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Purpose: Our study aimed to identify inflammatory biomarkers and develop a prediction model to stratify high-risk patients for
hepatitis B virus-associated hepatocellular carcinoma (HBV-HCC) recurrence after curative resection.

Patients and Methods: A total of 583 eligible HBV-HCC patients with curative hepatectomy from Guangdong Provincial People’s
Hospital (GDPH) and Sun Ya-sen University Cancer Centre (SYSUCC) were enrolled in our study. Cox proportional hazards
regression was utilized to evaluate potential risk factors for disease-free survival (RFS). The area under the receiver operating
characteristic (ROC) curve (AUC) was utilized to assess the discrimination performance. Calibration plots and decision curve analyses
(DCA) were used to evaluate the calibration of the nomogram and the net benefit, respectively.

Results: Based on the systemic inflammation response index (SIRI), aspartate aminotransferase to neutrophil ratio index (ANRI),
China Liver Cancer (CNLC) stage and microvascular invasion, a satisfactory nomogram was developed. The AUC of our nomogram
for predicting 1-, 2-, and 3-year RFS was 0.767, 0.726, and 0.708 in the training cohort and 0.761, 0.716, and 0.715 in the validation
cohort, respectively. Furthermore, our model demonstrated excellent stratification as well as clinical applicability.

Conclusion: The novel nomogram showed a higher prognostic power for the RFS of HCC patients with curative hepatectomy than
the CNLC, AJCC 8th edition and BCLC staging systems and may help oncologists identify high-risk HCC patients.
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Introduction

Primary liver cancer is a health threat worldwide, among which hepatocellular carcinoma accounts for more than 80% of
cases.' Hepatitis B virus infection is the leading actiology of hepatocellular carcinoma in East Asia, particularly in
China.? Currently, hepatectomy is the most effective and curative treatment for select patients at early and intermediate
stages.” © Unfortunately, the high rate of tumour recurrence leads to poor 5-year overall survival.”® At present, some
studies have shown that adjuvant therapy can prolong the survival of high-risk patients. For example, our previous
studies revealed that HCC patients with microvascular invasion (MVI) should receive adjuvant transhepatic arterial
chemotherapy and embolization (TACE) or hepatic artery infusion chemotherapy (HAIC) treatment, which could
improve their survival outcomes efficaciously and safely.'®'" Therefore, it is urgent to identify novel biomarkers and
develop a prediction model to identify high-risk patients for HCC recurrence.
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The Barcelona Clinic Liver Cancer (BCLC) staging system and American Joint Committee on Cancer (AJCC) staging
system are widely applied in the clinic and can help doctors choose the best treatment.*>® An increasing number of
studies have proven that the predictive effect of these staging systems is less than satisfactory.'*'> Recently, Chinese
experts put forward the China Liver Cancer (CNLC) staging system integrating the performance status, liver function,
extrahepatic metastasis, macrovascular invasion, tumour size and tumour number.'® The CNLC staging system shows
good stratification abilities and prognostic accuracy, but it could be improved by integrating some critical inflammatory
biomarkers.'*!” Meanwhile, the albumin-bilirubin score (ALBI),'® neutrophil-to-lymphocyte ratio (NLR),'? systemic
immune-inflammation index (SII),* systemic inflammation response index (SIRI)*' and aspartate aminotransferase to
neutrophil ratio index (ANRI) have been reported as independent prognostic risk factors that could predict recurrence for
many solid tumours. Thus, it is reasonable to construct a model combining the CNLC with these clinical blood indexes
and identify which patients are at high risk of recurrence and should receive the appropriate adjuvant treatment after
curative hepatectomy.

In this study, serum laboratory data and pathological information from 583 patients with HBV-related HCC were
obtained from two Chinese hepatobiliary surgery centres. We aimed to develop and validate a practical and novel
nomogram for RFS based on the selected significant inflammatory biomarkers and we compared the predictive power of
the newly established nomogram with three common staging systems.

