ONCOLOGY LETTERS 17: 5241-5250, 2019

High postoperative neutrophil-to-lymphocyte ratio as a poor
prognostic marker in patients with upper
tract urothelial carcinoma
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Abstract. Previously, the preoperative neutrophil-to-lympho-
cyte ratio (NLR) has been demonstrated to be a beneficial
prognostic marker in patients with upper tract urothelial
carcinoma (UTUC). However, to the best of our knowledge,
the postoperative NLR has rarely been investigated. Therefore,
the present study evaluated the prognostic significance of
postoperative NLR in patients with UTUC. Data of patients
with UTUC who underwent surgical treatment at Kurume
University hospital (Kurume, Japan) between 2004 and 2015
were retrospectively reviewed. Clinicopathological character-
istics were analyzed, including pre- and postoperative NLRs.
Overall survival (OS) and cancer-specific survival (CSS) rates
were estimated using the Kaplan-Meier method and compared
with a log-rank test. Multivariate proportional Cox regression
models were applied for both endpoints to identify the inde-
pendent prognostic significance of NLR. The median age of
the 134 enrolled patients was 70 years. The postoperative NLR
was elevated in 35 patients (26.1%). A high postoperative NLR
of =2.5 was significantly associated with a high postoperative
C-reactive protein level of =0.3 mg/dl, an advanced pathological
T stage and positive lymphovascular invasion in surgical speci-
mens (P<0.001, P=0.019 and P=0.024, respectively). The 5-year
OS rates in patients with high and low postoperative NLR were
33.7 and 70.2%, respectively (P<0.001), and the 5-year CSS
rates in patients with a high and low postoperative NLR were
33.7 and 80.7%, respectively (P<0.001). Multivariate analysis
revealed that a high postoperative NLR was an independent
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prognostic marker for OS (hazard ratio, 4.66; 95% confidence
interval, 2.11-10.00; P<0.001) and CSS (hazard ratio, 10.90; 95%
confidence interval, 4.32-28.40; P<0.001), and the preoperative
NLR was not identified as a prognostic marker. In conclusion, a
high postoperative NLR is associated with a poor prognosis in
patients with UTUC. Therefore, postoperative NLR may be a
potential prognostic marker in patients with UTUC undergoing
nephroureterectomy.

Introduction

Upper tract urothelial carcinoma (UTUC) arises from the
urothelium of the renal pelvis or ureter, and >90% of these
tumors are histopathologically categorized as urothelial carci-
nomas (1). UTUC is uncommon, accounting for ~5-10% of all
cases of urothelial cancer in the United States in 2012 (2,3).
However, in recent years, the number of patients with UTUC
has been increasing in numerous countries, including Japan (4).
In total, 55% of UTUC cases are muscle invasive at the initial
diagnosis, which is increased compared with that of bladder
cancer (30%) (5,6). Radical nephroureterectomy with bladder
cuff excision is the standard surgical treatment for localized
UTUC (1,3,5). However, since postoperative local relapse or
distant metastasis occurs in 24-28% of cases, UTUC is consid-
ered to exhibit a poor prognosis (5,7). Therefore, the proportion
of invasive muscle cancer, postoperative relapse and distant
metastasis in UTUC is increased, compared with the proportion
of that associated with bladder cancer. Consequently, patients
with UTUC have a poor prognosis, compared with patients with
bladder cancer. Additionally, compared with bladder cancer,
a limited number of studies have investigated predictors for
patients with UTUC (3,5-7). Therefore, biomarkers are required
to improve the prognosis of patinets with UTUC.

The currently recognized prognostic markers for UTUC
are mostly derived from pathological features, including
pathological grade, T stage, lymph node involvement, surgical
margin status and lymphovascular invasion (3,8). However, to
the best of our knowledge, it remains unknown which prog-
nostic markers are associated with the survival outcomes of
patients with UTUC.

