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Introduction: We evaluated the prognostic effects of hematologic
parameters of preoperative leukocytosis and neutrophil-to-lymph-
ocyte ratio (NLR) in patients who underwent radical cystectomy
for bladder cancer.

Methods: We retrospectively reviewed the medical records of
363 patients who underwent radical cystectomy for bladder can-
cer between January 1990 and June 2013. In total, 286 patients
were included in the study. Age, gender, pathologic stage, lymph
node involvement, preoperative hydronephrosis, histologic sub-
type, surgical margin status, and lymphovascular invasion were
recorded for each patient. Univariate and multivariate analysis
were performed to determine the prognostic value of the preopera-
tive clinical and laboratory parameters on disease-specific survival
(DSS). Additionally, the correlation between leukocytosis and other
factors were evaluated.

Results: According to the univariate analysis preoperative leukocyt-
osis and NLR were detected as negative prognostic factors on DSS.
Preoperative leukocytosis, NLR, stage, lymph node involvement,
histologic subtype, grade and age were independent prognostic
factors for DSS, on multivariate analysis. Patients with leukocytosis
had higher stage, grade and lymphovascular invasion.
Conclusions: Inexpensive, reproducible, and readily available per-
ipheral blood count components of white blood cell count and
NLR were independent prognostic factors, which can stratify DSS
risks in bladder cancer patients who underwent radical cystectomy.

Introduction

Patients with high-risk non-muscle invasive and muscle-
invasive urothelial carcinoma of the bladder are treated with
radical cystectomy." However about 50% of these patients
will develop distant metastases, and 5-year survival of local-
ly advanced disease ranges from 26% to 64%.%* These poor
survival outcomes suggest the need for a new risk stratifica-

tion. New preoperative predicting models based on systemic
inflammatory models have used only preoperative factors to
identify oncologic outcome.*

Tumours associated with indicators of the systemic inflam-
matory-immunological process play critical roles in the
development and progression of various cancers.” Neutrophil
count, lymphocyte count or neutrophil-to-lymphocyte ratio
(NLR) can be independent prognostic and predictive sys-
tematic inflammatory markers for unfavourable survival in
patients with urinary tract malignancies.®* Although elevated
NLR and poor overall and disease-specific survival (DSS)
in muscle-invasive disease have been reported,' to date,
the prognostic significance of leukocytosis in patients with
bladder carcinoma treated with radical cystectomy has not
yet been determined.

Therefore, we evaluated the prognostic impact of pre-
operative leukocytosis in patients with bladder carcinoma
treated with radical cystectomy. We also evaluated the
prognostic impact of possible hematologic factors, such as
neutrophilia, lymphopenia and NLR, in predicting DSS.

Following institutional review board approval (IRB 15-572-
13), we reviewed the records of 369 patients who underwent
RC between January 1990 and June 2013 at our institution.
The diagnosis of bladder cancer was histologically con-
firmed by transurethral resection of bladder tumour (TURBT)
in each patient. A genitourinary pathologist reviewed all
surgical specimens and the diagnosis of urothelial or non-
urothelial carcinoma of the bladder was confirmed. The
indications for radical cystectomy included muscle-invasive
tumours without evidence of distant metastasis (cT2—4, NX,
MO), recurrent multifocal superficial disease refractory to
repeat transurethral resection with intravesical therapy, or
Bacille Calmette-Guérin (BCG)-resistant carcinoma in situ.
Tumours were graded according to the 1973 World Health
Organization (WHO) grading system,'" and clinical T stage
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was determined according to the 2002 American Joint
Committee on Cancer TNM staging system.'> We excluded
patients who received neoadjuvant chemotherapy, radiation,
with hematologic malignancies, without or unreachable
preoperative complete blood count (CBC), with an active
infection at the time of surgical intervention, and patients
with prior blood transfusion or usage of drugs that may affect
hematologic parameters.

