
Research Article
The De Ritis and Neutrophil-to-Lymphocyte Ratios
May Aid in the Risk Assessment of Patients with Metastatic
Renal Cell Carcinoma

Sung Han Kim ,1 Eun Young Park,2 Jungnam Joo ,2 and Jinsoo Chung 1

1Department of Urology, Center for Prostate Cancer, National Cancer Center, Goyang, Republic of Korea
2Biometrics Research Branch, Research Institute and Hospital, National Cancer Center, Goyang, Republic of Korea

Correspondence should be addressed to Jinsoo Chung; cjs5225@ncc.re.kr

Received 3 August 2018; Accepted 14 October 2018; Published 18 December 2018

Guest Editor: Peramaiyan Rajendran

Copyright © 2018 Sung Han Kim et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Purpose. This study aimed to determine whether baseline blood inflammatory markers can predict progression-free survival (PFS)
and overall survival (OS) in patients with metastatic renal cell carcinoma (mRCC).Methods. The study included 158 patients with
mRCC treated with first-line targeted therapy between 2002 and 2016. A multivariable cox proportional hazards model identified
inflammatory factors that predict PFS and OS. Using bootstrapmethod, new prognostic model compared with Heng andmodified
MSKCC risk model (mMSKCC). The effect of inflammatory factors were investigated by comparing increased C-index adding
significant inflammatory factors to Heng and mMSKCC model. Results. On multivariable analysis, nephrectomy (HR 0.48), NLR
(HR 1.04), were significant risk factors for PFS; nephrectomy (HR 0.38), hemoglobin (HR 1.71), alkaline phosphatase (HR 1.73),
NLR (HR 1.01) and DRR (HR 1.34), were significant factors for OS (p<0.05). Our new model that incorporated NLR and DRR had
higher (though insignificant) predictability (C-index=0.610) than mMSKCC risk model (C-index=0.569) in PFS and significantly
better predictability (C-index=0.727) than Heng and mMSKCC risk model (C-index, 0.661, 0.612, respectively) in OS. Adding
inflammatory factors to the Heng criteria (C-index, 0.697 for OS) and MSKCC (0.691 for OS) tended to improve their predictive
abilities. Conclusions. The NLR and DRR may increase predictive ability compared to the established Heng and mMSKCC risk
models in mRCC.

1. Introduction

Patients with metastatic renal cell carcinoma (mRCC) gen-
erally show poor prognoses; the 5-year survival rate is
8–20% [1–4]. Clinicians use several prognostic models to
stratify patients and determine optimal therapeutic strategies;
these include the International Metastatic Renal Cell Carci-
noma Database Consortium (IMDC, also known as Heng)
Model [5] and Memorial Sloan-Kettering Cancer Center
(MSKCC/Motzer score) model [4]. The Heng prognostic
model incorporates the Karnofsky performance status, cor-
rected serum calcium, hemoglobin, time from diagnosis to
treatment, platelets, and neutrophils [5], whereas theMSKCC
model incorporates lactate dehydrogenase, corrected serum
calcium, Karnofsky performance status, hemoglobin, and
time from initial diagnosis to commencing therapy [6].

However, bothmodels have been cited for their shortcomings
and inaccuracies in predicting mRCC prognosis.

Recent scientific improvements have allowed for more
thorough examinations of the pathophysiologies of various
cancers, including RCC. Such advances have elucidated
the importance of the tumor microenvironment, includ-
ing the host inflammatory immune response and cellular
turnover metabolism, in carcinogenesis and tumor pro-
gression, especially in RCC [7, 8]. Tumors tend to create
microenvironments that promote inflammatory cell prolif-
eration and produce a greater amount of immune response
mediators [9]. Laboratory markers of systemic inflammation
are among the many prognostic biomarkers identified in
RCC, irrespective of the localized or metastatic state of
the tumor. C-reactive protein [10], neutrophil-to-lymphocyte
ratio (NLR) [11], lymphocyte-to-monocyte ratio [12], and
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platelet-to-lymphocyte ratio (PLR) [13] have been identi-
fied as independent prognostic variables in treatment-näıve
patients with RCC [2, 5]. Additionally, recent studies showed
that the De Ritis ratio (DRR), which is the ratio of aspartate
transaminase (AST) to alanine transaminase (ALT), is indica-
tive of cellular metabolism and cancer cell turnover [14].

The assessment of blood-based markers of inflammatory
and metabolic responses in patients with cancer provides
a simple and cost-effective evaluation method in clinical
practice. Therefore, we investigated the prognostic value of
systemic inflammatory markers as well as AST/ALT-related
parameters and evaluated those that may be useful in
improving survival stratification offered by the current Heng
andMSKCC risk models in patients with mRCC treated with
targeted therapy.

2. Materials and Methods

2.1. Ethical Statements. This retrospective study was
approved by the Institutional Review Board of the National
Cancer Center (No. NCC2015-0087), which waived the
requirement for written informed consent. Patient data
were anonymized and deidentified prior to analysis. Study
procedureswere performed in accordancewith the guidelines
of the Declaration of Helsinki.

