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Abstract

Metastatic renal cell carcinoma (mRCC) encompasses a heterogeneous group of neoplasms with distinct clinical behavior and
prognoses. As a result of the increasing number of therapeutic options in the metastatic setting, it is crucial to improve prognostic
stratification ability. We aimed to evaluate the prognostic value of neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR) and combination platelet count and neutrophil lymphocyte ratio (COP-NLR) in patients with mRCC. We evaluated a
cohort of mRCC patients treated with first-line pazopanib or sunitinib. Levels of NLR, PLR and COP-NLR were measured prior
to systemic treatment and evaluated as prognostic predictors. Primary endpoint was overall survival (OS). Data from 276 patients
were included, of which 54.7% received first-line pazopanib and 45.3%, sunitinib. Memorial Sloan-Kettering Cancer Center risk
classification was intermediate and poor in 50% and 42.6% of patients, respectively. High NLR (> 3.5) was associated with
inferior OS (median 9.6 vs 17.8 months, P<0.001). A high PLR (> 200) was associated with inferior OS (median 10.3 vs
17 months, P =0.002). The median OS in the COP-NLR 1, 2 and 3 groups were 19.0 months (95% CI 15.3-26.0), 13.1 months
(95% C19.8-17.0) and 7.4 months (95% CI 3.6—-11.9), respectively (P < 0.001). In the multivariate analysis, high NLR and high
COP-NLR were associated with inferior OS. Both high NLR and high COP-NLR were associated with poorer OS in our cohort
of patients with mRCC treated with first-line pazopanib or sunitinib.
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Introduction increase in incidence over the past decades [2], five-year surviv-
al rates have increased from 34% in 1954 to 76% in 2009 [3],
Renal cell carcinoma (RCC) represents 2—3% of all malignan-  certainly because of developments in local and systemic thera-

cies in adults, being responsible for 65,340 new cases and  pies. The incorporation of VEGF targeted therapies and immune
14,970 deaths in 2018 in the United States [1]. Despite the  checkpoint inhibitors in the therapy of RCC has improved
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clinical outcomes [4] making treatment decisions even more
complex in the metastatic setting. The increasing number of
active therapies combined with the highly variable natural his-
tory of RCC emphasize the need to stratify patients according to
genomic alterations, serum factors and disease characteristics
that might be associated with better or worse outcomes.

In localized or locally advanced RCC, clinical, pathologi-
cal and molecular factors are associated with outcome [5, 6].
The most consistent prognostic determinants are the anatom-
ical extent of the disease [7], histopathological features (such
as tumor grade) [8], and the presence of sarcomatoid or
rhabdoid components [9].

In the metastatic setting, classic clinical models have been
extensively used to estimate patients’ prognosis. The most
commonly used prognostication systems are: (1) the
Memorial Sloan-Kettering Cancer Center (MSKCC) system
[5] which integrates five adverse factors: Karnofsky perfor-
mance status (KPS); serum lactic dehydrogenase; serum cal-
cium; hemoglobin concentration and the absence of prior ne-
phrectomy; and (2) the International Metastatic Renal Cell
Carcinoma Database Consortium (IMDC) system [6], which
integrates clinical and serum factors: KPS; time from original
diagnosis to systemic therapy; hemoglobin level, serum calci-
um, neutrophil count and platelet count.

More recently, data from The Cancer Genome Atlas
(TCGA) have allowed the identification of prognostic signa-
tures for RCC based on the tumor’s metabolic states. Analysis
of different patterns of gene regulation, including those in-
volved in fatty acid synthesis, acetylCoA carboxylase and
fatty acid synthase, as well as the regulation of adenosine
monophosphate activated kinase and multiple genes involved
in the Krebs cycle and the mTOR pathway have allowed the
stratification of patients into subgroups with different progno-
ses [10]. Although extremely elucidative of the RCC biology,
a remarkably heterogeneous disease [11], these prognostic
markers require complex molecular analyses. Thus, these
prognostic molecular tools are not widely available for the
vast majority of patients in clinical practice. With an increas-
ing number of first-line treatment options, choosing the best
therapeutic strategy is currently based largely on the prognos-
tic classification of patients [12, 13]. Thus, it is essential to
improve our stratification accuracy in an effort to better define
which patients derive greater benefit from each possible ther-
apeutic approach.

