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Objective: The prognostic nutritional index (PNI) and systemic immune-inflammation index (SII) have both been reported as 
important indicators of prognosis in cancer patients. This study sought to construct and evaluate a combined PNI-SII score for 
predicting outcomes in patients undergoing immune checkpoint inhibitor (ICI) therapy.
Methods: A total of 350 cancer patients treated with ICI-based therapy were retrospectively enrolled, with overall survival (OS) and 
progression-free survival (PFS) defined as the primary endpoints. The PNI-SII scoring model was developed as follows: score 0 (low 
SII and high PNI), score 1 (high SII or low PNI), score 2 (high SII and low PNI).
Results: In the entire cohort, patients with high PNI level tended to have a significantly longer OS and PFS than those with low PNI 
level (both p<0.001), while the opposite was for patients with high SII level as compared with those with low SII level (OS, p<0.001; 
PFS, p=0.004). Consistently, the PNI-SII model was found to effectively stratify both OS and PFS in the entire cohort (both p<0.001), 
which was then confirmed in the subgroups stratified by cancer type, age, and smoking history. In addition, the PNI-SII score was 
associated with short-term treatment response and therapy-related adverse events.
Conclusion: The PNI-SII model may serve as a convenient prognostic indicator for cancer patients receiving ICI therapy. Due to the 
limitations of the present study, further clinical investigations are necessary to validate its efficacy.
Keywords: cancer, immune checkpoint inhibitor, prognostic nutritional index, systemic immune-inflammation index and prognosis

Introduction
The immunotherapy has recently revolutionized the traditional anti-cancer modalities and achieved encouraging results in 
accumulating clinical trials.1 The representative drugs of cancer immunotherapy, known as immune checkpoint inhibitors 
(ICIs), inhibit the expression of programmed cell death protein 1 (PD-1) or its ligand PD-L1 or cytotoxic T-lymphocyte- 
associated protein 4 (CTLA-4), to stimulate the T cell-based anti-cancer immune system.2–4 However, not all the patients have 
favorable response to ICI therapy which is partly attributed to inherent and environmental factors.5–8 Moreover, unfavorable 
responses to ICI therapy may be influenced by tumor-intrinsic features, immune-suppressive components of the tumor 
microenvironment, impaired antigen presentation, and adaptive activation of alternative immune checkpoints.2,9 These factors 
may partly explain the heterogeneous responses to ICIs across different cancer types and individual patients. The advancing 
sequencing techniques have provided numerous circulating biomarkers for predicting ICI efficacy, but sufficient clinical 
validations are lacking and their high cost inhibits their actual application.10 Therefore, it is an urgent task to identify and 
validate low-cost and highly accessible predictive biomarkers that contribute to more precise decisions for ICI-based therapy.
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Nutritional and inflammatory status are closely associated with antitumor immune responses, and together they regulate 
host antitumor immunity.11 Serum protein levels reflect nutritional status, and hypoalbuminemia may impair immune cell 
function.12 Peripheral lymphocyte count directly reflects host immune competence, while platelet and neutrophil counts 
represent the degree of systemic inflammation.13 These factors may influence the efficacy of ICIs by affecting both the quality 
and magnitude of antitumor immune responses. The prognostic nutritional index (PNI), derived from serum albumin and 
peripheral lymphocyte counts, was originally introduced as a perioperative risk indicator in gastrointestinal surgery.14 A recent 
meta-analysis has found reduced PNI is linked to unfavorable outcomes in patients with advanced non-small cell lung cancer 
(NSCLC) receiving first-line immunotherapy.15 In our previous work, PNI showed superior prognostic performance com
pared with body mass index (BMI) and albumin alone for overall survival (OS) in lung cancer patients treated with ICIs.16 

Different from our previous study focusing on PNI alone in lung cancer patients, the present study further integrates PNI with 
systemic immune-inflammation index (SII) and evaluates the combined PNI-SII score in a multi-cancer cohort receiving ICI- 
based therapy. The SII, integrating platelet counts and the neutrophil-to-lymphocyte balance, was initially invented to predict 
the prognosis of hepatocellular carcinoma but then found to play a similar predictive role in other cancers and nonmalignant 
diseases.17 A recent meta-analysis has indicated that elevated SII is associated with poorer OS and progression-free survival 
(PFS) in ICI-treated cancer patients.18 Taken together, these findings strongly support that both PNI and SII have great 
potential to be an actionable prognostic biomarker for cancer patients who received ICI-based therapies.

