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Purpose: This study investigated the clinical significance of postoperative neutrophil-to-
lymphocyte ratio (NLR) changes in bladder cancer recurrence.

Patients and Methods: For evaluating the predictive value of postoperative dynamic
change of NLR, a retrospective cohort study was performed to analyze 213 patients with
bladder cancer who underwent surgical treatment from January 2013 to December 2019 at
the Affiliated Tumor Hospital of Guangxi Medical University. Baseline characteristics and
recurrence-free survival (RFS) were statistically compared, and a multivariate analysis was
used to identify prognostic factors.

Results: Compared with preoperative NLR levels, postoperative decreased NLR in 130
patients and postoperative increased NLR in 83 patients were detected. The 1-, 3- and 5-year
RFS rates were 88.0%, 75.4% and 75.4% in the decreased postoperative NLR group,
respectively, and 51.2%, 25.8% and 16.1% in the increased postoperative NLR group,
respectively (P < 0.05). Kaplan—Meier curves showed that the cumulative DFS rate in the
increased group was significantly lower than that in the decreased group (P < 0.05). The
preoperative NLR showed significant difference with postoperative NLR in the total cohort,
high-grade non-muscle-invasive bladder cancer (HG-NMIBC) and muscle-invasive bladder
cancer (MIBC) group, while there was no significant difference between postoperative NLR
and NLR of recurrence or last follow-up. Multivariate analysis suggested that postoperative-
preoperative NLR was an independent predictor for RFS (HR=6.206, 95% CI: 3.826-10.067,
P < 0.001) in the total cohort, RFS (HR=9.373, 95% CI: 2.724-32.245, P < 0.001) in the LG-
NMIBC group, RFS rates (HR=6.873, 95% CI: 2.486-18.999, P < 0.001) in the HG-NMIBC
group and RFS rates (HR=6.109, 95% CI: 2.847-13.109, P < 0.001) in the MIBC group.
Conclusion: The dynamic change of postoperative NLR is a potential marker for the early
detection of bladder cancer recurrence. Patients with increased NLR after surgery tend to
have higher risk of recurrence.

Keywords: bladder cancer, NLR dynamic change, prognosis, recurrence

Introduction

Bladder cancer is a common malignant tumor in the urinary system.' While 75% of newly
diagnosed bladder tumors are non-muscle-invasive bladder cancers (NMIBC), muscle-
invasive bladder cancers (MIBC) are about 25%. For NMIBC, the postoperative recurrence
rate was over 70%, and for MIBC, after invasive radical cystectomy (RC) procedure, the rate
of postoperative recurrence was still more than 50% and patients lost their lives because of
this disease.” Although there is a good deal of research on, and many developments in, new
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molecular markers for the early diagnosis and postoperative
follow-up for bladder tumor,* there is currently no ideal detec-
tion method that can replace cystoscopy, due to factors such as
sensitivity and specificity. For patients with total bladder resec-
tion, postoperative follow-up can only rely on imaging
examinations,”” and early detection of some small lesions is
difficult. Therefore, there is an urgent need for a relatively objec-
tive and non-invasive high-sensitivity biomarker for postopera-
tive follow-up monitoring of bladder tumor recurrence.

As a new integrated inflammatory marker, an elevated
pretreatment neutrophil-to-lymphocyte ratio (NLR) value has
been shown to be associated with advanced stages and a poor
prognosis in many human tumors.*'" This has also been
shown in bladder tumor studies, whether NMIBC or MIBC,
with high NLR associated with poor prognosis.'?'* However,

Table | Clinicopathological Characteristics of 213 Patients

the specific values of preoperative NLR in the predictive
evaluation cannot be unified. Furthermore, the lack of standard
reference values makes it less reliable as a valid prognostic
factor. We believe that an accurate cut-off value of preopera-
tive NLR that satisfies all the medical centers does not exist.
Rather than formulating a rigid value, it is better to use
preoperative NLR as a control, and it is more reliable to
observe the dynamic change process, because the dynamic
changes of NLR after surgery can directly reflect the effects of
surgical treatment and the changes in the host’s systemic
inflammatory response (SIR) and immune status after surgery.
Because most current studies focus only on the pretreatment
values of inflammatory markers, the clinical significance of
the dynamic change of postoperative NLR in bladder cancer is
largely unclear.'> Thus, our study was primarily designed to

