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Abstract

Objective: Preoperative inflammatory parameters are associated with outcome in renal cell carcinoma; however, their predictive value

in tumors with sarcomatoid dedifferentiation (sRCC) is uncertain. We aimed to evaluate the association between preoperative and postoper-

ative inflammatory parameters and the outcome of patients with locoregional and metastatic sRCC who underwent nephrectomy.

Methods and materials: After obtaining IRB approval, we identified 230 patients with sRCC treated between 1994 and 2018 with a

complete blood count drawn ≤1 month before nephrectomy. Preoperative neutrophil-lymphocyte ratio (NLR), lymphocyte-monocyte ratio,

and platelet-lymphocyte ratio were evaluated as continuous variables. Postoperative NLR, 1 to 8 weeks after surgery, and percentage

change in NLR were calculated. Cox regression models were used to identify predictors of outcome.

Results: The study cohort included 105 metastatic patients and 112 patients with locoregional disease. Patients with metastatic disease

had significantly higher preoperative NLR (4.31 vs. 3.29) and PLR (248 vs. 194), and lower preoperative LMR (2.6 vs. 3.23).

Median follow-up for patients with locoregional and metastatic disease was 36 months and 20 months, respectively, and estimated 5-year

cancer-specific survival (CSS) rates were 56% and 15%, respectively. Preoperative NLR was a significant predictor of CSS for both meta-

static (HR = 1.23, 95% CI 1.1−1.37, P < 0.001) and locoregional (HR = 1.09, 95% CI 1−1.2, P = 0.049) patients. For metastatic patients,

postoperative NLR was significantly associated with CSS on univariate analysis; however, change in NLR was not associated with outcome.

Conclusions: Preoperative NLR is associated with CSS in locoregional and metastatic sRCC. NLR should be considered when establish-

ing future predictive models for sRCC. � 2019 Elsevier Inc. All rights reserved.
Keywords: Kidney; Sarcomatoid renal cell carcinoma; Neutrophils; Lymphocytes; Prognosis
1. Introduction

Sarcomatoid dedifferentiation occurs in 10% to 20% of

patients with advanced renal cell carcinoma (RCC) and is

the most aggressive phenotype of RCC [1,2]. RCC with sar-

comatoid dedifferentiation (sRCC) is resistant to most
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treatments with a median overall survival (OS) ranging

from 10 months to 2 years depending on the metastatic sta-

tus at diagnosis [2]. Clinical characteristics associated with

outcome include tumor stage and size, regional lymph node

involvement, presence of distant metastases, presence of

tumor necrosis, and the percentage of sarcomatoid dediffer-

entiation [3−5].
Preoperative inflammatory parameters, especially neu-

trophil-lymphocyte ratio (NLR), have been shown to pre-

dict outcome in various solid tumors, including localized

and metastatic RCC [6−8]. Moreover, a decline in NLR
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following systemic treatment for metastatic RCC was sig-

nificantly associated with prolonged survival [9,10]. The

predictive role of preoperative inflammatory variables in

patients with sRCC was previously evaluated in a series of

patients who underwent nephrectomy, most of whom had

localized disease. On univariable analyses preoperative

NLR, platelet-lymphocyte ratio (PLR) and lymphocyte-

monocyte ratio (LMR) were significantly associated with

outcome, and NLR remained an independent predictor of

outcome on multivariable analysis [5]. The association

between preoperative NLR and outcome in patients with

metastatic sRCC, and the predictive role of NLR dynamics

in this group of patients are unknown.
Table 1

Clinical and pathological characteristics of the study cohort (n = 217) stratified by

Variablea Overall (n = 217) Locoregi

Age in years 61 (52, 69) 62 (53,

Sex

Female 52 (24%) 29 (26%

Male 165 (76%) 83 (74%

BMI 28.5 (24.7, 31.6) 28.5 (25.5

Smoking Status (n = 212)

Current 20 (9%) 13 (12%

Former 100 (47%) 50 (45%

Never 92 (43%) 48 (43%

KPS (n = 94)b

≥80 81 (86%) NA

<80 13 (14%) NA

Tumor histology

ccRCC 164 (76%) 87 (78%

non-ccRCC 53 (24%) 25 (22%

Tumor Size in cm 9.4 (6.5, 12) 8.0 (5.5,

T Stage Group (n = 214)

