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Background: Inflammation has been reported to be involved in carcinogenesis and cancer
progression. This study was designed to explore the prognostic significance of lymphocyte-to-
monocyte ratio (LMR) and serum C-reactive protein (CRP) in nonmetastatic clear cell renal
cell carcinoma (ccRCC) patients after treatment.

Methods: The retrospective study consisted of 985 patients with ccRCC who had undergone
nephrectomy from 2005 to 2010 at multiple centers. The patients were divided into four groups
using a quartile of LMR or CRP, and their associations with clinical characteristics and outcome
were systematically estimated.

Results: Both low LMR and high CRP significantly diminished overall survival (OS) and
metastasis-free survival (MES) in patients with ccRCC. Further investigation indicated that
LMR and CRP were independent prognostic factors of both OS and MFS. Integration of LMR
and CRP into a predictive model, including significant variables in multivariate analysis, estab-
lished a nomogram to predict accurately the 3- and 5-year survival for nonmetastatic patients
with ccRCC.

Conclusion: LMR and CRP represent independent prognostic factors of OS and MFS for
patients with ccRCC. Incorporation of LMR and CRP into the traditional TNM staging system
may improve their predictive performance.

Keywords: C-reactive protein, lymphocyte-to-monocyte ratio, clear cell renal cell carcinoma,

survival, nomogram

Introduction

Renal cell carcinoma (RCC) is a major malignancy of the kidneys worldwide.! Clear
cell renal cell carcinoma (ccRCC) is the most prevalent type of RCC and accounts
for >80% of all RCCs.2 Due to changes in the environment and lifestyle, the morbidity
of RCC has presented an ascending trend over the past decades.> Despite substantial
advances in diagnosis, surgical resection, immunotherapy, and molecular-targeted
therapy of RCC, the long-term survival is still unsatisfactory during follow-up owing
to ineffective drug response, local relapse, and distant metastasis.** At present, several
prognostic models of clinical characteristics and different endpoints have been pro-
posed to predict clinical outcomes for surgical patients with RCC, including the TNM
staging system.® However, precise prediction of individual disease prognosis remains
difficult. Hence, there is an urgent need to find significant RCC markers together with
traditional clinical characteristics to improve the prediction of prognosis.’
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Tumor-associated inflammation is commonly considered
the seventh hallmark of cancer and is characterized by inflam-
matory cell infiltration and an activated stroma.® Furthermore,
patients with cancer frequently show the presence of systemic
inflammatory responses, which are represented by surrogate
peripheral blood-based parameters, such as neutrophil, mono-
cytes, and C-reactive protein (CRP), showing favorable predic-
tive probability of clinical outcomes of various solid cancers.’
Of these reported inflammatory factors, the neutrophil-to-
lymphocyte ratio has been shown to be a reliable indicator that
can potentially predict the outcome in patients with RCC or
those treated with chemotherapy for metastatic RCC.!12

Tumor-associated macrophages, as well as surrogate
peripheral blood cell counts, such as the lymphocyte-to-
monocyte ratio (LMR), as potential markers for predicting
survival of patients with cancer, including gastric cancer,"
colorectal cancer,'* and lung cancer," have been generally
reported. The published data show a profound influence of
decreased LMR on the survival of patients with RCC in a
single center study.'¢ !

We conducted a multicenter study to further clarify the
prognostic role of LMR on clinical outcomes of 958 patients
with ccRCC. Furthermore, we developed a predictive model
based on a combination of patients’ age, tumor size, T and
N stage, LMR, and CRP to predict the 3- or 5-year survival
for nonmetastatic patients with ccRCC.

Patients and methods

Patients

All experimental procedures were approved by the Medical
Ethics Committee of The Affiliated Jiangyin Hospital of
Southeast University Medical College. Written consents
were collected from patients at first follow-up.

This retrospective study enrolled 985 patients with newly
diagnosed nonmetastatic ccRCC from 2005 to 2010 at the
Jiangyin People’s Hospital (Jiangsu, People’s Republic
of China), Hangzhou First People’s Hospital (Zhejiang,
People’s Republic of China), Zhejiang Cancer Hospital
(Zhejiang, People’s Republic of China), and other hospitals
in Jiangsu Province. Patients with non-ccRCC confirmed
histopathologically, ccRCC patients with distant metastasis,
a history of previous anticancer treatment, bilateral renal
cancer, hematology disease, acute and chronic inflammation,
hyperpyrexia, gastrobrosia, and abnormal routine labora-
tory tests at diagnosis were excluded. For each patient, the
following clinical characteristics were obtained: sex, age at
diagnosis, a history of smoking or drinking, tumor size, T
and N stage, TNM stage,® absolute lymphocyte and monocyte
counts, and CRP. Histopathologic results of the tumor tissues

were confirmed by experiential pathologists. Tumor size
was marked as the longest diameter described in pathologic
findings. The hematological and laboratory parameters were
collected within 1-3 days of diagnosis.

