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Purpose: Immune checkpoint inhibitors, particularly PD-1 inhibitors, are widely used in hepatocellular carcinoma therapy, many
received PD-1 inhibitors beyond first-line, but heterogeneous treatment responses require reliable biomarkers. The interaction of
immune function, nutritional status, and inflammatory responses affects tumor progression and survival, yet their prognostic value in
PD-1 inhibitor-treated HCC patients remains unclear. This study developed a novel nutritional-immune-inflammatory score (NIIS) to
evaluate its prognostic value in HCC patients receiving PD-1 inhibitors.

Patients and Methods: We analyzed 355 HCC patients treated with PD-1 inhibitors (training: n=249; validation: n=106), the cohort
included 18.6% Child-Pugh B patients. Fourteen nutritional, immune, and inflammatory biomarkers were evaluated. Prognostic
indicators were selected via univariate and LASSO Cox regression. The NIIS was constructed and validated for OS prediction.
A nomogram integrating the NIIS with clinical variables was developed and validated based on calibration curves, AUC, and DCA,
and compared with the BCLC staging system. The primary outcome assessed was OS from the initiation of PD-1 inhibitor therapy in
HCC patients.

Results: The NIIS (ALRI, APRI, PALBI, AAPR) showed strong prognostic stratification. High-risk patients had shorter OS (training:
P =1.764x10"-8; verification: P=2.775x107—-6). Higher NIIS were significantly associated with advanced tumor stage, poor liver
function grade, multiple and larger tumors, tumor thrombus, vascular invasion, and elevated AFP levels (P<0.05). Multivariate Cox
analysis confirmed the NIIS as an independent prognostic factor for OS (training: HR=1.565, 95% CI: 1.273-1.925; verification:
HR=1.341, 95% CI: 1.065-1.687). A nomogram integrating the NIIS with clinical variables was constructed for individualized
prognosis prediction, demonstrating superior predictive performance compared to the conventional BCLC staging system.
Conclusion: The NIIS and nomogram provide a clinically useful tool for risk stratification in HCC immunotherapy, this model
outperforming conventional staging systems and may optimize patient selection for PD-1 inhibitor therapy. Prospective multicenter
studies are warranted to validate its generalizability.

Keywords: nutritional-immuno-inflammatory indicators, PD-1 inhibitors, hepatocellular carcinoma, survival prediction, prognostic

model

Introduction

Hepatocellular carcinoma (HCC) is the most common primary solid tumor of the liver, accounting for 75% of 85%. It is
also the fifth most common tumor and the third deadliest tumor in the world."”> The incidence of HCC is hidden, most
clinical patients are often diagnosed as middle and late stage, can not be cured by surgery or local treatment, the five-year
survival rate is less than 15%,” the prognosis is very poor. In the past, chemotherapy and local interventional therapy
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were mainly used in the treatment of HCC.* In recent years, immunotherapy of programmed cell death protein-1 inhibitor
has provided a new treatment model for patients with HCC and brought new hope.”® The CheckMate040 study and
KEYNOTE-224 study explored the efficacy of Nivolumab and Pembrolizumab in the treatment of advanced hepatocel-
lular carcinoma. Studies have shown that patients have achieved sustained efficacy and survival benefits.”® However, the
efficacy of immunotherapy varies from person to person, and most patients still can not benefit from it. The effective rate
of PD-1 inhibitors in patients with HCC is less than 20%.%'° One of the main reasons is that the biological indicators for

predicting the effective efficacy of PD-1 inhibitors are not clear,'' ™"

so it is very important to find effective predictors
and to screen out the benefit groups of patients with HCC treated with PD-1 inhibitors.

The nutritional status, immune function, and inflammation of patients are closely related to tumor development and
progression.'* In recent years, multiple studies have shown that nutritional, immune, and inflammatory indicators hold
significant potential for predicting treatment outcomes in cancer patients.'>>* Poor nutritional status leads to decreased
immunity, impairing T-cell activity and antitumor immune responses.”* Research by Chen et al demonstrated that the
prognostic nutritional index (PNI) can predict overall survival (OS) and disease-free survival (DFS) in patients with
locally advanced esophageal squamous cell carcinoma after minimally invasive esophagectomy.”> With advances in
research on the tumor immune microenvironment, inflammatory responses have been found to closely interact with
tumor immune processes, and tumor-associated inflammatory cells are critical components of the tumor immune
microenvironment.®*” Multiple studies indicate that inflammatory markers such as the neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) can predict prognosis in various cancers.”® >° Nutritional, immune, and
inflammatory indicators may also have prognostic value in predicting outcomes for HCC patients treated with PD-1
inhibitors. However, individual blood biomarkers have limitations in fully reflecting the integrated nutritional-immune-
inflammatory status of patients, and no combined nutritional-immune-inflammatory predictive model currently exists for
HCC patients.

