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Purpose: There is a scarcity of predictive models currently accessible for prognosticating proliferative hepatocellular carcinoma 
(HCC), an integrated class of subtype, characterized by a dismal prognosis. Consequently, this study aimed to develop and validate 
a novel prognostic model capable of accurately predicting the prognosis of proliferative HCC after curative resection.
Patients and Methods: This retrospective multicenter study included patients with solitary HCC who underwent curative liver 
resection from August 2014 to December 2020 (n = 816). Patients were stratified into either the proliferative HCC cohort (n = 259) or 
the nonproliferative HCC cohort (n = 557) based on histological criteria. Disease-free survival (DFS) was compared between the two 
groups before and after one-to-one propensity score matching (PSM). Of all the proliferative HCC patients, 203 patients were assigned 
to training cohort, and 56 patients were assigned to validation cohort. Univariate and multivariate analyses were performed in training 
cohort to identify risk factors associated with worse DFS. Thereafter, a predictive model was constructed, subsequently validated in the 
validation cohort.
Results: The DFS of proliferative HCC was significantly worse than nonproliferative HCC before and after PSM. Meanwhile, 
multivariate regression analysis revealed that liver cirrhosis (P = 0.032) and larger tumor size (P = 0.000) were independent risk factors 
of worse DFS. Lastly, the discriminative abilities of the predictive model for 1, 3, 5-year DFS rates, as determined by receiver 
operating characteristic (ROC) curves, were 0.702, 0.720, and 0.809 in the training cohort and 0.752, 0.776, and 0.851 in the validation 
cohort, respectively.
Conclusion: This study developed a predictive model with satisfactory accuracy to predict the worse DFS in proliferative HCCs after 
liver resection. Moreover, this predictive model may serve as a valuable tool for clinicians to predict postoperative HCC recurrence, 
thereby enabling them to implement early preventative strategies.
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Introduction
Hepatocellular carcinoma (HCC) can be classified into proliferative and nonproliferative categories based on their 
molecular and histological characteristics.1 Proliferative HCCs, which account for 30–50% of all HCCs, encompass 
a diverse group of tumors with aggressive biological features, including various histological subtypes such as scirrhous, 
macrotrabecular-massive (MTM), sarcomatoid, and neutrophil-rich HCCs. Additionally, the progenitor subtype, hall-
marked by the presence of cytokeratin 19 (CK19), is considered part of the proliferative type despite not being a true 
histological subtype.1–3 To date, surgical resection remains the primary curative treatment modality for HCCs and is 
extensively endorsed in various guidelines.4–6 Given the elevated malignancy level of proliferative HCCs, the post- 
resection prognosis of proliferative HCCs is unfavorable, and recurrence rates are relatively high. As demonstrated by 
Kang et al, proliferative HCCs have worse prognostic outcomes following liver resection compared to nonproliferative 
HCCs.2 Consequently, accurate prediction of proliferative HCC recurrence holds significant implications for improving 
prognosis.
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To date, numerous staging systems have been employed to assess the prognosis of HCC following liver resection.7–11 

However, compelling evidence suggests that proliferative HCCs behave differently from nonproliferative HCCs, with 
distinct prognoses and prognostic factors.1,2,12–16 As mentioned by Kang et al, proliferative HCC is an independent factor 
for poor over-all survival, higher rate of intrahepatic distant recurrence, and extrahepatic metastasis after curative surgery. 
In addition, rim arterial phase hyperenhancement at gadoxetate-enhanced MRI was independent predictors for prolif-
erative HCC and poor prognosis.2 Attributable to the rarity of proliferative HCCs, there is a paucity of predictive models 
or staging systems for assessing its prognosis after liver resection. Therefore, there is an urgent need to generate 
a predictive model for proliferative HCCs to stratify their prognosis and improve clinical management strategies. The 
nomogram is a clinical predictive model derived from multivariate regression analysis, enabling the incorporation of 
multiple predictors for improved prognostic evaluation. Moreover, the nomogram possesses the capability to tailor the 
calculation of an individual’s disease-free survival (DFS) or overall survival (OS) thereby demonstrating its clinical 
applicability.

Therefore, the current study aimed to develop and validate a prognostic prediction model using a nomogram from 
a cohort of proliferative HCC patients who underwent liver resection.

