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and Early Progression in Non-small Cell Lung Cancer
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Abstract

Background/Aim: Elevated white blood cell (WBC) counts, frequently observed in patients with non-small cell lung
cancer (NSCLC), are associated with poor prognosis; however, their relevance in the era of immune checkpoint
inhibitor (ICI)-based therapy remains unclear.

Patients and Methods: We retrospectively analyzed 103 patients with advanced or recurrent NSCLC. Patients were
stratified according to the presence of leukocytosis (WBC 210,000/pl). Clinical characteristics, treatment responses,
progression-free survival (PFS), and overall survival (OS) were compared between groups. Multivariate Cox
proportional hazards models were used to identify independent prognostic factors.

Results: Patients with elevated WBC counts were younger, had higher C-reactive protein (CRP) levels, tended to have
a higher frequency of PD-L1 tumor proportion score (TPS) positivity at baseline, and exhibited a significantly lower
objective response rate to first-line therapy (p=0.044). Kaplan-Meier analysis showed that elevated WBC counts were
significantly associated with shorter PFS (p<0.001). In multivariate Cox analysis, an elevated WBC count remained
independently associated with poorer PFS [hazard ratio (HR)=4.625, 95% confidence interval (CI)=1.969-10.864,
p<0.001]. An optimal CRP cutoff value of 0.555 mg/dL was identified via receiver operating characteristic analysis.
Elevated CRP levels were independently associated with worse OS (HR=2.251,95%CI=1.110-4.567, p=0.025) and PFS
(HR=1.729,95%CI=1.080-2.769, p=0.023).

Conclusion: Pretreatment leukocytosis was associated with early disease progression in NSCLC, even in PD-L1-positive
cases. Furthermore, elevated CRP levels provided additional prognostic stratification for PFS and OS. Thus, WBC count
and CRP may serve as practical and readily accessible tools for early treatment evaluation and risk stratification in the
management of NSCLC in the ICI era.
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Introduction

Tumor-associated leukocytosis (TAL) is a well-recognized
paraneoplastic syndrome in lung cancer and is considered
to be induced by tumor-derived cytokines, including
granulocyte colony-stimulating factor (G-CSF) and other
inflammatory mediators (1, 2). In patients with non-
small cell lung cancer (NSCLC), the presence of TAL has
been reported to be associated with poorer survival and
increased biological aggressiveness of tumors in previous
studies (1, 3, 4).

In routine clinical practice, elevated white blood cell
(WBC) counts are frequently encountered in patients
with lung cancer. Approximately 14-15% of patients
with newly diagnosed lung cancer present with
leukocytosis at baseline (2, 5). However, the precise
prevalence of tumor-related leukocytosis (TRL), defined
as leukocytosis driven by tumor-derived cytokines
rather than infection or other secondary causes,
remains unclear owing to a lack of well-established
epidemiological data (6).

Notably, most previous studies investigating the
prognostic impact of leukocytosis in NSCLC were
conducted in an era when cytotoxic chemotherapy alone
constituted the standard of care for systemic treatment.
With the widespread adoption of immune checkpoint
inhibitors (ICIs) as a standard treatment option, either
as monotherapy or as part of combination regimens with
chemotherapy, the clinical significance of pretreatment
WBC counts in the current therapeutic landscape has not
been fully elucidated.

Given the growing importance of immunotherapy
in the management of advanced NSCLC, clarifying the
prognostic and clinical implications of baseline WBC
counts in patients treated with contemporary ICI-
based regimens is of substantial clinical relevance.
Therefore, in this study, we retrospectively investigated
the association between pretreatment WBC counts and
clinical characteristics, as well as survival outcomes, in
patients with NSCLC who received standard treatments
including ICls.

Patients and Methods

Study population. We conducted a retrospective analysis
of patients with NSCLC who initiated systemic anticancer
therapy for stage IIIB disease, stage IV disease, or
postoperative recurrence at Kanazawa Medical University
Hospital between January 2014 and January 2024. Patients
were excluded if they had received systemic antibiotic
therapy for suspected infection within one week prior
to the initiation of anticancer treatment, were receiving
systemic corticosteroid therapy at baseline, or experienced
recurrence after definitive chemoradiotherapy. After
applying these exclusion criteria, a total of 103 patients
were included in the final analysis.

Definition of leukocytosis and clinical variables.
Leukocytosis was defined as a baseline white blood cell
(WBC) count of210,000/ul measured before the initiation
of systemic therapy. This cutoff value has been widely
used in previous oncological studies and pooled analyses
of cohorts of patients with lung cancer (2, 7, 8). Patients
were stratified into high-WBC count (WBC 210,000/ul)
and low-WBC count (WBC <10,000/pl) groups, and clinical
characteristics were compared between the two groups.

