Mu et al. BMC Cancer (2025) 25:941
https://doi.org/10.1186/s12885-025-14344-0

BMC Cancer

A non-invasive nomogram for the prediction

Check for
updates

of poor prognosis of hepatocellular carcinoma
based on the novel marker Interleukin-41

Zihan Mu®", Jiaojiao Su*", Jiuhua Yi?, Rui Fan®, Jiayuan Yin®, Yazhao Li* and Bowen Yao'"

Abstract

Death and tumor recurrence are both important adverse prognostic factors for hepatocellular carcinoma(HCC)
patients. This article aims to discuss the risk factors for recurrence and death in patients with HCC after RO
resection, and to establish a nomogram model for predicting the recurrence and death of HCC patients.A total
of 224 HCC patients after RO resection were enrolled and divided into a training cohort (n=149) and a validation
cohort (n=75) The risk factors for recurrence and death were determined based on cox regression analysis. A
nomogram containing independent risk predictors was established and validated.The recurrence rate of 224
cases of HCC after RO resection was 43.30%. The high expression of interleukin-41(1L41) (HR=2.446, P=0.000),
intratumoral artery (HR=1.862, P=0.005), and MVI1 subgroup of microvascular invasion(MVI) grade (HR=1.541,
P=0.031) are independent risk factors associated with recurrence after resection of HCC. The mortality rate was
15.63%. The high expression of IL-41 (HR=4.679, P=0.000), tumor size>5 cm (HR=3.745, P=0.001), and Aspartate
transaminase(AST) concentration 45-90u/L (HR=2.837, P=0.015) are independent risk factors associated with
mortality. Interleukin-41(IL-41), microvascular invasion(MVI), and intratumoral artery are independent risk factors
for recurrence after resection of hepatocellular carcinoma. IL-41, tumor size, and Aspartate transaminase(AST)

are independent risk factors for death after resection of hepatocellular carcinoma. We developed and validated
two multivariate nomograms, and conducted validation. The nomogram models have achieved ideal results in
predicting the recurrence and death of HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer globally and the second leading cause of
cancer deaths in 2022 [1]. In China, hepatectomy is the
preferred treatment for Chinese Liver Cancer Stage
(CNLC) Ia, Ib, and IIa HCC. For patients with CNLC IIb
and IIla HCC who are eligible for transarterial chemoem-
bolization (TACE) and systemic treatment, respectively,
complete resection can be considered if the tumor nod-
ules are located within the same segment [2]. However,
early postoperative recurrence and mortality have been
major drawbacks of this surgery for the past 20 years.
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HCC recurs in 20-40% of patients within 1 year after
hepatectomy, in more than 50% of patients with early-
stage HCC (such as CNLC Ia, Ib, and Ila) at 5 years after
hepatectomy, and in approximately 70-80% of patients
with intermediate or advanced HCC on an annual basis
[3]. Furthermore, the 1-year HCC mortality rate is 9.7%.
Improved diagnostic procedures, surgical techniques,
and perioperative management are essential for enhanc-
ing the outcomes of hepatectomy [4]. Therefore, there
is an urgent need to identify effective predictors of early
recurrence and mortality following hepatectomy in HCC
patients.

Previous studies have shown that early recurrence
is often associated with pathological characteristics
of invasive tumors, such as large tumor size, multiple
tumors, poor differentiation, microvascular invasion
(MVI), satellite nodules, and tumor capsular invasion.
Additionally, advanced tumor stage, preoperative car-
cinoembryonic antigen (CEA) levels, portal vein tumor
thrombus (PVTT), non-alcoholic fatty liver disease,
active hepatitis, and elevated alpha-fetoprotein (AFP)
levels contribute to early recurrence [5-10]. On the other
hand, late HCC recurrence was reported to be primarily
linked to underlying liver diseases, such as cirrhosis and
active hepatitis. It is important to note that while most
of these studies have explored factors associated with an
increased risk of tumor recurrence, they have not devel-
oped multivariable prediction models that integrate these
risk factors. Current models for predicting poor progno-
sis after hepatectomy are predominantly based on intra-
operative factors, radiomics, and biochemical markers,
including deep learning and machine learning models.
However, these models are limited by significant data
heterogeneity and the need for invasive surgery [11-14].

