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Abstract

Background The neutrophil-to-lymphocyte ratio (NLR) is
associated with clinical outcomes of various cancers. This
study aimed to evaluate whether pretreatment NLR can be
used as a prognostic factor in patients with metastatic renal
cell carcinoma (mRCC) receiving targeted therapy.
Methods In this single-center retrospective study, the
Kaplan—Meier method was used to estimate progression-
free survival (PFS) and overall survival (OS) of 373 mRCC
patients receiving targeted therapy. The survival outcomes
of patients with high (>2.2) and low (<2.2) pretreatment
NLRs were compared by log-rank test, and Cox propor-
tional hazard regression model was used to compare OS
and PFS between groups.

Results The overall median PFS and OS times for all 373
patients were 18.4 and 34.3 months, respectively. Patients
with high NLRs had significantly shorter median OS (28.8
vs 410 months, P = 0.005) and PFS (15.4 vs 23.9 months,
P = 0.001) than those with low NLRs. After adjusting for
confounding variables, each unit increase of NLR was
associated with a 40 % increase in mortality (hazard ratio
[HR] 1.391; 95 % confidence interval [CI] 1.022-1.894;
P = 0.036). High NLR was also an independent predictor
of poor PFS (HR 1.544; 95 % CI 1.166-2.045; P = 0.002).
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Introduction

Approximately 30 % of patients with renal cell carcinoma
(RCC) have metastatic disease on initial diagnosis [1],
and ~20 % of patients with localized RCC relapse with
metastasis following surgery [2]. The availability of tar-
geted agents has revolutionized treatment of metastatic
RCC (mRCC) and has resulted in a dramatic improvement
in prognosis. The identification of novel prognostic mark-
ers would facilitate assessment of individual risk and assist
clinical decision-making. However, clinical and investiga-
tional models that have been shown to accurately predict
clinical outcomes of mRCC patients receiving targeted
therapy are still lacking.

The association between inflammation and the initia-
tion and development of cancer [3], has led to increased
interest in the prognostic value of proinflammatory fac-
tors. For example, recent studies have found that C-reac-
tive protein was associated with survival in hepatocel-
lular carcinoma and mRCC treated with sunitinib [4, 5],
and with serum albumin in glioblastoma patients [6]. Ito
et al. observed that pretreatment C-reactive protein could
provide useful prognostic information to help to iden-
tify advanced mRCC patients who are most likely to ben-
efit from initial nephrectomy [7]. Additionally, changes in
the number of circulating inflammatory cells, such as the
lymphocyte-to-monocyte ratio in B-cell lymphoma [8] and
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the neutrophil-to-lymphocyte ratio (NLR) in RCC, [9] have
prognostic value. Despite this evidence, little is known
about the predictive value of such variations in mRCC
patients receiving targeted therapy. Park et al. reported that
an increase in NLR following treatment was an independ-
ent predictor of poor prognosis in mRCC patients receiv-
ing sunitinib as first-line therapy [10]. Other investigators
reported an inverse correlation between increased pretreat-
ment NLR and prognosis in mRCC patients treated with
tyrosine kinase inhibitors [11]. Given the relative lack
of data and inconsistency of the existing information, we
evaluated the prognostic significance of NLR in Chinese
mRCC patients, and aimed to provide additional data on
the predictive role of NLR in mRCC patients receiving tar-
geted therapy. To the best of our knowledge, this is the first
study of its kind in Chinese mRCC patients.

Patients and methods
Study subjects

This retrospective study enrolled 373 consecutive patients
with pathologically confirmed mRCC at the Department
of Urology of Fudan University Shanghai Cancer Center
(FUSCC) between December, 2006 and May, 2014. The
Institutional Research Review Board of FUSCC approved
the study protocol, and each participant gave written
informed consent before inclusion. Patient age, sex, body
mass index (BMI), history of cytokine therapy, Eastern
Cooperative Oncology Group (ECOG) performance status,
International Metastatic Renal Cell Carcinoma Database
Consortium prognostic model (IMDC) scores [12], and
pathological information were retrieved from our medical
records database. Peripheral blood cell counts were per-
formed 1-7 days before the start of targeted therapy.