Patients and Methods
Study Population
This retrospective study was conducted at multiple centers (three tertiary referral hospitals). HCC patients who under-
went liver resection as the primary treatment from August 2014 to December 2020 were eligible to participate in this 
study. The inclusion criteria were as follows: 1) solitary tumor; 2) Child-Pugh class A or B; 3) absence of vascular 
invasion or extrahepatic metastasis. The exclusion criteria were as follows: 1) failure to achieve R0 resection of HCC; 2) 
absence of baseline CT imaging within 1 month prior to surgery; 3) unavailable baseline laboratory test results within 1 
week before surgery; 4) absence of follow-up data. A total of 816 HCC patients were enrolled in this study, with 636 
participants from institution A and 180 participants from institutions B and C. The study process flowchart is illustrated 
in Figure 1. The study was approved by the institutional review boards of the Second Xiangya Hospital of Central South 
University, the Affiliated Cancer Hospital of Guizhou Medical University, and the Affiliated Hospital of Guizhou 
Medical University. This study was conducted in accordance with the Helsinki Declaration. As the study was retro-
spective and patient data was anonymized and de-identified prior to analysis, the requirement for written consent was 
waived.

Data Collection
Clinical data collected comprised age, sex, etiology of liver disease, and presence of cirrhosis. Imaging features 
included the diameter of the largest tumor, the shape of the tumor, the presence of satellite nodules, and the presence 
of portal hypertension. Laboratory parameters included neutrophil count, lymphocyte count, platelet count, and 
systemic immune-inflammation index (SII), as well as serum albumin levels, total bilirubin levels, albumin- 
bilirubin (ALBI) grade, and alpha-fetoprotein (AFP) levels. A prior study identified that SII > 330 was an independent 
risk factor for the prognosis of HCC patients undergoing liver resection.17 Therefore, 330 was selected as the cutoff 
value of SII in the present study. The timing of preoperative imaging examinations and surgical procedures was also 
documented. Liver cirrhosis was diagnosed by histopathological biopsy and was defined as an advanced form of 
progressive hepatic fibrosis with distortion of the hepatic architecture and regenerative nodule formation.18 The 
diameter of the largest tumor, the shape of the tumor, and the presence of satellite nodules were recorded 
accordingly.19 Measurement of portal vein pressure was not routinely performed in these three institutions; therefore, 
portal hypertension was defined as the presence of at least two of the following findings: varices, ascites, or 
splenomegaly on imaging results.20,21 Splenomegaly was assessed by CT scans and defined as a spleen size with 
any axis >12 cm, or a transverse dimension exceeding 5 rib spaces, or a visible spleen below the level of the liver 
edge.
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Histological Analysis
An experienced pathologist (with more than 10 years of experience in hepatic pathology) reviewed the pathological slides of all 
resected hepatocellular carcinomas to determine the histological subtypes of HCC. The histomorphology subtype of HCC was 
classified in accordance with the 2019 WHO classification.22 CK19 immunohistochemistry was also performed on all 
representative whole-tissue HCC sections. HCC expressing CK19 in more than 5% of tumor cells was categorized as 
proliferative HCC, whilst CK19-negative HCC was defined as either unstained by immunohistochemistry or expressing 
CK19 in less than 5% of tumor cells. Besides, MTM, neutrophil-rich, scirrhous, sarcomatoid, and CK19-positive conventional 
HCC were categorized as proliferative HCC, whereas steatohepatitic, clear cell, lymphocyte-rich, and CK19-negative conven-
tional HCC were designated nonproliferative HCC.1–3,16

Figure 1 Study flowchart. Patients with proliferative hepatocellular carcinoma who underwent liver resection in institution (A) (n=203) were included in the training cohort 
for establishing the predictive model. Patients from institutions (B and C) (n=56) were included in the external validation cohort.
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Follow-Up Evaluation and Endpoints
All patients underwent clinical and radiological follow-up assessments. The latter included ultrasound every 2–3 months 
during the first year after surgery, and at least every 6 months thereafter. When suspicious recurrence was detected in the 
liver, further evaluation was performed using at least two imaging modalities (contrast enhanced CT or 
MRI).18F-fluorodeoxyglucose (18F-FDG) PET scan, brain CT or MRI, or bone scan was performed in case of sympto-
matic brain or bone metastases. Additionally, routine blood tests, including complete blood count, liver function, and 
serum AFP measurement were routinely conducted for surveilling recurrence.