Clinical Factors All Patients LG-NMIBC HG-NMIBC MIBC
Total, n (%) 213 (100) 74 (34.7) 63 (29.6) 76 (35.7)
Age (years); median (range) 62 (25-85) 62 (25-82) 64 (26-85) 60 (34-85)
Gender, n (%)

Female 41 (19.2) 18 (24.3) 13 (20.6) 9(11.8)

Male 172 (80.8) 56 (75.7) 50 (79.4) 67 (87.2)
Hypertension, n (%)

None 165 (77.5) 54 (73) 51 (81) 60 (78.9)

Yes 48 (22.5) 20 (27) 12 (19) 16 (21.1)
Smoking history, n (%)

None 151 (70.9) 56 (75.7) 39 (61.9) 57 (75)

Yes 62 (29.1) 18 (24.3) 24 (38.1) 19 (25)
Diabetes, n (%)

None 187 (87.8) 63 (84.9) 56 (88.9) 68 (89.5)

Yes 26 (12.2) I (15.1) 7(11.1) 8 (10.5)
Pathologic stage, n (%)

Ta 50 (23.5) 41 (55.4) 9 (14.3) -

TI 87 (40.8) 33 (44.6) 54 (85.7) -

T2 51 (23.9) - - 51 (67.1)

T3 17 (8) - - 17 (22.4)

T4 8 (3.8) - - 8 (10.5)
Pathologic grade, n (%)

Low (G1,G2) 84 (38.9) 74 (100) - 10 (13.2)

High (G3) 129 (61.1) - 63 (100) 66 (86.8)
Multifocality, n (%)

Single 116 (54.5) 51 (68.9) 29 (46) 36 (47.4)

Multiple 97 (45.5) 23 31.1) 34 (54) 40 (52.6)
Tumor size, n (%)

<3cm 119 (55.9) 63 (85.1) 41 (65.1) 15 (19.7)

23cm 94 (44.1) 11 (14.9) 22 (34.9) 61 (80.3)
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evaluate the clinical significance of postoperative NLR change
in patients with bladder cancer surgery, whether it is a bladder-
preserving operation or a total bladder resection operation. We
also study the predictive value of NLR dynamic change in
predicting postoperative recurrence of bladder cancer.

Methods

Patients and Data Collection

This is a retrospective study of 322 cases of bladder cancer
without evidence of distant metastasis undergoing TURBT
or RC from January 2013 to December 2019 at the
Department of Urology, Affiliated Tumor Hospital of
Guangxi Medical University. For this study, inclusion cri-
teria were: 1) primary urothelial carcinoma of bladder with-
out evidence of distant metastasis; 2) complete medical
records and follow-up data; 3) no clinical symptom or
signs of sepsis; and 4) none received radiotherapy, systemic
chemotherapy or immunotherapy before surgery. Exclusion
criteria included: 1) known active severe infection at the
time of blood sampling; 2) patients with poor data integ-
rity; 3) patients with coexistent hematological or autoim-
mune diseases; 4) tumors of non-urinary epithelial origin or
other uncontrolled malignancies; and 5) severe complica-
tions during perioperative period. Overall, 72 cases were
excluded due to lack of complete follow-up data, and
another 37 cases were excluded because of severe preopera-
tive infection or other uncontrolled malignancies. Of the
patients included in the study, five cases have a history of
other malignancies, but they are stable, and no recurrence is
apparent upon review. In all, 213 cases were analyzed in this
study, including 137 NMIBC cases that underwent TURBT
and 76 MIBC cases that underwent RC.

The following data were collected: 1) patient’s age, gender,
smoking history, hypertension history, diabetes history; 2) pre-
treatment laboratory parameters were taken within 1 week
before operation: absolute number of neutrophils, lympho-
cytes, platelets, hemoglobin; and 3) tumor size, number, patho-
logical stage and grade (pathological information was
confirmed by the pathology department of our hospital).

