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Tumor size may influence 
the prognosis of solitary 
hepatocellular carcinoma 
patients with cirrhosis 
and without macrovascular 
invasion after hepatectomy
Bin‑yong Liang1,4, Jin Gu2,4, Min Xiong3, Er‑lei Zhang1, Zun‑yi Zhang1, Xiao‑ping Chen1 & 
Zhi‑yong Huang1*

Hepatocellular carcinoma (HCC) is usually associated with varying degrees of cirrhosis. Among 
cirrhotic patients with solitary HCC in the absence of macro‑vascular invasion, whether tumor size 
drives prognosis or not after hepatectomy remains unknown. This study aimed to investigate the 
prognostic impact of tumor size on long‑term outcomes after hepatectomy for solitary HCC patients 
with cirrhosis and without macrovascular invasion. A total of 813 cirrhotic patients who underwent 
curative hepatectomy for solitary HCC and without macrovascular invasion between 2001 and 2014 
were retrospectively studied. We set 5 cm as the tumor cut‑off value. Propensity score matching 
(PSM) was performed to minimize the influence of potential confounders including cirrhotic severity 
that was histologically assessed according to the Laennec staging system. Recurrence‑free survival 
(RFS) and overall survival (OS) were compared between the two groups before and after PSM. Overall, 
464 patients had tumor size ≤ 5 cm, and 349 had tumor size > 5 cm. The 5‑year RFS and OS rates 
were 38.3% and 61.5% in the  ≤ 5 cm group, compared with 25.1% and 59.9% in the > 5 cm group. 
Long‑term survival outcomes were significantly worse as tumor size increased. Multivariate analysis 
indicated that tumor size > 5 cm was an independent risk factor for tumor recurrence and long‑term 
survival. These results were further confirmed in the PSM cohort of 235 pairs of patients. In cirrhotic 
patients with solitary HCC and without macrovascular invasion, tumor size may significantly affect the 
prognosis after curative hepatectomy.

Hepatocellular carcinoma (HCC) is the ��h most common cancer and the third leading cause of cancer-related 
mortality in the  world1,2. Currently, hepatectomy remains the mainstay curative treatment for HCC  patients3. 
Improvements in surgical techniques and perioperative management have improved the safety of hepatectomy. 
However, due to the high HCC recurrence rate, the long-term outcome of HCC patients a�er curative hepatec-
tomy remains  unsatisfactory4.

Patients with large HCC are known to have worse prognosis than those with small HCC a�er curative 
 hepatectomy5,6. �is is o�en because large HCC is more frequently correlated with other adverse clinicopatho-
logical factors in�uencing tumor recurrence and long-term survival, such as multiplicity, satellite nodules, mac-
rovascular invasion, or distant  metastasis7,8. However, in patients with solirary HCC and without macrovascular 
invasion, the relationship between tumor size and long-term outcomes a�er curative hepatectomy remains 
controversial.

OPEN

1Hepatic Surgery Center, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, 
1095 Jie Fang Da Dao, Wuhan 430030, China. 2Department of Hepatobiliary and Pancreatic Surgery, The Second 
Affiliated Hospital, School of Medicine, Zhejiang University, Hangzhou, China. 3Department of Gynecology, Tongji 
Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China. 4These authors 
contributed equally: Bin-yong Liang and Jin Gu. *email: huangzy@tjh.tjmu.edu.cn

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-95835-5&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2021) 11:16343  | https://doi.org/10.1038/s41598-021-95835-5

www.nature.com/scientificreports/

Studies have shown that most HCC patients were associated with hepatitis-related  cirrhosis9,10. Cirrhosis is 
not a consistent entity in terms of histological changes and can be further divided from mild to severe accord-
ing to the �brous septal thickness and nodule  size11. Histological severity of cirrhosis has been validated to be 
useful in predicting prognosis in HCC patients who underwent hepatectomy with curative  intent12,13. �erefore, 
evaluating the in�uence of tumor size on prognosis needs adjustment for confounding factor in the background 
liver, including histological severity of cirrhosis.

