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Abstract.

Background: The impact of the change in the neutrophil-to-lymphocyte ratio (NLR) during neoadjuvant chemotherapy
(NAC) on outcomes in patients with muscle-invasive bladder cancer (MIBC) is poorly understood.

Objective: To evaluate the prognostic impact of the change in NLR during NAC for patients with MIBC.

Methods: Patients referred to academic, community, and quaternary referral centres in Alberta, Canada from 2005 to 2015,
Ontario, Canada from 2005 to 2013, and Southampton, UK from 2004 to 2010 were evaluated. 376 eligible patients were
treated with NAC for clinical T2-4aNOMO disease, and 296 were evaluable for the change in NLR. A high NLR was defined
as being an NLR > 3. Relationships between the change in NLR from baseline to mid-NAC (pre-cycle 3) and outcomes were
analyzed using multivariable Cox regression. Kaplan-Meier analysis was used with the log-rank test for group comparisons.
Results: Median follow-up was 22.0 months (95% confidence interval [CI]: 14.9-30.0). Patients with a sustained high NLR
had a median disease-free survival (DFS) of 12.6 months, compared to 34.8 months for those with a sustained low NLR
(log-rank test p=0.0025; hazard ratio [HR] 0.61 [95% CI: 0.44-0.84]). Median overall survival (OS) was 19.4 months for
patients with a sustained high NLR, compared to 44.0 months for patients with a sustained low NLR (log-rank test p=0.0011;
HR 0.54 [95% CT: 0.38-0.77]).

Conclusions: A sustained high NLR from baseline to mid-NAC is an independent prognostic factor for patients with MIBC.
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INTRODUCTION

Bladder cancer is the ninth most prevalent cancer
worldwide. Outcomes for patients with muscle-
invasive bladder cancer (MIBC) are poor. In North
America, the standard treatment for patients with
MIBC is neoadjuvant cisplatin-based combination
chemotherapy (NAC) followed by radical cystectomy,
based on level I evidence [1, 2]. In the UK, defini-
tive chemoradiotherapy is frequently used. Approxi-
mately 50% of patients will develop metastatic disease
within two years, with amedian survival time of 12-15
months, and only 15% of patients survive five years
[1]. Used since 2005, NAC is estimated to improve
overall survival in MIBC by 5-8% [1-3]. While many
patients will respond to NAC, some will not, and
others will develop significant toxicity, highlighting
the need to identify prognostic and predictive fac-
tors for these patients. Prognostic biomarkers provide
information about a patient’s likely cancer outcome,
independent of the treatment received, whereas pre-
dictive biomarkers are identified when the treatment
effect differs between patients who are positive for
the biomarker and patients who are negative for
the biomarker. Genomic studies are improving our
ability to prognosticate outcomes in bladder cancer
patients. For instance, messenger RNA expression
levels of various DNA repair genes, such as ERCC1
and ERCC?2 in bladder cancer patients treated with
platinum-based chemotherapy were found to predict
for outcomes [4, 5]. Genetic mutations in DNA repair
genes, ATM, RB1, and FANCC, were also found to
predict pathologic response and clinical benefit in
patients treated with cisplatin-based chemotherapy
for MIBC [6]. Moreover, four molecular subtypes
of MIBC (claudin-low, basal, luminal-infiltrated, and
luminal), classified based on gene expression pro-
filing, were recently found to predict response to
cisplatin-based NAC [7].

Markers of the immune response to cancer also
have potential as prognostic and predictive factors
for bladder cancer patients. Inflammation is a protec-
tive response against foreign substances; however, it
can also promote tumorigenesis and cancer progres-
sion. Cancer-associated inflammation is considered
a hallmark of cancer [8]. Increased levels of serum
inflammatory markers portend a poor prognosis in
several malignancies, including urothelial carcinoma
[9-12]. An elevated neutrophil-to-lymphocyte ratio
(NLR), a measure of systemic inflammation, is
associated with a poor prognosis in several solid
malignancies [13-19].

