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Abstract

Worldwide, colorectal cancer is the second most common cancer and third cause of cancer death in
women. Estrogen exposure has been inversely associated with colorectal cancer. Oophorectomy
reduces circulating estrogen, but the effect on colorectal cancer remains uncertain. The aim of this
study was to examine the association between unilateral and bilateral oophorectomy and subsequent
risk of colorectal cancer, and whether this association varied by menopausal status at time of
oophorectomy, use of hormone replacement therapy (HRT) at baseline, hysterectomy and baseline

body mass index (BMI).

The study included 25,698 female nurses (aged >45 years) participating in the Danish Nurse Cohort.
Nurses were followed from baseline until date of colorectal cancer, death, emigration or end of
follow-up at 31 December 2018, whichever came first. We examined the association between
oophorectomy and colorectal cancer (all ages and stratified by menopausal status). The potential

modifying effects of hysterectomy, HRT use at baseline and BMI were investigated.

During 542,140 person-years of follow-up, 863 (3.4%) nurses were diagnosed with colorectal cancer.
Bilateral oophorectomy was associated with a 79% increased colorectal cancer rate, adjusted rate
ratio (aRR) (95% confidence interval, CI): 1.79 (1.33; 2.42). Effect estimates following unilateral
oophorectomy also showed higher rate of colorectal cancer, although less pronounced and non-
statistically significant (aRR) (95% CI): 1.25 (0.86;1.82). Similar results were seen when stratifying

by menopausal status. The association was not modified by baseline HRT use, hysterectomy or BMI.

Oophorectomy was associated with increased rate of colorectal cancer, with highest rates among

women with bilateral oophorectomy.



Novelty and Impact

The study is one of the largest studies examining the association between oophorectomy and
colorectal cancer in the general population and to determine the modifying effect of HRT and
hysterectomy on the association. Oophorectomy at any age increased the rate of colorectal cancer,
with highest rate following bilateral oophorectomy. The association was not modified by baseline

HRT use or by hysterectomy. These observations are relevant for women considering oophorectomy.



Introduction

Colorectal cancer is the second most diagnosed cancer and the third cause of cancer death in women
worldwide !. In Denmark, around 2,380 new cases of colorectal cancer were diagnosed each year in
women in the period from 2012-2016, representing 13% of all female cancers (excluding non-
melanoma skin cancer) and an age standardized incidence rate of 35.8 per 100,000 person-years 2.
Several previous studies have reported associations between ovarian sex hormone exposures and risk
of colorectal cancer, with most suggesting that estrogen exposure reduces the risk of colorectal cancer
34, Early menopause which leads to a reduction in ovarian estrogen and progesterone production has

been associated with an increased risk of colorectal cancer °.

Oophorectomy is defined as the surgical removal of one (unilateral) or both (bilateral) ovaries.
Bilateral oophorectomy is most often an elective procedure for the management of benign
gynaecological conditions (such as chronic pelvic pain or recurrent ovarian cysts) or as risk-reduction
in women at high inherited risk of ovarian cancer °. Bilateral oophorectomy prior to natural
menopause will induce immediate (surgical) menopause with an abrupt cessation of estrogen
production ’. Because post-menopausal ovaries continue to produce sex steroid hormones (primarily
androgens which are aromatized to estrogens) at low concentrations, post-menopausal bilateral

oophorectomy will also change the endogenous sex steroid environment in postmenopausal women

8,9

Relatively little is known about the effects of bilateral oophorectomy on the risk of colorectal cancer.
One Swedish population-based study (n=195,973) reported that oophorectomy increased the risk of
colorectal cancer, with a greater risk after bilateral compared to unilateral oophorectomy '°. However,
data are conflicting and other large prospective cohort studies have shown no association between

oophorectomy and colorectal cancer ™14,



Following pre-menopausal oophorectomy patients are advised to take HRT until around age 50 years
to reduce the adverse short and long-term consequences of surgical menopause '°. However, little is
known about the effect of HRT on the association between oophorectomy and colorectal cancer. Two
large observational studies investigating the direct association between HRT use and colorectal
cancer suggest that HRT reduces risk, and have reported an inverse association between current '® as
well as previous ! HRT usage and colorectal cancer. However, evidence is conflicting regarding the
effect of HRT type and although both of the abovementioned studies found evidence that both
combined (estrogen plus progestin) and estrogen-only HRT reduce colorectal cancer risk '®!7, the
largest randomized controlled trial of HRT in post-menopausal women demonstrated a reduced risk
of colorectal cancer with combined (estrogen plus progestin) but not estrogen-only HRT '8, This
carries clinical implications since oophorectomy is commonly performed at the same time as

hysterectomy and subsequent use of HRT would include only estrogen preparations.

