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Objective: To evaluate the association of the admission Prognostic Nutritional Index (PNI) with concomitant pulmonary infection
and in-hospital mortality in hospitalized lung cancer patients.

Methods: In this retrospective cohort study, 417 lung cancer patients admitted between December 2022 and November 2023 were
categorized into those with (n=218) and without (n=199) concomitant pulmonary infection based on clinical, radiological, and
microbiological evidence within 48 hours of admission. The PNI and other inflammatory indices, including the systemic immune-
inflammation index (SII), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte
ratio (MLR), were calculated from admission laboratory data. Multivariable logistic regression [adjusted for age, sex, cancer stage,
chronic obstructive pulmonary disease (COPD), etc.] and receiver operating characteristic (ROC) analyses were used.

Results: Patients with concomitant pulmonary infection had significantly lower PNI (median: 45.03 vs. 47.25, P < 0.001) and higher
SII (median: 724.00 vs. 448.00, P < 0.001) compared to those without infection. Lower PNI (aOR: 0.964, 95% CI: 0.942-0.986) and
higher SII (aOR: 1.001, 95% CI: 1.000-1.001) were independently associated with concomitant infection. Among infected
patients, non-survivors had significantly lower PNI (mean: 39.85 vs. 46.67, P < 0.001) and higher MLR (median: 0.50 vs. 0.32,
P < 0.001) compared to survivors. Lower PNI (aOR: 0.854, 95% CI: 0.796-0.916) and higher MLR (aOR: 1.377, 95% CI:
1.026-1.849) were independently associated with in-hospital mortality. The combination of PNI and MLR achieved an AUC of
0.806 (95% CI: 0.747-0.857) for mortality discrimination.

Conclusion: Admission PNI is significantly associated with concomitant pulmonary infection and independently associated with in-
hospital mortality in infected lung cancer patients. Combining PNI with SII or MLR may enhance risk stratification and nutritional-
immunological assessment in this vulnerable population.
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Introduction

Lung cancer represents one of the most prevalent malignancies globally and constitutes a leading cause of cancer-related
mortality, with an estimated 2 million new cases and 1.76 million deaths annually.! Approximately 50-70% of lung
cancer patients develop pulmonary infections during their disease course, often presenting at the time of hospitalization.
However, early identification of infection status is frequently challenging, potentially attributable to impaired immune
competence and an attenuated inflammatory response, which may obscure typical clinical signs of infection.” Pathogens

implicated in pulmonary microbial infections among lung cancer patients encompass fungi, bacteria, viruses,
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mycoplasma, and others. Nevertheless, current etiological detection methods exhibit limitations in timely confirmation,
and definitive pathogen identification remains technically constrained.’> Studies indicate that cancer patients with
concurrent pulmonary bacterial infection exhibit significantly higher mortality rates than those without.* Moreover, non-
surgical cancer patients frequently receive radiotherapy, which may contribute to immunosuppression and increase
susceptibility to invasive fungal infections, further elevating cancer-associated mortality.’

The Prognostic Nutritional Index (PNI), a composite of serum albumin and lymphocyte count, integrates nutritional
and immunological status and has been widely studied as a prognostic factor in various malignancies, including lung
cancer.” However, the specific association of PNI with pulmonary infection status at hospital admission, and with
outcomes in infected lung cancer patients, remains underexplored.

Currently, several biomarkers are used to predict infection or prognosis in lung cancer patients, such as procalcitonin
(PCT), C-reactive protein (CRP), and various interleukins.® ' While these markers reflect systemic inflammation, they
have notable limitations. PCT and CRP are acute-phase reactants that may be elevated in non-infectious inflammatory
conditions (eg, post-surgery, post-chemotherapy), limiting their specificity.'' More importantly, these markers do not
capture the patient’s nutritional status, which is a critical determinant of immune competence and infection susceptibility.
Hypoalbuminemia, a key component of PNI, is a well-established predictor of poor outcomes in cancer patients,'”
reflecting both malnutrition and chronic inflammation. Similarly, lymphopenia indicates impaired adaptive immunity.'*'*
Thus, existing biomarkers may not fully integrate the dual dimensions of nutrition and immunity that are essential for risk
stratification in this vulnerable population.

