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ABSTRACT

Objective: Increasing evidence suggests that
cancer-associated inflammation is associated with poor
prognosis in patients with cancer. The role of the
neutrophil-lymphocyte ratio (NLR) as a predictor in
renal cell carcinoma (RCC) remains controversial.

We conducted the meta-analysis to determine the
association between NLR and clinical outcome of
patients with RCC.

Methods and materials: Studies were identified
from PubMed and EMBASE databases in March 2014.
Meta-analysis was performed to generate combined
HRs with 95% Cls for overall survival (0S) and
recurrence-free/progress-free survival (RFS/PFS).
Results: 15 cohorts containing 3357 patients were
included. Our analysis results indicated that elevated
NLR predicted poorer OS (HR=1.82, 95% Cl 1.51 to
2.19) and RFS/PFS (HR=2.18, 95% Cl 1.75 t0 2.71) in
patients with RCC. These findings were robust when
stratified by study region, sample size, therapeutic
intervention, types of RCC and study quality. However,
it differed significantly by assessment of the cut-off
value defining ‘elevated NLR’ in RFS/PFS (p=0.004).
The heterogeneity in our meta-analysis was mild to
moderate.

Conclusions: Elevated NLR indicates a poorer
prognosis for patients with RCC. NLR should be
monitored in patients with RCC for rational risk
stratification and treatment individualisation.

INTRODUCTION

Renal cell carcinoma (RCC) accounts for
2-3% of all malignant diseases in adults. It
is the seventh most common cancer in men
and the ninth in women worldwide." * The
incidence of this cancer varies geographic-
ally and has increased over past decades
owing to changes in the lifestyle and envir-
onment." Despite a rapid development in
surgical resection, immunotherapy and tar-
geted therapy in RCC management, the
long-term outcome is still not promising
mainly due to common local recurrence,
distal metastasis and limited drug rff:sponse.3
Hence, it is important to identify significant
biomarkers, which can help clinicians to

Strengths and limitations of this study

m Qur study is the first systematic meta-analysis
evaluating the relationship between elevated NLR
and prognosis in patients with RCC. Our analysis
provides substantial evidence that elevated NLR
is significantly associated with poorer outcomes
of patients with RCC. However, there were some
limitations in our study.

m Firstly, the enrolled studies were retrospective
cohort studies in which publication bias inevit-
ably existed. We conducted a ‘trim and fill’" ana-
lysis to show that our conclusion was robust.

= Secondly, there was some heterogeneity in the
included patient populations, so we confirmed
the prognostic role of NLR in patients at different
disease stages through subgroup analysis strati-
fied by therapeutic intervention and types of
RCC.

= Thirdly, we only searched limited databases
(PubMed and EMBASE), which might weaken
the estimating power of the pooled estimate.

stratify patients in terms of prognosis and
possibility of metastatic recurrence together
with the tumour staging system, that is, the
TNM staging system and Robson’s staging
system, and then set the most appropriate
therapeutic strategy.

It is well recognised that the heterogeneity
in clinical outcomes is determined by the
oncological characteristics of the tumour
itself and the host’s response to the progres-
sing malignancy.* Mechanisms involved in the
interaction between cancer and inflammation
were complicated. Inflammation impacts
every single step of tumorigenesis, from
tumour initiation to promotion and meta-
static progression.” Recently, several serum
biomarkers and haematological indices repre-
sentative of inflammatory response, notably C
reactive protein (CRP), fibrinogen, lympho-
cyte—-monocyte ratio, neutrophil-lymphocyte
ratio (NLR) and platelet-lymphocyte ratio ,
have been demonstrated to be closely related
to poor prognosis of patients with RCC.%?
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Generally speaking, lymphopenia well reflects impaired
cell-mediated immunity, while neutrophilia represents a
response to systematic inflammation.” So the NLR,
defined as neutrophil counts divided by lymphocyte
counts, is particularly noteworthy. Emerging evidences
have shown that NLR gained its prognostic value in
patients with colorectal cancer'’ and hepatocellular car-
cinoma."" Patients with RCC with elevated levels of pre-
treatment NLR may be more likely to gain a poorer
clinical outcome.'? However, the exact role of NLR in
patients with RCC is not consistent in different studies due
to the variance in study design, sample size and other
factors. Some concluded a significant relationship
between higher NLR and poorer prognosis, while others
did not. Therefore, it is necessary to perform a meta-
analysis to systematically and comprehensively understand
the prognostic value of NLR in patients with RCC.