In this study, we aimed to elucidate the prognostic impact of tumor size on long-term outcomes in cirrhotic 
patients with solitary HCC and without macrovascular invasion a�er curative hepatectomy.

Materials and methods
Patients. A consecutive series of 813 patients with solitary HCC and without macrovascular invasion who 
underwent curative hepatectomy at Tongji Hospital between 2001 and 2014 were included in this study. All 
patients were associated with histologically diagnosed cirrhosis. Clinicopathological data of all patients were 
obtained from the computerized database maintained in our hospital. Portal hypertension was de�ned as the 
presence of either esophageal varices on endoscopy or splenomegaly with a platelet count < 100 ×  109/L14. Cir-
rhotic severity was histologically staged according to the Laennec staging system as follows: F4A, mild cirrhosis, 
de�nite or probable; F4B, moderate cirrhosis (at least 2 broad septa); and F4C, severe cirrhosis (at least 1 very 
broad septum or many minute nodules)11. A major hepatectomy was de�ned as resection of ≥ 3 Couinaud liver 
 segments15.�is study was approved by the ethics committee of Tongji Hospital, Huazhong University of Science 
and Technology, China. Written informed consent was obtained from each patient in the study for his/her data 
to be used in clinical research. All methods were carried out in accordance with relevant guidelines and regula-
tions.

Follow‑up. All patients were evaluated by serum alpha-fetoprotein (AFP), ultrasonography or computed 
tomography, and chest X-ray 1 month a�er surgery. Patients were then followed-up once every 2 months for the 
�rst 2 years and once every 3 months therea�er. Further magnetic resonance imaging, bone scans, or positron 
emission tomography were performed if tumor recurrence was suspected. Patients with tumor recurrence were 
actively treated with repeat resection, microwave or radiofrequency ablation, ethanol injection, transarterial 
chemoembolization (TACE), radiotherapy, or oral sorafenib depending on the general condition of the patients, 
HCC recurrence pattern, and liver functional status. Overall survival (OS) was calculated from the date of hepa-
tectomy to the date of either death or last follow-up. Recurrence-free survival (RFS) was calculated from the date 
of hepatectomy to the date of recurrence or death or last follow-up.

Statistical analysis. Categorical variables were reported as number (n) and proportion (%) and compared 
using Pearson’s χ2 analysis. Continuous variables were reported as median and range. �e RFS and OS were 
calculated using the Kaplan–Meier method and compared using the log-rank test. �e Cox proportional hazards 
model was used to identify independent risk factors associated with RFS and OS by multivariate analysis. A P 
value < 0.05 was set as the signi�cance threshold.

To balance the background risks between the two study groups, we performed 1:1 propensity score matching 
(PSM) using a caliper of 0.1 and to include age, gender, etiology, alanine aminotransferase, portal hypertension, 
Child–Pugh grade, AFP, extent of hepatectomy, intraoperative blood transfusion, histological severity of cirrho-
sis, microvascular invasion, and tumor di�erentiation. �e PSM model was generated using the PSM program 
through the SPSS R-Plugin. �e analysis applied single nearest-neighbor matching.

For all tests, a 2-tailed P < 0.05 was considered statistically signi�cant. Statistical analysis was performed using 
the SPSS 26 statistical so�ware (SPSS, Inc., Chicago, IL, USA).

Results
Baseline characteristics. �e characteristics of patients are shown in Table 1. Among the 813 patients 
enrolled in the present study, 717 patients (88.2%) were male, and 96 (11.8%) were female. Seven hundred and 
sixty-four patients (94.0%) were with Child–Pugh grade A liver function, and 49 (6.0%) were with Child–Pugh 
grade B liver function. �e majority etiology of HCC was hepatitis B, accounting for 91.6% of the entire cohort. 
�e median tumor diameter was 4.7 cm (range 1.0–20.0 cm). Four hundred and sixty-four patients (57.1%) had 
tumor size ≤ 5 cm, and 349 (42.9%) had tumor size > 5 cm. Minor hepatectomy was performed for 713 patients 
(87.7%), and major hepatectomy was performed for 100 patients (12.3%). According to the Laennec staging 
system, 376 patients (46.2%) were diagnosed with mild cirrhosis, 360 (44.3%) with moderate cirrhosis, and 77 
(9.5%) with severe cirrhosis. One hundred and thirty-eight patients (17.0%) were associated with microvacular 
invasion.

