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Summary

Background: This study aimed to evaluate and compare
the diagnostic value of C-reactive protein (CRP), procalci-
tonin (PCT), neutrophil count (NC), and neutrophil-to-lym-
phocyte ratio (NLR) in peripheral blood for detecting bac-
terial infections in patients with non-small cell lung cancer
(NSCLC) following chemotherapy.

Methods: A total of 122 NSCLC patients treated at our hos-
pital between October 2021 and October 2024 were
enrolled. Of these, 72 patients with confirmed bacterial
infections post-chemotherapy were assigned to the infec-
tion group, while 50 patients without infections were
included in the non-infection group. General clinical data,
overall survival, and levels of CRP PCT, NC, and NLR were
compared between groups.

Results: Levels of CRP, PCT, NC, and NLR were significantly
higher in the infection group compared to the non-infec-
tion group (P<0.05). There was no significant difference in
overall survival between the two groups (P=0.749).
Receiver operating characteristic (ROC) curve analysis
showed that all four biomarkers had statistically significant
diagnostic value (P<0.05), with PCT demonstrating the
highest AUC (1.000), followed by NLR (0.981).
Conclusions: PCT and NLR are valuable biomarkers for
diagnosing bacterial infections in NSCLC patients after
chemotherapy. Due to their complementary diagnostic
strengths, PCT offers high specificity and NLR high sensi-
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Kratak sadrzaj

Uvod: Cilj ove studije je bio da se proceni i uporedi dijag-
nosti¢ka vrednost C-reaktivnog proteina (CRP), prokalci-
tonina (PCT), broja neutrofila (NC) i odnosa neutrofila i
limfocita (NLR) u perifernoj krvi za otkrivanje bakterijskih
infekcija kod pacijenata sa nemikrocelularnim karcinomom
plu¢a (NSCLC) nakon hemioterapije.

Metode: U studiju su bila uklju¢ena ukupno 122 pacijenta
sa NSCLC le¢ena u na$oj bolnici izmedu oktobra 2021. i
oktobra 2024. godine. Od toga je 72 pacijenata sa potvr-
denim bakterijskim infekcijama nakon hemioterapije svrsta-
no u grupu sa infekcijom, dok je 50 pacijenata bez infekcije
uklju¢eno u grupu bez infekcije. Uporedeni su opsti klinicki
podaci, ukupno prezivljavanje i nivoi CRP PCT, NC i NLR
izmedu grupa.

Rezultati: Nivoi CRR PCT, NC i NLR bili su znacajno vi$i u
grupi sa infekcijom u poredenju sa grupom bez infekcije
(P<0,05). Nije bilo znacajne razlike u ukupnom prezivlja-
vanju izmedu dve grupe (P=0,749). Analiza ROC krive je
pokazala da su sva Cetiri biomarkera imala statisti¢ki zna-
¢ajnu dijagnosti¢ku vrednost (P<0,05), pri ¢emu je PCT
imao najvecu povrdinu ispod krive (AUC 1,000), a zatim
NLR (0,981).

Zakljuéak: PCT i NLR su znacajni biomarkeri za dijagnos-
tikovanje bakterijskih infekcija kod pacijenata sa NSCLC
nakon hemioterapije. Zbog svojih komplementarnih dijag-
nosti¢kih svojstava — PCT pruza visoku specifi¢nost, a NLR
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tivity, and their combined use may enhance early detection
and improve clinical decision-making.

Keywords: non-small cell lung cancer, bacterial infec-
tions, CRP, PCT, neutrophil count, NLR

Introduction

Lung cancer (LC) remains the leading cause of
cancer-related morbidity and mortality worldwide,
with non-small cell lung cancer (NSCLC) accounting
for approximately 85% of all LC cases (1-4). While
early-stage NSCLC can often be managed effectively
with surgical intervention, the overall 5-year survival
rate remains below 20% (5, 6), primarily due to
delayed diagnosis. More than 75% of patients are
diagnosed at advanced stages when curative surgery
is no longer an option. Platinum-based chemotherapy
continues to be the cornerstone of first-line treatment
for advanced NSCLC, and although some patients
achieve remission, outcomes are frequently compro-
mised by treatment-associated complications (7, 8).