2.2. Study Design and Patients. Between June 2002 and
January 2016, 158 consecutive patients with mRCC treated
with first-line vascular endothelial growth factor-targeted
therapy (sorafenib, sunitinib, pazopanib, or axitinib) were
retrospectively extracted from the prospectively collected
kidney cancer database, in which all baseline demographics
and clinical and laboratory data, including systemic inflam-
matory marker information, were prospectively collected. All
RCC diagnoses were based on the histological analyses of
specimens obtained at nephrectomy, renal biopsies, and/or
biopsies acquired frommetastatic sites.

2.3. Response Assessment. Therapy was administered until
disease progression, unacceptable toxicity, or cessation upon
the directive of the physician (J.C.). Responses were evaluated
using the Response Assessment Criteria in Solid Tumors ver-
sion 1.1. Progressive disease was defined as a 20% increase in
the sum of the products of all measurable lesions, appearance
of any new lesions, or reappearance of any lesion that had
previously disappeared.

2.4. Statistical Analysis. The baseline clinical and inflamma-
tory factors were summarized in Table 1. Progression-free
survival (PFS) duration was defined to date of initiation of
therapy to date of progression of disease and overall survival
(OS) duration was defined to date of initiation of therapy
to date of death or last follow up date, respectively. The
multivariable Cox proportional hazards model was used to
examine the effect of inflammatory factors on prognosis
of patients. Each clinical and inflammatory factors with
p-value ≤0.15 in univariable analysis were included into
multivariable model. Inflammatory factors were used by itself

(neutrophil, lymphocyte, ALT, AST) or ratios (NLR, DRR).
The final model was proposed using backward selection
with an elimination criterion of p-value > 0.05. To compare
the predictive ability of new prognostic model with Heng
and mMSKCC risk models, 2000 bootstrap samples were
used to calculate the C-index of each model. The mean and
95% confidence intervals of difference of C-index were pre-
sented. In addition, the C-index of model adding significant
inflammatory factors to Heng and mMSKCC risk model was
compared to previously that of Heng and mMSKCC risk
model. All statistical results were presented as hazard ratio
(HR) with 95% confidence intervals. P<0.05 was considered
statistically significant. All analyses were performed using R
project (version 3.3.3) and SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA).

2.5. Dichotomization of Inflammatory Variables. We individ-
ually examined the impact of baseline markers of systemic
inflammation (hemoglobin, platelets, neutrophils, lympho-
cytes, LDH, corrected Ca, albumin, alkaline phosphatase,
AST, ALT) on PFS and OS. These markers were analyzed as
categorical variables. Dichotomization of these variables was
based on the upper (platelets, neutrophils, LDH, corrected
Ca, alkaline phosphatase, AST, ALT) or lower (hemoglobin,
albumin and lymphocytes) ranges of normal measurements.
No widely accepted cut-off points for NLR, and DRR were
previously adopted [15, 16]; therefore, we analyzed these
variables as continuous variables.

3. Results

3.1. Baseline Characteristics. The mean patient age (when
commencing treatment) and treatment duration were 58.6
(standard deviation [SD] 10.6) years and median treatment
duration was 4.8 months. Metachronous mRCC (61.4%) and
male sex (78.5%) were dominant, and 89 of 158 patients
(56.3%) had a history of nephrectomy. The baseline propor-
tions of the favorable, intermediate, and poor risk groups
according to theMSKCC criteria were 12.2%, 70.8%, and 17%,
respectively; those according to the Heng criteria were 10.6%,
71.2%, and 18.2%, respectively.The progression rate was 81.7%
after first-line targeted therapy.The patients’ baseline data are
described in Table 1.

3.2. Significant Prognostic Risk Factors for PFS and OS.
Univariable analysis showed that metachronous type (hazard
ratio [HR] 0.64), nephrectomy (0.48), DFI≤ 1(1.76), Heng
(2.00, 2.84), Platelet (1.95), Albumin (1.78), NLR (1.03),
AST (2.56) were significantly associated with PFS (p<0.05).
More factors were significant in OS univariable analysis,
with metachronous type (0.48), nephrectomy (0.34), DFI≤
1 (2.04), mMSKCC (1.77, 2.83), Heng (3.11, 6.46), Liver mets
(1.92), Hb (2.04), Platelet (2.51), Neutrophil (2.17), Lympho-
cyte (1.71), Albumin (3.77), Alkaline phosphatase (1.83), NLR
(1.06), AST (3.60) and DRR (1.39). In multivariable analysis,
nephrectomy (HR 0.48) and NLR (HR 1.04) were associated
with PFS(p<0.05) (Table 2).
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Table 1: Comparison of baseline clinicopathological demographics among treatment groups (N=158).