In this study, we aimed to assess the prognostic signifi-
cance of high NLR for overall survival (OS) and recur-
rence-free (RFS)/progressfree survival (PFS) in patients
with RCC by pooling outcomes from available data.

MATERIALS AND METHODS

Search strategy

A comprehensive literature search of the PubMed and
EMBASE databases (up to March 2014) was conducted to
identify relevant studies. The search strategy included
terms for: “NLR” (eg, “neutrophil to lymphocyte ratio”,
“neutrophil lymphocyte ratio” and “neutrophil-lymphocyte
ratio”), “RCC” (eg, “renal cancer”, “renal carcinoma”,
“kidney cancer”, clear cell carcinoma”, “non-clear cell car-
cinoma”, and “renal papillary carcinoma”) and “progno-
sis” (eg, “recurrence”, “survival” and “outcome”). Abstracts
and information from conferences were collected inde-
pendently. The reference list was also checked for add-
itional articles. Only studies published in English were

included.

Study inclusion criteria and definitions

Two independent authors (KH and LL) reviewed the
retrieved studies and extracted data from each included
study. Discrepancies were resolved by discussion. Studies
included in our meta-analysis must meet the following cri-
teria: (1) the diagnosis of RCC was based on the current
clinical guidelines; (2) NLR was measured by serum-based
methods before formal treatment; (3) studies reported
HRs and 95% ClIs for pretreatment NLR in OS and (or)
RFS/PEFS, or allowed for calculation from raw data con-
tained in the article; (4) only primary data or data super-
seding earlier work were included, and articles were
superior to conference abstracts.

NLR was defined as the serum absolute neutrophil
count divided by lymphocyte count in peripheral blood.”?
OS was defined as the interval between medical treat-
ment and death or last follow-up of patients. RFS
(disease-free/metastasis-free survival, DFS/MFS) was
measured from the date of curative treatment until the

detection of tumour recurrence. PFS was calculated from
the date of first treatment to radiologically or histologi-
cally confirmed disease progress. If all the patients in the
individual study only received curative nephrectomy, the
study was classified into the nephrectomy only subgroup,
and the studies in which patients were mainly treated by
non-surgical intervention were classified into the mixed
therapies subgroup.

Data extraction

We extracted data including: (1) study information includ-
ing name of first author, year of publication, study region,
sample size, time of research; (2) patient characters
including age, gender, follow-up period and treatment
methods; (3) data about RCC including type, size, stage
and distal metastasis; (4) NLR data and cut-off value of
NLR; (5) survival data including OS and RFS/PFS.

Quality assessment of primary studies

Quality assessment of included studies was evaluated
with the Newcastle-Ottawa quality assessment scale
(NOS) range from 0 to 8 by two independent investiga-
tors (KH and LL). Studies with an NOS score >6 were
assigned as high-quality studies. Studies from conference
abstracts were defined as low-quality studies. Any incon-
sistencies were resolved by joint discussion.

Statistical analysis

HR greater than one indicated a poorer prognosis in
patients with elevated NLR. Multivariate analysis for HR
was superior to univariate analysis unless adjustment
variables in multivariable analysis significantly interacted
with the NLR level. As heterogeneity was detected
among primary studies, meta-analysis was pooled using
the random effects models with the DerSimonian Laird
method."” Between-study heterogeneity was assessed
using the Cochran Q test and I” statistic. The p value
<0.10 was considered statistically significant for the
Cochran Q test, >>50% indicating substantial heterogen-
eity between studies. Potential sources of heterogeneity
were then investigated using subgroup analyses and
meta-regression. All statistical tests were two sided and
the significance level was set at 0.05. The possibility of
publication bias was assessed using the Begg test and
visual insection of a funnel plot.'* We also performed
the Duval and Tweedie non-parametric ‘trim and fill’
procedure to further assess the possible effect of publica-
tion bias in our meta-analysis.'” All statistical manipula-
tions were undertaken using the program STATA V.12.0
(Stata Corporation, College Station, Texas, USA).