�e PSM cohort comprised 470 patients, gouped into 235 with tumor size ≤ 5 cm and 235 with tumor 
size > 5 cm. �e characteristics between the ≤ 5 cm and > 5 cm groups before and a�er PSM are shown in Table 2. 
Before PSM, the proportions of patients with portal hypertension and moderate/severe cirrhosis were lower in 
the > 5 cm group than in the ≤ 5 cm group. However, the proportions of patients with AFP > 400 ng/mL, micro-
vascular invasion, and moderate/poor tumor di�erentiation were higher in the > 5 cm group than in the ≤ 5 cm 
group. Besides, compared with those in the > 5 cm group, patients in the ≤ 5 cm group had a higher level of alanine 
aminotransferase. A�er PSM, there was no signi�cant di�erence in clinicopathological features between the two 
matched groups (all P > 0.05).

Survival outcomes. During a median follow-up of 44.0 months, 484 patients (59.5%) su�ered from HCC 
recurrence, and 280 patients (34.4%) died. �e 1-, 3-, 5-, 7-, and 10-year RFS and OS rates of the entire cohort 
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were 65.4%, 45.6%, 32.6%, 26.9%, and 21.1%, respectively, and 88.7%, 72.1%, 60.3%, 45.5%, and 35.6%, respec-
tively.

Before PSM, the 1-, 3-, 5-, 7, and 10-year RFS rates were 75.7%, 55.0%, 38.3%, 30.3%, and 26.0%, respectively, 
in patients with tumor size ≤ 5 cm, and 51.7%, 39.0%, 25.1%, 22.3%, and 14.1%, respectively, in patients with 
tumor size > 5 cm (Fig. 1A). Patients in the > 5 cm group had worse RFS than those in the ≤ 5 cm group (P < 0.001). 
�e 1-, 3-, 5-, 7-, and 10-year OS rates were 92.7%, 76.6%, 61.5%, 47.7%, and 40.6%, respectively, in patients with 
tumor size ≤ 5 cm, and 82.9%, 65.7%, 59.9%, 42.8%, and 26.6%, respectively, in patients with tumor size > 5 cm 
(Fig. 1 B). Patients in the > 5 cm group had worse OS than those in the ≤ 5 cm group (P = 0.002).

A�er PSM, the 1-, 3-, 5-, 7, and 10-year RFS rates were 71.7%, 51.5%, 39.0%, 33.7%, and 23.7%, respectively, in 
patients with tumor size ≤ 5 cm, and 54.0%, 32.9%, 23.4%, 19.9%, and 10.1%, respectively, in patients with tumor 
size > 5 cm (Fig. 1C). Patients in the > 5 cm group had worse RFS than those in the ≤ 5 cm group (P < 0.001). �e 
1-, 3-, 5-, 7-, and 10-year OS rates were 91.2%, 75.7%, 62.8%, 52.5%, and 41.4%, respectively, in patients with 
tumor size ≤ 5 cm, and 84.5%, 64.1%, 60.2%, 41.6%, and 33.1%, respectively, in patients with tumor size > 5 cm 
(Fig. 1D). Patients in the > 5 cm group had worse OS than those in the ≤ 5 cm group (P = 0.027).

Table 1.  Baseline characteristics of the entire cohort. PT prothrombin time, AFP alpha-fetoprotein.