NLR is a novel prognostic marker in bladder can-
cer. It has been found to improve the preoperative
prediction of lymph node metastasis and survival out-
comes in patients treated with radical cystectomy [11,
20, 21]. Anelevated pre-cystectomy NLR predicts for
poor recurrence-free survival in patients with MIBC,
and correlates with disease progression and recur-
rence in patients with non-MIBC [22, 23]. Moreover,
baseline NLR has been found to be an independent
predictor in differentiating non-MIBC and MIBC
[24, 25]. In MIBC, however, there is a gap in the
literature surrounding the role of NLR in prognosti-
cation for patients undergoing NAC. A recent study
found that a pre-treatment NLR <2.5 could predict
for better progression-free survival, cancer-specific
survival, overall survival, and pathologic response
in MIBC patients undergoing NAC [26]. Although
perioperative changes in NLR are associated with sur-
vival, the change in NLR during NAC and its impact
on outcomes is not fully understood [27]. The objec-
tives of this study were to evaluate the prognostic role
of baseline NLR on outcomes and the impact of the
change in NLR over the course of NAC on outcomes
in patients with MIBC. We hypothesize that an ele-
vated baseline NLR and changes in NLR following
initiation of NAC predict for patient survival.

PATIENTS AND METHODS

Patients

After obtaining local research ethics board
approval, MIBC patients treated with NAC in
Alberta, Canada from 2005-2015, the Princess Mar-
garet Hospital in Ontario, Canada from 2005-2013,
and University Hospital Southampton NHS Foun-
dation Trust, Southampton, UK from 2004-2010
were evaluated. In Alberta, all patients referred
to any cancer centre, including academic cen-
tres and community centres, were included. The
Princess Margaret Hospital and University Hos-
pital Southampton are quaternary referral centres.
The time intervals varied depending on the avail-
able data that were independently collected at each
site. All MIBC patients treated with NAC were
identified using pharmacy records and confirmed
by manual chart review. Patient records were ret-
rospectively reviewed, and clinical, pathological,
treatment, and outcome data were extracted. Patients
with clinical T2-4aNOMO disease were included in
this analysis. Diagnosis was based on trans-urethral
resection of the bladder tumour. Subsequent staging
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investigations with chest, abdominal and pelvic com-
puted tomography (CT) scans were completed to rule
out metastases. The TNM staging system was used,
and the relevant edition for the year of diagnosis was
utilised. After completing NAC, patients typically
underwent repeat staging investigations, including
CT imaging, and then proceeded on to a radical cys-
tectomy, or in select patients, a bladder-preservation
protocol. Repeat staging after NAC completion prior
to definitive therapy was not required for inclusion.
After definitive treatment, patients were followed at
each centre as per local surveillance protocols.

The NLR was calculated as the serum absolute
neutrophil count divided by the serum absolute lym-
phocyte count. The median population values of NLR
at baseline and mid-NAC were decided a priori to be
used as the NLR cut-off values for the respective time-
points. NLR values prior to initiation of preoperative
chemotherapy (“baseline”), and before administra-
tion of the third cycle of NAC (“mid-NAC”) were
obtained. Eligible patients had T2-4aNOMO disease
and were treated with at least one cycle of NAC.
Evaluable patients were those who had adequate
laboratory data available, including neutrophil and
lymphocyte counts at baseline, or at baseline and mid-
NAC. A total of 376 eligible patients were treated
with NAC; 351 were evaluable for NLR and outcomes
at baseline, and 296 were evaluable for NLR and
outcomes at mid-NAC. The analysis population for
overall survival (OS) and disease-free survival (DFS)
with baseline NLR included all eligible patients with
a baseline NLR value who commenced NAC. The
analysis population for OS and DFS with the change
in NLR included eligible patients with baseline and
mid-NAC NLR values, who underwent definitive
curative-intent treatment (either radical cystectomy
or a bladder preserving regimen). Patients were
excluded if their blood work data or initial staging
information were unavailable in the electronic health
records. 25 of the 376 eligible patients were not evalu-
able for NLR and outcomes at baseline, and 80 eligi-
ble patients were not evaluable for NLR and outcomes
at mid-NAC, due to the unavailability of baseline
or mid-NAC NLR data, respectively. The standard
NAC regimen delivered was platinum-based and for
a planned four cycles. Patients were evaluated clini-
cally and biochemically prior to each cycle of NAC.

