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ABSTRACT

Introduction: Diabetes has been associated with worse survival outcomes in various malignancies; however, there are conflicting data in

kidney cancer. Determining whether diabetes is associated with survival in kidney cancer may help guide treatment in a comorbid patient

population.

Methods: We used the Canadian Kidney Cancer information system database to identify patients undergoing partial or radical nephrec-

tomy between 1989 and 2017 for localized renal cell carcinoma at 16 institutions across Canada. We derived inverse probability of treat-

ment weights (IPTW) from a propensity score model based on various clinical, surgical, and pathological characteristics. We used Cox

proportional hazard models to evaluate the association between diabetes and cancer-specific and overall survival, in the sample weighted

by the IPTW.

Results: 4828 patients met inclusion criteria, of whom 948 (19.6%) were diabetic. Median follow-up in those without death was 26.6 months

(interquartile range 9.7−53.8). Among the entire cohort, 901 deaths were from any cause, and 299 deaths from kidney cancer. Before pro-

pensity score methods, diabetics were older, more likely to have comorbidities and clear cell histopathology. After propensity score adjust-

ment, all characteristics were balanced between groups (standardized difference <0.10). IPTW-adjusted Cox proportional hazard models

demonstrated no significant association between diabetes and cancer-specific (hazard ratio 1.13, 95% confidence interval 0.78−1.62), or
overall survival (hazard ratio 1.14, 95% confidence interval 0.94−1.38).

Conclusions: Our multi-centre study found that diabetes and nondiabetics have similar survival following nephrectomy for kidney can-

cer. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

In 2015, there were an estimated 425,000 incident cases

of kidney cancer and 89,000 kidney cancer deaths world-

wide [1]. Furthermore, it is estimated that the incidence of

kidney cancer is increasing by approximately 2% per year

[2]. This increasing incidence is thought to be partly due to

an increased prevalence of obesity and hypertension, estab-

lished risk factors for kidney cancer [3], and the increasing

use of diagnostic imaging [4].

A diagnosis of kidney cancer often coexists alongside

various comorbidities, and comorbidity burden has been

shown to be associated with survival in kidney cancer [5].

Although diabetes status is often included as a component

of the comorbidity burden assessment, this particular

comorbidity been shown to be an independent predictor of

reduced survival in various malignancies such as such as

breast cancer [6] and colorectal cancer [7]. In other malig-

nancies, such as lung [8] and prostate [9] cancer, diabetes

has not been associated with survival. There are conflicting

data in kidney cancer [10−15].
In addition to generally having a greater comorbidity

burden, the diabetic state may contribute to worse sur-

vival among cancer patients because hyperinsulinemia

and hyperglycemia can result in increased cell growth,

metastasis, and chemoresistance [16−18]. Determining

whether diabetes is associated with survival may help

inform prognosis in a comorbid population and may opti-

mize management by arranging closer follow-up or con-

sidering adjuvant treatments for these patients. Given that

diabetes is increasing in incidence and prevalence world-

wide [19], and has been shown to be associated with an

increased risk of kidney cancer [20], understanding this

association will be clinically relevant for this increasing

proportion of kidney cancer patients. To address this

topic, we performed a multi-center study to evaluate the

association between diabetes and survival in patients

undergoing partial or radical nephrectomy for clinically

localized kidney cancer.
2. Patients and Methods

2.1. Patients and Data Sources

We conducted a multi-centre cohort study using the

national Canadian Kidney Cancer information system

(CKCis). This collaborative, multi-institutional kidney

cancer database collects both retrospective and prospective

data across 16 Canadian tertiary academic centers. CKCis

was started in 2011. Patients diagnosed prior to 2011 were

included through retrospective review of medical records.

Patients diagnosed as of January 1, 2011 were prospec-

tively accrued. All participating hospitals received review

board approval prior to contributing to CKCis. This study

was approved by the University Health Network Research

Ethics Board.
We included patients undergoing radical or partial

nephrectomy for unilateral, clinically nonmetastatic renal

cell carcinoma between 1989 and 2017. Patients undergo-

ing nephrectomy may have previously been managed with

surveillance.

