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Abstract

Aims/Background: This study aimed to evaluate the predictive value of the hemoglobin, albumin, lymphocyte, and platelet (HALP)
score for pulmonary infections in patients with non-small cell lung cancer (NSCLC) undergoing chemotherapy. Methods: A total of
180 NSCLC patients admitted to Anhui Public Health Clinical Center between January 2021 and December 2023 were enrolled. Pa-
tients were divided into an infection group (n = 65) and a non-infection group (n = 115) based on the occurrence of pulmonary infection
during chemotherapy. Univariate and multivariate binary logistic regression analyses were performed to identify factors associated with
pulmonary infections in NSCLC patients. Pearson correlation analysis was used to examine relationships between variables, and the
predictive value of the HALP score was assessed using receiver operating characteristic (ROC) curve analysis. Results: There were no
statistically significant differences between the two groups in age, gender, body mass index (BMI), hypertension, NSCLC subtype, serum
potassium and calcium levels, pathological stage, total protein, or white blood cell count (WBC) (p> 0.05). However, significant differ-
ences were observed for the presence of diabetes, hemoglobin (Hb), albumin (ALB), platelet count (PLT), lymphocyte count (LYM), and
HALP score (p < 0.05). Multivariate logistic regression analysis identified diabetes and HALP as independent predictors of pulmonary
infections in NSCLC patients during chemotherapy (p < 0.05). ROC analysis showed that the area under the curve (AUC) for HALP
was 0.812 (standard error = 0.031; 95% confidence interval (CI): 0.752–0.873; p < 0.05), with a Youden index of 0.55. At the optimal
cutoff value, the sensitivity and specificity were 89.23% and 66.09%, respectively. Patients with HALP scores<17.89 had a significantly
higher incidence of pulmonary infection compared to those with HALP scores ≥17.89 (p < 0.05). Conclusion: The HALP score is a
valuable predictor of pulmonary infections in NSCLC patients undergoing chemotherapy and may aid in early risk stratification.
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1. Introduction
Non-small cell lung cancer (NSCLC), one of the ma-

lignant tumors with high incidence andmortality rates glob-
ally, has seen diversified treatment modalities that bring
more hope for patient survival [1,2]. Chemotherapy, as
a crucial approach in the management of NSCLC, signif-
icantly prolongs patient survival and improves their qual-
ity of life by inhibiting the proliferation and spread of tu-
mor cells [3,4]. However, while chemotherapy drugs eradi-
cate tumor cells, they also damage normal tissue cells, lead-
ing to compromised immune function and an increased risk
of various complications, with pulmonary infections being
among the most common and severe. Pulmonary infections
not only interrupt the smooth progression of chemotherapy
but also pose a serious threat to patient survival. Therefore,
effectively predicting and preventing pulmonary infections
in NSCLC patients during chemotherapy has become a cur-
rent focus and challenge in clinical research [5].

The hemoglobin, albumin, lymphocyte, and platelet
(HALP) score was selected to predict pulmonary infection

during chemotherapy in patients with non-small cell lung
cancer. Because it integrates four indicators, hemoglobin,
albumin, lymphocytes, and platelets, it can comprehen-
sively reflect the nutritional and immune status of the
patient, which is closely related to infection risk. The
study methodology may involve collecting blood data from
patients before chemotherapy, calculating HALP scores,
and determining their association with pulmonary infection
through statistical analysis. An advantage of the HALP
score is that it is simple, cost-effective, and can be de-
rived from routine blood tests. Additionally, it demon-
strates high predictive accuracy, allowing for early iden-
tification of high-risk patients and implementation of tar-
geted preventive strategies. Previously, the HALP score
has been used to evaluate the prognosis of various tumors,
including surgical outcomes in NSCLC and the efficacy of
first-line therapy in small cell lung cancer, both showing
promising clinical value [6,7]. Its major research signifi-
cance lies in providing a new evaluation tool for infection
prevention and control during chemotherapy in NSCLC pa-
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tients, potentially reducing infection rates and improving
patient prognosis.

Therefore, this study aims to explore the predictive
value of the HALP score for pulmonary infections in
NSCLC patients undergoing chemotherapy, with the goal
of providing a scientific basis for early identification of
high-risk individuals and developing personalized preven-
tion and treatment strategies. By investigating the relation-
ship between the HALP scores and pulmonary infections,
a deeper understanding of the pathogenesis of these infec-
tions during chemotherapy may be achieved, thereby guid-
ing clinical practice more effectively and improving both
therapeutic outcomes and the quality of life of NSCLC pa-
tients.