The first-line targeted agents administered to patients
were sorafenib (400 mg, b.i.d.) and sunitinib (50 mg/day,
4 weeks on and 2 weeks off). These agents have been
approved by the China Food and Drug Administration
for routine treatment of mRCC patients. All patients were
advised to visit the doctor for disease assessment every
3 months after the start of treatment, or at any time they
experienced discomfort. Drug dosages were reduced in
the presence of grade 3—4 adverse effects that reduced a
patient’s tolerance. If first-line therapy failed, then another
first-line drug, or second-line targeted agent, including axi-
tinib, famitinib or everolimus, was used.

Progression-free survival (PFS) and overall survival
(OS) were chosen as efficacy endpoints. PFS was defined
as the time between the start of targeted therapy and
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Table 1 Clinicopathological characteristics of 373 mRCC patients
receiving targeted therapy

NLR <2.2 NLR >2.2 P value
(n=185) (n=188)
n (%) n (%)
Median age 58 59 0.577
(years)
Sex 0.010
Male 127 (68.7) 151 (80.3)
Female 58 (31.3) 37 (19.7)
Median BMI (kg/ 23.50 23.53 0.339
m?)
History of cytokines <0.001
Yes 71 (38.4) 32 (17.0)
No 114 (61.6) 156 (83.0)
ECOG score 0.154
0 153 (82.7) 159 (84.6)
1 26 (14.1) 28 (14.9)
2 6(3.2) 1 (0.5)
IMDC 0.554
Favorable 51 (27.6) 51(27.1)
Intermediate 126 (68.1) 124 (66.0)
Poor 8 (4.3) 13(6.9)
Pathology 0.519
ccRCC 155 (83.8) 162 (86.2)
nccRCC 30 (16.2) 26 (13.8)
Fuhrman grade 0.447
1 3(1.6) 52.7)
2 26 (14.1) 37 (19.7)
3 59 (31.9) 51(27.1)
4 50 (27.0) 40 (21.3)
Missing 47 (25.4) 55(29.2)
Metastatic site 0.006
Lung 120 (64.9) 107 (56.9)
Bone 38 (20.5) 56 (29.8)
Liver 18 (9.7) 29 (15.4)
Others 69 (37.3) 43 (22.9)
First-line targeted drug 0.331
Sorafenib 103 (55.7) 114 (60.6)
Sunitinib 82 (44.3) 74 (39.4)

radiological evidence of disease progression (or death if it
occurred before progression). OS was defined as the time
between the start of targeted therapy and either death or the
date of the last follow-up visit. The NLR was the absolute
neutrophil count divided by absolute lymphocyte count
recorded as cells x 10° L~!. We used a median NLR value
of 2.2 as a cut-off to stratify patients into high NLR (>2.2)
and low NLR (<2.2) groups.
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Fig. 1 Kaplan—Meier curves of overall survival (OS) and progression-free survival (PFS) in mRCC patients receiving targeted therapy

Statistical methods

Continuous variables were reported as medians, and non-
parametric Kruskal tests were used to determine the sig-
nificance of differences. Pearson’s chi-squared tests were
used to determine the significance of differences of cat-
egorical variables that were expressed as frequencies and
percentages. OS and PFS curves were calculated using the
Kaplan—-Meier method and compared by the log-rank test.
We used a Cox proportional hazard regression model to
evaluate the relationship between OS and PFS with inde-
pendent clinical variables, including age, sex, BMI, ECOG
score, IMDC, history of cytokine treatment, pathology,
Fuhrman grade and NLR. All statistical tests were two-
sided, and P values of <0.05 were considered statistically
significant. All analyses were performed using STATA soft-
ware version 12.1 (StataCorp; College Station, TX, USA).

Results

We enrolled 373 mRCC patients (278 male, 95 female)
with a median age of 58 years (range 17-90 years). Patho-
logical diagnosis was by renal biopsy in 57 patients, and by
surgical excision in 316 patients. On pathological evalua-
tion, there were 317 patients with clear cell RCC (ccRCC)
and 56 with non-clear cell RCC (nccRCC), including 29
with papillary RCC, seven with collecting duct RCC, and
six with chromophobe RCC. There were three patients
with medullary carcinoma, three with Xpl1.2 transloca-
tion RCC, and eight with unclassified renal cancers. The
first-line targeted agents were sorafenib in 217 patients and
sunitinib in 156 patients.