Therefore, this study collected nutritional, immune, and inflammatory indicators from clinical HCC patients and
developed a novel nutritional-immune-inflammatory score (NIIS) predictive model to evaluate the survival prognosis of
HCC patients treated with PD-1 inhibitors clinically, aiming to screen beneficiary populations and guide treatment.
Simultaneously, an NIIS nomogram was constructed and validated based on the NIIS and other clinical case character-

istics to provide individualized predictions of survival probability and treatment guidance for HCC patients.

Materials and Methods
Study Object

In this study, we enrolled patients with hepatocellular carcinoma (HCC) who received PD-1 inhibitor therapy at the
Department of Oncology and Hepatobiliary Surgery of the Second Affiliated Hospital of Nanchang University, China,
between January 2018 and January 2023. Patients meeting all the following inclusion criteria were included: 1) age >18
years; 2) HCC diagnosis confirmed by imaging or histopathology according to the American Association for the Study of
Liver Diseases (AASLD) criteria; 3) documented administration of PD-1 inhibitors with complete and traceable medical
records; 4) Eastern Cooperative Oncology Group Performance Status (ECOG PS) score of 0-1; and 5) Child-Pugh (CP)
classification of grade A or B. Patients were excluded if they met any of the following criteria: 1) presence of severe
underlying diseases; 2) concurrent malignancies other than HCC; or 3) history of severe immune-related adverse events
or autoimmune diseases. A total of 355 patients were ultimately included and randomly divided into a training group
(n=249) and a verification group (n=106) at a ratio of 7:3. This study was approved by the Ethics Committee of the
Second Affiliated Hospital of Nanchang University, China, and complied with the ethical principles of the World Medical
Association Declaration of Helsinki. Due to the retrospective nature of the study, written informed consent was waived.
Clinical trial number: not applicable. This study is a retrospective analysis and does not involve intervention-based

clinical trial registration.
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Treatment Procedure

Patients received intravenous infusion of PD-1 inhibitors at recommended doses: toripalimab (240 mg every
3 weeks), sintilimab, tislelizumab, camrelizumab, or pembrolizumab (200 mg every 3 weeks). Specific dosages
and patient numbers are detailed in Table S1. During PD-1 inhibitor therapy, combination with local interventional
therapies or molecular targeted therapies (including sorafenib, lenvatinib, regorafenib, donafenib, or apatinib) was
permitted. PD-1 inhibitor treatment was discontinued under the following circumstances: 1) disease progression
requiring discontinuation upon evaluation; 2) intolerable adverse reactions; 3) patient request for discontinuation;
or 4) physician-determined need to discontinue PD-1 inhibitors and modify the treatment regimen.

Baseline Data Collection

Patient demographic and tumor baseline data included: age, sex, Barcelona Clinic Liver Cancer (BCLC) stage, Child-
Pugh score, performance status (PS) score, hepatitis B virus (HBV) infection status, tumor number, maximum tumor
diameter, vascular invasion, tumor thrombus, distant metastasis, metastatic sites, prior antitumor therapies, and type
and treatment cycles of PD-1 inhibitors. Blood biochemical parameters comprised: D-dimer, total bilirubin, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), albumin, alkaline phosphatase (ALP), alpha-fetoprotein
(AFP), white blood cell count, platelet count, neutrophil count, lymphocyte count, monocyte count, and fibrinogen. All
blood samples for biochemical analysis were collected within 3 days before the initial administration of PD-1
inhibitors.

Definition and Calculation of Nutritional-lImmune-Inflammatory Indicators

The pre-treatment blood biochemical parameters assessed prior to the first PD-1 inhibitor administration included 14
nutritional, immune, and inflammatory indices: platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR),
lymphocyte-to-monocyte ratio (LMR), systemic immune-inflammation index (SII), systemic inflammation response index
(SIRI), pan-immune-inflammation value (PIV), prognostic nutritional index (PNI), fibrinogen-to-albumin ratio index (FARI),
aspartate aminotransferase-to-lymphocyte ratio (ALRI), aspartate aminotransferase-to-platelet ratio (APRI), albumin-to-
alkaline phosphatase ratio (AAPR), derived neutrophil-to-lymphocyte ratio (INLR), albumin-bilirubin index (ALBI), and
platelet-albumin-bilirubin index (PALBI). Calculation formulas for all indices are provided in Table S2. Classification
criteria: ALBI grades were categorized as grade 1 (score<—2.60),grade 2 (—2.60<score<—1.39), and grade 3 (score >—1.39).
PALBI grades were defined as grade 1 (score <—2.53), grade 2 (—2.53 < score <—2.09), and grade 3 (score >—2.09).Other
indices were stratified into binary categories based on their median values.

