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Objective Accumulated evidence has suggested that there is a close association between preoperative neutrophil-
to-lymphocyte ratio (NLR) and prognosis of various malignant tumors. However, the relationship between NLR
and surgically resectable urinary cancers remains contradictory. Therefore, we performed this systematic review
and meta-analysis to explore whether preoperative NLR could predict the prognosis of surgically resectable
urinary cancers.

Methods After searching the Embase, PubMed/MEDLINE and Cochrane databases and screening the articles,
we finally included 25 studies involving 15 950 patients. Hazard ratios (HRs) and their 95% confidence intervals
(Cls) were extracted to assess the association between preoperative NLR and the overall survival (OS) and cancer-
specific survival (CSS) of surgically resectable urinary cancers.

Results The pooled results revealed that an elevated preoperative NLR could predict a worse OS (HR=1.40,
95%CI: 1.26-1.54, P<0.001) and CSS (HR=1.43,95%CI: 1.27—-1.59, P<0.001) in urinary cancers. In addition,
our analyses also suggested that high preoperative NLR was associated with worse prognosis in renal cell
carcinoma (OS: HR=2.06, 95%CI: 1.54-2.76, P=0.131; CSS: HR=2.46, 95%CI: 1.46—4.16, P=0.178), upper
tract urothelial carcinoma (OS: HR=1.91, 95%CI: 1.50-2.42, P=0.616; CSS: HR=1.84, 95%CI: 1.41-2.39,
P=0.001), bladder cancer (OS: HR=1.09, 95%CI: 1.02-1.17, P<0.001; CSS: HR=1.05, 95%CI: 1.01-1.09,
P=0.163) and prostate cancer (OS: HR=1.69, 95%CI: 1.19-2.41, P=0.714). Regardless of the participants’
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race or the cutoff value of the preoperative NLR, the results remained valid.

Conclusion Elevated preoperative NLR could predict a worse prognosis in surgically resectable urinary

cancers, namely, renal cell carcinoma, bladder cancer, prostate cancer and upper tract urothelial carcinoma.

RINARY cancers are one of the most com-
mon malignancies that threaten both men
and women worldwide. According to the
latest survey, it is estimated that there
will be 158 220 new cases and 33 420 deaths in the
United States for both sexes, ranking fifth in new cas-
es and sixth in deaths of all malignancies.! Although
a set of new preoperative and postoperative adjuvant
treatment modalities, such as immunotherapy and mo-
lecular targeted drugs, have been developed, a subset
of patients still die within a short time after surgery
due to the rapid progression or reoccurrence of urinary
cancers. Therefore, finding better preoperative prog-
nostic biomarkers could hopefully prolong the survival
span and change the postoperative follow-up routines.
Emerging evidence has revealed that the systemic
inflammatory reaction (SIR) plays a critical role in the
development and progression of various cancers, in-
cluding malignant tumors of the digestive, respiratory
and urological systems. As a marker of SIR, the neutro-
phil-to-lymphocyte ratio (NLR) has displayed great po-
tential in predicting the prognosis of urinary cancers.?*!
However, since the results of different studies remain
inconsistent or even contradictory regarding the role
of NLR in surgically resectable urinary cancers, we
conducted this systematic review and meta-analysis to
obtain a more reliable assessment.

MATERIALS AND METHODS

Literature search

We systematically searched the PubMed/MEDLINE, Em-
base and Cochrane databases for all possible studies
without restrictions. The search strategy combined the
medical subject heading (Mesh) terms NLR (e.g., “neu-
trophil-to-lymphocyte ratio” or “neutrophil lymphocyte
ratio’’) with words related to urinary cancers (e.g.,
“renal cancer”, “bladder cancer”, “prostate cancer”,
“urothelial cancer” or “transitional cell carcinoma”) and
prognosis (e.g., “outcome”, “prognosis”, “prognostic”,
“survival”, “cancer specific survival” or “overall surviv-
al”). The last search was updated on July 18, 2019.

Inclusion and exclusion criteria
Studies were eligible if they met all the following crite-

ria: (1) Studies evaluated preoperative NLR as a prog-
nostic factor in urothelial cancers, such as renal cell
cancer (RCC), bladder cancer (Bca), prostate cancer
(Pca) or upper urinary tract urothelial cancer (UTUC);
(2) Studies provided survival data on overall survival
(0S) and/or cancer-specific survival (CSS); and (3)
Hazard ratios (HRs) and corresponding 95% confidence
intervals (CIs) or P-values of CSS or OS can be found
or calculated based on information provided in the
article.