T1/T2 45 (21%) 33 (30%

T3/T4 169 (79%) 78 (70%

N Stage

N0/Nx 169 (78%) 97 (87%

N1/N2 48 (22%) 15 (13%

WBC count (103/ml) 7.80 (6.50, 9.50) 7.40 (6.10

RBC count (106/ml) 4.43 (4.01, 4.74) 4.43 (4.04

PLT count (n = 214, 103/ml) 311 (234, 420) 281 (224

Absolute neutrophils count (103/ml) 5.40 (4.30, 7.00) 5.10 (3.90

Absolute lymphocytes count (103/ml) 1.40 (1.10, 1.80) 1.50 (1.17

Absolute monocytes count (103/ml) 0.50 (0.40, 0.70) 0.50 (0.30

NLR 3.82 (2.90, 5.40) 3.29 (2.50

LMR 2.86 (2.00, 4.00) 3.23 (2.25

PLR (n = 214) 216 (161, 316) 194 (146

Median post-op NLR (n = 89)b 4.4 (3.1,6.3) NA

Minimum post-op NLR (n = 89)b 3.25 (2.33,5.27) NA

Median post-op NLR % change groups (n = 89)b

>25% decrease 21 (24%) NA

>25% increase 27 (30%) NA

No change 41 (46%) NA

Minimum post-op NLR % change groups (N = 89)b

>25% decrease 40 (45%) NA

>25% increase 12 (13%) NA

No change 37 (42%) NA

BMI = body mass index; ccRCC = clear cell renal cell carcinoma; KPS = Karno

applicable; NLR = neutrophil-lymphocyte ratio; PLR = platelet-lymphocyte ratio;
a Continuous variables are reported as median and interquartile range and catego
bOnly included for patients with metastatic disease.
The aim of the current study was to evaluate the predic-

tive role of the preoperative inflammatory parameters NLR,

LMR, and PLR in patients with sRCC who underwent cura-

tive or cytoreductive nephrectomy. Furthermore, we aimed

to evaluate whether a change in NLR after surgery was

associated with treatment outcome.

2. Materials and methods

After obtaining Institutional Review Board approval, we

queried our prospectively maintained nephrectomy data-

base and identified 230 patients treated for locoregional or

metastatic sRCC between the years 1994 and 2018 who had
the absence and presence of metastatic disease at the time of nephrectomy.

onal disease (n = 112) Metastatic disease (n = 105) P

70) 60 (52, 68) 0.3

0.6

) 23 (22%)

) 82 (78%)

, 31.8) 28.4 (24.0, 31.6) 0.3

0.5

) 7 (7%)

) 50 (50%)

) 44 (44%)

NA

81 (86%)

13 (14%)

0.6

) 77 (73%)

) 28 (27%)

10.7) 10.0 (7.5, 12.5) <0.001
0.002

) 12 (12%)

) 91 (88%)

0.002

) 72 (69%)

) 33 (31%)

, 9.15) 8.10 (6.80, 10.10) 0.007

, 4.72) 4.41 (3.98, 4.75) 0.7

, 407) 343 (253, 422) 0.004

, 6.43) 5.77 (4.60, 7.60) <0.001
, 1.90) 1.40 (1.10, 1.70) 0.084

, 0.60) 0.50 (0.40, 0.70) 0.009

, 4.44) 4.31 (3.31, 6.08) <0.001
, 4.21) 2.60 (1.62, 3.50) <0.001
, 274) 248 (175, 344) <0.001

4.4 (3.1,6.3) NA

3.25 (2.33,5.27) NA

NA

21 (24%)

27 (30%)

41 (46%)

NA

40 (45%)

12 (13%)

37 (42%)

fsky performance status; LMR = lymphocyte-monocyte ratio; NA = not

PLT = platelets; RBC = red blood cell; WBC =white blood cell.

rical variables are reported as number and percent.
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a complete blood count drawn ≤1 month before the proce-

dure. Thirteen patients who received systemic therapy

prior to nephrectomy were excluded, leaving a total of

217 patients for further analyses.