The risk factors for mortality following hepatectomy in
HCC patients remain poorly understood. The presence of
multiple tumors, liver Cirrhosis, vascular invasion, ele-
vated serum AFP levels, and large tumor size have been
identified as potential risk factors for early HCC mortal-
ity [4, 15-17]. Currently, studies have developed risk pre-
diction models for adverse prognosis in hepatocellular
carcinoma (HCC) patients based on pathological features
(Such as vascular and hepatic plate structural character-
istics), molecular mechanisms (Such as disulfidptosis),
and inflammatory markers (Such as neutrophil-to-lym-
phocyte ratio [NLR], platelet-to-lymphocyte ratio [PLR],
and C-type natriuretic peptide [CNP]) [18-20]. Other
studies have incorporated sarcopenia as a key factor into
nomogram models for predicting poor prognosis in HCC
[21]. Although these models comprehensively integrate
patient physiological status, perioperative outcomes, and
tumor characteristics, limitations persist, including com-
plex data measurement protocols, applicability restricted
to postoperative decision-making, and reliance on
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single-center cohorts. Hence, there is an urgent need for
a novel prognostic marker for HCC. Previous research
has identified multiple biomarkers predictive of adverse
HCC prognosis, such as interleukin-6 (IL-6), des-y-
carboxy prothrombin (DCP), and a-fetoprotein-L3 (AFP-
L3). These markers elucidate molecular mechanisms
underlying poor prognosis through pathways involving
the inflammatory microenvironment, angiogenesis, and
cancer stem cells, respectively [22, 23]. A previous work
of this research group showed that interleukin-41 (IL-41)
is elevated in the serum of HCC patients and is closely
associated with poor prognosis [24]. AFP is a widely used
biomarker for HCC [25-27].However, the proprotion
of AFP-negative HCC patients(We use 20ng/ml as the
threshold to distinguish between AFP-positive and AFP-
negative) has increased in recent years due to the effec-
tive treatment and control of hepatitis [28—30]. In our
prior investigations, we observed an inverse correlation
between IL-41 expression levels and AFP concentrations
in AFP-negative HCC patients. Elevated IL-41 expres-
sion was associated with poorly differentiated tumors,
AFP positivity, unfavorable prognosis, and post-resection
recurrence. Notably, serum IL-41 levels were significantly
lower in patients with late recurrence (>2 years post-
resection) compared to those with early recurrence or
mortality, further underscoring IL-41’s prognostic value
in predicting adverse HCC outcomes.In this study, a
prediction model incorporating IL-41 as a primary risk
factor was constructed and validated to be effective for
predicting post-hepatectomy recurrence and death in
HCC.

Methods

Study population and collection of clinicopathological and
imaging data

The selection of the study population and the study
design are illustrated in Fig. 1. Patients diagnosed with
HCC who underwent hepatectomy at the First Affiliated
Hospital of Xian Jiaotong University between August
2015 and July 2022 were screened based on the eligibility
criteria. Inclusion criteria: (1) HCC patients with accu-
rate pathological diagnosis (2) HCC patients undergo
radical liver cancer resection and have not received
any anti-tumor treatment before or after surgery, such
as transarterial chemoembolization (TACE), radiofre-
quency ablation, and anti-tumor drugs (3) HCC patients
with complete clinical pathology, laboratory, imaging,
and follow-up data (with a follow-up time of at least 2
years in our center). Exclusion criteria: (1)Perioperative
death; (2)Presence of other malignancies in the patient’s
medical history; (3) Unexpected deaths during follow-up
(such as COVID-19 or car accidents); (4) Postoperative
loss to follow-up. A total of 224 patients were ultimately
included in this study. The participants were randomly
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Fig. 1 Prediction of poor prognosis of liver cancer by IL41. (A)RFS of all HCC patients associated with high and low expression of IL41 (*P=0.0001). (B)
TTR of all HCC patients associated with high and low expression of IL41 (*P=0.0004). (C) OS of all HCC patients associated with high and low expression
of IL41 (*P=0.0022). (D) PFS of all HCC patients associated with high and low expression of IL41 (*P=0.0001). (E) ROC curves for predicting recurrence in
HCC patients using IL41, MVI, AFP, and differentiation degree. (F) ROC curves for predicting death in HCC patients using IL41, MVI, AFP, and differentiation
degree.OS: overall survival; RFS: recurrence-free survival; PFS: progression-free survival; TTR: time to disease recurrence

assigned 2:1 to the training cohort (n=150) or the valida-
tion cohort (n="74). A prediction model was constructed
using the training set and its performance was assessed
using the validation set. This retrospective study was
approved by the Ethics Committee of the First Affiliated
Hospital of Xi'an Jiaotong University. All patients who
underwent serological testing (such as IL-41) and had
pathology and histology results for post-hepatectomy
samples have given informed consent.

Data collected included demographics (such as age
and gender), preoperative hematology, serum chem-
istry and tumor marker results (such as AFP, hepati-
tis B virus (HBV), hepatitis C virus (HCV), Aspartate
transaminase(AST), alanine transaminase (ALT), biliru-
bin, albumin, neutrophil count, platelet counts, and lym-
phocyte count), pathological features of the tumor (such
as tumor size, degree of tumor and surgical margins),
and preoperative contrast-enhanced computed tomog-
raphy (CT) findings (such as intrathoracic necrosis, peri-
tumoral hemorrhage, peritumoral enhancement, tumor
shape, and intratumoral arteries) (see Fig. 2).

Follow-up

All patients were regularly followed up after hepatectomy
in accordance with clinical guidelines. Recurrent HCC
was diagnosed based on two or more investigations,

including ultrasound, contrast-enhanced CT, magnetic
resonance imaging (MRI), and hepatic arteriography
with or without elevated serum AFP levels. HCC-related
deaths were confirmed by obtaining relevant informa-
tion from the hospital follow-up clinic. The last follow-up
date was March 31, 2024 for patients without evidence of
recurrence (see Fig. 3).