Variables N (%) or mean±sd or median (min-max)
Age (miss=1, years) 58.62±10.64
Gender, Male/Female 124 (78.5)/34 (21.5)
Metastatic type, Synchronous/Metachronous 97 (61.4)/61 (38.6)
Body mass index (miss=13) 23.70±3.27
KPS (miss=19), KPS >80 127 (91.4)

KPS ≤80 12 (8.6)
Nephrectomy 89 (56.3)
ECOG baseline (miss=1) 0/1+2+3/unknown 75 (47.8)/64 (40.8)/18 (11.5)
Underlying disease, Diabetes (miss=1) 37 (23.6)

Hypertension (miss=1) 73 (46.5)
Cerebrovascular disease 6 (3.8)
Cardiac disease 4 (2.5)

Duration from the first-line treatment (months) 4.8 (1.0-70.4)
Disease free interval (months) 2.0 (0.0-240.0)
Disease free interval≤1 year 106 (67.1)
MSKCC new (miss=52) favorable/intermediate/poor 13 (12.3)/75 (70.8)/18 (17)
Heng new (miss=26) favorable/intermediate/poor 14 (10.6)/94 (71.2)/24 (18.2)
Metastatic Organ, Lung metastasis 113 (71.5)

Liver metastasis (miss=1) 33 (21)
Lymph node metastasis 69 (43.7)
Bone metastasis (miss=1) 54 (34.4)
Brain metastasis (miss=5) 18 (11.8)

Number of metastatic organs (miss=6) 2.20±0.96
Baseline laboratory parameters

Leukocyte (miss=4) ≥10 29 (18.8)
Hemoglobin (miss=4) M<13, F<11.5 90 (58.4)
Platelet (miss=4) ≥400K 19 (12.3)
Neutrophil (miss=6) <7500/ 124 (81.6)
Neutrophil lymphocyte ratio 2.68 (0.77-39.2)
Lymphocyte (miss=4) ≥1500 94 (61)
LDH (miss=41) ≥300 13 (11.1)
Corrected Calcium (miss=9) ≥10 11 (7.4)
Albumin (miss=10) <3.5 23 (15.5)
Alkaline phosphatase (miss=14) ≥104 50 (34.7)
AST (miss=10) ≥40 12 (8.1)
ALT (miss=10)≥40) 18 (12.2)
De Retis ratio 1.38±0.92
Creatinine (miss=7) ≥0.9 134 (88.7)

Targeted agents TKI (miss=1), sunitinib, sorafenib, pazopanib 105 (66.9)/21 (13.4)/31 (19.8)
First line treatment result continue/PD/AE/unknown 9 (5.7)/129 (81.7)/11 (7)/9 (5.7)
Survival (%) 17.70%
Progression (%) 98.10%
KPS, Karnofsky performance status score; ECOG, Eastern Cooperative Oncology Group performance status; MSKCC, Memorial Sloan Kettering Cancer
Center; LDH, lactate dehydrogenase; AST, aspartate transaminase; ALT, alanine transaminase.

Multivariable models using inflammatory factors as ratio
(NLR, DRR) were better predictive ability. Nephrectomy
(HR, 0.48) and NLR (1.04) were significant prognostic factors
in PFS and nephrectomy (HR 0.38), Hb (1.71), alkaline
phosphatase (1.73), NLR (1.07) and DRR (1.34) were also
significant factors in OS (p<0.05) (Table 3).

3.3. Modeling New Prognostic Risk Criteria for PFS. Two new
risk models were created using significant risk factors for
PFS, including treatment itself or ratio (Table 4). Model
A used inflammatory factors itself (neutrophil, lymphocyte,
ALT, AST), and model B used ratio (NLR, DRR). The model
consisted of nephrectomy and AST (Model A: C-index 0.594)
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Table 2: Univariate and multivariate analyses of the new prognostic factors for progression-free survival.

Variables Univariable Multivariable model 1 Multivariable model 2
N (event) HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Age ≥55 years 101 (76) 0.79 (0.56-1.13) 0.204
Female gender 34 (28) 1.07 (0.69-1.65) 0.770
Metachronous type 61 (50) 0.64 (0.44-0.92) 0.015
Nephrectomy 89 (72) 0.48 (0.33-0.70) <.001 0.48 (0.32-0.71) <.001 0.48 (0.33-0.71) <.001
Body mass index 145 (121) 0.98 (0.92-1.04) 0.500
KPS≤80 12 (11) 1.10 (0.59-2.08) 0.760
DFI≤1year 106 (87) 1.76 (1.20-2.58) 0.004
mMSKCC, favorable 48 (42) 1 (0.287)

intermediate 74 (59) 1.38 (0.92-2.06) 0.121
poor 12 (10) 1.34 (0.66-2.71) 0.415

Heng, favorable 14 (12) 1 (0.021)
intermediate 94 (77) 2.00 (1.08-3.73) 0.029
poor 24 (20) 2.84 (1.36-5.92) 0.006