The exclusion criteria were as follows: (1) review
articles, editorial comments, letters, expert opinions,
conference abstracts, or case reports; (2) articles con-
taining overlapping or duplicate data; (3) patients who
received neoadjuvant treatment such as preoperative
chemotherapy or radiotherapy; (4) patients who did
not undergo an operation; and (5) incomplete or no
survival data regarding OS or CSS.

Data extraction and quality control

For each eligible study, the following items were ex-
tracted: first author’s name, year of publication, coun-
try, tumor type, number of patients, median age, gen-
der composition, NLR cut-off value, median follow-up
period, survival outcomes, variate analysis type, and
HRs of OS or CSS and 95%CIs. We used the HRs of
multivariate analysis if both univariate and multivariate
analyses were conducted.

The Newcastle-Ottawa Scale (NOS) was applied to
assess the quality of all the enrolled studies. Any includ-
ed study with a total score of more than 5 was consid-
ered good quality. The search was conducted, and the
titles and abstracts of all initially identified studies were
assessed independently by two authors (WZ and WX).
Any discrepancies were solved through group discussion
or a third author (ZGY) to establish a consensus.

Statistical analysis

The HRs with their 95%CIs from each study were used
to calculate pooled HRs. Cochran’s Q-test and Higgins
I? statistics were applied to assess the heterogeneity
of the pooled results. I’>50% or P<0.05 was regard-
ed as heterogeneity. The fixed effects model (Man-
tel-Haenszel method) was used if there was no het-
erogeneity; otherwise, the random effects model was
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applied. In addition, we performed subgroup analysis
and sensitivity analysis to identify the source of het-
erogeneity. Egger’s linear regression test was used to
evaluate publication bias, and P<0.05 was considered
significant. If publication bias existed, we used the
Trim and Fill method to assess the influence of publica-
tion bias on the effect estimate. All statistical analyses
were performed using STATA software version 14.0
(STATA Corporation, College Station, TX, USA). All P
values were two-sided.

RESULTS

Characteristics of the included studies

After searching the PubMed/MEDLINE, Embase and
Cochrane databases and removing duplicates, we ini-
tially found 443 articles. After having read the titles
and abstracts, we excluded 383 articles that were
reviews, conference abstracts, editorial assessments,
letters or studies in which no patients undergoing an
operation. Afterward, 60 full-text original articles were
screened. As a result, we excluded another 35 arti-
cles since 23 provided no or incomplete survival data
regarding CCS or OS; 7 focused on neoadjuvant ra-
diotherapy; 3 were related to derived NLR rather than
NLR; 2 contained overlapping samples. In the end, 25
studies'®?*! met our criteria and were included in our fi-
nal meta-analysis (Figure 1). Characteristics of all the
included studies are shown in Table 1.

The 25 eligible studies contained 15950 cases
from 8 countries (America, Korea, Singapore, Poland,
Japan, Italy, China and Austria). Among the 25 stud-
ies, 1017/ % 1 13,1618, 21-23, 23] oy nlored the prognostic
role of preoperative NLR in UTUC, which contained
6365 patients; 8 studies > > > 1> 171920241 jn RCC
with 3568 patients; 2P ® in Pca with 2293 patients;
5t 61014261 in Bca with 3724 patients. Regarding the
survival results, 17 studies!®® 0 12 14,1517, 18, 20, 23, 24, 26]
focused on the predictive role of NLR in OS, with an-
other 17037 91 13,16,18,19, 21261 o CSS. Al 25 studies
received scores of more than 5 according to the NOS
and were deemed to have good quality.

Overall survival

As shown in Figure 2 and Table 2, it's evident that
elevated preoperative NLR could predict a worse prog-
nosis in urinary cancers concerning OS with a pooled
HR of 1.40 (95%CI: 1.26-1.54, Pieterogeneity <0.001).
Subgroup analysis by cancer type revealed that a
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Figure 1. Workflow of our selecting process.
NLR: neutrophil-to-lymphocyte ratio.

higher preoperative NLR was also associated with a
poorer OS in RCC? * 1215 17:20. 241 (pyp =3 06, 95%CI:
1.54-2.76, Ppeterogency = 0.131), UTUCY ** 21 (HR=1.91,
95%CI: 1.50-2.42, Pycterogenciy = 0.616), Bcal® 1% 13 14 2¢]
(HR=1.09, 95%CI: 1.02-1.17, Pieterogencity <0.001) and
Pca®® (HR=1.69, 95%CI: 1.19-2.41, P.ueragencty = 0.714).