Despite their potential prognostic value, a comprehensive validating work has found both PNI and SII were only 
moderately associated with the clinical outcome of metastatic NSCLC patients who received first-line ICIs, doubting 
their actual predictive performance.19 In addition, considering complexity of patients, any single index was unable 
accurately predict the clinical outcome. Therefore, combination of multiple biomarkers may increase the accuracy of 
prognosis prediction. A recent retrospective study has successfully combined PNI and SII in predicting the PFS of locally 
advanced gastric cancer patients who received neoadjuvant chemoimmunotherapy, suggesting the potential value of 
integrating nutritional and inflammatory markers.20 However, its applicability beyond a single cancer type and treatment 
setting remains unclear. Although PNI and SII reflect nutritional and inflammatory status respectively, both may influence 
ICI efficacy by modulating host antitumor immunity. Therefore, developing an integrated prognostic model in 
a heterogeneous cancer population may have broader clinical applicability, although sufficient cross-tumor validation 
is still required. Based on this rationale, a combined PNI-SII score was developed and evaluated in a retrospective multi- 
cancer cohort of 350 patients receiving immune checkpoint inhibitors.

Methods and Materials
Study Cohort
The patients who received ICI-based therapies between January 2018 and December 2023 at the Affiliated Hospital of 
Yangzhou University were screened for eligibility. The inclusion criteria were as follows: (1) pathologically confirmed 
cancer; (2) age over 18 years old; (3) patients underwent ICI treatment either as monotherapy or in combination with 
chemotherapy, radiotherapy, or targeted therapy; (4) available results of baseline laboratory tests. Patients were excluded 
if they had any of the following conditions: (1) the presence of multiple active primary tumors; (2) fewer than two cycles 
of ICI therapy; (3) incomplete clinical information, missing follow-up data, or absence of informed consent; (4) adjuvant 
ICI therapy after radical surgery; (5) suspected ICI-related hyperprogression. As a result, a total of 350 patients were 
included in this retrospective study, and the flowchart of patient recruitment was shown in Figure 1. The study protocol 
was reviewed and approved by the Ethics Committee of the Hospital (No. 2022-YKL11-Class 05). This study was 
conducted as a retrospective analysis, and all included patients were adults (≥18 years old). At the time of hospital 
admission, patients had signed a general informed consent form allowing the use of their anonymized clinical data for 
research purposes. This study was conducted in accordance with the Declaration of Helsinki.

Definition of the PNI-SII Score
Peripheral venous blood was collected for baseline laboratory assessment within 24 hours prior to the first administration 
of ICIs. The PNI was calculated using the following formula: PNI = albumin (g/L) + 5 × peripheral serum lymphocyte 
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count (109/L). SII was computed using the formula (platelet count × neutrophil count)/lymphocyte count. The optimal 
cut-off values for PNI and SII were determined by receiver operating characteristic (ROC) analyses with OS status as the 
outcome (Figure S1A and B). To assess the internal validity and robustness of the PNI-SII model and reduce potential 
overfitting, bootstrap resampling was performed with 1000 repetitions based on the original dataset. As a result, the high 
and low PNI were determined as those more and less than 47.625, respectively, while the high and low SII were 
determined as those more and less than 1004.145, respectively. The PNI-SII score was defined as follows: score 0 (low 
SII and high PNI score), score 1 (high SII or low PNI) and score 2 (high SII and low PNI).20,21

