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H I G H L I G H T S

• Endometrial cancer survivors had increased risks of genitourinary disease diagnoses.
• 37.4% of patients were diagnosed with urinary system disorders.
• 36.9% of patients were diagnosed with a genital organ disorder.
• Specific diseases included renal failure, CKD, UTI, & nonmalignant breast conditions.
• Chemotherapy or radiation increased risk for genitourinary disorders.
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Objective.With the increasing incidence of endometrial cancer, the high survival rate, and the large number of
endometrial cancer survivors, investigations of long-termgenitourinary outcomes are important for themanage-
ment of these outcomes among endometrial cancer survivors.

Methods. Cohorts of 2648 endometrial cancer survivors diagnosed in the state of Utah between 1997 and
2012 and 10,503 general population women were identified. All ICD-9 diagnosis codes were collected from the
state's two largest healthcare systems and statewide databases. Multivariate Cox regression models were used
to estimate hazard ratios at 1–5 years and N5–10 years after endometrial cancer diagnosis for genitourinary out-
comes.

Results. Endometrial cancer survivors were at elevated risk for urinary system disorders between 1 and
5 years (HR: 1.64, 95% CI: 1.50–1.78) and N5–10 years (HR: 1.40, 95% CI: 1.26–1.56) and genital organ disorders
between 1 and 5 years (HR: 1.71, 95% CI: 1.58–2.03) and N5–10 years (HR: 1.33, 95% CI: 1.19–1.49). Significantly
elevated risk was observed among endometrial cancer survivors for renal failure, chronic kidney disease, urinary
tract infections, and nonmalignant breast conditions, persisting between N5–10 years. Between 1 and 5 years
after cancer diagnosis, those with higher stage, higher grade, older age and treatedwith radiation or chemother-
apy were at higher risk for urinary disorders.

Conclusions. Endometrial cancer survivors were at higher risk for many genitourinary outcomes compared to
women from the general population. This study presents evidence suggesting the necessity of increased
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monitoring and counseling for genitourinary disorders for endometrial cancer patients both immediately after
treatment cessation and for years afterwards.

© 2017 Published by Elsevier Inc.

1. Introduction

In the United States, endometrial cancer is the secondmost common
cancer among female cancer survivors, and the fourth most commonly
diagnosed cancer among women [1]. Since 1988, Incidence rates for
women under the age of 50 have increased by 1.3% per year and by
1.9% per year amongwomen over the age of 50 since 2005 [2]. Themor-
tality rate due to endometrial cancer has increased by 1.1% each year
over the last 15 years. There are an estimated 757,000 endometrial can-
cer survivors in the United States today [3]. The current 5-year survival
rate in the United States is 81.7% for endometrial cancer overall, 95.3%
for women diagnosed with stage I disease, 68.2% in women diagnosed
with stage II and III disease, and 16.9% for women diagnosedwith IV [2].

A wide range of acute and long-term adverse genitourinary out-
comes that are often directly related to treatment with surgery and/or
radiotherapy have been observed among endometrial cancer survivors
[4]. Following treatment with radiation therapy (RT), long-term dam-
age to the genital organs has been well documented [5–7]. RT can in-
duce damage to connective tissue of the vagina, chronic vaginal
discharge, necrosis, ulceration, fistula formation, thinning and atrophy
of the vaginal epithelium, fibrosis, and loss of elasticity of the vagina. In-
dividuals treated with external beam radiation therapy (EBRT) can suf-
fer chronic bony pain secondary to hip fracture that affects locomotion
[6].

Many prior investigations of genitourinary outcomes among endo-
metrial cancer survivors have often lacked disease diagnoses to capture
outcomes, examined symptoms that are secondary to more clinically
relevant genitourinary conditions, or were conducted using small sam-
ple sizes or restrictive populations from clinical trials [5–7]. Large cohort
studies that are sufficiently powered to examine a large number of gen-
itourinary outcomes from reliable sources such as electronicmedical re-
cords that have a detrimental effect on quality of life and mortality are
necessary to better understand the experience of endometrial cancer
survivors years after diagnosis. Thus, the goal of the current study was
to examine the risk for long-term, adverse genitourinary diseases
among endometrial cancer survivors compared to the general
population.