Furthermore, another subgroup analysis by ethnic-
ity suggested that a high preoperative NLR remained a
worse predictor for OS in both Asianst® 78 12 1415 17,18, 20]
(HR=1.89, 95%CI: 1.58-2.25, Ppeerogencity = 0.203) and
Caucasians!® & 102324 261 ((yR =1 09, 95%CI: 1.02-1.16,
Preterogeneity = 0.001).

Further analysis stratified by the NLR cut-off
value revealed that regardless of whether the NLR
cutoff was lower or higher than 2.7, an elevated NLR
could still predict a worse prognosis in urinary cancers
(NLR < 2,75 7812, 201: Hp =177, 95%CI: 1.49-2.11,
Phetemgeneny =0.268; NLR =2, 716 10, 14, 15,17, 18, 23, 24, 26].

HR=1.15, 95%CI: 1.05-1.26, Pieterogeneiy < 0.001).

Cancer-specific survival

As shown in Figure 3 and Table 3, a high preopera-
tive NLR was associated with a worse CSS in urolog-
ical cancerst >7 91113,/ 16,18, 19, 21261 (yp—1 43, 95%CI:
1.27-1.59, Preterogeneity < 0.001). Further subgroup anal-
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Table 1. Characteristics of all the studies included in our meta-analysis

Tumor No. of Gender Cut-off Follow-up Analysis
Author Year Country bypel BaticnEs Age (yrs) (M:F) value (Months) Outcomes Bype
:fg, o 2018 Korea UTUC 1137 69 (61-74)° 825:312 3.3  39.1(18.3-63.8)°  RFS, CSS uv, MV
Azuma
e 2013 Japan UTUC 137 69.4 (40-88) 106:31 2.5  60.9(1.9-187.3)  RFS, CSS uv, MV
Kohada * *
g 2018 Japan UTUC 148 71 (64-78)° 112:36 3 35.5 (12-66) RFS, CSS UV, MV
Tanaka . X
g 2014 Japan UTUC 665 70 (62-76)° 493:172 3 28 (14-57) RFS, CSS uv, MV
C
e::, 6 2017 China UTUC 656 68(39-88)  290:366 2.4 46 (12-144) IVRFS, CSS UV, MV
Cheng .
ot 2,00 2016 China UTUC 195 68+10.3 79:116 2.7 36 0S, CSS UV, MV
2?(;, (22) 2014 China UTUC 234 N 102:132 3 40.7+£23.8 MFS, CSS uv, MV
Tan X " . o 0OS, DFS,
- a1 2018 China UTUC 717 67 (59-74)° 408:309 2.5 42 (18-76) Cos, MRS MV
Dalpiaz .
ot 27,23 2014 Austria UTUC 202 69.3 (32-85) 122:80 2.7 45 (0-199) CSS, 0S uv, MV
Z?;t;’['g?"e' 2017 Austria UTUC 2274 69 (61-76) 1527:747 2.7 40 (20-76) RFS, CSS uv, MV
B *
eZ:;]“gJ 2016 Korea RCC 1284 55.9%12.9  913:371 3.7 39 (19-69) RFS, CSS MV
wi )
et':f o 2020 Poland RCC 196 61 (24-85)°  116:80 2.60 68 (44.5-78) 0s UV, MV
:f:la[rl?]ha”” 2018 China  RCC 82 37 (2-71) 33:49 2.45 31 (2-108) 0S, DFS UV, MV
Chen .
oo 2019 China RCC 414 56.3 (24-80) 257:157  2.17 69.2 (1-151) 0S, CSS MV
W
ete;/ oo 2015 China RCC 327 56 (3-86) 211:116 1.7 43 (0-97) 0S, DFS uv, MV
H
et“al s 2017 China RCC 484 56(21-81)  278:206 2.78 36 0s uv, MV
G *
et”al . 2016 China RCC 103 56 (16-79) 71:32 4.1  19.9(10.8-35.1)° OS uv, MV
Pichler .
g 2013 Austria RCC 678 N N 3.3 44 (0-130) 0S, CSS uv, MV