Lung metastasis 113 (93) 0.79 (0.53-1.16) 0.228
Liver metastasis 33 (26) 1.23 (0.79-1.90) 0.366
Bone metastasis 54 (47) 0.92 (0.64-1.32) 0.652
Brain metastasis 18 (16) 1.30 (0.77-2.22) 0.329
Hb, M<13, F<11.5 90 (70) 1.30 (0.91-1.86) 0.148
Platelet ≥400K 19 (15) 1.95 (1.12-3.39) 0.018
Neutrophil ≥7500 28 (21) 1.60 (0.99-2.57) 0.054
Lymphocyte≥1500 60 (47) 1.37 (0.95-1.98) 0.097
NLR 152 (125) 1.03 (1.00-1.06) 0.026 1.04 (1.00-1.07) 0.029
LDH ≥300 13 (12) 1.72 (0.93-3.19) 0.084
Corrected Calcium ≥10 11 (9) 0.93 (0.46-1.85) 0.832
Albumin <3.5 23 (16) 1.78 (1.04-3.07) 0.037
Alkaline phosphatase ≥104 50 (42) 1.40 (0.96-2.07) 0.085
AST≥40 12 (11) 2.56 (1.36-4.84) 0.004 1.96 (1.03-3.76) 0.042
ALT≥40 18 (15) 1.26 (0.73-2.18) 0.399
De Retis ratio 148 (122) 1.19 (0.97-1.45) 0.096
KPS, Karnofsky performance status score; DFI, disease-free interval; Hb, hemoglobin; NLR, neutrophil-to-lymphocyte ratio; LDH, lactate dehydrogenase;
AST, aspartate transaminase; ALT, alanine transaminase; HR, hazard ratio; CI, confidence interval.
Multivariable model 1 (uni p-value ≤0.15 without LDH) used with metachronous type, nephrectomy, DFI<1, Hb, platelet, neutrophil, lymphocyte, albumin,
Alkaline phosphatase, AST.
Multivariablemodel 2 (uni p-value≤0.15 without LDH) used withmetachronous type, nephrectomy, DFI<1, Hb, platelet, albumin, Alkaline phosphatase, NLR,
de retis ratio.

or nephrectomy and NLR (Model B: C-index 0.610) show no
significant differences (mean difference 0.017, 95% CI -0.021
to 0.057) using 2000 bootstrap samples. When comparing the
2models with the Heng and mMSKCC risk models, 2 models
did not show better predictive ability than Heng ormMSKCC
risk models. To investigate the effect of inflammatory factors,
the models with adding significant inflammatory factor were
analyzed. No significant increases in C-index by adding
inflammatory factors to established Heng or mMSKCC risk
models (p>0.05).

3.4. Modeling New Prognostic Risk Criteria for OS. The
same methods were applied to derive new OS prediction
models. Model A included nephrectomy, liver metastasis,
hemoglobin, neutrophil, and alkaline phosphatase, which

were significant factors for OSmultivariate analysis (Table 3).
Model B incorporated nephrectomy, hemoglobin, NLR,
alkaline phosphatase, andDRR.Models A and B hadHarrell’s
C-indices of 0.708 and 0.727, respectively, with no significant
difference (the mean difference was 0.02, 95% CI -0.011 to
0.058, Table 5). Compared to the Heng (C-index, 0.661) risk
model, Model B was significantly better predictive ability
(mean difference was -0.055, 95% CI -0.112 to -0.004).
Compared to the mMSKCC (C-index, 0.612) risk models,
Model A and B showed significantly better predictive ability
(mean difference was -0.097, 95% CI -0.153 to -0.043, mean
difference was -0.117, 95% CI -0.174, -0.066, respectively).

There were no significant increases of predictive ability
in models with adding inflammatory factors to Heng risk
model. On the other hand, the addition of inflammatory
factors to mMSKCC risk model showed significant increases
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Table 3: Univariate and multivariate analyses of overall survival using the new prognostic factors.

Variables Univariable Multivariable 1 Multivariable 2
N (event) HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Age ≥55 years 101 (81) 0.92 (0.64-1.32) 0.635
Female gender 34 (33) 1.38 (0.92-2.06) 0.117
Metachronous type 61 (48) 0.48 (0.33-0.69) <.001
Nephrectomy 89 (70) 0.34 (0.23-0.50) <.001 0.37 (0.24-0.55) <.001 0.38 (0.25-0.56) <.001
Body mass index 145 (118) 0.96 (0.90-1.02) 0.159
KPS≤80 12 (10) 1.02 (0.53-1.96) 0.955
DFI≤1year 106 (88) 2.04 (1.40-2.99) <.001
mMSKCC, favorable 48 (33) 1 (0.003)

intermediate 74 (64) 1.77 (1.16-2.70) 0.009
poor 12 (12) 2.83 (1.45-5.54) 0.002

Heng, favorable 14 (7) 1 <.001
intermediate 94 (79) 3.11 (1.42-6.78) 0.004
poor 24 (21) 6.46 (2.70-15.46) <.001