Given the well-established links between malnutrition, immune dysfunction, and infection susceptibility,'”> we
hypothesized that a lower admission PNI would be associated with a higher likelithood of concomitant pulmonary
infection. Furthermore, among infected patients, we hypothesized that lower PNI would predict increased in-hospital
mortality. Therefore, this study aimed to investigate whether this simple immunonutritional index could aid in risk
stratification for pulmonary infection and mortality in hospitalized lung cancer patients.

Materials and Methods

Study Design and Participants

This retrospective cohort study adhered to the Declaration of Helsinki and was approved by the Medical Ethics
Committee of The Second People’s Hospital of Fuyang City (Approval No: 20251204132). The requirement for
informed consent was waived because of the retrospective nature of the study. All patient information and data used
in this study were handled with strict confidence and de-identified to protect patient privacy in compliance with the
relevant ethical and legal standards. We screened 455 consecutive adult patients with a discharge diagnosis of lung cancer
admitted to the Department of Respiratory Infection between December 2022 and November 2023. After excluding 38
patients due to readmission (n=25), incomplete clinical data (n=7), or other exclusion criteria (n=6), a total of 417
patients were included in the final analysis. Patients were classified according to the presence or absence of concomitant
pulmonary infection at admission, as defined below. Data on pathogen identification were extracted from electronic
medical records, where they had been documented as part of routine clinical care. For bacterial and fungal identification,
respiratory specimens were processed by the hospital’s clinical microbiology laboratory using culture and matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS). For mycoplasma and respiratory
viruses, polymerase chain reaction (PCR) assays were performed. A flow diagram of patient selection and grouping is
presented in Figure 1.

Definition of Exposure and Outcomes

Concomitant Pulmonary Infection (Primary Exposure): Patients were classified as having a concomitant pulmonary
infection if they met predefined clinical, radiological (new or progressive infiltrates on chest imaging), and microbiolo-
gical criteria within the first 48 hours of admission. Accordingly, 218 patients were assigned to the infection group and
199 to the control group.
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Figure | Flow diagram of patient selection and grouping.

In-Hospital Mortality (Primary Outcome): Among patients with concomitant infection, the primary outcome was all-
cause in-hospital mortality. Within the infected group, patients were further stratified by discharge outcome into non-
survivors (n=46) and survivors (n=172).

Inclusion and Exclusion Criteria
Inclusion criteria: pathologically confirmed lung cancer [International Association for the Study of Lung Cancer (IASLC)
criteria] and pulmonary infection meeting established diagnostic criteria.

Exclusion criteria: missing/incomplete data, unclear etiology, or active non-pulmonary infections.

Data Collection
Clinical and laboratory data were extracted from Hospital Information System (HIS) and Laboratory Information System
(LIS). Laboratory parameters (serum albumin, lymphocyte, neutrophil, monocyte, and platelet counts) were collected
within 48 hours of admission to reflect baseline status. The following indices were calculated:

- PNI = albumin (g/L) + 5 x lymphocyte count (x10°/L)