Previously, the neutrophil-to-lymphocyte ratio (NLR)
has been reported to be a beneficial prognostic marker in
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numerous types of malignancy, including lung, renal, gastric,
hepatic and colorectal cancer (9,10). With respect to urothelial
carcinoma, the majority of previous studies regarding bladder
cancer (11-13) and UTUC (14,15) have only discussed preop-
erative NLR. In particular, to the best of our knowledge, the
postoperative NLR has rarely been investigated. Therefore,
the present study investigated the clinical significance of the
postoperative NLR as a prognostic marker in patients with
clinically localized UTUC.

Materials and methods

Study cohort and design. The present study was approved
by the Research Ethics Committee of Kurume University
(Kurume, Japan). Data of 152 patients diagnosed with localized
UTUC who underwent radical nephroureterectomy at Kurume
University hospital (Kurume, Japan) between January 2004
and December 2015 were retrospectively reviewed. Patients
were excluded according to following criteria: i) Had received
neoadjuvant chemotherapy; ii) had an active infection,
or iii) had been administered cortical steroids. A total of
134 patients who were observed for a minimum of 6 months
were included in the analysis. A diagnosis of localized UTUC
was established by computed tomography/magnetic resonance
imaging, urine cytology, and cystoscopy and/or ureteroscopy.
Pathological T (pT) stages were uniformly adjusted according
to the 2009 Tumor-Node-Metastasis classification system (16).
Tumor grade was assessed according to the 1999 World Health
Organization classification (17). Postoperative surveillance
was performed by physical examination, urine cytology and
cystoscopy at 3-month intervals, and blood examinations
and computed tomography at 6-month intervals. Metastasis
and local relapse were defined as urothelial tumor relapse
outside the residual urinary tract. The clinicopathological
characteristics of the 134 patients enrolled in the present
study, and the comparisons between the high and low NLR
groups are presented in Table I. The median age of the patients
at the time of surgery was 70 years (range, 64-76 years) and
its incidence was ~2-fold higher in male patients compared
with female patients. The median surveillance time was
40.5 months (range, 20.8-71.3 months). Clinicopathological
variables affecting survival were analyzed, including age
at the time of surgery, sex, tumor location, the presence of
hydronephrosis, tumor diameter, pre- and postoperative
NLR, postoperative C-reactive protein (CRP) level, pT stage,
tumor grade, the presence of lymphovascular invasion,
positive surgical margins and lymph node involvement.
All pathological diagnoses were performed by a specialist
pathologist at Kurume University (Kurume, Japan). All
clinicopathological data were retrieved from medical records
at the hospital.

NLR. The NLR was derived by dividing the absolute neutro-
phil count by the absolute lymphocyte count in peripheral
blood. A high NLR (=2.5) was defined according to previous
studies (12,18). Receiver operating characteristic (ROC)
curves were plotted of the postoperative NLR for the
evaluation of overall survival (OS) and cancer-specific
survival (CSS) rates. The area under the curves of postopera-
tive NLR for OS and CSS were 0.617 and 0.656, respectively.
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Figure 1. Kaplan-Meier curves for CSS of the 134 patients treated with radical
nephroureterectomy for UTUC stratified by pT stage. CSS, cancer-specific
survival; UTUC, upper tract urothelial carcinoma; pT, pathological T.

The postoperative NLR threshold was 2.67 for OS and CSS.
The sensitivity of postoperative NLR for OS and CSS was
40.0 and 52.9% respectively, and the specificity was 87.6 and
89% respectively. Additionally, the NLR threshold according
to the ROC curves was 2.67. In the majority of previous
studies on urothelial carcinoma, the NLR threshold has
been in the range 2.2-3.0 (9,12,14,18). Therefore, the present
study considered that 2.5 was a reasonable threshold. The
preoperative NLR was measured prior to any tumor manipu-
lation, including ureteroscopy or retrograde pyelography. The
postoperative NLR was measured 1-2 months after surgery.
In cases requiring adjuvant chemotherapy, the postoperative
NLR was measured prior to adjuvant chemotherapy.