Lung metastasis 113 (91) 0.76 (0.52-1.11) 0.152
Liver metastasis 33 (32) 1.92 (1.28-2.89) 0.002 1.88 (1.21-2.94) 0.005
Bone metastasis 54 (48) 1.12 (0.78-1.61) 0.533
Brain metastasis 18 (13) 0.98 (0.55-1.75) 0.955
Hb, M<13, F<11.5 90 (81) 2.04 (1.41-2.94) <.001 1.83 (1.23-2.71) 0.003 1.71 (1.16-2.51) 0.007
Platelet ≥400 19 (16) 2.51 (1.45-4.34) 0.001
Neutrophil ≥7500 28 (24) 2.17 (1.37-3.42) 0.001 2.58 (1.55-4.30) <.001
Lymphocyte≥1500 60 (53) 1.71 (1.19-2.45) 0.003
NLR 152 (125) 1.06 (1.03-1.09) <.001 1.07 (1.04-1.11) <.001
LDH ≥300 13 (11) 1.37 (0.72-2.58) 0.338
Corrected Calcium ≥10 11 (11) 1.73 (0.92-3.24) 0.087
Albumin <3.5 23 (21) 3.77 (2.28-6.22) <.001
Alkaline phosphatase≥104 50 (43) 1.83 (1.23-2.70) 0.003 1.63 (1.08-2.45) 0.019 1.73 (1.16-2.58) 0.008
AST≥40 12 (12) 3.60 (1.95-6.65) <.001
ALT≥40 101 (81) 0.92 (0.64-1.32) 0.635
De Retis ratio 34 (33) 1.38 (0.92-2.06) 0.117 1.34 (1.09-1.64) 0.006
KPS, Karnofsky performance score; DFI, disease-free interval; Hb, hemoglobin; NLR, neutrophil-to-lymphocyte ratio; LDH, lactate dehydrogenase; AST,
aspartate transaminase; ALT, alanine transaminase; HR, hazard ratio; CI, confidence interval.
Multivariable 1 (uni p-value ≤0.15 without LDH) used with gender, metachronous type, nephrectomy, DFI<1, liver mets, Hb, platelet, neutrophil, Lymphocyte,
corrected ca, Alkaline phosphatase, AST.
Multivariable 2 (uni p-value ≤0.15 without LDH) used with gender, metachronous type, nephrectomy, DFI<1, liver mets, Hb, platelet, corrected ca, Alkaline
phosphatase, NLR, de retis ratio.

Table 4: Comparison of new risk models for progression-free survival using the Heng and MSKCC risk models with 2000 bootstraps.

Model Harrell’s C index mean(difference), 95% CI (2.5%, 97.5% of difference)
Model A 0.594 Model B vs A: 0.017 ( -0.021, 0.057)
Model B 0.610

Heng risk model 0.614 Heng vs Model A: 0.034 ( -0.030, 0.103)
Heng vs Model B: -0.009 ( -0.081, 0.058)

MSKCC risk model 0.569 mMSKCC vs Model A: -0.025 (-0.106, 0.054)
mMSKCC vs Model B: -0.042 (-0.127, 0.036)

Heng risk model + DRR 0.639 Heng vs (Heng+DRR): -0.025 ( -0.082, 0.013)
Model C = mMSKCC risk model + AST 0.569 mMSKCC vs Model C -0.013 (-0.052, 0.015)

Model D = mMSKCC risk model + NLR + DRR 0.602 mMSKCC vs Model D: -0.046 (-0.117, 0.002)
Model C vs Model D: -0.033 (-0.102, 0.020)

MSKCC, Memorial Sloan Kettering Cancer Center; AST, aspartate transaminase; NLR, neutrophil-to-lymphocyte ratio; CI, confidence interval.
Model A = Nephrectomy, AST.
Model B = Nephrectomy, NLR.
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Table 5: Comparison of new risk models for overall survival using the Heng and MSKCC risk models with 2000 bootstraps.

Model Harrell’s C index mean(difference), 95% CI (2.5%, 97.5% of difference)
Model A 0.708 Model B vs A: 0.02 (-0.011, 0.058)
Model B 0.727

Heng risk model 0.661 Heng vs Model A: -0.035 (-0.088, 0.008)
Heng vs Model B: -0.055 (-0.112, -0.004)

mMSKCC risk model 0.612 mMSKCC vs Model A: -0.097 (-0.153, -0.043)
mMSKCC vs Model B: -0.117 (-0.174, -0.066)

Model C = Heng risk model + AST 0.676 Heng vs (Heng + SGOT): -0.011 (-0.031, 0.004)
Model D = Heng risk model + Alkaline
phosphatase + DRR 0.697 Heng vs (Heng + De Ritis ratio): -0.035 (-0.083, 0)

(Heng + SGOT) vs (Heng + De Ritis ratio): -0.024
(-0.07, 0.011)

Model E = mMSKCC risk model +
Neutrophil + AST 0.658 mMSKCC vs Model E: -0.049 (-0.098, -0.013)

Model F = mMSKCC risk model + NLR +
Alkaline phosphatase +DRR 0.691 mMSKCC vs Model F: -0.084 (-0.149, -0.034)

Model E vs Model F: -0.034 (-0.092, 0.014)
MSKCC, Memorial Sloan Kettering Cancer Center; AST, aspartate transaminase; NLR, neutrophil-to-lymphocyte ratio; CI, confidence interval.
Model A = Nephrectomy, Liver mets, Hb, Neutrophil, Alkaline phosphatase.
Model B = Nephrectomy, Hb, NLR, Alkaline phosphatase, DRR.

of predictive ability. Incorporating the neutrophil and AST
into themMSKCC riskmodel andNLR, alkaline phosphatase
and DRR into the mMSKCC risk model showed that the C-
index increased from 0.612 to 0.658 and 0.691, respectively.