Follow-up and Assessment

The follow-up period concluded on May 31, 2024. During follow-up, laboratory parameters including alpha-fetoprotein
(AFP), complete blood count (CBC), and blood biochemical profiles were routinely monitored. Contrast-enhanced
computed tomography (CT) or magnetic resonance imaging (MRI) scans were performed every 23 cycles of PD-1
inhibitor therapy. Overall survival (OS) was defined as the time interval from the first administration of PD-1 inhibitors to
tumor-related death.

Construction of NIIS

First, prognostic biomarkers associated with nutritional-immune-inflammatory status were identified via univariate Cox
regression analysis. Variables with P < 0.05 were retained for further analysis. Subsequently, a least absolute shrinkage
and selection operator (LASSO) Cox regression model was applied to evaluate the prognostic significance of these
biomarkers, selecting variables with non-zero coefficients. Finally, the nutritional-immune-inflammatory prognostic score
(NIIS) was calculated based on the retained variables.
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Validation of Prognostic Value of NIIS

To investigate the association between the NIIS and clinicopathological characteristics, Wilcoxon rank-sum tests were
performed to compare NIIS across subgroups stratified by clinicopathological features. The predictive value of the NIIS
for 1-, 2-, and 3-year overall survival (OS) in hepatocellular carcinoma (HCC) patients was evaluated using receiver
operating characteristic (ROC) curves in both the training and verification group. Patients were stratified into high-risk
and low-risk groups based on the median NIIS as the cut-off value. Survival differences and OS between these groups
were analyzed using Kaplan-Meier curves and Log rank tests. Univariate and multivariate Cox proportional hazards
regression analyses were conducted to identify independent prognostic factors associated with OS in HCC.

Construction and Validation of the Nomogram

Prognostic nomogram for overall survival (OS) was constructed in the training cohort using multivariate Cox regression
analysis with backward stepwise selection based on the minimal Akaike Information Criterion (AIC) value. The
predictive performance of the nomogram was validated in both training and verification groups through time-
dependent area under the receiver operating characteristic curve (AUC) and calibration plots. Clinical decision curve
analysis (DCA) was employed to compare the clinical utility of the nomogram with the Barcelona Clinic Liver Cancer
(BCLC) staging system.

Statistical Analysis

Continuous variables with non-normal distributions were described using medians and interquartile ranges (IQRs).
Independent two-group comparisons of continuous variables were performed using t-tests, while categorical variables
were analyzed using Chi-square tests. Survival outcomes were evaluated via the Kaplan-Meier method, with between-
group differences assessed by Log rank tests. Univariate and multivariate Cox proportional hazards regression models
were employed to identify prognostic factors associated with overall survival (OS), with hazard ratios (HRs) and 95%
confidence intervals (Cls) calculated. All statistical analyses were conducted using SPSS 24.0 (IBM Corp)., GraphPad
Prism 9.5 (GraphPad Software), and R software (version 4.3.0; R Foundation). A two-sided P < 0.05 was considered
statistically significant.

Results

Baseline Characteristics of Patients

This study included a total of 355 HCC patients. The median age of the patients was 55 years (48—64), with 310 males
(87.3%) and 45 females (12.7%). Most patients had hepatitis B virus (HBV) infection (82.3%), were classified as BCLC
stage C (77.7%), and had Child-Pugh grade A (81.4%). The median overall survival (OS) for the entire cohort was 16.03
months (95% CI: 14.62-17.22), with 1-year, 2-year, and 3-year OS rates of 66.2%, 31.2%, and 17.3%, respectively.
Detailed baseline characteristics of the overall cohort (n=355), training group (n=249), and verification group (n=106) are
shown in Table 1. Baseline characteristics were well-balanced between the two groups.