Clinical, surgical, and pathological characteristics, includ-

ing diabetes status at the time of diagnosis were abstracted

from the medical record.

2.2. Outcome Measures

The outcomes of interest were kidney cancer-specific

survival (CSS) and overall survival (OS). Deaths occurring

within 30 days of surgery were considered cancer-related

mortality [21]. All survival times were measured from the

date of nephrectomy.

2.3. Statistical Analysis

Baseline patient characteristics were compared between

diabetics and nondiabetics using the Wilcoxon rank sum

test for continuous variables and the chi-square test or Fish-

er’s exact test for categorical variables.

We used propensity score methods to reduce confounding

due to differences in the distributions of measured covariates

between diabetics and nondiabetics. Propensity score meth-

ods allow for comparison of outcomes among groups of

patients with balanced baseline characteristics, where only

the exposure (in this case diabetes status) is different [22].

To estimate the propensity score, we modeled the distri-

bution of diabetes status given the observed covariates

using logistic regression. The covariates included in the

model were patient characteristics (age, sex, history of

hypertension, coronary artery disease, myocardial infarc-

tion, peripheral vascular disease, chronic obstructive pul-

monary disease, congestive heart failure, cerebrovascular

disease, chronic kidney disease, other previous cancer), sur-

gical characteristics (year of nephrectomy, type of surgery

[radical vs. partial]), and pathological characteristics (tumor

stage, nodal stage, histology). We chose these variables a

priori because of their potential impact on the outcomes of

interest [23]. All covariates were modeled as categorical

variables, except age, which was modeled using restricted

cubic splines with 5 knots. Year of nephrectomy was

dichotomized to 1989−2010 vs. 2011−2017, based on

when CKCis became prospective.

After deriving the propensity scores, we calculated the

inverse probability of treatment weights (IPTW) for all

patients. IPTW uses weighting based on the propensity

score to create a sample wherein the distribution of baseline

covariates measured is independent of exposure group. To

reduce the IPTW variance, the weights were stabilized by

multiplying by the marginal probability of receiving the

exposure that was actually received. To ensure that our pro-

pensity score methods had achieved the intended balance

on measured characteristics [22], comparisons between the
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groups in the IPTW-weighted sample were made using

standardized differences, with a threshold of greater than

10% implying a clinically meaningful difference [24].

We constructed IPTW-adjusted survival curves for each

outcome, then calculated the relative and absolute rate dif-

ferences of the survival estimates at 2 and 5 years. For

CSS, patients were censored at noncancer death or at last

follow-up. For OS, patients were censored at last follow-

up. IPTW-weighted Cox proportional hazard models were

then used to estimate the hazard of each outcome. This was

done by regressing the hazard of the occurrence of the out-

come on exposure status (diabetic vs. nondiabetic) in the

IPTW-weighted sample. We used the cumulative score sta-

tistic to evaluate the Cox proportional hazards assumption,

which was found to hold for all outcomes.

3. Results

3.1. Cohort Characteristics

We excluded patients (n=107) with a previous history of

nephrectomy, missing pT or pN stage, histology inconsistent

with renal cell carcinoma, history of von Hippel−Lindau,
and incomplete follow-up information. Of the remaining

4,828 patients between 1989 and 2017 that met inclusion

criteria, 948 (19.6%) were diabetic. Cohort characteristics

are outlined in Table 1. Median follow-up in those without

death was 26.6 months (interquartile range 9.7−53.8). In
the full cohort, there were 901 deaths from any cause, and

299 deaths from kidney cancer. Before propensity score

methods, diabetics were older, more likely to have a history

of concomitant comorbidities, and more likely to have clear

cell histology. Diabetes was more common in the contempo-

rary (2011−2017) surgical cohort. After propensity score

methods were applied, all characteristics were balanced

between groups (standardized difference <10%), as outlined

in Table 1.

3.2. Cancer-specific Survival

The IPTW-adjusted CSS curves are illustrated in Fig. 1.