The endpoint of this study was DFS, defined as the time from the date of surgery to HCC recurrence or death from 
any cause, as determined by the last hospital or telephone follow-up. If tumor recurrence occurred, treatment options 
such as ablation, repeat surgery, transarterial chemoembolization (TACE), or liver transplantation were performed based 
on the patient’s condition, tumor location, and size.

Statistical Analysis
Continuous variables were expressed as median and interquartile range, whereas categorical variables were presented as 
frequency and proportion. The t-test and chi-square test were used to assess differences between the training and 
validation cohorts. The Cox proportional hazards model was used to establish the predictive model based on the DFS 
and variables in the training cohort. The univariate and multivariate regression method was used to identify independent 
predictors of worse DFS, which were expressed as hazard ratio (HR), 95% confidence intervals (CI), and p-value.

The predictive performance of the nomogram was evaluated by the area under the receiver operating character-
istic curve (AUC) in the training and validation cohorts. Based on the nomogram of the final model, a risk score for 
postoperative proliferative HCC was obtained. The optimal cutoff point for the risk score was determined by 
Kaplan–Meier curve. Proliferative HCC was classified into risk groups based on the risk score and subgroup 
analysis was then conducted. The DFS was analyzed using the Kaplan–Meier curve both in training and testing 
cohorts, and the Log rank test was used for significance testing. In addition, the DFS was compared among high risk 
proliferative, low risk proliferative, and nonproliferative HCC in the entire cohort as well as in institution A, and 
institutions B+C.

Statistical analyses were performed using SPSS statistical software (SPSS version 25, International Business 
Machines Corporation) and R software (version 4.3.0, http://www.R-project.org). P < 0.05 was considered statistically 
significant.

Results
Baseline Characteristics of the Study Population
A total of 816 patients were included in this study, with 259 categorized as proliferative HCC and 557 as nonproliferative 
HCC. Among the proliferative HCC cases, 203 (78.4%, 203/259) patients were from institution A (66 cases of MTM, 31 
scirrhous, 3 cases of sarcomatoid, 4 cases of neutrophil-rich, and 99 cases of CK19 positive conventional HCC), serving 
as the training cohort for developing the prognostic model. Fifty-six patients (21.6%, 56/259) were from institutions 
B and C (22 cases of MTM, 11 cases of scirrhous, 1 case of sarcomatoid, and 22 cases of CK 19 positive conventional 
HCC), serving as the external validation cohort for testing the prognostic model. Among the nonproliferative HCC cases, 
433 patients were from institution A (13 cases of steatohepatitic, 6 cases of lymphocyte-rich, 9 cases of clear cell, and 
405 cases of CK19 negative conventional HCC), and 124 patients were from institutions B and C (1 case of 
steatohepatitic, 1 case of lymphocyte-rich, 11 cases of clear cell, and 111 cases of CK19 negative conventional HCC). 
The baseline characteristics of patients in the training and validation cohorts are listed in Table 1. The imaging features 
and pathological characteristics are displayed in Figure 2A and B.

Comparison of DFS Between Proliferative and Nonproliferative HCC
Compared to the nonproliferative HCC group, patients in the proliferative HCC group exhibited a lobulated tumor shape, 
higher AFP levels, presence of satellite nodules, larger tumors, and higher SII level (Table 2). Kaplan–Meier survival 
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curves of DFS in patients with proliferative HCC group and nonproliferative HCC are delineated in Figure 3. Compared 
to those in the proliferative HCC group, patients in the nonproliferative HCC group had a significantly better DFS 
(nonproliferative HCC, 27.4 months [IQR, 10.7–44.7] vs proliferative HCC, 10.9 months [IQR, 3.6–30.2]; p < 0.001) 

Table 1 The Demographic, Radiological and Laboratorial Characteristics of Patients in Training Cohort and Validation 
Cohort

Baseline Characteristics Total  
(n = 259)

Training Cohort  
(n = 203)

Testing Cohort  
(n = 56)

P

Sex, n (%) 0.934

Male 216 (83) 170 (84) 46 (82)
Female 43 (17) 33 (16) 10 (18)

Age (y), n (%) < 0.001

≤55 145 (56) 128 (63) 17 (30)
>55 114 (44) 75 (37) 39 (70)

