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ABSTRACT

Background: Neutrophil-to-lymphocyte ratio (NLR) has been studied as a biomarker for cancer prog-
nosis, predicting survival in many tumors. The aim of this umbrella review was to combine the results
from all systematic reviews and meta-analyses related to the prognostic role of the NLR in patients
with urological tumors.

Methods: A PubMed, Scopus, Embase and Cochrane search was undergone from inception through
September 2020 for systematic reviews and meta-analyses investigating the prognostic value of NLR
in urological tumors, subdivided into prostate cancer, renal cell carcinoma, urothelial bladder and
upper tract carcinomas PROSPERO (CRD42020216310).

Results: The results have shown, with a high level of evidence, that an elevated NLR predicts worse
overall survival (OS), progression-free survival (PFS) and relapse-free survival (RFS) in prostate cancer,
worse OS, PFS and RFS in renal cell carcinoma, worse OS, PFS, RFS and cancer-specific survival (CSS) in
muscle invasive bladder cancer, worse PFS and RFS in non-muscle invasive bladder cancer, and worse
OS, PFS, RFS and CSS in urothelial upper tract carcinoma.

Conclusion: NLR has a significant prognostic value in urological tumors and should be included in
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prognostic scores of these cancers.

Introduction

Urological neoplasms, including prostate, bladder, kidney,
urinary tract, testicular and penile cancers, are common
causes of cancer worldwide with disparities in incidence [1].
Regardless of their frequency and etiology, morbidity and
mortality of urological cancers depend on the stage at which
they are diagnosed. Thus, since the burden of these malig-
nancies is evolving around the world with population growth
and aging, it is of interest to identify high risk and poor
prognosis cancer patients, and therefore to identify prognos-
tic factors in patients with urological tumors with the aim of
predicting progression and survival.

Evidence has shown that inflammatory response is closely
related to tumor development and progression [2].
Moreover, different complex mechanisms were involved in
the interactions between tumor and inflammation, leading to
tumor cell proliferation, angiogenesis promotion, apoptosis
inhibition and tumor metastasis [3]. Accordingly, several
blood parameters were studied to reflect systemic inflamma-
tory response and therefore, were used to predict the prog-
nosis of cancer patients, such as C-Reactive Protein (CRP) [4],
modified Glasgow Prognostic Score (mGSP) [5], platelet-to-
lymphocyte ratio [6] and neutrophil-to-lymphocyte ratio

(NLR) [7]. Some authors have even suggested composite
prognostic scores based on the measurement of these rou-
tine systemic biomarkers [8].

The NLR has arisen as a possible biomarker of cancer prog-
nosis and is of clinical interest due to its convenience and the
ease of calculating it from the patient’s routine blood test [9].
Recently, different studies have reported that an elevation in
the NLR is associated with poor clinical outcomes in cancer
patients, especially urological cancers [10], while other studies
have denied it [11]. The EAU guidelines have suggested NLR
as a prognostic factor, with however a low level of evidence
limiting its clinical usability in prognostic scores. Taking into
consideration the recent significant increase in the number of
systematic reviews and meta-analyses studying NLR as a
potential prognostic marker in urological tumors, there is a
need for a new concept that can highlight if the evidence
found around the prognosis of the NLR in urological tumors is
consistent or if discrepancies exist.

Systematic review of existing reviews, also known as
‘umbrella review’, is currently being used to compile, com-
pare and contrast published reviews and to consider an
overall assessment of the highest levels of evidence for a
given subject [12]. Hence, we performed an umbrella review
with the aim to summarize systematic reviews and meta-
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analyses and compile all the published evidence related to
the prognostic evaluation of the NLR in patients with uro-
logical tumors.

Material and methods
Search strategy and eligibility criteria

The study was registered on PROSPERO (CRD42020216310).
A systematic literature search was conducted by two inde-
pendent authors (G.M. and R.C.) of PubMed, Scopus, Embase
and Cochrane databases to identify systematic reviews and
meta-analyses investigating the prognostic value of NLR in
urological tumors, subdivided into prostate cancer, renal cell
carcinoma, urothelial bladder and upper tract carcinomas,
testicular cancer and penile cancer, prior to or after all treat-
ment options (surgery and/or systemic therapy and/or radio-
therapy) published in English or French from inception
through 15 September 2020. Disparities between these two
authors were solved by a third author (A.K.).