Methods

This multi-institutional retrospective study was approved by the Institutional Review Board of Guangdong Provincial
People’s Hospital (KY-Q-2022-086-01) and Sun Yat-Sen University Cancer Center (B2019-057-01). All procedures
performed in this study involving human participants were performed in accordance with the Declaration of Helsinki.
Written informed consent was obtained from the patients for their anonymized information to be published in this article.

Data Collection

From 1 January 2014 to 1 January 2017, the clinical data of 349 patients who underwent curative hepatectomy and had
pathologically confirmed HBV-related hepatocellular carcinoma (HBV-HCC) at Guangdong Provincial People’s Hospital
(GDPH) were included in the present study as the training cohort. Meanwhile, the clinical data of 234 patients
pathologically diagnosed with HBV-HCC at Sun Yat-sen University Cancer Centre (SYSUCC) were collected as the
validation cohort. The inclusion criteria were as follows: (1) had undergone liver resection and pathologically diagnosed
with HBV-HCC; (2) had liver function by the Child—Pugh A and American Society of Anaesthesiologists (ASA) Score <
IIT; and (3) had not received any neoadjuvant treatments before hepatectomy. Patients who (1) had incomplete baseline
data and follow-up data; (2) had a positive surgical margin; (3) had distant metastasis or adjacent organ invasion; and (4)
had received neoadjuvant treatments, such as TACE and HAIC, were excluded from this study. The postoperative
pathologic stage of HCC was evaluated by the BCLC staging system, AJCC 8th Edition (AJCC-8) staging system and
China Liver Cancer (CNLC) staging system. Recurrence-free survival (RFS) was defined as the interval from the date of
surgery to tumour recurrence. HCC patients with curative resection were advised to undergo imaging examinations
(contrast-enhanced CT or contrast-enhanced MRI) and peripheral blood index examinations (such as AFP, AST, ALT,
and TBIL) one month after surgery to ensure that they underwent curative surgery and had good liver function. After
that, they underwent imaging examinations (contrast-enhanced CT, MRI or abdominal ultrasound) and peripheral blood
tests (such as AFP, HBV-DNA, AST, ALT, and TBIL) every 3 months for 5 years and every 6 months after 5 years to
detect any recurrences.

Definition of Some Indicators

The definition formulas are listed as follows: (1) neutrophil-to-lymphocyte ratio (NLR = N/L); (2) platelet-to-lymphocyte
ratio (PLR=P/L); (3) monocyte-to-lymphocyte ratio (MLR = M/L); (4) systemic immune-inflammation index (SII = P*
[N/L]); (5) systemic inflammation response index (SIRI=(N*M)/L); (6) y-glutamyl transferase-to-platelet ratio
(GPR=GGT/P); (7) albumin-bilirubin score (ALBI= (logl0(bilirubin pmol/L) x 0.66 + (albumin g/L) x (—0.085)));
and (8) aspartate aminotransferase to neutrophil ratio index (ANRI=AST/N).
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Statistical Analysis and Nomogram Construction

Cox proportional hazards regression was used to evaluate the potential prognostic factors and to evaluate the potential
risk factors for recurrence. Tolerance and variance inflation factor (VIF) values were calculated based on SPSS software
(version 20.0, IBM Statistics, Chicago, IL, USA) to estimate the multicollinearity between variables. According to
previous studies, variables with tolerance <0.1 and VIF >10 were considered indicative of multicollinearity and were
excluded from the multivariable Cox regression analysis.”>*> The nomogram based on the potential risk factors was
constructed by the rms package. The concordance index (C-index) and area under the receiver operating characteristic
(ROC) curve (AUC) were utilized to assess the discrimination performance. Calibration plot and decision curve analysis
(DCA) were used to evaluate the calibration of the nomogram and the net benefit, respectively. Patients were divided into
three groups with X-tile based on the risk score. Then, Kaplan—-Meier analyses were performed among different risk

groups to assess the stratification ability of the novel nomogram. R version 4.0.0 software (http://www.r-project.org/) was

used for most of the statistical analyses. A P value<0.05 was regarded as statistically significant, and all tests were two-
sided.