- NLR = neutrophil count / lymphocyte count

- MLR = monocyte count / lymphocyte count

- PLR = platelet count / lymphocyte count

- SIT = neutrophil count X platelet count / lymphocyte count

Statistical Analysis

Analyses were performed using SPSS 26.0 (IBM Corp., Armonk, NY, USA) and MedCalc (MedCalc Software Ltd.,
Ostend, Belgium). SPSS was used for descriptive statistics, Mann—Whitney U-tests, chi-square tests, and multivariable
logistic regression analyses (both enter method and forward likelihood ratio selection). MedCalc was employed for
receiver operating characteristic (ROC) curve analysis, including calculation of area under the curve (AUC), optimal cut-
off values, sensitivity, specificity, and comparison of ROC curves. Multivariable logistic regression models were
constructed to assess independent associations. Covariates were selected based on clinical relevance and established
associations with infection risk or mortality in lung cancer patients, as identified in prior literature.'®'® For the model
analyzing infection status, covariates included age, sex, smoking history, pathological type, chronic obstructive
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pulmonary disease (COPD), lymph node metastasis, and treatment modalities (chemotherapy, radiotherapy, targeted
therapy, immunotherapy, and nutritional support). For the model analyzing in-hospital mortality among infected patients,
covariates included age, sex, smoking history, pathological type, and treatment modalities (chemotherapy, radiotherapy,
targeted therapy, immunotherapy, and nutritional support). PNI, SII, NLR, PLR, and MLR were entered into the models
as continuous variables. All covariates were entered simultaneously into the full multivariable models (Supplementary
Tables S1 and S2). Variable selection for the final parsimonious models was performed using the forward likelihood ratio
(LR) method. Results are presented as adjusted odds ratios (aOR) with 95% confidence intervals (CI). ROC curve
analysis was performed to evaluate the discriminative ability of the indices and their combinations for concomitant
infection and in-hospital mortality. Since the primary outcome was in-hospital mortality, a binary event occurring during
hospitalization and the follow-up period was limited to the hospital stay, traditional ROC analysis was deemed
appropriate for assessing the discriminative ability of baseline markers for this binary outcome. Time-dependent ROC
analysis and Cox proportional hazards models, which are designed for time-to-event data, were not applicable to our
study design. Although no formal sample size calculation was performed a priori, the sample size (N=417) satisfied the
events-per-variable (EPV) criterion (>10) for both logistic regression models,'® ensuring model stability.

Results

Baseline Characteristics

Baseline characteristics of the study population are summarized in Table 1. The median age was 69 years in both groups
(IQR: 60-75 in infection group vs. 60—74 in control group, P=0.664), and the proportion of female patients was similar
between groups (28.44% vs. 28.14%, P=0.946). The prevalence of comorbidities including hypertension (26.61% vs.
26.63%, P=0.995), diabetes (10.55% vs. 13.57%, P=0.368), cardiovascular disease (24.77% vs. 27.64%, P=0.506), and
COPD (24.31% vs. 28.64%, P=0.320) did not differ significantly between the infection and control groups. However,

Table | Baseline Characteristics of Lung Cancer Patients Stratified by Concomitant Pulmonary Infection Status

Variable Experimental Group n=218 | Control Group n=199 | Statistic | P- value
Sex, n% (female) 62(28.44) 56(28.14) 0.005 0.946
Age (years), median (IQR) 69(60,75) 69(60,74) —0.435 0.664
Hospital stay (days), median (IQR) 9(6,12) 5(3,8) —8.641 <0.001
Hypertension, n (%) 58(26.61) 53(26.63) 0.001 0.995
Diabetes, n (%) 23(10.55) 27(13.57) 0.898 0.368
Cardiovascular disease, n (%) 54(24.77) 55(27.64) 0.443 0.506
Lymphatic metastasis, n (%) 87(39.91) 102(51.26) 5.406 0.024
COPD, n (%) 53(24.31) 57(28.64) 1.005 0.320
Pathological type, n (%) 8.92 0.03
Adenocarcinoma 87 (39.91) 102 (51.26)

Squamous cell carcinoma 58 (26.61) 43 (21.61)

Small cell lung cancer 30 (13.76) 18 (9.05)

Othersan 43 (19.72) 36 (18.09)

Smoking status, n (%) 4.23 0.121
Never 98 (44.95) 102 (51.26)

Former 45 (20.64) 32 (16.08)

Current 75 (34.40) 65 (32.66)

Chemotherapy, n (%) 57 (26.15) 118 (59.30) 46.94 <0.001
Radiotherapy, n (%) 23 (10.55) 19 (9.55) 0.14 0.706
Targeted therapy, n (%) 31 (14.22) 42 (21.11) 341 0.065
Immunotherapy, n (%) 28 (12.84) 35 (17.59) 1.86 0.173
Nutritional support, n (%) 41 (18.81) 33 (16.58) 0.36 0.549

Notes: Data are presented as median (interquartile range) for continuous variables and as n (%) for categorical variables. P-values were
calculated by Mann—Whitney U-test for continuous variables and chi-square test (or Fisher’s exact test when expected frequencies <5) for
categorical variables. Others include large cell carcinoma, non-small cell lung cancer not otherwise specified, and unspecified lung cancer.
Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile range.
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Table 2 Comparison of Laboratory Indicators Between Experimental and Control Groups