Median (range) peripheral blood cell counts were
6.0 x 10 L™ (3.1-13 x 10° L™") for white blood cells,
3.6 x 10° L™ (1.3-10.2 x 10° L™!) for neutrophils, and

1.7 x 10° L7! (0.5-4.3 x 10° L") for lymphocytes. The
demographic and clinical characteristics of the study
patients are shown in Table 1. There were no significant
differences in age, BMI, ECOG score, IMDC, pathology
(ccRCC vs nccRCC), and first-line targeted agents of the
high (>2.2) and low NLR (<2.2) groups. There were more
males in the high NLR group than in the low NLR group.
Fewer patients in the high NLR group had a history of
cytokine treatment than in the low NLR group.

Kaplan—Meier curves of OS and PFS are shown in Fig. 1.
The overall median PFS of all 373 patients was 18.4 months,
and the median OS was 34.3 months. In the high NLR
group, median OS (28.8 months) and PFS (15.4 months)
were significantly shorter than in the low NLR group (OS
41.0 months, P = 0.005; PFS 23.9 months, P = 0.001).

The effect of NLR on PFS and OS was determined using
a Cox proportional hazard regression model (Table 2).
After adjusting for confounding variables, each unit
increase of the NLR was associated with a 40 % increase in
mortality (hazard ratio [HR] 1.391; 95 % confidence inter-
val [CI] 1.022-1.894; P = 0.036). A high NLR was also
an independent predictor of poor PFS (HR 1.544; 95 % CI
1.166-2.045; P = 0.002).

Discussion

In this retrospective study conducted in Eastern China,
we revealed a favorable prognosis in mRCC patients with
a low NLR who received targeted therapy. Patients with
a low pretreatment NLR (<2.2) had significantly longer
median OS and PFS than those with a high NLR (>2.2).
Controlling for other clinical and demographic variables
that might have affected survival, a high NLR was found
to be an independent predictor of poor prognosis in mRCC
patients receiving targeted therapy.
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The interaction between inflammation and tumor growth
has been extensively studied, and the evidence shows that
inflammation is associated with all stages of carcinogen-
esis and is involved through a number of mechanisms [13].
Host inflammatory responses, to a certain extent, reflect
microenvironments that can either promote or inhibit
tumor development and influence subsequent oncological
outcomes. However, the steps by which these interactions
between targeted cells and the immune system proceed
have yet to be discovered. NLR is an important host inflam-
matory marker that has been linked to poor prognosis in
various cancers [14—16]. The data on the role of NLR in
mRCC patients receiving targeted therapy are inconsistent,
but Keizman et al. [17] found that NLR <3 was an inde-
pendent predictive factor of increased PFS (HR 0.285)
and OS (HR 0.3) in mRCC patients treated with sunitinib.
Another study group found that mRCC patients receiving
sunitinib with pretreatment NLR <2.5 indicated longer
cancer-specific survival; however, after adjustment for
confounding factors, low NLR did not harbor independent
significance. Conversely, post-treatment NLR was signifi-
cantly associated with favorable prognosis by both univari-
ate and multivariate analysis [10]. NLR was also observed
to be an independent prognostic factor in a group of mRCC
patients who failed initial therapy with one or two targeted
agents and were given everolimus as a second- or third-line
targeted agent [18].

In addition, Heng et al. observed that absolute neutro-
phils greater than the upper limit of normal was an inde-
pendent adverse prognostic factor in mRCC patients treated
with targeted therapy [19]. We also evaluated the prognos-
tic role of absolute neutrophils in our group of patients. The
results indicated that there was no difference between the
high NLR group and low NLR group in both median OS
and PFS (data not shown). We found that only a pretreat-
ment NLR of <2.2 was associated with longer PFS and
OS in our group of Chinese mRCC patients given targeted
therapy. Our results may have differed from those reported
by others because of differences in study design, patient
populations and ethnicity, therapeutic regimen, or NLR
cut-off. It is well known that targeted therapy has differ-
ent effects in patients of different ethnic and genetic back-
grounds [20, 21]. Compared with patients in Western coun-
tries, Chinese mRCC patients given targeted agents seem to
have a better prognosis [22]. This might reflect differences
in immune cell activity and tumor cell response to targeted
therapy. Furthermore, several NLR cut-offs have been used
to stratify study groups in various investigations because,
to date, there has been no agreed standard cut-off that can
be used in similar studies. Therefore, further validation of
the NLR as a prognostic marker depends on further studies
being conducted using large patient samples, different eth-
nicities, and unified standards. The underlying mechanisms
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Table 2 Multivariate analyses of predictors of PFS and OS of mRCC
patients receiving targeted therapy