Results

Patient Clinicopathological Characteristics

After applying the inclusion criteria, a total of 583 eligible HCC patients from GDPH and SYSUCC were enrolled in our
study (Figure 1). The patients in this study were all HBsAg positive, and most had well-preserved liver function at Child—
Pugh class A. Men (88.25% and 89.32%) were predominant in both cohorts. The average ages were 54.45 and 49.62 in
the GDPH group and the SYSUCC group, respectively. Microvascular invasion was detected in 101 (28.94%) patients
from GDPH and 91 (33.76%) patients from SYSUCC. The median follow-up time of training cohort is 37 months (3643
months) and of validation cohort is 65.6 months (63—67.9 months). The patients’ clinicopathologic characteristics are

summarized in Table 1.

Recurrence-Free Survival in the GDPH and SYSUCC Cohorts

The median RFS time in the GDPH cohort was 42 months (34—60 months), and 166 (47.56%) patients suffered a tumour
recurrence. The 1-, 2- and 3-year RFS rates were 74.5%, 64.47% and 58.74%, respectively. Moreover, in the SYSUCC
cohort, the median RFS time was not reached, and 108 (46.15%) patients had a recurrence. The 1-, 2- and 3-year RFS
rates were 70.09%, 59.83% and 53.00%, respectively.

The patients diagnosed with hepatitis The patients diagnosed with hepatitis
B virus-associated hepatocellular B virus-associated hepatocellular
carcinoma (HBV-HCC) recurrence carcinoma (HBV-HCC) recurrence
after curative resection in Guangdong after curative resection in Sun Yat-
provincial people’s hospital (n=380) sen University Cancer Center (n=260)

26 patients were excluded
1.with adjacent organs invasion(n=5)
2.had positive surgical margin(n=6)

31 patients were excluded
1.with adjacent organs invasion(n=3)
2.had positive surgical margin(n=>5) 3.had incomplete data(n=4);

3.had ipcomplete Qata(n=6); 4. received neoadjuvant treatment(n=6)
4. received neoadjuvant treatment(n=11) 5.ASA score > 3(n=3)

5.ASA score > 3(n=2) 6.Child-Pugh B or C (n=2)
6.Child-Pugh B or C (n=4)

349 patients were included 234 patients were included
as the training cohort as the validation cohort

Figure | The flowchart of the selection process for the training and validation cohorts.
Abbreviations: HBV-HCC, hepatitis B virus-associated hepatocellular carcinoma; ASA score, American Society of Anaesthesiologists score.

Journal of Inflammation Research 2022:15 hetps: 5091

Dove:


http://www.r-project.org/
https://www.dovepress.com
https://www.dovepress.com

Zheng et al Dove

Table | Clinicopathological Characteristics of Two Cohorts

Characteristics GDPH (N=349) SYSUCC (N=234)
Gender
Male 308(88.25%) 209(89.32%)
Female 41(11.75%) 25(10.68%)
Age 54.45+11.43 49.62£11.13
CNLC
IA 158(45.27%) 121(51.71%)
B 139(39.83%) 89(38.03%)
A 24(6.88%) 10(4.27%)
1B 9(2.58%) 14(5.99%)
A 19(7.44%) 0(0%)
AJCCB8th
1A 51(14.61%) 13(5.56%)
B 164(47.00%) 118(50.43%)
I 103(29.51%) 85(36.32%)
A 13(3.72%) 18(7.69%)
1B 18(5.16%) 0(0%)
BCLC
0 51(14.61%) 13(5.56%)
A 247(70.78%) 197(84.19%)
B 33(9.46%) 24(10.25%)
C 18(5.16%) 0
AFP
<20 163(46.70%) 84(35.90%)
>20 185(43.30%) 150(64.10%)
Tumor size 5.44+3.49 5.38£3.11
Tumor number
| 302(86.53%) 203(86.75%)
2 35(10.00%) 17(7.27%)
3 3(0.86%) 1(0.43%)
4 9(1.93%) 13(5.55%)
Capsule invasion
No 302(86.53%) 155(66.24%)
Yes 47(13.47%) 79(33.76%)
Microvascular invasion
No 248(71.06%) 143(61.11%)
Yes 101(28.94%) 91(38.89%)
GGT 82.74+98.21 86.55+98.81
ALT 40.11+34.43 57.94+66.60
AST 45.20+36.45 54.35£52.69
Thil 16.98+9.69 14.09+6.06
ALB 38.05+4.99 41.40+4.59
PLR 114.574£59.94 49.66x31.17
NLR 2.09+1.04 2.73%3.69
SIRI 1.15£0.83 1.37£2.12
GPR 0.51+0.63
Sl 409.05+314.42
MLR 0.32+0.14
ANRI 15.63+£14.58 14.67+14.43
ALBI —2.44 + 0.44
(Continued)
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Table 1 (Continued).