One of the most significant complications is the
high risk of nosocomial (hospital-acquired) bacterial
infections during chemotherapy. These infections are
particularly prevalent in advanced NSCLC patients
due to their immunocompromised state, reduced
organ function, and the myelosuppressive effects of
cytotoxic drugs. Such infections not only increase
hospitalisation time and healthcare costs but also hin-
der treatment continuity, reduce chemotherapy effica-
cy, and can even result in mortality (9).

Despite their clinical importance, bacterial infec-
tions during chemotherapy are notoriously difficult to
detect early, as their symptoms often overlap with
cancer-related systemic effects or chemotherapy-
induced side effects (10, 11). Traditional infection
markers such as white blood cell count and C-reactive
protein (CRP) are commonly used but may lack speci-
ficity in this context.

In recent years, procalcitonin (PCT) and the
neutrophil-to-lymphocyte ratio (NLR) have emerged
as more promising biomarkers for the early detection
of bacterial infections. PCT, a precursor of the hor-
mone calcitonin, is known to rise specifically in
response to bacterial infections, distinguishing them
from viral or inflammatory causes (12, 13).
Meanwhile, NLR — a ratio derived from routine blood
counts — reflects the balance between neutrophil-dri-
ven inflammation and lymphocyte-mediated immune
regulation. Elevated NLR has been shown to correlate
with bacterial infections and has demonstrated supe-
rior diagnostic value over some traditional markers in
oncology patients (14).

Therefore, this study aims to evaluate the diag-
nostic utility of CRP, PCT, neutrophil count, and NLR
in identifying bacterial infections in patients with
advanced NSCLC undergoing chemotherapy. By clar-

visoku senzitivnost — njihova kombinovana upotreba moze
pobolj$ati rano otkrivanje infekcija i unaprediti klini¢cko
odludivanje.

Kljuéne reéi: nemikrocelularni karcinom pluc¢a, bakte-
rijske infekcije, CRP PCT, broj neutrofila, NLR

ifying their clinical relevance, we hope to contribute
to improved infection management strategies, better
prognosis, and enhanced quality of life for this vulner-
able patient population.

Materials and Methods
General data

The 122 NSCLC patients under treatment in our
hospital from October 2021 to October 2024 were
selected as the research cohort; among them, 72
NSCLC patients with bacterial infections after
chemotherapy were chosen as the infection group,
and 50 NSCLC patients without bacterial infection
after chemotherapy received selection as non-infec-
tion group. All research cohorts signed informed con-
sent and voluntarily participated in this research. The
research plan has received approval from the hospi-
tal’s medical ethics committee. Inclusion criteria: All
NSCLC patients met diagnostic criteria for NSCLC in
the Clinical Practice Guidelines for Non-Small Cell
Lung Cancer (5th Edition, 2017) developed by the
National Comprehensive Cancer Network (NCCN) in
the United States (15); clinical staging met staging
criteria for NSCLC stage IlI-IV in the Clinical
Standards for Tumor Staging (8th Edition, 2017)
established by the American Joint Committee on
Cancer (AJCC) and the International Union for
Cancer Control (UICC) (16); all patients underwent
hospitalisation for at least one course of chemothera-
py; complete clinical data; expected survival period
was greater than 3 months. All patients in infection
group met Nosocomial Infection Diagnosis Standards
formulated by the National Health Commission;
patients received confirmation as bacterial infection
through positive bacterial culture results of clinical
specimens (e.g., sputum, blood, urine) combined
with imaging findings such as chest CT or X-ray show-
ing localised infiltrates consistent with bacterial pneu-
monia; non-infection patients received exclusion from
nosocomial infection through clinical examination
and negative microbiological testing; control group
received exclusion from malignancies and bacterial
infections through clinical examination. Exclusion cri-
teria: (1) Those with concomitant heart and brain
stroke, primary liver and kidney dysfunction, haema-
tological disorders and immunodeficiency; (2) those
who had been diagnosed with the bacterial infection
before admission; (3) those who had received anti-
tumour therapy before enrollment; (4) those with
tumour recurrence, distant metastasis, or concomi-
tant extrapulmonary primary malignancies.
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Observation indicators

(1) General data. The age, gender composition,
and comorbidities of all research subjects were com-
pared by reviewing their admission medical records
and physical examination registration forms. The
pathological types and tumour staging of patients in
infection and non-infection groups were compared by
reviewing their admission medical records. Among
them, diagnosis of diabetes, hypertension, coronary
heart disease, and chronic obstructive pulmonary dis-
ease (COPD) was based on the Medical Diagnosis
and Treatment Standards for diabetes (2019) (17),
the International Hypertension Practice Guidelines
(2020) (18), the Diagnosis and Treatment Guidelines
for Stable Coronary Heart Disease (2012) (19), and
the Global Strategy for Diagnosis, Management, and
Prevention of Chronic Obstructive Pulmonary Disease
(2017) (20). The NSCLC pathological types and
tumour staging were based on the Clinical Standards
for Tumor Staging (8th Edition, 2017) (16).

