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ABSTRACT
Objective:  To determine the diagnostic value of the pre-treatment delta neutrophil index (DNI) before treatment in
patients  with  renal  cell  carcinoma (RCC)  and  to  compare  this  marker  with  other  routine  inflammation  markers,  such  as
neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR).
Study Design: Descriptive study.
Place and Duration of Study: Department of Urology, Kahramanmaras Sutcu Imam University, Turkey, from February
2017 to January 2020.
Methodology: Data of patients who underwent radical nephrectomy for RCC, were evaluated. For comparison, healthy
individuals were included in the study as a control group. Demographic data, such as age, gender, routine laboratory tests,
DNI, NLR, and PLR levels of the groups were recorded and compared.
Results: There were 73 patients in the RCC group and 71 healthy individuals in the control group. DNI, NLR and PLR levels
were  significantly  higher  in  the  RCC  group  (p  <0.001,  each).  DNI  and  NLR  were  significantly  higher  in  patients  with
advanced  stage  (T3-T4)  and  high  grade  (G3-G4).  In  univariate  logistic  regression  analysis  hemoglobin  (p=0.023),
neutrophil (p<0.001), lymphocyte (p=0.009), platelet (p<0.001), DNI (p<0.001), NLR (p<0.001) and PLR (p<0.001) were
identified as predictors for RCC. In multivariate logistic regression analysis, DNI and NLR (p<0.001, each) were found to be
the predictors of RCC. Cut-off values were 0.45% for DNI, 1.80 for NLR, and 130.09 for PLR.
Conclusion:  DNI  is  a  new  inflammatory  marker,  which  is  included  in  complete  blood  count  parameters;  and  does  not
require any additional calculation, unlike NLR and PLR. It can be used in the prediction of RCC.
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INTRODUCTION

Renal cell carcinoma (RCC) constitutes 3-5% of adult cancers
and  is  the  sixth  most  common  cancer  in  men  and  10th  in
women.1 According to the most recent World Health Organiza-
tion data, more than 140,000 people die each year due to RCC;
and the RCC ranks 13th in cancer-related deaths worldwide.2

The incidence of RCC rises in parallel with the increase in the
number of cases detected incidentally with the widespread use
of imaging methods. Most of the lesions detected are small
tumors, but distant metastases are observed in 17% of patients
at the time of diagnosis.3
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Inflammation  affects  every  step  of  tumorigenesis,  such  as
tumor initiation, progression and metastatic spread in RCCs as
in all types of cancer. Malignancies activate tumor-associated
inflammation  by  inducing  bone  marrow.4  Therefore,  several
studies  were  strated  to  be  conducted  to  evaluate  different
inflammatory  markers  in  both  diagnosis  and  prognosis  of
cancer patients. Among these markers, neutrophil-lymphocyte
ratio (NLR) and platelet-lymphocyte ratio (PLR) were found to be
associated with cancer-related outcome.5 In addition, the delta
neutrophil index (DNI), which indicates the number of immature
granulocytes (IG) in peripheral blood, has been described in
recent  studies.6  DNI,  which  is  among  the  parameters  of
complete blood count, is an easy and inexpensive accessible
inflammatory  marker  that  can  be  measured  by  automated
systems  by  detecting  neutrophil  differentiation  and  nuclear
lobularity changes.7

On literature review, there was no such study about the clinical
usefulness of DNI in renal mass pathologies. Therefore, it was
hypothesised that an elevated DNI would be associated with
malignant renal tumors.

The current study aims to determine the diagnostic value of the
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pre-treatment DNI level in patients with RCC and compares its
level with other routine inflammatory markers, such as NLR and
PLR.

METHODOLOGY

This descriptive case-control study was approved by the Ethics
Committee of Sutcu Imam University, Turkey with approval No.
2020/11/02.  The  data  of  patients  who  underwent  radical
nephrectomy  due  to  the  diagnosis  of  localised  RCC  from
February 2017 to January 2020 were analysed. Seventy-three
patients,  whose hemograms were evaluated within 14 days
before  nephrectomy,  and 71 completely  healthy  individuals
were included in the study. Patients with other organ malignan-
cies,  diagnosed  with  benign  kidney  tumors,  hematological
abnormalities, using anticoagulant drugs, and those with active
infections, were excluded from the study.

Routine laboratory tests were recorded together with demo-
graphic data, such as age and gender of both groups. A specific
automated cell analyser (XN 3000; Sysmex Corp., Kobe, Japan)
was used to determine the DNI level and other hematological
parameters, including neutrophils, platelets, and lymphocytes.
NLR  and  PLR  were  calculated  manually  by  dividing  the
neutrophil count by the lymphocyte; and platelet count by the
lymphocyte  count,  respectively.  An  automated  biochemical
analyser (Cobas C-702 module, Roche Diagnostics, Basel, Swee-
den) was used for biochemical parameters. For the pathological
results  of  nephrectomy specimens,  Fuhrman grade  system,
TNM  classification  according  to  2017  American  Joint
Committee, and histological subtype according to 2016 World
Health Organization, were used.