Therapeutic Regimens
The ICI drugs were administered intravenously every three weeks or subcutaneously every two weeks (envafolimab). 
The administered ICI drugs were as follows: sintilimab (n=139), camrelizumab (n=81), tirelizumab (n=71), pembroli
zumab (n=19), toripalimab (n=15), serplulimab (n=9), nivolumab (n=7), durvalumab (n=3), envafolimab (n=3), penpu
limab (n=1), cadonilimab (n=1) and atezolizumab (n=1). The irAEs were monitored using physical examination, 
laboratory and radiological detection. The management of irAEs was carried out based on National Comprehensive 
Cancer Network (NCCN) guidelines, where ICI therapy was considered to be permanently discontinued in case that 
grade 3 or 4 irAE was observed. Chemotherapy and radiotherapy were administered to 254 and 25 patients, respectively. 
Targeted therapy was given to 84 patients, including anlotinib (n=21), apatinib (n=18), lenvatinib (n=15), bevacizumab 
(n=11), trastuzumab (n=5), sorafenib (n=5), sulfatinib (n=3), regorafenib (n=3), pyrotinib (n=1), fruquintinib (n=1), and 
nimotuzumab (n=1).

Oncological Assessment
For oncological assessment, serum tumor marker measurement and radiological assessments were carried out every two 
to three treatment cycles. The therapy response was determined using Response Evaluation Criteria in Solid Tumors 
(RECIST) 1.1 criteria and classified into complete response (CR), partial response (PR), progressive disease (PD), and 
stable disease (SD). The clinical outcome was assessed using OS and PFS, where OS was defined as the time interval 

Figure 1 Flowchart of patient recruitment in the retrospective study.
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from the first ICI initiation to death caused by any reason or the last follow-up, and PFS was defined as the time interval 
from the first ICI initiation to disease progression or the last follow-up.

Statistical Analysis
All statistical analyses were performed using SPSS (version 26.0), and figures were generated with GraphPad Prism 
(version 10.0). Associations between PNI/SII and clinicopathological variables were examined using the chi-square test. 
Survival curves were estimated by the Kaplan–Meier method and compared with the Log rank test. Potential prognostic 
factors were evaluated using univariate and multivariable Cox proportional hazards regression models. A two-sided 
p value < 0.05 was considered statistically significant.

Results
Clinical Characteristics of the Patients
After applying the predefined inclusion and exclusion criteria, 350 patients were ultimately included in the retrospective 
cohort, and their clinicopathological characteristics are summarized in Table 1. None of the patients received the drugs 

Table 1 Baseline Characteristics of the Entire Cohort

Clinical Features Total PNI p-value SII p-value

Low (n=246) High (n=104) Low (n= 243) High (n=107)

Gender 0.926 0.233
Female 83 58 25 62 21

Male 267 188 79 181 86

Age 0.338 0.778
<70 years old 212 145 67 146 66

≥70 years old 138 101 37 97 41

Cancer 0.228 0.017
Lung 128 85 43 79 49

Digestive system 222 161 61 164 58

Differentiation 0.214 0.446
Poor 143 95 48 98 45

Moderate or well 61 41 20 39 22
NA 146 110 36 106 40

Surgery history 0.517 0.030

No 254 181 73 168 86
Yes 96 65 31 75 21

Clinical Tumor Staging 0.640 0.971

III 114 82 32 79 35
IV 236 164 72 164 72

ECOG 0.766 0.667

0-1 286 202 84 200 86
≥2 64 44 20 43 21

Smoking 0.673 0.049

Never 223 155 68 163 60
Current/former 127 91 36 80 47

Alcohol consumption 0.474 0.218

Never 148 101 47 108 40
Current/former 202 145 57 135 67

Treatment 0.441 0.982

Monotherapy 26 20 6 18 8
Combination 324 226 98 225 99

Abbreviations: ECOG, Eastern Cooperative Oncology Group; NA, not available.
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that potentially induce cancer before initial diagnosis. The cohort had a median age of 68 years, with ages ranging 
between 30 and 86 years. In detail, the age distribution was as follows: 18–49 years old (n=15, 4.29%), 50–59 years old 
(n=66, 18.86%), 60–69 years old (n=129, 36.86%), 70–79 years old (n=117, 33.43%) and over 80 years old (n=23, 
6.57%). In total, 267 (76.29%) and 83 (23.71%) patients were male and female, respectively. About 281 (80.2%) patients 
were found to have no HIV/HCV/HBV infection, with 5 HBV and 2 HCV cases. The serological virus history was 
missing in 62 cases (17.7%). The cancer types included NSCLC (n=128, 36.57%) and digestive system cancer (n=222, 
63.43%). Among the patients, 114 were classified as stage III and 236 as stage IV. A total of 324 patients underwent 
combined therapies, whereas the others received ICI monotherapy. A total of 127 patients had smoking history, and 202 
patients had alcohol consumption history. According to the cut-off values, 104 and 246 patients had high and low PNI, 
respectively, while 107 and 243 patients had high and low SII, respectively. The correlation analysis demonstrated PNI 
was uncorrelated with any clinical feature, however SII was significantly with cancer type, surgery history and smoking.

