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Abstract

Purpose

To validate prognostic factors and determine the impact of obesity, hypertension, smoking
and diabetes mellitus (DM) on risk of recurrence after surgery in patients with localized renal
cell carcinoma (RCC).

Materials and methods

We performed a retrospective cohort study among patients that underwent partial or radical
nephrectomy at Weill Cornell Medicine for RCC and collected preoperative information on
RCC risk factors, as well as pathological data. Cases were reviewed for radiographic evi-
dence of RCC recurrence. A Cox proportional-hazards model was developed to determine
the contribution of RCC risk factors to recurrence risk. Disease-free survival and overall sur-
vival were analyzed using the Kaplan-Meier method and log-rank test.

Results

We identified 873 patients who underwent surgery for RCC between the years 2000-2015.
In total 115 patients (13.2%) experienced a disease recurrence after a median follow up of
4.9 years. In multivariate analysis, increasing pathological T-stage (HR 1.429, 95% CI
1.265—-1.614) and Nuclear grade (HR 2.376, 95% CIl 1.734-3.255) were independently
associated with RCC recurrence. In patients with T1-2 tumors, DM was identified as an addi-
tional independent risk factor for RCC recurrence (HR 2.744, 95% CI 1.343-5.605). Patients
with DM had a significantly shorter median disease-free survival (1.5 years versus 2.6
years, p = 0.004), as well as median overall survival (4.1 years, versus 5.8 years, p<0.001).
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Conclusions

We validated high pathological T-stage and nuclear grade as independent risk factors for
RCC recurrence following nephrectomy. DM is associated with an increased risk of recur-
rence among patients with early stage disease.

Introduction

Renal cell carcinoma (RCC) is the most common neoplasm arising from the kidney cortex.
Multiple histological subtypes exist with clear cell, papillary and chromophobe RCC account-
ing for 75%, 15% and 5% of RCCs, respectively[1,2]. Large cohort studies and meta-analyses
have identified smoking, obesity and hypertension as the most important risk factors for the
development of RCC[3,4]. In some studies type 2 diabetes mellitus (DM) has also been found
to be independently associated with a risk of developing RCC. One meta-analysis revealed a
42% and 70% increased risk of developing RCC compared with non-diabetic men and
women, respectively [5]. However, little is known about the role of these comorbidities after
disease onset and during follow up.

Partial and radical nephrectomies are important treatments for patients with RCC, when
the disease is confined to the kidney. In the majority of the patients, this treatment is curative
with approximately 27% of the patients experiencing disease recurrence[6,7]. Two prognostic
scoring systems are currently in use to estimate the recurrence risk of patients with RCC after
surgery. The UCLA Integrated Scoring System (UISS) stratifies patients into three risk catego-
ries, based on pathological tumor stage (T-stage), Nuclear grade and ECOG performance sta-
tus[8,9]. The SSIGN risk score incorporates tumor stage, size (>5cm), Nuclear grade and
tumor necrosis into a risk score and was also found to be associated with recurrence of patients
with clear cell RCC[10,11]. While these pathological features are rational risk factors for recur-
rence, few studies have investigated the impact of smoking, obesity, hypertension and DM on
the recurrence risk following treatment of early stage RCC. We performed a comprehensive
analysis of RCC risk factors and their association with recurrence after surgery for RCC.