Characteristics GDPH (N=349) SYSUCC (N=234)
Recurrence

No 183(52.44%) 126(53.85%)

Yes 166(47.56%) 108(46.15%)

Abbreviations: GDPH, Guangdong Provincial People’s Hospital; SYSUCC, Sun Yat-Sen
University Cancer Center; CNLC, the China liver cancer staging system; AJCC 8th, the
American Joint Committee on Cancer (AJCC) 8th edition staging system; BCLC, the
Barcelona Clinic Liver Cancer staging system; AFP, alpha-fetoprotein; GGT, y-glutamyl
transpeptidase; AST, aspartate transaminase; ALT, alanine transaminase; Tbil, total
bilirubin; ALB, albumin; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-
lymphocyte ratio; SIRI, systemic inflammation response index; GPR, y-glutamyl trans-
peptidase-to-platelet ratio; Sll, systemic immune-inflammatory index; MLR, monocyte-
to-lymphocyte ratio; ANRI, aspartate aminotransferase to neutrophil ratio index; ALBI,
albumin-bilirubin score.

Prognostic and Stratification Capacities of the CNLC, BCLC and AJCC 8th Staging Systems
The CNLC, AJCC 8th and BCLC staging systems are widely applied in the clinic and used to guide clinical treatment
decisions. The prognostic capacities of these staging systems were compared in our two cohorts. ROC curve analyses
showed that the BCLC staging system had the worst AUC value for predicting 1-, 2- and 3-year RFS in both the GDPH
cohort and the SYSUCC cohort. Similar AUC values for the CNLC and TNM staging systems were observed in the two
cohorts (Figure 2A and B).

Moreover, we performed KM analysis to explore the stratification abilities of the three staging systems. The results
revealed that BCLC had the best stratification ability compared with the two other staging systems (Figure 2C—H).

Identification of Independent Prognostic Factors for HBV-Related HCC

Cox proportional hazards regression analysis was utilized to identify the prognostic factors for 349 HBV-HCC patients in
the GDPH cohort. The results of univariate Cox regression analysis indicated that AFP, microvascular invasion, tumour
size, CNLC stage, AJCC 8th edition stage, BCLC stage, NLR, SII, SIRI, ANRI, PLR, MLR and GPR were regarded as
potential risk factors (Table 2). The significant predictors were sequentially enrolled in multivariate Cox regression
analysis. As Supplementary Table 1 showed, the tolerance of PLR was less than 0.1, and its VIF was larger than 10,

indicating that PLR should be excluded. Considering that these three staging systems may have mutual influence, we
performed multivariate Cox regression analysis. Finally, Table 3 showed that microvascular invasion, CNLC stage, SIRI
and ANRI were independent prognostic factors for RFS in HBV-HCC patients who underwent hepatectomy (the results
of the AJCC 8th edition and BCLC staging system can be found in Supplementary Tables 2 and 3). In summary, CNLC
stage, microvascular invasion, SIRI and ANRI were regarded as the key prognostic factors for HBV-related HCC.

Construction and Validation of a Novel Prognostic Nomogram for RFS
A satisfactory nomogram for predicting the 1-, 2- and 3-year RFS of HBV-HCC was established based on microvascular
invasion, CNLC stage, SIRI and ANRI (Figure 3A). According to the formula of our nomogram, the recurrence risk
score for each patient in these two cohorts could be calculated conveniently. A higher total score indicated a worse
prognosis. The AUC values for our nomogram for predicting 1-, 2-, and 3-year RFS were 0.767, 0.726, and 0.708 in the
training cohort and 0.761, 0.716, and 0.715 in the validation cohort, respectively (Figure 3B and C).