Follow-Up

At our institution, follow-up is performed according to the
of the National
Network Guidelines.® Postoperative follow-up performed

requirements Comprehensive Cancer
every 3 months for the first 2 years, every 6 months for the
patients three to 5 years after surgery, and annually thereafter.
Oncological evaluation includes medical history, physical

examination, blood routine, imaging of the chest, abdominal
ultrasound or computerized tomography (CT), and cystoscopy
in patients with bladder preservation. Due to the retrospective
study, postoperative follow-up was not standardized. Since the
absolute number of neutrophils in the early postoperative
period is affected by the surgery, the first follow-up data start
from 1 month after the surgery. The last follow-up data were
defined as the data at the time of recurrence or the last follow-
up without recurrence. We calculated NLR from the differen-
tial count by dividing the absolute neutrophil count by the
absolute lymphocyte count. In addition, the NLR change is
the ratio of the first postoperative follow-up NLR value to the
preoperative NLR value. If the result is >1, then postoperative
NLR change was defined as increased; otherwise, it was
defined as decreased. The endpoint of the study is to obtain
recurrence-free survival (RFS), which refers to no recurrence
happening from the date of surgery to the date of disease
recurrence or to the date of last follow-up. This study was
approved by the Medical Ethics Committee of Guangxi
Medical University Affiliated Tumor Hospital.

Statistical Analysis

We divided patients into three groups according to patho-
logic stage and grade: LG-NMIBC (Ta and T1 with low
grade), HG-NMIBC (Ta and T1 with high-grade/G3), and
MIBC.'"®'7 The median follow-ups are presented as the
median and interquartile range (IQR). We used SPSS soft-
ware version 22.0 to perform statistical analysis.
Categorical variables were compared using the X test or
Fisher’s exact test when appropriate, and continuous vari-
ables were compared using the Independent Samples ¢-test.
The RFCs were calculated using the Kaplan—Meier
method. The survival curves were constructed by the
Kaplan—-Meier method and compared by the Log rank
test. The prognostic varieties in predicting RFS were
assessed by multivariate Cox proportional hazards regres-
sion analysis. All statistical tests were two-sided, and

a significant difference was considered when P < 0.05.

Results

Baseline Characteristics

In the present research, 213 patients with complete medi-
cal record and follow-up information were enrolled,
including 172 males (80.8%) and 41 females (19.2%),
with median age of 62 (range 25-85) years. The baseline
characteristics of patients are shown in Table 1. In this
cohort, 62 patients, or about 29.1% of the total, had
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Table 2 Inflammation Factors Characteristics of 213 Patients

Group Inflammation Factors Preoperation Median (Range) Postoperation Median (Range) P value Time of Recurrence
(or Last Follow-Up) Median (Range)
All patients Neutrophils (x10%/L) 4.0 (1.4-10.3) 3.67 (1.15-44) 0.729 3.8 (1.1544)
Platelets (x107/L) 254 (77-596) 255 (51-79¢) 0.115 247 (51-79¢)
Lymphocytes (x10%/L) 1.7 (0.6-5.3) 1.79 (0.58-4.04) 0.887 1.8 (0.58-5.17)
Hemoglobin (g/L) 130 (43-289) - - -
NLR 2.3 (0.7-8.6) 2.0 (0.5-27.4) 0.556 2.0 (0.5-27.4)
PLR 140.3 (51.5-515) 135.5 (32.3-705.2) 0.101 131.0 (32.3-705.2)
LG-NMIBC Neutrophils (x10°/L) 3.95 (1.43-10.08) 346 (1.8-7.11) 0.019 3.5 (1.81-8.23)
Platelets (x10°/L) 252.5 (77-454) 240.5 (51-450) 0817 238 (51-450)
Lymphocytes (x10%/L) 1.91 (0.67-5.31) 2.0 (0.63-4.04) 0.49 2.0 (0.86-5.17)
Hemoglobin (g/L) 134 (54-172) - - -
NLR 2.00 (0.87-8.56) 1.75 (0.71-6.08) 0.025 1.67 (0.71-6.08)
PLR 125.3 (52.4-417.9) 112.6 (32.3-523.3) 0.546 114.8 (32.3-523.3)
HG-NMIBC Neutrophils (x10%/L) 3.61 (1.36-9.33) 3.39 (1.87-11.08) 0.620 3.49 (1.59-11.08)
Platelets (x10°/L) 244 (104-423) 245.5 (120-415) 0.785 238 (107-529)
Lymphocytes (x10%/L) 1.7 (0.66-3.33) 1.79 (0.6-2.96) 0.819 1.82 (0.6-3.12)
Hemoglobin (g/L) 131 (43-289) - - -
NLR 2.10 (0.71-7.46) 1.99 (0.83-11.91) 0.652 2.00 (0.83-11.91)
PLR 143.4 (51.5-411.4) 142.9 (53.2-539.0) 0.357 135.8 (44.6-539.0)
MIBC Neutrophils (x10%/L) 4.77 (1.79-10.3) 4.39 (1.15-44) 0.560 4.42 (1.15-44)
Platelets (x107/L) 265.5 (108-596) 291.5 (99-796) 0.039 280 (99-796)
Lymphocytes (x10/L) 1.66 (0.6-3.16) 1.64 (0.58-3.51) 0.685 1.60 (0.58-3.51)
Hemoglobin (g/L) 122 (47-166) - - -
NLR 2.95 (0.79-7.13) 2.74 (0.5-27.4) 0.202 3.14 (0.5-27.4)
PLR 147.2 (59.8-515) 169.9 (72.5-705.2) 0.045 167.6 (50.8-705.2)