Statistical analysis

Discrete and continuous variables at baseline were
analyzed by Fisher’s Exact Test and Wilcoxon rank-

sum test, respectively. The co-primary endpoints
were to evaluate the impact of the change in NLR
from baseline to mid-NAC on DFS and OS. The
secondary endpoints were to evaluate the impact of
baseline NLR on DFS and OS. DFS was defined as
the time from the date of the first cycle of NAC to
the time of disease recurrence, death, or last follow-
up. OS was defined as the time from the date of the
first cycle of NAC to the time of death or last follow-
up. DFS and OS were estimated using Kaplan-Meier
analysis with the log-rank test for group comparisons.
Cox proportional hazard regression was used to adjust
for the impact of gender, initial cancer stage, and age.
All statistical analyses used 2-sided p-values of <0.05
to be considered significant.

RESULTS

A total of 351 evaluable patients who commenced
NAC between 2004 and 2015 were evaluated. The
median NLR at baseline was 3.0 in this study popu-
lation, and the median mid-NAC NLR was 1.8. These
values were used to determine the change in NLR; for
instance, a high-to-low NLR was defined as a base-
line NLR > 3.0 and a mid-NAC treatment NLR < 1.8.
Baseline and treatment characteristics are outlined
in Table 1. The median age of diagnosis was 69
years (range: 37-84) for patients with a high base-
line NLR, and 65 (range: 36-87) for patients with
a low baseline NLR (Table 1). Most patients were
male in both categories (77% and 72%, respectively).
The median follow-up for the entire cohort was 22.0
months (95% confidence interval [CI]: 14.9-30.0).
Most patients (90.3%) were treated with cisplatin
and gemcitabine in three-week cycles, for a median
of four cycles. Four patients died during NAC; one
died of a stroke, one of likely opioid toxicity, one
of rapid progression with the development of lung
disease concerning for a second primary, and one
patient died of an unknown cause. The majority of
the evaluable patients (73.5%) underwent radical cys-
tectomy, and 46 (13.1%) underwent curative-intent
bladder preservation therapy in the form of radio-
therapy to the bladder with or without concurrent
platinum-based chemotherapy. Moreover, 14 (4.0%)
patients did not undergo curative-intent definitive
treatment due to progression during NAC, ten (2.8%)
patients were unfit for curative-intent definitive treat-
ment after completion of NAC, and 23 (6.6%) patients
had insufficient data available to determine whether
they received any definitive treatment.
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Table 1

Baseline patient, disease, treatment characteristics, disease-free survival (DFS), and overall survival (OS)
for patients with pre-neoadjuvant chemotherapy (NAC) neutrophil-to-lymphocyte ratio (NLR) > 3
(high) or NLR <3 (low)

Baseline Baseline P
NLR >3 (high) NLR < 3 (low)
n=167 (%) n=184 (%)
Age at diagnosis, median (range) 69 (37-84) 65 (36-87) 0.049
Gender
Male 129(77.2) 133 (72.3) 0.326
Female 38(22.8) 51 (27.7)
Baseline T stage
pT2 119(71.3) 143 (77.7) 0.016
pT3 28(16.8) 34 (18.5)
pT4a 20(12.0) 7(3.8)
ECOG performance status
0 72(43.1) 99 (53.8) 0.030
1 33(19.8) 30 (16.3)
2 8(4.8) 2 (1.1)
3 1(0.6) 0 (0.0)
Missing 53(31.7) 53 (28.8)
Treatment regimen
Cisplatin/Gemcitabine regular-21 146 (87.4) 171 (92.9) 0.262
Cisplatin/Gemcitabine regular-28 1(0.1) 2(1.1)
Cisplatin/Gemcitabine split dose 6(3.6) 5@2.7)
Carboplatin/Gemcitabine 11(6.6) 4(2.2)
Other 3(1.8) 2 (1.1)
Number of cycles of NAC, median (range) 3(1-6) 4 (1-6) 0.139
Time from diagnosis to treatment, median months (range) 1.8(0.1-16.2) 1.7 (0.1-36.9)
Time of follow-up, median months, (95% CI) 22.0(14.7-38.5) 23.1 (13.5-35.2)
Reason for stopping NAC
NAC complete 112(67.1) 144 (78.3) 0.046
Disease progression 8(4.8) 6(3.3)
Toxicity 35(21.0) 27 (14.7)
Other 11(6.6) 4(2.2)
Unknown 1(0.6) 3(1.6)