ELISA

Serum samples were collected from all enrolled patients
prior to hepatectomy and immediately stored at -80 °C
until use. The serum concentrations of human IL-41
were determined using the Human Interleukin-41 (IL-
41) Quantification Kit (RX100486) according to meth-
ods described previously [24]. In brief, a high-affinity
microtiter plate was coated with anti-human IL-41
monoclonal antibody, incubated with diluted serum sam-
ples (1:5) and standards, washed, incubated with biotinyl-
ated anti-hIL-41 detection antibody, washed, incubated
with horseradish peroxidase-labeled streptavidin (Strep-
tavidin-HRP), washed, and incubated with the chromo-
genic substrate TMB. The reaction was terminated by
the addition of a termination solution, and absorbance at
450 nm was measured using a microplate meter. A stan-
dard curve was constructed by plotting the concentra-
tions of the standards on the x-axis (six standards plus
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Fig. 2 Recurrence patterns and differences between groups in TTR. (A) The pattern of recurrence according to the type of recurrent tumors. (B) The pat-
tern of recurrence according to the number of recurrent tumors. (C) Group differences in time to the type of recurrence were examined with the log-rank
test(*P=0.2912). (D) Group differences in time to the number of recurrence were examined with the log-rank test(*P=0.8335). TTR: time to recurrence

one blank, totaling seven concentration points) and their
corresponding optical density (OD) values on the y-axis,
followed by four-parameter logistic curve fitting. Serum
IL-41 concentrations in the test samples were determined
from their OD values using the standard curve (see
Fig. 4).

Statistical analysis and nomogram development

Statistical analyses were conducted using IBM SPSS 25.0
and R 4.4.1. Nomograms and receiver operating char-
acteristic (ROC) curves were generated using RStudio.
Continuous variables are expressed as mean + standard
deviation (SD) and compared using the independent
samples ¢-test. Categorical variables are analyzed using
the Chi-square test or Fisher’s exact test. The 3-year
recurrence-free survival (RFS) was calculated using the
Kaplan-Meier estimator and compared between groups
using the log-rank test. Univariate and multivariate Cox
proportional hazard regressions were performed to
identify independent risk factors for HCC recurrence or
death. Perform multivariate Cox analysis using variables
that have reached statistical significance in univariate
Cox analysis, and incorporate variables that have reached
statistical significance in multivariate Cox analysis into
the nomogram model.All statistical tests were two-tailed,
and a P<0.05 was considered statistically significant (see
Fig. 5).

A nomogram was developed based on the identified
risk factors to predict the 12- and 36-month RFS.Con-
vert each regression coefficient in multivariate Cox pro-
portional hazards regression proportionally to a 0-100
point scale, and assign 100 points to the effect of the vari-
able with the highest beta coefficient (absolute value).
And established column charts for predicting 1-year and
3-year RFS. The total score is obtained by adding the
scores of each independent variable, and the total score
is converted into the predicted probability. The cutoff
value for IL-41 was determined by ROC curve analysis
and used to stratify patients into the high-expression and
low-expression subgroups. The predictive performance
of the nomogram was evaluated and compared between
the training and validation cohorts using the ROC
curves. The clinical utility of the nomogram in the train-
ing and validation cohorts was assessed by the clinical
impact curve (CIC) and decision curve analysis (DCA) in
RStudio (see Fig. 6).

Results

Baseline characteristics of the training and validation
cohorts

A total of 224 patients with confirmed HCC who received
treatment at this hospital between 2015 and 2022 were
included in this study. These patients had well-preserved
serological and pathological tissue samples, had not been
lost to follow-up for more than 2 years, and underwent
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Fig.4 Validation of the nomogram model for predicting recurrence. (A) The ROC curve and AUC with 95% Cl in the training cohort and validation cohort.
Kaplan—-Meier survival analysis of the high-risk, middle-risk, and low-risk HCC patients in the training cohort (B) and validation cohort (C). The recurrence
status of of high-risk, medium risk, and low-risk HCC patients in the training cohort (D) and validation cohort (E). ROC, Receiver Operating Characteristic;

AUC, Area Under Curve; Cl, confidence interval

radical hepatectomy for HCC for the first time. The study
population comprised of 174 males and 50 females with
a mean age of 56.9 years (range: 25-81 years). Based on
the follow-up data and diagnostic criteria, 97 patients
(43.3%) experienced tumor recurrence, while 127
patients (56.7%) exhibited no evidence of recurrence at
the final follow-up. Additionally, 35 patients (15.6%) died,
while 189 patients (84.4%) demonstrated no evidence of
mortality at the final follow-up. There were no significant
differences in baseline characteristics between the train-
ing and validation cohorts (Table 1).