A routine CBC test was part of the standard preoperative
blood work and the analysis was performed close to the
date of surgery. Patient characteristics included age, sex,
preoperative white blood cell count (WBC), neutrophil
and lymphocyte levels, NLR, preoperative hydronephrosis,
clinical tumour stage, surgical margin status, pathologic
tumour stages, tumour size, histology, presence of lymph
node involvement, and lymphovascular invasion.

Categorical variables were presented as numbers and
percentages, and metric variables as mean = standard

deviation (SD) or median (minimum-maximum). To com-
pare two groups for categorical variables, we used the
chi-squared test (Fishers exact test). For each group, DSS
curves were estimated according to the Kaplan-Meier sur-
vival analysis. Survival estimates between groups were
compared using the log-rank test. Univariate and multi-
variate Cox regression analyses were performed to identify
independent prognostic factors for DSS. Multivariate logis-
tic analysis of predictors included all possible prognostic
factors, such as patient age, lymph node pathological stage,
histologic stage, surgical margin, tumour grade at TURBT,
lymphovascular invasion, hydronephrosis, leukocyte count,
neutrophil count, and NLR size. Hazard ratio (HR) with
95% confidence intervals (Cl) was given. All statistical
analysis was performed using SPSS 11.5, p < 0.05 were
deemed statistically significant. P values of 0.10 and 0.20
were used for the entry and removal criteria, respectively,
in multivariate Cox regression analysis.

Table 1. Clinicopathologic characteristics of the study cohort stratified by WBC

Parameters Total (n = 286) 1 039’ (B:= 252) 511 o\(:\(I)B((r';‘ =34) p values
N 286 252 34
Age

<70 240 (83.9%) 212 (84.1%) 28 (82.4%) 0.792

=70 46 (16.1%) 40 (15.9%) 6 (17.6%) ’
Gender

Male 256 (89.5%) 225 (89.3%) 31(91.2%) 1.000

Female 30 (10.5%) 27 (10.7%) 3 (8.8%) ’
Lymph node invasion

Negative 244 (85.3%) 215 (85.3%) 29 (85.3%) 1.000

Positive 42 (14.7%) 37 (14.7%) 5 (14.7%) ’
Tumour stage

TO 32 (11.2%) 32 (12.7%) 0 (0%)

T1 49 (17.1%) 44 (17.5%) 5 (14.6%)

T2 81 (28.3%) 70 (27.8%) 11 (32.4%) 0.048

T3 73 (25.5%) 66 (26.2%) 7 (20.6%)

T4 51 (17.8%) 40 (15.8%) 11 (32.4%)
Histological type

Urothelial carcinoma 236 (82.5%) 209 (82.9%) 27 (79.4%) 0611

Non-urothelial carcinoma 50 (17.5%) 43 (17.1%) 7 (20.6%) ’
Surgical margin

Positive 18 (6.3%) 14 (5.6%) 4 (9.4%) 0.247

Negative 268 (93.7%) 238 (94.4%) 30 (90.6%) ’
Grade

3 190 (66.4%) 160 (63.4%) 30 (83.3%) 0.004:

<2 96 (33.6%) 92 (36.6%) 4 (6.7%) T
Lymphovascular invasion

Positive 51 (17.8%) 39 (15.5%) 12 (35.3%) 0.005

Negative 235 (82.2%) 213 (84.5%) 22 (64.7%) ’
Carcinoma in-situ

Positive 19 (6.6%) 17 (6.7%) 2 (5.9%) 1.000

Negative 267 (93.4%) 235 (93.3%) 32 (94.1%) ’
Preoperative hydronephrosis

Positive 66 (23.1%) 56 (22.2%) 10 (29.4%) 0.350

Negative 220 (76.9%) 196 (77.8%) 24 (70.6%) ’

WBC: white blood cell count.
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NLR was analyzed as dichotomous variable according
to an approximate “optimal” cut point of 2.5 obtained by a
validated web-based software.'*"'® Neutrophil and lymph-
ocyte counts were defined as 1800-7700 cells/microlL
and 1500-4000 cells/microL, respectively, according to
WHO global standards. Leukocytosis was defined as WBC
>11 000 cells/microlL.