CSS at 2 years was 96% in both diabetics and nondiabetics.

By 5 years postnephrectomy, CSS was 91% in diabetics

and 92% in nondiabetics. When we compared diabetics to

nondiabetics, relative and absolute risk differences in CSS

were �0.1% and �0.1% at 2 years, and �1.2 % and �1.1%

at 5 years, respectively. IPTW-adjusted Cox proportional

hazard models also demonstrated no significant association

between diabetes and cancer-specific survival (hazard ratio

1.13, 95% CI 0.78−1.62).

3.3. OS

The IPTW-adjusted OS curves are illustrated in Fig. 2.

OS at 2 years was 90% in both diabetics and nondiabetics.

By 5 years postnephrectomy, OS was 76% in diabetics and
78% in nondiabetics. When we compared diabetics to non-

diabetics, the relative and absolute risk differences in OS

were −0.2% and �0.2% at 2 years, and �2.8 and �2.1% at

5 years, respectively. IPTW-adjusted Cox proportional haz-

ard models demonstrated no significant association between

diabetes and OS (hazard ratio 1.14, 95% CI 0.94−1.38).

3.4. Posthoc Analyses

A sensitivity analysis adjusting for BMI (data available

in 50% of patients) and a subgroup analysis based on cohort

era (prospective vs. retrospective) demonstrated similar

results to the primary analyses (results available on

request).

4. Discussion

Diabetes is increasing in incidence and prevalence

worldwide [19], and may itself be an independent risk fac-

tor for kidney cancer [20]. As such, the proportion of

patients with these two conditions is expected to increase

over time, a finding that was demonstrated in this study. In

addition to the increasing incidence of diabetes, the increas-

ing proportion of diabetics may be due to improved screen-

ing for the disease and documentation of comorbidities. It

is therefore clinically relevant to understand whether diabe-

tes is associated with kidney cancer survival outcomes to

help determine the optimal treatment approach in this

comorbid population. Our large, multi-center cohort study

found that diabetes was not significantly associated with

cancer-specific or overall survival in patients undergoing

radical or partial nephrectomy for clinically localized kid-

ney cancer, suggesting that diabetics, in this context, should

be managed similarly to nondiabetics.

Diabetes has been associated with worse survival out-

comes in various malignancies including breast and colo-

rectal cancer [6,7]. However, in other malignancies, such as

lung and prostate cancer [8,9], there has been no significant

association between diabetes and survival outcomes, sug-

gesting that the influence of diabetes on survival may vary

depending on the type of malignancy. In kidney cancer,

however, there are still conflicting data.

A meta-analysis published in 2013 evaluating the associ-

ation between diabetes and kidney cancer survival included

8 cohort studies and found that diabetes was not signifi-

cantly associated with CSS [10]. A subsequent meta-analy-

sis published in 2015 included 18 cohort studies, evaluated

multiple kidney cancer survival outcomes, and found that

diabetes was associated with significantly worse recur-

rence-free survival, CSS, and OS [11]. However, there are

some limitations to this meta-analysis that preclude inter-

pretation of their results. For example, several of the

included studies did not adjust for comorbidity burden, a

factor that has been associated with survival among kidney

cancer patients [5]; given that diabetics tend to have more

comorbidities than nondiabetics, as demonstrated in this



Table 1

Baseline characteristics of 4,828 patients undergoing a nephrectomy for unilateral, sporadic, M0, renal cell carcinoma

Variable Diabetics

(n=948)

Nondiabetics

(n=3,880)

P value

(unadjusted comparison)

Sample weighted by IPTW

standardized difference (%

Patient characteristics

Age at nephrectomy, years (median [IQR]) 60 (17) 64 (13) <0.0001 5.0

Sex (n[%]) 0.51 1.0

Male 635 (67) 2555 (66)

Female 313 (33) 1325 (34)

Comorbidities (n [%])