HR (95 % CI) P value
PFS
Age 0.979 (0.967-0.991) 0.001
Sex 0.869 (0.631-1.196) 0.390
BMI 0.982 (0.933-1.035) 0.498
ECOG score <0.001
0 Ref
1 0.990 (0.669-1.464) 0.960
2 8.116 (3.640-18.094) <0.001
IMDC 0.391
Favorable Ref
Intermediate 1.201 (0.893-1.615) 0.226
Poor 1.489 (0.654-3.390) 0.343
History of cytokines (yes vs no) 0.922 (0.673—1.264) 0.613
Pathology (ccRCC vs nccRCC)  1.119 (0.713-1.757) 0.625
Fuhrman grade <0.001
142 Ref
344 2.320 (1.551-3.470) <0.001
Missing 1.984 (1.250-3.150) 0.004
NLR (high vs low) 1.544 (1.166-2.045) 0.002
oS
Age 0.972 (0.959-0.986) <0.001
Sex 0.920 (0.647-1.309) 0.642
BMI 0.999 (0.941-1.060) 0.966
ECOG score <0.001
0 Ref
1 1.028 (0.660-1.599) 0.904
2 15.531 (6.678-36.122)  <0.001
IMDC 0.002
Favorable Ref
Intermediate 1.466 (1.047-2.052) 0.026
Poor 4.397 (1.789-10.812) 0.001
History of cytokines (yes vs no) 0.756 (0.533-1.072) 0.117
Pathology (ccRCC vs nccRCC)  5.787 (3.397-9.859) <0.001
Fuhrman grade <0.001
142 Ref
3+4 5.171 (3.005-8.900) <0.001
Missing 2.085 (1.131-3.842) 0.019
NLR (high vs low) 1.391 (1.022-1.894) 0.036

by which NLR affects RCC response to targeted therapy

remains to be elucidated.

In addition to their well-known function in host immunity,

peripheral leukocytes greatly affect tumor initiation and pro-
gression. Neutrophil activation and migration to tumor tissues
can occur in response to increasing tumor burden or aggres-
sive tumor metabolism. Neutrophils that infiltrate tumors
produce a variety of bioactive molecules, such as reactive
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oxygen species and vascular endothelial growth factor, which
can stimulate tumor cell proliferation and angiogenesis [23,
24]. Conversely, lymphocytes are thought to confer an anti-
tumor effect by inducing cell apoptosis, suppressing tumor
growth and migration and by mediating antibody-dependent
cell-mediated cytotoxicity [25, 26]. Hence, neutrophilia may
be a marker of overproduction of cytokines associated with
tumor-related inflammation, and higher lymphocyte levels
might reflect the strength of the antitumor immune response.
A combination of neutrophils and lymphocytes, as denoted
by the NLR, may thus reflect the balance between tumor-
inhibiting and tumor-promoting immune system activities.
Consequently, it might serve as a convenient, useful monitor
in risk stratification and cancer follow-up.

There are several limitations to our study. First, this was
a retrospective study carrying an intrinsic selection bias.
Second, patients who failed first-line targeted therapy were
switched to different first- or second-line therapeutic strate-
gies. Third, patients with tumors of different histopatholog-
ical types were included, and not all Fuhrman grades were
represented in our study. All these confounding factors may
affect the results. Fourth, additional potential prognostic
factors, such as history of cytoreductive nephrectomy and
C-reactive protein levels, were not included in our analy-
ses. In addition, the NLR differs among individuals owing
to the influence of concurrent infection or drugs, which
were also not accounted for in the results.

In conclusion, increased pretreatment NLR was associ-
ated with shorter PFS and OS in mRCC patients receiving
targeted therapy. The results warrant further validation of
the NLR as a cost-effective easily measured marker with
possible prognostic value in mRCC.
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