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Purpose: We developed a nomogram based on the liver function, nutrition, inflammation, and immunity (LFNII) score to predict
recurrence-free survival (RFS) post-resection in patients with hepatocellular carcinoma (HCC) exhibiting alpha-fetoprotein (AFP)
negativity (AFP <20 ng/mL).

Patients and Methods: Clinical data of 661 patients diagnosed with alpha-fetoprotein-negative hepatocellular carcinoma (AFP-
NHCC) who underwent surgical resection at two medical centers between 2012 and 2021 were collected. A total of 462 and 199
patients served as the training and validation sets, respectively. Pre-operative blood markers were collected and analyzed for LFNII.
The LFNII score was formulated using the least absolute shrinkage and selection operator Cox regression model. A nomogram model
was developed using the training set to incorporate other relevant clinicopathological indicators and predict postoperative recurrence.
Model discrimination was assessed using the receiver operating characteristic curve, calibration was evaluated using a calibration
curve, and clinical applicability was assessed using clinical decision curve analysis. A comparison with liver cancer staging was
performed using the nomogram model. Finally, a cohort study was conducted to validate our findings.

Results: We derived the LFNII scores from nine indicators. Elevated LFNII scores correlated with unfavorable clinicopathological
features. The LFNII score area under the curve revealed superior predictive efficacy at 1-, 2-, and 5-year RFS intervals, with values of
0.675, 0.658, and 0.633, respectively. Multivariate Cox analysis revealed that a high LFNII score independently increased RFS risk in
patients with AFP-NHCC. The C-index of the LFNII-nomogram model was 0.686 (95% confidence interval [CI], 0.651-0.721). The
nomogram model’s clinical application value surpassed that of standard HCC staging systems.

Conclusion: The LFNII score-derived nomogram effectively predicted the RFS of patients with AFP-NHCC after curative resection.
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Introduction
Primary liver cancer is the sixth most common malignancy and the third leading cause of cancer-related deaths
worldwide."! Hepatocellular carcinoma (HCC) is the most common form of liver cancer, accounting for 75-90% of
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primary liver cancer cases.” > Surgical excision is largely recognized as the most effective therapy for HCC.® However,
a significant challenge arises, as approximately 70% of patients with HCC are ineligible for surgery upon detection.
Diagnosing and treating HCC is challenging, especially in advanced stages, which are characterized by a high recurrence
rate and low postoperative survival.

Alpha-fetoprotein (AFP) is a crucial biomarker in HCC detection.” The importance of AFP as a critical tumor marker in
HCC diagnosis is insufficiently emphasized, given its association with an unfavorable prognosis in cases of elevation.®’
However, 30-40% of patients with HCC had low serum AFP levels (AFP <20 ng/mL), termed alpha-fetoprotein-negative
HCC (AFP-NHCC).'™!" Despite the relatively more favorable prognosis in AFP-NHCC than in high AFP cases,'? the
significant postoperative recurrence rate underscores the need for postoperative monitoring and prognostic assessment.
However, effective biomarkers for postoperative monitoring of patients with AFP-NHCC are lacking. Researchers have
explored AFP-NHCC biomarkers, such as PIVKA-II and AFP-L3.'*!'* Simultaneously, others have developed novel scoring
models to predict the prognosis of patients with AFP-NHCC. Huang et al constructed a nomogram model for postoperative
recurrence of AFP-NHCC by combining eight indicators such as gender, cirrhosis, alkaline phosphatase level, microvascular
invasion, and tumor size.'> Another study from China analyzed 419 patients with AFP-NHCC, including patients with
advanced-stage condition, and constructed a nomogram model to predict overall survival by incorporating indicators such as
BMI, tumor stage, and blood biochemical indicators.'® In recent studies, PTVKA-II and Tumor Burden Score were combined
to construct a new tumor burden score (TPS) prediction model to predict the postoperative prognosis of AFP-NHCC.'” All the
aforementioned models showed certain predictive ability; however, validation of their predictive power is necessary, as most
data are based on single centers, and the clinical applicability of these indicators remains limited. These findings indicate the
urgent need for monitoring postoperative recurrence in patients with AFP-NHCC.