2. Methods
2.1 Research Objects

A total of 180 patients with non-small cell lung can-
cer (NSCLC) admitted to the Anhui Public Health Clini-
cal Center between January 2021 and December 2023 were
selected for this study. Patients were categorized into an
infection group (n = 65) and a non-infection group (n =
115) based on the occurrence of pulmonary infections dur-
ing chemotherapy (Fig. 1). The inclusion criteria were as
follows: (1) all patients met the clinical diagnostic crite-
ria for non-small cell lung cancer [8]; (2) patients had no
pre-existing lung complications caused by other diseases.
The exclusion criteria were as follows: (1) patients with
concomitant lung diseases; (2) patients with psychiatric
disorders; (3) patients on long-term anticoagulant therapy;
(4) patients experiencing severe adverse reactions during
chemotherapy or unable to undergo chemotherapy due to
other reasons; (5) patients with concurrent other infectious
diseases.

2.2 Research Methods
2.2.1 Criteria for Pulmonary Infection Assessment

Patients exhibited symptoms such as coughing and
sputum production, with or without fever, during the first
four cycles of chemotherapy. Additionally, imaging find-
ings on lung computed tomography (CT) scans showed
infection-related changes, including pulmonary infiltrates,
consolidation, or cavitation. Bacterial cultures of respira-
tory secretions were performed, and pathogenic organisms
were successfully cultured. The identification and culture
of respiratory secretions in this study were conducted using
the fully automated bacterial identification system avail-
able in the Anhui Public Health Clinical Center’s labora-
tory (VITEK 2 COMPACT (bioMérieux, Marcy-l’Étoile,
France); BD M-50 (Becton, Dickinson and Company,
Franklin Lakes, NJ, USA). Further testing was performed
using antigen detection methods. Based on this combined
information, the presence of a pulmonary infection in each
patient was determined.

Fig. 1. Flowchart of patient selection and grouping.

2.2.2 Laboratory Parameters

All patients underwent fasting and early-morning
blood sampling before chemotherapy. Pre-chemotherapy
screening included the following parameters: blood potas-
sium, blood calcium, hemoglobin (Hb), albumin (ALB),
lymphocyte count (LYM), platelet count (PLT), total pro-
tein (TP), and white blood cell count (WBC). Two to three
milliliters of fasting venous blood were collected from each
patient.

Complete Blood Count (CBC) test (including WBC,
Hb, LYM, and PLT): Blood samples were collected using
disposable vacuum blood collection tubes (Jiangsu Rongye
Technology Co., Ltd., Suzhou, China; Suzhou Medical
Equipment Permit No. 20152220233, 2 mL) under nega-
tive pressure for analysis.

Biochemical tests (including albumin, total protein,
blood potassium, and blood calcium): Blood was collected
using disposable vacuum blood collection tubes (Suzhou
Medical Equipment Permit No. 20152220233, 5 mL) under
negative pressure for biochemical analysis.

2.2.3 HALP Calculation

HALP scores were calculated using the following for-
mula:

HALP [9] = (Hemoglobin× Albumin ×
Lymphocyte Count) / Platelet Count.
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2.3 Statistical Analysis
The experimental data collected were analyzed using

SPSS version 27.0 (IBM Corporation, Armonk, NY, USA).
The Shapiro-Wilk test was applied to test for normality
of data. For metric data that followed a normal distribu-
tion, results were expressed as mean ± standard deviation
(x̄ ± S), and independent sample t-tests were employed
for comparisons. Categorical data were presented as fre-
quencies or percentages, with comparisons made using the
chi-square (χ2) test. After univariate analysis of poten-
tial influencing factors, collinearity diagnostics were per-
formed. Binary logistic regression analysis was then con-
ducted to identify factors influencing pulmonary infections
during chemotherapy in NSCLC patients. The predictive
value of HALP for pulmonary infections during chemother-
apy in NSCLC patients was evaluated using the receiver op-
erating characteristic (ROC) curve. A p-value < 0.05 was
considered statistically significant.