a smoking history; 48 patients (22.5%) had hypertension,
and 26 (12.2%) patients had diabetes. According to the

pathologic stage, 137 patients were diagnosed as non-

muscle-invasive bladder cancer (NMIBC), including 74
patients with LG-NMIBC and 63 patients with HG-

NMIBC, and 76 patients were confirmed as muscle-
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Figure | Survival percentages of patients with different NLR change. (A) The graph shows the RFS curves of patients with increased and decreased NLR. The difference
between two groups were statistically significant (Log rank test, P < 0.001). (B) The RFS curves of patients with LG-NMIBC, HG-NMIBC, and MIBC (Log rank test, P < 0.001).
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; LG-NMIBC, low-grade non-muscle-invasive bladder cancers; HG-NMIBC, high-grade non-muscle-invasive bladder
cancers; MIBC, muscle-invasive bladder cancers.
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invasive bladder cancer (MIBC), including 51 patients
with T2 stage, 17 patients with T3 stage and eight patients
with T4 stage. There were 97 patients with multifocal
bladder cancer, and HG-NMIBC and MIBC patients had
a higher percentage of multifocality than that of LG-
NMIBC patients. Also, 94 patients had an average tumor
size >3 cm, and a higher ratio of MIBC patients had large

A , .
NLR changes in all patients
P=0.56
6 —g—
54
4 S
2 4
- 34
=
24
14
0 T T
é}o‘\ é\o“
& N
& &
Q¥ <zo9
C

NLR changes in patients without recurrence
P<0.0001

P<0.001 P=0.43

tumors. Of the 213 patients, 87 had recurrence and 1
patient died. The median preoperative NLR, median post-
operative NLR and median NLR of recurrence (or last
follow-up) were 2.3 (range 0.7-8.6), 2.0 (range 0.5-27.4),
and 2.0 (range 0.49-27.4), respectively, as shown in Table
2. As shown in Figure 1A, the 3- and 5-year RFS rates
were 50.6% and 45.75%, respectively, for all 213 patients.

B NLR changes in Ta-stage NMIBC
P=0.6231
P=0.4619 P=0.8433

3 -

NLR

D
NLR changes in patients with recurrence
P<0.001
15-
P=0.25
124 P<0.001

Figure 2 NLR changes in patients with/without bladder cancer recurrence. (A) Preoperative NLR and changes in NLR after surgery for all 213 patients. (B) NLR in Ta-stage
NMIBC patients at preoperation, postoperation, and last follow-up. (C) In nonrecurrence cases (N=126). The preoperative NLR decreased postoperatively and remained
stable after surgery. (D) In recurrence cases (N=87), the NLR increased postoperatively and continued to the diagnosis of recurrence.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; NMIBC, non-muscle-invasive bladder cancers.
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Impact of Postoperative NLR Changes on
RFS