Predictors of bladder cancer

Of the 363 patients, we excluded 77 patients who did not
meet our inclusion criteria. In the end, we had 286 patients
in our study: 256 males and 30 females. The mean (+ SD)
patient age was 60.7 + 9.42 years (range: 29-83). The
median follow-up period was 28 months (range: 0-144).
Clinicopathologic characteristics for patients with and with-
out preoperative leukocytosis did not differ in parameters of
age, gender, lymph node invasion, histological type, surgical

Table 2. Univariate and multivariate Cox regression analyses of prognostic factors on disease-specific survival of 286

patients who underwent cystectomy for bladder cancer

Univariate analysis

Multivariate analysis

P t
arameters HR 95% Cl

p value HR 95% ClI p value

Age
<70*
=70 1.648

Gender
Female
Male 1.322

Lymph node invasion
Negative*

Positive

1.047-2.594

0.832-2.026

3.940 2.623-5.919

Pathological stage
T2<*
T2> 7.114
Histologic type
Urothelial carcinoma
Non-urothelial carcinoma

4.716-10.730

2.116 1.428-3.136

Surgical margin
Negative*
Positive

Grade
Low*

High 4.741

Lymphovascular invasion
Negative*

Positive

1.852 1.062-3.231

2.864-7.848

2.690 1.840-3.934

Carcinoma in-situ
Positive*
Negative

1.164 0.920-1.487

Preoperative hydronephrosis
Negative*
Positive

2.359 1.637-3.398

Leukocyte
<11 000*
>11 000

Neutrophil

<7700*

=7700
Lymphocyte >1500
Lymphocyte <1500
NLR

<2.5*

=225 1.798

2.086 1.314-3.310

1.528 1.023-2.283

1.435 0.816-2.532

1.260-2.567

0.028 1.630 1.092-2.608 0.042

0,736

<0.001 1.517 1.097-2.370 0.030

<0.001 5.463 3.469-8.606 <0.001

<0.001 1.533 1.020-2.305 0.040

0,026

<0.001 3.337 1.993-5.587 <0.001

<0.001

0,125

<0.001

0.002 1078 1.096-2.687 0.020

0.035

0.691

0.001 1.965 1.042-3.586 0.022

Cl: Confidence interval; HR: hazard ratio; *Reference category; NLR: neutrophil-to-lymphocyte ratio.
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Fig. 1. A: Disease-specific survival (DSS) rates according to white blood cell (WBC) count; (B) DSS rates according to neutrophil-to-lymphocyte ratio.

margin, carcinoma in-situ or hydronephrosis (p > 0.05 for
all) (Table 1). The median time from preoperative leuko-
cytosis and NLR to radical cystectomy was 7 days (range:
1-13). Patients with WBC >11 000 had more T4 category
tumours (p = 0.048), G3 tumours (p = 0.004), and positive
lymphovascular invasion (p = 0.005) (Table 1).

According to Kaplan-Meier analysis, patients with the
following clinicopathological characteristics had shorter sur-
vival periods: patient age (=70), p = 0.028; lymph node inva-
sion (positive), p < 0.001; clinical T stage (T2>), p < 0.001;
histological type (non-transitional cell carcinoma [TCC]),
p < 0.001; surgical margin (positive), p = 0.026; tumour
grade (high), p < 0.001; lymphovascular invasion (positive),
p < 0.001; carcinoma in-situ (negative), p = 0.125; hydro-
nephrosis (positive), p < 0.001; leukocyte count (>11000),
p < 0.002; neutrophil count (=7700), p = 0.035; and NLR
(=2.5), p < 0.001. DSS rates at 3 years were 49.8% and
73% for patients with a NLR =2.5 and NLR <2.5, respect-
ively; and 36.9% and 64.9% for patients with preoperative
WBC <11 000 and WBC >11 000, respectively (Fig. 1).
After univariate Cox regression analysis, age =70 (HR 1.630,
p = 0.042), positive lymph node (HR 1.517, p = 0.030),
clinical T2> stage tumours (HR 5.463, p < 0.001), non-TCC
bladder cancers (HR 1.533, p = 0.040), high-grade tumours
(HR 3.337, p < 0.001), preoperative leukocytosis (HR 1.773,
p =0.020), and NLR = 2.5 (HR 1.965, p = 0.022) predicted
DSS in bladder cancer patients treated with radical cyst-
ectomy according to multivariate Cox regression analysis
(Table 2).
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Discussion