3. Results
3.1 Univariate Analysis of Factors Influencing Pulmonary
Infections in NSCLC Patients Undergoing Chemotherapy

Comparisons of age, gender, body mass index (BMI),
hypertension, NSCLC subtype, blood potassium, blood cal-
cium, pathological stage, total protein, and WBC showed
no statistically significant differences between the infection
and non-infection groups (p> 0.05). However, statistically
significant differences were observed in the presence of di-
abetes, Hb, ALB, PLT, LYM, and HALP score (p < 0.05),
as shown in Table 1.

3.2 Binary Logistic Regression Analysis of Influencing
Factors

Collinearity tests were performed on the significant
factors identified in the univariate analysis, resulting in
the exclusion of Hb, ALB, LYM, and PLT due to multi-
collinearity. HALP and diabetes were used as independent
variables, with values assigned as follows: actual HALP
values and diabetes coded as yes = 1, no = 0. The depen-
dent variable was pulmonary infection during chemother-
apy in NSCLC patients (infection = 1, non-infection = 0).
The results of the binary logistic regression analysis indi-
cated that HALP and diabetes were significant influencing
factors for pulmonary infections in NSCLC patients under-
going chemotherapy (p < 0.05), as shown in Table 2.

3.3 ROC Curve Analysis of Predictive Value
ROC analysis results indicated that the area under the

curve (AUC) for HALP was 0.812, with a standard error
of 0.031 (95% confidence interval (CI): 0.752–0.873, p <

0.05), and a Youden index of 0.55. At this point, the sen-
sitivity was 89.23% and the specificity was 66.09%. The
cutoff value was determined based on the maximum sum
of sensitivity and specificity, corresponding to the HALP
value at the highest point on the ROC curve. HALP thus

demonstrated high clinical application value in predict-
ing pulmonary infections in NSCLC patients undergoing
chemotherapy. Refer to Table 3 and Fig. 2 for details.

3.4 Optimal Cutoff Value of HALP and Patient Infection
Rate

The infection rate among patients with HALP<17.89
was significantly higher than that among patients with
HALP ≥17.89, and the difference was statistically signifi-
cant (p < 0.05), as shown in Table 4.

Fig. 2. ROC curve of HALP score for predicting pulmonary
infections.

4. Discussion
This study aimed to investigate the predictive value of

HALP score for pulmonary infections during chemother-
apy in non-small cell lung cancer (NSCLC) patients. By
conducting univariate analysis, binary logistic regression
analysis, and receiver operating characteristic (ROC) curve
analysis on clinical data of 180 NSCLC patients, several
significant conclusions were obtained.

In this study, the HALP score and its components,
Hb, ALB, and PLT, were found to play significant roles in
the occurrence of pulmonary infections during chemother-
apy in NSCLC patients. Notably, patients in the infec-
tion group had significantly lower levels of Hb, ALB, and
PLT compared to those in the non-infection group, and the
HALP score was also significantly lower in the infection
group. These findings suggest that NSCLC patients un-
dergoing chemotherapy with lower levels of Hb, ALB, and
PLT may face a higher risk of developing pulmonary infec-
tions. Hemoglobin, a key protein responsible for oxygen
transport in red blood cells, is critical for maintaining tis-
sue oxygenation [10]. A decrease in its levels may lead to
tissue hypoxia, impairing the normal function of immune
cells, and thereby increasing the risk of infection [11]. Pre-
vious research by Ding et al. [12] also identified albumin as
a factor influencing postoperative pulmonary infections in
NSCLC patients, which is consistent with the present study
and provides further support for this association. ALB,
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Table 1. Univariate analysis of factors influencing pulmonary infections in NSCLC patients during chemotherapy.
Variable Infection group (n = 65) Non-infection group (n = 115) t/χ2 value p-value

Age (years) 58.26 ± 7.55 56.98 ± 7.27 1.119 0.265
Gender 0.033 0.856
Male 33 60
Female 32 55

BMI (kg/m2) 21.12 ± 1.85 21.08 ± 1.73 0.145 0.885
Hypertension 0.073 0.787
Yes 10 16
No 55 99

Diabetes 3.966 0.046
Yes 21 22
No 44 93

NSCLC type 4.091 0.252
Adenocarcinoma 41 55
Squamous cell carcinoma 16 43
Large cell carcinoma 5 10
Other 3 7

Potassium (mmol/L) 4.26 ± 0.16 4.22 ± 0.15 1.677 0.095
Calcium (mmol/L) 2.24 ± 0.15 2.25 ± 0.14 0.449 0.654
Pathological stage 1.791 0.181
Ⅰ–Ⅱ 30 65
Ⅲ–Ⅳ 35 50