Development of the NIIS Model

This study collected 14 nutritional-immune-inflammatory indicators. Kaplan-Meier curve analysis revealed that HCC
patients with lower PLR, NLR, SII, SIRI, PIV, FARI, ALRI, APRI and dNLR, as well as higher LMR, AAPR, PNI, and
ALBI/PALBI grade 1 had significantly improved OS (Figure 1).Univariate Cox regression analysis further identified
PLR, NLR, SII, ALRI, APRI, PALBI, ALBI, and AAPR as independent prognostic factors for OS (P < 0.05) (Table 2).
These eight variables were included in the least absolute shrinkage and selection operator (LASSO) Cox regression
analysis, which revealed that only ALRI, APRI, PALBI, and AAPR had non-zero coefficients and were associated with
survival outcomes in HCC patients treated with PD-1 inhibitors (Figure 2A and B).The nutritional-immune-inflammatory
score (NIIS) was constructed using the following formula:Risk score = ALRI x 0.0023979 + APRI x 0.0433094 +
PALBI x 0.6318392 — AAPR x 0.9802759.
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Table | Baseline Clinical Characteristics of Patients in the Training and Verification Groups

Variables All Patients Training Group Verification Group P value
(N=355) (N=249) (N=106)
Age(years) 55(48-64) 55(48-64) 54.5(46.0-63.25) 0.500
Gender(male/female) 310/45(87.3/12.7) 221/28(88.8/11.2) 89/17(84.0/16.0) 0.214
BCLC stage(B/C) 791276(22.3/77.7) 55/194(22.1/77.9) 24/82(22.6/77.4) 0.909
Child-Pugh Grade (A/B) 289/66(81.4/18.6) 206/43(82.7/17.3) 83/23(78.3/21.7) 0.326
ECOG PS score(0/1) 174/181(49.0/51.0) 133/116(53.4/46.6) 41/65(38.7/61.3) 0.011
Hepatitis B (yes/no) 292/63(82.3/17.7) 205/44(82.3/17.7) 87/19(82.1/17.9) 0.954
Number of tumors(1/>1) 71/284(20.0/80.0) 48/201(19.3/80.7) 23/83(21.7/78.3) 0.602
Maximum tumor diameter(mm) 59(32-96) 57(28-96) 63.5(36.5-97.25) 0.862
Vascular invasion (yes/no) 144/211(40.6/59.4) 98/151(39.4/60.6) 46/60(43.4/56.6) 0.478
Cancer thrombus (yes/no) 141/214(39.7/60.3) 96/153(38.6/61.4) 45/61(42.5/57.5) 0.492
Ascites (yes/no) 73/282(20.6/79.4) 50/199(20.1/79.9) 23/83(21.7/78.3) 0.730
Distant metastasis (yes/no) 164/191(46.2/53.8) 111/138(44.6/55.4) 53/53(50.0/50.0) 0.348
Lymph node (yes/no) 175/180(49.3/50.7) 126/123(50.6/49.4) 49/57(46.2/53.8) 0.450
Lung (yes/no) 82/272(23.1/76.6) 57/191(22.9/76.7) 25/81(23.6/76.4) 0.902
Bone (yes/no) 19/336(5.4/94.6) 10/239(4.0/96.0) 9/97(8.5/91.5) 0.086
Adrenal gland (yes/no) 25/330(7.0/93.0) 9/240(3.6/96.4) 16/90(15.1/84.9) 0.001
Abdominal cavity (yes/no) 27/328(7.6/92.4) 17/232(6.8/93.2) 10/96(9.4/90.6) 0.397
Previous treatment
Targeted therapy (yes/no) 140/215(39.4/60.6) 98/151(39.4/60.6) 42/64(39.6/60.4) 0.963
Surgical operation (yes/no) 155/200(43.7/56.3) 110/139(44.2/55.8) 45/61(42.5/57.5) 0.764
TACE (yes/no) 252/103(71.0/29.0) 175/74(70.3/29.7) 77/29(72.6/27 4) 0.654
HAIC (yes/no) 25/330(7.0/93.0) 18/231(7.2/92.8) 7/99(6.6/93.4) 0.833
Ablation (yes/no) 49/306(13.8/86.2) 32/217(12.9/87.1) 17/89(16.0/84.0) 0.426
Radiotherapy (yes/no) 16/339(4.5/95.5) 9/240(3.6/96.4) 7/99(6.6/93.4) 0.263
Cycles of anti-PD-I 7(3-13) 7(3-13) 7(3-13) 0.383
D-dimer(pg/mL) 1.24(0.59-2.48) 1.21(0.57-2.45) 1.40(0.61-2.61) 0.428
Total bilirubin(pmol/L) 18.6(13.3-26.2) 18.6(13.5-27.4) 18.1(12.4-25.2) 0.778
AFP(>400/<400ng/mL) 149/206(42.0/58.0) 100/149(40.2/59.8) 49/57(46.2/53.8) 0.289
Nutritional-immune-inflammatory
index
PLR 119.4(85.2-168.9) 119.3(87.2-170.2) 120.0(80.6—165.2) 0.450
NLR 3.0(2.04.5) 3.1(2.0-4.6) 2.9(2.1-4.0) 0.264
LMR 2.9(1.94.0) 2.8(1.8-3.80) 2.9(1.94.1) 0.579
NI 401.6(223.9-666.4) 407.4(225.6-699.9) 394.9(223.9-608.1) 0.256
SIRI 1.2(0.6-2.1) 1.2(0.6-2.2) 1.2(0.6-1.7) 0.191
PIV 156.0(74.3-346.1) 161.0(77.0-386.6) 143.9(67.2-291.8) 0.193
PNI 45.0(39.3-49.3) 44.6(39.2-48.9) 45.3(39.9-50.6) 0.725
FARI 0.08(0.06—0.11) 0.08(0.06-0.11) 0.08(0.06-0.12) 0.555
ALRI 45.1(28.3-85.0) 46.5(28.6-86.7) 43.3(27.2-82.7) 0.435
APRI 1.2(0.8-2.3) 1.2(0.7-2.3) 1.3(0.8-2.4) 0.307
AAPR 0.3(0.2-0.4) 0.3(0.2-0.4) 0.3(0.2-0.4) 0.596
dNLR 2.0(1.4-2.8) 2.0(1.4-2.9) 2.0(1.4-2.6) 0.284
PALBI(I grade/2-3 grade) 127/228(35.8/64.2) 87/162(34.9/65.1) 40/66(37.7/62.3) 0.615
ALBI(I grade/2-3 grade) 146/209(41.1/58.9) 100/149(40.2/59.8) 46/60(43.4/56.6) 0.571