The following search query was used, with no fil-
ters applied:

e ((Neutrophil-to-lymphocyte) OR (Neutrophil lymphocyte
ratio) OR (NLR)) AND ((systematic review) OR (meta-
analysis)) AND ((urological tumors) or (urological cancers))

¢ ((Neutrophil-to-lymphocyte) OR (Neutrophil lymphocyte
ratio) OR (NLR)) AND ((systematic review) OR (meta-ana-
lysis)) AND (prostate cancer)

¢ ((Neutrophil-to-lymphocyte) OR (Neutrophil lymphocyte
ratio) OR (NLR)) AND ((systematic review) OR (meta-
analysis)) AND ((bladder cancer) OR (upper tract) OR (uro-
thelial carcinoma))

e ((Neutrophil-to-lymphocyte) OR (Neutrophil lymphocyte
ratio) OR (NLR)) AND ((systematic review) OR (meta-
analysis)) AND ((renal cell carcinoma) OR (kidney cancer))

e ((Neutrophil-to-lymphocyte) OR (Neutrophil lymphocyte
ratio) OR (NLR)) AND ((systematic review) OR (meta-
analysis)) AND ((testicular cancer) OR (testicular tumor))

¢ ((Neutrophil-to-lymphocyte) OR (Neutrophil lymphocyte
ratio) OR (NLR)) AND ((systematic review) OR (meta-
analysis)) AND (penile cancer)

Citation lists of retrieved articles were screened manually
to ensure sensitivity of the search strategy.

Studies retrieved through search were stored using the ref-
erence manager Zotero® and duplicates were removed. The
titles and abstracts of each study were independently
reviewed and assessed for eligibility by two investigators (G.M.
and R.C)) and disparities were solved by a third investigator
(A.K.). Studies that are unclear from their title or abstract had
full text reviewed, and thereafter assessed for eligibility.

Inclusion criteria were: 1) Systematic reviews and meta-
analyses adhering to PRISMA guidelines; 2) Investigating the
prognostic role of NLR in any of the urological tumors
abovementioned prior to or after any kind of treatment,
using survival outcomes, which include but are not limited
to overall survival (OS), progression-free-survival (PFS),
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cancer-specific survival (CSS) and relapse-free-survival (RFS);
3) Written in English or French languages.

Exclusion criteria were: 1) Original studies, conference
proceedings and letters to editors 2) Systematic reviews/
meta-analyses targeting all cancers in general, or other non-
urological tumors and 3) those tackling less than three ori-
ginal studies.

Data extraction

Two independent authors (G.M. and R.C.) accomplished data
extraction from included meta-analyses and settled differen-
ces through discussion with a third author (A.K.).

The variables which were retrieved for each study were:
first author’'s name, publication year, country, type of cancer
targeted in the study (all urological tumors or specifically
prostate, RCC, bladder, upper tract, testicular or penile), dis-
ease stage and setting, number of included studies in the
systematic review or meta-analysis, population size, NLR cut-
off, hazard ratio (HR) and its 95% confidence interval.
Qualitative summary was written in case of systematic review
without a quantitative assessment by a meta-analysis.

Quality evaluation

The methodological quality of included studies was assessed
using AMSTAR 2 (A MeaSurement Tool to Assess systematic
Reviews), which constitutes a valid tool for umbrella reviews:
after calculating a specific score, it describes the quality of a
systematic review/meta-analysis as either high, moderate,
low, or critically low grade [13].

Main outcome

The main outcome was to evaluate the effect of NLR on sur-
vival outcomes (OS, RFS, PFS, CSS) of each urological tumor,
prior to or after surgery/systemic treatment/radiotherapy.
Subgroup analysis was done in each type of cancer (i.e.,
localized and Castrate Resistant Prostate Cancer (CRPC) in
prostate cancer, metastatic and non-metastatic in RCC).

Statistical analysis

Extracted data were pooled using RevMan® 5.4.1 analysis
software (Cochrane Collaboration, Copenhagen, Denmark).
Results of included meta-analyses were reported in a Forest
plot. A final summary HR with 95% confidence interval
deduced from the results of all the meta-analyses was calcu-
lated for each type of cancers. Estimates for HRs were pooled
and weighted by generic inverse variance. Interstudy hetero-
geneity was assessed using Cochran’s Q test and the I? statis-
tic. For each cancer site, the summary effect size and 95%
confidence interval were calculated using fixed effects model
when 17<50% or random effects model when *>50% (indi-
cating therefore a great heterogeneity). All statistical tests
were two-sided, and statistical significance was defined as
p <0.05. Associations between NLR and cancer prognosis
was categorized into strong, highly suggestive, suggestive,
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weak or uncertain according to pre-defined Grading of
Recommendations, Assessment, Development and
Evaluations (GRADE) criteria [14].

