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Higher neutrophil-to-lymphocyte ratio after the first cycle of the
first-line chemotherapy is associated with poor cancer specific
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Background: Inflammatory cytokines and immature myeloid derived suppressor cells (MDSCs), which
increase during cancer progression, could lead to a neutrophil increase and lymphocyte reduction. Thus, the
neutrophil-lymphocyte ratio (NLR) was used to predict survival of patients suffering from urological cancers
including upper urinary tract carcinoma. We further determined whether the NLR during the first cycle of
first-line chemotherapy could predict cancer specific survival.

Methods: We recruited patients with locally advanced or metastatic upper urinary tract urothelial
carcinoma (UTUC) who received chemotherapy between January 2014 and July 2019. We investigated the
impact of various clinical variables, including age, sex, performance status, and estimated creatinine clearance
(CCr), and NLR before and after the first cycle of the first-line chemotherapy on prognosis.

Results: A total of 41 patients were included in our study. Cancer specific survival of the patients with
lower NLR was significantly better than that of the patients with higher NLR measured after the first cycle
of the first-line chemotherapy (log-rank test P=0.005, median 29.2 vs. 11.9 months, respectively). Cox
proportional regression analysis showed that higher NLR after the first cycle of the first-line chemotherapy
was a significant predictor of cancer specific survival.

Conclusions: The NLR after the first cycle of the first-line chemotherapy could be an indication for

patients with locally advanced or metastatic UT'UC to maintain their first-line chemotherapy treatment.
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Introduction

Upper urinary tract urothelial carcinoma (UTUC)
accounts for 5-10% of all urothelial carcinomas. This rare
disease is often advanced at diagnosis and is associated
with a poor prognosis (1-3). Hence, having an efficient
biomarker which could predict survival in UTUC on
treatment is important (4,5). The neutrophil-lymphocyte
ratio (NLR) can be easily calculated with a blood test, and
this inflammatory marker is reported as prognosticator in
urothelial carcinoma (6,7). Locally advanced or metastatic
bladder cancer patients with persistently high NLR, even
after the first cycle of first-line chemotherapy experienced
short term survival rates (7). UTUC is the same urothelial
carcinoma as bladder cancer, but UTUC differs from
bladder cancer in its responsiveness to chemotherapy (8).
A higher NLR prior to chemotherapy predicted poor
prognosis in patients with metastatic UTUC (6). However,
studies that examine the association between persistently
high NLR after the first cycle of first-line chemotherapy
and prognosis in UTUC do not exist. In this study, we
elucidated whether NLR during the first cycle of first-line
chemotherapy could predict prognosis in locally advanced
or metastatic (advanced) UTUC.

We present the following article in accordance with the
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tau-21-185).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the institutional ethical review board (No.
R02-247) and individual consent for this retrospective
analysis was waived. UTUC patients who started their
treatment between January 2014 and July 2019 were
entered into this retrospective study. Inclusion criteria
included patients with advanced UTUC, and they received
at least one cycle of chemotherapy. Patients who received
adjuvant chemotherapy after surgery, and had no recurrence
thereafter were excluded. Patients with inflammatory
disease including any infections were also excluded from
the analysis. Blood test results were derived from the
hematological analysis from two-time points, namely, before
the first and second cycle of the first-line chemotherapy.
We set a cutoff value for the NLR at three according to
previous reports (6,7). We divided the patients according to
NLR. Patients with an NLR <3 and an NLR >3 before the
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first cycle of the first-line chemotherapy were classified as
“lower NLR (pre-chemo)” and “higher NLR (pre-chemo)”
groups, respectively. Patients with an NLR <3 and an
NLR >3 after the first cycle of the first-line chemotherapy
were classified as “lower NLR (post-chemo)” and “higher
NLR (post-chemo)” groups, respectively. We performed
cox proportional regression analysis to evaluate the impact
of variables, including age, sex, performance status, and
creatinine clearance (CCr), and NLR on cancer specific
survival. The log-rank test was also performed to compare
survival distributions between the two groups. CCr was
estimated by the Cockeroft-Gault equation (9).