Statistical analysis. Mann-Whitney U test and ¥ test were
used to assess differences between the high and low postoper-
ative NLR groups. The statistical analysis data are presented
as the median and interquartile range for continuous vari-
ables or the proportion of events for categorical variables.
Spearman's correlation coefficient was analyzed between
the preoperative NLR and postoperative NLR. Survival
curves were estimated using the Kaplan-Meier method and
compared with a log-rank test. Survival data were collected
on December 31, 2016. Patients where contact was lost during
follow-up were evaluated at the date of last contact. Patients
who were alive on December 31, 2016 were assessed for
OS rate. CSS rate was calculated from the date of surgery to
the date of cancer-associated mortality. Patients were assessed
at the date of mortality if they succumbed to mortality from
other causes. OS was calculated from the date of surgery to
the date of mortality from any cause. Univariate and multivar-
iate analyses were performed using Cox proportional hazards
regression models. All statistical analyses were conducted
using JMP software for Windows (v.12.0.1; SAS Institute Inc.,
Cary, NC, USA). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results
Effect of Kaplan-Meier on pT stage distribution. The pT stage

distribution was as follows: T1 (including Ta and Tis), 38.8%;
T2, 20.9%; T3, 35.8% and T4, 4.5%. In total, 34% of patients
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Table I. Clinicopathological characteristics of the 134 patients with UTUC.
Postoperative NLR
Characteristics >2.5 (n=35) <2.5 (n=99) P-value®
Median age, years (IQR) 73 (66-77) 70 (61-76) 0.142
Sex, n (%)
Male 19 (54.3) 69 (69.7) 0.103
Female 16 (45.7) 30 (30.3)
Tumor location, n (%)
Renal pelvis 19 (54.3) 55 (55.6) 0.312
Ureter 16 (45.7) 44 (44 4)
Hydronephrosis, n (%)
Yes 21 (60.0) 62 (62.6) 0.784
No 14 (40.0) 37(374)
Median tumor size, cm (IQR) 3.0(1.5-3.6) 2.5(1.7-3.5) 0.353
pT stage, n (%)(16)
pT1/T2 15 (42.9) 65 (65.7) 0.019°
pT3/T4 20 (57.1) 34 (34.3)
Lymph node involvement, n (%)
pNx/NO 28 (80.0) 89 (89.9) 0.146
pN1 7 (20.0) 10 (10.1)
Tumor grade, n (%)
G1/G2 19 (54.3) 70 (70.7) 0.081
G3 16 (45.7) 29 (29.3)
Lymphovascular invasion, n (%)
Yes 18 (52.9) 30 (30.9) 0.024°
No 16 (47.1) 67 (69.1)
Surgical margins, n (%)
Positive 5(14.3) 7(7.1) 0.219
Negative 30 (85.7) 92 (92.9)
Postoperative CRP level, mg/dl, n (%)
=03 12 (36.4) 7(7.5) <0.001°
<0.3 21 (63.6) 86 (92.5)
Median postoperative leucocytes per p1 (IQR) 5,600 (4,800-7,100) 5,100 (4,300-6,000) 0.061
Median postoperative neutrophils per u1 (IQR) 3,694 (3,014-4,807) 2,736 (2,112-3,321) <0.001°
Median postoperative lymphocytes per u1 (IQR) 1,222 (972-1,440) 1,819 (1,505-2,129) <0.001°

aStatistical analysis was performed by Mann-Whitney U test for continuous variables or % test for categorical variables. ®Statistically significant
(P<0.05). UTUC, upper tract urothelial carcinoma; CRP, C-reactive protein; G, grade; IQR, interquartile range; NLR, neutrophil-to-lymphocyte
ratio; pN, pathological N; pT, pathological T.

had tumor grade 3. Kaplan-Meier curves for CSS stratified
according to pT stage are presented in Fig. 1. Advanced pT
stage (=T3) was associated with a significantly reduced
survival, compared with early pT stage (T1 and T2; P<0.001).