Portal hypertension, n (%) 0.905
Absent 209 (81) 163 (80) 46 (82)

Present 50 (19) 40 (20) 10 (18)

Child-Pugh class, n (%) 0.260
A 240 (93) 190 (94) 50 (89)

B 19 (7) 13 (6) 6 (11)

Etiology of Liver disease, n (%) 0.391
None 45 (17) 34 (17) 11 (20)

HBV 193 (75) 150 (74) 43 (77)

Other 21 (8) 19 (9) 2 (4)
Cirrhosis, n (%) 0.696

Absent 112 (43) 86 (42) 26 (46)

Present 147 (57) 117 (58) 30 (54)
Shape of the tumor, n (%) 0.521

Round 122 (47) 93 (46) 29 (52)

Lobulated 137 (53) 110 (54) 27 (48)
Satellite nodule, n (%) 0.018

Absent 222 (86) 168 (83) 54 (96)

Present 37 (14) 35 (17) 2 (4)
AFP (ng/mL), n (%) 0.601

≤200 112 (43) 90 (44) 22 (39)

>200 147 (57) 113 (56) 34 (61)
Diameter of the largest tumor (mm), n (%) 1.000

≤50 134 (52) 105 (52) 29 (52)

>50 125 (48) 98 (48) 27 (48)
Neutrophil count (×109/L), Median (Q1, Q3) 3.7 (2.6, 4.6) 3.7 (2.8, 4.6) 3.4 (2.4, 4.1) 0.055

Lymphocyte count (×109/L), Median (Q1, Q3) 1.3 (1.0, 1.6) 1.3 (1.0, 1.6) 1.3 (1.0, 1.7) 0.885

Platelet count (×109/L), Median (Q1, Q3) 167.0 (121.5, 223.0) 165.0 (123.0, 222.5) 178.5 (111.8, 224.8) 0.816
SII, n (%) 0.411

≤330 92 (36) 69 (34) 23 (41)

>330 167 (64) 134 (66) 33 (59)
Serum albumin (g/L), Median (Q1, Q3) 39.1 (36.0, 42.4) 38.9 (35.9, 42.2) 40.8 (37.3, 43.3) 0.016

Total bilirubin (mg/dL), Median (Q1, Q3) 14.3 (10.1, 19.2) 14.5 (10.7, 19.3) 13.4 (9.2, 18.1) 0.183

ALBI grade, n (%) 0.015
1 125 (48) 89 (44) 36 (64)

2 133 (51) 113 (56) 20 (36)

3 1 (0) 1 (0) 0 (0)

Abbreviations: AFP, alpha-fetoprotein; SII, systemic immune-inflammation index; ALBI, albumin-bilirubin.
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(Table 2 and Figure 3A). Moreover, to mitigate the risk of selection bias originating from confounding factors between 
the two groups, a one-to-one PSM analysis was performed. After PSM, 398 patients were enrolled, of which 199 cases 
were proliferative HCC and 199 cases were nonproliferative HCC. The baseline characteristics were comparable between 
the two groups after PSM (Table 3), which showed no statistical difference between baseline characteristics. In line with 

Figure 2 (A) Images showing a case of proliferative hepatocellular carcinoma in the 7th segment of the liver of a 50-year-old man with cirrhosis. The lesion was 41 mm in 
size, with an oval shape, and without satellite nodules on the CT images. CT image during the arterial phase displayed heterogenous enhancement. A washout appearance 
was observed in the delayed phase of the CT scan. These observations qualified as Liver Imaging Reporting and Data System category 5. Microscopic examination with 
hematoxylin and eosin staining confirmed the presence of the macrotrabecular-massive HCC subtype. (B) Images illustrating a case of nonproliferative hepatocellular 
carcinoma at the junction of the 7th and 8th segments of the liver of a 48-year-old woman without cirrhosis. The lesion was 22 mm in size, with a round shape, and without 
satellite nodules on the CT images. CT image during the arterial phase CT image showed moderate enhancement, while a washout appearance was noted during the delayed 
phase. These observations qualified as Liver Imaging Reporting and Data System category 5. Microscopic examination with hematoxylin and eosin staining confirmed the 
presence of the clear cell HCC subtype.