. BCRFS, CSS,

Jang 2016 Korea Pca 2067 66 (61-70) N 1.76 78 (65-6) CRFS, €SS,y mv
et al. oS
:tugl . 2018 China Pca 226 N N 2.31 24 (1-73) 0S, DFS UV, MV
\e/;e;/s[ze] 2014 USA  Bca 899 69 (62-76)° 723:176 2.7  130.8 (99.6-166.8)" DFS, CSS, 0S UV, MV
fan 2017 SN g, 84 67 (37-82) 63:21 2.7 30.1(3.2-161.7)  DFS, OS UV, MV
et al. pore
K ) )
e::fm 2017 Korea Bca 1551 65 (57-72)° 1302:249 2 52 (27-82) 0s v, MV
Raj ;
ef;";’?m] 2018 Poland Bca 144 N N 3 14 (7-40) 0s, CSS uv, MV
Z?:f['gme' 2018 Italy Bca 1046 70 (29-91)  864:182 3 26 (10-47)° 0S, DFS, CSS MV

RCC: renal cell carcinoma; UTUC: upper urinary tract urothelial cancer; Bca: bladder cancer; Pca: prostate cancer; RFS:
recurrent free survival; CSS: cancer-specific survival; IVRFS: intravesical recurrence free survival; OS: overall survival;

MFS: metastasis free survival;, DFS: disease-free survival; BCRFS: biochemical recurrence free survival, UV: univariate;
MV: multivariate; *: interquartile range; N: not available.
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A B
Study %
Study % D HR (95% CI) Weight
D HR (95% CI) Weight
RCC
- (2018) 26.26 (1.44, 480.30) 0.12
Agizamhann (2018) 3 26.26 (1.4, 48030) 012 Chen (2019) 3.65(1.74,7.68) 168
Pichler (2013) 1.59 (1.10, 2.31) 551
Chen (2019) 365 (1.74,7.68) 168 ‘Wen (2015) 1.67 (1.10, 2.54) 460
Cheng (2016) 1.61(0.89, 2.92) 253 Widz (2019) 1.72 (1.03, 2.87) 3.25
Hu (2016) 210 (1.21,3.64) 2.89
Dalpiaz (2014) 2.48 (131, 4.70) 222 Gu (2016) 207 (150 11.00) 097
Pichler (2013) 1,59 (1.10, 2.31) 551 Subtotal (I-squared = 39.1%, p = 0.131) 2.06 (1.54, 2.76) 19.03
Rajwa (2018) 1.07 (1.04, 1.10) 2210 uTUC
Sun (2017) 2.00(0.80, 5.40) 105 Cheng (2016) 1.61(0.89,2.92) 253
Dalpiaz (2014) 2.48 (1.31,4.70) 222
Viers (2014) 1.03 (1.01, 1.06) 2214 Tan (2018) 1.88 (1.42, 2.50) 806
Vartolomei (2018) 1.20 (0.86, 1.67) 6.49 Subtotal (I-squared = 0.0%, p = 0.616) 1.91 (1.50, 2.42) 12.81
Tan (2018) 1.88 (1.42, 2.50) 8.06 Bea
Wen (2015) 1,67 (110, 2.54) 460 Rajwa (2018) 1.07 (1.04, 1.10) 2210
Viers (2014) 1.03 (1.01, 1.06) 2214
Tan (2017) 2.85(1.32,6.15) 158 Vartolomei (2018) 1.20 (0.86, 1.67) 6.49
Widz (2019) 1.72(1.03, 2.87) 325 Tan (2017) 2.85(1.32,6.15) 1.58
Kang (2016) 1.52 (1.19, 1.95) 9.51
Kang (2016) 152 (1.19, 1.95) 9.51 Subtotal (I-squared = 80.2%, p = 0.000) 1.09 (1.02, 1.17) 61.82