RESULTS

Study characteristics

The initial search algorithm retrieved a total of 403
studies. After the title and abstract were reviewed, only
30 records were identified regarding the association of
NLR and RCC (figure 1). After a full-text review, a total
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Search in PubMed and EMBASE databases:
403 articles for title and abstract evaluation.

132 abstracts screened

Not clinical studies, not focused on RCC, and
duplicate studies: 271

30 articles and conference abstracts
for full text evaluation

Excluding letters, editorials, expert opinions,
reviews, case reports, case series less than 20
cases, and articles written in language other
than English: 102

14 studies (15 cohorts) included in the
meta-analysis

Figure 1
carcinoma).

of 14 retrospective studies'? 128 (15 cohorts) with 3357
RCCs were included in our meta-analysis. The study by
Hatakeyama et al”® reported the HR and 95% CI of two
different cohorts separately. If the patients were overlap-
ping or partially overlapping in several studies, only the
study with the most complete data was included.

The basic features of the 14 studies were summarised
in table 1. The median quality score of the involved
studies was 6 (range 4-8). Eight studies were from
western countries, including the USA, Italy, Belgium,
Austria, Canada and Australia. The rest of the studies
were from Turkey and Japan. Seven of these cohorts
enrolled more than 200 patients and eight had less than
200 patients. Radical and partial nephrectomy as the
only initial treatment for non-metastatic RCC was
reported in four studies. Others were treated with mixed
therapies, including nephrectomy, immunotherapy, tar-
geted therapy and others. NLR was calculated using the
white blood cell differentiated counts in all studies. In
the study by Cetin e/ al,*' some of the adjustment vari-
ables used in multivariate analysis was significantly asso-
ciated with the NLR value, so HR and 95% CI from
univariate analysis for PFS and OS were used in our
meta-analysis.

NLR and 0S in RCC
There were 13 cohorts presenting the data of pretreat-
ment NLR and OS in patients with RCC. Elevated NLR

I reported the prognostic value of inflammation
index constructed by CRP rather than NLR;

I did not provide enough data for estimating
the HR and 95% CI;

1 only evaluated association between NLR and
clinicopathologic characteristics in RCC
patients rather than prognostic outcomes;

13 shared an identical study population with
included studies.

Flow chart of study selection process (CRP, C reactive protein; NLR, neutrophil-lymphocyte ratio; RCC, renal cell

was significantly associated with shorter OS (HR=1.82;
95% CI 1.51 to 2.19; p<0.001; figure 2), but there was
evidence of moderate heterogeneity between studies
(1°=52.8%:; p=0.013).

NLR and RFS/PFS in RCC

There were 10 cohorts presenting the data of pretreat-
ment NLR and RFS/PFS in patients with RCC. A signifi-
cant relationship between elevated pretreatment NLR
and shorter RFS/PFS (HR=2.18; 95% CI 1.75 to 2.71;
p<0.001; figure 3) with non-significant heterogeneity
(I’=25.0%; p=0.214) was detected according to our
pooled estimates.

Subgroup analysis and meta-regression

To explore the heterogeneity, subgroup analysis and
meta-regression were performed by study region
(eastern vs western countries), sample size (>200 vs
<200), cut-off value defining ‘elevated NLR’ (>3 vs <3),
therapeutic intervention (nephrectomy only vs mixed
therapies), type of RCC (clear cell RCC vs non-clear cell
RCC/NA; if the majority of patients were those with
clear cell RCC in one study, the study was assigned to
the clear cell RCC subgroup; NA: not applicable) and
NOS score (>6 vs <6). Subgroup analysis did not alter
the prognostic role of NLR in OS or RFS/PFS substan-
tially (table 2), except for stratified analysis® by cut-off
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<ﬁ> 1.82 (1.51,2.19) 100.00

Figure 2 Meta-analysis of the association between elevated NLR and OS of RCC. Results are presented as individual and
pooled HR and 95% CI (NLR, neutrophil-lymphocyte ratio; OS, overall survival; RCC, renal cell carcinoma).

of NLR in PFS/RFS. Meta-regression showed consistent
results with subgroup analysis.

