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Abstract.

Introduction: Neutrophil/lymphocyte ratio (NLR) is an indicator of systemic inflammation and has been proven to be
associated with an increased risk of extravesical disease, decreased cancer specific survival and overall survival in bladder
cancer patients. A large proportion of healthy African Americans have a WBC count that is persistently lower than the normal
range defined for individuals of European ancestry, this condition has been called “benign ethnic neutropenia”. The purpose
of our study was to determine if NLR was different in patients of African ancestry (AA) vs European ancestry (EA) across
different tumor grades and stages at the time of transurethral resection of bladder tumor(s) (TURBT).

Materials and Methods: The records of consecutive patients who underwent TURBT were reviewed from the University of
Wisconsin and the Atlanta Veterans’ Administration Medical Center (2000-2012). NLR was compared across tumor stage,
tumor grade and ethnicity.

Results: 297 consecutive patients met study criteria. 89% and 86%, were males and of European ancestry (EA) respectively.
NLRs were different across T-stages (Ta-2.5, T1-3.9, T2-3.8; p =0.001). but not across tumor grades in Ta (LG-2.5 vs HG-3.9,
p=0.57). EA had higher NLRs than AA (3.4 vs 1.9; p<0.001).

Conclusions: Higher NLRs appear to be associated with more advanced tumor stage at the time of TURBT. Patients of
African ancestry have lower NLRs across all tumor stages compared to patients of European ancestry. Ethnicity should be
taken into account when interpreting the NLR in patients with bladder cancer.
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the intention of better risk stratification. These
factors include hydronephrosis, tumor size and multi-
focality, pathologic stage, lymph node metastases and
lymphovascular invasion. Most of these factors are
only available after radical cystectomy. There con-
tinues to be a need for new preoperative prognostic
factors to aid in clinical decision making and for
patient counseling.

Several studies have investigated the effect of
inflammation on carcinogenesis given that cytokines
and other inflammatory mediators have been shown
to promote angiogenesis and tumor cell metasta-
sis [1-3]. Several inflammatory markers, such as
C reactive protein and Glasgow prognostic score
have been suggested as surrogates for biological
characteristics in some types of tumors [4, 5]. The
neutrophil/lymphocyte ratio (NLR) is a biomarker of
inflammation and an elevated NLR has been shown
to be an independent poor prognosticator of overall
and disease-specific survival in several malignan-
cies, including colorectal, ovarian, lung, pancreatic,
biliary, gastric, renal and bladder cancer [6-9]. Mul-
tivariate analyses by Gondo et al. recently found
an elevated NLR to be an independent prognos-
tic factor for disease-specific survival in bladder
cancer prior to radical cystectomy [10]. NLR is a
simple and reproducible laboratory index that is read-
ily available across most practices. “Benign ethnic
neutropenia” (BEN) is an interesting finding in the
natural biology of neutrophils and refers to a per-
sistently lower neutrophil count noted in 40-50% of
individuals of African ancestry who are otherwise
healthy (and other racial groups as well) compared
to the normal range as defined for individuals of
European ancestry [11]. Reich et al. through admix-
ture genomic scanning were able to map this genetic
variant to a single nucleotide substitution polymor-
phism called FY+/— (rs2814778) or “Duffy” variant
located on the long arm of chromosome 1 [12].
This polymorphic phenotype is known to confer
innate resistance to Plasmodium vivax malaria by
decreasing RBC infectivity [13, 14] and associated
with increased susceptibility to HIV infection and
progression to AIDS [15]. It is also implicated in
the biology of sickle cell disease in West African
population [16].

In the present study, we sought to investigate
whether African Ancestry (AA) patients in our study
cohort had BEN contributing to a proportionately
decreased NLR and analyze the associations between
NLR and tumor stage and grade within and between
ethnic lineages.