2. Methods

2.1. Data collection

Using the Utah Population database (UPDB), we identified women
diagnosed with endometrial cancer in the state of Utah between 1997
and 2012. The eligibility criteria were that endometrial cancer survivors
be aged 18+ at time of diagnosis, had a first invasive primary diagnosis
of endometrial cancer (SEER ICD-O-3 codes: C54.0-C55.9), had at least
one year of follow-up time after diagnosis, lived in the state of Utah
for at least one year after diagnosis, and had stage and grade included
in data from the statewide SEER Utah Cancer Registry. The inclusion of
stage and grade was important for this population because of their po-
tential role in risk for long-term, adverse genitourinary outcomes. We
classified type I endometrial cancer as histological subtypes adenocarci-
noma, endometrioid, mucinous adenocarcinoma, and adenocarcinoma
with squamous differentiation (ICD-O-3 morphology codes: 8140,
8260, 8380, 8382, 8480, 8482, 8560, and 8570) and type II endometrial
cancer as clear-cell carcinomas and papillary serous carcinomas (ICD-O-
3morphology codes: 8310, 8441, and 8460) [8]. Individuals in the endo-
metrial cancer survivors cohort were matched on birth year and birth

state with up to five individuals from the general population in Utah.
Birth state was matched on since more information would be available
on individuals born in Utah in the UPDB.

To capture long-term genitourinary outcomes, we used all ICD-9 di-
agnosis codes collected from the electronic data warehouses at the Uni-
versity of Utah Health Sciences Center and Intermountain Healthcare
(the two largest healthcare providers in the state of Utah) as well as
all statewide ambulatory inpatient and surgery records from the Utah
Department of Health. Records from these sources as well as data
from theUtahCancer Registry, UtahDepartment of Health, vital records,
and Utah Driver's License were linked using the Utah Population Data-
base.We limited our final sample to those diagnosed after 1997 because
widespread use of electronic medical records among the data sources
used in this study did not start until 1996. This allowed at least one
year prior to endometrial cancer diagnosis to capture prevalent diagno-
ses of the genitourinary outcomes of interest in this study.

2.2. Categorization of outcomes

We used the Healthcare Cost and Utilization Project's Clinical Classi-
fication Software [9] to collapse ICD-9 codes into discrete diagnosis cat-
egories with four levels of specificity. Diseases of the genitourinary
system (level one) according to this classificationwere used in this anal-
ysis. Level two outcomes included diseases of the urinary system and
disease of the genital organs. Level three and four outcomes were
more specific conditions within these categories. Examples of this hier-
archy include diseases of the urinary system (level two), acute and un-
specified renal failure (level three), acute renal failure (level four).

Long-term genitourinary outcomes were identified at 1–5 years and
N5–10 years after endometrial cancer diagnosis. Follow-up time for in-
cident cases of each outcome was calculated separately from the endo-
metrial cancer survivor's initial cancer diagnosis to the date of diagnosis
for each outcome, last date of follow-up, or date of death. Individuals
who did not have that outcome were censored at the date of last
follow-up (last residence date in Utah or death) if that date fell within
the analysis time period (1–5 years or N5–10 years) or at the end of
each analysis time period if their date of last-follow-up exceeded the
endof the analysis timeperiod. Levels three or four outcomes diagnosed
prior to the start of each analysis time periodwere considered prevalent
cases of those outcomes and were excluded from the models. Level one
and two outcomes were broader, thus we did not exclude prevalent di-
agnoses. Therewere a total of 38 outcomes investigated. Using a p-value
b 0.05 for significance, 1 in 20 associations observed would be expected
to be due to chance alone; thus ~2 of our 38 outcomes may be due to
chance.

2.3. Statistical analysis

Chi-square tests were used to compare baseline characteristics be-
tween the endometrial cancer survivors and general population co-
horts. Univariate and multivariate Cox proportional hazard models
were used to calculate hazard ratios and 95% confidence intervals for
long-term genitourinary outcomes at 1–5 years, N5–10 years and 1+
years (overall) after endometrial cancer diagnosis. Multivariate models
were adjusted for matching factors, baseline body mass index (BMI),
baseline Charlson Comorbidity Index (CCI) [10], and race (white vs.
non-white). Cox proportional hazard models were also used to investi-
gate risk factors such as treatment type, stage, grade, age at diagnosis,
year of diagnosis, race, BMI, and rural/urban residence for genitourinary
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