Table 2 The Baseline Characteristics of Proliferative and Nonproliferative HCC Before PSM in the Entire Population

Baseline Characteristics Total  
(n = 816)

Nonproliferative HCC  
(n = 557)

Proliferative HCC  
(n = 259)

P

DFS (m), Median (Q1, Q3) 24.3 (6.6, 43.3) 27.4 (10.7, 47.7) 10.9 (3.6, 30.2) < 0.001

Sex, n (%) 0.799
Male 686 (84) 470 (84) 216 (83)

Female 130 (16) 87 (16) 43 (17)

Age (y), n (%) 0.382
≤55 437 (54) 292 (52) 145 (56)

>55 379 (46) 265 (48) 114 (44)

Portal hypertension, n (%) 0.862
Absent 654 (80) 445 (80) 209 (81)

Present 162 (20) 112 (20) 50 (19)

Child-Pugh class, n (%) 0.681
A 762 (93) 522 (94) 240 (93)

B 54 (7) 35 (6) 19 (7)

Etiology of Liver disease, n (%) 0.151
None 164 (20) 119 (21) 45 (17)

HBV 571 (70) 378 (68) 193 (75)
Other 81 (10) 60 (11) 21 (8)

Cirrhosis, n (%) 0.302

Absent 376 (46) 264 (47) 112 (43)
Present 440 (54) 293 (53) 147 (57)

Shape of the tumor, n (%) < 0.001

Round 557 (68) 435 (78) 122 (47)
Lobulated 259 (32) 122 (22) 137 (53)

(Continued)
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the above results, compared to the proliferative HCC group, patients in the nonproliferative HCC group had 
a significantly better DFS (nonproliferative HCC, 26.0 months [IQR, 6.8–41.7] vs proliferative HCC, 12.0 months 
[IQR, 4.2–30.0]; p = 0.001) (Table 3 and Figure 3B).

Table 2 (Continued). 

Baseline Characteristics Total  
(n = 816)

Nonproliferative HCC  
(n = 557)

Proliferative HCC  
(n = 259)

P

Satellite nodule, n (%) < 0.001
Absent 758 (93) 536 (96) 222 (86)

Present 58 (7) 21 (4) 37 (14)

AFP (ng/mL), n (%) < 0.001
≤200 494 (61) 382 (69) 112 (43)

>200 322 (39) 175 (31) 147 (57)

Diameter of the largest tumor (mm), n (%) 0.004
≤50 483 (59) 349 (63) 134 (52)

>50 333 (41) 208 (37) 125 (48)

Neutrophil count (×109/L), Median (Q1, Q3) 3.3 (2.4, 4.3) 3.1 (2.3, 4.1) 3.7 (2.6, 4.6) < 0.001
Lymphocyte count (×109/L), Median (Q1, Q3) 1.3 (1.0, 1.7) 1.3 (1.0, 1.8) 1.3 (1.0, 1.6) 0.131

Platelet count (×109/L), Median (Q1, Q3) 155 (108.0, 209.3) 147 (101.0, 202.0) 167 (121.5, 223.0) < 0.001

SII, n (%) < 0.001
≤330 387 (47) 295 (53) 92 (36)

>330 429 (53) 262 (47) 167 (64)

Serum albumin (g/L), Median (Q1, Q3) 39.1 (36.3, 42.2) 39.1 (36.5, 42.0) 39.1 (36.0, 42.4) 0.949
Total bilirubin (mg/dL), Median (Q1, Q3) 13.8 (10.2, 18.9) 13.4 (10.2, 18.7) 14.3 (10.1, 19.2) 0.430

ALBI grade, n (%) 0.616

1 396 (49) 271 (49) 125 (48)
2 412 (50) 279 (50) 133 (51)

3 8 (1) 7 (1) 1 (0)

Abbreviations: HCC, hepatocellular carcinoma; DFS, disease free survival; AFP, alpha-fetoprotein; SII, systemic immune-inflammation index; ALBI, albumin- 
bilirubin.