Hb (g/L) 124.66 ± 2.84 142.66 ± 7.39 18.848 <0.001
ALB (g/L) 31.14 ± 2.15 35.39 ± 3.20 9.619 <0.001
LYM (×109/L) 0.65 ± 0.13 0.72 ± 0.14 3.348 0.001
PLT (×109/L) 174.17 ± 8.44 185.08 ± 8.20 8.646 <0.001
HALP score 14.43 ± 2.94 19.69 ± 4.74 8.103 <0.001
Total protein (g/dL) 5.50 ± 0.31 5.48 ± 0.28 0.443 0.659
WBC (×109/L) 7.51 ± 2.18 7.37 ± 2.41 0.387 0.699
Note: NSCLC, non-small cell lung cancer; BMI, body mass index; Hb, hemoglobin; ALB, albumin; LYM, lym-
phocyte count; PLT, platelet count; WBC, white blood cell count; HALP, hemoglobin, albumin, lymphocyte, and
platelet.

Table 2. Binary logistic regression analysis of influencing factors for pulmonary infections.

Factor β SE Wald p-value Exp (β)
95% CI Collinearity

Lower limit Upper limit Tolerance VIF

HALP –0.313 0.050 38.631 <0.001 0.731 0.663 0.807 0.996 1.004
Diabetes 1.136 0.456 6.207 0.013 3.114 1.274 7.609 0.969 1.032
Constant 4.425 0.815 29.487 <0.001 83.494 - - - -
Note: HALP was included in the multivariate model as a composite index to account for collinearity among its
components. CI, confidence interval; SE, standard error; VIF, variance inflation factor.

Table 3. ROC curve analysis of predictive value for pulmonary infections.
Variable AUC Standard error 95% CI Youden index Sensitivity Specificity p-value Optimal cutoff value

HALP 0.812 0.031 0.752–0.873 0.55 89.23 66.09 <0.001 17.89
Diabetes 0.566 0.045 0.477–0.655 0.13 32.31 80.87 0.142 -
Note: AUC, area under the curve; ROC, receiver operating characteristic; CI, confidence interval.

the most abundant plasma protein, serves multiple phys-
iological functions, including maintaining plasma colloid
osmotic pressure and transporting nutrients and metabolic
waste [13,14]. A decline in ALB levels may indicate mal-

nutrition or compromised immune function, which can also
elevate the risk of infection [15]. PLT, as a vital blood com-
ponent, participates in hemostasis and plays a significant
role in inflammatory and immune responses. A decrease in
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Table 4. Comparison of pulmonary infection rates based on HALP score cutoff value.
Group HALP <17.89 (n = 97) HALP ≥17.89 (n = 83) χ2 p-value

Infection rate (%) 44.33 26.51 6.159 0.013
Number of infections 43 22
Number without infection 54 61

PLT count during chemotherapy may weaken the defense
capacity against infections. Previous research by Unal et al.
[16] showed that PLT could serve as a prognostic indicator
during chemotherapy and may be independently associated
with chemotherapy outcomes. These observations further
support the relevance and consistency of the findings of this
study.

Previous studies have focused on individual labora-
tory indicators as standalone factors. However, considering
the aforementioned influencing factors, it can be observed
that these variables are closely associated with the HALP
score. The HALP score, as an important indicator reflect-
ing the overall nutritional status and immune condition of
patients, may reflect a decline in immune function when de-
creased, making patients more susceptible to pulmonary in-
fections [17,18]. This study further examined the relation-
ship between various factors and the HALP score and ana-
lyzed its value in predicting pulmonary infections. Through
ROC curve analysis, the predictive value of the HALP score
for pulmonary infections during chemotherapy in NSCLC
patients was further evaluated. The results indicated that
the area under the curve (AUC) for HALP was 0.812, with
a standard error of 0.031 (95% CI: 0.752–0.873), and a
Youden index of 0.55. At this threshold, the sensitivity was
89.23%, and the specificity was 66.09%. These findings
suggest that the HALP score has relatively high sensitiv-
ity in predicting pulmonary infections during chemother-
apy in NSCLC patients, while its specificity is compara-
tively lower. Sensitivity reflects the potential of the model
to correctly identify infected patients, while specificity re-
flects its ability to correctly identify non-infected patients.
The high sensitivity of the HALP score in this study indi-
cates a strong ability to identify patients at risk of develop-
ing pulmonary infections during chemotherapy. However,
the relatively lower specificity suggests certain limitations
in distinguishing non-infected individuals, likely due to the
complexity of HALP as a composite index integrating mul-
tiple interrelated components. Future studies may focus on
optimizing the composition and calculation of the HALP
score to improve its specificity and overall predictive per-
formance.