Obesity may also increase the risk of colorectal cancer '°, however the association between
oophorectomy, obesity and colorectal cancer is unknown. Similarly, hysterectomy alone may increase
the risk of colorectal cancer ?° with a non-significant trend for hysterectomy plus oophorectomy to

increase colorectal cancer risk compared to hysterectomized women with ovarian conservation 1214,

The aim of this study was to examine the association between unilateral and bilateral oophorectomy
and subsequent risk of colorectal cancer, and whether this association varied by menopausal status at

time of oophorectomy, use of HRT at baseline, hysterectomy and baseline BMI.
Methods

The Danish Nurse Cohort

This prospective cohort study utilizes the Danish Nurse Cohort established in 1993 with the aim of

examining the effects of HRT on long-term health ?!. The cohort study has previously been described



in detail 2. The cohort comprises female nurses recruited from the Danish Nurse Organization
(DNO). The high recruitment rate (95% of all Danish nurses) makes this cohort representative of the
Danish nursing workforce in 1993 and thus the general female population aged >45 years in terms of
cancer risk. The cohort was initiated in 1993, where 23,170 female DNO members (>45 years)
received a questionnaire and 19,898 (86%) responded. In 1999, an additional 8,833 (69%) female
nurses were included when the cohort was reinvestigated (including newly invited nurses who turned
45 years in the interim since 1993 (n=8,344) or non-responders from 1993 that were re-invited in
1999 (n=489). A total of 28,731 nurses >45 years of age are included in the cohort 2. At baseline in
1993 or 1999, all newly recruited nurses completed self-administered questionnaires including but
not limited to information on lifestyle factors (including smoking, alcohol consumption, physical
activity and diet), self-reported height, weight and HRT use. The validity of previous and current self-
reported HRT has been shown to be excellent (78.4% and 98.4%, respectively) using the Danish
Prescription Registry 22. All 28,731 nurses who completed a baseline questionnaire were linked to the
Danish Civil Registration System 2* holding the unique identification numbers given to all Danish

citizens, which enables unambiguous linkage to nationwide health registers.
Colorectal cancer ascertainment

Incident colorectal cancer diagnoses were identified using the International Classification of Disease
(ICD) 8 and ICD 10 codes using the Danish Cancer Registry established in 1943 (until 31.12.2017)
24 and in the Danish National Patient Registry (01.01.2018 — 31.12.2018) ?° (supplementary
information appendix S1, available online). Nurses were followed from cohort entry (baseline) until
date of colorectal cancer, death, emigration or end of follow-up (December 31%, 2018), whichever
came first. Nurses were excluded from the study if they had a colorectal cancer prior to baseline, an

inactive CPR status or missing covariate data.

Oophorectomy exposure ascertainment



We used the unique identification number to link the cohort participants to the Danish National
Patient Registry » to identify all included nurses undergoing unilateral and bilateral oophorectomy.
Oophorectomy cases were identified from ICD 8 (before 1995) or ICD 10 (from 1995) codes
(supplementary information appendix S1, available online) and exact dates of the procedure recorded.
Unilateral and bilateral oophorectomy was further subdivided by age at oophorectomy.
Oophorectomy before age 51 years was classified as pre-menopausal (surgical menopause) and
oophorectomy > age 51 years was classified as post-menopausal. Age 51 years was selected because
the median age at menopause in Europe range between 50.1-52.8 years 2°. Dates and procedure codes
for hysterectomy was also extracted from the Danish National Patient Register 2° (supplementary

information appendix S1, available online).
Co-variate ascertainment

Baseline data on BMI, smoking status, alcohol consumption, physical activity, consumption of fatty
meat and use of HRT was obtained from self-administered questionnaires. Family history of cancer,
including colorectal cancer, was extracted from the Danish National Patient Registry at baseline 2°

(supplementary information appendix S1, available online).
Statistical method

Descriptive statistics (median, 5-95™ percentiles or frequencies) were calculated for the total study
population and stratified according to colorectal cancer diagnosis, exposure status, menopausal status

at the time of bilateral oophorectomy and by included versus excluded nurses.