IL-41 is a predictor for HCC progression and poor prognosis
IL-41 was identified as a serologic and histologic marker
for HCC and a valuable predictor for disease progression
and poor prognosis especially in AFP-negative patients.
In this study, patient sample size was expanded and fol-
low-up data were collected over a period of two years.
By plotting the ROC curve and calculating the Youden’s
index, we determined the cutoff value for grouping the
IL41 high-expression group and IL41 low-expression
group to be 78.05 pg/mL(When using this cutoff value,
the sensitivity for predicting recurrence was 61.9%, and
the specificity was 58.3%; the sensitivity for predict-
ing death was 71.4%, and the specificity was 53.4%).The
present analysis revealed that the IL-41 high-expression

group had significantly lower postoperative RFS
(P=0.0001, Fig.S1A) and earlier postoperative recurrence
(TTR) (P=0.0004, Fig.S1B) than the IL-41 low-expres-
sion group. Similarly, the IL-41 high-expression group
also exhibited markedly shorter overall survival (OS)
(P=0.0022, Fig.S1C) and progression-free survival (PFS;
P=0.0001, Fig.S1D) compared to the IL-41 low-expres-
sion group. These data demonstrate that high IL-41
expression is closely associated with poor prognosis in
HCC following hepatectomy.

In our previous research, we found that serum IL-41
expression was significantly correlated with microvas-
cular infiltration (MVI), poorly differentiated cancer
cells, and preoperative high AFP, which can predict poor
prognosis of HCC. To determine the predictive ability
of IL-41, AFP, MVI, and differentiation degree for poor
prognosis, we plotted ROC curves for predicting recur-
rence and death after HCC resection. In the ROC curves
for predicting recurrence after HCC resection, the areas
under the ROC curves for IL-41, AFP, MV], and differ-
entiation degree were 0.608 (95% confidence interval
[CI]: 0.532-0.684), 0.521 (95% CI: 0.445-0.597), and
0.606 (95% CI: 0.531-0.6), respectively. 80) and 0.545
(95% CI: 0.469-0.621) (Fig.S1E). The results indicate
that IL-41 has a good predictive ability for HCC recur-
rence, and the ability of IL-41 to predict HCC recurrence
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is higher than AFP, MVI, and differentiation degree in
these patient data. The areas under the ROC curves for
IL-41, AFP, MV], and differentiation degree in predicting
postoperative death after HCC resection were 0.651 (95%
CL 0.557-0.745), 0.668 (95% CI: 0.560-0.777), 0.639
(95% CI: 0.535-0.744), and 0.508 (95% CI: 0.406-0.610),
respectively (Fig.S1F). The results indicate that IL-41 also
has a good predictive ability for postoperative mortality
after HCC resection.

Patterns of HCC recurrence

Recurrence patterns were assessed in three ways: (1) type
of recurrent tumor: local recurrence at the surgical mar-
gin (recurrent tumor within 20 mm of the surgical mar-
gin), distant intrahepatic recurrence (recurrent tumor
more than 20 mm from the surgical margin), or both;

(2) number of recurrent tumors: single, 2, or >3; and (3)
TTR. Among the 97 patients who experienced tumor
recurrence, 17 patients were excluded due to the inability
to determine the recurrent tumor type. Of the remaining
80 patients, 41 (51.25%) had recurrent tumors distal to
the surgical margins, 17 (21.25%) had recurrent tumors
within 20 mm of the surgical margins, 22 (27.50%) had
both distal and proximal recurrences (Fig.S2A). Exclud-
ing the 10 patients for whom the number of tumor recur-
rences could not be determined, 42 patients (50%) had a
single recurrent tumor, and 42 patients (50%) had mul-
tiple tumor recurrences (13 with 2 tumors and 29 with
>3 tumors) (Fig.S2B). TTR was not significantly different
between the IL-41 expression subgroups (Fig.S2C, D).
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Kaplan—-Meier survival analysis of the high-risk, middle-risk, and low-risk HCC patients in the training cohort (B) and validation cohort (C).Survival status
of of high-risk, medium risk, and low-risk HCC patients in the training cohort (D) and validation cohort (E). ROC, Receiver Operating Characteristic; AUC,

Area Under Curve; Cl, confidence interval

Univariate and multivariate analyses of adverse prognostic
factors

The results of univariate and multivariate Cox propor-
tional hazards regressions of RFS risk factors are pre-
sented in Table 2. Univariate analysis identified high
IL-41 expression, intratumoral artery, MVI grade M1,
and MVI grade M2 as potential predictive factors of
recurrence following hepatectomy. Furthermore, mul-
tivariate Cox analysis indicated that high IL-41 expres-
sion (P=0.000), intratumoral artery (P=0.005), and MVI
grade M1 (P=0.031) were independent risk factors for
recurrence following hepatectomy.

The results of univariate and multivariate Cox propor-
tional risk regressions of PFS risk factors are summa-
rized in Table 3. Univariate analysis identified high IL-41
expression, AFP positivity, irregular tumor shape, tumor
size>5 cm, MVI grade M2, AST concentration of 45-90
pg/mL, a neutrophil count of <6.3x 10%/cell, and a lym-
phocyte count of < 1.1 x 10°/cell were potential predictors
of post-hepatectomy mortality. Additionally, multivari-
ate Cox analysis demonstrated that high IL-41 expression
(P=0.000), tumor size>5 cm (P=0.001), and AST con-
centration 45-90 pg/mL (P=0.015) were independent
risk factors for post-hepatectomy mortality.

Forest plots were constructed to illustrate the effect
of different risk factors on RFS and PFS in the training
cohort (Tables 4 and 5)(Supplementary Fig. 1). The M2
grade and tumor size =5 cm were the strongest predictors
of recurrence (hazard ratio [HR]: 3.824; 95% CI: 1.964,
7.445) and mortality (HR: 5.793; 95% CI: 2.148, 15.628).