4. Discussion

Development of an accurate prognostic model is important
for a patient’s risk-oriented treatment strategy in treatment-
naive clinical settings. The current Heng andMSKCCmodels
can potentially be improved by incorporating novel prog-
nostic variables or can be replaced with new models with
different variables [4, 5]. Our study evaluated the potential
for novel prognostic factors to improve the predictive power
of the current Heng and MSKCC risk models or to derive
a new model entirely; to that end, we achieved a significant
improvement in the predictive accuracy of OS. Notably,
our new model plus the addition of new prognostic factors
to current models reflects the importance of inflammatory
factors; moreover, they were based on an Asian popula-
tion, whereas the original MSKCC and Heng models are
mainly based onWestern populations and do not incorporate
inflammation/immune-related factors. Our study thus offers
wider applicability with more precise prognostication of
patients of different ethnicities.

A number of factors analyzed in our study have already
been shown to significantly predict PFS and OS [13]. The
most interesting finding in our study was that the NLR,
DRR (or AST) and nephrectomy were significant prognostic
factors for both PFS and OS. Our results also reflect the
limitation of the current MSKCC and Heng risk models, in
which PFS and OS are not always correlated with each other
[19].

The prognostic significances of nephrectomy, NLR, and
DRRwere previously described [14, 20, 21]; however, no study
has previously demonstrated their collective implications
for PFS and OS. The NLR and nephrectomy are the most

common prognostic factors in mRCC; nephrectomy was
incorporated into the recently revised Heng risk model [22].
NLR was also proposed as a replacement for the neutrophil
count, and our findings demonstrated its superiority.

A partial rationale for our study was that RCC has been
closely linked to immune responses in systemic inflammation
[9]; moreover, cancerous tissues show a greater rate of
aerobic glycolysis than normal tissue (the Warburg effect)
[23]. Neutrophils are the major inflammatory component
of tumors; circulating neutrophils produce cytokines that
stimulate cancer progression [24], while tumor-associated
neutrophils and their bone marrow precursors (peripheral
neutrophils and myeloid positive suppressor cells) suppress
immune T cells [25]. The association of increased neutrophil
counts with poor RCC prognosis [1] resulted in elevated
neutrophils being considered an independent predictor of
poor prognosis in the Heng risk model of clear-cell mRCC
[5] and non-mRCC [16] during treatment [21, 26].The switch
from neutrophil count to NLR was based on the idea that the
latter is a potential indicator of host immune and neutrophil-
dependent tumorigenesis, aswell as inflammation induced by
T cell function [20]. Patients with an increased NLR exhibit
relative lymphocytopenia, which can lead to worse prognosis
and an increased potential for tumor progression.

The baseline NLR and its changes during targeted therapy
administration may predict outcomes, as early NLR decrease
was associated with favorable PFS and OS whereas its
increase was associated with unfavorable outcomes [15].This
can assist clinicians in determining whether to maintain
treatment with the same therapeutic agent or switch to
another (e.g., in patients whose tumors slightly grew on
imaging [stable disease status] but with a drop in the NLR).
Moreover, as tyrosine kinase inhibitors exert antiangiogenic
and immunomodulatory effects such as neutrophil migration
and T lymphocyte-dendritic cell cross-talk [27], the impli-
cations of NLR changes in mRCC patients receiving such
therapies may have greater significance than in the RCC
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patient population as a whole. The NLR might also be useful
when administering immunotherapeutic regimens [3].

We showed that the pretreatment DRR (or AST) is an
independent predictive biomarker for PFS and OS in patients
with mRCC treated with targeted therapy. Pathological pro-
cesses that can lead to a higher proliferative state, tissue
damage, and high tumor cell turnover tend to increase AST
but not the liver-specific ALT (at least not to the same extent),
making the AST/ALT ratio an attractive potential biomarker
[28]. AST is expressed in different subcomponents of breast
cancer, pancreatic cancer, lung cancer, and cholangiocarci-
noma cells [28]. The DRR has already been suggested as
an independent prognostic biomarker, including metastasis-
free survival and OS after curative nephrectomy [14] for
non-mRCC patients and those with mRCC who underwent
cytoreductive nephrectomy [29].

Previous studies suggested explanations for the DRR’s
ability to predict survival in patients with RCC [14, 23]. The
AST and ALT levels might be involved in glycolysis in clear-
cell RCC. Moreover, von Hippel-Lindau loss, a key trigger of
clear-cell RCC, elevates hypoxia-induced factor levels, which
is linked to markedly increased glycolysis [30]. Moreover,
AST is a critical component of the malate-aspartate shuttle
pathway of glycolysis [30].