DFS, median months (95% CI)
OS, median months (95% CI)

12.6(10.1-23.0)  34.8(23.645.5) 0.0025
19.4(14.4-34.4)  44.0 (32.3-69.0) 0.0011

2 1004k b 100{d
o075 - 0.75
[ == Baseline NLR > 3 g =+ Baseline NLR > 3
2 0.50- S 0.50
3 ~}~ Baseline NLR < 3 @ == Baseline NLR < 3
0.254 0.254
0.004 0.004
T T T T T v T v v v
0 25 50 75 100 0 25 50 75 100
DFS (months from start of NAC) OS (months from start of NAC)
Number at risk by time Number at risk by time
Baseline NLR > 3 166 27 11 5 0 Baseline NLR >3 167 34 13 7 1
Baseline NLR < 3 184 48 20 3 1 Baseline NLR <3 184 58 28 7 1

Fig. 1. a. Disease-free survival (DFS) for a baseline neutrophil-to-lymphocyte ratio (NLR) >3 (high) or NLR < 3 (low). b. Overall survival
(OS) for a baseline neutrophil-to-lymphocyte ratio (NLR) > 3 (high) or NLR <3 (low).

Of the 351 patients who were evaluable for
NLR and outcomes at baseline, 167 had a high
NLR (NLR>3), and 184 patients had a low NLR
(NLR < 3). Patients with NLR>3.0 had a worse

DFS compared to patients with NLR <3 (log-rank
test p=0.0025, median DFS 12.6 vs. 34.8 months,
Fig. 1a), with an adjusted hazard ratio (HR) of 0.61
(95% CI: 0.44-0.84; p<0.001, Table 1). Patients
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with a baseline NLR >3.0 had poor OS compared
to patients with NLR <3 (log-rank test p=0.0011,
median OS 19.4 vs. 44.0 months; Fig. 1b), with an
adjusted HR of 0.54 (95% CI: 0.38-0.77; p <0.001,
Table 1). Patients were separated into the following
four groups based on the change in NLR: baseline
NLR >3.0 and mid-NAC NLR > 1.8 (high-to-high),
baseline NLR > 3.0 and mid-NAC NLR < 1.8 (high-
to-low), baseline NLR < 3 and mid-NAC NLR > 1.8
(low-to-high), and baseline NLR <3 and mid-NAC
NLR < 1.8 (low-to-low). Of the 296 patients who
were evaluable for NLR and outcomes after two
cycles of treatment, 95 patients had high-to-high
NLR, 43 patients had high-to-low NLR, 52 patients
had low-to-high NLR, and 106 patients had low-
to-low NLR. Patients with a sustained high NLR
had a worse DFS compared to patients with a sus-
tained low NLR (log-rank test p < 0.001, median DFS
10.0 vs. 41.0 months; Fig. 2a), with an adjusted
HR of 0.43 (95% CI: 0.28-0.67; p <0.001, Table 2).
The 3-year DFS rate for patients with a sustained
high NLR was 24% (standard error [SE]=0.07; 95%
CI: 0.14-0.42), compared to 58% (SE=0.06; 95%
CI: 0.46-0.72) for patients with a sustained low
NLR (Table 2). Similarly, patients with a sustained
high NLR had a worse OS compared to patients
with a sustained low NLR (log-rank test p <0.001,
median OS 16.9 vs. 52.0 months, Fig. 2b), and an
adjusted HR of 0.36 (95% CI: 0.22-0.58; p <0.001,
Table 2). The 3-year OS rate for patients with a
sustained high NLR was 29% (SE=0.07; 95% CI:
0.18-0.47), compared to 64% (SE=0.06; 95% CI:
0.52-0.77) for patients with a sustained low NLR
(Table 2).