Hypertension 733 (77) 1693 (44) <0.0001 1.7

Coronary artery disease 131 (14) 250 (6) <0.0001 4.3

Myocardial infarction 82 (9) 135 (3) <0.0001 2.1

Peripheral vascular disease 24 (3) 34 (1) <0.0001 0.1

Chronic obstructive pulmonary disease 94 (10) 233 (6) <0.0001 0.8

Congestive heart failure 16 (2) 39 (1) 0.08 0.8

Cerebrovascular disease 54 (6) 74 (2) <0.0001 0.4

Chronic kidney disease 129 (14) 228 (6) <0.0001 0.7

Prior malignancy 136 (14) 449 (12) 0.019 0.9

Surgical characteristics

Year of surgery (n[%]) 0.014 1.9

1989−2010 197 (17) 954 (83)

2011−2017 751 (20) 2926 (80)

Type of surgery (n[%]) 0.94 2.3

Partial nephrectomy 459 (48) 1873 (48)

Radical nephrectomy 489 (52) 2007 (52)

Pathological characteristics

Pathological tumor stage (n [%]) 0.15 2.2

pT1 604 (64) 2472 (64)

pT2 76 (8) 396 (10)

pT3 261 (28) 981 (25)

pT4 7 (1) 31 (1)

Pathological nodal stage (n [%]) 0.36 0.7

pNX/0 926 (98) 3769 (97)

pN+ 22 (2) 111 (3)

Disease histology (n [%]) 0.007 3.6

Chromophobe renal cell carcinoma 45 (5) 312 (8)

Papillary renal cell carcinoma 129 (14) 600 (15)

Clear cell renal cell carcinoma 745 (79) 2826 (73)

Other renal cell carcinoma 29 (3) 142 (4)

IPTW: inverse probability of treatment weights.
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study, failure to account for this factor would bias risk esti-

mates towards reduced survival among diabetics. Further-

more, although this meta-analysis appropriately used

random-effects models for CSS and OS, they did not

include prediction intervals. Prediction intervals are impor-

tant in random-effects models to account for potential

between-study heterogeneity [25], as is common in meta-

analyses due to differences in patient demographics, fol-

low-up, and other factors. Finally, not every study that met

inclusion criteria was included in the pooled estimate, and

since the publication of this meta-analysis, additional stud-

ies have been published that found no association between

diabetes and kidney cancer survival [12,13].

While our study found no survival differences among dia-

betics and nondiabetics undergoing nephrectomy, our study

found that kidney cancer patients with diabetes were more

likely to have clear cell carcinoma, an aggressive subtype of

kidney cancer [26]. This finding has been previously
)

demonstrated [12]. Although these data are yet to be con-

firmed in other series, evaluating the association between

diabetes and kidney cancer survival outcomes may demon-

strate a biased risk estimate of reduced survival in diabetics

if histology is not accounted for. Indeed, several studies

which demonstrated that diabetes is an independent adverse

survival prognostic factor did not adjust for histology

[14,15].

There are several potential explanations for the lack of

survival difference among diabetics and nondiabetics with

kidney cancer. As mentioned above, previous studies that

found a survival difference did not adjust for comorbidity

burden or histology. As these negative prognostic factors

may be more common among diabetics, adjusting for them,

as was done in our study, may extinguish the association

between diabetes and kidney cancer survival that has been

observed by others. Another potential explanation for the

lack of survival difference found in our study is the inability
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to account for medication use as this information is also not

captured in the database. Metformin is a commonly pre-

scribed medication among diabetics that has recently

gained interest in the oncology community for its putative

antineoplastic properties. Therefore, if metformin were to

confer a survival advantage in kidney cancer, the direction

bias in this study would be towards improved survival in

diabetics since only they would be exposed to the medica-

tion. However, studies demonstrating an association

between metformin and improved survival in kidney cancer

[27−29] have been prone to several important limitations

[30] and it is difficult to interpret their findings. Conversely,

other studies have shown no protective benefit of metfor-

min in kidney cancer [31,32], including a recent popula-

tion-based study that evaluated cumulative use metformin

[33]. As such, it remains unclear how accounting for medi-

cation use would influence the results of this study.