Results
Included studies

The flowchart of our review is illustrated in Figure 1. The
final number of included systematic reviews and meta-analy-
ses was 31 [10, 15-44] (urological tumors (n=2), prostate

Studies retrieved at the
beginning: n=201

Urological tumors: n=68
Prostate cancer: n=43
Bladder and upper tract: n=51
Renal cell carcinoma: n=39

Duplicate removal

Studies retrieved after
duplicate removal: n=130

Urological tumors: n=48
Prostate cancer: n=23
Bladder and upper tract: n=30
Renal cell carcinoma: n=29

@dies retrieved after t@
and abstract screening:
n=37

All urological tumors: n=5
Prostate cancer: n=8
Upper tract: n=4
Bladder: n=10
Bladder and upper tract: n=3

\Renal cell carcinoma: n=7

/Studies finally retrieved:\

n=32

All urological tumors: n=2
Prostate cancer: n=8
Upper tract: n=4
Bladder: n=10
Bladder and upper tract: n=3

\Renal cell carcinoma: n=5/

Figure 1. Flow chart of the umbrella review.

cancer (n=38), upper tract urothelial carcinoma (n=4), blad-
der urothelial carcinoma (n=29), bladder and upper tract uro-
thelial carcinoma (n=3), and renal cell carcinoma (n=15)),
three of which were only qualitative systematic reviews and
the rest (n=28) were quantitative meta-analyses. Based on
the AMSTAR 2, 23 studies were considered as high quality,
while 8 were considered as moderate quality. The vast
majority of these studies included only retrospective studies
or very few prospective ones. Years of publication ranged
from 2014 to 2020.

Studies excluded after title and abstract
screening: n=94

1 study excluded (dNLR and not NLR)
2 studies excluded (Low AMSTAR Quality)
1 study excluded (Article in Chinese)
1 study excluded (narrative review)
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HR for OS

Study Number of Population Hazard ratio, Heterogeneity AMSTAR level of Forest plot

included studies size 95%ClI evidence

Luo 2015 1.44[1.28,1.62] Moderate quality —_——

Cao 2016 16 15,298 1.46[1.36,1.57] 12=13.1%, p=0.31 High quality —E—

Gu 2016 11 14,250 1.38[1.22,1.56] 12=64.1%, p=0.002 High quality ——

Tang 2016 13 6,776 1.63[1.41,1.88] 12=68.7%, p<0.001 High quality —_—

Guo 2018 13 6,521 1.58[1.41,1.77] 12226.0% p=0.181 High quality —_——

Peng 2019 28 21,452 1.55[1.37,1.75] 12=83.4%, p<0.001 High quality ——
Total (95% CI) 100.0% 1.49[1.43, 1.56] L
Heterogeneity: Chi*= 5.00, df= 5 (P=0.42); F= 0% t t t i
Test for averall effect: Z=17.94 (P < 0.00001) 0.5 0.7 1 15 2

Study Number of Population  Hazard ratio, Heterogeneity AMSTAR level of Forest plot

included studies size 95%ClI evidence

Luo 2015 1.29[1.04,1.60] Moderate quality ——

Ca0 2016 6 1,629 1.42[1.21,1.67] 12=2.40%, p=0.401 High quality —-

Gu 2016 9 12,541 1.24[1.05,1.46] 12265.3%, p=0.003 High quality —a—

Guo 2018 7 6,521 1.95[1.53,2.49] High quality —_—

Peng 2019 28* 21,452*% 1.62[1.29,2.03] 12267.6%, p<0.001 High quality —_—

Total (95% CI) 100.0% 1.46 [1.26, 1.70] ‘
Heterogeneity: Tau?= 0.02; Chi*=11.13, df = 4 (P = 0.03); F= 64% t t t }
Test for overall effect Z = 5.03 (P < 0.00001) 0.2 0.5 2 5

Study Number of Population Hazard ratio, Heterogeneity AMSTAR level of Forest plot

included studies size 95%Cl evidence

Tang 2016 10 4,819 1.37[1.13,1.66] 12=57.10%, p=0.013 High quality —_—

Ca0 2016 7 11,745 1.38[1.01,1.89] 12=79.20%, p<0.001 High quality —_—

Gu 2016 9 12,451 1.24[1.05,1.46] 12=65.30%, p=0.003 High quality —_——

Guo 2018 2 6,521 1.37[1.07,1.75] High quality ——

Peng 2019 28* 21,452% 1.12[1.04,1.21] High quality _._

Total (95% CI) 100.0% 1.18[1.11, 1.25] ‘
Heterogeneity: Chi*= 6.82, df= 4 (P = 0.15); F= 41% t } t t
Testfor overall effect: Z= 5.37 (P < 0.00001) 0.5 0.7 1.5 2

Figure 2. Prostate cancer: HR for Overall Survival (OS), Progression-Free Survival (PFS) and Relapse-Free Survival (RFS) for each included meta-analysis as well as

our findings.