Prognostic Significance of PNI and SII in ICI-Treated Cancer Patients
For the entire cohort, high PNI was significantly correlated with better OS (p<0.001, Figure 2A) and PFS (p<0.001, 
Figure 2B) of ICI-treated cancer patients. In contrast, high SII was significantly correlated with worse OS (p<0.001, 
Figure 2C) and PFS (p=0.004, Figure 2D). The univariate analysis demonstrated that age, cancer type, smoking, PNI and 
SII were significant prognostic factors for OS, while cancer type, age, PNI and SII were independent prognostic factors in 
the multivariate analysis (Table S1). In terms of PFS, PNI and SII were significant prognostic factors in the univariate 
analysis, both of which were also confirmed in the multivariate analysis (Table S2).

Prognostic Significance of PNI and SII in the Selected Subgroups
A total of 128 patients with NSCLC were enrolled in the entire cohort, and their clinical features were summarized in 
Table S3. The survival analysis demonstrated a positive correlation between high PNI and better clinical outcome (OS, 
p<0.001, Figure S2A; PFS, p=0.003, Figure S2B). The opposite result was observed in the patients with high SII (OS, 
p<0.001, Figure S2C; PFS, p=0.01, Figure S2D).

For digestive system cancers, 222 patients were analyzed and their clinical features were summarized in Table S4. 
Patients in the high-PNI group experienced significantly longer OS (p<0.001) and PFS (p=0.001) compared with those 
with low PNI (Figure S3A and B). However, SII did not show a statistically significant association with either OS 
(p=0.083) or PFS (p=0.16) in this subgroup (Figure S3C and D).

In patients with smoking history (n=127), high PNI was significantly correlated with better OS (p<0.001, Figure S4A) 
and PFS (p=0.008, Figure S4B), whereas high SII showed the opposite trend (OS, p<0.001, Figure S4C; PFS, p=0.023, 
Figure S4D). In patients without smoking history (n=223), the correlations of PNI with clinical outcome were still 
statistically significant (all p<0.05, Figure S4E and F), but not for SII (all p>0.05, Figure S4G and H).

Prognostic Significance of the PNI-SII Score in ICI-Treated Cancer Patients
For better utilization of PNI and SII in prognosis prediction, both the indexes were then integrated to form a PNI-SII 
score. According to the scoring system, the entire cohort was divided into three groups (score 0, n=82; score 1, n=183; 
score 2, n=85). The PNI-SII model achieved an AUC of 0.650 (95% CI: 0.583–0.716) in the original dataset. After 1,000 
bootstrap resampling repetitions, the optimism-corrected AUC was 0.649 (95% CI: 0.622–0.666), indicating relatively 
stable model performance with moderate discriminative ability (Figure S5A and B). The survival analysis demonstrated 
that the PNI-SII score effectively stratified the OS (Figure 3A) and PFS (Figure 3B), where patients with score 0 had the 
best prognosis and the opposite was for those with score 2.