Sensitivity analyses

Each single cohort included in our meta-analysis was
deleted every time to investigate the influence of individ-
ual data sets on the pooled HR. Results of sensitivity ana-
lyses indicated the robustness of our findings (data not
shown).

Publication bias

Visual inspection of the Begg funnel plot revealed an
asymmetry (p=0.001 in OS and p=0.003 in RFS/PFS;
figure 4A), which raised the possibility of publication bias.
As a result, we undertook sensitivity analysis using the trim
and fill method, which conservatively imputes hypothetical
negative unpublished studies to mirror the positive studies
that cause funnel plot asymmetry. The imputed studies
produced a symmetrical funnel plot (figure 4B). The
pooled analysis incorporating the hypothetical studies con-
tinued to show a statistically significant association between
elevated NLR and prognosis of patients with RCC

(HR=1.54, 95% CI 1.25 to 1.88; p<0.001 in OS and
HR=1.85, 95% CI 1.45 to 2.36; p<0.001 in RFS/PFS).

DISCUSSION

Since the TNM staging and Robson’s staging system
cannot estimate the outcomes of patients with RCC pre-
cisely or guide clinical practice appropriately, lots of
patients in the same stage turned out to be quite different
in prognosis. Therefore, the introduction of a new labora-
tory index as a supplementary item to the current RCC
risk stratification system, which mainly focuses on the bio-
logical characteristics of the tumour itself, is really urgent
for personalising the optimal treatment strategy.

As haematological tests are routinely conducted in
patients with RCC before medical intervention, NLR
acts as a simple, robust and convenient parameter of the
inflammatory response. To the best of our knowledge,
the present study is the first meta-analysis to systemically
and comprehensively determine the exact relationship
between elevated NLR and clinical outcomes of patients
with RCC. We found that increased NLR has an
unfavourable effect on OS and RFS/PFS in patients with

Hu K, et al. BMJ Open 2015;5:6006404. doi:10.1136/bmjopen-2014-006404
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Figure 3 Meta-analysis of the association between elevated NLR and RFS/PFS of RCC. Results are presented as individual
and pooled HR and 95% CI (NLR, neutrophil-lymphocyte ratio; RCC, renal cell carcinoma, RFS/PFS, recurrence-free/

progress-free survival).

RCC. As there was heterogeneity existing among
included studies, we also conducted subgroup analyses
based on study region, sample size, cut-off value of NLR,
therapeutic intervention, type of RCC and NOS score.
No significant change was found according to sub-
groups. According to the results above, NLR is a promis-
ing prognostic biomarker to help physicians make
appropriate treatment decisions and estimate clinical
outcomes of patients with RCC.

We tried to figure out the source of heterogeneity
observed among included studies by meta-regression
and interaction revisited between subgroup estimates
analyses. Although meta-regression did not find any pos-
sible reasons for heterogeneity in our meta-analysis for
OS, sample size (p=0.132) and NOS score (p=0.083)
according to results of interaction revisited between sub-
group estimates may partially explain the interstudy het-
erogeneity. In the same way, we found that the NLR
cut-off value (p=0.004) and tumour type (p=0.151) were
responsible for the mild heterogeneity in RFS/PFS. It is
inevitable that studies with a smaller sample size or
lower NOS score are more likely to gain statistic hetero-
geneity. Authors of included studies defined the cutoff
value of NLR, which best discriminated between good
and poor survival, on the basis of different methods.

A pooled analysis of studies with a cut-off value no more
than 3 played a far more superior prognostic role in
patients with RCC than studies with a cutoff value
higher than 3. We suppose that some patients with poor
outcomes were wrongly classified into the low-risk group
if the cut-off was too large, which leads to an underesti-
mate of the role of NLR in outcomes of patients with
RCC. Although NLR is a sensitive prognostic indicator
in retrospective researches, prospective clinical trials are
still warranted to evaluate the exact value of NLR in pre-
dicting the prognosis of patients with RCC.