Statistical analysis. All statistical analyses were performed
using SPSS software, version 26.0 (IBM Corp., Armonk,
NY, USA). Categorical variables were compared using the
chi-square test or Fisher’s exact test when expected cell
counts were less than five. Continuous variables were
compared between groups using the independent ¢-test.
Cox proportional hazards regression models were used to
identify independent prognostic factors for progression-
free survival (PFS) and overall survival (0S). Survival
curves were estimated using the Kaplan-Meier method
and compared using the log-rank test.

Receiver operating characteristic (ROC) curve
analysis was performed to determine the optimal
C-reactive protein (CRP) cutoff value for predicting OS.
Cox proportional hazards models were used to identify
independent prognostic factors for PFS and OS. Variables

503



CANCER DIAGNOSIS & PROGNOSIS 6: 502-509 (2026)

Table L. Baseline characteristics of patients with non-small cell lung cancer stratified by pretreatment white blood cell (WBC) count.

High-WBC count group Low-WBC count group p-Value
n (%) 20(19.4%) 83 (80.6%)
Age (years), mean (range) 66.7 (45-83) 71.8 (33-83) 0.026
Sex (male/female) 2/18 15/68 0.972
Smoking history (never/prior, current) 19/1 72/11 0.453
ECOG PS (0-1/2-4) 18/2 77/6 0.643
Tumor type (adenocarcinoma/non-adenocarcinoma) 12/8 46/37 0.804
PD-L1 expression (22C3) (%) (0/21/ untested) 1/15/4 12/67/4 0.05
Clinical stages (IV, postoperative recurrence/III) 13/7 46/37 0.464
Tumor size (mm) 44.9 (10.6-88.8) 36.5(14.0-51.0) 0.115
Brain metastasis (yes/no) 1/19 9/70 0.418
Liver metastasis (yes/no) 3/17 6/73 0.351
Initial treatment response (yes/no) 7/13 51/32 0.044
Received second-line therapy (yes/no) 10/10 48/34 0.696
Platinum agent (yes/no) 15/5 51/32 0.308
ICI therapy (yes/no) 13/7 54/29 1.000
BEV (yes/no) 2/18 8/75 1.000
Ipilimumab (yes/no) 2/18 7/76 1.000
BMI, no. (range) 21.8(16.3-26.2) 22.3(15.3-38.5) 0.438
NLR 7.48 (1.20-49.14) 3.45 (1.04-9.29) 0.099
CRP 4.59 (0.11-19.19) 1.39 (0.03-18.31) 0.012+
LD 306.2 (161.0-1,008.0) 221.1(132.0-560.0) 0.113
Albumin 3.43(2.40-4.40) 3.66 (2.10-4.80) 0.136

Data are presented as n (%) unless otherwise indicated. *Based on the unpaired ¢t-test. ECOG: Eastern Cooperative Oncology Group; PD-L1:
programmed death-ligand 1; TPS: tumor proportion score; ICI: immune checkpoint inhibitor; BEV: bevacizumab; BMI: body mass index; NLR:
neutrophil-to-lymphocyte ratio; CRP: C-reactive protein; LD: lactate dehydrogenase.

with clinical relevance were included in the multivariate
analysis. For all analyses, a two-sided p-value <0.05 was
considered statistically significant.

Ethics statement. This study was conducted in accordance
with the Declaration of Helsinki and was approved by
the Institutional Review Board of Kanazawa Medical
University Hospital (approval number: 1812).

Results

Patient characteristics. Among the 103 patients included
in the analysis, 20 (19.4%) were classified into the high-
WBC count group. Baseline patient characteristics are
summarized in Table I. Patients in the high-WBC count group
were significantly younger than those in the low-WBC count
group (66.7 vs. 71.8 years, p=0.026) and had significantly
higher baseline CRP levels (4.59 vs. 1.39 mg/dl, p=0.012). PD-
L1-positive tumors were more frequently observed in the

leukocytosis group (p=0.05). The proportion of patients who
achieved an objective response to first-line treatment was
significantly lower in the high-WBC count group compared
to that in the low-WBC count group (p=0.044). Additionally,
the interval from the initiation of first-line therapy to the
commencement of second-line treatment was significantly
shorter for patients with leukocytosis (129.6 vs. 336.0 days,
p<0.001). There were no significant differences between
the two groups with respect to sex, histological subtype,
metastatic pattern, tumor size, body mass index, Eastern
Cooperative Oncology Group performance status, or the use
of platinum-based chemotherapy or ICIs.