MATERIALS AND METHODS
Study design

This retrospective study included data on 297
consecutive patients who underwent transurethral
resection of bladder tumor(s) (TURBT) as part of
their work up for bladder cancer. These patients were
seen and evaluated in the departments of urology
at the University of Wisconsin Hospital and Clin-
ics (UWHC) as well as the Atlanta Veterans’ Affairs
Medical Center (VAMC) between 2000 and 2012.
Only patients with primary bladder tumor and those
who had a complete blood count and differentials
prior to TUR were included in the study. NLRs were
calculated by dividing neutrophil percentage by the
percentage of lymphocytes measured in the differen-
tial of a CBC. None of the patients had undergone
any prior intravesical therapies. No patient had any
evidence of active infection or hematopoietic malig-
nancy at the time of tumor resection. Patients that
self-identified as African American were assigned
the designation of African Ancestry (AA) in this
study, while those that self-described as Caucasian
were listed as European Ancestry (EA). Histologi-
cal evaluation of the specimens was performed at the
respective centers mentioned above and TNM staging
and grading assigned according to the 2010 American
Joint Committee on Cancer/UICC TNM Classifica-
tion, 7th edition [17]. Other patient demographic
details that were retrospectively extracted from the
medical records included patient age, sex, and gen-
der. The main outcome measure of this study was
tumor grade and stage differences within and across
racial lineages. The respective Institutional Review
Boards of UWHC and VAMC Atlanta approved this
study.

Statistical analysis

Median and interquartile range of patient char-
acteristics and hematological parameters were
compared between the 2 cohorts. Mann Whitney U
test was used to analyze difference between the 2
cohorts. Kruskal-Wallis test was used for computing
differences in NLR between T stages and grade strati-
fied clinical stages. Then we calculated the difference
in NLR between the individual grade stratified T stage
across EA and AA cohorts. All p values were 2 tailed
and a value of < 0.05 was considered statistically
significant.
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RESULTS

Patient characteristics

Through a retrospective review of the medical
records between 2000 and 2012, 297 patients with
bladder cancer who underwent TURBT for the first
time, at the above centers and met study inclusion
criteria were identified. Mean age, BMI, and WBC
were 66.7 years, 28.5 kg/m?2, and 8.1. 41%, 22%, and
37% of patients had Ta, T1, and T2 tumor stage at
TURBT. There were 255 (86%) men and 42 (14%)
women. Forty-two (14%) AA men were included
in this study. The median age of our patient cohort
was 66.7 years (IQR 60.1-75.2) with a median WBC
count of 7.5 (6.1-9.0). The individual patient char-
acteristics and hematological parameters of both the
cohorts are summarized in Table 1.

NLR and bladder cancer grade/stage

The distribution of NLR’s of all the patients in our
cohort across different bladder cancer tumor stages is
shown in Table 2. Comparison was also done between
high and low grade Ta. The NLR ratio was noted to
increase with an increase in tumor stage from Ta to
T2, (p=0.001). In addition, NLR increased between
low and high grade of Ta, though this difference was
not statistically significant, (p =0.57).

NLR and racial differences across bladder
cancer stage and grade

The median NLR of the AA cohort of our patient
population was 1.7 (1.36-2.7), which was lower com-
pared to the EA cohort median of 2.5 (1.81-3.33),
(p=0.006). NLR increased with an increase in tumor
stage in both EA and AA cohort. (See Table 3)
Within the AA cohort the NLR increased overall
with tumor stage with medians of 1.7 (1.21-2.22), 1.6

Table 2

NLR means comparison across T stages and grade
Stage NLR mean (n) Median [IQR] p value
Ta 2.5 2.2[1.6-2.9]
Tl 3.9 2.2[1.7-3.4]
T2 3.8 3.5[2.2-4.6] 0.001
NLR was different across T stages.
Ta Low 2.5 2.2[1.6-2.9]
Ta High 3.9 2.4[1.8-2.9] 0.57

NLR was not different between low and high grade Ta.

(1.44-2.17)and 3.6 (3.06-3.73) for Ta, T1 and T2 dis-
ease respectively, (p <0.01). Similarly, the EA cohort
showed a corresponding increase in NLR with tumor
stage with medians of 2.4 (1.8-3.04), 3.3 (2-3.53)
and 3.5 (2.06-4.77) for Ta, T1 and T2 disease respec-
tively, (p =0.01). In addition, within each tumor stage,
AA NLR medians were consistently lower com-
pared with their respective EA counterparts (See
Table 3).

When the data for tumor grade was superim-
posed on the tumor stage data as shown in Table 3,
another interesting and consistent finding was evi-
dent. Median NLR of high grade Ta was higher
compared to low grade Ta, but the difference did not
reach statistical significance (p =0.57). Comparison
of medians of individual stages of both cohorts is
shown in Fig. 1.