(2) CRP and PCT levels. The 4 mL fasting
peripheral venous blood specimens received collec-
tion from all subjects in duplicate, one of which
received anticoagulation treatment. The blood collec-
tion time for the infection group was the day of con-
firmed bacterial infection, typically occurring 5 to 10
days after chemotherapy; the blood collection time
for the non-infection group was standardised as day 7
post-chemotherapy, corresponding to the expected
period of bone marrow suppression; blood collection
time for the control group was the day of physical
examination. Blood specimens without anticoagula-
tion treatment were taken, let stand at room temper-
ature for coagulation, and received centrifugation at
a speed of 3000 r/min for 10 min to prepare serum
specimens. The A5000 dry fluorescence immunoas-
say analyser was utilised to detect whole blood CRP
and serum PCT levels through dry immunofluores-
cence quantification.

Table | General data in two groups.

(3) Peripheral blood NC and NLR levels. The
anticoagulant whole blood specimens were taken,
and the Bayer ADVIA 2120 automatic blood analyser
(Bayer Company, Germany) was utilised to test blood
routine indicators. The principle of combining flow
cytometry and laser counting was utilised for blood
routine five classification detection and analysis.

(4) Overall survival. The overall survival in both
groups was recorded.

Statistical analysis

SPSS 27.0 software and GraphPad Prism 9.0
were utilised for statistical data analysis. Measure-
ment data in line with normal distribution received
representation with (x = s). Multiple-group compar-
isons were conducted through analysis of variance,
with inter-group comparison through the SNK-q test.
The counting data received representation with [n
(%)], with inter-group comparison through the y? test.
The diagnostic value of indicators was analysed via
the receiver operating characteristic (ROC) curve,
with the area under the curve (AUC) as the evaluation
basis. The overall survival rate received was calculat-
ed using Kaplan-Meier analysis. P<0.05 indicated a
statistically significant difference.

Results

There was no marked difference in both groups
in terms of general data

The age, gender, underlying diseases, patholog-
ical types and clinical stages demonstrated no differ-
ence between infection and non-infection groups
(P>0.05; Table I).

Groups Non-infection group Infection group %/t P
N 50 72

Gender Male 40 (80.0) 60 (83.3) 0022 0.638
[n (%)] Female 10 (20.0) 12 (16.7)

Age (years) 59.04+8.14 59.79+8.66 0.51 0.611
Diabetes mellitus 8 (16.0) 10 (13.9)

Underlying diseases Hypertension 18 (36.0) 20 (27.8) 0.832 0.842
[n (%)] Coronary disease 6 (12.0) 11 (15.3)
COPD 5 (10.0) 8 (11.1)

Pathological types Squamous cell carcinoma 32 (64.0) 45 (62.5) 0.029 0.866
[n (%)] Adenocarcinoma 18 (36.0) 27 (37.5)

Clinical stages 1l 28 (56.0) 44 (61.1) 0.319 0.572
[n ()] \% 22 (44.0) 28 (38.9)
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Comparison of CRP PCT, NC and NLR levels in
peripheral blood between both groups

The CRP PCT, NC, and NLR levels in the infection
group demonstrated an elevation in comparison to
those in the non-infection group (P<0.05; Figure 1).

Comparison of overall survival between both
groups
The overall survival demonstrated no difference

in the infection group in comparison to that in the
non-infection group (P=0.749; Figure 2).

ROC curve of peripheral blood CRE PCT, NC
and NLR in diagnosing bacterial infections in
NSCLC patients after chemotherapy

Among four blood biomarkers, ROC curves of
CRP, PCT, NC and NLR diagnosing bacterial infection

in NSCLC patients after chemotherapy were repre-
sented in Figure 3.