For further clarifying its prognostic value, the subgroup analysis was conducted across cancer types. The PNI-SII 
score effectively stratified the OS (p<0.001) and PFS (p=0.002) in NSCLC (Figure 4A-B). The similar results were also 
observed in patients with digestive cancers (OS, p<0.001, Figure 4C; PFS, p=0.005, Figure 4D). To investigate whether 
the prognostic value of the PNI-SII score was attributable to an interaction between PNI and SII, an interaction analysis 
was performed in the digestive cancer subgroup. No significant interaction was observed for either OS (p for interaction 
= 0.443) or PFS (p for interaction = 0.846).
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In patients aged over 70 years old (n=138), patients with high PNI-SII score had a significantly worse OS (p<0.001, 
Figure 5A) and PFS (p=0.013, Figure 5B) compared with those with low PNI-SII score. The same result was observed in 
patients aged below 70 years old (n=212, OS, p<0.001, Figure 5C; PFS, p<0.001, Figure 5D). Stratified by smoking 
status, the association between the PNI–SII score and outcomes remained significant in patients with a smoking history 
(n=127) (OS, p<0.001, Figure 6A; PFS, p=0.006, Figure 6B). For patients without smoking history (n=223), this 
correlation still reached statistical significance in OS (p<0.001, Figure 6C) and PFS (p=0.002, Figure 6D).

Furthermore, to assess the prognostic performance of the PNI-SII score within a prevalent treatment regimen, we 
performed a subgroup analysis in patients receiving anti–PD-1–based combination therapy. As illustrated in 
Supplementary Figure 6, the PNI-SII score effectively discriminated survival outcomes in this subset, with significant 
differences in both OS (p < 0.001, Figure S6A) and PFS (p < 0.001, Figure S6B). These results indicate that the 

Figure 2 Prognostic significance of PNI and SII in cancer patients receiving immune checkpoint inhibitors (ICIs). (A and B) Kaplan–Meier curves for the association of PNI 
with overall survival (OS) (A) and progression-free survival (PFS) (B) in cancer patients receiving ICIs. (C and D) Kaplan–Meier curves for the association of SII with OS (C) 
and PFS (D) in cancer patients receiving ICIs.
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prognostic value of the PNI-SII score remains robust even in a more homogeneous patient population defined by 
a specific immunotherapeutic strategy.

Correlation of the PNI-SII Score with Short-Term Tumor Response and Therapy 
Related Adverse Events
As shown in Figure 7, within four treatment cycles, there were 48 PR, 16 PD and 18 SD cases in patients with score 0, 
compared with 63 PR, 57 PD and 63 SD cases in patients with score 1 and 22 PR, 34 PD and 29 SD cases in patients 
with score 2, respectively. The objective response rate (ORR) of patients with score 0 was 58.54%, which was higher 
than that of patients with score 1 (34.43%) or 2 (25.88%). The disease control rate (DCR) of patients with score 0 was 
80.49%, which was also higher than that of patients with score 1 (68.85%) or 2 (60.00%).

The correlation of the PNI-SII score with short-term (within four cycles) therapy related adverse events was summarized in 
Table S5 and Table S6. For patients receiving ICI monotherapy (n=26, Table S5), higher incidence of dermatologic toxicity 
and endocrine toxicity was observed in patients with a PNI-SII score of 0. For patients receiving combined therapies (n=324, 
Table S6), dermatologic and endocrine toxicities also tended to be more frequent in patients with a PNI-SII score of 0.

Discussion
Previous studies have provided numerous predictive biomarkers for ICI therapy, while some limitations restrict their 
actual application. For example, PD-L1 expression is commonly identified as a powerful prognostic indicator for ICI- 
treated cancer patients.22 However, its actual predictive role in some cancers still needs to be validated.23,24 In addition, 
different immunohistochemistry techniques for PD-L1 detection may result in discrepant conclusions.25 The alterations 
of gut microbiome have been linked with the efficacy of ICI drugs in numerous cancer types, while how to developing 
one or more bacteria in reliable clinical detectable biomarkers is extremely challenging.25,26 The tumor mutational 
burden (TMB) can also be utilized to predict the response to ICI therapy, but the high cost of gene sequencing limits its 
actual use.27,28 Recently, increasing studies have identified several nutritional or inflammatory markers as potential 
predictors for ICI therapy, representatively known as PNI and SII.15,29 However, considering the complexity of 
oncological evaluation, single nutritional or inflammatory marker may be far from sufficient to accurately predict patient 