Abbreviations: PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio;LMR, lymphocyte-to-monocyte ratio; SlI, systemic immune-inflammation index;
SIRI, systemic inflammation response index; PIV, pan-immune-inflammation value; PNI, prognostic nutritional index; FARI, fibrinogen-to-albumin ratio index; ALRI, aspartate
aminotransferase-to-lymphocyte ratio; APRl,aspartate aminotransferase-to-platelet ratio; AAPR, albumin-to-alkaline phosphatase ratio; dNLR, derived neutrophil-to-
lymphocyte ratio; ALBI, albumin-bilirubin index; PALBI, platelet-albumin-bilirubin index; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; TACE,

Transcatheter arterial chemoembolization; HAIC, Hepatic artery infusion chemotherapy.
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Figure | Kaplan-Meier Curves of Overall Survival (OS) Stratified by Fourteen Indicators in HCC Patients. (A) NLR (B) PLR (C) LMR (D) AAPR (E) ALBI (F) ALRI (G)
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Abbreviations: PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; S, systemic immune-inflammation index;
SIRI, systemic inflammation response index; PIV, pan-immune-inflammation value; PNI, prognostic nutritional index; FARI, fibrinogen-to-albumin ratio index; ALRI, aspartate
aminotransferase-to-lymphocyte ratio; APRl,aspartate aminotransferase-to-platelet ratio; AAPR, albumin-to-alkaline phosphatase ratio; dNLR, derived neutrophil-to-
lymphocyte ratio; ALBI, albumin-bilirubin index; PALBI, platelet-albumin-bilirubin index; HCC, Hepatocellular Carcinoma.
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Table 2 Univariate Cox Regression Analysis of Fourteen

Indicators

Variable HR HR_lower | HR_upper | p_value
PLR 1.0019 1.0005 1.0034 0.008
NLR 1.0562 1.0085 1.1062 0.020
LMR 1.0032 0.9926 1.0139 0.557
S 1.0002 1.0000 1.0003 0.027
SIRI 1.0036 0.9809 1.0268 0.761
PIV 1.0001 0.9999 1.0002 0.391
PNI 0.9993 0.9912 1.0075 0.866
FARI 1.2144 0.9315 1.5832 0.151
ALRI 1.0041 1.0026 1.0057 <0.001
APRI 1.1851 1.0878 1.2911 <0.001
PALBI 2.6531 1.8540 3.7966 <0.001
ALBI 1.8516 1.4396 2.3816 <0.001
AAPR 0.0968 0.0367 0.2553 <0.001
dNLR 1.0697 0.9822 1.1649 0.122

Abbreviation: HR, hazard ratios.