Hu (2016) 2.10 (121, 3.64) 289
Pca
Jang (2016) - 1.65(1.13, 2.42) 5.29 Sun (2017) 2.00 (0.80, 5.40) 1.05
Gu (2016) —— 4.07 (1,50, 11.00) 097 Jang (2016) 1.65(1.13,2.42) 5.29
Subtotal (I-squared = 0.0%, p = 0.714) 1.69 (1.19, 2.41) 634
Overall (I-squared = 82.8%, p = 0.000) 6 1.40 (1.26, 1.54) 100.00 '
H Overall (I-squared = 82 8%, p = 0.000) 9 1.40 (1.26, 1.54) 100.00
NOTE: Weights are 1rom|random effects analysis ' : NOTE: Weights are from random effcts analysis | ©
T T T
00208 1 480 00208 1 480
C D
Study % Study %
D HR (95% Cl) Weight D HR (95% CI) Weight
Asia ' <27 H
Agizamhann (2018) —————————> 26.26(1.44, 480.30) 0.12 Agizamhann (2018) ———————— 5 26.26(1.44,480.30) 0.12
Chen (2019) | —— 365(1.74,7.68) 168 Chen (2019) | —— 365(1.74,7.68) 168
Cheng (2016) 1.61(0.89, 2.92) 253 Sun (2017) — 2.00 (0.80, 5.40) 1.05
Sun (2017) - 2.00(0.80,5.40)  1.05 Tan (2018) 1.88(1.42,250) 8.06
Tan (2018) 188(1.42,250) 8.06 Wen (2015) 167(1.10,254) 460
Wen (2015) 1.67 (1.10, 2.54) 460 Widz (2019) 1.72(1.03, 2.87) 3.25
Tan (2017) 285(1.32,6.15)  1.58 Kang (2016) 152(1.19,1.95) 951
Kang (2016) 1.52 (1.19, 1.95) 9.51 Jang (2016) 1.65(1.13,2.42) 5.29
Hu (2016) 210(1.21,364) 2.89 Subtotal (I-squared = 20.4%, p = 0.268) 177 (1.49,2.11) 3356
Jang (2016) 1.65(1.13,2.42) 5.29 B
Gu (2016) —— 4.07 (1.50,11.00)  0.97 227
Subtotal (I-squared =25.3%, p = 0.203) e 1.89 (1.58, 2.25) 38.29 Cheng (2016) 1.61(0.89, 2.92) 253
. ! Dalpiaz (2014) 248(1.31,470) 222
Caucasian H Pichler (2013) 1.59 (1.10, 2.31) 5.51
Dalpiaz (2014) L 248(1.31,470) 222 Rajwa (2018) 1.07 (1.04,1.10)  22.10
Pichler (2013) 159(1.10,2.31) 551 Viers (2014) 1.03(1.01,1.06) 2214
Rajwa (2018) 1.07 (1.04, 1.10) 22.10 Vartolomei (2018) 1.20 (0.86, 1.67) 6.49
Viers (2014) 1.03(1.01,1.06) 2214 Tan (2017) 285(1.32,6.15)  1.58
Vartolomei (2018) 1.20 (0.86, 1.67) 6.49 Hu (2016) 2.10(1.21,3.64) 2.89
Widz (2019) 1.72(1.03,2.87) 325 Gu (2016) 4.07 (1.50,11.00)  0.97
Subtotal (I-squared =75.5%, p = 0.001) 3 1.09 (1.02, 1.16) 61.71 Subtotal (I-squared =79.2%, p = 0.000) 1.15(1.05, 1.26) 66.44
'
. ! .
Overall (I-squared = 82.8%, p = 0.000) ¢ 1.40 (1.26, 1.54) 100.00 Overall (I-squared = 82.8%, p = 0.000) 1.40 (1.26, 1.54) 100.00
'
NOTE: Weights are from random effects anal NOTE: Weights are from random effects anal;
T T
.00208 1 480 .00208 1 480