Prostate cancer

The results of each meta-analysis as well as our findings are
shown in Figure 2. The summary HR for OS overall was 1.49
(95%Cl: 1.43 —1.56; p < 0.0001), with a very low heterogen-
eity (I>=0%). The summary HR for PFS overall was 1.46
(95%Cl: 1.26-1.70; p <0.0001), with 1°=64% and p=0.03.
Heterogeneity was due to some of the results of Guo et al.
[37]. Summary HR for PFS excluding these results was 1.37
(95%Cl: 1.23-1.53; p<0.0001), with 1°=24% and p=0.27.
The summary HR for RFS overall was 1.18 (95%Cl: 1.11-1.25;
p < 0.0001), with a low heterogeneity (I =41%).

In subgroup analysis, HR for OS in localized disease was
1.18 (95%Cl: 1.00-1.39; p=0.05) with a very low heterogen-
eity (1> =0%). HR for OS in CRPC was 1.50 (95%Cl: 1.43-1.58;
p < 0.0001), with a very low heterogeneity (I>=0%). HR for

PFS in CRPC was 1.47 (1.33-1.62; p < 0.0001), with a very low
heterogeneity (1> = 0%).

Renal cell carcinoma

The results of each meta-analysis as well as our findings are
shown in Figure 3. The summary HR for OS overall was 1.82
(95%Cl: 1.70-1.94; p < 0.0001), with a very low heterogeneity
(> =0%). The summary HR for PFS overall was 1.89 (95%Cl:
1.68-2.13; p < 0.0001), with a low heterogeneity (I*=16%).
The summary HR for RFS was 1.86 (95%Cl: 1.65-2.10;
p < 0.0001), with a low heterogeneity (12 = 34%).

In subgroup analysis, HR for OS in the metastatic sub-
group was 2.03 (95%Cl: 1.79-2.31), with a very low hetero-
geneity (I*>=0%). HR for PFS in the metastatic subgroup was
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HR for OS

Study Number of Population Hazard ratio, Heterogeneity AMSTAR level of Forest plot
included studies size 95%Cl evidence
Wei 2014 13 2,391 1.90[1.47,2.46] 12 -; p=0.003 High quality —_—
Hu 2015 13 3,357 1.82[1.51,2.19] 12=52.8%; p=0.013 High quality —_—
Luo 2015 1.79[1.61,1.99] Moderate quality —=
Nunno 2019 21 4,715 1.80[1.61,2.01] 12=85%; p - Moderate quality — =
Shao 2020 25 5,768 1.90[1.56,2.31] 12=87%; p < 0.001 High quality R —
Total (95% CI) 100.0% 1.82[1.70, 1.94] ’
Heterogeneity: Chi*=0.42, df= 4 (P =0.98), F=0% N . L
Test for overall effect: Z=18.07 (P < 0.00001) 0'5 1 é fl)
Study Number of Population Hazard ratio, Heterogeneity AMSTAR level of Forest plot
included studies size 95%Cl evidence
Luo 2015 1.85[1.24,2.76] Moderate quality ———
Hu 2015 10 3,357 2.18[1.75,2.72) 12=25%; p=0.214 High quality ——
Nunno 2019 15 4,503 1.69[1.42,2.01] 12=81%; p - Moderate quality -
Shao 2020 18 2,725 2.09[1.49,2.93] 12=99%; p < 0.001 High quality e
Total (95% CI) 100.0% 1.89[1.68, 2.13] ‘
Heterogeneity: Chi*= 3.56, df=3 (P=0.31); F=16% L X L
Test for overall effect: Z=10.34 (P < 0.00001) 0'5 é é
Study Number of Population Hazard ratio, Heterogeneity AMSTAR level of
included studies size 95%Cl evidence
Wei 2014 9 1,923 1.83[1.35,2.48) 12-; p=0.709 High quality
Luo 2015 1.97[1.37,2.83] Moderate quality —_—
Hu 2015 10 3,357 2.18[1.75,2.72] 12=25%; p=0.214 High quality ——
Nunno 2019 15 4,503 1.52[1.23,1.88] 12=53% Moderate quality —_——
Shao 2020 18 2,725 2.09[1.49,2.93] 12299%; p < 0.001 High quality —_—
Total (95% CI) 100.0% 1.86 [1.65, 2.10] ‘
Heterogeneity: Chi*= 6.06, df= 4 (P=0.19), F= 34% § 2 P
Test for overall effect: Z=10.20 (P < 0.00001) 0'5 P i é

Figure 3. Renal cell carcinoma: HR for Overall Survival (OS), Progression-Free Survival (PFS) and Relapse-Free Survival (RFS) for each included meta-analysis as well

as our findings.