The time-dependent AUC further showed that our nomogram was also better than the CNLC, AJCC-8th and BCLC
staging systems and the other predictive factors alone (Figure 4A and B).

To further explore the prognostic and stratification capacities of the nomogram, the GDPH cohort was divided into
high-, medium- and low-recurrence risk subgroups based on an optimal cut-off value determined by X-tile: low-risk
group<32.90; 32.90 <middle-risk group<65.54; high-risk group>65.54. As shown in Figure 4C, patients in the low-
risk group had the best RFS, while those in the high-risk group had the worst RFS. We applied the same cut-off value
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Figure 2 The prognostic values of three staging systems: (A and B) the time-dependent ROC values of DFS in training cohort (A) and validation cohort (B); (C-E): the KM

analysis of three staging system in training cohort; (F-H): the KM analysis of three staging system in validation cohort.

Abbreviations: CNLC, the China liver cancer staging system; AJCC 8th, the American Joint Committee on Cancer (AJCC) 8th edition staging system; BCLC, the Barcelona
Clinic Liver Cancer staging system; DFS, disease-free survival; ROC, receiver operating characteristic curve; AUC, area under curve; KM analyses, Kaplan—Meier analyses.

to divide the SYSUCC cohort into high-, middle- and low-recurrence-risk subgroups. As shown in Figure 4D,

patients in different risk subgroups had different RFS. This indicated that our nomogram had outstanding stratifica-

tion ability.
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Table 2 Univariate Cox Regression Analysis of Disease-Free
Survival in the Training Cohort

Characteristics HR 95% CI P
Gender
Male NE NE NE
Female 0.647 0.367~1.142 0.13
Age 0.995 0.981~1.009 0.50
CNLC
IA NE NE NE
IB 1.929 1.366~2.725 p<0.05
A 2.899 1.689~4.976 p<0.05
1B 1.661 0.601~4.587 033
A 2.732 1.386~5.385 p<0.05
AJCC8th
IA NE NE NE
B 1.015 0.607~1.696 0.96
Il 2.285 1369~3.815 p<0.05
A 2512 1.1.098~5.743 p<0.05
1]} 2.276 1.027~5.047 p<0.05
BCLC
0 NE NE NE
A 1.355 0.933~2.204 0.22
B 2.359 1.271~4.380 p<0.05
Cc 2.25 1.015~4.988 p<0.05
AFP
<20 NE NE NE
>20 1.44 1.057~1.963 p<0.05
Tumor size 1.085 1.041~1.131 p<0.05
Tumor number 1.204 0.951~1.525 0.12
Capsule invasion
No NE NE NE
Yes 1.145 0.963~1.724 0.52
Microvascular invasion
Without NE NE NE
With 2.184 1.588~3.004 p<0.05
PLR 1.003 1~1.005 p<0.05
NLR 1.389 1.21~1.594 p<0.05
SIRI 1.574 1.337~1.853 p<0.05
GPR 1.161 0.942~1.431 0.16
N 1.001 1~1.001 p<0.05
MLR 9.549 3.16~28.85 p<0.05
ANRI 1.013 1.003~1.024 p<0.05

Abbreviations: CNLC, the China liver cancer staging system; AJCC 8th, the American
Joint Committee on Cancer (AJCC) 8th edition staging system; BCLC, the Barcelona
Clinic Liver Cancer staging system; AFP, alpha-fetoprotein; PLR, platelet-to-lymphocyte
ratio; NLR, neutrophil-to-lymphocyte ratio; SIRI, systemic inflammation response index;
GPR, y-glutamyl transpeptidase-to-platelet ratio; Sll, systemic immune-inflammatory
index; MLR, monocyte-to-lymphocyte ratio; ANRI, aspartate aminotransferase to neu-
trophil ratio index; HR, hazard ratio; NE, none existed.