Validation of the Prognostic Value of the NIIS

This study constructed risk factor plots to evaluate the association between NIIS risk scores and patient survival. In the
training group, higher risk scores were associated with poorer survival, with deceased patients exhibiting higher risk
scores than surviving patients (Figure 2C and D). Similar results were observed in the verification group (Figure 2E and
F). The predictive performance of the NIIS model was evaluated using ROC curves. In the training group, the AUC
values for 1-year, 2-year, and 3-year OS were 0.718, 0.707, and 0.699, respectively (Figure 2G). In the verification group,
the AUC values for 1-year, 2-year, and 3-year OS were 0.726, 0.844, and 0.838, respectively (Figure 2H), indicating
good predictive performance of the NIIS model.The relationship between NIIS and clinicopathological characteristics
was further evaluated. Patients with Child-Pugh grade B (Figure 3D), BCLC stage C (Figure 3E), multiple tumors (>1)
(Figure 3G), tumor size >5 cm (Figure 3H), tumor thrombus (Figure 31), vascular invasion (Figure 3K), and AFP >400
ng/mL (Figure 3L) exhibited significantly higher NIIS. No significant differences were observed in, sex (Figure 3A), age
(Figure 3B), PS score (Figure 3C), HBV status (Figure 3F), or distant metastasis (Figure 3J), suggesting that the NIIS
correlates with adverse clinical and tumor features.Using the median NIIS as the cutoff, patients were stratified into high-
risk and low-risk groups. Kaplan-Meier analysis with Log rank tests revealed significantly shorter OS in the high-risk
group compared to the low-risk group in both the traininggroup (P=1.764x10"-8; Figure 3M) and verification group
(P=2.775%x10"-6; Figure 30). Univariate Cox regression analysis (Table 3) identified factors with P<0.1 for inclusion in
multivariate Cox analysis. Multivariate Cox regression results demonstrated that a high NIIS was an independent
prognostic risk factor for OS in HCC patients in the training group (HR=1.565, 95% CI: 1.273-1.925, P<0.001;
Figure 3N), with similar findings in the verification group (HR=1.341, 95% CI: 1.065-1.687, P=0.012; Figure 3P).
These results confirm the robust predictive value of the NIIS for survival in HCC patients treated with PD-1 inhibitors.

Construction and Validation of the NIIS Nomogram

Based on the Akaike Information Criterion (AIC) values, the NIIS score, sex, Child-Pugh score, tumor number, tumor
size, vascular invasion, tumor thrombus, and AFP were included to construct a nomogram for predicting OS (Figure 4A).
To compare the predictive accuracy of the NIIS model and the Barcelona Clinic Liver Cancer (BCLC) staging system,
time-dependent receiver operating characteristic (ROC) area under the curve (AUC) analysis was performed. Results
showed that the NIIS model exhibited significantly higher AUC values than the BCLC staging system in the training
group (Figure 4B), with similar findings in the verification group (Figure 4C). Calibration curves demonstrated good
consistency between predicted and observed outcomes (Figure 5A—F). Further decision curve analysis (DCA) was
conducted to evaluate the clinical utility of the nomogram. In the training group, the NIIS score-based nomogram
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outperformed the BCLC staging system in predicting survival outcomes for HCC patients treated with PD-1 inhibitors
(Figure 5G-I), with analogous results observed in the verification group (Figure 5J-L).

Discussion

Currently, immunotherapy has been widely applied in various cancers, and programmed cell death protein 1 (PD-1)
inhibitors, as primary immune checkpoint inhibitors, have become a mainstay treatment for HCC patients.”’ However,
due to interpatient heterogeneity, response rates in clinical practice remain suboptimal. Although PD-L1 expression may
guide treatment decisions,*? its detection process is complex and has limitations. Therefore, there is an urgent need for
effective predictive biomarkers to screen beneficiary populations and guide therapeutic strategies. This study developed
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Table 3 Results of Univariate Survival Analysis in Training and Verification Groups

Variables Training Group Verification Group
HR (95% CI) P value HR (95% CI) P value
NIIS score 1.812 (1.520-2.161) | <0.001 | 1.226 (1.083—1.388) 0.001
Sex(male/female) 0.665 (0.428—-1.033) 0.070 1.104 (0.578-2.110) 0.765
Age(=50/<50) 1.125 (0.814-1.556) 0.475 1.554 (0.928-2.601) 0.094
BCLC stage(C/B) 1.233 (0.856—1.776) 0.261 4.304 (1.858-9.973) | < 0.001
Child-Pugh score(B/A) 1.982 (1.378-2.851) | <0.001 | 2.558 (1.504—4.351) | < 0.001
PS score(1/0) 0.899 (0.672—1.202) 0.472 0.690 (0.426—1.118) 0.132
HBYV (yes/no) 0.819 (0.568-1.181) 0.284 1.099 (0.587-2.057) 0.768
Tumor number(multiple/single) | 1.636 (1.093-2.451) 0.017 2.970 (1.415-6.235) 0.004
Tumor size(=5cm/<5cm) 1.470 (1.093-1.977) 0.011 1.177 (0.710-1.949) 0.528
Vascular invasion (yes/no) 1.453 (1.083-1.951) 0.013 3.508 (2.127-5.785) | < 0.001
Cancer embolus (yes/no) 1.461 (1.088-1.962) 0.012 3.290 (2.001-5.408) | < 0.001
Distant metastasis (yes/no) 1.121 (0.838-1.499) 0.441 1.155 (0.714-1.868) 0.556
AFP(>400/<400ng/mL) 1.858 (1.387-2.490) | < 0.001 | 2.813 (1.705-4.641) | < 0.001