Nomogram development and validation

A nomogram was developed to predict RFS at 12 and 36
months following radical hepatectomy in patients with
HCC, utilizing significant risk factors identified through
Cox regression analysis. Each regression coefficient was
proportionally transformed into a scoring system rang-
ing from 0 to 100, with the variable exhibiting the highest
absolute B coefficient receiving a score of 100. M2 scored
the highest (100), followed by high IL-41 expression
(63.535), M1 (27.218), and intratumoral artery (23.490)
(Fig.S3A, B).

To evaluate and compare the discriminative power of
the nomogram in predicting the risk of post-hepatectomy
recurrence, we calculated the AUCs of the model for the
training and validation cohorts, which were 0.747 and
0.614, respectively (Figure S4A). Risk scores were calcu-
lated for each patient based on the developed nomogram,
and an optimal cutoff of 38.963 was determined using the
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Table 1 Demographic, clinical, pathological and imaging characteristics of HCC patients in the training and validation cohorts

Variables Overall cohort Training cohort Validation cohort P-Value
(n=224) (n=149) (n=75)

Sex 0.440
Male 174(77.7) 118(79.2) 56(74.7)
Female 50(22.3) 31(20.8) 19(25.3)

Age (years) 0.261
>65 55(24.6) 40(26.8) 15(20.0)
<65 169(75.4) 109(63.2) 60(80.0)

HBV 0.071
Absent 143(63.8) 89(59.7) 54(72.0)
Present 81(36.2) 60(40.3) 21(28.0)

HCV 0.844
Absent 16(7.1) 11(7.4) 5(6.7)
Present 208(92.9) 138(92.6) 70(93.3)

Differentiation 0.524
Poor 33(14.7) 24(16.1) 9(12.0)
Moderate 180(80.4) 119(79.9) 61(81.3)
Well 11(4.9) 6(4.0) 5(6.7)

AFP 0421
AFP-Positive 116(51.8) 80(53.7) 36(48.0)
AFP-Negative 108(48.2) 69(46.3) 39(52.0)

IL41 0.203
IL41-High 112(50.0) 70(47.0) 42(56.0)
IL41-Low 112(50.0) 79(53.0) 33(44.0)

Narrow Surgical margin 0.685
Present 36(16.1) 25(16.8) 11(14.7)
Absent 188(83.9) 124(83.2) 64(85.3)

Intratumor hemorrhage 0.081
Present 6(2.7) 2(1.3) 4(5.3)
Absent 218(97.3) 147(98.7) 71(94.7)

Intratumoral artery 0.103
Present 54(24.1) 3121 23(30.7)
Absent 170(75.9) 118(79.2) 52(69.3)

Peritumoral enhancement 0.061
Present 31(13.8) 16(10.7) 15(20.0)
Absent 192(86.2) 132(89.3) 60(80.0)

Tumor shape 0470
Regular shape 165(73.7) 112(75.2) 53(70.7)
Irregular shape 59(26.3) 37(24.8) 22(29.3)

Tumor size (cm) 0.571
>5 75(33.5) 48(32.2) 27(36.0)
<5 149(66.5) 101(67.8) 48(64.0)

Multiple tumors 0.149
Absent 196(87.5) 127(85.2) 69(92.0)
Present 28(22.5) 22(14.8) 6(8.0)

MVI grade 0.555
MO 79(35.3) 55(36.9) 24(32.0)
M1 86(384) 58(38.9) 28(37.3)
M2 59(26.3) 36(24.2) 23(30.7)

Satellite nodules 0.524
Present 34(15.2) 21(14.1) 13(17.3)
Absent 190(84.8) 128(85.9) 62(82.7)

Capsular invasion 0.464

Present 148(66.1) 96(64.4) 52(69.3)
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Variables Overall cohort Training cohort Validation cohort P-Value
(n=224) (n=149) (n=75)
Absent 76(33.9) 53(35.6) 23(30.7)
Vascular invasion 0.503
Present 35(15.6) 25(16.8) 10(13.3)
Absent 189(84.4) 124(83.2) 65(86.7)
AST (U/L) 0.204
<45 186(83.0) 119(79.9) 67(89.3)
45-90 28(12.5) 22(14.8) 6(8.0)
>90 10(4.5) 8(54) 2(2.7)
ALT (U/L) 0.345
<40 137(61.2) 87(584) 50(66.7)
40-80 64(28.6) 44(29.5) 20(26.7)
>80 23(10.3) 18(12.1) 5(6.6)
Total bilirubin (umol/L) 0.160
<17.1 141(62.9) 89(59.7) 52(69.3)
>17.1 83(37.1) 60(40.3) 23(30.7)
Direct bilirubin (umol/L) 0.948
<34 77(34.4) 51(34.2) 26(34.7)
>34 147(65.6) 98(65.8) 49(65.3)
Serum albumin (g/L) 0470
>40 59(26.3) 37(24.8) 22(293)
<40 165(73.7) 112(75.2) 53(70.7)
Neutrophils (109/L) 0.990
>6.3 15(6.7) 10(6.7) 5(6.7)
<63 209(93.3) 139(93.3) 70(93.3)
Platelet (109/L) 0.469
>125 130(58.0) 89(59.7) 41(54.7)
<125 94(42.0) 60(40.3) 34(35.3)
Lymphocyte (109/L) 0.894
>1.1 151(674) 100(67.1) 51(68.0)
<1.1 73(32.6) 49(33.9) 24(32.0)