Additionally, this study identified that diabetes is
another factor influencing pulmonary infections during
chemotherapy in NSCLC patients. The proportion of pa-
tients with diabetes was significantly higher in the infection
group than in the non-infection group, suggesting that dia-
betes may increase the risk of pulmonary infections during
chemotherapy in NSCLC patients. As a metabolic disorder,

diabetes is often associatedwith impaired immune function,
hyperglycemia, and other pathophysiological changes that
can elevate infection risk [19]. Further analysis of diabetes
as a predictive factor for pulmonary infections revealed an
AUC of 0.566 with a standard error of 0.045 (95% CI:
0.477–0.655), and a Youden index of 0.13. At this thresh-
old, the sensitivity was 32.31%, and the specificity was
80.87%. Compared to HALP score, diabetes showed lower
predictive value and lower sensitivity, further highlighting
the advantages of the HALP score in predicting pulmonary
infections during chemotherapy in NSCLC patients.

The high sensitivity of the HALP score indicates that
patients with actual pulmonary infections can bemore accu-
rately identified, reducing missed diagnoses. However, this
may be accompanied by an increased number of false pos-
itive results. Low specificity suggests that some patients
who are unlikely to develop infections may be misclassi-
fied as high risk, potentially leading to unnecessary inter-
ventions. This trade-off must be interpreted in the context
of clinical practice. If the consequences of infection are se-
vere, higher sensitivity may be prioritized to ensure early
detection. Conversely, if medical resources are limited or
interventions carry significant side effects, lower specificity
could impose an added burden. Therefore, the advantages
and limitations should be balanced, and additional indica-
tors may be incorporated to optimize the overall evaluation
strategy where appropriate.

The results of this study provide new insights and
approaches for predicting pulmonary infections during
chemotherapy in NSCLC patients. The HALP score, as a
simple and feasible predictive tool, can be widely imple-
mented in clinical practice. By regularly monitoring the
levels of Hb, ALB, LYM, and PLT in NSCLC patients and
calculating the HALP score, clinicians can identify high-
risk patients early. This enables the implementation of tar-
geted preventive measures such as enhancing nutritional
support, improving immune function, and judicious use of
antibiotics to reduce the incidence of pulmonary infections,
thereby improving treatment outcomes and quality of life
for patients.

Although this research has achieved certain results,
there are still some shortcomings. Firstly, no prior power
analysis was conducted, and the single-center sample size
from our hospital was limited, possibly leading to selection
bias and affecting result universality. Secondly, specific
chemotherapy details like drug types and dosages weren’t
considered, and other potential confounding factors weren’t
fully accounted for in variable analysis. Moreover, it was a
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retrospective analysis with possible information bias. Ad-
ditionally, exploring the combined application of HALP
score with other indicators, its biological mechanisms, and
differentiating among infection pathogens, as well as con-
ducting long-term follow-up, could enhance predictive ac-
curacy and comprehensively assess its long-term impact on
patients.

5. Conclusion
In conclusion, this study provides new insights

and methods for predicting pulmonary infections during
chemotherapy in NSCLC patients by evaluating the pre-
dictive value of the HALP score. As a simple and prac-
tical predictive tool, the HALP score demonstrates signifi-
cant potential for identifying high-risk patients and guiding
early intervention strategies, making it worthy of broader
application and promotion in clinical practice. Future re-
search may further optimize the composition and calcula-
tion method of the HALP score to enhance its predictive
value. Additionally, integrating HALP with other biomark-
ers or clinical indicators could provide stronger support for
the prevention and management of pulmonary infections in
NSCLC patients undergoing chemotherapy.

Key Points
• Multivariate analysis showed that the HALP score and
diabetes were the influential factors for lung infection in
NSCLC patients undergoing chemotherapy.

• ROC curve analysis showed that the area under the
curve of the HALP score was 0.812, the sensitivity was
89.23%, and the specificity was 66.09%.

• The infection rate in patients with a HALP score<17.89
was significantly higher than that in patients with a
HALP score ≥17.89.

• The HALP score has a certain value in predicting lung
infection in NSCLC patients undergoing chemotherapy.
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