Figure 3 Disease-free survival curves of proliferative and nonproliferative HCC before (A) and after (B) propensity score matching in the entire cohort.
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Potential Predictive Factors for the Prognosis of Proliferative HCC
Significant predictors of DFS in the univariate analysis (P ≤ 0.100) comprised the diameter of the largest tumor 
(P = 0.000), SII (P = 0.010), satellite nodule (P = 0.023), shape of the tumor (P = 0.027), and cirrhosis (P = 
0.100). Thereafter, these variables were incorporated into the multivariate Cox regression model, and the results 

Table 3 The Baseline Characteristics of Proliferative and Nonproliferative HCC After PSM in the Entire Population

Baseline characteristics Total  
(n = 398)

Nonproliferative HCC  
(n = 199)

Proliferative HCC  
(n = 199)

p

DFS (m), Median (Q1, Q3) 16.3 (5.3, 39.5) 26.0 (6.8, 41.7) 12.0 (4.2, 30.0) 0.001

Sex, n (%) 1.000

Male 334 (84) 167 (84) 167 (84)
Female 64 (16) 32 (16) 32 (16)

Age (y), n (%) 1.000

≤55 227 (57) 113 (57) 114 (57)
>55 171 (43) 86 (43) 85 (43)

Portal hypertension, n (%) 1.000
Absent 317 (80) 158 (79) 159 (80)

Present 81 (20) 41 (21) 40 (20)

Child-Pugh class, n (%) 1.000
A 372 (93) 186 (93) 186 (93)

B 26 (7) 13 (7) 13 (7)

Etiology of Liver disease, n (%) 0.851
None 78 (20) 41 (21) 37 (19)

HBV 287 (72) 141 (71) 146 (73)

Other 33 (8) 17 (9) 16 (8)
Cirrhosis, n (%) 0.920

Absent 180 (45) 89 (45) 91 (46)

Present 218 (55) 110 (55) 108 (54)
Shape of the tumor, n (%) 0.919

Round 228 (57) 115 (58) 113 (57)

Lobulated 170 (43) 84 (42) 86 (43)
Satellite nodule, n (%) 0.654

Absent 377 (95) 190 (95) 187 (94)

Present 21 (5) 9 (5) 12 (6)
AFP (ng/mL), n (%) 0.763

≤200 190 (48) 93 (47) 97 (49)

>200 208 (52) 106 (53) 102 (51)
Diameter of the largest tumor (mm), n (%) 0.762

≤50 222 (56) 113 (57) 109 (55)

>50 176 (44) 86 (43) 90 (45)
Neutrophil count (×109/L), Median (Q1, Q3) 3.5 (2.5, 4.5) 3.3 (2.5, 4.6) 3.6 (2.6, 4.4) 0.544

Lymphocyte count (×109/L), Median (Q1, Q3) 1.3 (1.0, 1.6) 1.2 (1.0, 1.7) 1.3 (1.0, 1.6) 0.711

Platelet count (×109/L), Median (Q1, Q3) 165.5 (110.3, 223.0) 166.0 (107.0, 228.0) 165.0 (115.5, 221.0) 0.961
SII, n (%) 1.000

≤330 152 (38) 76 (38) 76 (38)

>330 246 (62) 123 (62) 123 (62)
Serum albumin (g/L), Median (Q1, Q3) 39.6 (36.3, 42.6) 39.7 (36.6, 42.5) 39.4 (36.2, 42.9) 0.945

Total bilirubin (mg/dL), Median (Q1, Q3) 13.9 (10.1, 18.4) 13.1 (10.0, 17.1) 14.6 (10.1, 19.3) 0.082

ALBI grade, n (%) 0.291
1 205 (52) 106 (53) 99 (50)

2 191 (48) 91 (46) 100 (50)

3 2 (1) 2 (1) 0 (0)

Abbreviations: HCC, hepatocellular carcinoma; DFS, disease free survival; AFP, alpha-fetoprotein; SII, systemic immune-inflammation index; ALBI, albumin-bilirubin.
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demonstrated that independent risk factors for worse DFS were a tumor diameter larger than 50 mm (HR2.21; 
95% CI 1.53–3.20; P = 0.000) and the presence of cirrhosis (HR 1.47; 95% CI 1.03–2.08; P = 0.032) (Table 4).