Clinicopathological characteristics and survival analysis of
postoperative NLR. The median pre- and postoperative NLRs
were 2.03 (1.62-2.75) and 1.72 (1.34-2.59), respectively. The
pre- and postoperative NLRs were elevated in 41 (30.6%)
and 35 patients (26.1%), respectively (data not shown). A high
postoperative NLR of =2.5 was significantly associated with
a high postoperative CRP level of =0.3 mg/dl (P<0.001), an

advanced pT stage (=T3; P=0.019) and positive lymphovas-
cular invasion (P=0.024) in the surgical specimens (Table I).
The median OS and CSS times for patients with a high
postoperative NLR were both 35 months. The median OS and
CSS times for patients with a low postoperative NLR were
not reached. The 5-year OS and CSS rates in patients with a
high postoperative NLR were both 33.7%, and the 5-year OS
and CSS rates for patients with a low postoperative NLR
were 70.2 and 80.7%, respectively. The Kaplan-Meier curves
demonstrated that a high postoperative NLR is associated
with significantly reduced OS and CSS rates, compared with a
low postoperative NLR (both P<0.001; Fig. 2).
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High vs. low NLR = 33.7% vs.70.2%
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Figure 2. Survival analysis according to postoperative NLR for all patients. Kaplan-Meier curves for (A) OS and (B) CSS. NLR, neutrophil-to-lymphocyte

ratio; OS, overall survival; CSS, cancer-specific survival.
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Figure 3. Survival analysis according to preoperative NLR for all patients. Kaplan-Meier curves for (A) OS and (B) CSS. NLR, neutrophil-to-lymphocyte

ratio; OS, overall survival; CSS, cancer-specific survival.

Univariate and multivariate analysis. Univariate analysis
revealed that advanced pT stage (=T3), positive lymph node
involvement, high-grade tumors, positive lymphovascular inva-
sion, positive surgical margins, high postoperative CRP levels,
and high pre- and postoperative NLRs were significantly asso-
ciated with OS and CSS. Multivariate analysis identified a high
postoperative NLR as an independent prognostic marker for
OS and CSS (both P<0.001). Additionally, advanced pT stage
(=T3; P=0.042 and P=0.0009, respectively) and positive surgical
margins (P=0.002 and P<0.001, respectively) were identified
as independent prognostic factors for OS and CSS (Table II). A
high preoperative NLR was significantly associated with poor
survival, compared with low preoperative NLR (Fig. 3) and the
Spearman correlation coefficient demonstrated a significant
correlation between the preoperative and postoperative NLR
(r=0.529, P<0.001; data not shown). However, a high preopera-
tive NLR was not a significant prognostic marker according to
the multivariate analysis (Table II).

Similar results were obtained for the 54 patients (40.3%)
with advanced pT stage (=T3). In total, 20/54 (37.0%) patients
had a high postoperative NLR (data not shown). In the
Kaplan-Meier analysis, a high postoperative NLR of =2.5 was
significantly associated with a reduced OS (P=0.001) and CSS

(P<0.001), compared with a low postoperative NLR (Fig. 4).
Multivariate analysis identified high postoperative NLR as a
significant independent prognostic marker for OS (P=0.002)
and CSS (P<0.001; Table III).

Clinicopathological characteristics and survival analysis
of advanced pT stage. In total, 29/54 (53.7%) patients
with advanced pI stage (=T3) received adjuvant chemo-
therapy (Table IV). Cisplatin-based chemotherapy in
various combinations was the most commonly administered
therapy. A total of 19 patients (65.5%) received cisplatin
plus gemcitabine; 6 patients (20.7%) received methotrexate,
vinblastine, doxorubicin and cisplatin; 3 patients (10.3%)
received carboplatin plus gemcitabine; and 1 patient (3.5%)
received gemcitabine plus paclitaxel. The median number
of chemotherapy cycles was two. Compared with those who
underwent surgical treatment alone, patients who received
adjuvant chemotherapy exhibited poorer pathological features,
including positive lymph node involvement (P=0.003) and
positive lymphovascular invasion (P=0.010; Table IV).
Additionally, adjuvant chemotherapy did not significantly
improve OS (P=0.167) or CSS rates (P=0.143; Fig. 5) in
patients with advanced pT stage (=T3).
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Table I'V. Clinicopathological characteristics of the 54 patients with advanced pathological T stage (=T3) according to adminis-

tration of adjuvant chemotherapy.