In a time to event setting we use Poisson regression model to model the rate of colorectal cancer and
to estimate rate ratios (RRs) and 95% confidence intervals (CI) for developing colorectal cancer in
nurses with oophorectomy (unilateral and bilateral)*”-*®. Follow-up time was split in 5-year intervals

by attained age (<50, 51-55, 56-60, 61-65, 66-70, 71-75, 76-80, 81-85, 85-90, 90+) and by calendar



year in 5 intervals (1993-1997, 1998-2002, 2003-2007, 2008-2012, 2013-2018). Attained age and
calendar year changed during follow-up period as nurses aged and calendar year progressed. Thus,
each nurse may contribute with person-time in multiple age and calendar periods during her follow-
up. Attained age and calendar time were included in the Poisson regression model as categorical

variables, i.e. assuming piecewise constant rates.

Oophorectomy entered the model as a time-varying variable based on the date of surgical procedure
and nurses oophorectomized before baseline entered the model as oophorectomized. Nurses who had
a second unilateral oophorectomy performed were counted as bilateral oophorectomized (n=50) from
the date of the second unilateral oophorectomy. Hysterectomy was considered a confounder and

effect modifier and was also identified using procedure codes and treated as a time-varying variable.

In model 1, we estimated RRs adjusted for attained age and calendar period and in model 2, RRs were
further adjusted for BMI (<25, >25 kg/m?), smoking (current, previous, never), alcohol consumption
(none, low, moderate, high), family history of any cancer (yes, no), baseline HRT use (ever, never)
and hysterectomy (time-varying). The confounders selected for inclusion in the adjusted models were
based on a directed acyclic graph (DAG) designed according to a review of the literature of risk
factors for oophorectomy and colorectal cancer (Figure S1) (supplementary information, available
online). A sub-analysis was conducted in which the main adjusted model 2, was further adjusted for
physical activity (low, moderate, high) and consumption of fatty meat (yes, no), this was performed
as fatty meat and physical activity are directly associated with colorectal cancer risk but not to
oophorectomy and are thus not confounders. The effect of oophorectomy was further evaluated
according to menopausal status at the time of oophorectomy (<51/>51 years as a proxy). The
modifying effect of HRT, hysterectomy and BMI on the association between bilateral oophorectomy
and colorectal cancer rate using the main adjusted model 2 (but not adjusted for the effect modifier

investigated in the model) were tested by likelihood ratio test for interaction. In addition, we repeated
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the effect modification analysis of HRT on a sub-population of nurses who had an oophorectomy

performed prior to baseline.

As a sensitivity analysis, we repeated the main analysis censoring nurses with breast, ovarian or
endometrial cancer +/- three months from date of oophorectomy to exclude nurses having an

oophorectomy as part of cancer treatment.

We did a sub-analysis, stratifying according to time since bilateral oophorectomy using the following

intervals: <5 years, 5-10 years and >10 years.

The GENMOD procedure in SAS version 9.4 was used. All results are presented as RRs with 95%

CIs. The significance level was set to 5%.
Results

Basic characteristics

Of the 28,731 recruited nurses, 3,033 were excluded due to previous colorectal cancer at baseline
(n=81), an inactive status in CPR (n<5) and/or missing covariate data (n=2,948), leaving 25,698 for
final analysis. During 542,140 person-years of follow-up, a total of 863 (3.4%) nurses developed
incident colorectal cancer corresponding to an incidence rate of 1.6 per 1000 person-years compared

to an incidence rate of 2.4 per 1000 person-years in the background population 2.

All participant characteristics stratified by colorectal cancer status are presented in Table 1. Nurses
who developed colorectal cancer were more likely to be overweight, to be current or previous
smokers, to never drink alcohol and to be nulliparous. In total, 2,074 (8.0%) nurses had a bilateral
oophorectomy, 1,073 (4.1%) had a unilateral oophorectomy, 4,335 (16.9%) had a hysterectomy
performed and 7,214 (28.1%) reported use of HRT at baseline. Bilateral oophorectomy (both pre- and

post-menopausal) were more frequently performed among nurses with a colorectal cancer after
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baseline and nurses with colorectal cancer were more likely to report ever using HRT at baseline

compared to nurses without colorectal cancer (Table 1).

Excluded nurses were older at baseline and were less likely to have a normal BMI, to drink >14 units
of alcohol/week, to be current smokers, to ever have used HRT and to have had a hysterectomy
performed, but more likely to be inactive, to consume fatty meat and to be nulliparous than included

nurses (Table S1).