Clinical characteristics collected at presentation included

patient age, sex, body mass index, and smoking status (cate-

gorized as current, former, and never smoker). Karnofsky

performance status was collected for patients with meta-

static disease. Tumor specimens were reviewed by genito-

urinary pathologists and tumor histology, size, TNM-stage,

and surgical margin status were reported. All patients had

varying degrees of sarcomatoid dedifferentiation within

their tumor. Patients were considered to have metastatic

disease at presentation if they had evidence of metastases

≤1 month from nephrectomy.

A complete blood count was obtained for all patients

within 1 month prior to the procedure. Preoperative inflam-

matory parameters evaluated included NLR, LMR, and PLR.

The postoperative NLR was calculated from complete blood

counts collected within 1 to 8 weeks after nephrectomy.

Blood counts obtained <1 week after the procedure were not

included to avoid an elevation in white-blood cell count asso-

ciated with the surgical procedure itself. When multiple tests

were done—the median and minimum postoperative NLR

values were evaluated; percentage change in NLR was calcu-

lated based on previous publications as ([postoperative NLR/

preoperative NLR] −1) £100 and stratified into 3 groups:

>25% decrease, no change (<25% decrease−<25% increase)

and >25% increase [9,10].

After the procedure, patients were followed with serial

imaging. Disease recurrence was determined for patients

who presented with locoregional disease as radiographic

evidence of progression of previously stable lesions,

appearance of new lesions, pathologic evidence of meta-

static disease or initiation of systemic treatment.

Clinical and pathological characteristics were reported

using descriptive statistics and compared between patients

with locoregional and metastatic disease using the Fisher

exact test for categorical variables and the Wilcoxon rank-

sum test for continuous variables. Univariate linear
Fig. 1. Pearson correlation plots of (A) neutrophil-lymphocyte ratio and platelet-

cyte ratio, and (C) lymphocyte-monocyte ratio and platelet-lymphocyte ratio for th
regressions were performed to determine the association

between baseline characteristics and NLR, PLR, and LMR.

Pearson correlation plots were used to correlate preopera-

tive NLR, LMR, and PLR.

The primary study endpoint was cancer-related death. Sec-

ondary outcomes included OS for all patients and recurrence-

free survival (RFS) for patients with locoregional disease.

Cancer-specific survival (CSS) was defined from the date of

surgery to death due to renal cancer or treatment related com-

plications. The Kaplan-Meier method was used to estimate

the probability of CSS; patients were censored at the date of

their last follow-up or death from other causes. Time to

relapse was defined as the time from surgery to the diagnosis

of relapse; patients without relapse were censored at the date

of their last follow-up or death. Kaplan-Meier curves were

plotted to compare outcomes among patients with high and

low hematological parameters stratified by the median and by

quartiles. Univariable Cox regression analyses were used to

evaluate the association between preoperative clinicopatho-

logic and hematologic parameters and CSS for patients

treated for metastatic disease and both CSS and RFS for

patients treated for locoregional disease. Variables signifi-

cantly associated with the outcome on univariable analyses

were included in a multivariable Cox regression model. Land-

mark analyses at 3 and 8 weeks were conducted to explore the

predictive value of postoperative NLR and percentage

change in NLR on CSS. All statistical analyses were 2-sided.

A P value of less than 0.05 was considered statistically signif-

icant. All statistical analyses were performed using R v3.5.2

(R Foundation for Statistical Computing, Vienna, Austria).
3. Results

The study cohort included a total of 217 patients, 112 of

whom (52%) were treated for locoregional sRCC and 105

(48%) who underwent cytoreductive nephrectomy for meta-

static disease. Clinicopathological characteristics of the study

cohort are reported in Table 1. Patients presenting with

metastatic disease were more likely to have larger tumors
lymphocyte ratio, (B) neutrophil-lymphocyte ratio and lymphocyte-mono-

e whole cohort (n = 214); P value < 0.001 for all correlations.



Fig. 2. Kaplan-Meier curves of CSS in patients with metastatic sRCC (A)

and CSS (B) and RFS (C) in patients with locoregional sRCC stratified by

preoperative NLR above and below the median values; P values were

obtained by the log-rank test.

