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Critical evaluation of the potential prognostic
value of the pretreatment-derived
neutrophil-lymphocyte ratio under
consideration of C-reactive protein levels in
clear cell renal cell carcinoma
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Background: We investigated the prognostic value of the pretreatment-derived neutrophil-lymphocyte ratio (dNLR) and original
NLR in relation to the commonly used inflammation marker C-reactive protein (CRP) in a large cohort of patients with clear cell
renal cell carcinoma (RCC).

Methods: Clinicopathological data from 587 consecutive non-metastatic clear cell RCC patients, operated between 2000 and
2010 at a single tertiary academic center, were evaluated retrospectively. Patients were categorised according to a cutoff value
derived from receiver operating curve analysis. Overall (OS), cancer-specific (CSS) as well as metastasis-free survival (MFS) were
assessed using the Kaplan-Meier method and multivariate Cox proportional models were applied. Spearman'’s rank correlation
coefficient tested the association between dNLR and other markers of the systemic inflammatory response.

Results: The significant correlation between pretreatment NLR and dNLR was strong (o = 0.84), whereas between dNLR and CRP it was
weak (p=0.18). In multivariate analyses, dNLR achieved independent predictor status regarding CSS (P=0.037) and MFS (P=0.041),
whereas CRP was confirmed as independent predictor of OS (P=0.010), CSS (P=0.03%9) and MFS (P=0.005), respectively. The NLR
failed to reach independent predictor status regarding OS, CSS and MFS when CRP was included into the multivariate model.

Conclusions: In the cohort studied, an elevated (>10.0) pretreatment CRP level and elevated dNLR (>2) were robust
independent predictors of CSS and MFS. Our data suggest that CRP might be superior to both NLR and dNLR.

Currently representing 2-3% of all cancers, renal cell carcinoma  the urinary tract (Ljungberg et al, 2015). In 2012, there
(RCC) accounts for the third most common malignancy of were ~84400 new cases of RCC diagnosed and 34700 kidney
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cancer-related deaths observed within the European Union
(Ferlay et al, 2013). The worldwide incidence rates of RCC show
a slight (~2%) increase within the past two decades (Ferlay
et al, 2013), whereby due to the more widespread use of
radiological imaging techniques, a migration towards small and
organ-confined tumours has been observed (Sun et al, 2011;
Pichler et al, 2012a). Different histopathological RCC subtypes,
linked to distinct genetic characteristics, are described, whereby
clear cell RCC represents the majority of cases, accounting for
up to 80% (Sun et al, 2011; Pichler et al, 2012a; Ferlay et al,
2013; Srigley et al, 2013; Ljungberg et al, 2015). In all RCC
subtypes, prognosis worsens with pathologic T-stage and
histopathological tumour grade (Pichler et al, 2012b; Ferlay
et al, 2013; Ljungberg et al, 2015). The 5-year overall survival
(OS) for all types of RCC is an estimated 49%, which has further
improved since 2006 probably due to an increase in incidentally
detected tumours, as well as by the introduction of systemic
therapies in the metastatic setting (mainly tyrosine kinase
inhibitors and immune checkpoint inhibitors; Sun et al, 2011;
Albiges et al, 2015; Ljungberg et al, 2015). A complete surgical
resection (partial/radical nephrectomy) remains the mainstay of
therapy for clinically localised disease, albeit up to 20% of RCC
patients subsequently develop metastases after curative surgery
(Ferlay et al, 2013; Ljungberg et al, 2015). The prognosis of
metastatic RCC remains poor, despite the advances in new
targeted therapies to prolong progression-free and cancer-
specific survival (CSS) rates (Albiges et al, 2015; Ljungberg
et al, 2015).