Given that our study did not find survival differences

among diabetics and nondiabetics, the clinical implication of

this is that diabetes status should not influence management

in patients undergoing nephrectomy. This is an important

notion as a previous population-based study from the Nether-

lands found that diabetics were treated less aggressively for

various malignancies, even after adjusting for age, stage, and

gender [34]. In kidney cancer, however, this same study

found that diabetics were just as likely as nondiabetics to

undergo surgery. The results of our study support the role of

surgery in diabetic patients with kidney cancer.
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Our study is strengthened by its multi-center design,

thereby increasing sample size and reducing selection bias.

Furthermore, treatment heterogeneity across centers is

reduced to some extent as the Canadian healthcare system

provides universal access to care. Nonetheless, the findings

of our study is limited to Canadian patients that were

treated at tertiary academic centers. Our results are also

strengthened by our ability to control for various patient,

surgical, and pathological factors. Controlling for these fac-

tors, particularly comorbidity burden and histology for the

reasons outlined above, is important to understand the inde-

pendent association of diabetes with kidney cancer survival

outcomes. Finally, we used propensity score methods to

further reduce confounding and compare groups that were

balanced on measured baseline characteristics.

Our study also has limitations. First, our study could not

control for diabetes severity as this information, such as

serum HbA1c levels, is not captured in the CKCis database.

However, a previous study adjusting for a surrogate of diabe-

tes severity (requiring the use of antidiabetic medication)

found no association between diabetes severity and kidney

cancer survival [12]. Similarly, we could not control for tri-

glyceride levels, which may be associated with kidney cancer

survival [35]. Second, we did not have information on the

possibility of diabetes being diagnosed during follow-up

among the nondiabetic cohort. To the best of our knowledge,

no study to date on this topic has been able to account for

change in diabetes status during follow-up. Third, the findings

of our study only apply to patients undergoing nephrectomy

and further studies are needed to determine whether diabetes

influences progression on surveillance for small renal masses.

We also did not have information of recurrence-free survival,

an outcome which may help determine different surveillance

strategies following nephrectomy. Fourth, we balanced

groups on the individual comorbidities as we did not have

sufficient information to use a validated indicator for comor-

bidity, such as the Charlson Comorbidity Index [5]. Finally,

there was limited follow-up in our study and additional stud-

ies may help determine the potential long-term influence of

diabetes on kidney cancer survival.

Despite these limitations, our large multi-center study

found that diabetics undergoing nephrectomy have similar

survival outcomes compared to nondiabetics. This informa-

tion can be used to counsel patients and avoid undertreat-

ment in diabetics.

5. Conclusion

This large multi-center cohort found that diabetes and

nondiabetics have similar survival following nephrectomy

for kidney cancer.

References

[1] Fitzmaurice C, Allen C, Barber RM, Barregard L, Bhutta ZA, Bren-

ner H, et al. Global, regional, and national cancer incidence,

http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0001


M. Nayan et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 576.e11−576.e16 576.e16
mortality, years of life lost, years lived with disability, and disability-

adjusted life-years for 32 cancer groups, 1990 to 2015: a systematic

analysis for the global burden of disease study. JAMA Oncol

2017;3:524–48.

[2] King SC, Pollack LA, Li J, King JB, Master VA. Continued increase

in incidence of renal cell carcinoma, especially in young patients and

high grade disease: United States 2001 to 2010. J. Urol. 2014;

191:1665–70.

[3] Chow WH, Gridley G, Fraumeni JF Jr, J€arvholm B. Obesity, hyper-

tension, and the risk of kidney cancer in men. N Engl J Med 2000;

343:1305–11.

[4] Palsdottir HB, Hardarson S, Petursdottir V, Jonsson A, Jonsson E,

Sigurdsson MI, et al. Incidental detection of renal cell carcinoma is

an independent prognostic marker: results of a long-term, whole pop-

ulation study. J Urol 2012;187:48–53.