Figure 2. The forest plot of OS.
A. All the articles enrolled; B. Subgroup analysis by tumor site; C. Subgroup analysis by ethnicity; D. Subgroup analysis by
NLR cutoff value.

Table 2. Subgroup analysis of all included articles regarding OS

Tumor type
RCC 7 2284 2.06 1.54-2.76 0.131
UTuC 3 1114 1.91 1.50-2.42 0.616
Bca 5 3724 1.09 1.02-1.17 <0.001
Pca 2 2293 1.69 1.19-2.41 0.714
Ethnicity
Asian 11 3165 1.89 1.58-2.25 0.203
Caucasian 6 6250 1.09 1.02-1.16 0.001
Cut-off value
<27 8 5580 1.77 1.49-2.11 0.268
=2.7 9 3835 1.15 1.05-1.26 <0.001

Overall 17 9415 1.40 1.26-1.54 <0.001
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A B
Study % Study %
i D HR (95% CI) Weight
D HR (95% CI) Weight
uTUC E
v Azuma (2013) —_—— 3.06(1.44.6.83) 1.87
Azuma (2013) —_— 3.06(1.44,683)  1.87 Ca0 (2017) i 1.82(1.26,2.63) 631
Byun (2016) —_— 257(1.35,4.89) 262 Cheng (2016) - 1.36(0.65,2385) 207
yun ) ' ( ) Dalpisz (2014) —_—— 272(1.25.5.93) 187
Cao (2017) B 182(1.26,263) 631 Kohada (2018) e 325(1.36,7.69) 154
' = Luo (2013) ———p— 6.38 (1.75, 23.31) 0.72
Chen (2019) H 4.19(1.85,9.49) 172 Vartolomei (2016) 1.07 (0.87.1.31) 11.95
Cheng (2016) -1 1.36(0.65,2.85)  2.07 Tansks (2014) 1.47 (1.03,2.11) 654
& Tan (2018) 1.95(1.42,269) 760
Dalpiaz (2014) -E_._ 272(1.25,593)  1.87 2018 1.70 (1.10,2.62) 4.99
Kohada (2018) — 3.25(1.36,7.69) 154 Subtotal (l-squared = 87.7%, p = 0.001) . 1.84(1.41,239) 4548
Luo (2013) | —————=—— 6.38(1.75,23.31) 072 ree |
Pichler (2013) 1.59 (0.84,2.99) 269 Byun (2016) -E—Q— 2.57(1.35.4.89) 262
R Chen (2019) | — 4.19(1.85.9.49) 1.72
Rejwa (2018) 1.05(1.02,1.08) 1965 Pichler (2013) “+—— 1.59 (0.84,2.99) 269
Viers (2014) 1.04 (1.01, 1.08) 19.55 Subtotal (l-squared = 42.0%, p = 0.178) _-o 2.46 (1.46, 4.16) 7.03
Vartolomei (2018) 165(1.02,266)  4.28 Bea H
Vartolomei (2016) 1.07 (0.87,1.31) 11.95 Rajwa (2018) 1.05(1.02,1.08) 19.65
Viers (2014) 1.04(1.01,1.08) 1955
Tanaka (2014) . 147(1.03,211) 654 Vartolomei (2018) 165(1.02.268) 428
Tan (2018) :-=- 195(142,269)  7.60 Subtotal (I-squared = 44.8%, p = 0.162) ) 1.05(1.01,1.09) 43.48
Jang (2016) —_ 201(1.22,331)  4.03 Pes H
|
SON (2018) 1.70(1.10,262) 499 Jang (201€) - 201(1.22.331) 4.03
1 (0 =%.p=. L e .01 (1.22,3.31 4.
Overall (I-squared = 81.8%, p = 0.000) 143(127,159) 10000 Subtotal (lsquared = %.p= ) ; 20122331 403
. N Oversll (I-squsred = 81.8%. p = 0.000) ¢ 1.43(1.27.1.59) 100.00
NOTE: Weights are lrlom random effects analysis ! . NOTE: Waights sre from random e snslysi{ !
T T

0429 1 233 0429 1 223
c D
Study %
N Study %

D HR(95% Cl)  Weight D HR (95% Cl)  Weight
Asian 1 <7 I

1 .
Azuma (2013) — 3.06 (1.44,6.83) 1.87 Azuma (2013) —— 3.06 (1.44,6.83) 1.87
Byun (2016) T 257 (1.35,4.89) 2.62 Cao (2017) — 1.82 (1.26,2.63) 6.31
Cao (2017) = 1.82(1.26,2.63) 6.31 Chen (2019) ——— 4.19 (1.85,9.49) 1.72
Chen (2019) o 4.19 (1.85,9.49) 1.72 Tan (2018) 1 195 (142 2.69) 7.60
Cheng (2016) —— 1.36 (0.65, 2.85) 2.07 Jang (2016) : 201(1.22,3.31) 4.03
Kohada (2018) —— 3.25(1.36,7.69) 1.54 Subtotal (I-squared = 10.1%, p = 0.349) > 210 (1.68, 2.61) 21.52
Luo (2013) | ————=——> 6.38(1.75,23.31) 0.72 ; :
Tanaka (2014) 1.47 (1.03,2.11) 6.54 227 '
Tan (2018) ' 1.95 (1.42,2.69) 7.60 Byun (2016) —— 2.57 (1.35,4.89) 2.62
Jang (2016) . 201(1.22,331) 4.03 Cheng (2016) _ 1.36 (0.65, 2.85) 2.07
SON (2018) —=— 1.70 (1.10,2.62) 4.99 Dalpiaz (2014) — 2.72(1.25,5.93) 1.87
Subtotal (I-squared = 27.2%, p = 0.185) Kol 2,02 (1.67, 2.44) 40.00 Kohada (2018) —— 3.25(1.36, 7.69) 1.54
. _ Luo (2013) | ————=——> 6.38(1.75,23.31) 0.72
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Figure 3. The forest plot of CSS.
A. All the articles enrolled; B. Subgroup analysis by tumor site; C. Subgroup analysis by ethnicity; D. Subgroup analysis by
NLR cutoff value.