There is increasing evidence to support the role of the
systemic inflammatory response as an important factor in
human cancer development and progression. Several markers
of the immune response have been proposed as potential
prognosticators in RCC, such as plasma fibrinogen (Pichler
et al, 2013a; Erdem et al, 2014), interleukin 6 (IL-6) and
C-reactive protein (CRP; Karakiewicz et al, 2007; Hrab et al,
2013; Hu et al, 2014) as well as the pretreatment neutrophil-
lymphocyte ratio (NLR; de Martino et al, 2013; Pichler et al,
2013b; Ohno et al, 2014; Viers et al, 2014), the lymphocyte—
monocyte ratio (LMR; Hutterer et al, 2014) or the granulocyte-
to-dendritic cell ratio (Riemann et al, 2014). In particular, the
NLR has been demonstrated to influence clinical outcomes in
various types of cancer, including cervical (Lee et al, 2012),
colorectal (Ding et al, 2010), lung cancer (Sarraf et al, 2009) as
well as upper tract urothelial carcinoma (Dalpiaz et al, 2014a).
Proctor et al (2012), recently implemented a combined index,
named derived neutrophil-lymphocyte ratio (dANLR), which is
composed of the neutrophil count to (white cell count minus
neutrophil count). The authors proposed that this simplified
blood index might be easier to use in clinical trial data, where
commonly only leukocyte and neutrophil counts are documen-
ted. They evaluated the potential prognostic value of the dNLR in
cancer patients including kidney cancer, and were able to
demonstrate that the dNLR had similar prognostic value as the
classical NLR. In a recent study, our own group was able to
confirm the pretreatment dNLR as an independent prognostic
factor in patients with upper tract urothelial carcinoma (Dalpiaz
et al, 2014b).

To the best of our knowledge, the potential influence of the
pretreatment dNLR has never been explored in large RCC
patient cohorts yet, and there is no study until now addressing
the question whether this blood-based cellular ratio might
contain any prognostic significance, when including the well-
established pretreatment CRP level into a prognostic model.
Therefore, we decided to evaluate the correlation and the
potential prognostic significance of preoperatively assessed
dNLR and CRP in a large European cohort of patients with
non-metastatic clear cell RCC.

MATERIALS AND METHODS

This retrospective analysis included data from 587 non-metastatic
clear cell RCC patients who underwent curative radical or partial
nephrectomy at the Department of Urology at the Medical
University of Graz between January 2000 and December 2010.
Overall, 1190 RCC patients underwent radical or partial
nephrectomy at the Department of Urology at the Medical
University of Graz during this period. Nine hundred sixty-six
out of 1190 (81.2%) patients had clear cell RCC, whereby 587 out
of 966 (60.8%) patients had complete medical records regarding all
parameters for inclusion into this study. Thus, 224 out of 1190
(18.8%) patients with non-clear cell histologic subtypes were
excluded from analyses. All clinicopathological as well as
laboratory data were retrieved from medical records from the
Department of Urology, as well as from pathology reports from the
Institute of Pathology at the same institution. Pathological T-stage
was uniformly adjusted according to the seventh edition of the
TNM 2009 classification system (Sobin et al, 2009). Other
clinicopathological parameters included clear cell histological
subtype, tumour grade, presence or absence (not quantitatively
assessed) of histological tumour necrosis as well as patients’ age
and gender. All laboratory data were obtained within 1 week before
surgical intervention. All patients in this study cohort were selected
for surgery based on preoperative in-hospital anaesthesiological
evaluation of their clinical as well as laboratory conditions.
All patients with acute severe infection or leukaemia were excluded
from surgery and consequently from the analysis. The pretreat-
ment dANLR was calculated as the absolute neutrophil count
divided by the absolute count of leukocytes minus the absolute
count of neutrophils. Patients’ post-operative surveillance included
routine clinical and laboratory examination as well as imaging
methods, whereby X-rays of the chest and abdominal ultrasound
were predominantly used, especially in patients with a low relapse
risk (pT-1, G1-2), whereas computed tomography or magnetic
resonance imaging was performed in all other patients as
previously reported (Pichler et al, 2011). Follow-up evaluations
were performed every 6 months for the first 5 years and annually
thereafter for locally advanced tumours. In organ-confined cancers,
imaging was performed twice in the first year after surgery and
annually thereafter. Dates of death were obtained from the central
registry of the Austrian Bureau of Statistics. This study was
approved by the ethical committee of the Medical University of
Graz (28-189 ex 15/16). No neoadjuvant or adjuvant treatment
was administered.