Characteristics Value

Age, median (range), years 49 (16–82)

Gender, n (%)

Male 717 (88.2%)

Female 96 (11.8%)

Etiology, n (%)

Hepatitis B 745 (91.6%)

Hepatitis C 6 (0.7%)

Other 62 (7.6%)

Alanine aminotransferase, median (range), U/L 36.0 (5.0–381)

Total bilirubin, median (range), μmol/L 13.3 (2.0–172.9)

Albumin, median (range), g/L 40.1 (22.3–53.6)

PT, median (range), s 12.1 (9.2–18.1)

Platelet count, median (range),  109/L 132 (16–484)

Portal hypertension, n (%)

Absent 579 (71.2%)

Present 234 (28.8%)

Child–Pugh grade, n (%)

A 764 (94.0%)

B 49 (6.0%)

AFP, n (%), ng/mL

≤ 400 521 (64.1%)

> 400 292 (35.9%)

Tumor size, median (range), cm 4.7 (1.0–20.0)

Tumor size, n (%), cm

≤ 5 464 (57.1%)

> 5 349 (42.9%)

Extent of hepatectomy, n (%)

Minor hepatectomy 713 (87.7%)

Major hepatectomy 100 (12.3%)

Intraoperative blood transfusion, n (%) 151 (18.6%)

Histological severity of cirrhosis, n (%)

Mild cirrhosis 376 (46.2%)

Moderate cirrhosis 360 (44.3%)

Severe cirrhosis 77 (9.5%)

Microvascular invasion, n (%)

Absent 675 (83.0%)

Present 138 (17.0%)

Tumor di�erentiation, n (%)

Well 179 (22.0%)

Moderate 436 (53.6%)

Poor 198 (24.4%)
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Further analysis was performed in patients without microvascular invasion. Among these patients, the 1-, 
3-, 5-, 7, and 10-year RFS rates in the ≤ 5 cm and > 5 cm groups were 77.0%, 56.6%, 39.7%, 31.2%, and 26.7%, 
and 54.1%, 34.4%, 27.1%, 22.9%, and 17.5%, respectively (Fig. 2A); while the 1-, 3-, 5-, 7, and 10-year OS rates 
in the ≤ 5 cm and > 5 cm groups were 93.9%, 78.1%, 63.3%, 49.4%, and 41.7%, and 83.4%, 67.5%, 62.1%, 44.8%, 
and 27.3%, respectively (Fig. 2B). Patients in the > 5 cm group had worse RFS (P < 0.001) and OS (P = 0.013) than 
those in the ≤ 5 cm group.

Factors associated with recurrence‑free and overall survival. Univariate analysis showed that pres-
ence of hepatitis B/C virus infection, portal hypertension, Child–Pugh grade B liver function, AFP > 400 ng/mL, 
tumor size > 5 cm, major hepatectomy, intraoperative blood transfusion, moderate/severe cirrhosis, microvascu-
lar invasion, and moderate/poor tumor di�erentiation were associated with worse RFS (Table 3). Furthermore, 
portal hypertension, Child–Pugh grade B liver function, AFP > 400 ng/mL, tumor size > 5 cm, intraoperative 
blood transfusion, moderate/severe cirrhosis, microvascular invasion, and moderate/poor tumor di�erentia-
tion were associated with worse OS (Table 4). �ese signi�cant prognostic variables identi�ed by the univari-
ate analysis were entered into the Cox proportional hazards model for multivariate analysis, which con�rmed 
portal hypertension, AFP > 400 ng/mL, tumor size > 5 cm, moderate/severe cirrhosis, and moderate/poor tumor 
di�erentiation as independent adverse prognostic factors for RFS (Table 5). Furthermore, portal hypertension, 
AFP > 400  ng/mL, tumor size > 5  cm, moderate/severe cirrhosis, microvascular invasion, and moderate/poor 
tumor di�erentiation were identi�ed as independent adverse prognostic factors for OS (Table 5).

Table 2.  Clinicopathological characteristics by tumor size and propensity score matching. PSM propensity 
score matching, AFP alpha-fetoprotein.