Materials and methods
Patient cohort

A retrospective cohort study was conducted at our institution following approval by the Insti-
tutional Review Board at Weill Cornell Medicine (IRB approval #1403014960). All patients
that were 18 years or older and underwent partial or radical nephrectomy with curative intent
between January 2000 and January 2015 were included in the analysis. All data were analyzed
anonymously. Patients that had a cytoreductive nephrectomy and were diagnosed with distant
metastasis prior to surgery (n = 15) were not included in the analysis. Information about clini-
cal parameters was registered as collected at the preoperative screening by the treating physi-
cian and included ASA score, gender, age, race, body weight, height, serum creatinine level,
history of smoking and comorbidities, including hypertension, DM and/or dyslipidemia. The
ASA classification score, as defined by the American Society of Anesthesiologist, was used as a
measure for general health of the patient. Presence of comorbidities was registered according
to the prior medical history provided by the referring physician or appropriate treating physi-
cian and when possible verified by use of comedication. Incidental laboratory or blood pres-
sure measurements were not considered for a diagnosis of hypertension, DM and/or
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dyslipidemia. Chronic renal insufficiency (CRI) was defined as a glomerular filtration rate
(eGFR) <60 ml/min as estimated from serum creatinine levels according to the MDRD for-
mula. All resection specimens were reviewed by a genitourinary pathologist according to rou-
tine clinical practice. The presence of malignancy, tumor stage, tumor histology, and other
pathological features were determined according to the guidelines of the College of American
Pathologists and recorded retrospectively. Thirteen patients were excluded because of missing
data concerning tumor histology.

Study outcomes

After surgery, patients were followed according to the guideline of the National Comprehen-
sive Cancer Network (NCCN)[12]. This surveillance protocol comprises of history, physical
examination, plasma creatinine, urinalysis and abdominal and chest CT/MRI imaging every
6-12 months until five years after surgery. Our primary outcome was RCC recurrence, either
local or distant, deemed by treating surgeon or hematologist/oncologist, after a disease-free
interval following surgery. The secondary outcome was to assess the role of metabolic factors
in patients with early stage T1-2 tumors. The date of the first CT/MRI scan that showed evi-
dence of disease recurrence was used as recurrence date. The disease-free survival (DFS) time
was defined as the time from surgery to recurrence date.

Statistical analysis

Statistical significance of differences in categorical values was assessed by using the > (Chi-
square) test and the Fisher’s exact test. We examined the association between clinical variables
and time to RCC recurrence with a Cox proportional hazard model. All factors that were sta-
tistically significant associated with recurrence in univariate analysis were included in the mul-
tivariate analysis. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated
from the models. To calculate DFS and overall survival the Kaplan-Meier survival analysis was
used. We assessed the statistical significance of survival differences between groups by the log-
rank test. A two-sided p < 0.05 was considered to indicate significance. All analyses were per-
formed using SPSS version 25 (SPSS Inc., Chicago, IL).

Results

A total of 873 patients were identified and included in this study. The clinical and demo-
graphic characteristics are presented in Table 1. The median age was 63 (interquartile range
(IQR) of 53-71), 66.6% were male, and 66.7% Caucasian. Median BMI was 27.2 (IQR 24.4-
30.7), and 29.1% of the patients were obese (defined as BMI >30). Overall, 14.3%, 24.3%, and
56.6% of the patients had DM, dyslipidemia and hypertension at the time of diagnosis, respec-
tively. A total of 47.3% had a history of smoking and 12.1% had chronic renal insufficiency. A
total of 1008 tumors were resected. A relatively large proportion of patients had a radical
nephrectomy (45.9%), particularly in the years preceding 2004, when this was still the pre-
ferred surgical approach. The characteristics of these tumors are presented in Table 2. The
large majority of the patients presented with clear cell RCC (56.6%). The remainder were diag-
nosed with papillary RCC (17.8%), chromophobe RCC (11.1%), oncocytoma (9.3%), and
other histologies (5.3%). Seventy three percent were staged as T1 and 10.3% as T2. Very few
patients had signs of lymph node metastasis (0.5%) at the time of surgery. The tumors com-
prised of 4.1%, 54.8%, 33.5% and 7.5% nuclear grade 1, 2, 3 and 4, respectively.

The median follow up of the cohort was 4.9 years (IQR 1.3-9.7 years). In total, 115 patients
(13.2%) experienced a disease recurrence with a median time to relapse of 2.4 years (IQR 0.8-
5.3 years). The disease characteristics of patients with a recurrence are specified in Table 2.
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Table 1. RCC risk factor profile of 873 patients undergoing surgical resection of a renal tumor.