Patients with a high baseline NLR, which was sus-
tained after receiving two cycles of NAC, were of
particular interest, as these patients were hypothe-
sized to have the worst outcomes. These patients
were considered “poor-risk” and were compared to
all other patients (any low NLR groups) who were
considered “favourable-risk”. Of the 296 evaluable
patients, 95 patients were poor-risk and 201 patients
were favourable-risk. Patients in the poor-risk cate-
gory had a median DFS of 10.0 months, compared to
36.2 months for those with favourable-risk (log-rank
test p <0.001; Fig. 3a), with an adjusted HR of 0.51
(95% CI: 0.35-0.74; p<0.001, Table 3). Likewise,
patients in the poor-risk category had a median OS
of 16.9 months, compared to 44.0 months for those
with favourable-risk (log-rank test p < 0.001, Fig. 3b),
with an adjusted HR of 0.45 (95% CI: 0.30-0.67;
p<0.001, Table 3).

Table 2
Prognostic role of the change in the neutrophil-to-lymphocyte ratio (NLR; four groups) on outcomes (disease-free survival [DFS] and overall survival [OS]), as well as 3-year DFS and OS rates.

Hazard ratios are adjusted for gender, initial stage, and age at diagnosis, as compared with group HIGH to HIGH NLR

HR

oS,
(95% CI)

median months

HR

(95% CI)

OS, 3-year rate

DFS, 3-year rate

DFS,
median months

(SE; 95% CI)

(SE; 95% CI)

p-value

(95% CI)
16.9 (13.1-29.8)
40.9 (22.6-NR)

(95% CI) p-value

10.0 (8.6-26.6)
36.2 (17.7-NR)

0.29 (0.07; 0.18-0.47)

0.24 (0.07; 0.14-0.42)

=95
43

HIGH to HIGH n

0.58 (0.09; 0.43-0.79)

0.01 0.51 (0.09; 0.35-0.73)
0.19

0.36 (0.22-0.58) p<0.001

0.49 (0.27-0.87) p

0.02
0.23

0.43 (0.28-0.67) p<0.001

0.53 (0.31-0.90) p
0.72 (0.42-1.24) p

HIGH to LOW n

0.50 (0.11; 0.33-0.77)
0.64 (0.06; 0.52-0.77)

0.36 (0.10; 0.20-0.63)
0.58 (0.06; 0.46-0.72)

0.68 (0.39-1.21) p

37.0 (24.4-NR)
52.0 (43.4-NR¥)

23.6 (10.7-NR)
41.0 (32.7-69.0)

=52

LOW to LOW n=106
*not yet reached.

LOW to HIGH n

189
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Fig. 2. a. Disease-free survival (DFS) for changes in the neutrophil-to-lymphocyte ratio (NLR). b. Overall survival (OS) for changes in the
neutrophil-to-lymphocyte ratio (NLR).
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Fig. 3. a. Disease-free survival (DFS) for patients with ‘poor-risk’ disease compared with ‘favourable-risk’ disease. Poor-risk patients had
a sustained high neutrophil-to-lymphocyte ratio (NLR) after two cycles of neoadjuvant chemotherapy (NAC). b. Overall survival (OS) for
patients with ‘poor-risk’ disease compared with ‘favourable-risk’ disease. Poor-risk patients had a sustained high neutrophil-to-lymphocyte
ratio (NLR) after two cycles of neoadjuvant chemotherapy (NAC).

Table 3
Prognostic role of the change in the neutrophil-to-lymphocyte ratio (NLR; two groups) on outcomes (disease-free survival [DFS] and overall
survival [OS]). Hazard ratios are adjusted for gender, initial stage, and age at diagnosis

DFS, median months (95% CI)

10.0 (8.6-26.6)
36.2 (24.3-45.5)
HR 0.51 (95% CI: 0.35-0.74) p <0.001

OS, median months (95% CI)
16.9 (13.1-29.8)
44.0 (36.2-NR*)
HR 0.45 (95% CI: 0.30-0.67) p<0.001

Poor-risk n=95
Favourable-risk n=201

*not yet reached.