Development and Validation of the Predictive Model
Based on the independent risk factors identified by multivariable Cox regression analysis, a predictive model for 
proliferative HCC following surgical resection was constructed and labeled the “CD” model. “C” represents cirrhosis, 
and “D” represents diameter of the largest tumor. The determination coefficient (R2) of this model was 0.139, whilst the 
Likelihood Ratio chi-square value was 30.36. As anticipated, this prognostic model could successfully divide prolif-
erative HCC into two subgroups, with the optimal cutoff value being 35.99. Accordingly, patients were stratified into 
a low-risk subgroup and a high-risk subgroup of proliferative HCC. In the training cohort, 105 patients (51.7%) were 
classified as low-risk proliferative HCC, with 1-, 3-, and 5-year DFS rates of 66.4%, 48.1%, and 38.5%. Ninety-eight 
(48.3%) patients were classified as high-risk proliferative HCC with 1-, 3-, and 5-year DFS rates of 32.5%, 17.4%, and 
15.3%. In the validation cohort, twenty-nine patients (51.8%) were classified as low-risk proliferative HCC, with 
respective 1-, 3-, and 5-year DFS rates of 66.7%, 54.0%, and 35.4%. Twenty-seven patients (48.2%) were classified 
as high-risk proliferative HCC, with 1- and 3-year DFS rates of 27.1% and 16.3%.

The predictive nomogram is portrayed in Figure 4A. The discriminative abilities of the predictive model for 1-, 3- and 
5-year DFS, as determined by ROC curves, were 0.702, 0.720, and 0.809 in the training cohort (Figure 4B) and 0.752, 
0.776, 0.851 in the validation cohort, respectively (Figure 4C). Of note, the low-risk proliferative HCC subgroup had 
significantly better DFS compared to the high-risk subgroup in both the training and validation cohorts (Figure 5).

Comparison of DFS Between High/Low Risk Proliferative and Nonproliferative HCC
Subsequently, the DFS was compared among the high-risk proliferative HCC group, low-risk proliferative HCC group, 
and nonproliferative HCC group. As depicted in Figures 6A–C, there was no difference in DFS between low-risk 
proliferative HCC and nonproliferative HCC in the total cohort, institution A cohort, and institution B+C cohorts. 
However, compared to patients in the low-risk proliferative HCC and nonproliferative HCC cohorts, those in the high- 
risk proliferative HCC cohort displayed a worse DFS (P < 0.001) in the total cohort, institution A cohort, and institution 
B+C cohorts.

Table 4 Assessment of Potential Risk Factors for Postoperative Prognosis of Proliferative 
HCC in Training Cohort

Variables Univariable Analysis Multivariable Analysis

Hazard Ratio 95% CI Hazard Ratio 95% CI

Sex 0.84 0.52–1.35

Age 1.02 0.72–1.45

Portal hypertension 1.00 0.65–1.53
Splenomegaly 1.13 0.81–1.59

Etiology of Liver disease 1.21 0.88–1.68

Cirrhosis 1.34 0.95–1.89 1.47 1.03–2.08
Shape of the tumor 1.47 1.04–2.07

Satellite nodule 1.62 1.07–2.47

AFP 1.07 0.76–1.51
Diameter of the largest tumor 2.50 1.76–3.53 2.21 1.53–3.20

SII 1.63 1.12–2.38

ALBI grade 1.28 0.92–1.78

Abbreviations: AFP, alpha-fetoprotein; SII, systemic immune-inflammation index; ALBI, albumin-bilirubin; CI, 
confidence interval.
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Discussion
As is well documented, proliferative HCCs generally present a more unfavorable prognosis in comparison to nonpro-
liferative HCCs. Indeed, the recurrence rate of the former in patients undergoing liver resection is extremely high, and 
prognosis can vary even among patients with the same clinical stage.1–3,12–15,23,24 Therefore, preoperative or post-
operative prognostic stratification is crucial for treatment decision-making. To date, several models, such as the Korean 
model, SLICER, and SSCLIP, have been specifically designed to predict the prognosis of HCC after liver resection.7–11,19 

However, the prognostic prediction models for proliferative HCC undergoing liver resection remain limited.

Figure 4 (A) Nomogram for predicting the probability of disease-free survival at 1, 3, and 5 years. Each predictor corresponds to a specific point by drawing a line straight 
upward to the points axis. The sum of the points is located on the total points axis, and this sum represents the probability of disease-free survival. (B) ROC curves in the 
training cohort. (C) ROC curves in the validation cohort.

Figure 5 Disease-free survival curves for the total cohort (A), training cohort (B), and validation cohort (C).