Figure 3 Prognostic significance of PNI-SII score in cancer patients receiving immune checkpoint inhibitors (ICIs). Kaplan–Meier curves for the association of PNI-SII score 
with overall survival (A) and progression-free survival (B) in cancer patients receiving ICIs. Number-at-risk tables are shown below each Kaplan–Meier curve. Median 
survival times with corresponding 95% confidence intervals were reported for each PNI-SII score group. For OS, the median survival times were 20.0 months (95% CI: 
16.50–23.49) for score 0, 11.0 months (95% CI: 9.21–12.79) for score 1, and 8.0 months (95% CI: 6.14–9.86) for score 2. For PFS, the median survival times were 12.0 
months (95% CI: 9.65–14.36) for score 0, 7.0 months (95% CI: 6.31-7.69) for score 1, and 5.0 months (95% CI: 4.00–6.00) for score 2.
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outcome. To our knowledge, few studies are currently available to assess the predictive performance of combined 
nutritional and inflammatory markers. Therefore, the PNI-SII score may provide a simple supplementary approach for 
baseline prognostic assessment using routinely available laboratory parameters, rather than replacing established bio
markers such as PD-L1 expression, TMB, or gut microbiome-related markers.

In this study, the prognostic significance of PNI and SII in ICI-treated cancer patients was investigated. As a result, in 
the entire cohort, high PNI level was significantly correlated with better OS and PFS, while the opposite was for high SII 
level. This finding is consistent with several published meta-analysis highlighting their prognostic significance in ICI- 
treated cancer patients.18,30–32 However, there are some evidences against their prognostic values. For instance, a meta- 
analysis demonstrated no significant correlation between PNI and OS in NSCLC patients receiving ICIs combined with 
chemotherapy or as the first-line therapy.33 Another study also found PNI was unrelated with the PFS of lung cancer 
patients receiving anti-PD-1 therapy.16 In gastric cancer, the 5-year survival predictive sensitivity and specificity of SII 

Figure 4 Prognostic significance of PNI-SII score in non-small cell lung cancer and digestive cancer patients receiving immune checkpoint inhibitors (ICIs). (A and B) Kaplan– 
Meier curves for the association of PNI-SII score with overall survival (OS) (A) and progression-free survival (PFS) (B) in non-small cell lung cancer patients receiving ICIs. 
(C and D) Kaplan–Meier curves for the association of PNI-SII score with OS (C) and PFS (D) in digestive cancer patients receiving ICIs.
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were only 66.7% and 62.7%, respectively, which was far from acting as a reliable biomarker.34 These inconsistent 
findings suggest that the prognostic value of single nutritional or inflammatory markers may vary across different clinical 
contexts.

Subgroup analyses further showed that the prognostic performance of SII was not consistent across different clinical 
contexts. Although PNI and SII both stratified survival outcomes in NSCLC patients, only PNI retained prognostic 
significance in the digestive cancer subgroup. Similarly, SII showed attenuated prognostic value in never-smokers, 
whereas PNI remained informative. The prognostic value of SII in gastrointestinal malignancies has weakened, which 
may be related to the differences in the inflammatory tumor microenvironment among various cancer types. The causes 
of gastrointestinal malignancies are diverse (such as Helicobacter pylori infection, Barrett’s esophagus, adenoma- 
carcinoma sequence), and each cause will form a unique tumor microenvironment.35–38 The tumor microenvironment 
of gastrointestinal cancers undergoes a dynamic evolution from an early pro-inflammatory state to a late 

Figure 5 Prognostic significance of PNI-SII score in the subgroup analysis based on age. (A and B) Kaplan–Meier curves for the association of PNI-SII score with overall 
survival (OS) (A) and progression-free survival (PFS) (B) in patients aged over 70 years old. (C and D) Kaplan–Meier curves for the association of PNI-SII score with OS (C) 
and PFS (D) in patients aged below 70 years old.
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Figure 6 Prognostic significance of PNI-SII score in the subgroup analysis based on smoking history. (A and B) Kaplan–Meier curves for the association of PNI-SII score with 
overall survival (OS) (A) and progression-free survival (PFS) (B) in patients current or former smoking. (C and D) Kaplan–Meier curves for the association of PNI-SII score 
with OS (C) and PFS (D) in patients never smoking.