Statistical analysis

Statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria) (10). The
association of variables between two groups was analyzed by
the chi-square test, Fisher’s exact test or Mann-Whitney U
test. The paired 7-test was used for the evaluation of NLR
change. We performed log rank test and cox proportional
regression analysis to evaluate variables which could affect
survival rate. A P value <0.05 was considered as significant.
Dot plots showing NLR distributions were created in
GraphPad Prism version 8.00 for Windows, GraphPad
Software, La Jolla, CA, USA, www.graphpad.com.

Results

A total of 41 patients were included in our study. Patient
demographics are summarized in Tzble 1. No patients
received neo-adjuvant chemotherapy before surgery.
Nineteen patients received 1-3 cycles of adjuvant
chemotherapy. In this cohort, 21, 17, 4, and 1 patient
received Gemcitabine + Cisplatin, Gemcitabine +
Carboplatin, Methotrexate + Vinblastine + Adriamycin
+ Cisplatin, and Carboplatin monotherapy as first-line
chemotherapy, respectively. The median number of
first-line chemotherapy cycles is 3 (range, 1-14). The
combination of Gemcitabine and Cisplatin was effective
for quite a long time in two patients. They received it
intermittently for a total of 12 and 14 cycles, respectively.
Six patients received pembrolizumab as second-line
therapy. Median cancer specific survival was 17.2 months
(95% CI: 8.6-29.2). Twenty-six (63%) patients died of

tumor progression, 8 (20%) patients were transferred to
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Table 1 The characteristics of all patients (n=41), and associations of patient’s characteristics between lower (n=15) and higher (n=26) pre-chemo
NLR group'

Parameters Value Lower NLR (pre-chemo)  Higher NLR (pre-chemo) P value
Age 71 [55, 84] 71[55, 79] 71 [56, 84] 0.89
Sex 1
Male 33 [80] 12 [80] 21 [81]
Female 8 [20] 3 [20] 5[19]
Performance status 0.86
0 28 [68] 11 [73] 17 [64]
1 11 [27] 4 [27] 7 [28]
>2 2 [5] 01[0] 28]
Primary site 1
Renal pelvis 26 [63] 10 [67] 16 [55]
Ureter 15 [37] 5 [33] 10 [45]
Nephroureterectomy 30 [73] 14 [93] 16 [61] 0.03*
Pathological T stage 0.25
T 3[10] 3 [21] 01[0]
T2 413] 11[7] 3[19]
T3 21 [70] 9 [64] 12 [75]
T4 217] 1[7] 11[6]
Histology
uc 29 [71]
Undifferentiated UC 2 5]
UC with squamous cell differentiation 1[2]
UC with sarcomatoid variant 2[5]
Squamous cell carcinoma 11[2]
Adenocarcinoma 1[2]
Unclassified carcinoma 1[2]
Not available 4110]
Visceral metastasis 31 [76]
Lung 22 [71] 8 [53] 14 [54] 1
Liver 6[19] 01[0] 6 [24] 0.07
Bone 3[10] 01[0] 3[11] 0.29
Clinical lymph node staging 0.66
NO 13 [32] 6 [40] 7 [27]
N1 14 [34] 4 [27] 10 [38]
N2 14 [34] 5[33] 9 [35]

Table 1 (continued)
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Table 1 (continued)
Parameters Value Lower NLR (pre-chemo)  Higher NLR (pre-chemo) P value
NLR and CCr before the first cycle of the first-line chemotherapy
CCr 45.6 [22.4, 88.4] 48.6 [27.7, 68.4] 43.5[22.4, 88.4] 0.23
NLR 3.61[1.96, 7.50] 2.29 [1.96, 2.94] 4.31[3.07, 7.50] <0.001*
NLR and CCr after the first cycle of the first-line chemotherapy
cCr 45.7 [23.8, 86.3] 49.7 [34.9, 74.3] 44.4[23.8, 86.3] 0.12
NLR 3.16 [0.67, 29.5] 2.32[0.66, 5.60] 3.47 [0.98, 29.5] 0.006*