Blood sample analysis

All peripheral blood was collected in ethylene diamine
tetraacetic acid tubes within 1 week prior to treatment.
Absolute lymphocyte and monocyte counts were measured by
Sysmex XT-1800i Automated Hematology System (Sysmex,
Shanghai, People’s Republic of China). LMR were calculated
from absolute blood cell counts. CRP (mg/L) was determined
by an immunonephelometry.

Follow-up

Patients with nonmetastatic RCC were treated with partial or
radical nephrectomy as appropriate in the hospitals. After sur-
gery, each patient was routinely followed-up (every 6 months
for the first 2 years and then annually) with physical examina-
tion, laboratory test, chest imaging, and abdominal ultrasound
after surgery. Overall survival (OS) was defined as the time (in
months) from diagnosis to death from all causes or censored
at the last follow-up date. Metastasis-free survival (MFS) was
defined as the time (in months) from diagnosis to the metastasis of
radiologically or histologically confirmed distant metastases.

Statistical analysis

All statistical analysis was performed with SPSS 18.0 software
(SPSS Inc., Chicago, IL, USA) and R software version 3.2.2
and the rms package (Institute for Statistics and Mathematics,
Vienna, Austria). Comparison of categorical variables was
handled by the Pearson y* test. The Kaplan-Meier method
with log-rank test was applied to evaluate survival rates. We
performed the Cox proportional hazards regression model in
univariate analysis and thereafter the significant variables of
univariate analysis were included into the multivariable analy-
sis. Due to a lack of commonly approved cutoff value of LMR
with skewed distribution, we used the quartile as the cutoff for
discrimination. R software was used to establish a predictive
model by “rms” package. The performance features of this
model were confirmed by calibration plots. The predictive
accuracy was determined by the Harrell’s concordance index
(c-index). P<<0.05 was considered statistical significance.

Results

Clinical characteristics

A total of 985 patients with ccRCC were enrolled in this study.
The detailed clinical characteristics of patients are summarized
in Table 1. The median age at diagnosis was 55 years, which
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ranged from 21 to 81 years in the 550 males and 408 females.
Median LMR and CRP were 4.00 (interquartile range:
3.00-5.20) and 4.70 mg/L (interquartile range: 2.20-7.00),
respectively. Median follow-up was 58 months, which ranged
from 3 to 60 months. During follow-up period, 133 patients
(13.9%) died from all causes and 188 patients (19.6%) expe-
rienced disease recurrence or distant metastasis.

As the distribution of LMR and CRP is not normal, we
employed the quartile as endpoints to evaluate the asso-
ciations of LMR and CRP with clinical characteristics. Our
results (Table 1) showed that LMR was significantly associ-
ated with patients’ sex, smoking, drinking, tumor size, T and
TNM stage. The association of their diagnosed age and LMR
was borderline significance (P=0.049). Meanwhile, CRP at
diagnosis was correlated with patients’ age, drinking, tumor
size, T and TNM stage but not related to sex, smoking, and
N stage.

Associations of LMR and CRP with

patients’ outcomes

Survival curves and log-rank tests were used to investigate
the associations of LMR and CRP with patients’ survival.
Both elevated CRP and decreased LMR were significantly
associated with shorter OS and MFS (Figure 1, P<<0.001).
Furthermore, results from the univariate analysis revealed
that LMR and CRP were prognostic factors of both OS and
MFS as well as patients’ age, tumor size, T and N stage
(Table 2), but sex, and history of smoking and drinking had
no prognostic significance for OS and MFS. According to
our multivariate analysis, LMR, CRP, and tumor size were
independent prognostic indicators for OS (P<<0.001, hazard
ratio [HR]=0.23 for quartile (Q) 4/Q1; P<<0.001, HR=3.44 for
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Q4/Q1; P=0.001, HR=2.10) and MFS (P<0.001, HR=0.35
for Q4/Q1; P=0.029, HR=1.61 for Q4/Q1), together with
patients’ age, T and N stage (Table 2).

Predictive model for OS and MFS

To predict the survival of patients with ccRCC after diagno-
sis, we developed a nomogram by integrating the independent
prognostic factors in multivariate analysis (Figure 2). In this
nomogram for OS (Figure 2A), higher total points present a
poor prognosis. The c-index of the multivariate prognostic
model based on age, tumor size, T and N stage was 0.729
and improved to 0.817 when the LMR and CRP were supple-
mented, which showed a better predictive probability of OS
than T and N stage (c-index 0.677). Calibration plots of this
nomogram performed well with the perfect model to predict
3- and S5-year OS (Figure 3A). Meanwhile, the c-index of
nomogram for MFS integrating age, T and N stage was
0.618 and increased to 0.699 with a combination of LMR
and CRP, which showed a better predictive ability of MFS
superior to the traditional TNM staging system (Figure 2B).
The performance of nomogram was verified by calibration
plots (Figure 3B).