Figure 7 Correlations of PNI-SII score with therapy response within four treatment cycles in solid cancer patients receiving immune checkpoint inhibitors (ICIs).
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immunosuppressive state.39 Elevated systemic inflammatory markers may therefore reflect non-tumor-specific inflamma
tion caused by intestinal dysbiosis-related barrier dysfunction, rather than tumor-driven inflammation.40 This hetero
geneity of the microenvironment reduces the tumor specificity of SII as a prognostic marker for gastrointestinal 
malignancies. Smoking is associated with elevated systemic inflammatory markers, including CRP, IL-6, and neutrophils, 
accompanied by impaired NK cell function and altered lymphocyte composition.41,42 Such smoking-related chronic 
inflammation and immune remodeling may influence the prognostic relevance of SII, whereas its discriminatory ability 
may be attenuated in never-smokers with relatively lower baseline systemic inflammation.43 Given the context-dependent 
performance of SII and the relatively consistent prognostic value of PNI, we further integrated these two indices into 
a combined PNI-SII score to improve risk stratification.

As a result, PNI combined with SII not only effectively stratified the PFS and OS of the entire cohort but also could be used 
for predicting the short-term tumor response. Subsequent subgroup analyses confirmed its predictive performance in patients 
with NSCLC or digestive cancer. Additionally, it was also found to perform well regardless of age and smoking history. To our 
knowledge, there are numerous studies that have already proved the prognostic value of the combined index in cancer patients 
receiving other anti-cancer therapies. For instance, PNI combined with SII was found to predict the OS of esophageal cancer 
patients who received radical surgery and had a pathological TNM stage of T3N0M0.44 This combination was also utilized to 
predict the clinical outcome of advanced NSCLC patients receiving platinum-doublet chemotherapy.45 In locally advanced 
gastric cancer, the combined index was associated with sarcopenia and acted as an independent predictive factor for both OS 
and DFS.21

The improved prognostic value of the combined PNI-SII score may be attributed to the complementary information 
provided by PNI and SII. PNI mainly reflects nutritional status and immune competence, whereas SII captures systemic 
inflammatory burden related to neutrophil and platelet activation.46,47 For example, in patients with relatively preserved 
nutritional and lymphocyte-mediated immune status, the adverse impact of systemic inflammation may be partly 
buffered.48 Therefore, the PNI-SII score integrates both impaired host immune-nutritional status and enhanced tumor- 
promoting inflammation, providing a more comprehensive assessment of patient prognosis than either index alone. 
Collectively, based on our findings and previous evidences, PNI combined with SII has great potential to be used as 
a novel prognostic biomarker for ICI-treated patients.

Interestingly, although SII alone was not significantly associated with OS or PFS in the digestive cancer subgroup, the 
combined PNI-SII score remained prognostically significant. Interaction analysis showed no significant interaction 
between PNI and SII for either OS (p for interaction = 0.443) or PFS (p for interaction = 0.846), suggesting that the 
value of the combined score was unlikely to be driven by a synergistic interaction effect. Instead, it may reflect 
complementary prognostic information from nutritional status and systemic inflammation.

Nevertheless, this study mainly focused on the prognostic significance of the PNI-SII score, and its incremental 
predictive value beyond clinical variables such as tumor stage and ECOG performance status, or beyond PNI/SII alone, 
should be further quantified in future studies using metrics such as the concordance index, net reclassification improve
ment, and integrated discrimination improvement.

In addition to survival outcomes, therapy-related adverse events are commonly observed during anti-cancer therapy, 
which may lead to therapy discontinuation and drug dose reduction. Several previous studies have closely linked PNI or 
SII with therapy-related adverse events. For instance, high PNI level was associated with higher incidence of immune- 
related adverse events (irAEs) as compared with low PNI level (<45) in SCLC patients receiving first-line 
chemoimmunotherapy.49 This finding was also confirmed by another retrospective work that demonstrated the incidence 
of irAEs in high PNI group was nearly the double of that in low PNI group.50 The ICI-treated microsatellite instability- 
high metastatic colorectal cancer patients who had lower pretreatment SII level were more likely to suffer from irAEs.29 