Values represent number [%)], or median [range]. T, patients with NLR <3 and an NLR =3 before the first cycle of first-line chemotherapy
were divided into lower NLR (pre-chemo) and higher NLR (pre-chemo) groups, respectively; *, a P value <0.05 was considered significant.
NLR, neutrophil-lymphocyte ratio; UC, urothelial carcinoma; CCr, creatinine clearance.

another hospital for hospice care because of severe disease
progression, and 1 patient died from an unknown cause.
We divided the patients according to the NLR, patients
with an NLR <3 or an NLR >3 before the first cycle of
first-line chemotherapy were assigned to “lower NLR
(pre-chemo)” and “higher NLR (pre-chemo)” groups,
respectively. Patients with an NLR <3 or an NLR >3 after
the first cycle of first-line chemotherapy were assigned
to “lower NLR (post-chemo)” and “higher NLR (post-
chemo)” groups, respectively. Statistically significant
differences between lower NLR (pre-chemo) and higher
NLR (pre-chemo) were observed in surgery and NLR
(Table 1). There were no statistical differences in patient
characteristics between lower NLR (post-chemo) and
higher NLR (post-chemo) other than the NLR (7able 2).
Opverall, the NLR did not differ in patients during the first
cycle of first-line chemotherapy (paired z-test, P=0.47,
Figure I). Notably, the NLR decreased significantly during
the first cycle of first-line chemotherapy in the lower NLR
(post-chemo) cohort (paired #-test, P=0.0001), whereas,
the NLR did not change in the lower NLR (pre-chemo),
higher NLR (pre-chemo) and higher NLR (post-chemo)
groups. Cancer specific survival between lower NLR (pre-
chemo) (median, 26.0 months) and higher NLR (pre-
chemo) (median, 11.9 months) did not differ statistically
(log-rank test, P=0.20; Figure 2). However, cancer specific
survival of the lower NLR (post-chemo) group (median,
29.2 months) was better than that of higher NLR (post-
chemo) (median, 11.9 months) (log-rank test, P=0.005,
Figure 3). Univariate and multivariate logistic regression
analysis predicted which variables affected cancer specific
survival. In blood tests performed before the first cycle of
the first-line chemotherapy, univariate and multivariate
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analyses did not identify any variables as predictors of
cancer specific survival (Table 3). On the other hand, in the
blood test performed after the first cycle of the first-line
chemotherapy revealed that on univariate analysis, NLR
(P=0.007) was significantly associated with cancer specific
survival and was still a significant predictor of cancer
specific survival on multivariate analysis (model 1: P=0.01,
model 2: P=0.03, Table 4). Performance status, Cecr,
pathological T stage, and surgery were not associated with
CSS in this study, although there was a trend in histology
(Tables 3,4).

Supplementary result

The patients were divided into four groups according to
NLR change before and after the first cycle of first-line
chemotherapy. The groups were named as high-low, high-
high, low-low, and low-high. The median CSS (month)
of the patients in high-low, high-high, low-low, and low-
high were NA [n=8, 95% CI: 6.57-not available (NA)], 8.57
(n=18, 95% CI: 4.57-16.7), 29.2 (n=11, 95% CI: 17.2-NA)
and 18.7 (n=4, 95% CI: 3.28-NA). Although the number of
patients in each group was limited, the patients with low-
low and high-high seemed to show better and worse CSS,
respectively.

Discussion

We demonstrated that NLR >3 after the first cycle of first-
line chemotherapy was a significant predictor of worse
cancer specific survival. A previous article showed that
locally advanced or metastatic bladder cancer patients
with higher NLR after the first cycle of the first-line
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Table 2 Associations of patient’s characteristics between lower (n=19) and higher (n=22) post-chemo NLR group'

