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ABSTRACT

Aim: To evaluate the predictive value of the neutrophil-to-lym-
phocyte ratio (NLR) before transurethral resection in determining
muscle invasion in patients diagnosed with bladder cancer.

Materials and Methods: This retrospective study included pa-
tients who underwent first-time transurethral resection of bladder
tumors (TUR-B) for primary bladder cancer between January 2016
and December 2024. Patients with carcinoma in situ, preoperative
infection, hematologic malignancies, or unexplained leukocyto-
sis were excluded. Patients were divided into two groups based
on pathological staging: Group 1 (pTa/pT1) and Group 2 (pT2).
Demographic, clinical, and laboratory parameters, including leuko-
cyte, neutrophil, and lymphocyte counts, were recorded. The opti-
mal NLR cutoff for predicting muscle invasion was determined us-
ing ROC analysis. Statistical analyses were performed using IBM
Statistical Package for Social Sciences (SPSS) program software
with a significance threshold of p <0.05.

Results: A total of 731 patients were included. Muscle invasion (pT2)
was identified in 129 patients (17.6%). Group 2 had significantly
higher age, proportion of female patients, high-grade tumors, and
tumors larger than 3 cm. Lymphocyte counts were significantly lower
in Group 2, while leukocyte, neutrophil counts, and NLR were signifi-
cantly higher (p<0.001 for all.. The optimal cutoff value of NLR was
2.96 (sensitivity: 42.6%, specificity: 89.5%, AUC: 0.701). Logistic re-
gression revealed that female sex, high tumor grade, tumor size, and
elevated NLR were independently associated with muscle invasion.

Conclusion: Preoperative neutrophil-to-lymphocyte ratio (NLR) is
significantly associated with muscle-invasive bladder cancer. As
a simple and accessible inflammatory marker, NLR may support
preoperative staging and inform clinical decision-making in blad-
der cancer management.
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OZET

Amag: Transliretral rezeksiyon (TUR) éncesi mesane kanseri tanisi
almis hastalarda nétrofil/lenfosit oraninin (NLR) kas invazyonunu
dngdrmedeki degerini degerlendirmektir.

Gerec ve Yéntem: Bu retrospektif calismada, Ocak 2016 ile
Aralik 2024 tarihleri arasinda primer mesane tliméri nedeniyle ilk
kez TUR-B uygulanan hastalar incelendi. Karsinoma in situ tanisi,
preoperatif enfeksiyon, hematolojik malignite éykiisti veya acikla-
namayan I6kositozu olan hastalar ¢calisma disi birakildl. Hastalar
patolojik evrelemeye gére Grup 1 (pTa/pT1) ve Grup 2 (pT2) olmak
lizere iki gruba ayrildi. Demografik, klinik ve laboratuvar verileri (I6-
kosit, nétrofil ve lenfosit sayilari dahil) kaydedildi. Kas invazyonunu
oéngdérmede en uygun NLR esik degeri ROC analizi ile belirlendi.
Istatistiksel analizler IBM Sosyal Bilimlerde istatistik Paket Program
(SPSS) yazilimi ile yapildi ve p <0,05 anlamli kabul edlildi.

Bulgular: Calismaya toplam 731 hasta dahil edildi. Kas invazyonu
(pT2) 129 hastada (%17,6) tespit edildi. Grup 2’de yas, kadin hasta
orani, ydksek dereceli timér ve 3 cm’den blylk timér orani an-
lamli olarak yliksekti. Grup 2’de lenfosit sayisi anlamli olarak daha
dustik; I6kosit, nétrofil sayilari ve NLR ise anlamii olarak daha ytik-
sekti (tim karsilastirmalarda p<0,001). Nétrofil/lenfosit orani icin en
uygun esik degeri 2,96 olarak saptandi (duyarlilik: %42,6; 6zgdillik:
%89,5; AUC: 0,701). Lojistik regresyon analizinde kadin cinsiyet,
yas, timér boyutu ve ylksek NLR degerleri, kas invazyonu ile ba-
gimsiz olarak iliskili bulundu.