Variables

Before PSM A�er PSM

 ≤ 5 cm (n = 464)  > 5 cm (n = 349) P  ≤ 5 cm (n = 235)  > 5 cm (n = 235) P

Age, n (%), years 0.169 0.486

≤ 60 391 (84.3%) 306 (87.7%) 203 (86.4%) 208 (88.5%)

> 60 73 (15.7%) 43 (12.3%) 32 (13.6%) 27 (11.5%)

Gender, n (%) 0.694 0.393

Male 411 (88.6%) 306 (87.7%) 210 (89.4%) 204 (86.8%)

Female 53 (11.4%) 43 (12.3%) 25 (10.6%) 31 (13.2%)

Etiology, n (%) 0.366 0.338

Hepatitis B/C 432 (93.1%) 319 (91.4%) 218 (92.8%) 223 (94.9%)

Other 32 (6.9%) 30 (8.6%) 17 (7.2%) 12 (5.1%)

Alanine aminotransferase, n (%), U/L 0.004 0.512

≤ 40 310 (66.8%) 199 (57.0%) 134 (57.0%) 141 (60.0%)

> 40 154 (33.2%) 150 (43.0%) 101 (43.0%) 94 (40.0%)

Portal hypertension, n (%)  < 0.001 0.754

Absent 308 (66.4%) 271 (77.7%) 171 (72.8%) 174 (74.0%)

Present 156 (33.6%) 78 (22.3%) 64 (27.2%) 61 (26.0%)

Child–Pugh grade, n (%) 0.757 0.805

A 435 (93.8%) 329 (94.3%) 227 (96.6%) 226 (96.2%)

B 29 (6.2%) 20 (5.7%) 8 (3.4%) 9 (3.8%)

AFP, n (%), ng/mL  < 0.001 0.851

≤ 400 328 (70.7%) 193 (55.3%) 138 (58.7%) 140 (59.6%)

> 400 136 (29.3%) 156 (44.7%) 97 (41.3%) 95 (40.4%)

Extent of hepatectomy, n (%)  < 0.001 1.000

Minor hepatectomy 459 (98.9%) 254 (72.8%) 230 (97.9%) 230 (97.9%)

Major hepatectomy 5 (1.1%) 95 (27.2%) 5 (2.1%) 5 (2.1%)

Intraoperative blood transfusion, n (%) 45 (9.7%) 106 (30.4%)  < 0.001 38 (16.2%) 39 (16.6%) 0.901

Histological severity of cirrhosis, n (%) 0.027 0.116

Mild cirrhosis 199 (42.9%) 177 (50.7%) 35 (14.9%) 48 (20.4%)

Moderate/severe cirrhosis 265 (57.1%) 172 (49.3) 200 (85.1%) 187 (79.6%)

Microvascular invasion, n (%) 0.001 0.636

Absent 403 (86.9%) 272 (77.9%) 193 (82.1%) 189 (80.4%)

Present 61 (13.1%) 77 (22.1%) 42 (17.9%) 46 (19.6%)

Tumor di�erentiation, n (%) 0.002 0.116

Well 120 (25.9%) 59 (16.9%) 35 (14.9%) 48 (20.4%)

Moderate/poor 344 (74.1%) 290 (83.1%) 200 (85.1%) 187 (79.6%)
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�e factors that might a�ect RFS and OS a�er PSM were also analyzed by univariate (Table 3 and Table 4) and 
multivariate analysis (Table 5). Multivariate analysis further veri�ed that tumor size > 5 cm was an independent 
adverse prognostic factor for both RFS and OS a�er PSM.

Figure 1.  Kaplan–Meier survival curves in the groups strati�ed by tumor size in the entire cohort (A,B) and in 
the PSM cohort (C,D). (A,C) RFS curves. (B,D) OS curves. PSM propensity score matching, RFS recurrence-
free survival, OS overall survival.