The low SII was significantly correlated with higher frequency of any grade or grade 1–2 irAEs in advanced NSCLC 
patients receiving chemoimmunotherapy.51 In this study, for both the monotherapy and combined therapy group, patients 
with high PNI and low SII were observed to have high incidence of irAEs such as dermatologic toxicity. This result can 
be partly explained by the fact that the occurrence of irAEs commonly indicated better therapy response to ICI drugs.52,53 

Patients with high PNI and low SII may have better anti-cancer immune response, which may also trigger an autoimmune 
reaction in irrelevant organs such as thyroid and skin.54 In terms of biological mechanisms, the tumor-reactive T cells are 
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known to display affinity for both tumor neoantigens and self-antigens from healthy tissues. In case that ICI-induced 
tumor-specific response is weaker than the cross-reactive response in some healthy organs, irAEs are likely to occur.55 

On the other hand, due to the limited sample size and short term follow-up, only a few patients with irAEs were included 
for analysis. Therefore, the actual predictive role of the model in irAEs needs further validations in future.

Some mechanism investigations can be used for explaining the correlation of PNI or SII with ICI efficacy. PNI is 
determined by the level of albumin and lymphocyte, while SII is determined by the level of platelet, neutrophil and 
lymphocyte. The increased level of albumin was found to associate with improved efficacy of ICI drugs in a dose- 
dependent manner, which can be partly attributed to its regulatory role in the general catabolism of therapeutic IgG 
antibodies.56 The human serum albumin can be utilized as an effective carrier for the nanovaccine to enhance the T-cell 
mediated anti-cancer immune response.57 The platelets not only promote tumor invasion and migration through inducing 
epithelial mesenchymal transition but also protect circulating tumor cells from immune surveillance.58 Accordingly, 
aspirin as a well-known anti-platelet drug has been proved to upregulate CD80 expression and increase CD8/CD3 ratio, 
resulting activated immune surveillance in colorectal cancer.59 The activated neutrophils can impair T cell function 
through upregulating PD-L1 expression and have been widely used in predicting the prognosis of ICI-treated cancer 
patients.60 Emerging evidences have linked their immunosuppressive role with the formation of neutrophil extracellular 
traps in tumor microenvironment, which influences the function of CD8+ T cells and CD4+ T cells.61 Considering the 
potential impact of these factors on ICI therapy, they were integrated into a novel predictive model that was then 
successfully validated in our cohort. The present findings confirmed their prognostic significance in ICI-treated cancer 
patients and suggested the necessity of further investigation into their role in tumor immunity.

As a retrospective study, some inherent limitations should be mentioned. Firstly, the cut-off values of PNI and SII 
were determined by the various methods according to previous studies, which may directly impact the results. Although 
bootstrap internal validation was performed to assess model robustness, external validation in independent prospective 
cohorts is still required. Secondly, due to limited sample size, some cancer types such as small cell lung cancer, head and 
neck cancer and gynecological cancer were not included in our study. The actual clinical significance of PNI and SII in 
these cancers needs further investigations. Thirdly, the heterogeneity of ICI agents and treatment strategies may have 
influenced clinical outcomes and therapy-related adverse events. In particular, most patients received anti-PD-1 therapy, 
whereas the sample sizes of non-PD-1 therapy and ICI monotherapy subgroups were small, limiting reliable subgroup 
analyses according to ICI class and treatment strategy. Fourthly, the exclusion of patients with suspected ICI-related 
hyperprogression may have introduced selection bias. In addition, the lack of PD-L1 expression and TMB data limited 
direct comparison between the PNI-SII score and established immunotherapy biomarkers. Finally, the correlation of the 
model with long-term therapy-related adverse events remains unclear and needs to be clarified based on our updated 
follow-up records. In addition, our study focused on the prognostic impact of pretreatment levels of PNI and SII, but 
whether their dynamic changes during ICI therapy have any clinical significance is currently unknown and worthy of 
further investigation.

In conclusion, our study demonstrated that both PNI and SII could serve as reliable prognostic biomarkers for ICI- 
treated cancer patients. In addition, a novel model based on PNI and SII was developed for more accurate prediction of 
clinical outcome. These findings collectively highlight the crucial role of nutrition and inflammation in tumor immunity.
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