R. Mano et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 916−923 919
(P < 0.001), a higher rate of T3/T4 tumors (P = 0.002), and a

higher rate of nodal involvement (P = 0.002).

A complete blood count was obtained at a median of

9 days (IQR 6, 15) prior to surgery. The median (IQR) pre-

operative NLR, LMR, and PLR for the whole cohort were

3.82 (2.90, 5.40), 2.86 (2.00, 4.00), and 216 (161, 316),

respectively. The different ratios were significantly corre-

lated with one another (Fig. 1). Patients with metastatic dis-

ease had a higher preoperative NLR (median 4.31 vs. 3.29,

P < 0.001) and PLR (median 248 vs. 194, P < 0.001) and a

lower preoperative LMR (median 2.60 vs. 3.23, P < 0.001)

when compared with patients with locoregional disease.

Among patients with metastatic disease, nonclear cell his-

tology was associated with NLR (b = 2.03, P < 0.001), PLR

(b = 0.73, P = 0.02), and LMR (b =�1.08, P = 0.015).

Among patients with locoregional disease, tumor size was

associated with NLR (b = 0.18, P < 0.001), PLR (b = 0.05,

P = 0.044), and LMR (b =�0.08, P = 0.016), nodal involve-

ment was associated with NLR (b = 1.28, P = 0.043) and

LMR (b =�1.06, P = 0.011), and body mass index was

associated with PLR (b =�0.04, P = 0.023, Supplementary

Table 1).

Postoperative NLR, within 1 to 8 weeks after the proce-

dure, was available for 89/105 (85%) of metastatic patients

and 64/112 (57%) of patients with locoregional disease. We

did not include postoperative NLR in further analyses asso-

ciated with patients with locoregional disease since the lack

of this information for 43% of patients may create a selec-

tion bias. When selecting the minimum 1- to 8-week post-

operative NLR value, the median (IQR) postoperative NLR

was 3.25 (2.33, 5.27) and 40/89 (45%) patients had a >25%
decrease in NLR. When analyzing the median value, the

median postoperative NLR was 4.4 (3.10, 6.30) and 21/89

(24%) patients had a >25% decrease in NLR. The Pearson

correlations between the preoperative and postoperative

NLR were 0.54 (P < 0.001) and 0.43 (P < 0.001) when

using minimal and median values, respectively.

Median follow-up for patients with locoregional and

metastatic disease was 35.5 months and 20.4 months,

respectively. During follow-up 50 patients treated for

locoregional disease died, 46/50 due to their disease, and

78 patients treated for metastatic disease died, 77/78 due

to their disease. Estimated 5-year CSS for patients with

locoregional and metastatic disease were 55.6% and 14.8%,

respectively. Similarly, 5-year OS were 53.8% and 14.3%,

respectively. Five-year RFS for patients presenting with

locoregional disease was 31.9% (Fig. 2, Supplementary

Fig. 1). Univariate analyses of patients with metastatic dis-

ease showed that tumor N-stage, preoperative NLR, and

preoperative PLR were significantly associated with

CSS. N-stage and preoperative NLR remained significant

predictors of CSS on multivariate analysis (Table 2). On

multivariate analysis of patient with locoregional disease

sex, T-stage, and preoperative NLR were significant predic-

tors of CSS (Table 3). Significant predictors of RFS on mul-

tivariate analysis of patients with locoregional disease were
tumor size and T-stage. Preoperative LMR was associated

with RFS on univariate analysis however was not an inde-

pendent predictor of RFS when adjusting for tumor size and

T-stage (Table 3).

Eighty-three patients with metastatic sRCC were

included in the landmark analysis at week 8 evaluating the

association between postoperative NLR and CSS. Mini-

mum postoperative NLR (HR = 1.16; 95% CI 1.02, 1.31;

P = 0.02) and median postoperative NLR (HR = 1.11; 95%



Table 2

Univariable and multivariable analyses of predictors of cancer-specific survival for patients who underwent cytoreductive nephrectomy for metastatic sarco-

matoid RCC (n = 105).

Variable Univariable Multivariable

HR 95% CI P HR 95% CI P

Age 1.02 1.00, 1.04 0.10

Sex

Female Ref.