Figure 2.  Kaplan–Meier survival curves in the groups strati�ed by tumor size in patients without microvascular 
invasion. (A) RFS curves. (B) OS curves. RFS recurrence-free survival, OS overall survival.
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Discussion
In this study, we analyzed the prognostic signi�cance of clinicopathological factors especially on the tumor size 
for solitary HCC in cirrhotic patients without macrovascular invasion who underwent hepatectomy with curative 
intent. We used 5 cm as the cut-o� value to classify patients into two groups and for subsequent survival analysis. 
Using 5 cm as the criteria has additional merit, because many studies assigned 5 cm as the cut-o� value between 
early and intermediate stage  HCC16–19. In addition, the cut-o� value of 5 cm also was included in the Milan 
 criteria20 and the Hong Kong Liver Cancer staging  system21. �e present study revealed that the size of solitary 
tumor was signi�cantly correlated with the prognosis of HCC patients in the absence of macrovascular invasion 
a�er curative hepatectomy. �en, to clarify the true oncological impact of tumor size on tumor recurrence and 
long-term survival, we perfomed PSM analysis by adjusting for potential confounders (including tumor- and 
liver-related factors, especially for histological severity of cirrhosis) between the ≤ 5 cm and > 5 cm groups. We 
found that patients who had tumor size > 5 cm had signi�cantly worse RFS and OS rates than their counterpart 
both in the entire cohort as well as in the PSM cohort.

Tumor size was a signi�cant risk factor for tumor spread of  HCC22–24. �e frequency of intrahepatic metastasis 
increased by about one-third between HCC less and larger than 5 cm, and the incidence of portal vein tumor 

Table 3.  Univariate analysis of clinicopathological variables associated with recurrence-free survival. PSM 
propensity score matching, RFS recurrence-free survival, AFP alpha-fetoprotein.

Variable

Before PSM A�er PSM

n 5-year RFS (%) P n 5-year RFS (%) P

Age, years 0.440 0.756

 ≤ 60 697 32.7 411 31.9

 > 60 116 31.2 59 26.6

Gender 0.158 0.375

Male 717 31.7 414 30.7

Female 96 38.4 56 35.5

Etiology 0.017 0.025

Hepatitis B/C 751 31.0 441 29.6

Other 62 49.8 29 53.4

Alanine aminotransferase, U/L 0.086 0.311

 ≤ 40 509 33.4 275 32.3

 > 40 304 31.0 195 29.9

Portal hypertension  < 0.001  < 0.001

Absent 579 41.5 345 40.3

Present 234 10.9 125 5.1

Child–Pugh grade 0.018 0.019

A 764 34.1 453 32.3

B 49 11.1 17 8.8

AFP, ng/mL  < 0.001 0.002

 ≤ 400 521 37.0 278 35.4

 > 400 292 24.6 192 25.2

Tumor size, cm  < 0.001  < 0.001

 ≤ 5 464 38.3 235 39.0

 > 5 349 25.1 235 23.4

Extent of hepatectomy 0.003 0.478

Minor hepatectomy 713 33.1 460 31.4

Major hepatectomy 100 32.4 10 –

Intraoperative blood transfusion  < 0.001 0.001

No 662 34.5 393 33.3

Yes 151 24.1 77 20.2

Histological severity of cirrhosis  < 0.001  < 0.001

Mild cirrhosis 376 46.0 230 45.5

Moderate/severe cirrhosis 437 18.4 240 15.2

Microvascular invasion 0.001 0.060

Absent 675 34.2 382 32.6

Present 138 24.4 88 26.3

Tumor di�erentiation  < 0.001 0.002

Well 179 49.4 83 49.4

Moderate/poor 634 27.6 387 27.4
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thrombosis  doubled23,24. Previously, several studies revealed that there was a negative correlation between tumor 
size and prognosis in HCC patients a�er hepatectomy, and poor outcomes were observed for those with large 
tumor  size5,6,25. However, although these studies included patients with solitary HCC, some tumors were associ-
ated with macrovascular invasion. Among all the prognostic clinicopathological factors for long-term survival, 
macrovascular invasion is well known to be associated with poor prognosis and a high possibility of tumor recur-
rence a�er hepatectomy or liver transplantation for  HCC26–28. Some studies attributed the correlation between 
tumor size and prognosis to the association of tumor size with other more important adverse prognostic factors 
including tumor-related microenvironment, nutritional status, genetic background, vascular invasion, poorer 
di�erentiation, and  multifocality8,29–34. Several studies also concluded that tumor size did not independently 
in�uence the prognosis of solitary HCC without vascular  invasion35,36. However, recently, several large cohort 
studies have demonstrated the importance of tumor size as a prognostic marker for solitary  HCC37–39. In the 
current study, we con�rmed that there was a signi�cant prognostic in�uence of tumor size on tumor recurrence 
and long-term survival before and a�er PSM. However our retrospective study was based on a moderate sample 
size without independent veri�cation cohort, a meta-analysis would be warranted for further con�rming this 
�ndings with subgroup analyses based on the factors that could confound this  association40–42.