Comparison of the predictive value of CRR
PCT, NC and NLR levels in diagnosing
bacterial infections in NSCLC patients after
chemotherapy

The AUC values of CRP PCT, NC and NLR for
diagnosing bacterial infections in NSCLC patients
after chemotherapy received comparison, illustrating
statistical significance (P<0.05; Table II). Among
them, PCT had the highest AUC value of 1.000, and
next was the AUC value of NLR (0.981; Table II).
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Figure 3 ROC curve of four indicators in diagnosing bacterial infections in NSCLC patients after chemotherapy.

Table Il Comparison of predictive value of CRP, PCT, NC and NLR levels in diagnosing bacterial infections in NSCLC patients

after chemotherapy.

Groups AUC SE P 95% ClI Cutoff value Sensitivity Specificity
CRP (mg/L) 0.871 0.06 <0.001 0.418-0.655 8.14 30.00% 96.00%
PCT (ng/mL) 1 0.023 <0.001 0.918-1.000 0.92 94.00% 98.00%
NC (x10%/L) 0.84 0.049 <0.001 0.642-0.835 6.35 66.00% 72.00%
NLR 0.981 0.031 <0.001 0.856-0.979 4.82 88.00% 88.00%
%2 66.787 / / / / 118.646 41.169
P <0.001 / / / / <0.001 <0.001
Discussion depicts elevation relative to those who only complete

Currently, therapy for advanced NSCLC in clini-
cal practice is majorly based on internal medicine.
Though new treatment technologies such as targeted
therapy and immunotherapy have made remarkable
advancements in recent years, the first-line therapy
plan for advanced NSCLC still relies majorly on
chemotherapy. It has been demonstrated that various
elements are influencing the progression-free survival
of NSCLC patients after chemotherapy, including not
only the clinical stage but also changes in tumour
markers; it also includes the number of chemotherapy
courses completed and median progression-free sur-
vival of patients who can complete 4-6 courses

1-3 courses (21). Thus, mitigating chemotherapy side
effects and complications, elevating patient tolerance
to chemotherapy, and ensuring sufficient therapy
cycles are vital steps in delaying tumour progression
and prolonging survival. Nosocomial infection is the
most common complication among hospitalised
chemotherapy patients. The age, pre-chemotherapy
physical and nutritional status, underlying diseases,
clinical staging, pathological types, chemotherapy reg-
imen, chemotherapy cycle, post-chemotherapy white
blood cell (WBC) count, invasive procedures and other
elements of advanced NSCLC patients can all affect
their infection risk and types after chemotherapy (22),
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with the respiratory system being the primary site of
infection; next are the digestive system and urinary
system, and Gram-negative bacteria are major
pathogens leading to bacterial infection after
chemotherapy (23). It suggests that clinicians should
pay attention to evaluating infection risk in advanced
NSCLC patients undergoing chemotherapy; during
the chemotherapy process, attention should be paid to
modulating and supporting its immune function and
nutritional status; in the hospitalisation process, atten-
tion should be paid to aseptic operation and ward dis-
infection and sterilisation to reduce colonisation and
reproduction of pathogenic bacteria under hospital
environmental conditions; for patients with symptoms
of infection, broad-spectrum antibacterial drugs
should be chosen for empirical therapy to ensure
effectiveness of anti-infection treatment.

Herein, we validated the diagnostic value of PCT
and NLR in bacterial infections after chemotherapy
through comparative analysis. In contrast, NC and
CRP had remarkably low diagnostic values, which is
basically consistent with the results of previous
research (24). The reason may be that NC and CRP
are affected by immune stress elements such as
tumours, chemotherapy, etc., and fail to reflect the
occurrence of bacterial infections specifically. Though
research on biomarkers for bacterial infection has
achieved certain progress in recent years, massive
infection biomarkers with good application prospects
have been screened. Nevertheless, clinical diagnosis
of bacterial infection is majorly based on clinical sta-
tus, imaging manifestations, blood routine, pathogen
culture and acute phase protein levels such as PCT
and CRP currently; for advanced NSCLC patients
receiving chemotherapy, imaging manifestations and
WBC count are different from ordinary patients and
difficult to apply as a diagnostic basis, and clinical
symptoms lack specificity. Furthermore, a pathogenic
examination has limitations in terms of a low positive
rate and a long period of obtaining results; thus,
serum acute phase proteins are crucial diagnostic
auxiliary markers. For multiple years, the relationship
between PCT and infection has been recognised by
the academic community, mainly when severe bacte-
rial infections occur in the body, a marked serum PCT
upregulation can be observed; nevertheless, in
inflammatory responses and mild infections due to
viral infections, autoimmune diseases, organ trans-
plant rejection, etc., serum PCT upregulation is not
remarkable; thus, PCT possess high specificity and
sensitivity in diagnosis and differentiation of bacterial
infections. In relevant research, the diagnostic value
of serum PCT for bacterial infections in patients with
lung cancer, COPD and other lung diseases has been
illustrated. PCT can be applied to guide the applica-
tion of antibiotics, predicting outcomes and prognosis
of disease (25).