This study had several limitations, including its retrospec-
tive design, single center restrictions, and disproportionally
small risk groups. The cut-off levels of NLR and DRR are
arbitrary, so there were additional limitations to use as con-
tinuous variables. However their prognostic values ought to
be sustained in further studies, as no standard guidelines cur-
rently exist forNLR cut-off values. Additionally, other inflam-
matory factors such as C-reactive proteins, interleukin-6, and
gamma-glutamyltransferase should be considered in future
studies. Finally, our new model does not include biomarkers
or genomic information; more specific targets ought to be
selected.

5. Conclusion

In overall survival, predictive ability was increased when
NLR and DRR markers were added to established Heng or
mMSKCC risk models in patients with mRCC treated with
first-line targeted therapy. We observed significantly
improved predictive ability over the established models,
suggesting that our inflammatory factors ought to be
incorporated into the Heng and MSKCC risk models.

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author (Jinsoo Chung,
cjs5225@ncc.re.kr) on reasonable request. The IRB and eth-
ical committee of the National Cancer Center (in Korea)
will review the requests because of the patients’ information.
After the approval of the committee with confirmation of the
reasonable requests, the dataset will be freely available. The
other contact e-mail besides the corresponding author’s e-
mail is irb@ncc.re.kr.

Conflicts of Interest

All authors declare that they have no conflicts of interest.

Authors’ Contributions

Sung Han Kim wrote the manuscript and collected the
dataset; Eun Young Park and Jungnam Joo performed the
statistical analyses; and Jung Kwon Kim and Jinsoo Chung
designed the study.

Acknowledgments

This study was supported by the National Cancer Center
grant (No. NCC 1710290-2).

References

[1] F. Donskov and H. von der Maase, “Impact of immune param-
eters on long-term survival in metastatic renal cell carcinoma,”
Journal of Clinical Oncology, vol. 24, no. 13, pp. 1997–2005, 2006.

[2] D. Keizman, P. Huang, M. A. Eisenberger et al., “Angiotensin
system inhibitors and outcome of sunitinib treatment in
patients with metastatic renal cell carcinoma: A retrospective
examination,” European Journal of Cancer, vol. 47, no. 13, pp.
1955–1961, 2011.

[3] R. J. Motzer, B. Escudier, and D. F. McDermott, “Nivolumab
versus everolimus in advanced renal-cell carcinoma,” The New
England Journal ofMedicine, vol. 373, no. 19, pp. 1803–1813, 2015.

[4] R. J. Motzer, M. Mazumdar, J. Bacik, W. Berg, A. Amsterdam,
and J. Ferrara, “Survival and prognostic stratification of 670
patients with advanced renal cell carcinoma,” Journal of Clinical
Oncology, vol. 17, no. 8, pp. 2530–2540, 1999.

[5] D. Y. C.Heng,W.Xie,M.M. Regan et al., “Prognostic factors for
overall survival in patients with metastatic renal cell carcinoma
treatedwith vascular endothelial growth factor-targeted agents:
results from a large, multicenter study,” Journal of Clinical
Oncology, vol. 27, no. 34, pp. 5794–5799, 2009.

[6] R. J.Motzer, J. Bacik, B. A.Murphy, P. Russo, andM.Mazumdar,
“Interferon-alfa as a comparative treatment for clinical trials of
new therapies against advanced renal cell carcinoma,” Journal of
Clinical Oncology, vol. 20, no. 1, pp. 289–296, 2002.

[7] F. Colotta, P. Allavena, A. Sica, C. Garlanda, and A. Mantovani,
“Cancer-related inflammation, the seventh hallmark of cancer:
links to genetic instability,” Carcinogenesis, vol. 30, no. 7, pp.
1073–1081, 2009.

[8] D.Hanahan andR. A.Weinberg, “Hallmarks of cancer: the next
generation,” Cell, vol. 144, no. 5, pp. 646–674, 2011.

[9] A. Mantovani, P. Allavena, A. Sica, and F. Balkwill, “Cancer-
related inflammation,” Nature, vol. 454, no. 7203, pp. 436–444,
2008.

[10] D.-K. Kim, S. Y. Oh, H.-C. Kwon et al., “Clinical significances of
preoperative serum interleukin-6 and C-reactive protein level
in operable gastric cancer,”BMCCancer, vol. 9, article 155, 2009.

[11] W. Chua, K. A. Charles, V. E. Baracos, and S. J. Clarke, “Neu-
trophil/lymphocyte ratio predicts chemotherapy outcomes in
patients with advanced colorectal cancer,” British Journal of
Cancer, vol. 104, no. 8, pp. 1288–1295, 2011.

[12] F. Balkwill and A. Mantovani, “Inflammation and cancer: back
to Virchow?”The Lancet, vol. 357, no. 9255, pp. 539–545, 2001.



8 Journal of Oncology

[13] H.-C. Kwon, S. H. Kim, S. Y. Oh et al., “Clinical signifi-
cance of preoperative neutrophil-lymphocyte versus platelet-
lymphocyte ratio in patients with operable colorectal cancer,”
Biomarkers, vol. 17, no. 3, pp. 216–222, 2012.

[14] H. Lee, S. E. Lee, S.-S. Byun, H. H. Kim, C. Kwak, and S. K.
Hong, “De Ritis ratio (aspartate transaminase/alanine transam-
inase ratio) as a significant prognostic factor after surgical treat-
ment in patients with clear-cell localized renal cell carcinoma: a
propensity score-matchedstudy,” BJU International, vol. 119, no.
2, pp. 261–267, 2017.