Parameters Lower NLR (post-chemo) Higher NLR (post-chemo) P value
Age 68 [55, 79] 71 [61, 84] 0.10
Sex 0.25
Male 17 [89] 16 [73]
Female 2 [11] 6 [27]
Performance status 0.63
0 14 [74] 14 [64]
1 5 [26] 6 [27]
>2 0[0] 21[9]
Primary site 0.33
Renal pelvis 14 [74] 12 [55]
Ureter 5 [26] 10 [45]
Nephroureterectomy 15[79] 15 [68] 0.50
Pathological T stage 0.25
T1 1171 2[13]
T2 1[7] 3[20]
T3 13 [86] 8 [53]
T4 01[0] 2[13]

Visceral metastasis

Lung 13 [68] 9 [41] 0.20

Liver 2 [11] 4[18] 0.67

Bone 2 [11] 11[5] 0.58
Clinical lymph node staging 0.45

NO 8[42] 5[23]

N1 5 [26] 9 [41]

N2 6 [32] 8 [36]

NLR and CCr before the first-line chemotherapy
CCr 50.2 [25.0, 65.8] 42.7 [22.4, 88.4] 0.27
NLR 2.75[1.96, 5.19] 4.51 [2.40, 7.50] <0.001*
NLR and CCr after the first-line chemotherapy
CCr 49.7 [25.3, 74.3] 43.4[23.8, 86.3] 0.19
NLR 2.00[0.67, 2.87] 4.31[3.11, 29.5] <0.001*

Values represent number [%], or median [range]. ', patients with an NLR <3 and an NLR =3 after the first cycle of first-line chemotherapy
were divided into lower NLR (post-chemo) and higher NLR (post-chemo) groups, respectively; *, a P value <0.05 was considered
significant. NLR, neutrophil-lymphocyte ratio; CCr, creatinine clearance.
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chemotherapy had worse overall survival (7). Another
study revealed that baseline NLR before the first-line
chemotherapy could be a prognostic factor for the urothelial
carcinoma including UTUC (6). However, it had not yet
been elucidated whether a higher NLR after the first cycle
of the first-line chemotherapy could be associated with
prognosis in UTUC patients. Patients with UTUC often
present with advanced stages of the disease at diagnosis (1).

Furthermore, we sometimes encounter UTUC patients

40 == P value =0.47

30
20—
10—
0 T
Pre Post
Mean + SD 3.84+1.53 4.37+5.03

Figure 1 NLR change during the first cycle of first-line
chemotherapy in all patients. The paired #-test was performed
to compare NLR between pre- and post-first cycle of first-line
chemotherapy. A P value <0.05 was considered significant. NLR,
neutrophil-lymphocyte ratio.

%

2843

with renal impairment after nephroureterectomy, and a dose
reduction in first-line platinum-based chemotherapy may
affect outcomes (11). Thus, strong indicators for that allow
for the identification of patients that should continue first-
line chemotherapy are needed. A previous study indicated
that the number of first-line chemotherapy cycles did
not contribute to survival benefit in urothelial carcinoma
patients (12). However, our study suggests that an NLR
>3 after the first cycle of the first-line chemotherapy could
be indicative of patients that could continue first-line
chemotherapy.

Neutrophils in cancers are referred to as tumor-
associated neutrophils (TANs) and depending on the stage
of tumor progression, they play dual roles as both tumor
suppressors and promoters. During the early stages of
progression TANSs play key roles in antitumor immunity
producing proinflammatory cytokines and infiltrating
tumors. Moreover, TANs promote T-cell proliferation
and interferon-y release. However, as cancers progress,
TAN s lose their tumoricidal capability and instead become
tumorigenic. Cancer cells can also induce TANS to release
inflammatory cytokines to acquire metastatic and invasive
capabilities. Even worse, it is during these stages that
immature myeloid-derived suppressor cells (MDSCs) also
emerge. MDSCs are involved with immunosuppression,
which disrupt T-cell proliferation, resulting in decreased
antitumor immunity (13). Higher levels of MDSCs are
associated with worse prognosis in metastatic urothelial
carcinoma patients (14). Tumor neutrophilia is prompted

100 +
: — Lower NLR group (pre-chemo)
Higher NLR group (pre-chemo)
g 80+ Median cancer specific survival P value =0.20
g 26.0 months [lower NLR group (pre-chemo)]
8 60+ Vs.
% 11.9 months [higher NLR group (pre-chemo)]
8
o 404
Q
o
C
5]
O 204
O -
T T T T
0 50 100 150  month
Number at risk
Lower NLR group (pre-chemo) 15 2 0 0
Higher NLR group (pre-chemo) 26 2 1 0

Figure 2 The log rank test was performed to compare survival distributions between lower NLR (pre-chemo) and higher NLR (pre-chemo).