Statistical analyses. The primary end points of the study were OS,
CSS as well as metastasis-free survival (MFS). OS was defined as
the time from the date of surgery to individuals’ death of any cause.
CSS was defined as the time from the date of surgery to a cancer-
related death. MFS was defined as the time from the date of surgery
to the recurrence of radiologically or histologically confirmed
distant metastases. The median time of follow-up was calculated
using the time to patients’ last follow-up or death. Patients’ date of
death was obtained from the central registry of the Austrian
Bureau of Statistics.

The potential correlations between the pretreatment laboratory
parameters NLR, dNLR and CRP were evaluated with Spearman’s
rank correlation coefficient as nonparametric test, where p=1
implies the strongest agreement among ranks and p = 0 implies no
agreement at all.

The cutoff value (2.0) for the pretreatment dNLR was selected
according to Proctor et al (2012) for the purpose to validate their
findings. Patients’ OS, CSS and MFS were calculated using the
Kaplan-Meier method and compared by the log-rank test.
Multivariate Cox proportion analysis was performed. Hazard

86

www.bjcancer.com | DOI:10.1038/bjc.2016.393


http://www.bjcancer.com

Derived neutrophil-lymphocyte ratio and kidney cancer

BRITISH JOURNAL OF CANCER

ratios (HR’s) estimated from the Cox analysis were reported as
relative risks with corresponding 95% confidence intervals (CIs).
All statistical analyses were performed using the Statistical Package
for Social Sciences version 18.0 (SPSS Inc., Chicago, IL, USA) or
the MedCalc software package version 16.8.4. A two-sided P<0.05
was considered statistically significant.

RESULTS

Opverall, a total of 587 patients with non-metastatic clear cell RCC
were included into this study. Descriptive clinicopathological
parameters of the study cohort are shown in Table 1. The median
pretreatment NLR was 2.95 (IQR=2.24-4.00) and the median
pretreatment dNLR 1.96 (IQR=1.48-2.61). Preoperatively
assessed CRP levels were available in 516 out of 587 (87.9%)
patients with a median of 2.80 mg dl ™! (IQR = 1.40-7.38). Spear-
man’s rank correlation coefficient between the pretreatment NLR
and dNLR was 0.84 (P<0.001, indicating a strong correlation),
whereas between dNLR and CRP it was weak (p =0.18, P<0.001),
and between NLR and CRP it was 0.31 (P<0.001).

Table 1. Descriptive clinicopathological parameters of the

study cohort comprising of patients with non-metastatic clear
cell renal cell carcinoma (n=587)

Parameter No (%)
Age at operation (years)

Mean * SD 64.0+11.7
Median 65.0
Range 20.0-88.0
Gender

Male 349 (59.5)
Female 238 (40.5)
Pathologic T-stage (TNM 2010)

pTla 300 (51.1)
pT1b 96 (16.3)
pT2a 27 (4.6)
pT2b 5 (0.8)
pT3a 143 (24.4)
pT3b 14 (2.4)
pT3c 1(0.2)
pT4 1(0.2)
Tumour grade

G1 156 (26.6)
G2 345 (58.8)
G3 82 (13.9)
G4 4(0.7)
Presence of histologic tumour necrosis

No 443 (75.5)
Yes 144 (24.5)
Preoperative CRP (mg d—"

Mean + SD 14.18 £35.20
Median 2.80
Range 0-325
NLR

Mean * SD 3.50+2.50
Median 2.95
Range 0.77-31.20
dNLR

Mean + SD 2.27+2.13
Median 1.96
<225 374 (63.7)
>2.25 213 (36.3)
Abbreviations: CRP =C-reactive protein; dNLR=derived neutrophil-lymphocyte ratio;
NLR = neutrophil-lymphocyte ratio; SD = standard deviation.