We further separated the patients by stage (stage 11 of 14.4 months, compared to stage III patients with a

vs. stage III disease). There was a consistent associa-
tion between NLR and survival outcomes in the stage
II and stage III groups. Stage II patients with a high
baseline NLR had a DFS of 16.9 months and an OS of
22.6 months, compared to stage II patients with a low
baseline NLR, who had a DFS of 34.2 months and
an OS of 40.4 months. Stage III patients with a high
baseline NLR had a DFS of 10.9 months and an OS

low baseline NLR, who had a DFS of 54.6 months and
an OS of 105.3 months. We also analyzed stratified
Cox regression models. After stratifying by stage of
disease, we found similar hazard ratios to the original
Cox regression analyses (see supplementary data).
In addition, after stratifying by baseline NLR, mid-
NAC NLR was significantly associated with DFS
(HR=0.56 [95% CI: 0.38-0.83]; p<0.001) and OS
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(HR=0.51 [95% CI: 0.33-0.77]; p<0.001); how-
ever, the converse was not true (see supplementary
data).

DISCUSSION

There is a need to better prognosticate for patients
with MIBC. To our knowledge, this study is the
first of its kind to investigate the independent prog-
nostic role of the change in NLR from baseline to
mid-NAC in MIBC patients. As a secondary out-
come, this study also confirms that baseline NLR
correlates with survival. We have demonstrated that
baseline NLR, and the change in NLR from baseline
to mid-NAC are independent prognostic factors for
DFS and OS. A sustained low NLR from baseline to
mid-NAC is significantly associated with better DFS
and OS in MIBC patients, compared to a sustained
high NLR. Patients can be stratified into poor-risk
(sustained high NLR) and favourable-risk (any low
NLR) groups, between which DFS and OS signifi-
cantly differ. These results are interesting and warrant
validation in a larger cohort using these values to
categorize patients based on the change in NLR.

The median NLR at baseline was 3.0 in this study
population, similar to previous reports in MIBC [28].
These results are also consistent with data examining
the role of NLR in patients with solid malignancies
receiving systemic therapy. For instance, NLR > 3.1
atbaseline and post-chemotherapy change were inde-
pendent prognostic factors for OS in patients with
advanced pancreatic cancer undergoing chemother-
apy [29]. In unresectable gastric cancer, patients
with a high baseline NLR had decreased DFS and
OS while patients with a low NLR after first-line
chemotherapy had improved OS compared with those
with a high NLR post-treatment [30]. In MIBC,
studies have explored the impact of baseline and
peri-operative NLR changes on outcomes. One study
demonstrated that a high pre-operative NLR, or an
NLR that increased during post-operative follow-up,
were markers for early detection of recurrence [31].
This study did not evaluate the change in NLR with
NAC, but rather the change in NLR from baseline
to three months after cystectomy. Moreover, a high
pre-operative NLR, or a sustained high perioperative
NLR was associated with worse oncologic outcomes
than other NLR groups in patients treated with rad-
ical cystectomy [32]. This also did not evaluate
patients who received NAC. In another study, periop-
erative changes in NLR were significantly associated

with OS in patients undergoing radical cystectomy,
and patients with a high post-operative NLR who
had a decrease in NLR after adjuvant chemotherapy
had improved outcomes [27]. However, the clinical
applicability of this data is limited by the fact that
current guidelines recommend NAC rather than adju-
vant chemotherapy. Nonetheless, the change in NLR
during NAC has been associated with pathological
response rates, with a decrease in NLR with NAC
correlating to pathologic responses [33]. NLR val-
ues were collected within one week of starting NAC,
at mid-NAC (pre-cycle three), and before radical
cystectomy. The study was a preliminary study, eval-
uating pathological complete response only among
patients treated with NAC. Our current study fur-
ther clarifies the prognostic role of NLR for MIBC
patients receiving NAC, and is unique in that it
demonstrates the impact on DFS and OS in this group
of patients who receive the current standard of care,
NAC. By assessing patients midway through NAC,
this introduces an earlier opportunity for patient
risk stratification to guide clinical decision-making.
Moreover, NLR is a convenient prognostic marker
which is easily accessible from standard of care blood
work, making it a tool that can be used in real-time
and at no additional cost.