Youden’s index to stratify patients into the high-risk and
low-risk groups. Kaplan-Meier survival analysis demon-
strated that the 3-year RFS rate was significantly lower in
the high-risk group (22.22%) than in the low-risk group
(53.29%, P<0.001; Fig.S4B). The same findings were also
obtained for the validation cohort (P=0.0126, Fig.S4C).

For the recurrence-free survival(RFS) nomogram, the
C-index values were 0.692 in the training cohort and
0.688 in the validation cohort. Regarding the overall sur-
vival (OS) nomogram, the C-index values reached 0.781
in the training cohort and 0.796 in the validation cohort.
Furthermore, the calibration curves demonstrated good
agreement between the observed and predicted prob-
abilities for 1-year and 3-year RFS (Supplementary
Fig. 2A-D) and OS (Supplementary Fig. 2E-H) in both
cohorts.

The same methods were employed to construct the
nomogram for predicting PFS at 12 and 36 months after
radical hepatectomy. Tumor size>5 cm had the high-
est score (100), followed by AST 40-90 pg/mL (86.170),
AST>90 pg/mL (81.275), and high IL-41 expression

(69.638) (Fig.S3C, D). The AUC of this nomogram was
0.708 for the training cohort and 0.931 for the validation
cohort (Fig.S6A). The optimal risk score cutoff was deter-
mined to be 93.085 using the Youden’s index. Kaplan-
Meier survival analysis demonstrated that the 3-year
PES rate was significantly higher in the low-risk group
(30.86%) than in the high-risk group (6.99%, P<0.001;
Fig.S6B). Similar findings were obtained for the valida-
tion cohort (P=0.0014, Fig.S6C). DCA indicated that
using an risk score plot to predict recurrence (Fig.S5A,
B) and mortality (Fig.S7A, B) may offer greater benefits
compared to treating all patients in the training and vali-
dation cohorts or leaving them untreated. Consistent
with this, CIC revealed that the nomogram had signifi-
cantly higher predictive performance (Fig.S5C, D and
Fig.S7C, D).

Discussion

Tumor recurrence and mortality are significant adverse
prognoses for patients with HCC. In this retrospec-
tive study, IL-41, MVI, and intratumoral artery were



Mu et al. BMC Cancer (2025) 25:941

Page 11 of 16

Table 2 Cox proportional hazards regression analysis of risk factors for early recurrence

Variables Univariate analysis Multivariate analysis
HR(95%Cl) P-Value HR(95%Cl) P-Value
Sex Male vs. Female 1.057(0.645,1.733) 0.825
Age (years) <65vs>65 1.284(0.784,2.104) 0320
HBV None vs. HBV 1.081(0.705,1.660) 0.720
HCV None vs. HCV 1.233(0.539,2.821) 0619
Differentiation Well 0332
Poor vs. Well 2.729(0.627,11.878) 0.099
Moderate vs. Well 2.077(0.508, 8.493) 0.157
AFP AFP-Negative vs. AFP-Positive 0.902(0.738,1.101) 0311
IL41 IL41-High vs. IL41-Low 2.312(1.528,3.498) 0.000 2.446(1.528,3.498) 0.000
Intratumor necrosis Absent vs. Present 0.663(0.397,1.109) 0117
Intratumor hemorrhage Absent vs. Present 20. 936(0 075,5834.267) 0.290
Intratumoral artery Present vs. Absent 945(1.271,2.985) 0.002 1.862(1.160,2.882) 0.005
Peritumoral enhancement Absent vs. Present 0. 750(0 438,1.286) 0.296
Tumor shape Regular shape vs. Irregular shape 0.910(0.582,1.424) 0.680
Tumor size (cm) <5vs.>5 0.681(0.452,1.027) 0.067 0.751(0.482,1.169) 0.205
Multiple tumors Absent vs. Present 0.849(0.463,1.555) 0.596
MVI grade MVO 0.006 0.049
MV1 vs. MVO 2.311(1.370,3.900) 0.002 1.541(0.962,2.470) 0.031
MV2 vs. MVO 458(0.881,2.413) 0.052 1.838(1.059,3.185) 0.072
Satellite nodules Absent vs. Present 049(0.600,1.835) 0.866
Capsular invasion Absent vs. Present 0.851(0.553,1.310) 0.464
Narrow Surgical margin Absent vs. Present 0.788(0.527,1.179) 0.247
Vascular invasion Absent vs. Present 0.972(0.567,1.667) 0918
AST (U/L) <45 0.836
45<<90vs <45 0.774(0.313,1.914) 0578
>90vs <45 0.730(0.251,2.128) 0.564
ALT (U/L) <40 0436
40<<80vs <40 0.923(0.472,1.806) 0.816
>80vs <40 0.692(0.330,1.450) 0.330
Total bilirubin (umol/L) <17.1vs >17.1 1.045(0.690,1.583) 0.835
Direct bilirubin (umol/L) <34vs>34 1.216(0.806,1.834) 0.351
Serum albumin (g/L) <40vs >40 0.937(0.600,1.462) 0.774
Neutrophils (109/L) <6.3vs>6.3 0.842(0.382,1.858) 0.671
Platelet (109/L) <125vs=>125 0. 947(0 630,1.423) 0.793
Lymphocyte (109/L) <1.lvs>1.1 14(0.729,1.703) 0617