Table 3
NLR median with IQR stratified for Stage and Grade, compared
between AA and EA cohorts

Stage AA EA p Value
Ta Low 1.5 (1.12-2.23) 2.4 (1.67-2.99) 0.005
Ta High 1.7 (1.47-2.01) 2.4 (1.82-2.95) 0.02
T1 High 1.6 (1.45-2.17) 3.3 (2-3.53) 0.006
T2 High 3.6 (3.06-3.73) 3.5 (2.06-4.77) 0.06

Stage and grade stratified NLR difference was statistically sig-
nificant between Ta low grade, Ta high grade and T1 high grade
tumors.

Table 1
Patient demographics and hematological parameters

Variable AA EA p value
Number 42 255

Age 63 (59-72.5) 67 (61-76) 0.02
BMI 26.6 (24-31.9) 27 (24.46-30.6) 0.72
Charlson comorbidity index 8 (7-10) 8.5 (7-10) 0.31
WBC count x 1000 7.7 (6.2-9.1) 6.8 (5.7-8.5) 0.09
Median neutrophil (%) 55.9 (50.8-65.7) 62.5 (56.3-68) <0.01
Median lymphocyte (%) 32 (24.5-37.3) 25.5(20.2-30.2) <0.01
Median NLR 1.7 (1.3-2.7) 2.5(1.8-3.3) <0.01

Patient demographics and NLR associated parameters (Median/IQR) compared between EA and AA cohorts.
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NLR Median comparison between AA and EA

p<0.01

NLR MEDIAN

p<0.01

Ta T1 T2
AA

Ta Tl T2
EA

Fig. 1. Median NLR of Ta, T1 and T2 compared between the two ethnic groups. Individual T stage mean NLR compared in AA and EA
cohort. The nonparametric variables were compared using Kruskal Wallis test. There was a statistically significant difference between the
NLR of Ta, T1 and T2 stage tumors, with p values of < 0.01 and 0.01 in AA and EA cohorts, respectively.

DISCUSSION

Tumor development and growth involves interac-
tions with the host stroma and immune modulators
[18]. There is a plethora of evidence in the literature
showing a linkage between chronic inflammation and
tumorigenesis as well as cancer progression [19, 20]
First, chemokines and cytokines are present in the
microenvironment of most tumors in experimen-
tal animal models and in humans from the earliest
stages of development [2]. Platelets and granulo-
cytes, especially neutrophils, are known to secrete
pro-angiogenic factors including vascular endothelial
growth factor (VEGF), interleukin 8, matrix metallo-
proteases and elastases — all known to be involved
in tumorigenesis [23]. These factors secreted by
neutrophils can help create a micro-environment
conducive for tumor development. By extension it
is likely that because patients with a high NLR
have a relative lymphopenia, they exhibit a poor
lymphocyte-mediated response to malignancy, and
as a result possibly have worse cancer prognosis.
Second, inflammatory diseases and chronic inflam-
matory conditions are known to increase the risk of
developing many types of cancer including colorec-
tal and bladder. Bladder cancer cells produce G-CSF,
express G-CSF receptors and stimulate autocrine
growth of tumor cells in vivo. Recent reviews in
the last decade on the biology of cancer cachexia
have recognized the importance of systemic inflam-
mation and have proposed measures of systemic

inflammation in their definitions of cancer cachexia
[21, 22]. NLR is a marker of systemic inflammation
and a readily available, dynamic variable as well as
easily reproducible test can be used as a surrogate
marker for cancer cachexia. It has been studied as a
useful prognostic biomarker in various cancers such
as lung cancer [25] and colorectal cancer [26]. In uro-
logic malignancies, NLR has also been shown to have
important prognostic value in predicting clinical out-
comes. In a retrospective study by Azuma et al., a
NLR cut off of 2.5 was found to be a significant pre-
dictor of 5 year cancer specific survival (CSS) (81.3%
for NLR >2.5 v§ 29.4% for NLR < 2.5) for upper tract
urothelial cancer [27] In another retrospective study
in a cohort of invasive bladder cancer undergoing rad-
ical cystectomy, Hermanns et al. showed that a NLR
~3.0 was an independent predictor of recurrence free
survival (RFS —HR 1.49), CSS (HR 1.88) and overall
survival (OS- HR 1.67) [28]. Similarly in a cohort of
advanced urothelial cancer treated with chemother-
apy, Rossi et al. showed that a pre chemotherapy and
follow up NLR > 3 had poor progression free survival
and median OS [29]. In a meta-analysis of 17 studies
including over 3000 patients with urologic cancers,
subgroup analysis revealed high NLR to be associ-
ated with poor overall survival in renal cell carcinoma
(RCC) as well as worse recurrence free survival and
cancer specific survival in RCC and urothelial carci-
noma [30].