Discussion

To our knowledge, this study was a large sample report to
explore two inflammatory factors, which have represented a
systemic inflammatory response, and employed the quartile
as endpoints to evaluate the prognostic performance of
inflammatory response in patients with nonmetastatic ccRCC
because of the skewed distribution of LMR and CRP. The
elevated CRP and low LMR in the peripheral blood of
patients with ccRCC were strongly associated with tumor
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Figure | Kaplan-Meier curves for overall survival (A and B) and metastasis-free survival (C and D) of patients with nonmetastatic clear cell renal cell carcinoma according
to LMR (A and C) and CRP (B and D).
Abbreviations: CRP, C-reactive protein; LMR, lymphocyte-to-monocyte ratio; Q, quartile.

Table 2 Univariate and multivariate analyses of clinical characteristics for the prediction of overall and metastasis-free survival

Clinical parameters

Overall survival

Metastasis-free survival

Univariate Multivariate analysis Univariate Multivariate analysis
analysis analysis
HR P-value  Adjusted HR (95% CI) P-value HR P-value  Adjusted HR (95% CI) P-value
Sex
Male 1.00 1.00 1.00 1.00
Female 0.70 0.053 0.98 (0.68—-1.41) 0.906 0.90 0.489 1.17 (0.86—1.58) 0315
Age (years)
<55 1.00 1.00 1.00 1.00
=55 2.28 <0.001 1.97 (1.37-2.85) <0.001 1.69 <0.001 1.56 (1.16-2.09) 0.003
Smoking*
Yes 1.00 1.00
No 0.88 0.487 0.94 0.701
Drinking*
Yes 1.00 1.00
No 0.75 0.163 0.78 0.146
Tumor size (cm)
<5 1.00 1.00 1.00 1.00
=5 4.30 <0.001 2.10 (1.37-3.20) 0.001 2.08 <0.001 1.22 (0.85-1.76) 0.281
T stage
TI 1.00 1.00 1.00 1.00
T2 4.23 <0.001 2.03 (1.27-3.25) 0.003 2.38 <0.001 1.95 (1.36-2.78) <0.001
T34 6.54 <0.001 4.72 (2.93-7.61) <0.001 4.14 <0.001 4.21 (2.83-6.26) <0.001
N stage
NO 1.00 1.00 1.00 1.00
NI 6.31 <0.001 3.68 (1.54-8.81) 0.003 4.28 <0.001 3.13 (1.36-7.20) 0.007
LMR
Quartile | 1.00 1.00 1.00 1.00
Quartile 2 0.23 <0.001 0.26 (0.16-0.41) <0.001 0.23 <0.001 0.24 (0.16-0.36) <0.001
Quartile 3 0.09 <0.001 0.14 (0.07-0.27) <0.001 0.16 <0.001 0.17 (0.11-0.28) <0.001
Quartile 4 0.15 <0.001 0.23 (0.13-0.40) <0.001 0.30 <0.001 0.35 (0.24-0.51) <0.001
CRP
Quartile | 1.00 1.00 1.00 1.00
Quartile 2 2.31 0.028 2.21 (1.03-4.74) 0.041 1.06 0.816 1.09 (0.67-1.77) 0.715
Quartile 3 3.67 <0.001 3.11 (1.53-6.35) 0.002 1.29 0.275 1.23 (0.78-1.95) 0.379
Quartile 4 7.22 <0.001 3.44 (1.74-6.80) <0.001 2.56 <0.001 1.61 (1.05-2.46) 0.029
Note: *P>0.05 in univariate analysis was not further analyzed in multivariate, with the exception of age and sex.
Abbreviations: Cl, confidence interval; CRP, C-reactive protein; HR, hazard ratio; LMR, lymphocyte-to-monocyte ratio.
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Figure 2 Nomogram for predicting 3- and 5-year overall survival (A) and metastasis-free survival (B) of patients with nonmetastatic clear cell renal cell carcinoma.

Abbreviations: CRP, C-reactive protein; LMR, lymphocyte-to-monocyte ratio.

progression and worse outcome after treatment. Although
inflammatory biomarkers have been widely investigated in
a variety of cancers,'>!” the impact of inflammatory markers
on the outcome of patients with ccRCC remains confusing.
Hence, the purpose of this study was to evaluate the prog-
nosis of 958 patients with ccRCC based on inflammatory
biomarkers (LMR and CRP) in the peripheral blood, and we
developed a nomogram to improve the predictive accuracy
and evaluated its performance by an internal validation.
Peripheral blood count tests are routinely conducted without
additional effort in all patients with cancer; they are simple,
cheap, and reproducible factors of the inflammatory response
as well as prognostic indicators. Therefore, our study may
provide critical prognostic information that augments the
analyses of traditional clinical characteristics.