Sonug: Preoperatif NLR degeri, kas invaziv mesane kanseri ile anlamii
sekilde iliskilidir. Basit ve erisilebilir bir enflamasyon belirteci olan NLR,
preoperatif evreleme stirecinde yardimci olabilir ve klinik karar verme
asamasinda yol gésterici bir biyobelirteg olarak kullanilabilir.

Anahtar kelimeler: kas invazyonu; lenfosit; mesane kanseri; nétrofil
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Introduction

Bladder cancer (BC) is a major urologic malignancy,
representing the most common cancer of the urinary
system and the tenth most prevalent cancer overall
worldwide (1). It exhibits a notable sex-related differ-
ence in incidence, with men being more frequently
affected. At the time of diagnosis, around 20-25% of
patients are found to have muscle-invasive disease (2).
The therapeutic approach to muscle-invasive bladder
cancer (MIBC) contrasts considerably with that for
non—muscle-invasive bladder cancer (NMIBC), typi-
cally requiring comprehensive management strategies,
including radical cystectomy, chemotherapy, and ra-

diotherapy (3).

Therefore, accurate diagnosis of muscle invasion is
critical and currently relies on findings from transure-
thral resection specimens. However, staging errors can
still occur, and data obtained from radical cystectomy
specimens have shown that many patients are under-
staged before surgery (4). In light of this, various stud-
ies have explored the predictive value of biochemical
and genetic markers for muscle invasion. The neutro-
phil-to-lymphocyte ratio (NLR) has been identified as
a potential marker of cancer progression and patient
prognosis across various malignancies, including BC
(5,6). Despite this, research directly examining the
link between NLR and the presence of MIBC remains
scarce and often relies on limited sample sizes. In this
study, we aim to evaluate the diagnostic performance
of NLR in identifying muscle-invasive disease among
BC patients.

Material and Methods

Following approval by our institutional review board,
we retrospectively examined cases of patients who
had their initial transurethral resection of the blad-
der (TUR-B) for primary BC at our hospital between
January 2016 and December 2024. Patients diagnosed
with carcinoma in situ, those with signs of preopera-
tive infection, individuals with a prior history of he-
matologic malignancy, or unexplained leukocytosis
were excluded from the analysis. No patient was on
antiplatelet or anti-inflammatory medications before
the procedure. Based on pathological staging, partici-
pants were classified into two groups: Group 1 encom-
passed patients with NMIBC (pTa/pI'l), while Group
2 comprised those with MIBC (pI'2). Data collected
included demographic and clinical characteristics such
as sex, age, tumor grade, tumor size, number of tumors,
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and preoperative blood counts, including leukocytes,

neutrophils, and lymphocytes.

The Kolmogorov-Smirnov test was used to assess
whether continuous variables were normally distrib-
uted. These variables were summarized using medians
and interquartile ranges (IQR), while categorical vari-
ables were presented as absolute numbers and percent-
ages. Comparisons of continuous variables between
groups were performed using the Mann-Whitney U
test, whereas categorical variables were analyzed via the
chi-square test. The discriminative ability of relevant
parameters in detecting muscle invasion was evaluated
using receiver operating characteristic (ROC) curve
analysis. Univariate logistic regression was initially
conducted to identify factors associated with muscle-
invasive disease. Variables that reached statistical sig-
nificance (p <0.05) in univariate testing were then in-
corporated into a forward stepwise multivariate logistic
regression model to determine independent predic-
tors. All statistical analyses were carried out using IBM
Statistical Package for Social Sciences (SPSS) program
version 21.0 for Windows (IBM Corp., Armonk, NY,
USA). A p-value below 0.05 was accepted as statisti-
cally significant.