In the present study, we investigated NLR varia-
tion across various bladder cancer stages and grades
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as well as how these variations compared across two
racial groups. We show that higher NLR ratios were
associated with progressively higher bladder cancer
stages. This held true within as well as across the two
ethnic lineages studied here — African American and
European Americans. Neutrophilia and/or relative
lymphopenia, hence a high NLR ratio, might pro-
mote carcinogenesis and inhibit antitumor immune
response, as supported by in vitro [31] studies as
well as in melanoma [32]. Our study represents
one of the few published works on the potential
role of inflammation in bladder cancer tumorigen-
esis. Gondo et al. recently published their work that
showed NLR to have independent prognostic value
in bladder cancer prior to radical cystectomy [10].
Their work did not comment on any ethnic varia-
tions in the prognostic value of the NLR though it
would be reasonable to speculate their cohort was
drawn from a very homogenous Asian population.
In the meta-analysis by Wei Y et al. [24] a strati-
fied analysis was done based on ethnicity of patients
(Asians and Caucasians) and an elevated NLR was
found to have different Hazards ratio for Caucasians
(HR 1.8 95 CI 1.33-2.61) and for Asians (HR 2.26
95 CI 1.66-3.09). A recent paper by Mano et al.
reported their single-institution experience with 122
patients with newly diagnosed non-muscle invasive
bladder cancer who on retrospective review showed
high NLR ratios to be an independent predictor of
disease progression and recurrence [33]. Using Cox
regression analysis, they found an NLR ratios of
2.41 and 2.43 to display a significant dichotomy in
outcomes for progression-free survival and time to
recurrence respectively, with higher ratios being a
poor prognostic factor. The ethnic backgrounds of
the subjects in this study were not stated. Never-
theless, these cut-offs are consistent with the ratios
revealed in our patient cohort of European Ances-
try as reported here where patients with higher risk
disease (high grade and/or lamina propria invasion)
had mean NLR ratios > 2.4. Interestingly, patients
of African Ancestry with high grade Ta and T1 dis-
ease had NLR ratios < 2.4, which re-emphasizes the
point that racial background should be taken into con-
sideration when utilizing this ratio as a prognostic
measure.

The concept of benign ethnic neutropenia is an
intriguing one that brings into play another level
of complexity when interpreting NLR ratios. Tra-
ditionally, neutropenia irrespective of race has been
defined in persons over l-year-old as an absolute
neutrophil count < 1500 cells/cc [11]. Benign ethnic

neutropenia is the phenomenon of neutropenia in oth-
erwise healthy individuals. This has been observed
in subjects from various ethnic groups including
Africans, Afro-Caribbeans, Yemenite Jews and cer-
tain Arab groups. These persons are known to have
normal bone marrow morphology with normal num-
bers of their other blood cell lineages. Through very
elegantly designed population-wide admixture map-
ping studies, Ziv E and others have been able to
identify a single substitution nucleotide polymor-
phism located at chromosome 122 locus to be
responsible for the differences in white blood cell
counts between African Americans and European
Americans [11, 12, 24]. This polymorphism is called
FY+/— (rs2814778) or “Duffy” variant and has been
implicated in conferring resistance to people of West
African descent to infection by Plasmodium falci-
parum as well as in the biology of sickle cell disease
and HIV/AIDS. It should therefore be noted that there
is an ethnic variation in neutrophil counts that is borne
out of a genetic variation that has stood the test of time
through eons of evolution. So when using NLR ratios
in counseling patients on their prognostic outlook
with respect to their specific bladder cancer, racial
differences should be taken into consideration.

A limitation of our study is the lack of data on
other underlying disease processes or inflammation
triggers within our cohort (such as ongoing infection,
chronic inflammatory disease as well as exogenous
steroids) that could affect the NLR ratio outside of
the underlying bladder cancer. The absence of fol-
low up NLR for correlation with clinical outcomes
was another limitation of the present study. The retro-
spective design of this study certainly can inherently
introduce some bias into the data analysis. The rel-
atively small number of patients in our study is also
another statistical limitation.

In summary, although further validation through
independent prospective studies is still needed, the
NLR is a readily available and reproducible marker
that shows great promise as a new prognostic marker
for the aggressive biology of bladder cancer within
and across various racial lineages. Potentially this
marker can help risk stratify patients prior to TURBT
and further large prospective studies are needed to
investigate the role of NLR in the pre TURBT
setting.
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