Changes in NLR with NAC may result from
NAC-associated decreased tumour burden through
interactions between the tumourigenic microenviron-
ment and the host immune response. A decreased
tumour burden resulting from a response to NAC
may improve tumour-associated systemic inflamma-
tion, thereby reducing NLR. A low NLR reflects
fewer serum neutrophils, which have been shown
to produce pro-tumourigenic cytokines and pro-
angiogenic vascular endothelial growth factor [34]. A
low NLR also reflects higher relative serum lympho-
cytes, which exhibit an antitumour immune response
to combat malignancy. It follows that an increased
tumour burden from a lack of response to NAC could
perpetuate the recruitment of cells that can display
pro-oncogenic functions, such as neutrophils, thereby
resulting in a high NLR. This reasoning is consistent
with the results of this study, which found that a low
NLR, as a marker of systemic inflammation, and a
decrease in this marker during NAC, is significantly
associated with better oncologic outcomes.

The retrospective design of this study introduces
limitations, such as the absence of data on potential
confounding factors, differential losses to follow-
up, and information bias. Further prospective studies
with larger patient cohorts and evaluations of possible
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confounding effects of unobserved patient charac-
teristics are warranted. Alternatively, patients with a
low baseline NLR (NLR < 3) had a median of four
treatment cycles, whereas patients with a high base-
line NLR (NLR >3) had a median of three cycles,
although this difference was not statistically signif-
icant. A lower median number of treatment cycles
may have resulted from earlier disease progression
in patients with a high baseline NLR. Nonetheless,
it is possible that differences in median cycle num-
bers could lead to differences in outcomes, as patients
who complete the full course of chemotherapy are
generally more likely to have favourable outcomes.
In addition, our stratified Cox regression analyses
showed that although mid-NAC NLR was signifi-
cantly associated with DFS and OS after stratifying
by baseline NLR, baseline NLR was not signifi-
cantly associated with DFS or OS after stratifying
by mid-NAC NLR. Moreover, using the mid-NAC
NLR to prognosticate the DFS or OS from the start
of NAC carries a bias. We did not have the date
of the blood draw leading to the mid-NAC NLR
to use this for the calculations. To obtain an esti-
mate of this bias, we reran some of the analyses
using the “landmark method” in which DFS and OS
were calculated from 2.5 months past the start of
NAC (by which time the mid-NAC NLR would have
been determined) [35]. Table S5 in the Supplemental
Material summarizes the results, which are consis-
tent with the results obtained from using the start
of NAC for the calculations. At the time of diag-
nosis, mid-NAC NLR is not available, thus baseline
NLR remains important for predicting outcome for
MIBC patients who are starting NAC. Nonetheless,
our analysis suggests that there may be value in revis-
ing the prognosis after the commencement of NAC by
using the mid-NAC NLR to evaluate prognosis. This
aspect warrants further study. Moreover, there was
some variability in definitive management strategies
and surveillance protocols between the various insti-
tutions, which could introduce biases. For instance,
more patients in the UK receive concurrent chemora-
diotherapy for definitive treatment. However, this
variability in definitive management strategies and
surveillance protocols may increase the generaliz-
ability of our results. In addition, the impact of the
change in NLR on pathological complete response
rates could not be evaluated due to the insufficient
availability of pathologic data. We suggest prospec-
tive validation of these results in clinical trials to
assess the clinical utility of NLR in patients with
MIBC before routine use of this putative biomarker in

clinical practice. Nonetheless, our results are consis-
tent with those of previous studies demonstrating an
association between NLR and oncologic outcomes,
and suggest a role for NLR in prognostication for
MIBC patients. The NLR, and its change during
NAGC, is a readily available tool which could easily
be incorporated into clinical practice, and may aid in
risk stratification.

CONCLUSIONS

NLR is an independent prognostic factor for
patients with MIBC undergoing NAC. A high base-
line NLR and a sustained high NLR from baseline
to mid-NAC are significantly associated with infe-
rior outcomes. As an inexpensive, reproducible, and
widely accessible test that is based on commonly
measured parameters, NLR has a role in prognos-
tication for MIBC patients being treated with NAC.
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