after 
hepatectomy/ablation based on imaging13 or clinical- 
pathological factors,14,15 and corresponding predictive 
models have been developed. In patients with HCC under
going hepatectomy, those in whom HCC is combined with 
MVI are more likely to experience early recurrence than 
those without MVI.10 For patients with MVI in the early 
recurrence group, the value of postoperative adjuvant ther
apy may be of greater significance than for those in the 
non-early recurrence group. Based on the present study, 
independent external validation should be conducted to 
further refine the model and guide the selection of clinical 
adjuvant therapy.

There are some limitations to the present study. This 
was a single-center retrospective cohort study, and despite 
the considered inclusion criteria for the population and the 
definitions of the various variables developed, bias could 
not be avoided. Researchers cannot clearly define risk 
factors.Therefore, the risk factors we identified may be 
confounded by other factors.The population in this study 
is from Asian, and the main cause of liver cancer in our 
study is hepatitis B virus infection.This may lead to the 
found risk factors for early relapse not applicable to 
European and American countries.26

Although the risk factors identified in the present study are 
supported by the literature, internal and external validity 
should be verified. The model constructed in the present 
study was subject to further validation by independent external 
data. For the risk factors of early recurrence, we still need to 
further study the mechanism. Only in this way can researchers 

propose better preventive measures. Furthermore, we need to 
prospectively determine data collection standards and collect 
data to further determine the currently identified risk factors. 
Nevertheless, the predictive model developed by applying the 
above risk factors had good predictive value in patients with 
early postoperative recurrence.

Conclusion
Patients with HCC and MVI had a high risk of early 
postoperative recurrence after hepatectomy. MVI group
ing, preoperative serum AFP values, number of tumors, 
preoperative tumor rupture, pathologically concomitant 
satellite nodules, hepatic capsule invasion, tumor diameter 
and lymph node metastasis were seen to be independent 
risk factors for early postoperative recurrence. The predic
tive model developed by applying the above factors had 
high diagnostic ability and good clinical utility.
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