[5] Lund L, Jacobsen J, Nørgaard M, McLaughlin JK, Blot WJ, Borre M,

et al. The prognostic impact of comorbidities on renal cancer, 1995 to

2006: a Danish population based study. J Urol 2009;182:35–40.

[6] Peairs KS, Barone BB, Snyder CF, Yeh HC, Stein KB, Derr RL, et al.

Diabetes mellitus and breast cancer outcomes: a systematic review

and meta-analysis. J Clin Oncol 2011;29:40.

[7] Jiang Y, Ben Q, Shen H, Lu W, Zhang Y, Zhu J. Diabetes mellitus and

incidence and mortality of colorectal cancer: a systematic review and

meta-analysis of cohort studies. Eur J Epidemiol 2011;26:863–76.

[8] Currie CJ, Poole CD, Jenkins-Jones S, Gale EA, Johnson JA, Morgan

CL. Mortality after incident cancer in people with and without type 2

diabetes: impact of metformin on survival. Diabetes Care 2012:p.

DC_111313.

[9] Will JC, Vinicor F, Calle EE. Is diabetes mellitus associated with

prostate cancer incidence and survival? Epidemiology 1999:313–8.

[10] Bao C, Yang X, Xu W, Luo H, Xu Z, Su C, et al. Diabetes mellitus

and incidence and mortality of kidney cancer: a meta-analysis. J Dia-

betes Complications 2013;27:357–64.

[11] Chen L, Li H, Gu L, Ma X, Li X, Gao Y, et al. The impact of diabetes

mellitus on renal cell carcinoma prognosis: a meta-analysis of cohort

studies. Medicine 2015;94:e1055.

[12] Nayan M, Finelli A, Jewett MA, Juurlink DN, Austin PC, Kulkarni

GS, et al. Diabetes and kidney cancer outcomes: a propensity score

analysis. Endocrine 2017;55:470–7.

[13] Kriegmair MC, Mandel P, Porubsky S, D€urr J, Huck N, Nuhn P, et al.

Metabolic syndrome negatively impacts the outcome of localized

renal cell carcinoma. Horm Cancer 2017;8:127–34.

[14] Jee SH, Ohrr H, Sull JW, Yun JE, Ji M, Samet JM. Fasting serum glu-

cose level and cancer risk in Korean men and women. JAMA

2005;293:194–202.

[15] Patel HD, Kates M, Pierorazio PM, Gorin MA, Jayram G, Ball MW,

et al. Comorbidities and causes of death in the management of local-

ized T1a kidney cancer. Int J Urol 2014;21:1086–92.

[16] Novosyadlyy R, Lann DE, Vijayakumar A, Rowzee A, Lazzarino

DA, Fierz Y, et al. Insulin-mediated acceleration of breast cancer

development and progression in a nonobese model of type 2 diabetes.

Cancer Res 2010:0008–5472.

[17] Grothey A, Voigt W, Sch€ober C, M€uller T, Dempke W, Schmoll

HJ. The role of insulin-like growth factor i and its receptor in

cell growth, transformation, apoptosis, and chemoresistance in

solid tumors. J Cancer Res Clin Oncol 1999;125:166–73.
[18] Baserga R, Peruzzi F, Reiss K. The IGF�1 receptor in cancer biol-

ogy. Int J Cancer 2003;107:873–7.

[19] NCD Risk Factor Collaboration. Worldwide trends in diabetes since

1980: a pooled analysis of 751 population-based studies with 4¢ 4 mil-

lion participants. Lancet 2016;387:1513–30.

[20] Larsson SC, Wolk A. Diabetes mellitus and incidence of kidney can-

cer: a meta-analysis of cohort studies. Diabetologia 2011;54:1013–8.

[21] Welch HG, Black WC. Are deaths within 1 month of cancer-directed

surgery attributed to cancer? J Natl Cancer Inst 2002;94:1066–70.

[22] Nayan M, Hamilton RJ, Juurlink DN, Finelli A, Kulkarni GS, Austin

PC. Critical appraisal of the application of propensity score methods

in the urology literature. BJU Int 2017;120:873–80.