In This study, serum PCT demonstrated an AUC
of 1.000 in diagnosing bacterial infections among

NSCLC patients after chemotherapy, with high sensi-
tivity and specificity. While this finding underscores the
strong diagnostic performance of PCT, we acknowl-
edge that an AUC of 1.000 is very rare in clinical
research and may reflect potential overfitting or sam-
pling bias. This result could be influenced by factors
such as the relatively small sample size, single-centre
design, and strict inclusion/exclusion criteria, which
may have minimised clinical variability. Furthermore,
bacterial infection diagnoses were based on culture
results and imaging findings, which themselves are
not perfect gold standards and may contribute to
inflated diagnostic estimates. Therefore, we recom-
mend cautious interpretation of this result and empha-
sise the need for external validation in larger, multicen-
ter cohorts to confirm the generalizability and
robustness of PCT’s diagnostic utility in this setting.

NLR is a novel inflammatory marker that has
received widespread attention in recent years. NLR is
associated with malignancies, sepsis, acute pancreati-
tis, cardiovascular diseases and other diseases. Since
NLR can receive calculations based on blood routine
results, it has advantages of convenience, speed,
affordability, repeatability, etc., which has good appli-
cation prospects in communities and grassroots med-
ical institutions. During chemotherapy in advanced
NSCLC patients, when changes in traditional blood
routine indicators such as WBC cannot indicate infec-
tion, the indicative role of systemic inflammatory indi-
cators such as NLR in infection receives highlighting.
Scholars have demonstrated that in the diagnosis of
bacterial infections after chemotherapy, the diagnos-
tic value of NLR depicts elevation relative to tradition-
al blood routine indicators such as WBC, NC, average
neutrophil volume, etc. (26), which is basically consis-
tent with the results of this research. Furthermore,
overall survival demonstrated no difference in the
infection group, which showed elevation in compari-
son to those in a non-infection group, suggesting that
infection was not an independent risk element for the
overall survival of NSCLC patients after chemothera-
py. Thus, infection biomarkers are not considered
alone in predicting the survival of NSCLC patients.

Thus, infection biomarkers are not considered
alone in predicting the survival of NSCLC patients.

Additionally, prior use of antibiotics before bio-
marker sampling may have influenced the results.
Early empirical treatment could suppress infection
markers like PCT, CRP, and NLR, leading to an under-
estimation of their diagnostic value. Since detailed
antibiotic timing was not consistently recorded, this
remains a potential confounding factor that should be
addressed in future studies.

This study has several limitations that may affect
the interpretation and generalizability of the results.
First, the relatively small sample size from a single
institution may limit the applicability of the findings to
broader NSCLC populations. Second, the absence of
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a separate validation cohort restricts the ability to con-
firm the diagnostic performance of the biomarkers
assessed. Third, the timing of biomarker measure-
ments in relation to the exact onset of infection was
not consistently defined, which may have influenced
the observed marker levels and diagnostic accuracy.
Future studies should aim to include larger, multicen-
ter cohorts with well-defined infection timelines and
incorporate external validation sets to confirm these
findings and enhance their clinical relevance.

Conclusion

In conclusion, this study compared the diagnos-
tic value of multiple biomarkers. It confirmed the clin-
ical utility of novel indicators such as PCT and NLR in
detecting bacterial infections in advanced NSCLC
patients undergoing chemotherapy. While NLR
demonstrated high sensitivity and PCT showed excel-
lent specificity and prognostic value, their combined
use is particularly valuable due to these complemen-
tary characteristics. Therefore, when microbiological
confirmation is delayed or unavailable, clinicians are
encouraged to interpret PCT and NLR together to
enhance early diagnostic accuracy and guide timely
treatment decisions more effectively.
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