Exposure

Of the 2,074 bilateral oophorectomized nurses, 421 (20.3%) were pre-menopausal at time of
oophorectomy and 1,653 (79.7%) were post-menopausal. Pre-menopausal bilateral oophorectomy
was more prevalent among current smokers, ever users of HRT at baseline, those hysterectomized,
those with colorectal cancer and those younger at first childbirth compared to post-menopausal
bilateral oophorectomy. BMI, alcohol, consumption of fatty meat, age at menarche, parity and
number of births were similar in both groups (Table S2). The minimum and maximum time from
oophorectomy to colorectal cancer diagnosis was 0 and 38 years, respectively with an average time

of 15 years (results not shown in tables).

Of'the 25,698 female nurses included in the study, 1,073 contributed with person-years after unilateral
oophorectomy and 2,074 contributed with person-years after bilateral oophorectomy. Fifty nurses
who had a second unilateral oophorectomy performed contributed with person-years for unilateral
oophorectomy until the date of their second unilateral oophorectomy, after which they contributed
with person-years for bilateral oophorectomy. Obesity (BMI > 25), hysterectomy, ever use of HRT
and nulliparity were more frequent amongst nurses with an oophorectomy compared to non-
oophorectomized nurses. Nurses with bilateral oophorectomy were less likely to have a high physical

activity level, to be current smokers or be heavy drinkers compared to nurses with unilateral
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oophorectomy and non-oophorectomized nurses. Age, consumption of fatty meat, age at menarche,

number of births and age at first birth were similar in all three groups (Table S3).

Colorectal cancer

Bilateral oophorectomy at any age was associated with a statistically significant increased rate of
colorectal cancer compared to nurses with preserved ovaries, with an adjusted rate ratio (aRR) (95%
confidence interval, CI): 1.79 (1.33;2.42). Unilateral oophorectomy was also positively associated
with colorectal cancer, but associations did not reach statistical significance and estimates were
weaker than those with bilateral oophorectomy (aRR) (95% CI): 1.25 (0.86;1.82). Further adjustment
for physical activity and fatty meat consumption did not change the estimate for bilateral (aRR) (95%
CI): 1.78 (1.32;2.40) or unilateral oophorectomy (aRR) (95% CI): 1.25 (0.86;1.82) (Table 2). When
censoring nurses with breast, ovarian or endometrial cancer diagnosis +/- three months from date of
oophorectomy, results were similar to the main analysis in direction but with a slightly stronger

association for bilateral oophorectomy (aRR) (95% CI): 1.87 (1.33; 2.62) (results not shown).

The rate of colorectal cancer among nurses with bilateral oophorectomy remained elevated when
subdivided according to whether the procedure was performed in pre-menopausal (aRR) (95% CI):
2.06 (1.25;3.40) or post-menopausal women (aRR) (95% CI): 1.76 (1.27;2.45). Although the numbers
with unilateral oophorectomy were small and the findings did not reach statistical significance,
colorectal cancer rates also remained elevated regardless of menopausal status and estimates were
(aRR) (95% CI): 1.18 (0.73;1.91) for pre-menopausal and (aRR) (95% CI): 1.41 (0.79;2.51) for post-

menopausal unilateral oophorectomy (Table 2).

When stratifying according to time since bilateral oophorectomy, the highest rate of colorectal cancer
was seen 5-10 years after oophorectomy (aRR) (95% CI): 2.40 (1.32;4.37) compared to nurses with

preserved ovaries. The rate ratios were slightly lower after more than 10 years since oophorectomy
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(aRR) (95% CI): 1.74 (1.26;2.40), and within 5 years after oophorectomy (aRR) (95% CI): 1.41

(0.56;3.55) (results not shown in tables).
Effect modification

Rates of colorectal cancer were elevated following bilateral oophorectomy compared to nurses with
retained ovaries both amongst ever users of HRT at baseline (aRR) (95% CI): 1.59 (1.08;2.33) and
never users of HRT (aRR) (95% CI): 1.99 (1.37;2.89). Likewise, rates of colorectal cancer were
elevated both among bilateral oophorectomized nurses with hysterectomy (aRR) (95% CI): 1.85
(1.28;2.66) and among bilateral oophorectomized nurses with no hysterectomy (aRR) (95% CI): 1.90
(1.09;3.32) compared to nurses with retained ovaries with and without hysterectomy, respectively.
Finally, similar rates were seen with bilateral oophorectomy compared to nurses with ovaries
preserved both amongst nurses with BMI >25 kg/m? (aRR) (95% CI): 2.05 (1.34;3.13) and nurses
with BMI<25 kg/m? (aRR) (95% CI): 1.67 (1.18;2.37). Neither HRT use, hysterectomy nor BMI>25
kg/m? statistically significantly modified the association between bilateral oophorectomy and
colorectal cancer (Table 3). Similarly, there were no statistically significant modifying effects of
HRT, hysterectomy and BMI on the association between unilateral oophorectomy and colorectal

cancer although this was based on fewer cases (results not shown).