SPSS version 22.0 (Chicago,  IL,  USA) software package was
used for statistical analysis. Kolmogorov-Smirnov test was used
for the compatibility of variables to normal distribution. If the
variables were suitable for normal distribution, the indepen-
dent sample t-test was used; if not, the Mann-Whitney U-test
was used. Data are expressed as mean ± SD or as median and
interquartile range (IQR). The comparisons of proportions were
performed with the Chi-square test. Predictive factors associ-
ated with RCC were determined by univariate and multivariate
logistic regression analysis. Cut-off, sensitivity and specificity
values of DNI, NLR and PLR for RCC patients were determined,
using a receiver operating characteristic (ROC) curve. A p <0.05
was set as statistically significant.

RESULTS

The mean age of patients in the RCC and control groups were
57.21 ± 14.22 and 54.38 ± 8.50, respectively (p = 0.149). The
male / female ratio was 1.28 : 1 and 1.63 : 1 in the RCC and
control group, respectively (p = 0.479).

The median WBC, neutrophil, and platelet count were found to
be statistically higher in the RCC group (8.07 mm3 vs. 6.20 mm3;
4.84 103/μL vs. 3.0 103/μL; 282.0 103/μL vs. 256.0 103/μL, respec-
tively; and p < 0.001, each). In addition, lymphocyte and hemo-

globin levels were significantly lower in the RCC group (p =
0.029 and p = 0.020, respectively). In biochemical parameters,
the median creatine level was significantly higher in the RCC
group (0.90 mg/dL vs. 0.80 mg/dL, respectively and p = 0.011).

DNI, NLR, and PLR levels were significantly higher in the RCC
group when compared to the control group (0.80% vs. 0.30%;
2.48 vs. 1.32; 158.29 vs. 117.37, and p <0.001 each).

In the histopathological evaluation of the surgical specimens of
the patients in the RCC group, clear cell carcinoma was reported
in 41 (56.2%) patients, papillary type carcinoma in 17 (23.3%)
patients, chromophobe type carcinoma in 10 (13.7%) patients,
and  other  type  carcinomas  in  5  (6.8%)  patients.  Of  the  73
patients,  who  underwent  radical  nephrectomy,  55  (75.3%)
were in low stage (T1-T2) and 18 (24.7%) were in advanced
stage. In addition, according to the Fuhrman grading system, 56
(76.7%)  patients  had  low  grade  (G1-G2)  and  17  (23.3%)
patients had high grade (G3-G4) (Table I).

Table II shows the levels of DNI, NLR and PLR according to patho-
logical parameters. DNI and NLR were significantly higher in
advanced stage (T3-T4) tumors, but there was no difference in
PLR (p <0.001, p = 0.002 and p = 0.096, respectively). Similarly,
according to Fuhrman nuclear grading system, DNI and NLR
were significantly higher in high grade (G3-G4) tumors, but no
difference was observed in PLR level (p <0.001, p=0.017 and
p=0.095, respectively).

In  univariate  logistic  regression  analysis,  hemoglobin  (p  =
0.023), neutrophil (p <0.001), lymphocyte (p = 0.009), platelet
(p <0.001), DNI value (p <0.001), NLR (p <0.001), and PLR (p
<0.001) were identified as predictors for RCC. In multivariate
logistic  regression  analysis,  DNI  value  (odds  ratio  (OR)  =
279.47, 95% confidence interval (CI) 25.89-3016.97, p <0.001)
and NLR (OR = 8.71, 95% CI = 3.16-24.03, p <0.001) were found
to be the predictors of RCC (Table III).

Figure 1: ROC curves of DNI, NLR, and PLR for RCC patients.

The authors performed ROC analysis to determine the sensi-
tivity, specificity; and recommended cut-off values of DNI, NLR
and PLR as predictor factors in the diagnosis of RCC.
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Table I: Demographic features of RCC patients and controls.