Emerging data suggest that systemic inflammatory re-
sponse plays a role in the progression of many malignancies
by promoting angiogenesis, tumor metastasis and cancer cell
proliferation and survival [12], which could impact the prog-
nosis and response to systemic therapies particularly in the era
of checkpoint inhibitors, as they may potentially have predic-
tive value. Indeed, the possibility of integrating broadly avail-
able clinical data to comprehensively explore the patterns of
immune response to malignancy has been explored with
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increasing interest. Neutrophil-Lymphocyte ratio (NLR),
Platelet-Lymphocyte ratio (PLR), the modified Glasgow
Prognostic Score (mGPS) and the combination of a platelet
count and the NLR (COP-NLR) are examples of accessible,
reproducible, and inexpensive tools that have shown prognos-
tic value in a variety of malignancies [14]. Accumulating data
suggest that some of these tools also might be associated with
outcomes in RCC [15, 16]. Studies involving mRCC, valida-
tion of these factors is scarce and their roles remain controver-
sial. In this study, we aimed to investigate the association
between pre-treatment NLR, PLR, COP-NLR and clinical
outcomes in patients with metastatic RCC (mRCC) receiving
first-line anti-VEGF therapy.

Material and Methods

We performed a retrospective analysis of consecutive patients
with mRCC who received treatment with first-line sunitinib or
pazopanib between February 2009 and March 2017 at a single
Brazilian cancer center (Instituto do Cancer do Estado de Sao
Paulo). Patients receiving at least one dose of sunitinib or
pazopanib were included. The tyrosine kinase inhibitor
(TKI) offered depended on the period: sunitinib was available
as first-line treatment in our institution from February 2009 to
September 2013 and pazopanib was available from September
2013 until the present date. Medical records were reviewed to
obtain clinical and demographic characteristics, laboratory
tests and outcomes.

NLR was calculated by dividing the neutrophil count value
by the number of lymphocytes and PLR was calculated by
dividing the platelet count value by the number of lympho-
cytes. Laboratory results used were obtained prior to tyrosine
kinase inhibitor (TKI) initiation. Patients with a NLR greater
than 3.5 were classified as high NLR group and those with a
NLR of 3.5 or less were considered as low NLR group. For the
PLR, values greater than 200 were considered high PLR,
while values of 200 or less were considered low PLR. The
cut-off values were chosen based on previous evidence avail-
able [16]. The COP-NLR categories were defined as follows:
patients with non-elevated platelets and low NLR were desig-
nated COP-NLR 0; patients with elevation of one of these
parameters were denominated COP-NLR 1 and those with
elevated platelets and high NLR were classified as COP-
NLR 2. The cut-off value for the definition of platelet levels
was defined as 310 x 10° / L, also in accordance with the
available evidence [17].

Survival curves were estimated using the Kaplan-Meier
method. The log-rank test was used to evaluate the difference
between the curves. Overall survival (OS) was the time from
TKI initiation until death from any cause. The correlation
between NLR and PLR was evaluated by Spearman’s corre-
lation test.
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Prognostic factors were evaluated with univariate and
multivariate analysis, using Cox proportional hazards model.
The variables with a p value <0.1 in the univariate analysis
were included in the multivariate analysis.

Stata software version 14 (StataCorp, Texa, USA) was
used for the statistical analyses. P values <0.05 were consid-
ered statistically significant.

Results
Patients’ Characteristics

A cohort of 276 patients with metastatic RCC treated with
first-line TKI was included in the analysis. Among them,
223 patients had histologic confirmation of clear cell RCC
(ccRCC), 46 of nccRCC, and 7 of sarcomatoid component.
One hundred and fifty-one patients (54.7%) received first-
line pazopanib, while 125 (45.3%) received first-line suniti-
nib. Patients’ clinical and demographic data are summarized
in Table 1.