The median follow-up period for entire cohort was 24 months
(IQR 11-47). After 24 months of follow-up, 87 patients suffered
from tumor recurrence. Compared with preoperative NLR levels,
postoperative NLR decreased in 130 patients and increased in 83
patients after surgery. The 1-, 3- and 5-year RFS rates were
88.0%, 75.4%, and 75.4%, respectively, for the decreased post-
operative NLR group, and 51.2%, 25.8%, and 16.1%, respec-
tively, for the increased postoperative NLR group, respectively (P
< 0.05). Kaplan—Meier curves showed that the camulative RFS
rate in the postoperative increased group was significantly lower
than that in the decreased group (Log rank test, P <0.001, Figure
1A). Furthermore, compared with LG-NMIBC, HG-NMIBC
had a relatively poor RFS (Figure 1B).

Clinical Significance of Postoperative NLR
Dynamic Changes

In all cases and Ta-stage NMIBC patients, there is no
statistical significance in preoperative and postoperative
NLR changes (Table 2, Figure 2A and B). Compared
with the preoperative NLR, the postoperative NLR was
decreased in 130 patients (61%) and increased in 83
patients (39%). When we analyzed the recurrence rate in
the groups with increased and decreased postoperative
NLR, we noticed that the recurrence rate in the increased
Post-/Pre-NLR group was 73.5%, which was much higher

Table 3 Recurrence of Bladder Cancer and NLR Change

than the 20% recurrence rate in the decreased NLR group
(Table 3). However, MIBC patients had a higher recur-
rence rate (55.3%) in our cohort, compared with LG-
NMIBC and HG-NMIBC groups. Next, the ratio of NLR
of recurrence or last follow-up to preoperative NLR was
had decreased NLR.
Interestingly, a recurrence rate of 82% was seen in

measured and 124 patients
increased Recur- or final-/Pre-NLR patients, compared
with 11.3% in the decreased group. Furthermore, while
the preoperative NLR showed significant differences in
both postoperative NLR and NLR of recurrence or last
follow-up, there was no significant difference between
postoperative NLR and NLR of recurrence or last follow-
up (Table 4, Figure 2C and D). Also, the ratio of post-
operative NLR to preoperative NLR showed a high corre-
lation with the ratio of NLR of recurrence or last follow-up
to preoperative NLR in total cohort, NMIBC and MIBC
groups (Figure 3). These data indicated that postoperative
NLR of a short time after surgery could be a prognostic
factor for the recurrence of bladder cancer.

After further stratification of the total number of
patients, it is found that both in NMIBC and MIBC, the
preoperative NLR decreased postoperatively and remained
stable after surgery in patients without recurrence, but the
preoperative NLR increased postoperatively, and this con-
tinued to the diagnosis in patients with recurrence (Table 5,
Figure 4). HG-NMIBC (Ta and T1 with high-grade/G3) was
considered to have a strong correlation with recurrence.'®

Status Total No. Recurrence No. Percentage of Recurrence
NLR change (Post-/pre-) Decreased 130 26 20

(Recur- or final follow-up/pre-) Decreased 124 14 1.3

(Post-/pre-) Increased 83 6l 735

(Recur- or final follow-up/pre-) Increased 89 73 82
Category LG-NMIBC 74 23 311

HG-NMIBC 63 22 349

MIBC 76 42 55.3

Table 4 Comparison of NLR Characteristics in Recurrence and Non-Recurrence Patients

Inflammation Factors Recurrence (n=87) Non-Recurrence (n=126)

