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Background: Systemic inflammatory indices such as the Pan-Immune Inflammation Value (PIV), Systemic Immune-Inflammation
Index (SII), and Systemic Inflammation Response Index (SIRI) are recognized prognostic markers in oncology. Their potential role in
predicting early postoperative complications after lung cancer surgery, however, remains uncertain.

Methods: We retrospectively analyzed 68 patients who underwent pulmonary resection for primary lung cancer between
January 2019 and November 2024. PIV, SII, and SIRI were calculated from preoperative and first postoperative day blood counts.
Associations with 30-day complications were assessed using comparative statistics and receiver operating characteristic (ROC)
analysis.

Results: Complications occurred in 10 patients (14.7%). None of the indices differed significantly between patients with and without
complications. ROC analysis demonstrated poor predictive performance across all indices (AUC range: 0.447-0.612). A significant
histology imbalance (p=0.039) suggested that tumor biology may have contributed to complication risk.

Conclusion: Despite their established prognostic relevance in oncology, PIV, SII, and SIRI provided limited discrimination for early
postoperative complications in lung cancer surgery. These negative findings underscore the importance of cautious interpretation,
particularly given the small number of events and low statistical power. They highlight the limited perioperative utility of such indices,
helping to prevent their overestimation in clinical practice, and point to the need for prospective studies exploring alternative
predictive markers within multimodal models.
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Introduction

Lung cancer remains the leading cause of cancer-related mortality worldwide, accounting for approximately 1.8 million
deaths annually according to global cancer statistics.' Surgical resection remains the cornerstone of curative-intent
treatment for early-stage non-small cell lung cancer (NSCLC). Despite advances in surgical techniques, perioperative
care, and patient selection, postoperative complications continue to significantly impact morbidity, mortality, and
healthcare costs in thoracic surgery.”

Postoperative complications such as pneumonia, atelectasis, prolonged air leak, and bronchopleural fistula may lead
to prolonged hospitalization, delayed recovery, and poorer oncologic outcomes.® Therefore, early identification of
patients at high risk for such complications is essential for optimizing perioperative management and improving surgical
outcomes.

Recently, systemic inflammatory markers derived from routine hematological parameters have been explored as
potential predictors of oncologic prognosis and surgical outcomes. Among these, the Pan-Immune Inflammation Value
(P1V), Systemic Immune-Inflammation Index (SII), and Systemic Inflammation Response Index (SIRI) have attracted
attention due to their ease of calculation and cost-effectiveness.® We focused on PIV, SII, and SIRI because, unlike
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simpler ratios such as NLR or PLR, these composite indices integrate multiple hematologic cell lines (neutrophils,
lymphocytes, monocytes, and platelets), thereby providing a broader reflection of systemic immune—inflammatory
balance. These indices are thought to reflect the systemic inflammatory and immune status of the host, which plays
a critical role in tumor progression, postoperative healing, and immune response regulation. Tumor-associated inflam-
mation has also been recognized as a fundamental component of the tumor microenvironment, playing a pivotal role in
cancer progression, immune modulation, and therapeutic resistance.”

Previous studies have demonstrated the prognostic significance of these indices in various malignancies. In particular,
a recent meta-analysis by Chen et al, which included 16 studies with 4,682 patients, confirmed that elevated pretreatment
SII levels were significantly associated with poorer overall survival (OS) and progression-free survival (PFS) in NSCLC
patients, most of whom were treated with curative-intent surgery.'® However, while the prognostic relevance of these
biomarkers in terms of long-term survival is well-documented, their potential role in predicting early postoperative
complications remains unclear.

In this context, our study aimed to evaluate the predictive and prognostic value of preoperative and postoperative PIV,
SII, and SIRI specifically for postoperative complications in patients undergoing pulmonary resection for primary lung
cancer. By focusing on both preoperative immune status and immediate postoperative inflammatory response, we sought
to determine whether these indices could be effectively utilized as risk assessment tools in the perioperative management
of lung cancer surgery. Based on prior evidence linking systemic inflammation to adverse outcomes, we hypothesized
that higher preoperative and postoperative values of PIV, SII, and SIRI would be associated with an increased risk of
early postoperative complications in patients undergoing lung cancer surgery.

Methods

Study Design and Patient Selection
This retrospective cohort study was conducted at the Thoracic Surgery Department of SBU Antalya Research and
Education Hospital. Medical records of patients who underwent pulmonary resection between January 2019 and
January 2025 were reviewed. A total of 96 patients were initially assessed. Patients whose final pathological diagnosis
was not primary lung cancer (n=28) were excluded. The remaining 68 patients with confirmed primary lung cancer
were included in the final analysis. The last eligible patient included in the analysis underwent surgery in
November 2024.