Abbreviations: NIIS, nutritional-immune-inflammatory score; HBV, Hepatitis B virus; 95% CI, 95% confidence intervals.

and validated a novel nutritional-immune-inflammatory score (NIIS) based on clinical peripheral blood biochemical
parameters to predict survival outcomes in HCC patients receiving PD-1 inhibitor therapy by integrating key prognostic
biomarkers.

The interaction between nutrition, immunity, inflammation, and tumors exhibits specific associations. Current studies
highlight the critical roles of systemic inflammation, immune dysregulation, and nutritional status in modulating
immunotherapy responses.”*~* Immune-inflammatory biomarkers such as the systemic inflammation response index
(SIRI), advanced lung cancer inflammation index (ALI), C-reactive protein (CRP), and neutrophil-to-lymphocyte ratio
(NLR) have been reported to predict prognosis in cancer patients receiving immunotherapy.’”>* Nutritional indices,
including the cholesterol-modified prognostic nutritional index (CPNI), body mass index (BMI), platelet-to-albumin ratio
(PAR), geriatric nutritional risk index (GNRI), and Controlling Nutritional Status (CONUT) score, have also emerged as
potential prognostic biomarkers in cancer therapy.**** However, individual biomarkers fail to achieve accurate prog-
nostic risk stratification for HCC patients treated with PD-1 inhibitors, necessitating the integration of these biomarkers
into a novel predictive model. This study comprehensively collected peripheral blood-derived nutritional, immune, and
inflammatory indicators to construct a prognostic scoring model, evaluating its prognostic value and clinical relevance in
HCC patients undergoing PD-1 inhibitor therapy. Key findings revealed that PLR, NLR, SII, SIRI, PIV, FARI, ALRI,
APRI, dNLR, LMR, AAPR, PNI, ALBI, and PALBI were significantly associated with OS in HCC patients. The NIIS
model demonstrated robust prognostic stratification power, validated in both training and verification groups, and
exhibited predictive value for OS in PD-1 inhibitor-treated HCC patients. Furthermore, compared to the conventional
Barcelona Clinic Liver Cancer (BCLC) staging system, the NIIS model demonstrated superior predictive performance.
The nomogram integrating the NIIS and clinical factors enhanced the predictive capability for OS in HCC patients
receiving PD-1 inhibitors.

The NIIS comprises four clinically accessible indicators—ALRI, APRI, PALBI, and AAPR—whose individual
predictive potential has been wvalidated across multiple malignancies.ALRI, reflecting nutritional and immune-
inflammatory status, combines aspartate aminotransferase and lymphocyte counts. Liao et al demonstrated that post-
operative ALRI accurately predicts clinical outcomes in HCC patients after hepatectomy,” while Toshiya Miyata et al
linked elevated ALRI levels to shorter OS and disease-free survival (DFS) in colorectal cancer patients undergoing curative
resection.** These findings align with our results showing poorer OS in high-ALRI subgroups.APRI, integrating aspartate
aminotransferase and platelet counts, reflects nutritional and immune status. Chen et al confirmed APRI’s prognostic value
for OS and progression-free survival (PFS) in colorectal cancer patients with liver metastasis, where high APRI correlated
with worse outcomes and increased recurrence risk. Single-cell RNA sequencing in high-APRI subgroups revealed elevated

Journal of Inflammation Research 2025:18

13406 "



Liu et al

. 0 20 40 60 80 100
A Points [ 1 il 1 il 1 M | P P B |
high
NIIS score I
low
Female
Sex i i
Male
. B
Child-Pugh score Iy .
Multiple
Tumor number I )
Single
. >5cm
Tumor size |
<§cm
. . Yes
Vascular invasion 1
No
Yes
Cancer embolus |
No
>400ng/mL
AFP I )
<400ng/mL
Total Points . - —r - e
0 U100 2000 300 400 500
Linear Predictor ——— v ———T—T—TTT
12 008 -04 0 04 08 12 1.6
1-year Survival Probability p r r .
0.8 0.6 0.4 0.2
2-year Survival Probability ’ . Y ' : |
0.6 0.5 04 03 0.2 0.1
3-year Survival Probability p , . r .
0.5 04 0.3 0.2 0.1
g  [Training group ¢ Verification group

1.0

0.8

0.6

0.24

0.0

T T
30 40
Time (month)