identified as independent risk factors for post-hepatec-
tomy recurrence, while IL-41, tumor size, and AST lev-
els were independent risk factors for post-hepatectomy
mortality. By integrating these risk factors, two multivari-
ate nomograms were developed and validated to predict
the 12- and 36-month RFS and PFS of HCC patients,
respectively. The findings demonstrated that IL-41 was
an important marker for predicting postoperative HCC
recurrence and mortality, highlighting its potential as a
prognostic factor for HCC. Although IL-41 replaced the
predictive role of AFP in this study, this does not imply
that AFP is no longer a useful tool for assessing HCC
prognosis. This may be attributed to the high proportion
of AFP-negative patients included in the study. None-
theless, these results highlight the significance of post-
resection recurrence and mortality in AFP-negative HCC

patients, where the lack of a significantly elevated serum
AFP level underscores the critical role of IL-41 in pre-
dicting prognosis.

The prognostic value of MVI in HCC was first demon-
strated at the 2013 International Consensus Conference
on Hepatocellular Carcinoma and Liver Transplantation.
Since then, MVI is considered a key factor in the early
recurrence and poor prognosis of HCC [31]. The dissem-
ination of malignant cells via the vasculature represents a
critical mechanism driving early recurrence [32]. Angio-
genesis is a common defining characteristic among HCC
and other cancers. MVI occurs when HCC cells acquire
the ability to invade the vasculature, enabling metasta-
sis [33]. Consistent with previous findings, we demon-
strated that intratumoral arteries are an independent
risk factor for recurrence [34]. Additionally, intratumoral
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Table 3 Cox proportional hazards regression analysis of risk factors for death

Variables Univariate analysis Multivariate analysis
HR(95%Cl) P-Value HR(95%Cl) P-Value
Sex Male vs. Female 1.057(0.353,1.545) 0.738
Age (years) <65vs>65 0.588(0.291,1.189) 0.140
HBV None vs. HBV 1.319(0.653,2.665) 0441
HCV None vs. HCV 0.738(0.226,2.415) 0615
Differentiation Well 0.842
Poor vs. Well 879(0 219,16.096) 0.565
Moderate vs. Well 774(0.241, 13.055) 0.573
AFP AFP-Negative vs. AFP-Positive 0. 390(0 187,0.813) 0.012 0.563(0.258,1.225) 0.147
IL-41 IL—41-High vs. IL-41-Low 2.967(1.420,6.198) 0.004 4.679(2.087,10.488) 0.000
Intratumor necrosis Absent vs. Present 0.660(0.287,1.517) 0328
Intratumor hemorrhage Absent vs. Present 0.333(0.080,1.392) 0.132
Intratumoral artery Absent vs. Present 0.617(0.301,1.268) 0.189
Peritumoral enhancement Absent vs. Present 726(0.527,5.657) 0.368
Tumor shape Regular shape vs. Irregular shape 0. 424(0 215,0.835) 0.016 0.628(0.304,1.296) 0.208
Tumor size (cm) >5vs<5 55(2.506,10.616) 0.000 3.745(1.684,8.334) 0.001
Multiple tumors Absent vs. Present 0. 493(0 215,1.133) 0.096
MVI grade MVO 0.004 0.166
MVT vs. MVO 69(0.461,2.963) 0.743 0.741(0.275,2.001) 0.555
MV2 vs. MVO 3. 367(1 A441,7.868) 0.005 1.615(0.629,4.142) 0319
Satellite nodules Absent vs. Present 027(0.398,2.655) 0.955
Capsular invasion Absent vs. Present 0. 474(0 207,1.090) 0.079
Narrow Surgical margin Absent vs. Present 1.091(0.557,2.137) 0.799
Vascular invasion Absent vs. Present 0.571(0.258,1.262) 0.166
AST (U/L) <45 0.001 0.048
45<<90vs <45 4.050(1.906,8.608) 0.000 2.837(1.223,6.580) 0.015
>90vs <45 2.291(0.627,8.367) 0.210 1.887(0.505,7.047) 0.345
ALT (U/L) <40 0.100
40<<80vs <40 0528(02 5,1.299) 0.164
>80vs <40 844(0.745,4.566) 0.186
Total bilirubin (umol/L) <17.0vs >17.1 0715(0363 1.407) 0.331
Direct bilirubin (umol/L) <34vs>34 0.517(0.225,1.189) 0.120
Serum albumin (g/L) <40vs>40 2.827(0.996,8.027) 0.051
Neutrophils (109/L) <6.3vs>6.3 0.282(0.116,0.684) 0.005 0.499(0.167,1.494) 0214
Platelet (109/L) <125vs>125 0.585(0.286,1.196) 0.142
Lymphocyte (109/L) <1.lvs=1.1 2.284(1.166,4.475) 0.016 1.939(0.9104.131) 0.086