ROC analysis of CRP. ROC curve analysis was performed
to determine the optimal CRP cutoff value for predicting
0S (Figure 1). The area under the curve (AUC) was 0.544
[95% confidence interval (CI)=0.427-0.660]. The optimal
cutoff value was identified as 0.555 mg/dl, yielding a
sensitivity of 62.9% and a specificity of 53.7%.
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Figure 1. Receiver operating characteristic (ROC) curve of baseline
C-reactive protein (CRP) for overall survival. The area under the curve (AUC)
was 0.544 (95% confidence interval=0.427-0.660). A CRP cutoff value of
0.555 mg/dlyielded a sensitivity of 62.9% and a specificity of 53.7%.

Survival analysis. The results of Kaplan-Meier analysis
demonstrated that elevated baseline WBC counts were
significantly associated with shorter PFS (p<0.001)
(Figure 2), whereas no significant difference in OS was
observed between the two groups (p=0.204) (Figure 3).

Multivariate analysis. In the multivariate Cox proportional
hazards model, leukocytosis was independently
associated with shorter PFS [hazard ratio (HR)=4.625;
95%CI=1.969-10.864; p<0.05). A baseline CRP level
20.555 mg/dl independently predicted worse OS
(HR=2.251; 95%CI=1.110-4.567; p=0.025) and worse
PFS (HR=1.729; 95%CI=1.080-2.769; p=0.023). Age and
PD-L1 TPS were not identified as significant prognostic
factors in the multivariate models (Table II).

Discussion

To the best of our knowledge, this study is the first to
comprehensively evaluate the prognostic significance
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Figure 2. Kaplan-Meier survival curves for progression-free survival (PFS)
in patients with elevated versus normal white blood cell (WBC) counts.
Patients in the high-WBC count group (210,000/ul) have significantly
shorter PFS (p=0.000439, log-rank test).
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Figure 3. Kaplan-Meier survival curves for overall survival (0OS) in patients
with elevated versus normal pretreatment white blood cell (WBC) counts.
Patients in the high-WBC count group show a trend toward shorter 0S
(p=0.204, log-rank test).
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Table II. Multivariate Cox proportional hazards analysis for overall survival (0S) and progression-free survival (PFS).

Variable OS HR (95%CI) p-Value PFS HR (95%CI) p-Value
Age 1.023 (0.978-1.071) 0.326 1.000 (0.966-1.034) 0.983
High WBC count 1.366 (0.558-3.343) 0.494 4.625 (1.969-10.864) <0.001
High CRP (20.555 mg/dl) 2.251 (1.110-4.567) 0.025 1.729 (1.080-2.769) 0.023
PD-L1 TPS (0% vs. 21%) 1.035 (0.356-3.007) 0.950 1.005 (0.521-1.936) 0.989

HR: Hazard ratio; CI: confidence interval; WBC: white blood cell count; CRP: C-reactive protein; PD-L1: programmed death-ligand 1; TPS: tumor
proportion score. Variables included in the multivariate model were age, WBC category, CRP category, and PD-L1 TPS.

of pretreatment WBC counts in a real-world cohort of
patients with NSCLC treated during the era when ICIs
have been established as standard therapy. Our analysis
showed that an elevated pretreatment WBC count
was significantly associated with shorter PFS, while
dichotomized CRP, rather than CRP as a continuous
variable, served as an independent predictor of both 0OS
and PFS. These findings underscore the potential clinical
utility of routinely available inflammatory markers as
practical and easily accessible prognostic indicators in
the management of NSCLC.

Although tumors with positive PD-L1 expression
were more frequently observed in the high-WBC count
group and the use of ICIs as first-line therapy was
comparable between the two groups, patients with
leukocytosis exhibited a tendency toward earlier disease
progression. This suggests that elevated WBC counts may
reflect an underlying tumor-associated inflammatory or
immunosuppressive state that limits the effectiveness of
ICI-based treatment, even in the presence of favorable
predictive biomarkers such as PD-L1 expression.

Tumor-associated leukocytosis is linked to increased
neutrophil counts and expansion of myeloid-derived
suppressor cells, mediated by tumor-derived cytokines
such as G-CSF, thereby potentially promoting the formation
of an immunosuppressive tumor microenvironment (6).
These immunosuppressive mechanisms can impair T-cell-
mediated antitumor immunity and reduce responsiveness
to ICIs. The findings of the present study are consistent
with those previously reported biological mechanisms
and suggest that elevated WBC counts serve as a clinical
surrogate marker of early resistance to ICI-based therapy.