Results

The study comprised 731 patients, with a median
age of 67 years (IQR: 60-75), and a predominance
of males (85.2%). According to pathological staging,
602 individuals were classified as having non-muscle-
invasive disease (pIa/pI1, Group 1), while 129 were
diagnosed with MIBC (pI'2, Group 2). Group 2 had
a higher median age and a greater proportion of fe-
male patients compared to Group 1 (Table 1). The
prevalence of high-grade tumors (100% vs. 41.4%; p
<0.001) and tumors exceeding 3 cm in size (87.6% vs.
52%; p <0.001) was significantly higher in Group 2. In
contrast, tumor multiplicity did not differ significantly
between the two groups. In preoperative blood pa-
rameters, lymphocyte count was significantly lower in
Group 2 (2.00 vs. 2.17; p<0.001), while leukocyte and
neutrophil counts were significantly higher (7.90 vs.
7.26; p<0.001 and 4.96 vs. 4.18; p<0.001, respective-
ly). The NLR was also significantly higher in Group 2
(2.51 vs. 1.89; p<0.001). According to ROC analysis,
the optimal cutoff value for NLR was determined to
be 2.96, with a sensitivity of 42.6% and a specificity of
89.5% (area under the curve [AUC]: 0.701, 95% CI:
0.649-0.753) (Fig. 1). To identify factors correlated



Table 1. Comparison of demographic, pathological and inflammatory data of the groups
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Group 1 (pTa-pT1) Group 2 (pT2) P
(n=602) (n=129)
Age (year), median (IQR) 66 (59-74) 73 (64-78) <0.001*
Gender (n)(%) Male 521 (86.5) 102 (79.1) 0.030**
Female 81 (13.5) 27 (20.9)
Pathological grade (n)(%) PUNLMP 64 (10.6) 0(0) <0.001**
Low grade 289 (48.0) 0(0)
High grade 249 (41.4) 129 (100)
Tumor size (n)(%) <3cm 289 (48) 16 (12.4) <0.001**
=3cm 313(52) 113 (87.6)
Tumor number (n)(%) Single 346 (57.5) 66 (51.2) 0.190*
Multipl 256 (42.5) 63 (48.8)
Leucocyte count (10%/uL), median (IQR) 7.26 (6.00-8.50) 7.90 (6.95-9.00) <0.001*
Neutrophil count (10%/uL), median (IQR) 4.18 (3.40-4.99) 4.96 (4.10-6.11) <0.001*
Lymphocyte count (10%/uL), median (IQR) 2.17 (1.73-2.65) 2.00 (1.46-2.43) <0.001*
NLR (median — IQR) 1.89 (1.49-2.47) 2.51(1.86-3.67) <0.001*
1QR: inter quartile range; NLR: neutrophil/lymphocyte ratio; PUNLMP: papillary urothelial neoplasm of low malignant potential (PUNLMP); *: Mann-Whitney U test; **: Ki-square test.
Tablo 2. Associations with the presence of muscle invasion in bladder cancer
Univariate analysis Multivariate analysis
Covariates p OR 95% Cl p OR 95% Cl
Age <0.001 1.045 1.026-1.064 0.004 1.030 1.009-1.051
Female gender 0.031 1.703 1.049-2.764 0.023 1.890 1.092-3.274
Tumor size (>3 cm) <0.001 6.521 3.772-11.273 <0.001 5183 2.940-9.135
NLR (>2.96) <0.001 6.359 4.113-9.831 <0.001 5.019 3.145-8.010

Cl: Confidence interval; NLR: Neutrophil-lymphocyte ratio; OR: Odds ratio; covariates with p<0.05 in univariate analysis were entered in a multivariate logistic analysis model; method stepwise forward (LR).
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Figure 1. Receiver operating characteristic (ROC) analysis of NLR for the
presence of muscle invasion in bladder cancer.

with muscle invasion in BC, logistic regression analysis
was conducted. Female sex, age, tumor size and elevat-
ed NLR were found to be significantly associated with
pI2 tumors (Table 2).