The study protocol was approved by the Institutional Ethics Committee of SBU Antalya Research and Education
Hospital (Approval Number: 2025-010), and the study was conducted in accordance with the Declaration of Helsinki.
Due to the retrospective nature of the study, the requirement for informed consent was waived.

Surgical Procedure and Perioperative Management

All patients underwent anatomical pulmonary resections (lobectomy, pneumonectomy, segmentectomy, or wedge resec-
tion) performed via open thoracotomy or video-assisted thoracoscopic surgery (VATS), based on tumor location, stage,
and patient-specific factors. Standard perioperative care protocols, including prophylactic antibiotics, chest physiother-
apy, and postoperative monitoring, were applied uniformly across all patients.

Data Collection

Demographic data (age, sex), clinical characteristics (tumor histology, clinical stage), surgical details (type of resection),
hospitalization duration, 30-day mortality, and postoperative complications were recorded. Complications were defined
as any adverse event occurring within 30 days postoperatively, including but not limited to atelectasis, prolonged air leak,
bronchial leak, pneumothorax, heart failure, cerebrovascular events, and malignant neuroleptic syndrome. Information on
smoking status, comorbidities, and nutritional parameters was not consistently available in the retrospective records and
therefore was not included in the present analysis.
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Inflammatory Biomarker Assessment

Peripheral blood samples were collected within 24 hours preoperatively and on the first postoperative day. All relevant
clinical and laboratory data were available for the included patients, and no missing data required imputation or
exclusion. The following inflammatory indices were calculated using complete blood count (CBC) parameters:

e Pan-Immune Inflammation Value (PIV): (Neutrophils x Platelets x Monocytes) / Lymphocytes
e Systemic Immune-Inflammation Index (SII): (Neutrophils x Platelets) / Lymphocytes
e Systemic Inflammation Response Index (SIRI): (Neutrophils x Monocytes) / Lymphocytes

Statistical Analysis

Continuous variables were presented as mean + standard deviation (SD) for normally distributed data or median (interquartile
range, IQR) for non-normally distributed data. Categorical variables were expressed as counts and percentages. Comparisons
between patients with and without postoperative complications were performed using the Student’s #-test or Mann—Whitney
U-test for continuous variables and the Chi-square test or Fisher’s exact test for categorical variables, as appropriate.

The predictive ability of PIV, SII, and SIRI for postoperative complications was assessed using Receiver Operating
Characteristic (ROC) curve analysis. Area under the curve (AUC), sensitivity, specificity, and optimal cut-off values
(determined by Youden’s index) were calculated.

A p-value of <0.05 was considered statistically significant. All statistical analyses were conducted using SPSS version
21 (IBM Corp., Armonk, NY, USA).

Results

Patient Characteristics

A total of 68 patients who underwent pulmonary resection for primary lung cancer between January 2019 and
January 2025 were included in the analysis. The mean age of the patients was 64.8 £ 8.9 years, with a male
predominance (83.8% male, 16.2% female). The majority of patients underwent lobectomy (76.5%), followed by
wedge resection (10.3%), pneumonectomy (7.4%), and segmentectomy (5.9%). Regarding tumor histology, adenocarci-
noma (42.6%) and squamous cell carcinoma (36.8%) were the most common subtypes, while the remaining 20.6% were
categorized as others. Most patients were classified as stage 1 disease (51.5%). The median length of hospital stay was 4
days (IQR: 2-6 days). A statistically significant difference in histology was observed between groups: patients who
developed complications had a higher proportion of “other” histologies (50%) compared with those without complica-
tions (15.5%, p = 0.039). The 30-day mortality rate was observed in 4 patients (5.9%). Detailed patient characteristics are
summarized in Table 1.

Table | Characteristic Data of the Study Patients

Total Complication | Complication | p value
(n=68) (-) (n=58) (+) (n=10)
Age (years) 64.8 + 89 645 + 89 66.8 £ 9 0.447
Sex M/F 57/11 (83.8/16.2) | 49/9 (84.5/15.5) 8/2 (80/20) 0.722
Surgery
Open thoracotomy 45 (77.6) 10 (100) 0.189
VATS 13 (22.4) 0
Surgery type
Lobectomy 52 (76.5) 43 (74.1) 9 (90)
Pneumonectomy 5(74) 4 (6.9) I (10) 0.515
Segmentectomy 4 (5.9) 4 (6.9) 0
Wedge resection 7 (10.3) 7 (12.1) 0
(Continued)
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Table | (Continued).