Median (Range) P value Median (Range) P value
Preoperative NLR 2.6 (1.0-7.1) 2.0 (0.7-8.6)
Postoperative NLR 3.1 (0.8-27.4) 0.0034 1.6 (0.54.9) < 0.001
NLR 3.8 (1.0-27.4) < 0.001 -
(Time of recurrence)
NLR (last follow-up) 1.6 (0.5-3.8) < 0.0001

submit your manuscript

854

Dove

Cancer Management and Research 2021:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhang et al

x 10+ x 10+ x 10+

- - -

z z0 Zo0

a o ) am

T 8- 3= 8+ Spearman's p=0.838 s 849

23 2z 3w

3z 25 2%

S2 6+ S 6 S% 6+

s %z wZz

L3 8% £

-3 4] o T2 4

s g -] ]

oo o & 05

o £ C 9 2a

S& 24 Spearman's p=0.826 sg H e 24 Spearman's p=0.860

E £$ E®

© 0 T T T T 1 = 0 T T 1 e« 0 T T T T 1
0 2 4 6 8 10 0 2 4 6 0 2 4 6 8 10

Postoperative NLR/Preoperative NLR

Postoperative NLR/Preoperative NLR of NMIBC

Postoperative NLR/Preoperative NLR of MIBC
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Abbreviations: NLR, neutrophil-to-lymphocyte ratio; NMIBC, non-muscle-invasive bladder cancers; MIBC, muscle-invasive bladder cancers.

After studying our data, we found that the NLR change in
HG-NMIBC patients could significantly predict the recur-
rence status (Figure 5, Table 5). However, in LG-NMIBC
patients with recurrence, there was no significant change in
postoperative NLR. These data suggested that for NMIBC
patients, the high-grade category could achieve a more
accurate predictive result by NLR change for recurrence
status.

Univariate and Multivariate Analysis of

Prognostic Factors for RFS

As shown in Table 6, univariate analysis demonstrated
that postoperative NLR change, smoking, number of
tumors, tumor size, pathologic stage, and pathological
grade were significantly related to RFS. Multivariate
analysis revealed that smoking (HR=0.539, 95% CI:

and NLR changes (HR=6.206, 95% CI: 3.826-10.067,
P < 0.05) were prognostic factors for RFS of bladder
tumor patients after surgery.

Furthermore, we performed multivariate analysis for
LG-NMIBC, HG-NMIBC and MIBC patients, as shown
in Table 7. The data showed that the ratio of postoperative
NLR to preoperative NLR was the only significant factor
for all three categories.

Discussion

This is the first study to show that the dynamic change of
postoperative NLR is an independent prognostic factor for
the early detection of bladder tumor recurrence in NMIBC
patients treated with TURBT as well as MIBC patients
treated with RC. In addition, the study showed that
patients with increased NLR after surgery correlate with

0.298-0.977, P < 0.05), pathological stage (T1: higher risk of recurrence, and that postoperative NLR
HR=1.427, 95% CI. 0.763-2.669, P > 0.05; T2: dynamic change can be used as a reliable biomarker to
HR=1.985, 95% CI: 1.036-3.801, P < 0.05; T3: predict bladder tumor recurrence.
HR=4.230, 95% CI: 1.83-9.776, P < 0.05; T4: The host’s SIR and immune system are considered to be
HR=4.004, 95% CI: 1.374-11.663, P < 0.05; Ref=Ta), significantly associated with the development and
Table 5 NLR Changes in NMIBC and MIBC Patients with or without Recurrence
Status Preoperation Median Postoperation Median P value | Time of Recurrence (or Last
(Range) (Range) Follow-Up)
LG- Recurrence
NMIBC Yes 1.8 (1.04.4) 2.0 (0.8-6.1) 0.4664 2.4 (1.0-6.1)
No 2.0 (0.9-8.6) 1.6 (0.7-4.9) 0.0026 | 1.5 (0.7-3.8)
HG- Recurrence
NMIBC | Yes 2.2 (1.0-6.0) 32 (13-119) 00135 | 4.1 (1.5-11.9)
No 2.1 (0.7-7.5) 1.6 (0.8-3.6) 0.0053 | 1.6 (0.8-3.6)
MIBC Recurrence
Yes 2.9 (0.8-7.1) 1.7 (0.5-3.6) 0.0005 | 1.6 (0.5-3.6)
No 3.2 (1.0-7.1) 3.5 (1.8-27.4) 0.0004 | 5.1 (2.0-27.4)
Cancer Management and Research 2021:13 submit your manuscript 855
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Figure 4 NLR changes in NMIBC and MIBC patients with or without recurrence. (A) NLR changes in NMIBC without recurrence (N=92). NLR decreased postoperatively
and remained stable after surgery. (B) NLR changes in NMIBC with recurrence (N=45). NLR increased postoperatively and continued to the diagnosis of recurrence. (C)
NLR changes in MIBC without recurrence (N=34). NLR decreased postoperatively and remained stable after surgery. (D) NLR changes in MIBC with recurrence (N=42).
NLR increased postoperatively and continued to the diagnosis of recurrence. (P values were calculated using the Log rank test).