Comparing the area under the curve (AUC) after receiver
operating curve (ROC) analysis to discriminate between events in
all three end points is shown in Supplementary Figures 1-3. The
ROC curves using CSS as an end point for pretreatment of CRP,
NLR and dNLR are shown in Supplementary Figure 1. The AUC
for CRP, NLR and dNLR were 0.787 (95% CI=0.75-0.82), 0.711
(95% CI=0.67-0.75) and 0.686 (95% CI = 0.64-0.73), respectively,
(no statistically significant difference between AUCs was
observed). The ROC curves using OS as an end point for
pretreatment of CRP, NLR and dNLR are shown in Supplementary
Figure 2. The AUCs for CRP, NLR and dNLR were 0.685
(95% CI=10.64-0.73, P =0.045 compared with AUC dNLR), 0.660
(95% CI=10.62-0.70, P=0.007 compared with AUC dNLR) and
0.580 (95% CI=0.54-0.62), respectively. The ROC curves using
MES as an end point for pretreatment of CRP, NLR and dNLR are
shown in Supplementary Figure 3. The AUCs for CRP, NLR and
dNLR were 0.757 (95% CI=0.72-0.79), 0.672 (95% CI=0.63-0.71)
and 0.667 (95% CI=0.63-0.71), respectively, (no statistically
significant difference between AUCs was observed).

According to our own ROC analysis, we identified a cutoff value
of 2.25 to be optimal to discriminate between groups with regard to
CSS. We identified 374 (63.7%) patients with a low (<2.25) dNLR
and 213 patients (36.3%) with an elevated (>2.25) dNLR. Figures
1-3 show the Kaplan-Meier curves for OS, CSS and MFS. The
figures demonstrate that an elevated pretreatment dNLR represents
a robust and consistent factor for decreased survival at 10 years
after curative partial/radical nephrectomy, as evidenced by a log-
rank P=0.018, P=0.004 and P=10.003, for OS, CSS and MFS,
respectively.

In addition to implementing our own cutoff value, our study’s
aim was to validate the previously published cutoff value of 2.0 for
dNLR (Proctor et al, 2012).

Using multivariate analyses, the pretreatment dNLR represented
an independent prognostic factor regarding CSS (HR =2.67, 95%
CI=1.06-6.71, P=0.037) as well as MFS (HR=2.02, 95%
CI=1.03-3.94, P=0.041). However, the pretreatment NLR (using
a cutoff value of 3.3 as previously published by our own group,
Pichler et al, 2013b) failed to achieve independent predictor status
regarding all three end points when CRP was included into the
multivariate Cox model, regarding OS (NLR <33 wvs >33,
HR=138, 95% CI=0.82-2.32, P=0.221), CSS (HR=1.90, 95%
CI=0.76-4.73, P=10.171) and MFS (HR = 1.69, 95% CI = 0.86-3.33,
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Figure 1. Kaplan—Meier curves predicting OS, groups categorised by
the pretreatment dNLR. A full colour version of this figure is available
at the British Journal of Cancer online.
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Figure 2. Kaplan—Meier curves predicting CSS, groups categorised by
the pretreatment dNLR. A full colour version of this figure is available
at the British Journal of Cancer online.
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Figure 3. Kaplan-Meier curves predicting MFS, groups categorised by
the pretreatment dNLR. A full colour version of this figure is available
at the British Journal of Cancer online.