Indicator Infection Group (n=218) | Control Group (n=199) | Z value | P- value
PNI, median (IQR) | 45.03(41.45,49.11) 47.25(44.15,51.00) -3.922 <0.001
NLR, median (IQR) | 3.05(1.79,5.65) 2.08(1.26,3.44) —4.907 <0.001
PLR, median (IQR) | 149.00(96.21,231.00) 138.00(94.21,183.00) -2.122 0.034
MLR, median (IQR) | 0.37(0.22,0.62) 0.32(0.21,0.45) —2.224 0.026
SIl, median (IQR) 724.00(358.00,1460.00) 448.00(225.00,827.00) =5.177 <0.001

Notes: Data are presented as median (interquartile range). P-values were calculated by Mann—-Whitney U-test.
Abbreviations: PNI, Prognostic Nutritional Index; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte
Ratio; MLR, Monocyte-to-Lymphocyte Ratio; Sll, Systemic Immune-Inflammation Index; IQR, interquartile range.

patients with concomitant pulmonary infection had a significantly longer median hospital stay (9 vs. 5 days, P<0.001).
Regarding tumor characteristics, the infection group had a lower proportion of lymph node metastasis (39.91% vs.
51.26%, P=0.024) and a different distribution of pathological types (P=0.03). Smoking status was comparable between
groups (P=0.121). Notably, patients in the control group were more likely to have received chemotherapy (59.30% vs.
26.15%, P<0.001), while no significant differences were observed for radiotherapy, targeted therapy, immunotherapy, or
nutritional support.

Microbiological and Radiological Characteristics of Infected Patients

Among the 218 patients with concomitant pulmonary infection, radiological evidence (new or progressive infiltrates on
chest imaging) was present in 218 patients (100.00%). Microbiological confirmation was obtained in 153 patients
(70.18%), including bacterial infections (110, 50.46%), fungal infections (10, 4.59%), viral infections (20, 9.17%), and
mixed infections (13, 5.96%). The remaining patients were diagnosed based on clinical and radiological criteria in the
absence of pathogen identification.

Association Between Admission Indices and Concomitant Infection

Compared to the control group, the infection group had significantly lower PNI and higher NLR, PLR, MLR, and SII
levels (all P<0.05; Table 2). In the fully adjusted multivariable model (Supplementary Table S1), lower PNI aOR: 0.964,
95% CI: 0.942-0.986, P=0.002 and higher SII aOR: 1.001, 95% CI: 1.000—-1.001, P<0.001 remained independently
associated with concomitant infection. The final parsimonious model containing only these two significant variables is

shown in Table 3.

Association Between Admission Indices and In-Hospital Mortality in Infected Patients
Among the 218 patients with concomitant infection, 46 (21.1%) died during hospitalization. Compared to survivors, non-
survivors had significantly lower PNI and higher NLR, PLR, MLR, and SII (all P<0.01) (Table 4). In the fully adjusted
multivariable model for mortality (Supplementary Table S2), lower PNI (aOR: 0.854, 95% CI: 0.796-0.916, P<0.001)
and higher MLR (MLR (aOR: 1.377, 95% CI: 1.026-1.849) were independently associated with in-hospital mortality.
The final parsimonious model is shown in Table 5.

Table 3 Parsimonious Multivariable Model for Concomitant

Pulmonary Infection

Variable B SE Wald | P value | aOR 95% CI
PNI -0.037 | 0.012 9.52 0.002 0.964 | 0.942-0.986
SlI 1.001 0.0002 | 16 <0.001 1.001 | 1.000-1.001
Constant | 2.1 1.502 1.96 0.162 8.166 | —

Notes: P < 0.05 indicates statistical significance; Forward: LR method was used for
regression analysis; PNI and were modeled per |-unit increase.
Abbreviations: PN, prognostic nutritional index; Sll, systemic immune-inflammation index.
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Table 4 Laboratory Indices in Infected Patients Stratified by In-Hospital Mortality

Indicator Non-Survivors (n=46) | Survivors (n=172) z/t value | P- value
PNI (mean % SD) 39.85 + 6.06 46.67 £ 6.56 —6.357 <0.001
NLR, median (IQR) | 5.24(2.89,8.24) 2.63(1.67,4.79) —4.224 <0.001
PLR, median (IQR) | 221.62(153.27,327.40) 130.06(91.62,200.34) —4.113 <0.001
MLR, median (IQR) | 0.50(0.37,0.86) 0.32(0.20,0.58) —4.162 <0.001
SIl, median (IQR) 1284.80(583.79,2144.30) | 649.58(328.50,1264.80) | —3.337 0.001

Notes: PNl is presented as mean * standard deviation (independent t-test), other indicators as median (interquartile
range) (Mann-Whitney U-test).