Male 0.97 0.56, 1.69 >0.9
BMI (n = 102) 0.99 0.95, 1.04 0.8

Smoking Status (n = 101)

Current Ref.

Former 1.83 0.65, 5.12 0.3

Never 1.62 0.57, 4.61 0.4

KPS Category (n = 94)

<80 Ref.

≥80 0.90 0.45, 1.78 0.8

Histology

ccRCC Ref.

non-ccRCC 1.61 0.98, 2.65 0.058

Tumor Size (n = 103) 1.02 0.96, 1.08 0.5

T Stage Group (n = 103)

T1/T2 Ref.

T3/T4 1.49 0.68, 3.27 0.3

N Stage

N0/Nx Ref. Ref.

N1/N2 2.37 1.48, 3.79 <0.001 2.62 1.62, 4.23 <0.001
WBC 1.04 0.98, 1.10 0.2

RBC 0.80 0.54, 1.19 0.3

PLT/100 1.19 0.98, 1.45 0.072

Neutrophils 1.06 1.00, 1.13 0.070

Lymphocytes 0.79 0.54, 1.15 0.2

Monocytes 1.10 0.46, 2.60 0.8

NLR 1.20 1.08, 1.34 <0.001 1.23 1.10, 1.37 <0.001
LMR 0.94 0.82, 1.06 0.3

PLR/100 1.19 1.02, 1.38 0.027

BMI = body mass index; ccRCC = clear cell renal cell carcinoma; KPS = Karnofsky performance status; LMR = lymphocyte-monocyte ratio; NA = not

applicable; NLR = neutrophil-lymphocyte ratio; PLR = platelet-lymphocyte ratio; PLT = platelets; RBC = red blood cells; Ref. = reference; WBC =white

blood cells.
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CI 1.02, 1.21; P = 0.019) were associated with CSS. Simi-

larly, in the landmark analysis at week 3 (n = 46), minimum

postoperative NLR was associated with CSS (HR = 1.15,

95% CI 1.02, 1.29, P = 0.019). However, relative change in

NLR in both analyses was not a significant predictor of

outcome. We did not include the postoperative NLR in a

multivariable model due to the high correlation with preop-

erative NLR.

4. Discussion

Preoperative NLR is a predictor of outcome among

patients with RCC. A systematic review of the literature

showed an association between NLR > 3 and an increased

risk of recurrence in patients with localized RCC, and a

decreased OS and progression-free survival (PFS) in locally

advanced and metastatic RCC [7]. Gu et al. reported the

only series that specifically evaluated the predictive role of

preoperative inflammatory parameters in patients with
sRCC. In their series of 103 patients, most of whom (74%)

had nonmetastatic disease, NLR, PLR, and LMR were sig-

nificantly associated with decreased OS on univariable

analyses. In a multivariable analysis including these preop-

erative parameters and pathologic features, NLR remained

an independent predictor of OS (HR = 4.1; 95% CI 1.5

−10.9; P = 0.006). The study did not evaluate the role of

NLR separately in the group of patients with metastatic

sRCC [5]. The findings of the current study support the role

of preoperative NLR in predicting CSS for patients with

locoregional sRCC. Furthermore, we showed that higher

preoperative NLR is significantly associated with a

decrease in CSS in patients with metastatic disease, expand-

ing its application to patients undergoing cytoreductive

nephrectomy for sRCC. Interestingly, in both cohorts a

higher NLR and PLR and lower LMR were associated with

nonclear cell histology [5].

The large variability in neutrophil levels between healthy

individuals, and the variations in reported NLR cut-off values,



Table 3

Univariable and multivariable analyses of predictors of cancer-specific survival and recurrence-free survival for patients who underwent nephrectomy for

locoregional sarcomatoid RCC (n = 112).

Variable CSS univariable CSS multivariable RFS univariable RFS multivariable

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Age 1.01 0.98, 1.04 0.4 1.00 0.98, 1.02 0.9

Sex

Female Ref. Ref. Ref.