Characteristic
Age

Median (IQR)
Gender, N (%)

M

F
Race, N (%)

Caucasian

African American

Asian

Hispanic

Unknown
Surgery, N (%)

Partial nephrectomy

Radical nephrectomy
ASA score, N (%)

1

1T

1

v
BMI

Median (IQR)

BMI category, N (%)

<25

25-30

>30
Smoking, N (%)
Diabetes mellitus, N (%)
Dyslipidemia, N (%)
Hypertension, N (%)
Renal insufficiency, N (%)

https://doi.org/10.1371/journal.pone.0226285.t001

Patients

63 (53-71)

581 (66.6)
292 (33.4)

582 (66.7)
7.6)
3.6)
3.6)
143 (16.4)

66 (
31 (
31 (
(

469 (53.7)
402 (46.0)

33(3.8)
508 (58.2)
295 (33.8)

25(2.9)

27.2 (24.4-30.7)

245 (30.2)
329 (40.6)
236 (29.1)
408 (47.3)
124 (14.3)
212 (24.3)
492 (56.6)
104 (12.1)

Patients with a disease recurrence were more frequently diagnosed with higher T-stage and
positive nodal clear cell RCC for which they more often received radical nephrectomy. We
detected no significant difference in the frequency of positive surgical margins after the initial
surgery in patients with a recurrence. In the unadjusted prediction model for recurrence,
female gender (HR 0.504, 95% CI 0.321-0.790), partial nephrectomy (HR 0.375, 95% CI
0.255-0.551), ASA score (HR 1.556, 95% CI 1.162-2.083), pathological T-stage (HR 1.742,
95% CI 1.585-1.915), Nuclear grade (HR 3.943, 95% CI 2.946-5.277), clear cell histology (HR
2.370, 95% CI 1.563-3.595), DM (HR 1.951, 95% CI 1.233-3.088), and hypertension (HR
1.815, 95% CI 1.223-2.692) were associated with RCC recurrence (Table 3). In the multivariate
analysis, including all patients, only T-stage (HR 1.429, 95% CI 1.265-1.614) and Nuclear
grade (HR 2.376, 95% CI 1.734-3.255) were significantly associated with RCC recurrence. To
investigate the role of metabolic factors in patients with early stage tumors, we performed a
multivariate analysis of only patients with T1-2 tumors. Female gender (HR 0.409, 95% CI
0.198-0.848), DM (HR 2.744, 95% CI 1.343-5.605), T-stage (HR 1.601, 95% CI 1.186-2.161)
and Nuclear grade (HR 2.429, 95% CI 1.524-3.872) were significantly associated with recur-
rence. We next investigated the impact of DM on the length of the disease-free survival (DFS)
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Table 2. Renal tumor characteristics of all patients and patients that developed a recurrence after follow up.

Characteristic All patients Recurrence P
Histology, N (%) <0.001
Clear cell 494 (56.6) 85 (73.9)
Papillary 155 (17.8) 12 (10.4)
Chromophobe 97 (11.1) 6(5.2)
Oncocytoma 81 (9.3) 3(2.6)
Other 46 (5.3) 9(7.8)
T-stage, N (%) <0.001
T1 633 (73.6) 44 (39.2)
T2 89 (10.3) 17 (15.1)
T3 134 (15.6) 48 (42.9)
T4 5(0.6) 3(2.6)
Nodal stage, N (%) <0.001
Nx 788 (91.4) 91 (81.3)
pNO 69 (8.0) 17 (15.2)
pN1 5(0.5) 4 (3.6)
Nuclear grade, N (%) <0.001
1 26 (4.1) 1(1.0)
2 345 (54.8) 31 (30.7)
3 211 (33.5) 43 (42.6)
4 47 (7.5) 26 (25.7)
Surgery, N (%) <0.001
Partial 468 (53.9) 37 (32.2)
Radical 399 (45.9) 76 (67.0)
Surgical margins, N (%) 0.264
Negative 790 (92.0) 100 (89)
Positive 69 (8.0) 12 (11)
Location of recurrence, N (%) -
Local - 16 (14)
Distant - 99 (86)