Abbreviations: PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; MLR, monocyte-to-lymphocyte ratio; Sll, systemic immune-inflammation index.

Table 5 Parsimonious Multivariable Model for In-Hospital Mortality in Infected

Patients
Variable B SE Wald | P value | aOR 95% CI
PNI (per I-unit increase) —0.158 | 0.036 | 19.29 | <0.00I 0.854 | 0.796-0.916
MLR (per O.l-unit increase) | 0.32 0.15 4.55 0.033 1.377 | 1.026-1.849
Constant 5.892 2512 | 55 0.019 361.5 | -

Notes: PNI was modeled per |-unit increase. MLR was modeled per 0.l-unit increase based on its clinical
range. Variables were selected by forward likelihood ratio method from the full model including age, sex,
smoking status, pathological type, COPD, metastasis, chemotherapy, radiotherapy, targeted therapy, immu-
notherapy, and nutritional support.

Abbreviations: PNI, prognostic nutritional index; MLR, monocyte-to-lymphocyte ratio.

Discriminative Performance

For discriminating concomitant infection, the combined PNI+SII model had an AUC of 0.645 (Table 6). The optimal cut-
off value for PNI was < 43.80, yielding a sensitivity of 42.59% and a specificity of 77.61%. For SII, the optimal cut-off
was > 223.81, with a sensitivity of 27.31% and a specificity of 88.56%. For predicting in-hospital mortality among
infected patients, PNI alone had an AUC of 0.784, MLR alone 0.700, and their combination achieved an AUC of 0.806
(Table 7). The optimal cut-off for PNI was < 46.20, with a sensitivity of 93.48% and a specificity of 54.07%. For MLR,
the optimal cut-off was > 0.35, with a sensitivity of 80.43% and a specificity of 53.49%.

Table 6 Discriminative Performance of Indices for Concomitant Pulmonary Infection

Variable | AUC | Cut-Off value | Sensitivity (%) | Specificity (%) 95% CI

PNI 0.602 | <43.80 42.59 7761 0.553-0.649
NI 0.556 | 22238l 27.31 88.56 0.507-0.605
SII+PNI 0.645 | - 60.16 66.67 0.597-0.691

Abbreviations: AUC, area under the curve; Cl, confidence interval; PNI, prognostic nutritional index; SlI,
systemic immune-inflammation index.

Table 7 Discriminative Performance

of Indices for In-Hospital Mortality in Infected

Patients
Variable | AUC | Cut-Off Value | Sensitivity (%) | Specificity (%) 95% CI
PNI 0.784 | <46.20 93.48 54.07 0.724-0.837
MLR 0.700 | =0.35 80.43 53.49 0.634-0.760
PNI+MLR | 0.806 | - 80.43 68.02 0.747-0.857

Abbreviations: PNI, prognostic nutritional index; MLR, monocyte-to-lymphocyte ratio.
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Discussion

This retrospective cohort study demonstrates that a lower admission PNI is independently associated with both the presence
of concomitant pulmonary infection and, among infected patients, in-hospital mortality. These associations remained robust
after adjustment for key confounders including cancer stage, chemotherapy status, and other inflammatory indices.
Although PNI has been studied as a prognostic tool in several cancers, including oral cancer and stage III non-small cell
lung cancer,™” its specific role in lung cancer patients with concomitant pulmonary infection has been less explored.