Variables RCC patients
(n=73, 50.7%)

Control group
(n=71, 49.3%) p

Age, years 57.21 ± 14.22 54.38 ± 8.50 0.149
Gender, n (%)
Male 41 (56.2) 44 (62.0) 0.479Female 32 (43.8) 27 (38.0)
Laboratory tests    
WBC (mm3) 8.07 (6.60-9.05) 6.20 (5.40-6.90) <0.001
Neutrophils (103/μL) 4.84 (3.79-6.41) 3.0 (2.50-3.70) <0.001
Lymphocytes (103/μL) 2.02 (1.42-2.48) 2.20 (1.90-2.50) 0.029
Hemoglobin (mg/dL) 13.32 ± 2.28 14.13 ± 1.80 0.020
Platelets (103/μL) 282.0 (244.0-372.0) 256.0 (214.0-286.0) <0.001
Glucose (mg/dL) 100.0 (89.50-119.50) 95.0 (87.0-124.0) 0.362
BUN (mg/dL) 14.0 (12.0-19.0) 13.0 (11.0-17.0) 0.080
Creatinine (mg/dL) 0.90 (0.70-1.07) 0.80 (0.60-0.90) 0.011
Sodium (mmol/L) 141.0 (139.5-142.0) 141.0 (140.0-143.0) 0.218
Potassium (mmol/L) 4.50 (4.30-4.80) 4.40 (4.20-4.70) 0.382
DNI (%) 0.80 (0.50-1.0) 0.30 (0.20-0.40) <0.001
NLR 2.48 (1.94-3.18) 1.32 (1.12-1.69) <0.001
PLR 158.29 (129.26-201.07) 117.37 (90.0-141.18) <0.001
Tumor size, n (%)
≤7 cm 65 (89.0)   
>7 cm 8 (11.0)   
Histological subtype, n (%)
Clear cell 41 (56.2)   
Papillary 17 (23.3)   
Chromophobe 10 (13.7)   
Others 5 (6.8)   
T Stage, n (%)
T1-T2 55 (75.3)   
T3-T4 18 (24.7)   
Fuhrman Grade, n (%)
G1-G2 56 (76.7)   
G3-G4 17 (23.3)   
Continuous variables are mean ± SD or median (IQR), DNI = Delta neutrophil index, NLR = Neutrophil-lymphocyte ratio, PLR = Platelet-lymphocyte ratio.

Table II: DNI, NLR and PLR levels according to pathological parameters.
 T1-T2 T3-T4 p G1-G2 G3-G4 p
DNI 0.60 (050-0.80 1.40 (1.20-1.70) <0.001 0.60 (0.50-0.80) 1.30 (1.15-1.80) <0.001
NLR 2.39 (1.77-2.98) 3.17 (2.27-5.29) 0.002 2.44 (1.78-3.05) 2.85 (2.19-5.21) 0.017
PLR 147.24 (119.59-203.65) 170.98 (149.33-208.42) 0.096 149.09 (118.84-204.56) 169.44 (148.88-197.04) 0.095
DNI = Delta neutrophil index, NLR = Neutrophil-lymphocyte ratio, PLR = Platelet-lymphocyte ratio.

Table III: Univariate and multivariate logistic regression analyses for the prediction of RCC.
Variables Univariate logistic regression Multivariate logistic regression
 OR (95% CI) p OR (95% CI) p
Age 1.02 (0.99-1.05) 0.153   
Gender 1.27 (0.65-2.48) 0.479   
Creatinine 2.92 (0.91-9.40) 0.073   
Hemoglobin 0.82 (0.69-0.97) 0.023 0.81 (0.61-1.08) 0.155
Neutrophils 3.37 (2.20-5.18) <0.001   
Lymphocytes 0.47 (0.27-0.83) 0.009   
Platelets 1.01 (1.01-1.02) <0.001   
DNI 530.08 (63.58-4418.92) <0.001 279.47 (25.89-3016.97) <0.001
NLR 12.46 (5.22-29.71) <0.001 8.71 (3.16-24.03) <0.001
PLR 1.02 (1.01-1.03) <0.001   
OR = Odds ratio, CI = Confidence interval, DNI = Delta neutrophil index, NLR = Neutrophil-lymphocyte ratio, PLR = Platelet-lymphocyte ratio.

The  cut-off  value  for  DNI  was  0.45% with  82.2% sensitivity
and 83.1% specificity (AUC = 0.894, 95% CI = 0.842-0.946,
p <0.001), cut-off value for NLR was 1.80 with 80.8% sensi-
tivity  and  78.9%  specificity  (AUC  =  0.884,  95%  CI  =
0.828-0.940,  p  <0.001),  and  cut-off  value  for  PLR  was

130.09 with 75.3% sensitivity and 60.6% specificity (AUC =
0.745, 95% CI = 0.666-0.824, p <0.001). ROC curves are
shown in Figure 1.

DISCUSSION
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It  is  known  that  the  inflammatory  response  can  increase
neoangiogenesis, cause tumor progression and metastatic
spread  and  local  immunosuppression,  further  increasing
genomic instability.8  Although there are many studies  on
NLR and PLR in RCC patients, there are no studies on DNI,
which is defined in recent years. The predictive effect of DNI
was investigated and found that serum DNI level was higher
in  pre-treatment  RCC  patients,  compared  to  the  control
group.  This  study shows that  the increase in  serum DNI
level, which can be operated by automated systems and is
included in  complete  blood count  parameters,  may be a
useful infection marker in predicting RCC.