Total Complication | Complication | p value
(n=68) (-) (n=58) (+) (n=10)
Histology
Adenocarcinoma 29 (42.6) 27 (46.6) 2 (20)
Squamous cell carcinoma 25 (36.8) 22 (37.9) 3 (30) 0.039
Others 14 (20.6) 9 (15.5) 5 (50)
Stage
0 1 (1.5) 1 (1.7) 0 0.864
| 35 (51.5) 31 (53.4) 4 (40)
2 14 (20.6) 12 (20.7) 2 (20)
3 9(13.2) 7 (12.1) 2 (20)
4 9(13.2) 7 (12.1) 2 (20)
Hospitalization (days) 4 (2-6) 4 (3-6) 3(1-7) 0.386
30-day mortality 4 (5.9) 3(5.2) I (10) 0.549

Notes: Data expressed as mean * SD, n (%) or median (IQR). VATS: video-assisted thoracoscopic surgery. Bold values
indicate statistical significance (p < 0.05).

Postoperative Complications

Postoperative complications occurred in 10 patients (14.7%), with atelectasis (n=3) being the most frequently observed
complication, followed by prolonged air leak (n=2), bronchial leak (n=1), pneumothorax (n=1), heart failure (n=1),
cerebrovascular event (n=1), and malignant neuroleptic syndrome (n=1). The distribution of postoperative complications

is presented in Table 2.

Comparison of Inflammatory Biomarkers Between Groups

When comparing patients who developed postoperative complications (complication [+] group) with those who did not
(complication [—] group), no statistically significant differences were observed regarding preoperative or postoperative

PIV, SII, or SIRI values.

e Preoperative PIV: 578.1 (307.6-773.4) vs 602.4 (366.7-929.2); p = 0.665

e Postoperative PIV: 2352.8 (1432.4-3864.3) vs 2031.9 (819.1-4540.2); p = 0.499
e Preoperative SII: 845.7 (473.2-1069.6) vs 867.7 (498.6-1196.6); p = 0.591

e Postoperative SII: 2205.8 (1715.6-3463.7) vs 2321.5 (1538.1-4447.6); p = 0.795
e Preoperative SIRI: 2.1 (1.2-2.8) vs 1.9 (1.3-2.9); p = 0.931

e Postoperative SIRI: 8.2 (6.3-12.4) vs 6.9 (3.2-12.4); p = 0.260

These results indicate that neither preoperative nor postoperative inflammatory indices were significantly associated with
the development of postoperative complications. The comparative analysis of these biomarkers is detailed in Table 3.

Table 2 Postoperative Complications
in Study Patients

Complications

Atelectasis

Bronchial leak
Pneumothorax

Heart failure

Prolonged air leak

Cerebrovascular disease

Malignant neuroleptic syndrome
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Table 3 Comparison of Biomarkers for Development of Complications

Total Complication Complication p value

(n=68) (-) (n=58) (+) (n=10)
Preoperative PIV 596.9 (345.1-909.2) 602.4 (366.7-929.2) 578.1 (307.6-773.4) 0.665
Postoperative PIV 2031.9 (950.1-4248.5) 2031.9 (819.1-4540.2) 2352.8 (1432.4-3864.3) 0.499
Preoperative SlI 867.7 (507.4-1155.3) 867.7 (498.6—1196.6) 845.7 (473.2-1069.6) 0.591
Postoperative Sl 2321.5 (1569.5-4350.4) 2321.5 (1538.1-4447.6) 2205.8 (1715.6-3463.7) 0.795
Preoperative SIRI 2(1.3-2.8) 1.9 (1.3-2.9) 2.1 (1.2-2.8) 0.931
Postoperative SIRI 72 (42-122) 6.9 (3.2-124) 8.2 (6.3-12.4) 0.260

Note: Data expressed as; median (IQR).
Abbreviations: PIV, Pan-immune-inflammation value; Sll, Systemic immune-inflammation index; SIRI, Systemic inflamma-
tion response index.

Predictive Performance of Biomarkers for Postoperative Complications

Receiver operating characteristic (ROC) curve analysis was performed to evaluate the predictive performance of the
inflammatory indices. All biomarkers demonstrated low predictive value with AUC values ranging from 0.447 to 0.612.
The postoperative SIRI yielded the highest AUC (0.612), but this level of performance was still considered poor for
clinical prediction.