Male 0.46 0.25, 0.86 0.015 0.51 0.27, 0.97 0.040 0.73 0.44, 1.21 0.2

BMI (n = 111) 0.98 0.92, 1.05 0.6 1.00 0.96, 1.04 >0.9
Smoking Status (n = 111)

Current Ref. Ref.

Former 0.47 0.17, 1.25 0.13 1.24 0.48, 3.19 0.7

Never 0.44 0.16, 1.18 0.10 1.33 0.52, 3.40 0.6

Histology

ccRCC Ref. Ref.

non-ccRCC 1.27 0.67, 2.42 0.5 0.66 0.37, 1.16 0.2

Tumor size 1.02 0.95, 1.09 0.7 1.08 1.03, 1.14 0.003 1.07 1.01, 1.13 0.017

T Stage group (n = 111)

T1/T2 Ref. Ref. Ref. Ref.

T3/T4 2.65 1.27, 5.53 0.010 2.41 1.15, 5.07 0.020 2.20 1.28, 3.76 0.004 2.00 1.17, 3.43 0.012

N stage

N0/Nx Ref. Ref.

N1/N2 2.13 1.06, 4.30 0.035 1.95 1.05, 3.62 0.036

WBC 1.09 1.03, 1.16 0.005 1.03 0.98, 1.09 0.3

RBC 0.69 0.38, 1.27 0.2 0.93 0.59, 1.46 0.8

PLT/100 (n = 109) 1.06 0.85, 1.31 0.6 1.10 0.93, 1.30 0.3

Neutrophils 1.11 1.04, 1.18 0.002 1.04 0.98, 1.10 0.2

Lymphocytes 1.02 0.58, 1.81 >0.9 0.96 0.62, 1.47 0.8

Monocytes 2.25 0.84, 6.07 0.11 1.63 0.80, 3.32 0.2

NLR 1.16 1.05, 1.28 0.003 1.10 1.00, 1.22 0.049 1.09 1.00, 1.20 0.059

LMR 0.84 0.68, 1.04 0.11 0.86 0.73, 1.00 0.050 0.91 0.78, 1.06 0.2

PLR/100 (n = 109) 1.09 0.84, 1.42 0.5 1.16 0.93, 1.43 0.2

BMI = body mass index; ccRCC = clear cell renal cell carcinoma; CSS = cancer-specific survival; LMR = lymphocyte-monocyte ratio; NLR = neutrophil-

lymphocyte ratio; PLT = platelets; PLR = platelet-lymphocyte ratio; RBC = red blood cells; RFS = recurrence-free survival; Ref. = reference; WBC =white

blood cells.
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complicate the use of preoperative NLR when counseling

individual patients. Longitudinal evaluation of NLR may

therefore be beneficial when using NLR to risk stratify

patients [11]. A decrease in postoperative NLR was associ-

ated with a better outcome in patients operated for

colorectal cancer, nonsmall cell lung cancer and bladder can-

cer [12−14]. Furthermore, in patients with bladder cancer

who underwent cystectomy, an increase in postoperative

NLR during follow-up preceded the detection of recurrence

[15]. In RCC, the role of NLR dynamics has been evaluated

mostly as a predictor of response to systemic treatment in the

metastatic setting [9,10]. In a large group of patients treated

with targeted therapy, an increase in NLR 6 weeks after treat-

ment was associated with reduced objective response rates,

PFS and OS [9]. A similar finding was reported in patients

with metastatic RCC treated with immune check-point block-

ade. In these patients, an NLR increase by ≥25% 6 weeks

after initiation of treatment was associated with significantly

worse PFS and OS, regardless of baseline NLR levels [10].

Ohno et al. evaluated the role of postoperative NLR in pre-

dicting recurrence after nephrectomy for patients with local-

ized clear cell RCC. Consistent with previous reports they
showed that increased preoperative NLR was significantly

associated with lower RFS. Surprisingly, increased postopera-

tive NLR was associated with a higher RFS rate and the

group of patients who had an increased preoperative NLR

and decreased postoperative NLR had the worst outcome

[16]. The association between NLR dynamics and outcome

in patients with sRCC has not been previously investigated.

In the current study, while the level of postoperative NLR

predicted outcome, a decrease in NLR after cytoreductive

nephrectomy was not significantly associated with outcome.