Table 4.  Univariate analysis of clinicopathological variables associated with overall survival. PSM propensity 
score matching, OS overall survival, AFP alpha-fetoprotein.

Variable

Before PSM A�er PSM

n 5-year OS (%) P n 5-year OS (%) P

Age, years 0.285 0.261

≤ 60 697 61.3 411 62.6

> 60 116 53.8 59 52.9

Gender 0.907 0.874

Male 717 60.7 414 61.2

Female 96 57.2 56 61.8

Etiology 0.380 0.288

Hepatitis B/C 751 59.7 441 60.8

Other 62 66.1 29 67.7

Alanine aminotransferase, U/L 0.678 0.724

≤ 40 509 59.3 275 59.3

> 40 304 61.4 195 63.6

Portal hypertension  < 0.001  < 0.001

Absent 579 68.2 345 69.9

Present 234 40.8 125 37.4

Child–Pugh grade  < 0.001 0.001

A 764 60.8 453 62.4

B 49 51.0 17 37.6

AFP, ng/mL  < 0.001 0.031

≤ 400 521 65.8 278 67.1

> 400 292 50.1 192 52.7

Tumor size, cm 0.002 0.027

≤ 5 464 61.5 235 62.8

> 5 349 59.9 235 60.2

Extent of hepatectomy 0.081 0.067

Minor hepatectomy 713 60.6 460 61.7

Major hepatectomy 100 60.2 10 31.1

Intraoperative blood transfusion 0.001 0.012

No 662 62.4 393 63.7

Yes 151 50.2 77 47.9

Histological severity of cirrhosis  < 0.001  < 0.001

Mild cirrhosis 376 73.0 230 73.4

Moderate/severe cirrhosis 437 48.1 240 49.4

Microvascular invasion  < 0.001 0.028

Absent 675 62.3 382 63.8

Present 138 48.6 88 48.2

Tumor di�erentiation  < 0.001  < 0.001

Well 179 76.9 83 79.1

Moderate/poor 634 55.2 387 57.5
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�e discrepancy between our results and those of previous studies may have resulted from our inclusion of 
patients with solitary HCC and without macrovascular invasion, allowing for evaluation of the true prognostic 
risk associated with tumor size. Another reason might be that we controlled for the confounding e�ects of liver-
related factors. �e condition of underlying cirrhosis in HCC patients is one of the most important factors to 
decide treatment modality as well as to in�uence the survival outcomes. Previous studies investigating the cor-
relation between tumor size and prognosis in HCC patients a�er hepatectomy all regarded cirrhosis as a one-stage 
condition and ignored the di�erence in the histological severity of cirrhosis. Mounting evidence reveals that cir-
rhosis is not a single disease  stage11,43,44. Furthermore, several studies have demonstrated that histological severity 
of cirrhosis is very useful in predicting prognosis in HCC patients with cirrhosis a�er  hepatectomy12,13. In this 
study, cirrhosis was histologically staged according to the Laennec staging system, and we found that cirrhotic 
severity was adversely correlated with long-term outcomes in patients with solitary HCC and without macro-
vascular invasion. Patients with moderate/severe cirrhosis had poorer prognosis than those with mild cirrhosis, 
consistent with previous  �ndings12,13. In the present study, the proportions of patients with portal hypertension 
and moderate/severe cirrhosis were lower in the > 5 cm group than in the ≤ 5 cm group. �us, controlling for the 
confounding e�ects of liver-related factors might also have in�uenced the results.