2.01 (95%Cl: 1.57-2.57), with a very low heterogeneity
(I>=0%). HR for OS in the non-metastatic subgroup was 1.62
(95%Cl: 1.35-1.95), with a very low heterogeneity (1> =0%).

Bladder cancer

Concerning bladder cancer, most meta-analyses were con-
ducted in the pre-cystectomy setting (muscle invasive bladder
cancer, MIBC) while other few of them were conducted in the
pre-TURBT setting (non-muscle invasive bladder cancer, NMIBC).
Combined overall results were scant, therefore we have under-
gone our analysis while separating MIBC from NMIBC.

NLR in MIBC

The results of each meta-analysis as well as our findings are
shown in Figure 4. The summary HR for OS in MIBC was 1.32
(95%Cl: 1.20-1.45, p < 0.0001), with a significant heterogeneity

(> =77%). No source of heterogeneity was detected. The sum-
mary HR for PFS in MIBC was 1.57 (95%Cl: 1.23-2.00;
p=0.0002), with a significant heterogeneity (I>=83%).
Heterogeneity was due to some of the results of Luo et al. [29]
and Zhang et al. [28]. When excluding these results, HR for PFS
in MIBC was 1.22 (95%Cl: 1.16, 1.28), with a very low hetero-
geneity (> =0%). The summary HR for RFS in MIBC was 1.56
(95%Cl: 1.28-1.90; p < 0.0001), with a significant heterogeneity
(> = 68%). Heterogeneity was due to some of the results of Wu
et al. [27]. When excluding these results, HR for RFS in MIBC
was 1.65 (95%Cl: 1.42-1.92; p < 0.0001), with a very low hetero-
geneity (*=0%). Finally, the summary HR for CSS was 1.42
(95%Cl: 1.28-1.57; p < 0.0001) with a significant heterogeneity
(7 =73%). No source of heterogeneity was detected.

NLR in NMIBC
The summary HR for PFS pre-TURBT for NMIBC was 1.87
(95%Cl: 1.55-2.25; p < 0.0001), with a very low heterogeneity
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HR for OS