The lack of association may be the result of residual meta-

static disease which still affects the NLR even after cytore-

ductive nephrectomy. The role of NLR change in patients

with localized disease should be evaluated by future studies.

The mechanism underlying the association between

NLR and outcome is not fully understood. Neutrophils may

play an active role in tumor initiation, growth, and metasta-

ses [11]. The role of neutrophils in tumor initiation is evi-

dent in CXCR2 deficient tumor models. The chemokine

receptor CXCR2 is a key mediator of neutrophil migration

and its deficiency profoundly suppressed inflammation-

driven and spontaneous tumorigenesis in the skin and
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intestines [17]. Similarly, the use of an antineutrophil anti-

body in a K-ras mutant mouse model of lung cancer

resulted in a significant decrease in the number of lung

tumors [18]. Neutrophils may promote tumor progression

by a direct effect on tumor cells and by stimulating angio-

genesis [18−20]. In neutrophil elastase deficient mouse

models of lung cancer, tumor cell proliferation and angio-

genesis were significantly reduced, leading to inhibition of

tumor development [18,19]. In pancreatic islet carcinogene-

sis mouse models, transient depletion of neutrophils signifi-

cantly suppressed VEGF:VEGF-receptor association, and

markedly reduced the frequency of initial angiogenic

switching, further supporting the role of neutrophils in

angiogenesis [20]. The role of neutrophils in the promotion

of metastatic disease is controversial, however several can-

cer models have supported its role especially during the

early steps of the metastatic cascade [21,22]. Finally,

tumors themselves may secrete factors leading to the

release of granulocytes from the bone marrow elevating

their number in the blood [11].

The central role of T-lymphocytes in cancer immunology

has been highlighted recently with the rise of immunotherapy

as an effective modality for treating cancer [23−26]. In a

pooled analysis of studies evaluating the association between

tumor-infiltrating lymphocytes and outcome, both CD3+ and

CD8+ tumor infiltrating lymphocytes were significantly asso-

ciated with a positive effect on survival [23]. While most

of the focus is given to tumor infiltrating lymphocytes, Spitzer

et al. showed that peripheral CD4+ T-cells conferred protec-

tion against new tumors and significantly expanded in

patients responding to immunotherapy [25]. Additionally,

B-lymphocytes have a central immunomodulatory role and

can inhibit tumor progression by the development of tumor-

reactive antibodies, priming CD4+ and CD8+ T-cells and

activating NK-cells and macrophages to promote tumor kill-

ing and phagocytosis, respectively [26]. However, certain

subsets of both T- and B-lymphocytes may act to decrease

the immune response toward a tumor, emphasizing the com-

plexity of this association [24,26]. The NLR is a measure that

combines information for both neutrophils and lymphocytes

and may reflect the balance between tumor promoting inflam-

matory process and tumor suppressing host immunity [9].

Nevertheless, the true association between NLR values mea-

sured in peripheral blood and the immune process in the

tumor microenvironment requires further study.

The limitations of the current study include its retrospec-

tive design and the possibility for selection bias. We did not

control our analyses for tumor necrosis and percent sarco-

matoid dedifferentiation as this information was not accu-

rately captured in our database. Larger cohorts are required

to evaluate optimal cut-off points for NLR in sRCC

patients, however Kaplan-Meier curves of CSS in meta-

static patients showed a separation when stratified by quar-

tiles, suggesting a continuous scale of the marker may add

predictive information. In addition, we were unable to eval-

uate the predictive value of NLR in patients with sRCC
treated with immunotherapy. Given the potential role of

check-point inhibition in sRCC, future studies should evalu-

ate the predictive role of NLR in this setting [27,28].

5. Conclusions

The current study supports the association between pre-

operative NLR and CSS in patients treated for localized

sRCC and demonstrates a similar association in patients

treated for metastatic sRCC. Therefore, NLR should be

evaluated as a possible biomarker in future risk stratifying

tools for patients with sRCC.

We did not find an association between postoperative

changes in NLR and outcome in patients with metastatic

sRCC. Additional studies are required to evaluate the

role of postoperative change in NLR in predicting outcome

following nephrectomy for localized sRCC.
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