Prior investigations have established correlations between immune response, inflammatory processes, and nutritional
factors in relation to tumor prognosis.'® ! Pre-operative hematological indicators, such as platelet-to-lymphocyte ratio (PLR),
neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), prognostic nutritional index (PNI), systemic
immune-inflammation index (SII), serum immune-to-inflammation ratio (SIRI), have been validated for their relevance in the
prognosis of HCC, reflecting immunity, inflammation, and nutrition.”* ¢ Furthermore, studies have indicated that biomarkers
linked to liver function, inflammation, nutrition, and immunity, such as gamma-glutamyl transpeptidase to alkaline phospha-
tase ratio (GAPR), gamma-glutamyl transpeptidase to aspartate aminotransferase ratio (GAR), aspartate aminotransferase to
alanine aminotransferase ratio (AAR), gamma-glutamyltransferase-to-lymphocyte ratio (GLR), albumin-bilirubin score
(ALBI), modified albumin-bilirubin score (PALBI), monocyte-to-lymphocyte ratio (MLR), and neutrophil times gamma-
glutamyl transpeptidase-to-lymphocyte ratio (NrLR), demonstrate diagnostic and prognostic relevance in AFP-NHCC.?” !
Nevertheless, a solitary indicator does not comprehensively represent the nutrition, immunity, and inflammation statuses of the
body. Previous studies have underscored the prognostic advantages of combining these indicators in intrahepatic cholangio-
carcinoma. However, whether such a combination can predict AFP-NHCC recurrence remains unknown. This study
introduced the liver function-nutrition-inflammation-immune (LFNII) score, which is calculated by integrating liver function
indicators with factors related to immunity, inflammation, and nutrition. A novel nomogram integrating the LFNII score with
clinicopathological factors was developed to predict post-resection AFP-NHCC recurrences. This study aimed to compare the
novel model with standard HCC staging systems and examine its correlation with clinicopathological factors.

Materials and Methods
Study Cohort

The study data were obtained from the Hepatobiliary Surgery Departments at the Cancer Hospital of the Chinese Academy of
Medical Sciences and the Fifth Medical Center of the PLA General Hospital. Patients diagnosed with hepatocellular
carcinoma who underwent curative resection between 2012 and 2021 were identified from the electronic medical records
of both institutions. In total, 1853 and 1689 patients were recruited from both centers, respectively. The inclusion criteria
were as follows: 1) HCC confirmed through postoperative pathology; 2) alpha-fetoprotein level of <20 ng/mL; 3) no history
of other malignant tumors; 4) no preoperative anti-tumor therapy, including preoperative targeted therapy, immunotherapy,
chemotherapy, interventional therapy, radiotherapy, radiofrequency ablation, and traditional Chinese medicine with definite
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Figure | Flow chart of the retrospective study.

anti-tumor effect; and 5) Child-Pugh A/B grade. The exclusion criteria encompassed patients with pre-operative AFP >20 ng/
mL and those meeting the following criteria: (1) receipt of other antineoplastic therapies preoperatively, (2) presence of other
malignancies, (3) insufficient clinical or follow-up information, and (4) surgical treatment for tumor recurrence. The final
study cohort comprised 661 patients with AFP-NHCC (Figure 1). The patients included in the study were randomized to the
training or validation set at a 7:3 ratio. In addition, 157 patients with AFP-positive HCC who underwent hepatectomy at
Cancer Hospital, Chinese Academy of Medical Sciences, during the same period were included to verify the predictive
ability of the LFNII score in patients with different AFP levels. The inclusion and exclusion criteria were the same as before,
except that the AFP levels exceeded 20 ng/mL. The researchers obtained ethical permission from the Ethics Committees of
both centers (approval number 21/198-2869). This study was conducted in accordance with the principles outlined in the
Declaration of Helsinki, and the research protocols were conducted in accordance with applicable standards and laws.

Clinicopathologic Variables and Follow-Up

Patient clinicopathological characteristics were classified into the following groups: (1) General patient details: age, sex,
family history of malignant tumors, history of diabetes, alcoholism, smoking, and hepatitis B and C virus infection, and
body mass index; (2) Surgical factors: the surgery duration, intraoperative blood loss, and intraoperative blood transfu-
sion; (3) tumor pathology details: the number of tumors, liver capsule invasion, tumor pathological grade (Edmondson
Steiner grade), microvascular invasion (MVI), maximum diameter of the largest tumor, satellite nodules, liver fibrosis
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grade (Scheuer scoring system), AFP level, AJCC-TNM stage (eighth edition), the Barcelona Clinic Liver Cancer system
(BCLC) stage, and alpha-feto protein tumor burden score (ATS);* (4) Pre-operative hematological indicators: including
AFP, white blood cell count, neutrophil (NEUT), lymphocyte (LYMPH), monocyte (MONO), hemoglobin, blood platelet
count (PLT), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), total
bilirubin (TBIL), albumin (ALB), and gamma-glutamyl transpeptidase (GGT).

The following formulas were applied to calculate liver function, inflammation, immunity, and nutrition indicators:
AAPR = ALB (g/L) / ALP (U/L), AAR (DeRitis ratio) = AST (U/L) / ALT (U/L), NLR = NEUT / LYMPH, LMR =
LYMPH / MONO, PLR = PLT / LYMPH, GAR = GGT (U/L) / AST (U/L), GAPR = GGT (U/L) / ALP (U/L), ANRI =
AST (U/L) / NEUT, ALRI = AST (U/L) / LYMPH. PNI = ALB (g/L) + 5 x LYMPH, SIRI = NEUT x MONO/LYMPH,
and SII = PLT x NEUT/LYMPH. ALBI = log;¢ (TBIL; mol/L) x 0.66 — ALB (g/L) x 0.085; the ALBI grade was
stratified as follows: < —2.60 (ALBI grade 1), > —2.60 < —1.39 (ALBI grade 2), and > —1.39 (ALBI grade 3). The ATS
score was computed using the formula: ATS* = (InAFP)* + (maximum tumor diameter)® + (number of tumors)®.**

The optimal cutoff values for hematological indicators were determined using the surv_cutpoint function in the
R (4.2.1) survminer package. The patients underwent follow-up one month post-resection and subsequently every three
months. Follow-up assessments included general examination, hematological indices, enhanced CT of the whole body,
and liver-enhanced MRI. RFS was determined by calculating the time from the resection procedure to the identification
of tumor recurrence in accordance with the diagnostic and treatment criteria for primary liver cancer in China.*?