Pulmonary infection represents a critical complication that adversely impacts the prognosis of lung cancer patients.
Structural alterations such as bronchial obstruction and atelectasis frequently lead to impaired mucociliary clearance and
sputum retention, thereby enhancing susceptibility to microbial colonization and invasion.'” Compromised systemic
immunity, often present in this population, further amplifies the risk of infection. In our cohort, among 218 lung cancer
patients with pulmonary infection, 46 (21.1%) experienced in-hospital mortality, underscoring the substantial burden of
this comorbidity and the need for early prognostic stratification. The microbiological profile of our infected cohort
(bacterial predominance, 50.46%; mixed infections, 5.96%) is consistent with previous reports in lung cancer patients.>'”

The search for reliable, readily available biomarkers to predict infection risk and outcomes in lung cancer patients
remains active. Previous studies have highlighted the potential of various serum markers such as CEA, VEGF, MMP-9,
presepsin, PGRN, and interleukins IL-6, IL-8, IL-10 in the context of lung cancer complicated by pulmonary
infection.'®!*?° However, many of these assays are not routinely accessible in primary or secondary care settings. In
contrast, PNI is derived from two common laboratory parameters: serum albumin and lymphocyte count, both widely
available and inexpensive. Albumin serves as a well-established marker of nutritional status and visceral protein reserve,
with hypoalbuminemia being a recognized predictor of poor outcomes in various malignancies.”' Lymphocytes are
central to adaptive immunity, and lymphopenia reflects impaired immune competence. Thus, PNI integrates both
nutritional and immunological dimensions into a single composite index.'*'* The biological plausibility of low PNI as
a risk marker for infection and mortality in lung cancer patients is supported by the distinct roles of its two components.
Hypoalbuminemia, a key feature of low PNI, reflects not only protein-energy malnutrition but also systemic inflamma-
tion and oxidative stress.”> Albumin exerts direct immunomodulatory effects by binding bacterial lipopolysaccharides
(LPS), thereby neutralizing endotoxin and modulating endothelial barrier function;*® consequently, low albumin levels
may impair host defense against gram-negative bacterial infections. Concurrently, lymphopenia indicates compromised
adaptive immunity, with reduced CD4+ and CD8+ T-cell counts impairing pathogen clearance and increasing suscept-
ibility to opportunistic infections.'*"'* In the context of lung cancer, tumor-derived immunosuppressive factors such as
transforming growth factor-beta (TGF-B) and interleukin-10 (IL-10) further exacerbate lymphopenia and promote
regulatory T-cell (Treg) expansion, creating a permissive microenvironment for microbial colonization and invasion.**
Thus, the combination of nutritional depletion and immune dysfunction encapsulated by low PNI represents a high-risk
phenotype for both infection acquisition and progression to mortality.

Our analysis revealed that patients with pulmonary infection had significantly lower PNI and higher systemic
inflammatory indices (NLR, PLR, MLR, SII) at admission. In multivariable analysis, lower PNI and higher SII emerged
as independent factors associated with concomitant infection. Malnutrition and immune dysfunction are highly prevalent
and closely intertwined in cancer patients.>> A low PNI reflects a state of compromised nutrition and attenuated immune
defense, which may predispose individuals to infectious complications.”® Meanwhile, SII incorporates neutrophil,
platelet, and lymphocyte counts, collectively capturing the balance between pro-inflammatory and immune-regulatory
pathways. Elevated neutrophils and platelets signify ongoing inflammation and a pro-thrombotic state, while lympho-
penia indicates immunosuppression.”’ >° Thus, the combination of low PNI and high SII may identify a subgroup of
patients with both nutritional deficit and heightened inflammatory response, rendering them particularly vulnerable to
pulmonary infection. The combined PNI+SII model achieved an AUC of 0.645 for discriminating infection status,
suggesting modest but potentially useful discriminative ability in clinical practice. Based on our findings, we propose the
following clinical application protocols for PNI in hospitalized lung cancer patients: Patients with PNI < 43.80 (the
optimal cut-off for concomitant infection) may be considered at increased risk of pulmonary infection at presentation.
Given the high specificity (77.61%) of this threshold, it is particularly useful for “ruling in” high-risk patients who
warrant closer monitoring, including early sputum cultures, chest imaging, and low-threshold initiation of diagnostic
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workup for infection. However, due to its modest sensitivity (42.59%), PNI alone should not replace clinical judgment or
microbiological confirmation; rather, it serves as an adjunctive tool to heighten clinical suspicion. Among those with
established pulmonary infection, a PNI < 46.20 demonstrates excellent sensitivity (93.48%) for identifying patients at
high risk of in-hospital mortality. This threshold could serve as an effective screening tool to trigger early intensive
interventions, such as admission to intermediate care units, aggressive nutritional support, and enhanced infection
management (eg, broader empirical antibiotic coverage or earlier infectious disease consultation). The addition of
MLR (cut-off > 0.35) to PNI improves specificity (from 54.07% to 68.02%), and the combined PNI+MLR model
(AUC = 0.806) may be used for more refined risk stratification in clinical decision-making, particularly when resources
for intensive monitoring are limited. These cut-off values should be validated in prospective studies before widespread
clinical implementation. Furthermore, the dynamic monitoring of PNI during hospitalization may provide additional
prognostic information for instance, whether an increase in PNI following nutritional support correlates with improved
outcomes a hypothesis warranting future investigation.