P=0.129). Overall, the preoperative CRP level represented a superior
prognosticator in multivariate analyses compared with both, dNLR
(OS/CRP <100 vs >10.0, HR=2.00, 95% CI=1.18-3.39,
P=0.010), MES (HR =2.65, 95% CI=1.34-5.23, P=10.005) as well
as to NLR (OS/CRP <10.0 vs>10.0, HR =1.90, 95% CI=1.11-3.25,
P=0.019), CSS (HR=2.24, 95% CI=0.95-5.29, P=0.065), MFS
(HR=2.54, 95% CI=1.27-5.10, P=0.009) regarding these end
points (Table 2 and Supplementary Table 1).

DISCUSSION

The results of the present study show that in multivariate analyses,
categorised dNLR achieved independent predictor status regarding
CSS (P=0.037) and MFES (P=0.041), whereas categorised CRP

was confirmed as independent predictor of OS (P=0.010), CSS
(P=10.039) and MFS (P=0.005), respectively.

As previously stated, the pretreatment dNLR was calculated as
the absolute neutrophil count divided by the absolute count of
leukocytes minus the absolute count of neutrophils. This combined
index was first introduced by Proctor et al (2012), whereby the
authors proposed that this simplified blood index might be easier
to use in clinical trial data, where commonly only leukocyte
and neutrophil counts are documented. The authors tested
the potential prognostic benefit of the pretreatment dNLR
(in comparison with the classical pretreatment NLR) in > 12000
patients from the Scottish Cancer Registry with different types of
cancer. In their retrospective analysis, Proctor et al found a
comparable prognostic value of both pretreatment blood-based
indices and thus recommended the use of the universally available
pretreatment dNLR (as reasonable approximation of the pretreat-
ment NLR) for risk stratification purposes particularly in cancer
patients. More recently, other studies confirmed an independent
prognostic value of the pretreatment dNLR in different types of
cancer; however, the authors proposed different optimal cutoff
values (Absenger et al, 2013; Szkandera et al, 2013; Dalpiaz et al,
2014b). Among these reports, our own group tested the potential
prognostic role of the pretreatment dNLR in >170 patients with
non-metastatic upper tract urothelial carcinoma, whereby multi-
variate analysis identified pretreatment dNLR as an independent
predictor of OS as well as CSS (Dalpiaz et al, 2014b).

Regarding pretreatment NLR, only a few studies evaluated its
potential prognostic role in non-metastatic clear cell RCC. Viers
et al (2014) evaluated >820 MO clear cell RCC patients
undergoing radical nephrectomy and found pretreatment NLR
being independently associated with an increased risk of cancer-
specific and all-cause mortality. Pichler et al (2013b) recently
demonstrated that an increased pretreatment NLR represented an
independent risk factor regarding OS (albeit not CSS, nor MES),
which might reflect a higher risk for severe comorbidities, in > 670
patients with non-metastatic clear cell RCC undergoing partial/
radical nephrectomy.

A strong correlation between pretreatment NLR and dNLR
(Spearman’s p=0.84, P<0.001) prompted us to perform a
multivariate Cox regression analysis including the well-established
inflammatory parameter of preoperatively assessed CRP.

Representing an important acute phase protein, CRP is
recognised as a stable downstream marker of inflammation,
whereby its hepatic secretion appears to be controlled by IL-6
(Karakiewicz et al, 2007; Hrab et al, 2013; Hu et al, 2014; Shrotriya
et al, 2015). Additionally, IL-1 as well as tumour necrosis factor
were shown to be able to stimulate CRP synthesis (Hu et al, 2014;
Shrotriya et al, 2015). During the past decade, the context of
chronic inflammation and cancer initiation, as well as cancer
progression and metastatic spread, has been re-emphasised by
extending the potential clinical use of CRP-level measurements to
the prediction of tumour progression and cancer survival.
Regarding RCC, increased pretreatment CRP levels have been
associated with advanced and progressive tumours (Karakiewicz
et al, 2007; Steffens et al, 2012; Hrab et al, 2013; Hu et al, 2014;
Shrotriya et al, 2015).