LFNII Score Construction

In the preliminary phase, univariate Cox regression analysis was conducted on the entire cohort of 661 individuals to
identify pre-operative markers associated with liver function, immunology, inflammation, and nutrition. Indicators with
P values < 0.05 were retained for subsequent analysis. Kaplan—-Meier (KM) curves were then used to assess the influence
of various parameters on survival duration. Subsequently, least absolute shrinkage and selection operator (LASSO) Cox
regression analysis was used to evaluate the predictive relevance of the indicators mentioned above in relation to tumor
recurrence. The LFNII score was then calculated using variables with non-zero coefficients.

Correlation Between LFNII Score and Clinicopathological Features

To determine the optimal threshold value for LFNII scores and examine the differences in clinicopathological character-
istics between high- and low-LFNII scores groups, we used the survminer package in R (version 4.2.1). Samples were
classified into high- and low-LFNII score groups based on the selected threshold. The predictive accuracy of the LFNII
score for 1-, 2-, and 5-year RFS in patients with AFP-NHCC was assessed and compared with that of individual
component indices using receiver operating characteristic (ROC) curves.

Construction and Validation of a Nomogram

We conducted univariate Cox regression analysis of clinicopathological factors in the training dataset that included the LFNII
score. Variables with a p-value <0.05 were further evaluated for potential inclusion in a multivariate Cox regression analysis,
using the stepwise backward approach to identify independent prognostic indicators for RFS. These indicators were used to
develop the nomogram model. The nomogram’s prediction accuracy for 1-, 2-, and 5-year RFS was assessed in the training
and validation datasets using ROC and calibration curves. Decision curve analysis (DCA) was performed to compare the
nomogram with each constituent index to assess the clinical utility at various time intervals. Patients were then classified into
high- and low-risk categories based on their nomogram-derived risk scores. KM curves were constructed to assess and
evaluate the disparity in survival rates across the groups. The predictive efficacy of the nomogram model in conjunction with
the TNM and BCLC stages was assessed and compared using DCA and the time-dependent area under the curve (AUC).

Comparison of LFNII Score with Other Prognostic Indicators

We screened three previously reported indicators and compared them with AFPN-HCC prognosis indicators according to
data availability, to determine whether the predictive power of the LFNII score exceeded that of previous studies. These
three indicators were neutrophil times y-glutamyl transpeptidase to lymphocyte ratio (NrLR),** y-glutamyl transpeptidase
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to lymphocyte count ratio (GLR),*® and platelet-albumin-bilirubin (PALBI) score.>’ The predictive ability of the four
indicators for postoperative recurrence and the degree of clinical benefit were compared using time-dependent AUC
analysis and clinical decision assessment. Simultaneously, to broaden the clinical application of the LFNII score, we
incorporated it into the AFP-positive cohort for analysis. The prognostic ability of LFNII score in AFP-positive patients
was evaluated using KM curve and time-dependent AUC.

Statistical Analysis

Categorical variables, such as frequency with percentage, were compared using chi-squared or Fisher’s exact tests. The
surv_cutpoint function within the R (4.2.1) survminer package was used to determine optimal cutoff values. Univariate
and multivariate Cox regression analyses, LASSO Cox regression, and the generation of ROC, calibration, DCA, and

KM curves were performed using the R software packages “compare groups”, “glmnet”, “survival”, “forest plot”,
“survival ROC”, “stdca. R”, “rms”, “survminer”, “timeROC”, and “ggplot2”. Statistical significance was set at P < 0.05.

Results

Basic Clinical Information

This study included 661 patients who were diagnosed with AFP-NHCC. The cohort comprised 588 males (89.0%) and 73
females (11.0%). Patients were recruited from two medical centers. The median follow-up period for the study participants
was 60 months (range, 1-122 months). The RFS rates at 1, 2, and 5 years were 80.6%, 70.9%, and 49.5%, respectively. Table 1
summarizes the basic characteristics of the cohort and subsequent segmentation analysis. The baseline clinicopathological
characteristics of the training and validation sets did not differ significantly after segmentation (p > 0.05). Simultaneously, we
enrolled 157 patients with AFP-positive HCC: 118 men (75.2%) and 39 women (24.8%). The 1 -, 2 -, and 5-year RFS were
79.6%, 70.2%, and 35.8%, respectively (Supplementary Table 1).