Adjuvant chemotherapy
Characteristics Yes (n=29) No (n=25) P-value®
Median age, years (IQR) 70 (64-75) 74 (67-78) 0.099
Sex, n (%)
Male 16 (55.2) 17 (68) 0.407
Female 13 (44.8) 8 (32)
Tumor location, n (%)
Renal pelvis 18 (62.1) 19 (76) 0.380
Ureter 11 (37.9) 6 (24)
Hydronephrosis, n (%)
Yes 20 (69) 12 (48) 0.167
No 9(31) 13 (52)
Median tumor size, cm (IQR) 32(2.3-44) 35(2.0-4.1) 0.748
pT stage, n (%) (16)
pT3 24 (82.8) 24 (96) 0.200
pT4 5(17.2) 14)
Lymph node involvement, n (%)
pNx/NO 15 (51.7) 22 (88) 0.003°
pN1 14 (48.3) 3(12)
Tumor grade, n (%)
G1/G2 10 (34.5) 14 (56) 0.170
G3 19 (65.5) 11 (44)
Lymphovascular invasion, n (%)
Yes 24 (82.8) 12 (50) 0.010°
No 5(17.2) 12 (50)
Surgical margins, n (%)
Positive 8 (27.6) 3(12) 0.191
Negative 21(72.4) 22 (88)

*Statistical analysis was performed by Mann-Whitney U test for continuous variables or y2 test for categorical variables. *Statistically signifi-

cant (P<0.05). G, grade; IQR, interquartile range; pN, pathological N; pT, pathological T.

Discussion

Compared with bladder cancer, there is insufficient evidence
regarding the clinical significance of neoadjuvant chemotherapy
in patients with UTUC (6,19). Additionally, accurate preop-
erative staging by imaging examination remains challenging.
Currently, numerous institutions perform nephroureterectomy
without neoadjuvant chemotherapy immediately following
a diagnosis of UTUC without metastasis (20). Consequently,
~40.0% of patients are diagnosed with advanced pT stage
(=T3) and are required to consider adjuvant chemotherapy (5).
Therefore, it is important to investigate postoperative prog-
nostic markers, as well as preoperative prognostic markers in
patients with UTUC.

Previously, a number of studies reported that a high NLR
is associated with poor survival in patients with numerous
types of malignancy, including lung, renal, gastric, hepatic
and colorectal cancer (9,10). With respect to UTUC, a high
NLR is associated with a reduced prognosis, compared with a

low NLR (14,15,18). Numerous studies demonstrated an asso-
ciation between preoperative NLR and survival (14,15,18). By
contrast, the present study aimed to investigate whether post-
operative NLR is an effective prognostic marker for patients
with clinically localized UTUC who have undergone surgical
treatment.

The postoperative NLR has been investigated as a beneficial
prognostic marker not only in urothelial carcinoma (21,22), but
also in lung and gastric cancer (23,24). Kang et al (21), reported
that early postoperative NLR is significantly associated with
poor OS and CSS rates in patients who have undergone a
radical cystectomy. Morizawa et al (22), demonstrated that a
high postoperative NLR is associated with tumor recurrence
even before a mass is detected by imaging examination in
patients who have undergone radical cystectomy. The present
results revealed that a high early postoperative NLR was
significantly associated with a poor prognosis in patients with
clinically localized UTUC. Among those with advanced pT
stage (=T3), patients with a high postoperative NLR exhibited
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Figure 4. Survival analysis according to postoperative NLR for the 54 patients with advanced pathological T stage (=T3). Kaplan-Meier curves for (A) OS and
(B) CSS. NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; CSS, cancer-specific survival.
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Figure 5. Survival curves of the 54 patients with advanced pathological T stage (=T3) UTUC according to the presence or absence of AC. (A) OS and (B) CSS.
AC, adjuvant chemotherapy; OS, overall survival; CSS, cancer-specific survival.

a significantly reduced prognosis, compared with those with a
low postoperative NLR. Furthermore, a high preoperative NLR
was identified as a significant prognostic marker in the present
study. This may be because a high postoperative NLR reflects
only the potentially residual cancer, including micrometastases,
while preoperative NLR reflects the primary tumor and the
potential micrometastatic lesion. If the postoperative NLR
reflects micrometastases, it appears to be a significant prog-
nostic marker in patients with surgical treatment.

