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Objective: To provide a preoperative predictive model to support clinical decision-making
regarding the selection of in renal cell carcinoma (RCC) patients who will benefit the most
from lymph node dissection.

Methods: This retrospective analysis enrolled 374 RCC patients without distant metastasis
who underwent surgical treatment from January 2006 to December 2017. The relationships
between lymph node invasion (LNI) and age at surgery; gender; body mass index(BMI); the
presence of clinical symptoms such as flank pain, hematuria or a palpable mass; clinical
T stage (cT stage); clinical N stage (cN stage); and the results of routine hematological and
serum biochemical analyses were investigated. All the variables were included in univariate
and multivariate logistic regression analyses, and the significant variables were then included
in a novel nomogram to predict the probability of LNI. Then, we calibrated the nomogram
with an internal validation set.

Results: Six of eighteen variables were significant in the univariate logistic regression analysis.
After multivariate logistic regression analysis, age at surgery (OR=0.643, 95% CI: 0.421-0.975),
cT stage (OR=3.034, 95% CI: 1.541-5.926), cN stage (OR=6.353, 95% CI: 3.273-12.456),
lymphocyte percentage (OR=0.481, 95% CI: 0.256-0.894), and the presence of clinical symp-
toms (OR=2.045, 95% CI: 1.065-3.924) were independent predictors of LNI and were included
in the nomogram. The C-index of this nomogram was 0.824.

Conclusion: Preoperative basic laboratory findings combined with the results of a physical
examination and radiological examination can indicate the probability of LNI in RCC
patients.

Keywords: kidney cancer, renal cell carcinoma, lymph node invasion, predictive nomogram

Introduction

Renal cell carcinoma (RCC) accounts for 2-3% of all systemic malignancies; that
incidence is estimated to have increased to 3.7% in the United States in 2018.'
Approximately 30% of localized RCC patients will experience metastasis, of whom
2.7-10% will have lymph node invasion (LNI), a widely acknowledged marker for
poor prognosis in adults with RCC.>* Unlike bladder or prostate cancer, lymph
node dissection (LND) in patients with RCC is still a subject of debate. The only
level one evidence is the prospective randomized controlled EORTC 30881 study. It
suggests that LND is not associated with oncologic outcomes in T1aNOMO patients
since the tumor-node-metastasis (TNM) classification system has modified
thereafter.* Previously, a series of retrospective studies and meta-analyses indicated
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that LND was unnecessary even in high-risk RCC
patients.”’ However, several other retrospective studies
showed that LND improved survival in RCC patients.® '
Therefore, in the 2018 EAU guidelines for RCC, LND was
recommended for high-risk RCC patients with an evidence
level of 2b."" Considering the strong oncological control
benefit and provision of accurate information used for
tumor classification, LND will continue to play an impor-
tant role in locally advanced RCC surgery for a long time.
As the positivity rate for LNI in RCC patients undergoing
LND is only 4-8% among all non-metastatic RCC
patients, there is an urgent need for a reliable predictive
tool to estimate the risk of LNI in RCC patients to assist
clinical decision-making with regard to selecting patients
who are the most likely to benefit from LND.

Data and Methods

Clinical Information
In this study, 374 consecutive RCC patients who underwent
radical nephrectomy with elective retroperitoneal LND or
regional LND from January 2006 to December 2017 in our
center were included. The clinical tumor staging was based
on the 2018 American Joint Committee on Cancer (AJCC)
staging system. The cT stage and cN stage were classified
based on the results of magnetic resonance imaging (MRI) or
computed tomography (CT) as assessed by two radiologists.
cN1 indicates the presence of retroperitoneal or intraperito-
neal lymph nodes larger than 1 cm on MRI/CT images. LNI
(pN1) was confirmed in paraffin-embedded slices by two
pathologists. Clinical symptoms were defined as flank pain,
hematuria or a palpable mass. The laboratory examinations
included routine hematological and serum biochemical ana-
lyses within one week before surgery. The tumor diameter
was defined as the longest diameter through the tumor.
Patients with incomplete information were excluded.

The study was undertaken with the approval of the
PLAGH institutional ethics committee board. All patients
signed the written consent forms.

Analysis Methods

Logistic regression analysis was employed to investigate
the preoperative risk factors for LNI in RCC patients. The
final pathological diagnosis of LNI was used as the depen-
dent variable, and patients’ clinical data before surgery
were included as independent variables. These 18 vari-
ables were age at surgery, the presence of preoperative
symptoms, gender, body mass index (BMI), Eastern

Cooperative Oncology Group performance status (ECOG
PS), cT stage, cN stage, and hematological and serum
biochemical analyses, namely, lymphocyte percent,
monocyte percent, neutrophil count, hemoglobin level,
serum creatinine, serum albumin level, free calcium
level, platelet count, alkaline phosphatase level, lactate
dehydrogenase level and the largest tumor diameter.
Univariate logistic regression analysis was used to analyze
the predictive value of different variables for LNI.
Independent variables that demonstrated statistical signifi-
cance on univariate analysis were taken into consideration
in the multivariate logistic regression model. Then, the
multivariate logistic regression analysis was conducted to
identify significant variables for inclusion into the final
model. In the univariate logistic regression analysis, we
set age and the results of the hematological and serum
biochemical analyses as continuous variables to maximize
the data. For multivariate logistic regression analysis, we
changed them from continuous variables to ordered cate-
gorical variables to simplify the model. We developed
a nomogram with the final variables to visualize the pre-
dictive tool. The discrimination and calibration character-
istics were internally validated. All statistical analyses
were performed in the R software environment (version

3.4.0; http://r-project.org/), and p<0.05 was considered

significant in all statistical analyses.