Table 1 Comparison of Clinicopathological Characteristics in Training and Validation Sets

Variables All Patients Training Set Validation Set p-value

(N =661) (N = 462) (N =199)
Age, years 0916
<60 452 (68.4%) 317 (68.6%) 135 (67.8%)
260 209 (31.6%) 145 (31.4%) 64 (32.2%)
Sex 0.888
Male 588 (89.0%) 412 (89.2%) 176 (88.4%)
Female 73 (11.0%) 50 (10.8%) 23 (11.6%)
Family history of malignant tumors 0.926
No 518 (78.4%) 363 (78.6%) 155 (77.9%)
Yes 143 (21.6%) 99 (21.4%) 44 (22.1%)
Diabetes 0.532
No 565 (85.5%) 398 (86.1%) 167 (83.9%)
Yes 96 (14.5%) 64 (13.9%) 32 (l6.1%)
Alcoholism 0.155
No 376 (56.9%) 254 (55.0%) 122 (61.3%)
Yes 285 (43.1%) 208 (45.0%) 77 (38.7%)

(Continued)
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Table 1 (Continued).

Variables All Patients Training Set Validation Set p-value

(N =661) (N = 462) (N =199)
Smoking 0.085
No 350 (53.0%) 234 (50.6%) 116 (58.3%)
Yes 311 (47.0%) 228 (49.4%) 83 (41.7%)
HBYV infection 0.800
No 147 (22.2%) 101 (21.9%) 46 (23.1%)
Yes 514 (77.8%) 361 (78.1%) 153 (76.9%)
HCYV infection 0.931
No 617 (93.3%) 432 (93.5%) 185 (93.0%)
Yes 44 (6.66%) 30 (6.49%) 14 (7.04%)
BMI 0.346
<28 566 (85.6%) 400 (86.6%) 166 (83.4%)
228 95 (14.4%) 62 (13.4%) 33 (16.6%)
Operation duration, minutes 0.326
<190 386 (58.4%) 276 (59.7%) 110 (55.3%)
=190 275 (41.6%) 186 (40.3%) 89 (44.7%)
Intraoperative blood loss, mL 0.979
<200 424 (64.1%) 297 (64.3%) 127 (63.8%)
>200 237 (35.9%) 165 (35.7%) 72 (36.2%)
Intraoperative blood transfusion 1.000
No 546 (82.6%) 382 (82.7%) 164 (82.4%)
Yes 115 (17.4%) 80 (17.3%) 35 (17.6%)
Number of tumors 0.532
Single 600 (90.8%) 422 (91.3%) 178 (89.4%)
Multiple 61 (9.23%) 40 (8.66%) 21 (10.6%)
Maximum diameter of the largest tumor, cm 0.255
<5 480 (72.6%) 329 (71.2%) 151 (75.9%)
25 181 (27.4%) 133 (28.8%) 48 (24.1%)
Liver capsule invasion 0.273
No 379 (57.3%) 258 (55.8%) 121 (60.8%)
Yes 282 (42.7%) 204 (44.2%) 78 (39.2%)
Edmondson Steiner grade 0.585
-l 580 (87.7%) 408 (88.3%) 172 (86.4%)

(Continued)
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Table | (Continued).

Variables All Patients Training Set Validation Set p-value
(N =661) (N = 462) (N =199)

=V 81 (12.3%) 54 (11.7%) 27 (13.6%)

MVI 08Il

No 375 (56.7%) 264 (57.1%) 111 (55.8%)

Yes 286 (43.3%) 198 (42.9%) 88 (44.2%)

Satellite nodule 0.082

No 625 (94.6%) 442 (95.7%) 183 (92.0%)

Yes 36 (5.45%) 20 (4.33%) 16 (8.04%)

Scheuer scoring system 0.054

S0-S1 135 (20.4%) 104 (22.5%) 31 (15.6%)

S2-S4 526 (79.6%) 358 (77.5%) 168 (84.4%)

ATS score 0.482

<5.18 481 (72.8%) 332 (71.9%) 149 (74.9%)

>5.18 180 (27.2%) 130 (28.1%) 50 (25.1%)

ALRI 0.619

<145 281 (42.5%) 193 (41.8%) 88 (44.2%)

>14.5 380 (57.5%) 269 (58.2%) 111 (55.8%)

SIRI 0.103

<0.48 169 (25.6%) 127 (27.5%) 42 (21.1%)

20.48 492 (74.4%) 335 (72.5%) 157 (78.9%)

ANRI 0.298

<10.8 407 (61.6%) 278 (60.2%) 129 (64.8%)

>10.8 254 (38.4%) 184 (39.8%) 70 (35.2%)

NI 0.374

<4973 343 (51.9%) 234 (50.6%) 109 (54.8%)

>497.3 318 (48.1%) 228 (49.4%) 90 (45.2%)

PNI 0.311

>47.55 496 (75.0%) 341 (73.8%) 155 (77.9%)

<47.55 165 (25.0%) 121 (26.2%) 44 (22.1%)

LMR 0.224

<4 264 (39.9%) 177 (38.3%) 87 (43.7%)

24 397 (60.1%) 285 (61.7%) 112 (56.3%)

PLR 1.000

(Continued)
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Table 1 (Continued).