We drew calibration curves to illustrate the probability of 1-, 2- and 3-year RFS between the prediction by the novel

nomogram and the actual observation. The calibration curves matched well in the training and validation cohorts, which

showed that they could accurately predict the 1-, 2-, and 3-year RFS (Figure 4E-J).
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Table 3 Multivariate Cox Regression Analysis of Disease-Free
Survival Based on CNLC Staging System in the Training Cohort

Clinical HR 95% CI P
Characteristics
NLR 1.26 0.98-1.61 0.08
SIRI 1.57 1.31-1.89 p<0.05
CNLC stage
IA NE NE NE
1B 1.57 1.03-2.13 p<0.05
A 248 1.35-4.04 p<0.05
1B 1.83 0.66-5.09 0.24
A 1.6l 0.78-3.31 0.20
Microvascular invasion
Without NE NE NE
With 1.56 1.10-2.21 p<0.05
ANRI 1.02 1.01-1.03 p<0.05
Sl | 0.99-1.01 0.72
MLR 1.74 0.08-39.54 0.73
AFP
<20 NE NE NE
220 0.97 0.69-1.36 0.84

Abbreviations: CNLC, the China liver cancer staging system; AFP, alpha-fetoprotein;
NLR, neutrophil-to-lymphocyte ratio; SIRI, systemic inflammation response index; SlI,
systemic immune-inflammatory index; MLR, monocyte-to-lymphocyte ratio; ANRI,
aspartate aminotransferase to neutrophil ratio index; HR, hazard ratio; NE, none
existed.

Decision curve analysis (DCA) was performed to evaluate the clinical performance and the net benefit of our
nomogram. Compared to the CNLC, AJCC-8th and BCLC staging systems, our nomogram could provide a better
clinical benefit and had significant clinical application in the GDPH cohort and the SYSUCC cohort (Figure SA-F).

Discussion

It is well known that a high risk of recurrence is the main problem for HCC patients after curative liver resection. At
present, it is of great clinical significance to identify the independent prognostic factors of RFS, build a reliable model to
predict tumour recurrence and provide a strategy for adjuvant therapy for high-risk patients. In this study, SIRI, ANRI,
and CNLC stage and microvascular invasion were regarded as the key prognostic factors for HBV-related HCC. A novel
nomogram was constructed based on 349 patients from the hepatobiliary surgery centre of GDPH and validated by 234
patients from the hepatobiliary surgery centre of SYSUCC. The novel nomogram showed higher ROC values and
stratification ability, better calibrations and more net benefits than the three widely used staging systems.

Microvascular invasion is a nest of malignant cells in endothelial-lined vessels visible only under a microscope.**
Increasing numbers of studies have demonstrated that MVI is an occult micrometastasis of HCC and it has a great
negative impact on the survival of HCC patients after hepatectomy.?* We confirmed that MVI was an independent risk
factor in this study, which is consistent with our previous findings.”>*® Our previous studies have demonstrated that
receiving adjuvant TACE or HAIC with FOLFOX after hepatectomy might improve the RFS and OS for HCC patients
with MV, and the adverse events were evaluated as mild and manageable.'*!!

SIRI and ANRI are both comprehensive haematological indices of inflammation.?” Their effective prediction capacities for
survival and tumour recurrence have been extensively validated in many solid tumours, such as lung cancer,”® gallbladder
cancer”’ and pancreatic cancer.”' In our research, the performance of these inflammatory indicators was indeed outstanding in
predicting recurrence-free survival of HBV-HCC with curative resection.Cancer-associated inflammation plays a crucial role in
the tumorigenesis, progression and survival of patients with HCC.?*3!' Cancer-associated inflammation can promote the
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Figure 3 (A) the nomogram for predicting the |-, 2-, and 3-year DFS of HBV-HCC patients after curative hepatectomy. (B and C): the |-year, 2-year and 3-year ROC values
of DFS in training cohort (B) and validation cohort (C).
Abbreviations: DFS, disease-free survival; CNLC, the China liver cancer staging system; AJCC 8th, the American Joint Committee on Cancer (AJCC) 8th edition staging
system; BCLC, the Barcelona Clinic Liver Cancer staging system; SIRI, systemic inflammation response index; ANRI, aspartate aminotransferase to neutrophil ratio index;
ROC, receiver operating characteristic curve; AUC, area under curve.