Study Number of Population Hazard ratio, Heterogeneity AMSTAR level of Forest plot
included studies size 95%Cl evidence
Luo 2015 - - 1.68[1.45,1.95] - Moderate quality —_—
Lucca 2016 5 5,452 1.46[1.01,2.11] 12=69.8%, p=0.019 Moderate quality e ——
Tang 2017 11 3,093 1.19[1.07,1.32] 12=72%, p - Moderate quality —
Hu 2018 18 11,945 1.23[1.13,1.34] - High quality ——
Wu 2018 9 7,725 1.27[1.12,1.44] - High quality —
Suh 2019 10 7,049 1.18(1.08,1.29] 12=84%, p<0.001 High quality —a—
Zhang 2020 20 11,013 1.48[1.32,1.66] 12=81%, p<0.001 High quality ——
Total (95% Cl) 100.0%  1.32[1.20, 1.45] ‘
Heterogeneity: Tau®= 0.01; Chi*= 25.67, df= 6 (P = 0.0003); F= 77% , , , ,
Testfor overall effect: Z=5.79 (P < 0.00001) 015 Uf? 1 j5 i
HR for PFS
Study Number of Population Hazard ratio, Heterogeneity AMSTAR level of Forest plot
included studies size 95%Cl evidence
Luo 2015 - - 3.52[1.33,9.32] - Moderate quality
Tang 2017 6 3,327 1.25[1.10,1.42] 12=50.7%, p=0.072 Moderate quality -
Wu 2018 7 3,491 1.60[0.98,2.61] 12=0%, p=0.829 High quality ——
Vartolomei 2018 6 2,298 2.54[1.36,4.74] 12=0%, p=0.5 High quality —_—
Vartolomei 2018 4 599 2.14[1.59,2.88] 12=0%, p=0.41 High quality —-—
Suh 2019 5 5,935 1.12[1.03,1.22] 12=82%, p=0.0002 High quality -
Total (95% CI) 100.0% 1.57 [1.23, 2.00] ‘
Heterogeneity: Tau®= 0.05; Chi*= 28.92, df= 5 (P < 0.0001); F=83% 3 ; " N . i
Test for overall effect: Z= 3.67 (P = 0.0002) 071 072 075 é é 110
HR for RFS
Study Number of Population Hazard ratio, Heterogeneity AMSTAR level of Forest plot
included studies size 95%Cl evidence
Wei 2014 9 1,923 2.20[1.27,3.81] 12 -; p=0.447 High quality —_—
Luo 2015 - - 1.55[1.21,1.99] - Moderate quality ——
Tang 2017 8 4,850 1.39[1.02,1.89] 12=76.0%, p<0.01 Moderate quality ——
Vartolomei 2018 6 2,298 1.78[1.32,2.40] 12=64.7%; p=0.014 High quality _——
Vartolomei 2018 4 599 2.31[1.27,4.20] 12=57.8%; p=0.068 High quality
Wu 2018 9 8,075 1.23[1.14,1.33] - High quality -
Total (95% CI) 100.0% 1.56 [1.28, 1.90] ’
Heterogeneity: Tau®= 0.04; Chi*= 15.46, df= 5 (P = 0.009); F= 68% N N N N | N
Test for overall effect: Z= 4.36 (P < 0.0001) 071 072 0?5 T é 110
HR for CSS
Study Number of Population  Hazard ratio, Heterogeneity AMSTAR level of Forest plot
included studies size 95%Cl evidence
Wei 2014 9 1,923 2.20[1.27,3.81] 12 -; p=0.447 High quality
Luo 2015 - - 1.70[1.45,1.99] - Moderate quality —_—
Lucca 2016 5 5,641 1.51[1.17,1.95] 12=55.1%, p=0.064 Moderate quality _
Tang 2017 8 2,766 1.40[1.17,1.68] 12=87%; p - Moderate quality —_—
Wu 2018 9 6,196 1.27[1.19,1.36] & High quality ——
Suh 2019 9 6,974 1.35[1.18,1.54] 12=88%; p<0.001 High quality —_—
Zhang 2020 14 9,602 1.71[1.35,2.17] 12=65%, p=0.003 High quality _
Mori 2020 12 11,158 1.20[1.11,1.30] 12=80.5%; p<0.001 High quality ——
Total (95% Cl) 100.0% 1.42[1.28, 1.57]
Heterogeneity: Tau®= 0.01; Chi*= 26.24, df= 7 (P = 0.0005); F=73% ’
Test for overall effect: Z= 6.87 (P < 0.00001) 4 4 4 }
05 07 15 2

Figure 4. Bladder cancer: HR for Overall Survival (OS), Progression-Free Survival (PFS), Relapse-Free Survival (RFS) and Cancer-Specific Survival (CSS) for each
included meta-analysis as well as our findings.

(1> =0%). The summary HR for RFS pre-TURBT for NMIBC was results of Suh et al. [21]. When excluding these results, HR
1.85 (95%Cl: 1.43-2.40; p < 0.0001), with a significant hetero- for RFS was 1.61 (95%Cl: 1.32-1.98, p < 0.0001), with a very
geneity (>=59%). Heterogeneity was due to some of the low heterogeneity (I* = 0%).



710 (&) G. MJAESS ET AL.