Table 4 The forest plot of multivariate Cox regression analysis of
recurrence risk factors

Table 5 The forest plot of multivariate Cox regression analysis of
death risk factors

No.of B coefficient P HR(95%Cl) No.of B coefficient P HR(95%Cl)
patients value patients value
MVIgrade: 58 0.365 0270 1.441(0.753,2.755) AST:>90pg/ml 8 1428 0.069 4.170(0.893,19.467)
M1 AST:40-90pg/ 22 1514 0.003 4.545(1.696,12.180)
MVI grade: 36 1.341 0.000 3.824(1.964,7.445) ml
M2 Tumor 48 1757 0.001 5.793(2.148,15.628)
Intratumoral 31 0.315 0.281 1.370(0.773,2.427) sizex>5cm
artery High expres- 70 1.213 0.013 3.365(1.295,8.740)
High ex- 70 0.852 0.001  2.345(1.409,3.906) sion of IL—41
pression of
IL—41

arteriogenesis was strongly associated with MVI [35,
36], suggesting a potential link between factors affecting
tumor prognosis (see Fig. 7).

Tumor size is a significant predictor of prognosis in
HCC patients who have undergone RO resection [38], as
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Fig. 7 DCA of column charts in training and validation cohort (A, B). The Y-axis displays net benefits. The X-axis represents the threshold probability.
None-line (blue line) represents the net benefit when no participant is considered dead. All-line(red line) represents the net benefit when all participants
are considered dead. The green line represents the net benefit of the nomogram at different threshold probabilities. The area between the “none-line”
(blue line) and “all-line” (red line) in the model curve represents the clinical practicality of the model. CIC for predicting the presence of death in the
column chart of the training cohort (C) and validation cohort (D). Under different threshold probabilities in a given population, the number of high-risk
patients and the number of high-risk patients who died are displayed.DCA, Decision Curve Analysis; CIC, Clinical impact curve

larger tumors are often associated with adverse prognos-
tic factors such as MVI and poorer postoperative out-
comes [37, 39, 40].

AST is a liver enzyme released by hepatocytes upon
damage [37]. Studies have demonstrated that elevated
AST levels are significantly associated with liver diseases
such as alcoholic hepatitis, hepatitis B, and HCC, and
are a prognostic factor for poor postoperative outcomes
in HCC patients. Consistent with its important role in
assessing liver function and liver disease outcomes, we
found that AST is a significant independent risk factor
for predicting postoperative mortality in HCC, suggest-
ing a close relationship between liver function and mor-
tality in these patients.

Current evidence indicates that liver inflammation
is a strong predictor of poor postoperative prognosis
in HCC [41]. IL-41 is markedly elevated in a number

of inflammatory conditions, including inflammatory
bowel disease, sepsis, and psoriatic arthritis. IL-41 has
been demonstrated to promote tissue repair [42-44],
and its high expression can be influenced by inflamma-
tion [45]. Consequently, IL-41 may represent a poten-
tial therapeutic target and diagnostic marker for a wide
range of immune diseases, and its role in postoperative
HCC outcomes merits further investigation. Elevated tis-
sue IL-41 expression was previously observed in HCC
patients who experienced early recurrence and mortality
following resection. In line with this, the present study
also indicated that patients with high IL-41 expression
exhibited significantly reduced RES and PFS compared to
patients with low IL-41 expression. Consequently, IL-41
was incorporated as a predictor of HCC recurrence and
mortality after RO resection into the current prediction
model.
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The developed nomograms demonstrated satisfac-
tory performance in predicting postoperative recurrence
(AUCs: 0.747 for training cohort, 0.614 for validation
cohort) and mortality (AUCs: 0.708 for training cohort
and 0.931 validation cohort). A key advantage of this
nomogram is that all the risk factors incorporated into
the model can be readily obtained through standard
serological and imaging tests, thereby making the model
suitable for clinical application. Nevertheless, several
limitations should be taken into consideration. This was
a single-center retrospective study, which may be prone
to selection bias. Additionally, the prediction model was
not externally validated using samples from other centers
or sources. The independent risk factors for recurrence
and mortality were identified using data from the entire
study population, in contrast to Cox regression analyses
that were limited to the training cohort alone. The former
allows for a more comprehensive identification of inde-
pendent risk factors across a larger sample, whereas the
latter may lead to the identification of factors that are not
truly independent. The independent risk factors identi-
fied in this manner may not be associated with the occur-
rence of events in the training cohort, resulting in some
margin of error.

In conclusion, IL-41, MV], and intratumoral artery are
independent risk factors for post-hepatectomy recur-
rence, while IL-41, tumor size, and AST are indepen-
dent risk factors for post-hepatectomy mortality in HCC.
The two multivariate nomograms developed using these
risk factors demonstrated satisfactory performance in
predicting HCC recurrence and mortality at 12 and 36
months after RO resection.
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