NLR as a Prognostic Factor

A high NLR (>3.5) was observed in 124 patients (45.3%).
During the median follow-up of 10.5 months, 101 (67.8%)
patients have deceased in the low NLR group and 89 (70%),
in the high NLR group.

Median OS was 9.6 months in the high NLR group versus
17.8 months in the low NLR group (HR =1.70, 95% CI
1.27-2.26, P <0.001). One-year OS rates for the high and
low NLR groups were 41.3% and 62.8%, respectively. The
Kaplan-Meier survival curves according to NLR are present-
ed in Fig. 1.

Among patients with nccRCC, the median OS was
15.6 months in the low NLR group, compared to 9.8 months
in the high NLR group (HR 1.51, 95% CI 0.79-2.91, P=
0.206), while one-year OS rates were 63.3% and 43.4% for
the low and high NLR groups, respectively. Kaplan-Meier
curves of OS according to NLR in the nccRCC population
are presented in Fig. 2.

PLR as a Prognostic Factor

A high PLR (> 200) was observed in 127 patients (46%).
Ninety-nine (66%) deaths occurred during follow-up in the
low PLR and 89 (71.7%) in the high PLR group.

The high PLR group had a median OS of 10.3 months in
comparison with 17 months in the low PLR group (HR 1.57,
95% C11.17-2.10, P=0.002). One-year OS rates were 33.2%
in the high PLR group and 59.8% in the low PLR group. The
Kaplan Meier OS curves according to PLR are presented in
Fig. 3.

Table 1  Patients’ characteristics
Characteristics (N=276) No. %
Gender
Male 173 62.7
Female 103 373

Age: median (range), years 58.1 (9.9-85.9)

Karnofsky Performance Status

> 70% 180 65.2

<70% 93 33.7

Not available 3 1.1
Prior nephrectomy 189 68.5
Histology

Clear cell 223 80.8

Non-clear cell 46 16.6

Papillary 20 7.2

Cromophobe 5 14

Unclassified 17 6.1

Translocation 4 1.8

Sarcomatoid differentiation 7 2.5
MSKCC Risk

Favorable 31 11.2

Intermediat 157 56.9

Poor 88 31.9
Number of metastatic sites

1 43 15.6

2 96 34.8

>3 137 49.6
CNS metastases 25 9.1
Treatment

Sunitinib 125 453

Pazopanib 151 54.7
NLR

<35 150 54.7

>3.5 124 453
PLR

<200 149 54.0

> 200 127 46.0
COP-NLR

0 91 33.0

1 124 44.9

2 61 22.1

MSKCC, Memorial Sloan Kettering Cancer Center, CNS central
nervous system, NLR neutrophil-to-lymphocyte ratio, PLR
platelet-to-lymphocyte ratio

In the subgroup of patients with nccRCC, the median OS
was 17 months in the low PLR group and 8.7 months in the
high PLR group (HR 1.87,95% CI 0.98-3.5, P=0.052). One-
year OS rates were 60.9% and 42.2% for the low and high
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Fig. 1 Overall survival curves
according to neutrophil-to-
lymphocyte ratio in the overall
study population. NLR,
neutrophil-to-lymphocyte ratio;
HR, hazard ratio; CI, confidence
interval
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PLR groups, respectively. OS curves of patients with nccRCC
according to PLR are presented in Fig. 4.

Correlation between NLR and PLR

The Spearman’s correlation showed only a weak positive cor-
relation between NLR and PLR (7, = 0.39), which was statis-
tically significant (P < 0.001).