Among patients with pulmonary infection, we further observed that lower PNI and higher MLR were independently
associated with in-hospital mortality. Infections during cancer treatment can disrupt scheduled chemotherapy, reduce
dose intensity, prolong hospitalization, and ultimately worsen oncological outcomes.’' In our study, a higher proportion
of non-survivors had received chemotherapy, which may reflect treatment-related immunosuppression. Chemotherapy-
induced myelosuppression, particularly neutropenia and lymphopenia, is a well-established risk factor for severe
infections and poor outcomes in cancer patients.’” Cytotoxic agents not only reduce the absolute number of immune
cells but also impair their function, including antigen presentation, pathogen clearance, and cytokine production.®?
Furthermore, chemotherapy can disrupt mucosal barriers in the respiratory tract, facilitating microbial invasion and
dissemination.®® These mechanisms collectively may render patients more vulnerable to infection progression and
mortality, particularly in the context of pre-existing nutritional deficits reflected by low PNI. Monocytes play pivotal
roles in antigen presentation, phagocytosis, and cytokine production, serving as precursors to macrophages and dendritic
cells.® An elevated MLR suggests a relative increase in monocyte-driven inflammation coupled with lymphopenia,
indicating an imbalanced immune response that has been linked to poorer outcomes in other inflammatory lung
conditions.>*>” The integration of PNI and MLR improved mortality prediction AUC=0.806, highlighting the additive
value of combining nutritional and inflammatory markers for risk stratification in this high-risk population. Notably, the
PNI cut-off of <46.20 for mortality demonstrated excellent sensitivity (93.48%), suggesting that it could serve as an
effective screening tool to identify infected patients at high risk of death who may benefit from early aggressive
intervention. The MLR cut-off 0f>0.35, with moderate sensitivity and specificity, may complement PNI by capturing
the inflammatory component of the risk profile. Future studies should incorporate additional clinical indicators such as
Eastern Cooperative Oncology Group (ECOG) performance status, nutritional interventions, and inflammatory cytokines
to further optimize predictive performance and validate these findings in prospective cohorts.

Our findings suggest that early identification of lung cancer patients with a low PNI at admission could facilitate
targeted clinical actions. Specifically, integrating PNI into routine admission assessments may help flag individuals at
higher risk for pulmonary infection or poor outcomes, prompting closer monitoring, timely microbiological investigation,
or consideration of prophylactic strategies. Furthermore, these results underscore the potential importance of nutritional
status in clinical outcomes. The association between low PNI and adverse events raises the possibility that systematic
nutritional assessment and early intervention such as dietary counseling, oral nutritional supplements, or immunonutrition
might help improve immune competence and potentially modify the risk trajectory in this vulnerable population. Our
findings extend the existing literature on PNI in several important ways. Previous studies have established PNI as
a prognostic factor for overall survival in various malignancies, including non-small cell lung cancer®’ and oral cancer.®
Matsuura et al’ reported that pre-durvalumab PNI predicted overall survival in stage III NSCLC patients after
chemoradiotherapy, consistent with our observation that low PNI is associated with poor outcomes. However, our
study specifically focuses on the association between admission PNI and concomitant pulmonary infection a distinct
endpoint that has been less explored in the oncologic literature. While Hazer et al*® demonstrated that low PNI predicted
postoperative infections following lobectomy in NSCLC patients, our study uniquely examines infection present at
admission and mortality among infected patients, providing insights applicable to both surgical and non-surgical
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candidates. Furthermore, while SII has been widely studied as an inflammatory marker in various diseases,?’ > its
combination with PNI for infection risk stratification, and the addition of MLR for mortality prediction, represent novel
integrated approaches that capture both nutritional and inflammatory dimensions. These findings complement prior work
by Zhang et al'? 1L,