https://doi.org/10.1371/journal.pone.0226285.1002

and overall survival (Fig 1A). The median time to relapse for patients with DM was 1.5 years,
versus a median of 2.6 years for patients without DM (p = 0.004). For patients with T1-2
tumors and DM, the median time to recurrence was 1.6 years, versus a median of 4.8 years
among patients without DM (p = 0.022). Similarly, we noted significant differences in overall
survival with patients with DM having a median overall survival of 4.1 years, versus a median
of 5.8 years for patients without DM (Fig 1B). Collectively, these results indicate that DM is
associated with an increased risk of recurrence and a shorter disease-free interval, particularly
among patients with early stage RCC.

Discussion

Previous risk stratification models identified pathological T-stage and Nuclear grade as impor-
tant risk factors for recurrence. We here confirmed that these factors are the most powerful
clinical predictors of recurrence, with increasing tumor size and higher nuclear grade associ-
ated with an increasing risk in a large cohort of patients. Importantly, this association with
recurrence is independent of tumor histology, type of surgery and metabolic risk factors. Our
analysis focused particularly on metabolic risk factors, since these have been identified as
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Table 3. Cox regression analysis of risk factors for RCC recurrence among all patients and patients with T1-2 tumors.

Variable
Age
Gender (F vs. M)
Race (Caucasian)
Partial nephrectomy
ASA score
T stage

T1-2

T3-4
Nuclear grade
Clear cell histology
BMI (continuous)
Obesity (BMI>30)
Smoking
Diabetes Mellitus
Dyslipidemia
Hypertension

Renal insufficiency

HR
1.003
0.504
1.023
0.375
1.556
1.742

ref
7.752
3.943
2.370
0.970
0.721
1.159
1.951
1.321
1.815
0.991

Unadjusted Models

95% CI
0.988-1.018
0.321-0.790
0.968-1.081
0.255-0.551
1.162-2.083
1.585-1.915

5.301-11.335
2.946-5.277
1.563-3.595
0.936-1.005
0.464-1.119
0.804-1.670
1.233-3.088
0.794-2.198
1.223-2.692
0.544-1.804

https://doi.org/10.1371/journal.pone.0226285.t003

0.732
0.003
0.425
<0.001
0.003
<0.001

<0.001

<0.001

<0.001
0.090
0.145
0.430
0.004
0.283
0.003
0.976

HR

0.651

0.677

0.851
1.429

2.376
1.199

1.614

1.512

All patients

95% CI

0.395-1.074

0.424-1.083

0.613-1.180
1.265-1.614

1.734-3.255
0.703-2.044

0.978-2.662

0.957-2.390

Multivariate analysis

P

0.093

0.104

0.333
<0.001

<0.001
0.504

0.061

0.077

HR

0.409

1.023

0.737
1.601

2.429
1.467

2.744

1.836

Patients with T1-2 tumors

95% CI

0.198-0.848

0.553-1.890

0.465-1.169
1.186-2.161

1.524-3.872
0.707-3.044

1.343-5.605

0.988-3.414

P

0.016

0.943

0.195
0.002

<0.001
0.304

0.006

0.055

dominant risk factors for development of kidney cancer in general. Despite the strong associa-
tion with disease onset, we noted that these factors have a minor role during follow up, particu-
larly in patients with (locally) advanced disease. In line with numerous previous studies
[13,14], we did detect a notable association between a medical history of DM and an increased
risk of RCC recurrence. This association was only statistically significant in patients with early
stage disease (T1-2 tumors). We also detected an association between DM and tumor stage,

with diabetic patients frequently having higher stage tumors, and a shorter disease-free sur-

vival interval. Collectively, these results suggest that DM may promote RCC progression or
that tumors from patients with DM are more aggressive. No information was available about
co-medication use and glycemic control of our cohort, which is a limitation of our study and
limits the scope of these findings.
In this study, we detected no associations between RCC recurrence and hypertension, obe-

sity, dyslipidemia, chronic renal insufficiency, and smoking in our multivariate analyses. Par-