The sensitivity and specificity values were suboptimal across all biomarkers, with the highest sensitivity of 70%
observed in several indices but paired with low specificity (43%—52%). The ROC analysis results, including AUC,
sensitivity, specificity, and cut-off values, are presented in Table 4, and the corresponding ROC curves are illustrated in
Figure 1.

Discussion
Summary of Key Findings

In this retrospective cohort study, we investigated the predictive and prognostic value of three systemic inflammatory
indices—Pan-Immune Inflammation Value (PIV), Systemic Immune-Inflammation Index (SII), and Systemic
Inflammation Response Index (SIRI)—for postoperative complications in patients undergoing pulmonary resection for
primary lung cancer. Our findings demonstrated no statistically significant association between these inflammatory
markers and the development of postoperative complications. Additionally, ROC curve analysis revealed low AUC
values across all biomarkers, indicating limited predictive capacity for postoperative morbidity. Among the biomarkers
evaluated, postoperative SIRI yielded the highest AUC (0.612); however, this level of performance remains insufficient
for clinical use.

Comparison with Previous Studies

Numerous studies have explored the prognostic role of systemic inflammatory indices in cancer patients, especially in the
context of overall and progression-free survival. Notably, Chen et al recently conducted a meta-analysis that confirmed
the prognostic significance of the SII in non-small cell lung cancer (NSCLC), showing its strong association with poor

Table 4 Biomarkers for Complication Prediction

AUC %95 CI (Lower - Upper) | Sensitivity (%) | Specificity (%) | Cut-off value
Preoperative PIV 0.457 (0.280-0.634) 70 43 509.4
Postoperative PIV 0.567 (0.416-0.719) 70 47 1725.1
Preoperative SlI 0.447 (0.262-0.631) 50 57 924.6
Postoperative Sl 0.474 (0.310-0.638) 50 52 2364.1
Preoperative SIRI 0.509 (0.318-0.699) 70 52 1.9
Postoperative SIRI 0.612 (0.471-0.753) 70 48 6.6

Abbreviations: PIV, Pan-immune-inflammation value; S, Systemic immune-inflammation index; SIRI, Systemic inflammation response

index.
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Figure | Receiver operating characteristic (ROC) curves for preoperative and postoperative PIV, Sll, and SIRI in predicting postoperative complications.

overall survival (OS) and progression-free survival (PFS) outcomes.'” This meta-analysis, which included 16 studies
with a total of 4,682 patients, highlighted that most of the included cohorts consisted of resectable NSCLC cases, where
pretreatment SII measurements were utilized as prognostic indicators. These findings suggest that systemic immune-
inflammation status, reflected by SII levels, may play a critical role in shaping tumor behavior and long-term oncological
outcomes in surgically treated lung cancer patients. However, while such findings support the role of systemic
inflammation in cancer biology and long-term prognosis, the utility of these indices for predicting early postoperative
complications remains largely underexplored.

Other studies focusing on perioperative morbidity have reported mixed results. For example, Ruan et al demonstrated
a correlation between elevated preoperative SII and the incidence of postoperative pneumonia in NSCLC patients,''
while Ginesu et al found that postoperative NLR and MLR were significantly associated with surgical complications in
thoracic surgery.'> However, it is noteworthy that in the same study, preoperative SIRI, along with other systemic
inflammatory indices, did not show a significant association with the development of postoperative complications, which
aligns with the findings of our analysis. These studies, however, did not consistently evaluate PIV, SII, and SIRI together,
nor did they focus specifically on the broader spectrum of early postoperative complications as assessed in our analysis.
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An additional noteworthy finding in our analysis was the significant difference in tumor histology between patients
with and without postoperative complications. Patients in the complication group exhibited a higher proportion of “other”
histological subtypes (50% vs 15.5%, p = 0.039). Prior evidence indicates that squamous cell carcinoma and uncommon
NSCLC variants such as adenosquamous and sarcomatoid carcinoma are associated with heightened systemic inflam-
matory responses and worse prognosis. This histology-dependent systemic inflammatory profile may at least partially
explain the higher complication rate observed in our cohort.' In line with this, Mariean et al'* demonstrated that NSCLC
subtypes differ in their complete blood count-derived inflammatory marker profiles, with NSCLC-NOS and adenosqua-
mous tumors more frequently showing abnormal values. Similarly, Hao et al'® highlighted the prognostic significance of
histologic heterogeneity in NSCLC, underscoring that distinct tumor biology influences both oncologic outcomes and
perioperative risks. Taken together, these data suggest that our negative findings regarding inflammatory indices should
be interpreted with caution, as they may in part reflect the underlying impact of tumor biology rather than the absence of
an inflammatory association. This discrepancy likely reflects biological differences: while systemic inflammation
contributes to tumor progression and long-term oncological outcomes, early postoperative morbidity is more directly
influenced by acute surgical stress, approach-related tissue trauma, and perioperative clinical factors.