Figure 6 Survival curves of the nonproliferative, high-risk proliferative, and low-risk proliferative hepatocellular carcinoma in the total cohort (A), institution A (B), and 
institution B+C (C).
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In the present study, the DFS of proliferative HCC was significantly worse than that of nonproliferative HCC before 
and after PSM analysis. Subsequently, a prognostic prediction model was developed and validated using a nomogram for 
proliferative HCC. It is worthwhile pointing out that our predictive model had satisfactory prognostic ability in both the 
training and validation cohorts and enabled a personalized evaluation of the prognosis of patients with proliferative 
HCCs undergoing liver resection. The results signaled that liver cirrhosis and larger tumor sizes were significantly 
associated with worse DFS. The first independent predictor for a poor prognosis in proliferative HCC patients is liver 
cirrhosis. Liu et al reported that liver cirrhosis is one of the hallmarks of proliferative HCC, and the progression of 
proliferative HCC may be facilitated by liver cirrhosis through the formation of a collagen-rich, inflexible pathway that 
promotes the migration of cancer cells.25 In addition, earlier studies concluded that cirrhotic livers generate immune- 
mediated cancer fields, as evidenced by multiple gene signatures derived from cirrhotic liver tissues, which is conducive 
to the progression of HCC.26–29 Larger tumor size is another independent predictor for a poor prognosis in proliferative 
HCC. Larger tumors have been reported to exhibit greater intratumoral heterogeneity, resulting in a higher risk of drug 
resistance and a worse prognosis.24,30 Consistent with the observations of previous studies, our results indicated that 
proliferative HCC patients with liver cirrhosis and larger tumor sizes were at high risk of recurrence after liver 
resection.31–35 Notably, it is imperative to acknowledge that the prognosis of low-risk proliferative HCC is comparable 
to that of nonproliferative HCC, thus indicating that the treatment approach for these two subtypes could be the same. 
Interestingly, the lobulated shape of the tumor, the presence of satellite nodules, and high SII were closely associated with 
a worse prognosis in univariate analysis but not in multivariate analysis, which indicated these variables were confound-
ing factors.

In the predictive analysis, the “CD” model and nomogram demonstrated outstanding accuracy in predicting the DFS 
of proliferative HCCs, with AUCs exceeding 0.7 for 1-, 3- and 5-year DFS in both the training and validation cohorts. 
The highlights of this study are as follows: first, compared with previous clinical studies on proliferative HCCs, such as 
Liu et al (nonproliferative HCC: n = 73; proliferative HCC: n = 82) and Kang et al (nonproliferative HCC: n = 106; 
proliferative HCC: n = 52), this study had a relatively larger sample size (nonproliferative HCC: n = 557; proliferative 
HCC: n = 259) and utilized PSM to validate that the prognosis of proliferative HCC was worse than that of 
nonproliferative HCC;2,25 second, our study pioneered a relatively accurate, convenient, easily applicable, and relatively 
noninvasive method for predicting DFS in patients with proliferative HCC.

Despite the valuable results described above, there are several limitations in the present study that merit acknowl-
edgment. Firstly, this was a retrospective study that was inherently susceptible to potential biases, especially the selection 
bias. In the process of analysis, parts of eligible patients were further excluded because of absence of baseline CT 
imaging within 1 month or unavailable baseline laboratory test results within 1 week before surgery, those exclusions 
may have introduced selection bias. Prospective studies encompassing a larger study cohort should be conducted to 
validate our observations. Secondly, the AUCs of the validation cohort were higher than that of the training cohort, which 
may be ascribed to the limited number of validation cohorts. Thirdly, due to the nature of retrospective study, there might 
be a time gap between the diagnosis of recurrence and the discovery of recurrence, and this may have an impact on the 
results. Fourth, our study was conducted in an area where the hepatitis B virus is endemic, while hepatitis B is not the 
primary cause of HCC in Europe or America. Consequently, our findings may not be generalizable to the global 
population. Therefore, further validation studies involving larger and more diverse patient cohorts are warranted to 
corroborate the clinical utility of this predictive model.

Conclusion
In summary, proliferative HCC exhibits a worse DFS compared with that of nonproliferative HCC. Proliferative HCC 
with liver cirrhosis and large tumor sizes were associated with high risk of recurrence, and a novel predictive model 
termed the “CD” model was developed herein for accurately predicting the prognosis of proliferative HCC. This 
predictive model may enhance individualized clinical management of proliferative HCC patients, thereby improving 
clinical outcomes.
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