Table 3. Subgroup analysis of all included articles regarding CSS

Tumor type
RCC 3 2376 2.46 1.46-4.16 0.178
UTuC 10 6365 1.84 1.41-2.39 0.001
Bca 3 2089 1.05 1.01-1.09 0.163
Pca 1 2067 * * *
Ethnicity
Asian 11 7654 2.02 1.67-2.44 0.185
Caucasian 6 5243 1.06 1.00-1.12 0.049
Cut-off value
<27 5 3991 2.10 1.68-2.61 0.349
=>2.7 12 8906 1.19 1.08-1.31 <0.001
Overall 17 12897 1.43 1.27-1.59 <0.001

“As only one study regarding CSS of the Pca was enrolled into the analysis, the analysis could not be conducted.
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ysis by tumor site indicated that the NLR remained
a prognostic biomarker of UTUCL o 1t 13, 16,18, 21-23, 23]
(HR=1.84, 95%CI: 1.41-2.39, Pieterogencity=0.001),
RCCP ™1 (HR=2.46, 95%CI: 1.46-4.16, P eterogencity
=0.178), Bca!® > *! (HR=1.05, 95%CI: 1.01-1.09,
Preterogeneity = 0.163). Since only one paper explored the
CSS of Pca, we didn't perform the subgroup analysis of
Pca.

In addition, when stratified by race, the subgroup anal-
ysis revealed that elevated NLR could still predict a worse
prognosis in urinary cancers (Asian'® > 7% 11/ 16 18,19, 21, 22, 23],
HR=2.02, 95%CI: 1.67-2.44, Pyeterogeneity=0.185;
Caucasian!® ' 132%242¢l: R =1.06, 95%CI: 1.00-1.12,
Preterogeneity = 0.049).

Another subgroup analysis by NLR cut-off demon-
strated that regardless of whether the NLR cutoff was
higher or lower than 2.7, preoperative NLR remained
a worse prognostic marker (NLR<2, 78 > 7/ 16 231,
HR=2.10, 95%CI: 1.68-2.61, Pheterogeneity=0.349;
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NLR>2, 76 911 13, 18,19, 2124, 261, yp =1 19, 95%CI: 1.08-
131/ Pheterogeneity< 0001)

Heterogeneity

As shown in Figures 2 and 3, there was heterogene-
ity in our meta-analysis (0S: I’=82.8% , P<0.001;
CSS: I’=81.8%, P<0.001). Therefore, we performed
sensitivity analysis by sequentially omitting each study
(Figure 4). The sensitivity analysis results showed
that the article of Rajwa et a/."*” and the article of
Viers et al.”® may be the sources of heterogeneity.
Therefore, we omitted the two articles and performed
the meta-analysis again, and the results regarding OS
(HR=1.78, 95%CI: 1.53-2.07, Pheterogeneity =0.135) and
CSS (HR=1.91, 95%CI: 1.55-2.37, Pheterogencity = 0.001)
remained valid.

Publication bias
Egger’s test was carried out to identify potential publi-

Meta-analysis estimates, given named study is omitted
| Upper CI Limit

| Lower CI Limit

Agizamhann (2018)
Chen (2019)
Cheng (2016)
Dalpiaz (2014)
Pichler (2013)
Rajwa (2018)

Sun (2017)

Viers (2014)
Vartolomei (2018)
Tan (2018)

Wen (2015)

Tan (2017)

Widz (2019)

Kang (2016)

Hu (2016)

Jang (2016)

Gu (2016)

o Estimate

0.190.23 0.33

0.43 0.81

Meta-analysis estimates, given named study is omitted

| Lower CI Limit

Azuma (2013) | t--
Byun (2016) | -
Cao (2017) | t---
Chen (2019) | t---
Cheng (2016)
Dalpiaz (2014) | -1
Kohada (2018) | t-f--
Luo (2013) | -
Pichler (2013)
Rajwa (2018)
Viers (2014)

Vartolomei (2018) [ Oleeeenns
Vartolomei (2016) [UR
Tanaka (2014) [ PP o T
Tan (2018) feeeefreenes LS YTTTT PRI

Jang (2016) | beefoeeeeeeeees [T RPN

SON (2018) | #ef-rerererens P S

o Estimate

| Upper CI Limit

0.200.24 0.35

1
0.47 0.83

Figure 4. Sensitivity analysis of all the enrolled articles concerning OS (above) and CSS (below).
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cation bias in our enrolled studies. The results showed
that there was significant publication bias in the analy-
sis of the pooled OS and CSS (Pgg.<0.001). Therefore,
we used the Trim and Fill method to assess the effect of
publication bias, and the results showed that the adjust-
ed pooled HRs for OS and CSS were also significant (OS:
HR=1.209, 95%CI: 1.095-1.335; CSS: HR=1.142,
95%CI: 1.019-1.280), which was still consistent with
the primary results (as presented in Figure 5).