Variables All Patients Training Set Validation Set p-value
(N =661) (N = 462) (N =199)

295.93 284 (43.0%) 198 (42.9%) 86 (43.2%)

<95.93 377 (57.0%) 264 (57.1%) 113 (56.8%)

NLR 0.633

<1.37 176 (26.6%) 126 (27.3%) 50 (25.1%)

=1.37 485 (73.4%) 336 (72.7%) 149 (74.9%)

GAPR 0415

<0.35 199 (30.1%) 144 (31.2%) 55 (27.6%)

>0.35 462 (69.9%) 318 (68.8%) 144 (72.4%)

GAR 0.349

<1.05 191 (28.9%) 139 (30.1%) 52 (26.1%)

>1.05 470 (71.1%) 323 (69.9%) 147 (73.9%)

AAR 0.138

<1.03 395 (59.8%) 267 (57.8%) 128 (64.3%)

=1.03 266 (40.2%) 195 (42.2%) 71 (35.7%)

AAPR 0.246

<0.53 320 (48.4%) 231 (50.0%) 89 (44.7%)

20.53 341 (51.6%) 231 (50.0%) 110 (55.3%)

ALBI grade 0.687

| 520 (78.7%) 361 (78.1%) 159 (79.9%)

2-3 141 (21.3%) 101 (21.9%) 40 (20.1%)

AJCC-TNM stage 0.41

| 347 (52.5%) 244 (52.8%) 103 (51.8%)

1l 275 (41.6%) 195 (42.2%) 80 (40.2%)

1]l 35 (5.30%) 21 (4.55%) 14 (7.04%)

v 4 (0.61%) 2 (0.43%) 2 (1.01%)

BCLC stage 0.124

0 130 (19.7%) 86 (18.6%) 44 (22.1%)

A 489 (74.0%) 352 (76.2%) 137 (68.8%)

B 39 (5.90%) 22 (4.76%) 17 (8.54%)

C 3 (0.45%) 2 (0.43%) 1 (0.50%)

Abbreviations: HBY, hepatitis B virus; HCV, hepatitis C virus; BMI, body mass index; MVI, microvascular invasion; ATS, Alpha-Feto Protein, and Tumor
Burden Score; ALRI, aspartate aminotransferase to lymphocyte ratio; SIRI, systemic inflammation response index; ANRI, aspartate aminotransferase to
neutrophil ratio; Sll, systemic Immune-Inflammation; PNI, prognostic nutritional index; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-
lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; GAPR, gamma-glutamyl transpeptidase-to-alkaline phosphatase ratio; GAR, gamma-glutamyl
transpeptidase-to-aspartate aminotransferase ratio; AAR, alanine aminotransferase-to-aspartate aminotransferase ratio; AAPR, albumin-to-alkaline
phosphatase ratio; ALBI, albumin-bilirubin; AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer.
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Univariate Cox regression analysis was performed on all computed indices related to liver function, nutrition, immunology,

and inflammation. The results revealed a significant correlation between postoperative recurrence in AFP-NHCC and elevated
levels of ALRI, ANRI, SII, GAPR, AAR, and ALBI and reduced levels of AAPR, SIRI, and PNI (p < 0.05; Supplementary
Figure 1). These findings were consistent with the outcomes derived from the KM analysis (Figure 2A-I). Subsequently, the

aforementioned nine indicators were subjected to LASSO Cox regression analysis, confirming their connection with post-

operative recurrence in patients with AFP-NHCC (Figure 3A and B). Using coefficients from the LASSO Cox regression, the
LFNII score was calculated using the formula: LFNIT = ALRI % 0.144 - SIRI x 0.069 + ANRI x 0.064 + SII x 0.404 + PNI x
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0.164 + GAPR x 0.461 + AAR x 0.253 - AAPR x 0.037 + ALBI x 0.264. An optimal cutoff of 0.89 was used to classify all
samples into high- and low-LFNII groups to examine the connection between the score and clinicopathological features.
Comparisons of various indicators between these groups revealed that elevated LFNII scores were associated with unfavor-
able clinicopathological features, including a larger tumor burden, liver capsule invasion, increased tumor diameter, micro-
vascular invasion, higher alpha-fetoprotein levels, advanced tumor stage, greater intraoperative blood loss, and substantial
intraoperative blood transfusion (Figure 3C). Comprehensive comparisons between the baseline groups are presented in
Supplementary Table 2. To evaluate the predictive efficacy of the LFNII score compared to the individual component indices,

the AUC for 1-, 2-, and 5-year RFS were 0.675, 0.658, and 0.633, respectively. This performance surpassed that of any single
component index in the overall cohort (Figure 3D-I).