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; NMIBC, non-muscle-invasive bladder cancers; MIBC, muscle-invasive bladder cancers.

progression of many malignancies.'® As a convenient bio-
marker, NLR represents the balance between host inflamma-
tory response and immune response, and has been shown to
be associated with clinical outcomes in many tumors, includ-
ing bladder tumors.?**' Mano et al** found higher recurrence
rates in patients with preoperative NLR > 2.43 in NMIBC
patients; Ceylan®> mentioned that if an NMIBC patient’s
preoperative NLR > 3.96, it should be followed up closely

and considered as high-risk tumors; Viers et al** showed that
a patient with preoperative NLR > 2.7 who is undergoing RC
is associated with significantly increased risk for locally
advanced disease as well as subsequent disease recurrence.
However, some researchers have reached different conclu-
sions, including Demirates, who reported that there was no
correlation between preoperative NLR and prognosis.'> In
our results, univariate analysis suggested that preoperative
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Figure 5 NLR changes in LG-NMIBC and HG-NMIBC patients with or without recurrence. (A) NLR changes in LG-NMIBC without recurrence (N=51). (B) NLR changes
in LG-NMIBC with recurrence (23). (C) NLR changes in HG-NMIBC without recurrence (N=41). (D) NLR changes in HG-NMIBC with recurrence (N=22).
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; LG-NMIBC, low-grade non-muscle-invasive bladder cancers; HG-NMIBC, high-grade non-muscle-invasive bladder

cancers.

NLR could be used as a prognostic factor for RFS in bladder
tumors, but it was not statistically significant in multivariate
analysis. Although most studies show elevated pretreatment
NLR values being associated with an inferior outcome, there
is no consistency in the cut-off value ranging from 2 to 5
being used in the reported studies, making it less reliable as
a valid prognostic factor.

The reasons for the inconsistency in cut-off values
include not only different races, living environments,

tumor types, tumor heterogeneity, and treatment methods
but also the patient’s own factors such as age, SIR, and
immune status. Therefore, we believe that an accurate cut-
off value of preoperative NLR that satisfies all of the
medical centers does not exist. Rather than formulating
a rigid value, it is better to use preoperative NLR as
a control, and it is more reliable to observe the dynamic
changes of postoperative NLR, which was not influenced
by objective factors and can directly reflect the dynamic
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Table 6 Univariate and Multivariate Analysis of Prognostic Factors for RFS in 213 Bladder Tumor Patients After Surgery

Factors Univariate Multivariate

HR 95% ClI P HR 95% CI P
Age 1.006 0.989-1.02 0.486
Pre-NLR 1.219 1.057-1.40 0.006

Post-/pre-NLR

Increased vs Decreased 5.253 3.325-8.29 <0.001 6.206 3.826-10.067 <0.001
Gender
Male vs Female 0.985 0.579-1.67 0.957

Hypertension
Yes vs No I.116 0.683-1.82 0.660

Smoking history

Yes vs No 0.496 0.288-0.85 0.011 0.539 0.298-0.977 0.042
Diabetes
Yes vs No 0.659 0.317-1.36 0.262

Pathologic stage

Ta Ref

Tl 1.238 0.672-2.28 0.493 1.427 0.763-2.669 0.266
T2 2.027 1.087-3.78 0.026 1.985 1.036-3.801 0.039
T3 3.776 1.738-8.20 0.001 4.230 1.83-9.776 0.001
T4 4.664 1.692-12.8 0.003 4.004 1.374-11.663 0.011