Discussion

Whileleukocytes have been known to exist in tumor tis-
sues since the 19th century, only in the past decade has
strong evidence emerged showing that Inflammation
is fundamentally involved in both the initiation and
progression of human cancers (7). Neutrophil-to-
lymphocyte ratio is an easily obtainable marker from
routine blood tests that indicates the body’s systemic
inflammatory state, based on disease-induced changes
in key inflammatory cell populations. Recently, it has
been suggested as a potential predictor for the devel-
opment, progression, and outcome of various chronic
inflammatory conditions and cancers (8). The accu-
mulation of defective myeloid cells is associated with
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increased neutrophil and decreased lymphocyte counts
in the bloodstream, and the NLR holds predictive and

prognostic significance across various tumor types (9).

In the present study, we demonstrated that the NLR
was significantly higher in patients with T2 BC than in
the NMIBC group. This is likely indicative of a height-
ened systemic inflammation in individuals afflicted
with muscle-invasive disease, and therefore, a more
advanced stage of BC. Numerous prior studies have
established a positive association between higher NLR
levels and more advanced tumor stages across urinary
and other malignancies (10,11).

Management and surveillance strategies for patients
with T2 BC differ significantly from those employed
for individuals with NMIBC. The established stan-
dard of care for MIBC comprises radical cystectomy
with pelvic lymph node dissection, administered with
or without neoadjuvant chemotherapy. Current data

indicate an overall five-year survival rate of approxi-
mately 60% (12).

The NLR, when assessed preoperatively in individuals
with BC, may be a useful biomarker for assessing tu-
mor invasiveness and disease progression, thereby aid-
ing risk stratification and informing clinical decision-
making related to patient management. Neutrophils
are known to facilitate tumor progression via diverse
mechanisms, notably by secreting cytokines (e.g., IL-
6, IL-8), chemokines, matrix metalloproteinases, and
reactive oxygen species, thereby promoting tumor
invasion, angiogenesis, and metastasis. Conversely,
lymphocytes are crucial mediators of anti-tumor im-
munity, particularly through cytotoxic T-cell activity.
Therefore, an elevated NLR reflects both an enhanced
pro-tumoral inflammatory state and an impaired im-
mune response, potentially favoring tumor prolifera-
tion and invasion (13,14).

In the literature, high-grade urothelial neoplasms have
been associated with increased neutrophil infiltra-
tion, as MIBC cases demonstrate significantly higher
neutrophil counts and lower lymphocyte counts than
NMIBC (15). In our study, similar results were found,
in line with the literature: leukocytes and neutrophils
were higher, and lymphocytes were lower, in the mus-
cle-invasive group than in the non-muscle-invasive

group.
The ROC analysis in our study yielded an AUC of

0.701, suggesting moderate discriminatory power.

While the sensitivity was limited (42.6%), the high
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specificity (89.5%) indicates that an NLR above the
determined cut-off may strongly suggest muscle inva-
sion. In clinical practice, such a biomarker could be
particularly valuable when combined with radiologic
and cystoscopic findings to improve preoperative stag-
ing accuracy and assist in identifying candidates for
early radical treatment.

This study has several limitations. As a retrospective
analysis, it lacks sufficient follow-up data on patients
after the initial surgery, which prevented us from evalu-
ating the association between NLR and disease recur-
rence, progression, or overall survival. Additionally,
NLR values were based on a single preoperative mea-
surement per patient; averaging two or three preopera-
tive measurements would likely have yielded more reli-
able and representative data. Future prospective studies
incorporating serial NLR measurements, inflammato-
ry cytokine profiles, and immune cell phenotyping are
warranted to validate and further elucidate the prog-
nostic role of systemic inflammation in BC. It is well
established in the urologic pathology literature that in-
terobserver variability can lead to discrepancies in the
grading and staging of bladder tumors, particularly in
challenging cases like high-grade pI'1 lesions. Another
limitation is that a single pathologist performed histo-
pathological analyses in the present study.

Conclusion

This study underscored the role of inflammatory cells
in the tumor microenvironment of urothelial carci-
noma of the bladder. Neutrophil-to-lymphocyte ratio
levels were associated with muscle invasion in patients
with BC, suggesting their potential utility in guiding
treatment decisions and identifying patients who may
benefit from more aggressive therapeutic approaches.
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