There are many studies demonstrating that systemic inflam-
matory markers are associated with RCC prediction and prog-
nosis.9 NLR is one of the most frequently used markers with
its easy to calculate feature.10  NLR is  characterised by an
increase in serum neutrophil levels and / or a decrease in
leukocyte count. A high neutrophil count may aid the develop-
ment and progression of a neoplasia by causing the formation
of  a  favourable  tumor  microenvironment,  in  which  many
growth factors are released.11 Ohno et al. reported that 5-year
recurrence-free survival rates were 94% and 78%, in patients
with nonmetastatic RCC with a pre-treatment NLR level of
<2.7 and ≥ 2.7, respectively.12 Viers et al. investigated the
relationship between NLR and cancer-specific survival in 827
RCC cases with localised clear cells. They reported that NLR
value  of  4  or  higher  negatively  affected  5-year  overall  and
cancer-specific  survival.13  Another  study  showed  that  high
NLR  (≥1.7)  was  negatively  associated  with  overall  and
disease-free survival in nonmetastatic RCC.14 In the current
study, the authors found that NLR was significantly higher in
the RCC group. They calculated a cut-off value of 1.80 for NLR
at  sensitivity  and  specificity  of  80.8%  and  78.9%,  respec-
tively,  using  the  ROC  curve.

Tumor cells escape from circulating immune cells and apop-
tosis, by using platelets as a shield and a link for binding to
endothelium  via  altering  expression  patterns  of  adhesion
molecules.15 Wang et al. showed that high PLR was associated
with shorter survival in RCC patients.16 In another study, high
PLR values were shown to be a marker of advanced disease
(T3-4), and the authors reported that high PLR values were
associated  with  a  significant  decrease  in  overall  survival.17

According to  a  recent  meta-analysis,  it  was reported that
disease-free survival  or overall  survival  rates decreased in
proportion to  the high PLR in  patients  with  RCC.18  In  this
study, it was observed that PLR was higher in RCC patients (p
<0.001). PLR was found to be an important predictive factor
in the univariate analysis, but not in the multivariate analysis.

DNI is a new inflammatory marker, measuring the percentage
of  immature  granulocytes  in  circulation,  measured  by  new
generation automated devices. Studies have revealed that DNI
provides early diagnosis in sepsis, shows the severity of the
disease, and provides information about the prognosis.19 Park
et al. reported that DNI value was a more useful early marker

than other inflammatory markers in predicting disease severity
and prognosis in critically ill patients with sepsis.20 DNI values,
measured  in  emergency  situations  such  as  acute
pyelonephritis,  acute  cholecystitis  and  acute  appendicitis,
have been found to be useful.21-23

Bozan et al. compared the preoperative DNI level in patients
with nodular goiter and thyroid malignancies. They reported
that DNI was higher in the malignant patient group. They
found the cut-off value of 0.35% for the DNI with a sensitivity
of 79.2% and a specificity of 78.9% for the diagnosis of malig-
nant thyroid diseases.24 In the current study, it was observed
that the DNI level was significantly higher in the RCC patient
group (p <0.001). DNI and NLR were higher in advanced and
high  grade  RCC  patients.  However,  there  was  no  significant
difference in  PLR level.  Additionally,  it  was  concluded that  it
was  a  better  inflammatory  marker  than  NLR  and  PLR  with
82.2% sensitivity and 83.1% specificity at 0.45% cut-off value
in predicting RCC. While DNI, NLR and PLR were predictive
factors for RCC on univariate analysis, only DNI and NLR of
these  inflammatory  markers  remain  important  factors  on
multivariate analysis. Since there are no studies about the
use of preoperative DNI as a predictive factor in patients with
RCC, this subject could not be compared with the literature.
However,  these  findings  support  the  hypothesis  that  the
inflammatory  response  is  increased  in  malignancy  without  a
septic picture.

The main limitations of this study are that it is a retrospective,
single-centre study, and the number of malignant patients is
low. In addition, the fact that the long-term prognostic effect of
DNI cannot be evaluated due to the ongoing postoperative
follow-up of the patient group is another limitation.  However,
the major advantage of this study is its ability to demonstrate
the usability of DNI, an easily accessible and inexpensive test
for predicting RCC.

CONCLUSION

DNI  is  an  inflammatory  marker  that  can  be  useful  in  RCC
prediction, which does not require an additional calculation
unlike NLR and PLR, and is included in complete blood count
parameters. If the DNI value is >0.45% in patients admitted
to the urology outpatient clinic because of renal mass, RCC
should be suspected and the patients should be evaluated in
detail.
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