In contrast, no significant difference in OS was observed
between the high-WBC count and low-WBC count groups
in this study, for which several explanations should be
considered. First, although treatment allocation was well
balanced between the two groups, the widespread use
of ICIs may have attenuated the prognostic impact of
pretreatment WBC counts on OS. In the ICI era, prolonged
survival has been reported in a subset of patients who
achieve durable disease control despite the absence of
an objective tumor response (9, 10), which might have
obscured differences in OS between the groups. Second,
in the high-WBC count group, the majority of patients who
did not receive ICls as first-line therapy (6 of 7 patients)
subsequently received ICIs as second-line treatment.
Therefore, the early adverse prognostic signal associated
with pretreatment leukocytosis might have been modified
by the effects of subsequent ICI therapy.

Additionally, the relationship between WBC counts
and immunological prognostic markers should be
interpreted in light of the distinction from the neutrophil-
to-lymphocyte ratio (NLR). NLR is considered to reflect
more directly the balance between immunosuppressive
conditions and antitumor immune activity (11), whereas
the absolute WBC count does not necessarily capture
these immune characteristics in a direct manner. This
difference partly explains why elevated WBC counts were
associated with PFS but not with OS in the present study.

In the present study, dichotomized CRP was identified as
anindependent prognostic factor for both OS and PFS. CRP is
an acute-phase protein produced by the liver and is primarily
regulated by the inflammatory cytokine interleukin-6 (IL-
6); it is widely used as a nonspecific marker of systemic
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inflammation (12, 13). Elevated serum CRP levels in patients
with cancer have been reported to correlate with tumor cell
proliferation as well as with the production of inflammatory
cells and related inflammatory mediators (14). A meta-
analysis focusing on patients with NSCLC treated with ICls
has also shown that an elevated pretreatment CRP level is
a significant adverse prognostic factor for both OS and PFS
(15). In the present cohort, more than half of the patients
(69 0f103,67%) received treatment regimens including ICIs
as first-line therapy. Consistent with previous reports, our
findings suggest that an elevated CRP level acts as a predictor
of poor prognosis in patients with lung cancer receiving ICI-
based therapy. Notably, although a proportion of patients in
the present study did notreceive ICIs as first-line treatment,
a meta-analysis conducted in the pre-immunotherapy era
likewise showed that an elevated serum CRP level was an
independent adverse prognostic factor in patients with
NSCLC (16). Taken together, these findings suggest that CRP
functions as a prognostic biomarker reflecting systemic
inflammatory status in NSCLC, irrespective of the specific
treatment regimen employed. Importantly, this concept
appears to remain valid in the immunotherapy era. Recent
evidence published in 2025 demonstrated that inflammatory
markers, including CRP and NLR, are significantly modulated
by PD-1/PD-L1 inhibitor therapy in advanced NSCLC, with
responders showing reductions in CRP from baseline (17).
These findings suggest that dynamic monitoring of CRP may
provide additional prognostic information and further refine
risk stratification in the ICI setting.

In addition to CRP, our findings also highlight the
clinical relevance of pretreatment leukocytosis in the
ICI era. Pretreatment leukocytosis was associated with
limited efficacy of ICI therapy in patients with NSCLC, even
among those with PD-L1-positive tumors. These results
suggest that treatment strategies aimed at reversing the
immunosuppressive tumor microenvironment - such as
combination therapy with chemotherapy, dual ICI therapy
including CTLA-4 inhibition, or regimens incorporating
anti-vascular endothelial growth factor antibodies - are
theoretically more appropriate for this patient population
(18, 19). However, in the present cohort, the number of

patients treated with bevacizumab or ipilimumab was
very limited, precluding a meaningful comparison of the
efficacy or superiority of these combination strategies.

Study limitations. First, this was a single-center
retrospective analysis, which might have introduced
selection bias and been influenced by incomplete or
unrecorded clinical data. Second, treatment regimens
and sequencing were determined at the discretion of
the attending physicians, resulting in heterogeneity in
therapeutic approaches that might have affected the
outcomes. Third, although infectious and drug-related
causes of leukocytosis were excluded as thoroughly as
possible, serum G-CSF levels were not routinely measured;
therefore, it was not possible to confirm tumor-associated
leukocytosis in all cases. To overcome these limitations
and validate our findings, prospective multicenter studies
are warranted.

Conclusion

This study demonstrates that pretreatment leukocytosis
is associated with early disease progression in patients
with NSCLC, even among those with PD-L1-positive
tumors. Furthermore, an elevated CRP level was identified
as an independent prognostic factor for both OS and
PFS. These findings suggest that routinely available
inflammatory markers, such as WBC count and CRP, serve
as practical tools for risk stratification and early treatment
assessment in the era of ICI therapy for NSCLC.
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