Pathologic grade

High vs Low 1.667 1.065-2.61 0.025
Multifocality

Multiple vs Single 1.622 1.064-2.47 0.025
Tumor size

23cm vs <3cm 2.232 1.448-3.44 <0.001

Table 7 Multivariate Analysis of Prognostic Factors for RFS in LG-NMIBC HG-NMIBC and MIBC

Factors LG-NMIBC HG-NMIBC MIBC
HR 95% ClI P HR 95% ClI P HR 95% CI P
Age 1.000 0.956—1.045 0.986 0.962 0.924-1.002 0.061 1.044 1.009-1.080 0.013

Post-/pre- NLR
Increased vs Decreased 9.373 2.724-32.245 <0.001 6.873 2.486—18.999 <0.001 6.109 2.847-13.109 <0.001

Gender
Male vs Female 0914 0.269-3.109 0.886 0.438 0.156-1.231 0.117 0.797 0.293-2.164 0.655

Smoking history

Yes vs No 0.988 0.291-3.359 0.984 0.404 0.098-1.673 0.212 0.669 0.280-1.597 0.365
Multifocality
Multiple vs Single 0.773 0.293-2.040 0.603 0.537 0.202-1.426 0.212 3.542 1.704-7.358 0.001

Tumor size
23cm vs <3cm 2.359 0.858-6.481 0.096 1.962 0.773-4.979 0.156 1.197 0.532-2.693 0.665
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change of the SIR and immune system from preoperative
to postoperative. Postoperative NLR was expected to
decrease after the surgical removal of tumor, indicating
the host’s reduced SIR level after treatment, while anti-
tumor immunity was enhanced, and the balance was tipped
in favor of an anti-tumor immune response. Otherwise, the
failure of postoperative NLR to decline indicated two
factors: that inducing SIR has not been completely elimi-
nated, or else there are still remnants of tumor and anti-
tumor immunity is weakened. This results in the balance
being tipped in favor of a pro-tumor inflammatory
response and predicts poor oncologic outcomes. At pre-
sent, the clinical significance of the dynamic changes of
postoperative NLR in bladder tumor is unclear. There have
been no studies addressing postoperative NLR changes as
a prognostic marker of tumor recurrence after TURBT in
NMIBC patients. Our results proved this hypothesis, and
multivariate analysis revealed that smoking, tumor staging,
and postoperative NLR change were independent prognos-
tic factors for RFS. More importantly, our data showed
that the ratio of postoperative NLR to preoperative NLR
also could be a predictive factor of recurrence for HG-
NMIBC and MIBC patients. This result suggests that the
dynamic changes of postoperative NLR can be used as
a reliable biomarker for predicting bladder tumor recur-
rence as significant as tumor stage.

The present study shows that the proportion of patients
with recurrence in the increased NLR group is 73.5%,
which is far higher than the 20% in the decreased NLR
group. The 1-, 3- and 5-year RFS was 88.0%, 75.4%, and
75.4% for the decreased postoperative NLR group, respec-
tively, and 51.2%, 25.8%, and 16.1% for the increased
postoperative NLR group, respectively (P<0.05). Kaplan—
Meier curves showed that the cumulative RFS rate in the
postoperative increased group was significantly lower than
that in the decreased group. After further stratification of
the total number of patients, it is found that in NMIBC as
well as MIBC patients, NLR decreased postoperatively
and remained stable after surgery in patients without recur-
rence, but it was also found that NLR increased postopera-
tively, and continued to the diagnosis of recurrence in
patients (Figure 4). More importantly, postoperative NLR
dynamic change is not affected by objective factors, and is
more reliable than preoperative NLR in predicting recur-
rence of bladder tumors. During follow-up, in patients
with increased NLR after surgery, we recommend that
more reliable imaging examinations be performed to
exclude tumor recurrence.

If necessary, appropriate

adjuvant therapy would be performed to improve the
patient’s prognosis.

There are some limitations in this study. First, this is
a retrospective analysis from one single institution, and the
case number is relatively small. Second, the follow-up per-
iod was relatively short for some cases. Thirdly, because
there was no routine in our daily practice, we were lacking
data related to the combination of certain inflammatory
factors with NLR, such as C-reactive protein, which is
why there is no carcinoma in situ information in our data.
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