In our recent analysis, we found a very weak correlation between
pretreatment dNLR (as well as pretreatment NLR) and CRP
(evidenced by Spearman’s p=0.18 and 0.31, P<0.001, respec-
tively). On the contrary, Spearman’s rank correlation coefficient
between the pretreatment NLR and dNLR was 0.84, P<0.001
(indicating a strong correlation). When categorically coded,
pretreatment CRP was confirmed as independent predictor of
OS (P=0.010), CSS (P=0.039) and MFS (P = 0.005), respectively.

Regarding the results of the recent analysis, the preoperative
CRP level represented a superior prognosticator in multivariate
analyses compared with pretreatment NLR regarding OS, CSS as
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Table 2. Multivariate analysis of clinicopathological parameters for the prediction of OS, CSS, as well as MFS at 10 years in

patients with non-metastatic clear cel

| renal ce?l

carcinoma (n=587)

! os | css ! MFS
Parameter ‘ HR (95% CI) ‘ P-value ‘ HR (95% CI) P-value HR (95% ClI) P-value
Gender
Male 1 (reference) 0.510 1 (reference) 0.552 1 (reference) 0.782
Female 0.849 (0.521-1.382) 1.252 (0.598-2.623) 1.086 (0.605-1.950)
Age at operation (years)
<65 1 (reference) 0.006 1 (reference) 0.416 1 (reference) 0.951
>65 2.078 (1.230-3.510) 1.373 (0.640-2.945) 1.019 (0.565-1.838)
Tumour grade
G1+G2 1 (reference) 0.126 1 (reference) 0.090 1 (reference) 0.036
G3+G4 1.583 (0.878-2.854) 2.041 (0.895-4.654) 2.059 (1.049-4.041)
Pathologic T-stage
pT1 1 (reference) 0.007 1 (reference) <0.001 1 (reference) <0.001
pT2-4 1.993 (1.209-3.286) 7.805 (2.888-21.095) 4.273 (2.161-8.451)
Presence of tumour necrosis
No 1 (reference) 0.729 1 (reference) 0.069 1 (reference) 0.086
Yes 1.098 (0.646-1.868) 2.035 (0.946-4.378) 1.724 (0.925-3.214)
dNLR
<20 1 (reference) 0.568 1 (reference) 0.037 1 (reference) 0.041
=20 1.154 (0.706-1.885) 2.669 (1.062-6.707) 2.015 (1.031-3.939)
Preoperative CRP (mgdl ")
<10.0 1 (reference) 0.010 1 (reference) 0.039 1 (reference) 0.005
>10.0 1.999 (1.180-3.386) 2.408 (1.045-5.549) 2.651 (1.344-5.230)
Abbreviations: 95% Cl =95% confidence interval; CRP = Creactive protein; CSS = cancer-specific survival; dNLR = derived neutrophil-lymphocyte ratio; HR = hazard ratio; MFS = metastasis-free
survival; OS = overall survival.

well as MFS. Especially the NLR does not prevail as an
independent prognostic factor for all three end points. The
dNLR represents an independent prognostic factor for CSS and
MEFS even after inclusion of CRP. Thus, on the basis of our data,
measuring CRP probably is sufficient to substitute the calcula-
tion of NLR, whereas dNLR adds some independent value for
prognostic purposes. Nevertheless, our results warrant further
validation in independent patient cohorts, before this statement
can be generalised.

As with all retrospective studies, limitations of our study are
inherent to the design, including the retrospective data collection,
as well as multiple urologic surgeons involved. Moreover, due to
the retrospective design, we were not able to adjust for important
comorbidities, such as chronic renal failure, coronary heart disease
and diabetes mellitus. Incomplete documentation of the surgical
margin status in patients’ pathological reports represents another
important limitation, since positive surgical margins do heavily
influence patients’ outcomes (Ljungberg et al, 2015). Nonetheless,
even considering these limitations, our data clearly indicate that an
elevated pretreatment dNLR represents an independent prognostic
factor in non-metastatic clear cell RCC patients.
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