[23] Brookhart MA, Schneeweiss S, Rothman KJ, Glynn RJ, Avorn J,

St€urmer T. Variable selection for propensity score models. Am J Epi-

demiol 2006;163:1149–56.

[24] Austin PC. Using the standardized difference to compare the preva-

lence of a binary variable between two groups in observational

research. Commun Stat-Simulation Comput 2009;38:1228–34.

[25] Riley RD, Higgins JP, Deeks JJ. Interpretation of random effects

meta-analyses. BMJ 2011;342:d549.

[26] Cheville JC, Lohse CM, Zincke H, Weaver AL, Blute ML. Compari-

sons of outcome and prognostic features among histologic subtypes

of renal cell carcinoma. Am J Surg Pathol 2003;27:612–24.

[27] Hakimi AA, Chen L, Kim PH, Sjoberg D, Glickman L, Walker MR,

et al. The impact of metformin use on recurrence and cancer-specific

survival in clinically localized high-risk renal cell carcinoma. Can

Urol Assoc J 2013;7:E687.

[28] Hamieh L, McKay RR, Lin X, Moreira RB, Simantov R, Choueiri TK.

Effect of metformin use on survival outcomes in patients with metastatic

renal cell carcinoma. Clin Genitourin Cancer 2017;15:221–9.

[29] Keizman D, Ish-Shalom M, Sella A, Gottfried M, Maimon N, Peer A,

et al. Metformin use and outcome of sunitinib treatment in patients

with diabetes and metastatic renal cell carcinoma. Clin Genitourin

Cancer 2016;14:420–5.

[30] Nayan M, Juurlink DN, Finelli A, Kulkarni G, Hamilton RJ. J Clin

Oncol 2018;36:6.

[31] Nayan M, Finelli A, Jewett MA, Juurlink DN, Austin PC, Kulkarni

GS, et al. Metformin use and kidney cancer outcomes in patients with

diabetes: a propensity score analysis. Clin Genitourin Cancer 2017;15:

300–5.

[32] Psutka SP, Boorjian SA, Lohse CM, Stewart SB, Tollefson MK, Che-

ville JC, et al. The association between metformin use and oncologic

outcomes among surgically treated diabetic patients with localized

renal cell carcinoma. In Urologic Oncology: seminars and original

investigations; 2015 (Vol. 33, pp. 67-e15).

[33] Nayan M, Macdonald EM, Juurlink DN, Austin PC, Finelli A, Kul-

karni GS, et al. Medication use and survival in diabetic patients with

kidney cancer: a population-based cohort study. Pharmacol Res

2016;113:468–74.

[34] van de Poll�Franse LV, Houterman S, Janssen�Heijnen ML, Derck-

sen MW, Coebergh JW, Haak HR. Less aggressive treatment and

worse overall survival in cancer patients with diabetes: a large popu-

lation based analysis. Int J Cancer 2007;120:1986–92.

[35] Haddad AQ, Jiang L, Cadeddu JA, Lotan Y, Gahan JC, Hynan LS, et al.

Statin use and serum lipid levels are associated with survival outcomes

after surgery for renal cell carcinoma. Urology 2015;86:1146–52.

http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0022
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0022
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0022
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0028
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0028
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0028
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0029
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0029
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0029
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0029
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0031
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0031
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0031
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0031
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0032
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0032
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0032
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0032
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0032
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0030
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0030
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0030
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0030
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0033
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0033
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0033
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0033
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0033
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0033
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0034
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0034
http://refhub.elsevier.com/S1078-1439(19)30235-2/sbref0034

	Diabetes and kidney cancer survival in patients undergoing nephrectomy: A Canadian multi-center, propensity score analysis
	1. Introduction
	2. Patients and Methods
	2.1. Patients and Data Sources
	2.2. Outcome Measures
	2.3. Statistical Analysis

	3. Results
	3.1. Cohort Characteristics
	3.2. Cancer-specific Survival
	3.3. OS
	3.4. Posthoc Analyses

	4. Discussion
	5. Conclusion
	References