COP-NLR as a Prognostic Factor

Patients were classified as COP-NLR 1, 2 and 3 in the follow-
ing proportions: 33%, 44.9% and 22.1%, respectively. The
median OS in the COP-NLR 1, 2 and 3 groups was
19.0 months (95% CI 15.3-26.0), 13.1 months (95% CI

Fig. 2 Overall survival curves 1.00-
according to neutrophil-to- ’
lymphocyte ratio in the patients 0.901
with non-clear cell renal cell car-
cinoma. NLR, neutrophil- 0.80+
tolymphocyte ratio; HR, hazard ®© 0.70-
ratio; CI, confidence interval g :
g 0.60
P 0.50
©
o 0.401
>
O 0.301
0.20
0.104
0.001

12 1

T T T T T T T T T T T T T T T
8 24 30 36 42 48 54 60 66 72 78 84 90 96 102
Time (months)

39 19 5 2 1 1 1
16 8 3 2 1 0 0

9.8-17.0) and 7.4 months (95% CI 3.6-11.9), respectively
(P<0.001). Overall survival curves according to COP-NLR
groups are presented in Fig. 5.

For patients with nccRCC histologies, the median OS in
the COP-NLR 1, 2 and 3 groups was 22.6 months (95% CI
1.9-49.3), 15.7 months (95% CI 8.5-38.4) and 5.9 months
(95% C10.4-14.7), respectively (P = 0.08).

Univariate and Multivariate Analysis

The variables evaluated in the univariate analysis were gender,
NLR, PLR, COP-NLR, age (= 60y vs < 60), histology,
MSKCC risk group, number of metastatic sites, metastases
in central nervous system, and TKI treatment.

NLR <3.5
NLR > 3.5

HR 1.51, 95% CI10.79 - 2.91
P =0.206 (log-rank)

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102
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— PLR =200
— PLR>200

HR 1.57,95% CI 1.17 - 2.10
P =0.002 (log-rank)
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Fig. 3 Overall survival curves 1.00 -
according to platelet-to-
lymphocyte ratio in the overall 0.90
study population. PLR, platelet- 0.80-
to-lymphocyte ratio; HR, hazard _
ratio; CI, confidence interval g 0.70
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The variables associated with OS in the univariate analysis
were NLR, COP-NLR; histology (sarcomatoid differentia-
tion), and MSKCC risk group. Since NLR, PLR and COP-
NLR were associated with each other and all reached the uni-
variate threshold of statistical significance for inclusion in the
multivariate analysis, two multivariate analyzes were per-
formed: Multivariate 1 included NLR and PLR; and
Multivariate 2 included COP-NLR.

In the Multivariate 1 analysis, NLR, sarcomatoid differen-
tiation and poor MSKCC risk had a statistically significant
association with inferior OS. In the Multivariate 2 analysis,
COP-NLR group 2, sarcomatoid differentiation and poor

12 1
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36 19 6 4 2 1
19 8 2 0 0 0 0

MSKCC risk had a statistically significant association with
inferior OS. The results of the univariate and multivariate
analyses are summarized in Table 2.

Discussion

Our study focused on the predictive value of systemic inflam-
matory biomarkers in the outcome of patients with metastatic
RCC receiving sunitinib or pazopanib as first line therapy.
Our study showed that a high NLR (> 3.5), a high PLR (>
200) or a high COP-NLR were associated with shorter median

— PLR =200
— PLR>200

HR 1.87, 95% C1 0.98 - 3.55
P = 0.052 (log-rank)