Results

General Status

Among the included patients, 63 (16.83%) were classified
as having LNI, and 311 patients were negative for LNIL.
Table 1 shows the distribution of clinical characteristics in
the LNI and non-LNI groups.

Statistical Analysis

The univariate logistic regression analysis identified patient
age at surgery, the presence of preoperative symptoms,
largest tumor diameter, cT stage, cN stage, and serum
biomarkers such as lymphocyte percent to be associated
with LNI (Table 2). The multivariate logistic regression
analysis indicated that age at surgery, cT stage, cN stage,
lymphocyte percentage and the presence of preoperative
symptoms were independent predictors for LNI. The ORs
and 95% CI were 0.643 (0.421-0.975), 3.034 (1.541-
5.926), 6.353 (3.273-12.456), 0.481 (0.256-0.894), and
2.049 (1.065-3.924), respectively.
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Table | Distribution of Independent Variables

Parameter All Cohort LNI Group (63 Patients) Non-LNI Group (311 Patients)
Mean (£SD) age at surgery 53.56(x13.91) 45.86(+19.65) 54.61(x12.27)
Gender
Male 183 24 159
Female 95 12 73
Mean (£SD) BMI (kg/m?) 24.93(+3.778) 24.79(x3.759) 24.96(+3.790)
Preoperative symptoms 70(25.18%) 20(55.56%) 50(21.55%)

Mean (£SD) largest tumor diameter (cm)

5.038(+3.03)

6.757(£3.721)

4.819(+2.837)

Mean (£SD) lymphocyte count

0.2805(+0.09373)

0.2323(+0.09502)

0.2875(+0.09324)

Mean (xSD) neutrophil count

1.6256(x0.1017)

0.6104(+0.1015)

1.782(+0.1009)

Mean (+SD) monocyte count

0.06637(+0.02008)

0.06477(+0.02146)

0.06650(+0.01983)

Mean (xSD) serum albumin

39.0385(11.17)

34.02(+11.04)

39.72(x11.99)

Mean (£SD) free calcium

2.868(+0.06162)

1.897(+0.06214)

3.024(+0.06162)

Mean (xSD) hemoglobin 132.3(£22.82) 121.2(£23.59) 133.7(£23.80)
Mean (xSD) platelet 233.2(x75.52) 240.3(x75.42) 239.8(x76.33)
Mean(+SD) serum creatinine 77.03(+23.56) 77.31(%£25.06) 76.98(+23.30)

Mean (+SD) alkaline phosphatase

62.13(£36.07)

62.00(+38.51)

75.15(+30.38)

Mean(%SD) lactate dehydrogenase 192.5(+53.75) 171.0(x61.78) 155.5(+51.60)
cT stage
1-2 235 19 216
34 43 17 26
cN stage 64 33 31
ECOG PS
[ 257 34 223
>| 21 2 19

Note: Age at surgery, gender, BMI, presence of clinical symptoms, the results of routine hematological, serum biochemical analyses and radiological examina-

tions were included as independent variables.

Univariate and multivariate logistic regression analyses
were performed and the OR and p-value was calculated.
We selected the 95% confidence interval.

Based on all the clinical characteristics available before
surgery, a novel predictive tool was developed to predict LNI
(Figure 1). The C-index of this nomogram was 0.824. The
nomogram-predicted probability was explored graphically

using a calibration plot with the bootstrap method (Figure 2).

Nomogram Instructions

To obtain the nomogram-predicted probability of nodal
metastasis after surgery, locate the patient parameters on
each axis. Draw a vertical line to the “Points” for all

variables. Locate the sum on the “Total Points” line to
assess the individual on the LNI Probability line.

The calibration plot was calculated with the bootstrap
methods (1000 times).

Discussion

Several prediction tools have been proposed to predict
the patients who will benefit the most from LND world-
wide. Blute et al evaluated 1652 kidney cancer patients
who underwent radical nephrectomy and identified
nuclear grade 3 or 4, the presence of a sarcomatoid
component, a tumor size > 10 cm, tumor stage
pT3-pT4, and histological tumor necrosis as risk factors
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Table 2 Univariate and Multivariate Logistic Regression Analysis