Independent RFS Prognostic Factor: LFNII Score

Univariate Cox regression analysis was performed on the training set, considering intraoperative conditions and post-
operative pathological indicators. The results revealed that, in addition to the ATS score and factors such as liver fibrosis
grade, MVI, invasion of the hepatic capsule, intraoperative blood loss, intraoperative blood transfusion, and hepatitis
B Virus (HBV) infection, a high LFNII score was a significant risk factor for RFS (Table 2). The KM curve showed

Table 2 Results of Univariate and Multivariate Cox Regression Analysis for RFS in the Training Set

Variables Univariate Cox Regression Analysis | Multivariate Cox Regression
for RFS Analysis for RFS
HR p-value HR p-value
ATS score, 25.18 vs <5.18 1.531 (1.155-2.029) 0.003
LFNII score, 20.89 vs <0.89 2.497 (1.907-3.268) <0.001 1.858 (1.397-2.471) <0.001
Edmondson Steiner grade, llI-IV vs |-l 1.050 (0.692-1.594) 0817
Scheuer scoring system, S2-S4 vs SO-S| 2.508 (1.665-3.778) <0.001 1.734 (1.126-2.671) 0.012
Satellite nodule, yes vs no 1.208 (0.640-2.279) 0.560
MVI, yes vs no 2.265 (1.731-2.964) <0.001 1.580 (1.181-2.114) 0.002
Invasion of the hepatic capsule, yes vs no 1.549 (1.187-2.022) 0.001 1.321 (1.005-1.736) 0.046
Intraoperative blood transfusion, yes vs no 2.028 (1.489-2.763) <0.001
Intraoperative blood loss, >200 vs <200 mL 1.905 (1.458-2.487) <0.001 1.546 (1.175-2.035) 0.002
Operation duration, 2190 vs <190 minutes 1.223 (0.935-1.600) 0.143
BMI, 228 vs <28 1.299 (0.900-1.873) 0.162
HCYV infection, yes vs no 0.908 (0.528-1.560) 0.725
HBYV infection, yes vs no 1.414 (1.006—1.988) 0.046
Alcoholism, yes vs no 0.970 (0.743-1.267) 0.825
Smoking, yes vs no 1.105 (0.846—1.442) 0.463
Diabetes, yes vs no 0.937 (0.637-1.378) 0.742
Family history of malignant tumors, yes vs no | 1.236 (0.905—1.688) 0.183
Age, 260 vs <60 years 0.914 (0.684—1.220) 0.541
Sex, male vs female 0.743 (0.464-1.189) 0.215

Abbreviations: ATS, Alpha-Feto Protein, and Tumor Burden Score; LFNII, liver function-nutrition-inflammation-immune score; MVI, microvascular invasion;
BMI, body mass index; HCV, hepatitis C Virus; HBV, hepatitis B Virus.
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a strong correlation between the LFNII score and postoperative recurrence (Figure 4A). Multivariate (backward
approach) Cox regression analysis included indicators with a univariate p-value of < 0.05. This analysis confirmed
that a significantly elevated LFNII score was a distinct risk factor for RFS (hazard ratio [HR], 1.858; 95% confidence
interval [CI], 1.397-2.471; Table 2). Simple LFNII score computation can be accessed at the following URL: https://
wyy2023.shinyapps.io/LFNII-1/.

Construction and Validation of the LFNII-Nomogram Model

Following multivariate Cox regression analysis using the backward method, an RFS nomogram was developed
(Figure 4B) by integrating the LFNII score, liver fibrosis grade, MVI, invasion of the hepatic capsule, and intraoperative
blood loss. A concordance index of 0.686 (95% CI: 0.651-0.721) was obtained using the nomogram model. The AUCs
of the 1-, 2-, and 5-year training sets were 0.769, 0.728, and 0.714, respectively (Figure 4C). The ROC curve areas of the
validation set for 1, 2, and 5 years were 0.639, 0.645, and 0.671, respectively, indicating robust discriminatory capability
(Figure 4D). Calibration curves for the training and validation sets revealed substantial convergence between the
predicted and observed probabilities of RFS at 1, 2, and 5 years, closely aligned with the standard lines, further
validating the reliability (Figure 4E and F). The DCA curve highlighted the clinical value of the nomogram model at
1, 2, and 5 years, demonstrating its superiority over any single component index (Figure 5A-F).

A nomogram score of 188 was used to classify the training and validation sets into high- and low-scoring groups.
Patients with high nomogram scores exhibited significantly poorer prognoses in both sets (p <0.001; Figure 5G and H).
These collective findings demonstrate that the nomogram model, based on the LFNII score, possesses excellent
discrimination, calibration, and clinical applicability.

Comparison of LFNII-Nomogram Model with Common Tumor Staging System
Performance assessment included the LENII nomogram, TNM staging system (eighth edition), and BCLC staging system.
In the training and validation sets, the DCA for the RFS nomogram model at 1, 2, and 5 years showed that the LFNII model
had better clinical application than the recognized TNM staging and BCLC staging systems (Figure 6A-F). Figure 6G
shows that the nomogram model outperformed the TNM and BCLC staging systems over time, as evidenced by its greater
AUC. Similar results were observed in the validation group (Figure 6H).