Recently, a phase III randomized trial of perioperative
chemotherapy versus surveillance in UTUC (POUT trial,
NCT01993979) reported that adjuvant chemotherapy improved
the disease-free survival rate for patients with histologically
confirmed pI'2-T4 NO-3 MO UTUC (25). However, it could not
be accurately determined whether the primary lesion was local-
ized, as the current imaging modalities are not able to detect
disseminated micrometastases. In this sense, the present study
provided reasonable evidence that postoperative NLR may be a
beneficial marker to select patients who require adjuvant therapy.

To the best of our knowledge, the mechanisms underlying the
association between a high NLR and poor survival in patients
with cancer remain unclear. A study by Mantovani et al (26),
supported the involvement of systemic inflammation in cancer

development and progression. Features of cancer-associated
inflammation involve the secretion of inflammatory molecules,
including cytokines and prostaglandins, and the recruitment of
inflammatory cells into the tumor tissue (26). The cytokines
activate the same key transcription factors in inflammatory cells,
stromal cells and tumor cells, resulting in more inflammatory
mediators being produced and a cancer-associated inflamma-
tory microenvironment being generated (26). Inflammatory
cytokines and chemokines can be produced by the tumor and
associated host cells, including the leukocytes neutrophils and
monocytes, and contribute to malignant progression (26,27).
Lymphocytes serve a fundamental role in antitumor immu-
nity (28). It has been reported that the increasing infiltration
of tumors by lymphocytes is associated with an improved
response to cytotoxic treatment and prognosis in patients with
cancer (28). Lymphopenia has been demonstrated to be an inde-
pendent predictor of poor survival in pancreatic and renal cell
cancer (29,30). Furthermore, the neutrophil response is associ-
ated with the cancer progression process and lymphocytes serve
an important role in immune surveillance of cancer (26-30).
Therefore, the NLR represents both groups by a simple measure-
ment and could be an indicator of homeostasis between cancer
progression and antitumor activity.
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There are several limitations of the present study. Firstly,
the present study was a retrospective non-randomized analysis.
Therefore, it may not be possible to completely avoid selection
and information bias. Secondly, only a relatively small number
of patients were included in the study. A limited in the number
of patients with UTUC were included in the study, as UTUC
is uncommon, accounting for 5-10% of all urothelial cancer
cases (2,3). Thirdly, the present study had a relatively short
median follow-up duration of 40.5 months and the time span
was relatively large. Although the timespan of the observation
period was relatively large, the data analysis was appropriately
conducted and the timespan did not affect the analysis result.
Fourthly, adjuvant chemotherapy did not exhibit a significant
benefit in terms of OS or CSS in the present study. This may
be due to the small population size, regimen variability, patient
selection bias and a small number of chemotherapy cycles. In
the present study, the NLR was measured once preoperatively
and once postoperatively. There is a tendency for a high NLR
to also reflect infection and stress, in addition to cancer (31).
Therefore, it is necessary to consider the timing of measuring
the postoperative NLR.

In conclusion, a high postoperative NLR is associated with
a poor prognosis in patients with UTUC. The postoperative
NLR may be a more accurate prognostic marker, compared
with the preoperative NLR, in patients with UTUC. The
present study indicates that the postoperative NLR may be
a potential prognostic marker, in addition to pathological
features. Identifying patients with a increased chance of
survival may assist with the development of adjuvant therapy
for specific subgroups of patients to improve survival or
establish individualized follow-up protocols. However, further
external validation and a prospective multicenter trial is
necessary to confirm the prognostic significance of the post-
operative NLR in patients with UTUC.
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