We found that preoperative leukocytosis was associated with
advanced pathologic stage at time of cystectomy, higher
grade (G3) tumours, and positive lymphovascular invasion.
Furthermore, both hematologic parameters of preoperative
leukocytosis (WBC >11 000) and NLR =2.5 were significant
predictors of DSS in patients with bladder carcinoma under-
going radical cystectomy.

Previous studies have investigated the prognostic value
of pretreatment leukocytosis with gynaecologic cancers and
an elevated NLR with adverse oncologic outcomes, includ-
ing breast, colorectal, non-small cell lung, gastric and renal
cell cancers.'®?" In general, tumours can affect hematopoi-
etic parameters by significant tumour bleed, or by affecting
hematopoiesis through infiltration into the bone marrow or
by production of pro-inflammatory cytokines and free rad-
icals that damage hematopoietic progenitor cells, as paran-
eoplastic syndromes.*?

Recently, several studies reported an elevated NLR hav-
ing similar prognostic significance in those with urothelial
carcinoma. An elevated NLR before cystectomy has been
associated with decreased overall and DSS.*'° In our study,
NLR was significantly associated with DSS similar to previ-
ous reports.®'? In contrast, Demirtas and colleagues did not
find a significant association between patients with an NLR
>2.5 and overall survival.'

On the other hand, a hematopoietic parameter, leukocyt-
osis, which may be a possible prognostic factor, has largely
been limited to individual case reports of paraneoplastic
syndromes within the published data on urothelial carcin-
oma.?*?* To the best of our knowledge, this is the first study
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to demonstrate the prognostic significance of preoperative
leukocytosis in patients who underwent radical cystectomy
for bladder cancer. In the present study, patients with leuko-
cytosis had significantly shorter DSS than patients without
leukocytosis. Moreover, multivariate analyses revealed that
preoperative leukocytosis was independently associated
with decreased DSS. Previous studies have demonstrated
that hematopoietic cytokines may stimulate leukocytosis and
treatment with exogenous G-CSF stimulates the growth of
bladder cancer cells in vitro.?

Similar to our current study, non-hematologic parameters
of our multivariate analyses variables, such as age, positive
lymph node, clinical T2> stage tumours, non-TCC bladder
and high-grade tumours, have been suggested as one of the
significant preoperative prognostic factors.'%¢

Our study has its limitations, including its retrospective,
non-randomized nature, which may have led to a selection
bias with a limited number of patients from a single institu-
tion. Additionally all possible factors were analyzed that
resulted as too many variables in a multivariate analysis. A
possible inflammatory condition that may have affected the
hematopoietic system was not accounted for in our study.
Future prospective, well-controlled clinical studies are need-
ed to confirm the exact role of hematologic parameters and
whether an abnormal hematologic profile is an end result of
tumour growth or an underlying cause of mortality in this
group of patients.

Conclusion

In the current study, preoperative leukocytosis was associat-
ed with T4 category, tumour grade of 3 and positive lympho-
vascular invasion in patients with bladder carcinoma treated
with radical cystectomy. Furthermore, both peripheral blood
count components of an elevated NLR >2.5 and preopera-
tive leukocytosis were significant predictors of worsened
DSS. Further prospective studies in multiple institutions with
larger cohorts are required to validate these findings.
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