LFNII Score and Different Prognostic Indicators

The time-dependent AUC revealed that, compared with NrLR, GLR, and PALBI, the LFNII score was the best predictor
of postoperative recurrence in the training set for 1-5 years post-surgery [C-index: LFNII 0.626 (0.610-0.643) vs NrLR
0.533 (0.516-0.550) vs GLR 0.561 (0.545-0.577) vs PALBI 0.504 (0.483-0.526)]. These findings were consistent in the
validation set (Supplementary Figure 2A and B). In addition, DCA revealed that the LFNII score was superior to these

three indicators in terms of clinical benefit at 2 and 5 years post-surgery in the training cohort, and this trend was
corroborated in the validation cohort (Supplementary Figure 2C-F). In patients with AFP-positive HCC, KM curve

revealed that the LFNII score and AFP were associated with postoperative recurrence (p values <0.05) (Supplementary
Figure 3A and B). In patients with AFP-positive HCC, the KM curve showed that both the LFNII score and AFP were
associated with postoperative recurrence (p values <0.05) (Supplementary Figure 3A and B). Furthermore, the time-
dependent AUC showed that the AUC value of the LFNII score was lower than that of AFP in predicting the ability of
recurrence at 1, 2, 3, 4, and 5 years post-surgery, suggesting that the predictive ability of LFNII did not match that of

AFP (Supplementary Figure 3C).

Discussion

Inflammation, nutrition, and immunity are well known to be closely linked to tumor onset and progression.?'**7 Recent
studies have further elucidated the intricate interplay between inflammation, immunity, and nutrition, underscoring their
association with the occurrence and unfavorable prognosis of liver cancer.>® *' AFP-NHCC generally exhibits a more
favorable prognosis than high AFP HCC;** however, its early postoperative recurrence rate remains notably elevated,
ranging from 20-52.6%.%**%2%3* Qur retrospective study similarly recorded a 29.8% recurrence rate within 2 years,
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underscoring the critical significance of postoperative patient surveillance. Notably, previous research has highlighted the
limited applicability of AFP levels in postoperative monitoring,*> emphasizing the urgent need for simple and readily
available serological markers for the effective postoperative surveillance of these patients.

Currently, studies are exploring biomarkers for AFP-negative proteins;** *® however, standardized clinical practice
criteria are lacking. Numerous inflammatory, nutritional, and immune indicators, including GAR, GAPR, AAR, ALBI,
LMR, NrLR, CRP, and PALBI, have been linked to the prognosis of patients with AFP-NHCC.***72%3! However, these
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individual indices are insufficient for patient risk stratification. Previous studies have demonstrated the prognostic
efficacy of a composite score combining inflammation, immunity, and nutrition in intrahepatic cholangiocarcinoma;*’
however, such a study is lacking in HCC. Therefore, we sought to use amalgamate as an indicator of the comprehensive
liver function, inflammatory, nutritional, and immune statuses of patients. Our study revealed significant correlations
between ALRI, ANRI, SII, GAPR, AAR, ALBI, AAPR, SIRI, and PNI with postoperative recurrence. The newly
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formulated LFNII scores incorporated these nine indicators. Earlier studies identified ANRI, ALRI, AAPR, SII, and SIRI
as indicators of inflammatory immune status in patients.**>” GAPR, AAR, and ALBI grading have been used to assess
liver function.’”>® The PNI reflects a patient’s nutritional status.’”®® Therefore, the LFNII score comprehensively
integrates liver function, inflammation, immunity, and nutritional status, providing a holistic reflection of the patient’s
overall condition. The predictive power of the newly devised LFNII surpassed that of any single indicator.
Simultaneously, the LFNII-based nomogram exhibited a robust early recurrence prediction ability. The areas under the
ROC curves for the training and validation sets demonstrated superior prediction efficacy compared with the traditional
staging methods.

Our investigation revealed that patients in the high LFNII score group had a higher postoperative recurrence rate,
which was associated with a larger tumor burden, liver capsule invasion, increased tumor diameter, microvascular
invasion, elevated alpha-fetoprotein levels, advanced tumor stage, greater intraoperative blood loss, and massive
intraoperative blood transfusion. This finding suggests that the LFNII score can preoperatively predict adverse patholo-
gical features.