generation of active oxygen and reactive oxygen and nitrogen, resulting in DNA damage and creating inflammatory tumour

microenvironments.*? Eventually, the activation of tumour-related transcription factors and the production of cytokines further

promote tumorigenesis and tumour progression.>> Neutrophils and lymphocytes in the primary tumour microenvironment are
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Figure 4 (A and B) the time-dependent ROC values of our nomogram, three staging systems and other clinicopathological characteristics in training cohort (A) and
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Abbreviations: CNLC, the China liver cancer staging system; AJCC 8th, the American Joint Committee on Cancer (AJCC) 8th edition staging system; BCLC, the Barcelona
Clinic Liver Cancer staging system; SIRI, systemic inflammation response index; ANRI, aspartate aminotransferase to neutrophil ratio index; KM analyses, Kaplan—Meier
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Figure 5 Decision curve analysis of the nomogram. (A—C) Decision curve analysis of the nomogram for |-year (A), 2-year (B), and 3-year (C) DFS prediction in training
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Abbreviations: DCA, decision curve analysis; DFS, disease-free survival; CNLC stage, the China liver cancer staging system; AJCC 8th, the American Joint Committee on
Cancer (AJCC) 8th edition staging system; BCLC, the Barcelona Clinic Liver Cancer staging system.

closely related to local inflammation and immune responses, respectively.’* Thus, they play important regulatory roles in
tumour progression. Studies have shown that neutrophils can promote tumour invasion, metastasis and angiogenesis by
releasing tumour suppression M, hepatocyte growth factor, neutrophil elastase, and matrix metalloproteins.>> CD4+ T cells and
CD8+ T cells are the main components of tumour-infiltrating lymphocytes, which play an important role in the immune
response to anticancer activity.*® It is well known that as a routine indicator for evaluating liver function, AST is an enzyme that
reflects liver damage and is also used to evaluate the progression of liver disease. Therefore, most scientists believe that the
potential mechanism by which these inflammatory markers could predict tumour patient outcomes is that these inflammatory
indices could represent the status of systemic inflammation and immune activity in the tumour microenvironment.*”

Our research has some advantages. 1) In previous studies on inflammatory biomarkers, continuous values were often
converted into categorical variables lacking standard cut-off values.'”*®*° This heterogeneity not only limited the
statistical power but also led to incorrect causality, reducing its prognostic predictive ability.*>*' In our study, the
continuous variables SIRT and ANRI were used to construct the predictive model to ensure a correct conclusion. 2) Most
previous studies focused on one or two inflammatory biomarkers. However, our study explored most of the reported
inflammatory biomarkers. 3) Previous studies only explored the prognostic values of inflammatory biomarkers. They did
not assess their prognostic capacity in comparison to the current tumour staging systems.’”*** In our study, by
incorporating inflammatory biomarkers and other clinicopathological factors, we built a simple but reproducible model
that had higher prognostic power than common staging systems.
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It is undeniable that our research has some limitations. First, our predictive model may not be suitable for all HCC
patients. Only patients with HBV-HCC who received curative hepatectomy would fit this model. In addition, this study
was based on the experience of large public hospitals in China, so it might not be applicable in all clinical circumstances.
Moreover, selection bias was unavoidable because this was a retrospective study with relatively small samples. Larger
samples and a prospective study are required in the future to verify our prognostic models and stratification strategies.

In summary, SIRI, ANRI, CNLC stage and microvascular invasion were identified as independent prognostic factors
of HBV-HCC after curative surgical resection. A comprehensive and useful nomogram was established and validated,
and it could be applied in clinical practice to accurately evaluate RFS and identify high-risk patients.

Conclusion

The novel nomogram incorporating the SIRI and ANRI showed a higher prognostic power for RFS of HCC patients with
curative hepatectomy than the CNLC, AJCC 8th edition and BCLC staging systems and may help oncologists identify
high-risk HCC patients.
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