Links between inflammation and cancer were first
reported in the nineteenth century, and contemporary
studies show a general viewpoint that the inflamma-
tory response has a necessary role in carcinogenesis.?
Cancer-associated inflammation is characterized with the
infiltration of inflammatory cells and secretion of inflam-
matory mediators into tumor tissues, cancer remodeling,
repair, and angiogenesis.?' Furthermore, inflammation is
susceptible to induce protumorigenic microenvironment
changes, which can aggravate tumor progression.?> Accord-
ingly, the complex interactions of inflammatory cells and
mediators in tumor microenvironment may be reflected in
the peripheral circulation.

Recent data have reported the prognostic value of LMR
in patients with nonmetastatic ccRCC'®'® and ccRCC.!”
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Figure 3 Calibration plot of the nomogram for 5-year OS (A) and MFS (B).

Notes: The solid line shows the performance of the observed nomogram. The gray dashed line indicates the performance of an ideal nomogram. X axis is the bootstrapped
corrected evaluation of nomogram with 1,000 resamples. Vertical bars represent 95% confidence interval. It seems that the nomograms accurately predict the 5-year OS (A)
and MFS (B). (A) n=958; d=133; P=6; 150 subjects per group; X — resampling optimism added, B=1,000; comparison between nomogram-predicted probability of OS (x-axis)
and the actual 5-year survival (y-axis). (B) n=958; d=188; P=5; 150 subjects per group; X — resampling optimism added, B=1,000; comparison between nomogram-predicted

probability of MFS (x-axis) and the actual 5-year survival (y-axis).
Abbreviations: MFS, metastasis-free survival; OS, overall survival.

Moreover, in a meta-analysis by Zhou et al,* high CRP was
obviously associated with worse outcomes in patients with
RCC. However, the prognostic performance of integrating
these two factors and laboratory parameters into the tradi-
tional TNM staging system remains obscure in nonmetastatic
ccRCC. In this study, we demonstrated that CRP and LMR
were independent prognostic factors of OS and MFS for
patients with nonmetastatic ccRCC. Moreover, integrated
variables based on CRP and LMR significantly improved
the predictive accuracy for OS and MFS. Hutterer et al'® first
identified that a low LMR reduced cancer-specific survival,
OS, and MFS in 678 patients with nonmetastatic ccRCC,
and is an independent predictor of worse cancer-specific
survival but not of MFS or OS after adjustment. Inconsistent

with the earlier findings, our study showed the prognostic
role of low LMR as an independent predictor of short OS
and MFS for patients with nonmetastatic ccRCC in Asia.
Different cutoff values and statistical methods may give
rise to contradictory results for OS and MFS. In addition,
Chang et al'*!” performed two studies to explore the prog-
nostic value of inflammatory response markers in patients
with ccRCC or nonmetastatic ccRCC from a single center in
the People’s Republic of China. They presented an interest-
ing conclusion that low LMR is an independent prognostic
indicator of recurrence-free survival and OS in 430 patients
with nonmetastatic ccRCC'® as well as that of OS in 441
ccRCC patients who underwent nephrectomy.'” Moreover,
they created a novel prognostic score based on serum albumin
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and LMR, which was integrated into traditional clinical
parameters to improve survival prediction of patients with
ccRCC."” Elevated CRP has been reported to be associated
with poor outcome in several kinds of cancers.?!

A systemic inflammatory response may cause high
levels of CRP in serum, and many inflammatory mediators
are derived from tumor tissue. Carcinogenesis and tumor
progression can be activated by the inflammatory microen-
vironment of the tumor.?* We demonstrated that high CRP
was an independent predictor of diminished OS and MFS.
Moreover, both CRP and LMR were incorporated into the
traditional TNM staging system and other clinical variables.
Accordingly, this is the first multicenter study integrating
LMR and CRP into the traditional clinical characteristics
to supplement outcome prediction of 958 patients with
ccRCC.

The strength of this report is the large, multicenter
sample size and integration of LMR, CRP, and traditional
clinical features. However, several limitations should be
acknowledged. First, selection bias may be derived from
the retrospective design of our study. A prospective study is
urgently needed to identify the results of our study. Second,
the heterogeneities of treatment are not omitted because of
the multicenter study. Third, due to a lack of patients with
metastasis, we could not assess the correlation between two
inflammatory markers and metastatic disease.

Conclusion

In summary, our study suggests that LMR and CRP are
independent predictors of OS and MFS in patients with
nonmetastatic ccRCC after treatment and should be incorpo-
rated into traditional clinical features to improve the predic-
tive probability of survival of patients with nonmetastatic
ccRCC.
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