A P value <0.05 was considered significant. NLR, neutrophil-lymphocyte ratio.
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Median cancer specific survival P value =0.005*
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Figure 3 The log rank test was performed to compare survival distributions between lower NLR (post-chemo) and higher NLR (post-chemo).

A P value <0.05 was considered significant. NLR, neutrophil-lymphocyte ratio.

Table 3 Cox proportional hazards regression analysis for cancer specific survival

Univariate analysis

Multivariate analysis

Variables
HR (95% CI) P value HR (95% Cl) P value
Model 1
Age (=71 vs. <71) 1.76 (0.77, 3.98) 0.17
Sex (male vs. female) 1.34 (0.50, 3.60) 0.56
Performance status (0, 1 vs. =2) 4.72 (1.03, 21.7) 0.04* 3.96 (0.80, 19.6) 0.09
CCr [240 (pre-chemo) vs. <40 (pre-chemo)] 2.21(0.91, 5.33) 0.07 1.81 (0.60, 5.43) 0.29
NLR [lower NLR (pre-chemo) vs. higher NLR (pre-chemo)]® 1.70 (0.74, 3.90) 0.21
Model 2
Pathological T stage (T1, 2 vs. 3, 4) 0.70 (0.22, 2.24) 0.55
Metastasis (nodal negative and positive vs. metastasis) 0.85 (0.38, 1.88) 0.68
Histology (pure UC vs. UC variant and non-UC) 2.36 (0.91, 6.14) 0.07 2.41(0.92, 6.33) 0.07
Surgery (with or without surgery) 0.43 (0.18, 1.03) 0.057 0.57 (0.18,1.77) 0.33
NLR" [lower NLR (pre-chemo) vs. higher NLR (pre-chemo)]® 1.70 (0.74, 3.90) 0.21

CCr and NLR were based on the data before the first cycle of first-line chemotherapy. T, median value; ¥, patients with an NLR <3 and an
NLR =3 before the first cycle of first-line chemotherapy were divided into lower NLR (pre-chemo) and higher NLR (pre-chemo) groups,
respectively; *, a P value <0.05 was considered as statistically significant. CCr, creatinine clearance; NLR, neutrophil-lymphocyte ratio; UC,

urothelial carcinoma.

by tumor-generated cytokines, such as IL-6, granulocyte-
colony stimulating factor, and granulocyte macrophage
colony-stimulating factor (13). Thus, we can presume that
a higher NLR could be associated with worse prognosis,
particularly in patients with advanced disease. However,

© Translational Andrology and Urology. All rights reserved.

evidence of the persistent increase of NLR even after

chemotherapy being related with prognosis in UTUC is
limited. Nevertheless, a higher NLR after the first cycle

of the first-line chemotherapy could be associated with
prognosis in bladder cancer patients (7). Another report
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Table 4 Cox proportional hazards regression analysis for cancer specific survival
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Univariate analysis

Multivariate analysis

Variables
HR (95% Cl) P value HR (95% ClI) P value

Model 1

Age (=71 vs. <71)! 1.76 (0.77, 3.98) 0.17

Sex (male vs. female) 1.34 (0.50, 3.60) 0.56

Performance status (0, 1 vs. =2) 4.72 (1.03, 21.7) 0.04* 3.02 (0.64, 14.2) 0.16

CCr [240 (post-chemo) vs. <40 (post-chemo)] 1.69 (0.60, 4.75) 0.32

NLR [lower NLR (post-chemo) vs. higher NLR (post-chemo)]® 3.18 (1.37, 7.39) 0.007* 2.98 (1.25, 7.05) 0.01*
Model 2