Fig. 4 Overall survival curves 1.00 -
according to platelet-to-
lymphocyte ratio in the patients 0.907
with non-clear cell renal cell car- 0.80 -
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tio; CI, confidence interval E 0.60 -
5 0.
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Fig. 5 Overall survival curves -
acgcording to COP-NLR groups in ;gg i COP-NLR O
the overall study population. HR, COP-NLR 1
hazard ratio; CI, confidence = 0.80 - COP-NLR 2
interval =2 0.70
c/g) 0.60-] P <0.001 (log-rank)
= 0.50
5 0.40
6 0.30
0.20
0.10 -
0.00 | F— .
T T T T T T T T T T T T T T T T T T
0O 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 9610
Time (months)
Number at risk
COP-NLR O 91 54 24 13 4 2 1 1 1
COP-NLR 1 124 55 24 11 3 2 1 0 0
COP-NLR 2 61 14 7 3 1 0 0 0 0
Table 2 Univariate and multivariate analyses of factors associated with overall survival
Overall Survival
Univariate Multivariate 1 Multivariate 2
(HR, 95% CI) p-value (HR, 95% CI) p-value (HR, 95% CI) p-value
NLR (> 3.5 vs<3.5) 1.70 (1.27-2.26) <0.001 1.39 (1.01-1.91) 0.040
PLR (>200 vs<200) 1.57 (1.17-2.10) 0.002 1.20 (0.87-1.65) 0.206
Age (> 60y vs < 60y) 1.16 (0.87-1.55) 0.306
Histology
ccRCC (reference) (reference) (reference)
nccRCC 0.99 (0.69-1.44) 0.998 0.90 (0.62—-1.31) 0.617 0.89 (0.61-1.29) 0.531
sRCC 5.27 (2.44-11.3) <0.001 3.82 (1.75-8.34) 0.001 3.77 (1.70-8.34) 0.001
MSKCC risk group
Favorable (reference) (reference) (reference)
Intermediate 1.64 (0.95-2.82) 0.074 1.51 (0.87-2.61) 0.136 1.47 (0.85-2.56) 0.165
Poor 3.20 (1.83-5.61) <0.001 2.58 (1.44-4.62) 0.001 2.49 (1.38-4.49) 0.002
Number of Metastatic sites
1 (reference)
2 1.17 (0.76-1.80) 0.466
>3 1.31 (0.86-2.00) 0.199
CNS metastasis 1.42 (0.83-2.42) 0.198
(yes vs no)
TKI treatment 1.24 (0.92-1.68) 1.60
(pazopanib vs sunitinib)
COP-NLR
0 (reference)
1 1.48 (1.05-2.07) 0.022 1.36 (0.96-1.92) 0.087
2 2.39 (1.61-3.55) <0.001 1.78 (1.16-2.72) 0.008

HR hazard ratio, CI confidence interval, y years, NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio, MSKCC Memorial Sloan
Kettering Cancer Center, CNS central nervous system
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OS. In the multivariate analysis, validated prognostic factors,
such as the presence of a sarcomatoid component and poor
MSKCC risk group were associated with poorer prognosis.
Additionally, emerging inflammatory biomarkers, such as a
high pretreatment NLR (> 3.5) and a high COP-NLR were
also associated with worse outcomes.

Several studies have demonstrated the role of inflammatory
markers, including NLR and PLR, in the clinical evolution of
RCC. Indeed, cumulative data suggest that elevations in NLR
and PLR might be associated with unfavorable outcomes, ei-
ther at baseline, prior to local treatments [18] or in advanced
disease, prior to the initiation of systemic therapies [16]. The
prognostic value of these inflammatory markers has been test-
ed as an independent determinant [19], but also as a way to
improve categorization of patient risk by incorporating infor-
mation into the current prognostic assessment models, such as
the IMDC [20, 21].

The crucial role of inflammation in the development and
progression of RCC has been the object of intense debate in
the past years. Translational studies have shown that inflam-
matory cytokines with pro-inflammatory, hematopoietic, and
immunomodulatory effects may have significant prognostic
implications in patients with RCC [22]. IL-6 is a multifunc-
tional cytokine that has been consistently implicated in the
pathogenesis of RCC [23]. In addition to pro-inflammatory
effects, mechanisms leading to adverse effects of IL-6 include
its function as an autocrine growth factor and as an inhibitor of
dendritic cell differentiation in RCC models [22, 24]. A pro-
spective French study evaluated serum levels of IL-6 in pa-
tients with RCC treated with IL-2 or IFN-« have demonstrat-
ed that elevated serum levels of IL-6 were independently as-
sociated with tumor progression and, consequently, shorter
survival [23]. In this study, elevation in neutrophil count
was also associated with a worse prognosis [23]. More impor-
tantly, in-depth knowledge of this and other immune response
pathways translated into the development of increasingly ef-
fective immunotherapies for the treatment of patients with
advanced RCC [25]. Thus, prognostic tools that intend to
accurately stratify risk groups of mRCC should progressively
evaluate the role of systemic parameters of inflammation.