Table 5.  Independent prognostic factors for recurrence-free and overall survival by multivariate analysis. PSM 
propensity score matching, HR hazard ratio, CI con�dence interval, AFP alpha-fetoprotein.

Variable

Before PSM A�er PSM

HR 95% CI P HR 95% CI P

Recurrence-free survival

Portal hypertension

 Absent Ref – – Ref – –

 Present 1.626 1.311–2.016  < 0.001 1.622 1.214–2.166 0.001

AFP, ng/mL

 ≤ 400 Ref – – Ref – –

 > 400 1.344 1.115–1.619 0.002 1.454 1.150–1.840 0.002

Tumor size, cm

 ≤ 5 Ref – – Ref – –

 > 5 1.772 1.454–2.160  < 0.001 1.796 1.421–2.271  < 0.001

Intraoperative blood transfusion

 No Ref – – Ref – –

 Yes 1.199 0.947–1.517 0.131 1.424 1.041–1.949 0.027

Histological severity of cirrhosis

 Mild cirrhosis Ref – – Ref – –

 Moderate/severe cirrhosis 1.593 1.297–1.957  < 0.001 1.494 1.142–1.953 0.003

Tumor di�erentiation

 Well Ref – – Ref – –

 Moderate/poor 1.602 1.259–2.038  < 0.001 1.626 1.167–2.264 0.004

Overall survival

Portal hypertension

 Absent Ref – – Ref – –

 Present 2.022 1.546–2.645  < 0.001 2.080 1.447–2.991  < 0.001

AFP, ng/mL

 ≤ 400 Ref – – Ref – –

 > 400 1.405 1.102–1.791 0.006 1.536 1.120–2.106 0.008

Tumor size, cm

 ≤ 5 Ref – – Ref – –

 > 5 1.486 1.154–1.914 0.002 1.563 1.146–2.133 0.005

Histological severity of cirrhosis

 Mild cirrhosis Ref – – Ref – –

 Moderate/severe cirrhosis 1.821 1.388–2.389  < 0.001 1.717 1.194–2.468 0.004

Microvascular invasion

 Absent Ref – – Ref – –

 Present 1.551 1.138–2.113 0.005 1.501 1.017–2.215 0.041

Tumor di�erentiation, n (%)

 Well Ref – – Ref – –

 Moderate/poor 1.707 1.229–2.370 0.001 2.200 1.324–3.656 0.002
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Among those HCC patients without macrovascular invasion, the occurrence rate of microvascular invasion 
was 17.0%. Patients with large tumor size had a higher incidence of microvascular invasion, consistent with previ-
ous  �ndings7,38. Although tumor size and the incidence of microvascular invasion were signi�cantly correlated, 
both were independent prognostic factors for tumor recurrence and long-term survival a�er hepatectomy. Fur-
thermore, there was a signi�cant prognostic in�uence of tumor size on tumor recurrence and long-term survival 
in the subgroup of patients without microvascular invasion. In addition to microvascular invasion, we found that 
there was a signi�cant correlation between tumor size and di�erentiation. �e proportion of well di�erentiation 
was signi�cantly higher in the ≤ 5 cm group than in the > 5 cm group. In this study, 16.9% of patients with tumor 
size > 5 cm have well di�erentiation. �e most plausible explanation for such a high proportion was that this 
study only included cirrhotic patients with solitary HCC and without macrovascular invasion.

�is study has several limitations. First, this was a retrospective study taking place in a single center, thus 
selection biases were unavoidable. Further multicenter and prospective studies are needed to validate the results 
of the current study. Second, the majority of HCC patients in this study were infected by hepatitis B virus. �is 
feature is di�erent from patients infected by hepatitis C virus in most Western countries or Japan.

In conclusion, this study demonstrated that in cirrhotic patients with solitary HCC and without macrovas-
cular invasion, tumor size may signi�cantly in�uence tumor recurrence and long-term survival a�er curative 
hepatectomy, however the potential causality is not clear and a Mendelian randomization study is warrant to 
disclose the causal  e�ects45–47. Strati�cation of these patients according to tumor size could aid in determining 
prognosis and developing reasonable protocols for patient management.
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