HR for OS

Study Number of Population Hazard ratio, Heterogeneity AMSTAR level of Forest plot
included studies size 95%Cl evidence
Luo 2015 - - 2.48[1.31,4.69] - Moderate quality
Marchioni 2016 8 2,204 1.97[1.27,3.06] - Moderate quality ——
Vartolomei 2018 3 822 1.64[1.23,2.19] 12=10.6%; p=0.327 Moderate quality ——
Suh 2019 3 1103 1.72[1.31,2.26) 12=0%; p=0.46 High quality —_—
Shao 2020 9 3,496 1.66[1.44,1.91] 12=0%; p - High quality ...
Total (95% ClI) 100.0% 1.70[1.53, 1.90] ’
Heterogeneity: Chi*=1.95, df= 4 (P=0.74), F=0% : : i . . ]
Test for overall effect: Z= 9.51 (P < 0.00001) Y T T L ! 1
01 02 0.5 2 5 10
Study Number of Population  Hazard ratio, Heterogeneity AMSTAR level of Forest plot
included studies size 95%Cl evidence
Luo 2015 - - 1.70[1.14,2.54] - Moderate quality —
Suh 2019 8 4,411 1.63[1.22,2.18] 12=61%; p=0.01 High quality =
Shao 2020 3 677 3.24[1.79,5.86] 12=0%; p - High quality —_—
Total (95% CI) 100.0% 1.92[1.36,2.72] .
Heterogeneity: Tau®= 0.05; Chi*= 430, df=2 (P=0.12), F=53%
Test for overall effect: Z= 3.70 (P = 0.0002) k } t i
0.01 0.1 10 100
Study Number of Population Hazard ratio, Heterogeneity AMSTAR level of Forest plot
included studies size 95%Cl evidence
Luo 2015 - - 1.47[1.11,1.95] - Moderate quality _—
Marchioni 2016 6 1,710 1.53[1.19,1.97] 12=1%; p=0.39 High quality —_—
Vartolomei 2018 6 3,563 1.60[1.16,2.21] 12=64.2%; p=0.004 Moderate quality ——
Shao 2020 14 7,243 1.60[1.44,1.78) 12=0%; p - High quality .
Total (95% CI) 100.0% 1.58[1.44,1.72]
Heterogeneity: Chi*= 0.38, df= 3 (P = 0.95); F= 0% .
Test for overall effect: Z=10.12 (P < 0.00001) } } '
0.2 0.5 2 5
Study Number of Population Hazard ratio, Heterogeneity AMSTAR level of Forest plot
included studies size 95%Cl evidence
Wei 2014 9 1,923 2.58[1.66,4.01] 12-; p=0.784 High quality —
Luo 2015 - - 2.52[1.41,4.50] - Moderate quality —_—
Marchioni 2016 6 1710 1.25[0.29,5.39] 12=97%; p=0.77 High quality —
Vartolomei 2018 7 4,132 1.73[1.23,2.43] 12=67.2%; p=0.006 Moderate quality ——
Suh 2019 8 4,893 1.68[1.23,2.29] 12 = 66%, p = 0.004 High quality —_
Mori 2020 12 11,158 1.66[1.34,2.06] 12=80.5%; p<0.001 High quality -
Shao 2020 17 8,672 1.81[1.59,2.06] 12=0%; p - High quality [
Total (95% CI) 100.0% 1.80[1.64, 1.98] .
Heterogeneity: Chi*= 4.88, df= 6 (P = 0.56); F= 0% } 4 } {
Test for overall effect: Z= 12.05 (P < 0.00001) 0.01 0.1 1 10 100

Figure 5. Upper tract Urothelial Carcinoma: HR for Overall Survival (OS), Progression-Free Survival (PFS), Relapse-Free Survival (RFS) and Cancer-Specific Survival

(CSS) for each included meta-analysis as well as our findings.

Upper tract urothelial carcinoma

The results of each meta-analysis as well as our findings are
shown in Figure 5. The summary HR for OS was 1.70 (95%Cl:
1.53-1.90; p < 0.0001), with a very low heterogeneity (1> = 0%).

The summary HR for PFS was 1.92 (95%Cl:
p=0.0002), with a moderate heterogeneity (P =53%). The
summary HR for RFS was 1.58 (95%Cl: 1.44-1.72; p < 0.0001),
with a very low heterogeneity (I>=0%). The summary HR for

1.36-2.72;



CSS was 1.80 (95%Cl: 1.64-1.98; p < 0.0001), with a very low
heterogeneity (1> = 0%).

Testicular and penile cancers

No published meta-analysis or systematic reviews were found
for testicular and penile tumors.

Level of evidence

Level of evidence of each finding based on the GRADE crite-
ria was as follows:

e Strong for:

o OS and RFS in prostate cancer

o OS, PFS and RFS in renal cell carcinoma

o PFS and RFS in NMIBC

o OS, RFS and CSS in upper tract urothelial carcinoma
e Highly suggestive for:

o PFS in prostate cancer

o OS, PFS, RFS and CSS in MIBC

o PFS in upper tract urothelial carcinoma

Discussion

This umbrella review is the first to highlight and combine
the highest level of evidence from systematic reviews and
meta-analyses studying the prognostic role of NLR in uro-
logical tumors, in all disease settings (overall, pre-operative,
pretreatment, etc.). Our review has shown, with strong or
highly suggestive evidence, that an elevated NLR predicts
worse OS, PFS and RFS in prostate cancer, worse OS, PFS
and RFS in renal cell carcinoma, worse OS, PFS, RFS and CSS
in MIBC, worse PFS and RFS in NMIBC, and worse OS, PFS,
RFS and CSS in urothelial upper tract carcinoma.

Finding new biomarkers, in order to predict the clinical
course of any cancer, is of supreme importance. Many ele-
ments define the usefulness of a biomarker: the degree of its
correlation with the disease, the simplicity of testing and its
interpretation, and its cost. Although several biomarkers
have been recently suggested as predictors of urological can-
cers, the most well-studied biomarker remains NLR, which is
both a simple and cheap test to use in clinical practice; once
its correlation with disease prognosis is demonstrated, it
becomes a useful prognosticator and biomarker to be uti-
lized in clinical practice.