DISCUSSION

Although many new therapies have been devel-
oped for the treatment of urinary cancers, such as
chemotherapy, radiotherapy and molecular-targeted
therapy, surgery remains the main therapeutic strat-
egy and can provide a radical cure. Currently, the
most widely used preoperative prognostic assessment
strategy is the TNM staging system, which is still in-
complete and imprecise. The identification of new
prognostic factors may contribute to a more precise
preoperative assessment, thus promoting survival
outcomes and optimising follow-up routines. Recently,
enormous evidence has suggested that NLR is closely
related to the prognosis of malignant urinary tumors.
However, the role of the NLR in surgically resectable
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urinary cancers remains unexplored, which is the rea-
son why we performed this meta-analysis. Our studies
enrolled 25 studies containing 15 950 patients, which
were deemed good quality according to the criterion of
the NOS scoring system. From the results of our me-
ta-analysis, we could conclude that elevated preoper-
ative NLR could predict a worse OS and CSS in urinary
cancers, namely, RCC, UTUC, Pca and Bca.

However, the deeper underlying mechanism be-
tween the NLR and survival is still poorly understood.
The most widely accepted hypothesis is the tumor
micro-environment theory, which is crucial for the an-
giogenesis, viability, motility and invasion of tumors.””?
NLR variations illustrate an elevated neutral-based in-
flammatory reaction and a weakened lymphocyte-de-
pendent immune response. Cancer cells can create dif-
ferent kinds of cytokines, such as IL-2, IL-6, VEGF and
myeloid growth factors, which can increase the count
of tumor-infiltrating neutrophils.!””! In addition, the
increased neutrocytes could enhance their ability to
secrete potent angiogenesis cytokines, such as vascu-
lar endothelial growth factor and reactive oxygen spe-
cies, thus leading to DNA damage and genetic insta-
bility in addition to stimulating tumor proliferation and
neo-vascularization in the micro-environment.! 2% I
On the other hand, the presence of lymphopenia in-

Egger's publication bias plot B Filled funnel plot with pseudo 95% confidence limits
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Figure 5. Egger’s publication bias plot regarding OS (A) and CSS (C) together with funnel plot used the trim-fill method (B

and D, respectively).
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dicates a relative inefficiency of lymphocytes, and tu-
mor-related lymphocytes have previously been shown
to suppress tumour development in some cases.

However, there are still several limitations in our
meta-analysis. First, most of the enrolled studies in
our meta-analysis were retrospective observational
studies. Although the quality has been assessed as
good under the criterion of the NOS scoring system,
the quality of evidence was still poor. Second, there
was significant heterogeneity in some analyses con-
cerning both OS and CSS. Since the tumor site may
be a potential source of heterogeneity, we divided the
eligible studies into several independent groups to
eliminate heterogeneity. However, in the OS of the Bca
group and CCS of the UTUC group, heterogeneity also
existed. After applying sensitivity analysis to all the
articles, we finally identified 2 articles that may affect
the stability of our pooled results. Furthermore, we still
cannot rule out the possibility that there may be oth-
er factors causing the heterogeneity, such as the pa-
tients’ baseline conditions, the patients’ postoperative
treatments, and the follow-up period. Since there was
only one study concerning the CSS of PCa, we did not
perform subgroup analysis on this group, which may
be another disadvantage of our meta-analysis. Third,
publication bias was detected in our meta-analysis.
Studies with positive results are much easier to publish
than studies with negative results, which could lead to
publication bias. Although we tried our best to acquire
as many eligible articles as possible without any restric-
tions, the Egger’s test still suggested significant publica-
tion bias in our study. To avoid the effect of potentially
negative outcomes, we used the Trim and Fill method
to correct our results. However, we still could not com-
pletely rule out the possibility of publication bias.

In conclusion, our pooled results revealed that
preoperative NLR could act as a potential prognostic
marker in malignant urinary tumors. In other words,
elevated preoperative NLR was associated with a worse
OS and CSS in RCC, Bca, Pca and UTUC, which may
help doctors stratify patients and change the postoper-
ative follow-up routines.
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