Results were similar in direction and magnitude when repeating the effect modification analysis of

HRT on a sub-population of nurses with oophorectomy prior to baseline (results not shown).
Discussion

In this large prospective cohort study, we observed a 79% and 25% increased rate of colorectal cancer
following bilateral and unilateral oophorectomy, respectively, when compared to nurses with
preserved ovaries. This observed increased rate of colorectal cancer was not modified by menopausal

status at the time of bilateral oophorectomy. Since oophorectomy reduces endogenous estrogen
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exposure, particularly when performed prior to natural menopause, our findings are consistent with

129

previous preclinical * and clinical studies *° demonstrating an inverse association between estrogen

exposure and risk of colorectal cancer.

To date, only few epidemiological studies have investigated the association between oophorectomy
and colorectal cancer and the results are inconclusive. One Swedish national study previously
reported an increased risk of colorectal cancer amongst women all ages following bilateral
oophorectomy compared with women from the general population, consistent with our observations
19 This was the only previous study to determine the association between oophorectomy and
colorectal cancer independently of hysterectomy. All other previous studies have investigated the
joint effects of hysterectomy and concurrent oophorectomy on the risk of colorectal cancer and have

reported either significant increased risk '* or non-significant trends towards increased risk !4,

Pre-menopausal bilateral oophorectomy will induce surgical menopause and a substantial reduction
in endogenous estrogens *!. After menopause, ovarian estradiol production is low, but estrogens are
produced in smaller amounts through the aromatization of ovarian androgens in fatty tissues 2. Post-
menopausal bilateral oophorectomy further reduces endogenous estrogens *3. We observed a slightly
higher rate of colorectal cancer following pre-menopausal bilateral oophorectomy compared to post-
menopausal bilateral oophorectomy. In contrast, for unilateral oophorectomy, the rate of colorectal
cancer was greater for post-menopausal nurses than for pre-menopausal nurses. However, this may
be explained by imprecision in estimates as the number of nurses with unilateral oophorectomy was
very small, and for both unilateral and bilateral oophorectomy confidence intervals for pre- and post-
menopausal procedures were largely overlapping. Several other studies of colorectal cancer risk have
stratified analyses according to menopausal status at time of oophorectomy with inconclusive
findings. For example, one register-based cohort study found that both pre- and post-menopausal

bilateral oophorectomy were associated with increased risk of colorectal cancer, but with greater risk
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among post-menopausal women '°. Another large prospective cohort study in African American
women reported no association between bilateral oophorectomy and colorectal cancer risk in either
pre- or post-menopausal women, but relied on self-report of exposure information potentially
resulting in misclassification '*. Yet another large prospective cohort study, the Cancer Prevention
Study-II Nutrition Cohort reported a non-significant reduced risk of colorectal cancer following pre-
menopausal bilateral oophorectomy with hysterectomy, but a statistically significant increased risk
following post-menopausal bilateral oophorectomy with hysterectomy 4. Finally, The Women’s
Health Initiative Observational Study reported a non-significant increased risk of colorectal cancer
after premenopausal bilateral oophorectomy at the time of hysterectomy but no association between
postmenopausal oophorectomy and colorectal cancer risk. However, this study was small and had

limited statistical power which may have failed to detect small differences '.

Only one previous study has examined the association between unilateral oophorectomy and risk of
colorectal cancer and found a statistically significant increased risk '°, supporting our observation of
a trend towards increased colorectal cancer risk following unilateral oophorectomy, despite the low

numbers.

Further evidence to support the hypothesis that estrogen is protective against colorectal cancer comes
from studies demonstrating that estrogen containing HRT reduces risk of colorectal cancer in post-
menopausal women !"**. We did not observe a strong modifying effect of HRT use at baseline on the
association between oophorectomy and colorectal cancer. Among HRT users, bilateral oophorectomy
was associated with increased rate of colorectal cancer compared to a referent group of nurses with
intact ovaries. However, among non-HRT users, the rate of colorectal cancer was increased among
bilateral oophorectomized women compared to women with preserved ovaries, suggesting that HRT
(estrogen) is protective against colorectal cancer. In contrast, the cohort study in African American

women observed a non-significant increased risk of colorectal cancer among HRT users after
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premenopausal bilateral oophorectomy 3. However, our study including predominantly Caucasian

women and risk factors for colorectal cancer may differ by racial group *.