Pathological T stage (T1, 2 vs. 3, 4) 0.70 (0.22, 2.24) 0.55

Metastasis (nodal negative and positive vs. metastasis) 0.85 (0.38, 1.88) 0.68

Histology (pure UC vs. UC variant and non-UC) 2.36 (0.91, 6.14) 0.07 2.07 (0.77,5.57) 0.15

Surgery (with or without surgery) 0.43 (0.18, 1.03) 0.057 0.56 (0.18, 1.74) 0.31

NLR' [lower NLR (post-chemo) vs. higher NLR (post-chemo)]®  3.18 (1.37, 7.39) 0.007* 2.71 (1.09, 6.70) 0.03*

CCr and NLR were based on the data after the first cycle of first-line chemotherapy. ', median value; , the patients with NLR <3 and NLR
>3 after the first cycle of the first-line chemotherapy were divided into lower NLR (post-chemo) and higher NLR (post-chemo) groups,
respectively; *, a P value <0.05 was considered as statistically significant. CCr, creatinine clearance; NLR, neutrophil-lymphocyte ratio; UC,

urothelial carcinoma.

suggested that muscle invasive bladder cancer patients
with persistently high NLR after receiving neoadjuvant
chemotherapy had worse prognosis (15). Notably, our study
showed that a higher NLR after first cycle of first-line
chemotherapy was associated with a worse prognosis for
patients with UTUC.

Several researchers have contended that posttreatment
NLR or changes in NLR during treatment was an efficient
prognostic marker (7,16,17). In lung cancer patients treated
with nivolumab, non-responders had dynamic increases
in NLR, whereas the NLR increase remained low in
responders. Furthermore, the posttreatment NLR, but not
pretreatment, was a significant predictor of prognosis (18).
We speculated that a subset of patients with higher NLR
before treatment might achieve good prognosis through
a significant reduction of NLR from cancer treatment.
However, a higher NLR not before but after the first cycle
of the first-line chemotherapy was revealed as significant
predictor of prognosis in this study. The result also
suggested that post-treatment NLR could be an indication
as to whether patients could continue and benefit from the
first-line chemotherapy. We considered that post-treatment
NLR could suggest the timing patients should proceed to
second-line treatment, however higher NLR could be just

© Translational Andrology and Urology. All rights reserved.

associated with worse prognosis. In that sense, whether
patients could get benefit from first-line chemotherapy
should be evaluated in further study.

There are other markers that are associated with poor
prognosis in urothelial carcinoma including UTUC. Tumor
progression is correlated with the elevation of inflammatory
cytokines, which may lead to hypoalbuminemia and
increased C-reactive protein (CRP) levels (19). It was
suggested that poor nutritional status and higher CRP
were linked with a worse prognosis in UTUC (20,21). In
addition, hyponatremia and anemia are also affected by
tumor mediated inflammation which could be associated
with a worse prognosis (5,22).

Our study has several limitations. The first is, the
number of patients included in this retrospective study
is relatively low. Although it was desired that all of the
candidate markers were included in multivariate regression
analysis, it was not possible due to limited number of
patients in this study. Thus, we conducted multivariate
regression analysis in model 1 and 2. The second is,
there are several histology types and treatment regimens
included in this study. The third is, we excluded the patients
who received adjuvant therapy after surgery and had no
recurrence thereafter. Thus, we could not compare NLR
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of the patients with those who experienced recurrence after
adjuvant therapy. The fourth is, we set cutoff point of NLR
as three based on previous studies (6,7). However optimal
cutoff point of NLR after the first cycle of the first-line
chemotherapy should be determined from large sample
sizes. Although the patients with NLR >3 after the first
cycle of first-line chemotherapy showed poor CSS, further

analysis was warranted.

Conclusions

A higher NLR after receiving the first cycle of the first-
line chemotherapy could be a prognostic marker in locally
advanced or metastatic UT'UC patients. Although further
study with larger cohorts is needed, our findings provide an
indication as to whether patients could maintain their first-
line chemotherapy.
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