ticularly, abdominal obesity is associated with insulin resistance, vascular endothelial

dysfunction and an abnormal lipid profile, ultimately leading to hyperglycemia and hyperinsu-
linemia. Increased insulin-like growth factor receptor 1 (IGF1R) has been associated with poor
disease specific survival of patients with early stage RCC[15]. We hence speculate that hyperin-
sulinemia, that is associated with type 2 diabetes mellitus, promotes RCC progression through

enhanced signaling of IGF1R and PI3K in cancer cells[16]. Alternatively, persistent hypergly-
cemia and poor glycemic control may directly fuel RCC tumors, which are known to heavily
rely on aerobic glycolysis for proliferation[17]. We believe that more research is warranted to
elucidate the role of these individual factors during disease progression.
Our results are consistent with previously developed nomograms, such as the UISS, which
included T-stage, Nuclear grade, and ECOG performance status[8,9]. No information was
available on the ECOG performance status of the patients in our cohort, but ASA score was
not significantly associated with RCC recurrence in our multivariate analysis. Our patient
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100+

75+

50

Percent survival

25+

disease-free survival

= DM
== no DM

log rank: p=0.004

number at risk:
DM
no DM

124

100+

754

Percent survival
[6)]
o
i

25+

749

8 122 16
DFS (years)

N

53 22 8 1
434 254 99 22

overall survival

= DM
== no DM

log rank: p<0.001

number at risk:

DM 124
no DM 749

8 12 16
time (years)

e

65 25 8 1
456 274 112 23

disease-free survial: T1-2
100

== DM
== no DM

Percent survival
3
i

log rank: p=0.022

o
N

8 12 16
DFS (years)
number at risk:
DM 92 47 21 8 1
no DM 630 397 233 94 22
overall survival: T1-2
1004
m == DM
== no DM
754
g log rank: p=0.005
:
= 504
8
o
o
254
C L] T L] 1
0 4 8 12 16
time (years)
number at risk:
DM 92 52 24 8 1
no DM 630 406 253 103 23

Fig 1. Impact of diabetes mellitus on disease-free survival (DFS, A) and overall survival (OS, B) after surgery among all patients and patients with T1-2 tumors.

https://doi.org/10.1371/journal.pone.0226285.9001

cohort contained a higher frequency of T1-2 stage tumors compared to previous cohorts,
which likely contributed to an overall better performance status, ASA score and an overall
lower recurrence rate as compared to previous studies (13.4% versus 27.6%)[6,7]. Future
research will have to show whether it is possible to simplify the UISS nomogram by removing
the ECOG performance status. Further refinement of prognostic nomograms for patients with
RCC may come from molecular profiling studies. Previous research showed that the ‘Cell
Cycle Proliferation (CCP)’ and ‘ClearCode34’ RNA expression profiles in RCC tumors may
improve the prognostic classification by UISS of patients with localized RCC[18,19]. Interest-
ingly, few studies have looked at genomic markers. Extensive genomic profiling of primary
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RCC tumors has been performed by the TCGA, showing correlations, for example, between
BAP1 mutations and prognosis in patients with clear cell RCC[20]. Smaller tumors, such as
predominantly seen in our cohort, have a reduced genomic complexity with fewer subclonal
events[21]. Some of the subclonal genomic events described in early stage tumors, such as
somatic copy number loss of chromosome 9p and 14q, were recently found to be associated
with the development of metastatic disease[22]. These findings suggest that in some patients
the metastatic potential of tumors is determined at an early stage. More research is needed to
determine the role of such genomic markers in addition to the clinical factors such as DM. In
conclusion, here we validated that pathological T-stage, and Nuclear grade are independent
risk factors for RCC recurrence. In patients with early stage RCC, DM was an additional inde-
pendent risk factor for RCC recurrence. Prospective research is needed to further elucidate the
role of DM in the development and progression of RCC.

Conclusion

Pathological T-stage and nuclear grading are the most powerful clinical predictors of RCC
recurrence following nephrectomy. DM is associated with an increased risk of recurrence
among patients with early stage disease.
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