Our results suggest that PIV, SII, and SIRI may not be adequate standalone markers for early postoperative
complication prediction in lung cancer surgery, especially in the absence of complementary clinical or radiological
risk factors.

Evidence from other malignancies suggests that single CBC-derived indices may have only modest standalone
discrimination, whereas combining inflammatory with non-inflammatory markers improves performance. In a large
gastric-cancer cohort, SII and SIRI alone showed only fair diagnostic ability (male AUCs 0.655 and 0.720; female AUCs
0.593 and 0.654), while the nutritional-inflammatory index PNI outperformed them (AUC ~0.90 in both sexes).
Importantly, a composite model that combined CEA with SII, SIRI and PNI achieved substantially higher discrimination
(AUC 0.916 in males; 0.893 in females) and a high nomogram C-statistic (0.917 in males; 0.875 in females), under-
scoring the value of multi-parameter models over single indices. These data support our proposal that future perioperative
risk tools should integrate inflammatory indices with clinical variables and additional biomarkers rather than rely on PIV/
SII/SIRI alone.'

Importance of Reporting Negative Results

The primary novelty of our study lies in the reporting of negative findings: despite their prognostic relevance in long-
term oncologic outcomes, PIV, SII, and SIRI demonstrated limited utility in predicting early postoperative complications.
Reporting such results is important to prevent overestimation of these indices in perioperative risk stratification and to
guide future research toward more comprehensive predictive approaches. By sharing negative findings, our study
contributes to scientific integrity and provides balanced evidence, helping to shape more realistic expectations and
guide future study designs.

Study Strengths and Limitations

The main strength of this study lies in its focus on a well-defined cohort of surgically treated primary lung cancer
patients, with systematic evaluation of inflammatory biomarkers both preoperatively and postoperatively. The uniform
application of perioperative care protocols further reduces variability and enhances data reliability.

However, the retrospective nature of the study and the relatively small sample size limit the generalizability of our
findings. Another limitation is that important clinical confounders such as smoking status, comorbidities, and nutritional
status were not consistently available in the retrospective records and therefore were not included in the analysis, which
may have influenced postoperative outcomes. Inflammatory markers were assessed only at two time points (preopera-
tively and on the first postoperative day), reflecting standard institutional practice; this restricted our ability to capture the
full dynamics of postoperative inflammatory changes. Furthermore, the relatively small number of patients with
complications (n=10, 14.7%) severely limits the statistical power of the study and raises the risk of a type II error,
meaning that a true association between inflammatory indices and complications may not have been detected. Therefore,
our negative findings should be interpreted with caution and confirmed in larger, adequately powered prospective studies.
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Additionally, surgical approach (thoracotomy vs VATS) may have influenced systemic inflammatory responses because
thoracotomy is associated with greater muscle trauma. However, due to the small sample size, stratified analysis or
matching by surgical approach could not be performed. This limitation should be considered when interpreting the
results, and future larger-scale studies are warranted to clarify the impact of surgical approach on inflammatory indices.

Clinical Implications and Future Directions

Given their simplicity and accessibility, systemic inflammatory indices remain attractive candidates for perioperative risk
assessment. Nonetheless, based on our findings, PIV, SII, and SIRI alone cannot be recommended as reliable predictors
for early postoperative complications in lung cancer surgery. Future prospective, multicenter studies with larger sample
sizes, dynamic serial biomarker measurements, and incorporation of multimodal risk factors are warranted. Integrating
these indices into comprehensive models that include clinical variables, imaging findings, and functional assessments
may enhance predictive accuracy and clinical utility.

Conclusion

This single-center retrospective study highlights the value of reporting negative findings: despite their established
prognostic relevance, PIV, SII, and SIRI showed poor discrimination for early postoperative complications. Given the
small number of events and the imbalance in histology, these results should be interpreted with caution. While these
indices cannot be recommended as standalone perioperative tools, larger multicenter studies with dynamic biomarker
monitoring and integration of clinical, imaging, and functional parameters are warranted to clarify their potential role
within comprehensive predictive models.
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