Parameter Univariate Analysis Multivariate Analysis

OR(95% CI) p-value OR(95% CI) p-value
Age at surgery 0.974(0.956-0.993) 0.00632 0.643(0.421-0.975) 0.0387
Gender 0.912(0.523-1.622) 0.749
BMI (kg/m?) 0.988(0.907—-1.072) 0.775
Symptoms 2.964(1.804-5.540) 0.000142 2.049(1.065-3.924) 0.0305
Largest diameter (cm) 1.128(1.036-1.229) 0.00517
Lymphocyte percent 0.367(0.216-0.613) 0.000155 0.481(0.256-0.894) 0.0217
Monocyte percent 5.344(4.77E-06—-3.26E+06) 0.809
Neutrophil count 0.988(0.929—-1.013) 0.787
Serum albumin 0.991(0.954-1.017) 0.585
Free calcium 0.998(0.966—1.011) 0.796
Hemoglobin 0.991(0.981-1.003) 0.122
Serum creatinine 0.915(0.988-1.012) 1.0120 0.142
Platelet 1.000(0.997—-1.004) 0.851
Alkaline phosphatase 1.982(0.908—4.455) 0.0914
Lactate dehydrogenase 0.957(0.460-2.038) 0.908
cT stage 4.854(2.685-8.780) |.57E-07 3.034(1.541-5.926) 0.00118
cN stage 9.934(5.387-18.613) 3.32E-13 6.353(3.273-12.456) 5.33E-08
ECOG PS 1.827(0.772-3.988) 0.146

for LNI in multivariate analysis. The symptoms of com-
plications, distant metastasis, and positive tumor throm-
bus in the inferior vena cava are also risk factors for
LNL'? However, these pathological indicators can only
be assessed after surgery, which severely limited their
application. Capitanio et al provided a presurgery model
to predict the need for LND. They concluded that the
tumor stage, clinical nodal status, metastases at diagno-
sis, and clinical tumor size are informative independent
predictors. Although they provided a model for surgery
decision making, most metastatic RCC patients will not
even undergo an operation.'> Then, Babaian et al pro-
vided a novel predictive model in 2015.> Their model
includes local symptoms, ECOG-PS, cN stage, and the
lactate dehydrogenase level as risk factors. Although
their model was found to have excellent prediction
efficiency, it appears to not work well in our patients.
We were disappointed that the lactate dehydrogenase
level, as well as the classic prognostic factors alkaline
phosphatase, free calcium, serum creatinine, and hemo-
globin levels, were not different between the two groups
in our cohort. These findings limit the application of
Babaian’s predictive model in our center.

In our cohort, we developed a model based entirely
on preoperative routine hematological and serum biochem-

ical analyses, radiological examinations and physical

examinations. Relatively younger RCC patients have
a higher incidence of LNI than relatively older patients;
this finding is common in RCC, as Sanchez-Ortiz et al
noted."* This could be attributed to the highly malignant
biological behavior (sarcoma and necrosis) of RCC in
relatively younger patients. Lymphocyte percentage is
a traditional biomarker for prognosis in RCC patients,
and we found that a high lymphocyte percentage may be
associated with a lower probability of LNI. This phenom-
enon is probably the result of the tumor-associated
systemic inflammatory reactions because platelet-to-
lymphocyte ratios (PLRs), neutrophil-to-lymphocyte ratios
(NLRs), and lymphocyte-to-monocyte ratios (LMRs),
have also been reported as biomarkers in many
tumors.'>'® The cN stage showed the strongest predictive
value, with an OR of 6.353 in our results, which was
consistent with Babaian’s result;2 however, the OR for
cT stage was 3.034, which was not found in their study.
This study also has limitations. First, the heterogeneity
of surgery techniques among the patients we enrolled may
have influenced the LND technical standard. The patients
admitted from 2006 different

approaches to nephrectomy, such as open surgery, laparo-

to 2017 underwent

scopic surgery, and robot-assisted surgery. In addition,

surgery
further divided into transabdominal preperitoneal or

laparoscopic and  robot-assisted can be
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Figure | Nomogram depicting the probability of LNI.

retroperitoneal approaches. Capitanio et al proposed that
the number of lymph nodes was associated with cancer-
specific survival (CSS) or metastatic progression-free sur-
vival (MPFS), so different LND techniques may lead to
different clinical outcomes.!” Moreover, the involvement
of interaortocaval LNI without regional hilar LNI is
reported in up to 35-45% of cases,'® which further com-
plicates the LND strategy. Second, the scope of LND also
partially depends on the surgeon’s preference and intrao-
perative decisions. Thus, we did not distinguish between
extended LND and LND. Third, we did not perform
a radiological re-review of the preoperative imaging.

Fourth, as all participants in our research were under

LND, this group may have not enough representation for
the whole RCC patients. Meanwhile, as we do not have
a standard LND panel before surgery, some of the LND
was passively performed (for example the LN stand before
the necessary artery), this also added the selection bias of
this research. Finally, this study had a retrospective single-
center design. Although we enrolled 374 patients, the
sample size was too small. We hope that this model will
be externally validated by other centers worldwide.

Conclusion
Age at surgery, lymphocyte percentage, cT stage, cN
stage, and the presence of preoperative symptoms were

Cancer Management and Research 2019:11
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Figure 2 Calibration plot depicting the relationship between the predicted and actual probabilities.

independent predictors of LNI in our cohort of RCC
patients. Preoperative parameters can indicate the prob-
ability of LNI in patients with RCC. We suggest that
LND be considered as a treatment strategy in patients
with a high probability of LNI.
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