Although NLR constitues a prognosticator of different can-
cers including breast [45], colon [46], and esophagus [47], it
is not only associated to cancer prognosis. It is also associ-
ated with the prognosis of many other diseases such as car-
diovascular diseases [48], sepsis [49], and even in
traumatology [50] and psychiatric diseases [51]. The exact
pathophysiological explanation remains unknown until now
and cannot be well understood nor clearly explained.

However, what we already know is that an elevated NLR
can be the result of (1) either an increased proportion of
neutrophils, or (2) a decreased proportion of lymphocytes.
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We hereby therefore expose the possible reasons behind
our findings.

On the one hand, neutrophils play a key role in the
inflammatory response, and inflammation is a crucial element
of the pathogenesis and progression of malignant tumors
[52,53]. Moreover, neutrophils may indirectly change the
tumor microenvironment to promote cancer metastasis [54].
The acute phase reaction in cancer is driven by the exces-
sively produced inflammatory cytokines [55]. In addition,
neoplasms produce cytokines (as IL-1, IL-6, IL-8 and TNF) and
are, as well, infiltrated by inflammatory cells [56]. Thus, early
evaluation of inflammatory response in cancer patients
reflects neoplastic activity and may bring major details about
tumor profile and characteristics. As concrete example,
Interleukin-8 (IL-8) has been linked with progression of many
urological and non-urological tumors [57]. This cytokine is
known to be one of the first factors to activate neutrophils
[58]. To conclude, an elevated proportion of neutrophils (i.e.,
a consequently elevated NLR) means a higher neoplastic
activity, therefore explaining worse survival outcomes.

On the other hand, lymphocytes play the key role in the
lymphocyte mediated immunity and, therefore, are consid-
ered as the main anti-tumoral cells that mediate anti-tumor
immune responses. In contrast to neutrophils, an increased
infiltration of tumors by lymphocytes is known to have a
beneficial effect on response to treatment and prognosis
[59], and lymphopenia in cancer patients compromises the
lymphocyte-mediated anti-tumor response [60].

These pathophysiological mechanisms could provide a
sufficient material to include NLR in prognostic scores of uro-
logical malignancies to use it in clinical practice, but inflam-
matory biomarkers, one of which is NLR, present a lack of
specificity due to a significant number of confounding fac-
tors which could potentially bias their concentrations, and
which cannot be all taken into consideration in the subse-
quent analysis [61]. Factors that could affect the NLR are
known to be infective states [62], acute physiologic stress
(<6 h) [9], other cancers, and other comorbidities abovemen-
tioned in many medical domains. It is even known that NLR
could vary based on the hour of the day when blood is
drawn [63].

Our review is not devoid of limitations. First, the included
meta-analyses were all based mostly on retrospective studies,
due to the lack of prospective studies in the field. Future
prospective studies should be done in order to confirm these
findings. Second, the NLR cutoff was not evaluated in our
review. One reason behind this is that most studies use this
prognosticator as a continuous variable with no cutoff, and
then assess the cutoff in a subgroup analysis. The other rea-
son is that a significant heterogeneity still exists in the cur-
rent literature regarding the value of this cutoff, which could
vary from 2 to 5: the cutoff is usually chosen either based on
the previously published studies or that achieving the high-
est level of statistical significance. Third, our study did not
evaluate the prognostic role of NLR on pathological findings
such as lympho-vascular invasion, lymph node invasion or
tumor stage, and this is due to conflicting results in the lit-
erature with the lack of a significant number of meta-
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analyses evaluating these findings, in order to be eligible to
an umbrella review. Fourth, our review did not evaluate the
prognostic role of NLR in specific therapeutic regimens such
as BCG bladder instillations in NMIBC, tyrosine kinase inhibi-
tors and check point inhibitors in RCC or chemotherapy and
next-generation hormonal treatments such as enzalutamide/
abiraterone in advanced prostate cancer. This is also due to
the lack of a significant number of meta-analyses evaluating
these findings, in order to be eligible to an umbrella review.
Finally, testicular and penile cancers were not evaluated
since no meta-analyses exist until now regarding NLR in
these urological tumors.

Conclusion

Our umbrella review confirms that NLR is a key prognostic
factor in prostate, renal, and urothelial bladder and upper
tract carcinomas and should be included in prognostic scores
of these cancers. Prospective trials are awaited to define the
role of NLR in the management of urologic neoplasms.
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