20

NIIS score in the training group
— BCLC stage in the training group

o
2
<

1.0

0.8

NIIS score in the verification group
— BCLC stage in the verification group

0.4 4

0.24

0.0

T
30
Time (month)

20 40 50
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epithelial cell malignancy, enrichment of inflammatory-like cancer-associated fibroblasts (CAFs) and SPP1+ macrophages,

and suppressed T-cell functionality. Multiplex immunohistochemistry/immunofluorescence (mIHC/IF) further demonstrated
increased PD1+ CD4+ T cells, FOXP3+ CD4+ T cells, PD1+ CD8+ T cells, FOXP3+ CD8+ T cells, SPP1+ macrophages,
and inflammatory CAFs in both intratumoral and peritumoral regions,* mechanistically validating APRI’s predictive role—
consistent with our findings.AAPR, calculated as albumin-to-alkaline phosphatase ratio, reflects nutritional and immune

status. Multiple studies associate higher AAPR with improved prognosis across cancers, corroborated by our observation of
prolonged OS in high-AAPR HCC patients.***® PALBI, a refinement of the ALBI first proposed by Oikonomou et al,*’
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incorporates platelet count to enhance prognostic accuracy in cirrhosis and portal hypertension. Validated as an independent
prognostic biomarker for HCC,*>! our study confirmed worse OS in high-PALBI grades, aligning with prior evidence.
These parameters, routinely assessed in HCC clinical practice, ensure the NIIS simplicity and feasibility for real-world
implementation.

The NIIS model demonstrated robust predictive performance for OS in HCC patients treated with PD-1 inhibitors. In
the training group, the AUC values for predicting 1-year, 2-year, and 3-year OS were approximately 0.7, while the
verification group achieved AUC values of 0.726, 0.844, and 0.838, respectively, surpassing previous studies.’>>* The
NIIS exhibited strong prognostic stratification, with higher scores significantly associated with adverse clinical features
such as advanced tumor stage, vascular invasion, and elevated AFP levels, and was identified as an independent
prognostic risk factor for OS in HCC patients. Notably, the NIIS outperformed the widely used BCLC staging system
in predicting 1-, 2-, and 3-year OS, as confirmed by time-dependent AUC comparisons in both training and verification
groups. A clinically practical nomogram was constructed by integrating the NIIS with established prognostic variables
(Child-Pugh grade, tumor burden, AFP), demonstrating superior discrimination and calibration accuracy across diverse
clinical scenarios. DCA revealed higher net benefit, further supporting its potential utility in personalized therapeutic
decision-making, particularly for identifying patients likely to benefit from PD-1 inhibitor therapy.This study expands
upon prior research on inflammatory biomarkers (eg NLR, PLR) by demonstrating that a composite score integrating
multidimensional biological processes (nutrition-immunity-inflammation) provides more comprehensive prognostic
insights. These findings align with recent advances in understanding the tumor immune microenvironment, where
chronic inflammation and malnutrition synergistically impair antitumor immunity.>>>® The NIIS ability to capture
these complex biological interactions likely underlies its superior predictive performance compared to single biomarkers
or traditional staging systems.

This study has several limitations. First, it is a single-center retrospective study. Although internal validation via
bootstrap resampling and external validation in an independent cohort enhanced reliability, prospective multicenter
studies are still required to further validate its generalizability. Second, all included patients were of Chinese ethnicity,
necessitating additional evaluation in diverse ethnic populations. Third, the lack of objective response rate (ORR) and
disease control rate (DCR) data limits our ability to evaluate whether the NIIS possesses predictive value for treatment
response in addition to its prognostic utility. Future prospective studies should incorporate standardized radiological
response assessments to address this question. Furthermore, tumor molecular biomarkers such as programmed death-
ligand 1 (PD-L1) expression and tumor mutational burden (TMB) were not incorporated, warranting further refinement
of the predictive model. Finally, molecular mechanisms underlying immunotherapy responses remain unexplored, and
future studies should investigate these pathways to elucidate prognostic heterogeneity. If validated in larger multicenter
cohorts, the NIIS score could be integrated into treatment decision-making to identify highrisk patients who may benefit
from TKIs instead of PD-1 monotherapy, intensified regimens (eg, PD-1 + TKI combinations), clinical trial enrollment,
or early palliative care integration.

Conclusion

In conclusion, the NIIS and its associated nomogram provide a clinically practical tool for risk stratification in HCC
immunotherapy. By incorporating multidimensional biological profiling to address the limitations of conventional staging
systems, this approach may facilitate the development of personalized treatment strategies and optimize patient selection
for PD-1 inhibitor therapy.
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