Assuming that the antitumor inflammatory response in-
volves a complex interaction between the innate and adap-
tive immune systems, it has been suggested that the eval-
uation of each individual’s systemic inflammatory status
could be better evaluated — not only by the analysis of an
isolated factor — but by a combined analysis of multiple
biomarkers [13]. Preclinical data have suggested that the
interaction between neutrophils and platelets represents a
critical checkpoint in the early inflammatory processes
[26]. Dynamic reorganization of neutrophil receptors al-
lows simultaneous interactions with both the vascular wall
and activated platelets, so that neutrophils that are recruited
to injured vessels scan for activated platelets [26]. Thus, if

the platelet-neutrophil interaction seems to be important
for the continuation of the inflammatory process, it could
be hypothesized that a categorization integrating both var-
iables simultaneously could have clinical value. The cate-
gorization of patients according to preoperative platelet
levels combined with NLR (COP-NLR) has shown to reli-
ably predict the prognosis of patients with localized RCC
[17]. To our knowledge, this is the first study to demon-
strate the prognostic value of COP-NLR in patients with
metastatic RCC.

Although the pathophysiology is somewhat similar in most
cases of ccRCC, nccRCC represents a heterogeneous group
composed of several histological variants, which are associat-
ed with distinct pathophysiological mechanisms, potentially
determining different prognoses for different subtypes [27].
Accordingly, it is important that risk assessment tools that
are intended to be applied to the nccRCC subgroup of patients
are developed and validated specifically in this population.
The PANORAMA study was an Italian multicenter retrospec-
tive analysis of 37 patients with metastatic nccRCC treated in
the first line with pazopanib. Although in the univariate anal-
ysis a low NLR (NLR <3) was a favorable prognostic factor
(P=0.009), in the multivariate analysis only performance sta-
tus and MSKCC score maintained an impact on PFS and OS
[28]. Interestingly, our data also suggest a trend towards a
negative prognostic value of high NLR and especially high
PLR in patients with nccRCC.

Finally, while inflammatory biomarkers have demonstrat-
ed utility in patients with mRCC treated with VEGF targeted
therapy, their role as a predictive factor continues to be chal-
lenged as the mRCC first-line treatment landscape evolves
with the incorporation of immune checkpoint inhibitors alone
or in combination with anti-VEGF TKIs. Preliminary data on
RCC [29] and other malignancies [30], however, suggest that
inflammatory biomarkers may retain their predictive capacity
immune checkpoint era.

Our study has several limitations that should be considered
when interpreting the results. First, this was a single-center
retrospective analysis and the lack of molecular characteriza-
tion of the patients may have influenced our results. While
several provocative associations have been demonstrated be-
tween NLR, PLR and COP-NLR and prognosis, causal rela-
tionships are difficult to assess and the results may have been
influenced by other clinical factors. Also, because this is a
single-institution study, selection bias should be considered
while interpreting our results. To this end, we tried to mitigate
selection bias by including consecutive patients who received
first-line sunitinib or pazopanib. In addition to these, because
sunitinib and pazopanib were available in different periods of
time in our institution (sunitinib, 2009-2013 and pazopanib
2013-present) differences between the two groups, regarding
baseline characteristics and availability of subsequent lines of
treatment might be considered when interpreting our results.
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Conclusions

In summary, the results presented herein suggest that NLR
and the integration between NLR and platelet values (COP-
NLR) represent independent prognostic markers in patients
with mRCC, especially in those with clear cell histology.
Further studies should evaluate these biomarkers as predictors
of responses to the different modalities of systemic therapies.
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