Although the funnel plot analysis showed some asym-
metry in our meta-analysis suggesting the possibility of
publication bias, the trim and fill sensitivity analysis did
not change the general result, suggesting that the associ-
ation of higher NLR value with a poorer prognosis of
patients with RCC is not an artefact of unpublished
negative studies.

In our analysis, subgroup defined as nephrectomy
only also represented the patients’ group with a clinically
localised disease, while patients with metastatic disease
were stratified to the mixed therapies subgroup.
According to our results, elevated NLR was associated
with both increased risk of future recurrence in localised
disease and accelerated disease progression as well as

Hu K, et al. BMJ Open 2015;5:6006404. doi:10.1136/bmjopen-2014-006404
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A Begg's funnel plot with pseudo 95% confidence limits
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progress-free survival).

shortened OS in advanced disease. Therefore, we
should take a more active attitude in treatment of
patients with RCC, for example, consolidation and main-
tenance therapy, cytoreductive nephrectomy, especially
in patients with elevated NLR before treatment.

Owing to limited data from available studies, we did
not conduct pooled analysis on the correlation between
elevated NLR and the clinicopathological parameters of
RCC. As reported in several studies,”’ ** ** high NLR
was closely correlated with more malignant tumour
characteristics, as well as changed blood and biological
indexes. Taking all these into consideration, there may
be a significant association between NLR and patho-
logical features and other known risk factors of RCC,
but more clinical studies focusing on these relationships
are still needed to help us better understand how NLR
influences prognosis of patients with RCC.

There are other laboratory markers of systemic inflam-
mation reaction besides NLR, such as CRP* and modi-
fied Glasgow prognostic score,” ** playing a prognostic
role in patients with RCC. What is more, gene poly-
morphisms™ and biological markers® * are also sug-
gested to be predictors of prognosis in patients with
RCC. However, factoring in cost-effective analysis and

accessibility, NLR stands out for its low-economic costs
and wide availability even in primary hospitals. The
results of our meta-analysis encourage the routine moni-
toring of NLR to predict recurrence, progress and sur-
vival outcomes in patients with RCC, irrespective of the
detailed therapeutic intervention, stage and type of
tumour and geographic region.

NLR is an inflammation marker. High NLR represents
systemic and local inflammatory response to tumour,
which provides a favourable microenvironment for
tumour invasion and metastasis.” As traditional chemo-
therapy and immunotherapy are with limited benefit in
metastatic RCC, treatment remains quite a challenge for
clinicians. Now targeted therapy on vascular endothelial
growth factor (VEGF) is generally recognised as the first
choice for metastatic patients.”® A major difficulty in
developing anti-VEGF therapies is tumour intrinsic
refractoriness and the emergence of treatment-induced
resistance. Tumour-associated macrophages (TAMs) are
identified to mediate refractoriness to anti-VEGF treat-
ment recently.37 TAMs promote systemic neutrophilia via
secreting cytokines such as interleukin 6,%% so high NLR
is associated with high infiltration of TAMs.”? However,
tumours can produce immunosuppressive cytokines and

Hu K, et al. BMJ Open 2015;5:6006404. doi:10.1136/bmjopen-2014-006404
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reduce cytotoxic T-lymphocyte infiltration.*” Thus, NLR
not only reflects system immune status but also a tumour
microenvironment which favours tumour invasion and
suppresses the host immune surveillance. Hence, NLR
acts as an effective prognostic predictor for VEGF-
targeted therapy in metastatic patients.

In conclusion, the present meta-analysis demonstrates
that elevated NLR is closely associated with poorer prog-
nostic outcome of patients with RCC in different stages.
NLR is a widely available, robust and convenient pre-
dictor. It helps to figure out patients with high risk and
not sensitive to targeted therapy for whom clinicians are
urged to adjust the management accordingly. Further
research on the best therapeutic schedule fitted with
patients of high NLR is needed in the near future.
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