[15] A. J. Templeton, J. J. Knox, X. Lin et al., “Change in Neutrophil-
to-lymphocyte Ratio in Response to Targeted Therapy for
Metastatic Renal Cell Carcinoma as a Prognosticator and
Biomarker of Efficacy,” EuropeanUrology, vol. 70, no. 2, pp. 358–
364, 2016.

[16] S. S. Byun, E. C. Hwang, S. H. Kang, S. H. Hong, J. Chung,
T. G. Kwon et al., “Prognostic Significance of Preoperative
Neutrophil-to-Lymphocyte Ratio in Nonmetastatic Renal Cell
Carcinoma: A Large, Multicenter Cohort Analysis,” BioMed
Research International, vol. 2016, Article ID 5634148, 8 pages,
2016.

[17] F. E. Harrell Jr., K. L. Lee, and D. B. Mark, “Multivariable prog-
nostic models: issues in developingmodels, evaluating assump-
tions and adequacy, and measuring and reducing errors,”
Statistics in Medicine, vol. 15, no. 4, pp. 361–387, 1996.

[18] M. J. Pencina, S. D’Agostino, and R. S. Vasan, “Evaluating the
added predictive ability of a new marker: from area under
the ROC curve to reclassification and beyond,” Statistics in
Medicine, vol. 27, no. 2, pp. 157–172, 2008.

[19] W.-A. Kwon, I.-C. Cho, A. Yu et al., “Validation of themskcc and
heng risk criteriamodels for predicting survival in patients with
metastatic renal cell carcinoma treated with sunitinib,” Annals
of Surgical Oncology, vol. 20, no. 13, pp. 4397–4404, 2013.

[20] H. Cho, H. W. Hur, S. W. Kim et al., “Pre-treatment neutrophil
to lymphocyte ratio is elevated in epithelial ovarian cancer
and predicts survival after treatment,” Cancer Immunology,
Immunotherapy, vol. 58, no. 1, pp. 15–23, 2009.

[21] Y. Ohno, J. Nakashima,M. Ohori, T. Hatano, andM. Tachibana,
“Pretreatment neutrophil-to-lymphocyte ratio as an indepen-
dent predictor of recurrence in patients with nonmetastatic
renal cell carcinoma,”The Journal of Urology, vol. 184, no. 3, pp.
873–878, 2010.

[22] D. Y. Heng, W. Xie, M.M. Regan et al., “External validation and
comparison with other models of the international metastatic
renal-cell carcinoma database consortium prognostic model: a
population-based study,”The Lancet Oncology, vol. 14, no. 2, pp.
141–148, 2013.

[23] P. P. Hsu and D. M. Sabatini, “Cancer cell metabolism: warburg
and beyond,” Cell, vol. 134, no. 5, pp. 703–707, 2008.

[24] Y. H. Kusumanto, W. A. Dam, G. A. P. Hospers, C. Meijer,
and N. H. Mulder, “Platelets and granulocytes, in particular
the neutrophils, form important compartments for circulating
vascular endothelial growth factor,” Angiogenesis, vol. 6, no. 4,
pp. 283–287, 2003.

[25] S. Nagaraj, A. G. Schrum, H. I. Cho, E. Celis, and D.
I. Gabrilovich, “Mechanism of T cell tolerance induced by
myeloid-derived suppressor cells,” The Journal of Immunology,
vol. 184, no. 6, pp. 3106–3116, 2010.

[26] S. Saroha, R. G. Uzzo, E. R. Plimack, K. Ruth, and T. Al-Saleem,
“Lymphopenia is an independent predictor of inferior outcome
in clear cell renal carcinoma,” The Journal of Urology, vol. 189,
no. 2, pp. 454–460, 2013.

[27] N.Na, J. Yao, C. Cheng et al., “Meta-analysis of the efficacy of the
pretreatment neutrophil-tolymphocyte ratio as a predictor of
prognosis in renal carcinoma patients receiving tyrosine kinase
inhibitors,”Oncotarget , vol. 7, no. 28, pp. 44039–44046, 2016.

[28] M. Botros and K. A. Sikaris, “The de ritis ratio: the test of time,”
The Clinical Biochemist Reviews, vol. 34, pp. 117–130, 2013.

[29] H. Ishihara, T. Kondo, K. Yoshida et al., “Evaluation of Pre-
operative Aspartate Transaminase/Alanine Transaminase Ratio
as an Independent Predictive Biomarker in Patients With
Metastatic Renal Cell Carcinoma Undergoing Cytoreductive
Nephrectomy: A Propensity Score Matching Study,” Clinical
Genitourinary Cancer, vol. 15, no. 5, pp. 598–604, 2017.

[30] W. V. V. Greenhouse and A. L. Lehringer, “Occurrence of
the malate-aspartate shuttle in various tumor types,” Cancer
Research, vol. 36, no. 4, pp. 1392–1396, 1976.



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