and Peng et al, ” who demonstrated the utility of PNI in non-cancer populations (diabetic kidney disease
and migraine, respectively), by extending its applicability to the specific context of lung cancer complicated by infection.
Collectively, our results suggest that immunonutritional indices such as PNI, SII, and MLR may offer complementary
value in risk stratification and should be further explored in prospective, multi-center cohorts. However, this hypothesis
requires testing in prospective, interventional studies designed to evaluate whether nutritional support can effectively
reduce infection incidence or mortality in lung cancer patients with low PNI.

Several limitations of this study should be acknowledged. First, its retrospective, single-center design precludes
causal inference and may limit the generalizability of our findings. While our study included a diverse cohort of lung
cancer patients, the inherent heterogeneity of this population was not fully explored. Future studies should incorporate
stratified analyses based on specific pathological types (eg, adenocarcinoma, squamous cell carcinoma) and various
treatment modalities (eg, chemotherapy, targeted therapy, immunotherapy) to better delineate the prognostic value of PNI
in different clinical contexts and improve sample representativeness. Second, infection status was assessed at admission
rather than tracked as incident infections during hospitalization; accordingly, our results reflect the baseline burden of
concomitant infection rather than the ability to predict new-onset infections. Third, despite adjustment for multiple
confounders, residual confounding from unmeasured variables cannot be excluded. Key factors such as ECOG perfor-
mance status, smoking index, and prior antibiotic exposure, which may influence both nutritional status and clinical
outcomes, were not available in this retrospective dataset. Furthermore, data on specific nutritional interventions (eg,
protein supplementation, immunonutrition formulas) administered during hospitalization were not collected, precluding
analysis of their potential impact on reversing the risk associated with a low PNI. The potential benefit of such
interventions remains to be prospectively tested. Fourth, while we identified an association between low PNI and poor
outcomes, this study was not designed to evaluate the impact of these nutritional interventions. Fifth, no formal sample
size calculation was performed prior to this retrospective study, as is common in studies based on consecutive
admissions. However, post-hoc assessment confirmed that the sample size satisfied the events-per-variable criterion for
logistic regression (EPV > 10),'® supporting the reliability of our findings. Future prospective studies with larger,
multicenter cohorts are warranted to validate these results and to enable the stratified analyses mentioned above.
Sixth, the association between chemotherapy and higher mortality should be interpreted cautiously, as it may be
confounded by indication. Patients with more aggressive disease may be more likely to receive chemotherapy, and
these same factors could increase infection risk. Although we adjusted for pathological type and treatment modalities,
residual confounding from chemotherapy intensity, timing, or specific regimens cannot be excluded. Future studies with
detailed chemotherapy data are needed to clarify these effects. Finally, while we used traditional ROC analysis to
evaluate the discriminative ability of markers for in-hospital mortality, this approach does not account for the time-to-
event nature of survival outcomes. However, because our primary outcome was in-hospital mortality within a relatively
short and fixed hospitalization period, the use of time-dependent ROC and Cox regression was not applicable. Future
studies with longer follow-up and time-to-event data should employ these methods to assess long-term prognostic value.

In conclusion, this observational study demonstrates that admission PNI is independently associated with both the
presence of pulmonary infection and in-hospital mortality in lung cancer patients. When combined with SII or MLR, it
provides moderate discriminative ability for infection and mortality risk, respectively. These findings suggest that
integrating simple, routinely available immunonutritional indices into the initial assessment of hospitalized lung cancer
patients may aid in risk stratification. However, given the observational design, causal inferences cannot be drawn, and
the potential clinical utility of PNI-based profiling such as guiding enhanced infection surveillance or nutritional support
requires validation in prospective, interventional studies.
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