Among the nine metrics that comprise the LFNII score, the present study found that high ALRI, ANRI, SII, GAPR,
AAR, and ALBI levels, as well as low AAPR and PNI levels, were associated with worse prognoses in patients with
AFP-negative hepatocellular carcinomas, which is consistent with the findings of previous studies. Interestingly, we
found that high SIRI was associated with a better prognosis, a finding that is contrary to those of previous studies.>*>’
SIRI is obtained from neutrophil, monocyte, and lymphocyte counts — both neutrophils and lymphocytes, which have
tumor-suppressing and tumor-promoting properties. Neutrophils can secrete large amounts of inflammatory factors,
causing cellular damage, promoting epithelial-mesenchymal transformation of tumor cells, and promoting neovascular-
ization, which promotes tumor growth and metastasis.®’ However, they can induce tumor detachment from the basal
lamina, which prevents tumor growth.®? In the tumor microenvironment, different lymphocyte subpopulations play
different roles; CD4+Thl, CD8+T, and NK cells recognize, kill, and clear tumor cells, whereas CD4+T Th2, Treg cells
play tumor-promoting roles. The association between serum immune cells and the level of immune cells in the tumor
microenvironment is unclear; therefore, whether serum immune cells truly reflect the anti-tumor immune status of
patients is currently unknown and requires further study. However, it is now clearer that persistent non-specific
inflammatory responses may promote tumor growth. Given that the LFNII score primarily comprises indicators reflecting
inflammatory immune status, liver function, and nutrition, poor prognoses in patients with a high LFNII score may stem
from impaired liver function, compromised nutritional status, and an exaggerated non-specific immune response.

The inclusion of other indicators, such as microvascular invasion, degree of hepatic fibrosis, and significant
intraoperative blood loss in the column chart model, are all recurrence risk factors of frequent clinical concern.
Notably, this study included the indicator of tumor invasion of the hepatic peritoneum, which is not currently considered
to be a high risk of recurrence or a factor that can lead to a poor prognosis. According to the AJCC-TNM staging criteria,
hepatocellular carcinoma invasion of the hepatic peritoneum is a peritoneal invasion and should be considered a locally
advanced condition, which is in line with our findings; however, the reliability of the results requires further multicenter
and large-sample studies. In addition to our constructed LFNII score, the ATS score, a noteworthy prognostic index, was
associated with the early recurrence of AFP-NHCC. Tsilimigras et al revealed a favorable synergistic effect of AFP and
tumor burden on the long-term survival outcomes of patients with HCC undergoing curative hepatectomy.®> The ATS
score, developed by Ding et al, is a concise and user-friendly prognostic tool that reflects tumor biology and is calculated
based on tumor size, number, and AFP.** Despite the low AFP levels in the enrolled patients, the ATS score remained
associated with early recurrence, and the LFNII score was positively correlated with the ATS score. This suggests that
tumor size and number are crucial for early recurrence in patients with HCC with low AFP levels.

In this study, we compared the LFNII score with three previously reported prognostic indicators for AFP-negative
HCC, namely NrLR, GLR, and PALBI. We found that the LENII score had the best efficacy for postoperative recurrence,
possibly because of the fact that the other three indicators primarily represent a single facet of the inflammatory state,
whereas the LFNII score integrates various factors such as immunity, inflammation, and nutrition, resulting in a stronger
correlation with prognosis.®° Further, elevated inflammation-related markers were associated with lower differentiation,
larger tumor burden, more severe intraoperative injury and worse liver function. This concordance with the LFNII score
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reflects the worse clinicopathological features of the patients and serves as important evidence for the poor prognosis of
such patients. At present, many indicators related to the prognosis of AFPN-HCC have been reported, including AFP-L3
and PIVKA-II, but most of them have not been included in routine tests, making it challenging to obtain such data in
clinical practice. Therefore, for comparison, we selected indicators that are easily available in the laboratory. In contrast,
markers based on routine hematology tests are more readily available and inexpensive. The LFNII score is solely based
on routine laboratory indicators, making it easily implementable and applicable in clinical practice. We have also created
a web calculator to make this LFNII score easier to access. Moreover, because each center often combines its own
experience in the screening of surgical patients, there are differences in the baseline status of patients. Therefore, such
a comparison also has some limitations, and more data from more centers are needed to prove the application value of
these indicators. This study is grounded in data from two large-scale liver cancer centers in China, which also had high
reliability.

Neoadjuvant therapy for HCC is rapidly evolving, offering improved prognoses for patients at high risk of
recurrence.®® Despite this progress, a reliable index for predicting the efficacy of neoadjuvant therapy is lacking, making
it challenging to stratify the degree of benefit and identify suitable candidates. The LFNII score may serve as a valuable
indicator of high-risk recurrence of AFP-NHCC preoperatively, suggesting that individuals with elevated LFNII scores
may derive potential benefits from neoadjuvant therapy. However, this study also has some limitations. First, although it
is based on data from two large centers, external validation in a larger population is needed to prove the effectiveness of
the score. Second, the laboratory indicators of peripheral blood are affected by many factors, leading to some fluctuation,
although these are substantial at the overall level. In the future, postoperative and perioperative dynamic changes should
be evaluated. Third, as this study is a retrospective study, there may be some bias. Further prospective cohort studies are
warranted to determine whether these patients benefit from pre-operative neoadjuvant therapy. In addition to the
differences in clinicopathological features, the potential association of the score with the genome and transcriptome at
the molecular level warrants further evaluation.

Conclusion

The study findings indicated that the LFNII score had robust predictive capabilities for postoperative recurrence in
patients with AFP-NHCC. Furthermore, a nomogram based on the LFNII score has been effectively developed to predict
RFS in AFP-NHCC patients following surgery, providing a valuable resource for clinical decision-making and patient
management.
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