Differentiating the separate effects of oophorectomy and hysterectomy on rates of colorectal cancer
is complicated by the fact that oophorectomy is often concurrent with hysterectomy. Three previous
prospective cohort studies have reported trends towards an increased risk of colorectal cancer after
hysterectomy with oophorectomy compared to women with hysterectomy and ovarian conservation
L1214 "I our study, 81.3% of nurses with bilateral oophorectomy had also had a hysterectomy.
Hysterectomy did not significantly modify the association between oophorectomy and colorectal
cancer, and when stratifying our main analyses by hysterectomy status we still observed higher rates
of colorectal cancer in oophorectomized nurses compared to nurses with ovarian conservation within
the strata of hysterectomized women. A similar association was seen among nurses with bilateral
oophorectomy and no hysterectomy compared to nurses with intact uteri and ovaries (estimates were
similar in direction and magnitude). Together, our data suggest that oophorectomy with hysterectomy

increases colorectal cancer rate compared to hysterectomy alone.

Extensive body fat is a well-established risk factor for colorectal cancer 3¢’

possibly due to higher
levels of serum insulin *. This study is the first to investigate the effect of BMI on the association

between oophorectomy and colorectal cancer rate. However, when stratifying analyses by

overweight, rates of colorectal cancer were similar in both strata.
Strengths and limitations

Our study has several strengths. Information regarding age at oophorectomy, deaths, colorectal cancer
as well as disappearance and emigration has been collected in nationwide registers in Denmark for
the whole population for many decades. These registries are known for their quality and validity, and

they gave us the ability to answer questions about exposures and health outcomes that cannot be
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addressed in most other countries. In each registry, using the unique number allowed accurate linkage
between registries 23. Healthcare is publicly fully reimbursed in Denmark and thus socio-economic
factors would potentially play a smaller role determining whether a person seeks medical care when
compared to countries with pay-healthcare leading to reduced bias, although we do acknowledge that
higher social status would still partially impact whether a person seeks medical care regardless of the
healthcare system. The Danish population is very genetically homogenous and 98% Caucasian, thus
we do not expect ethnicity to affect the associations we find, on the other hand our findings may not

be generalizable to non-Caucasian women.

Another advantage of this study includes the objective case ascertainment (unilateral-/bilateral
oophorectomy) and the assessment of outcome incidence based on the Danish registries. However, if
a nurse had her oophorectomy or hysterectomy procedure before NPR was initiated in 1977 or while
living abroad it would not be recorded in NPR. Furthermore, the Danish Nurse Cohort provides well
characterized baseline information including BMI, parity, age at menarche and oral contraceptive use.
All Danish nurses who were members of the Danish Nursing Organization (95% of all nurses) were
invited to participate in this cohort, and the participation rate was high, thus the study had little risk
of selection bias as we do not expect that participation was motivated by any knowledge of the

unilateral- or bilateral oophorectomy procedure or colorectal cancer during follow-up.

One of the primary limitations of our study includes a relatively low number of nurses with pre-
menopausal oophorectomy (n=421) and post-menopausal oophorectomy (n=1,653) of which only 20
and 62 developed colorectal cancer, respectively. This limits the statistical precision when
subdividing according to menopausal status and assessing the effect modification. Secondly,
menopausal status was defined by age as a proxy for menopausal status and not by actual menopausal
status at time of oophorectomy potentially causing some misclassification of menopausal status.

Additionally, we cannot exclude residual confounding by use of 5-year age categories. Furthermore,
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confounder variables, including HRT use, were obtained from self-administered questionnaire at
baseline and may have changed during the mean 25-year follow-up period. Although we adjust for a
priori determined confounder, we cannot exclude the possible impact of unknown factors. In addition,
there are numerous potential mechanisms by which oophorectomy may influence the risk of
colorectal cancer. It is not possible to account for all these factors, thus residual confounding or other
confounding cannot be ruled out. However, we did a sub-analysis with further adjustment for physical
activity and consumption of fatty meat which are known risk factors for colorectal cancer *, but that
did not change the estimates. Also, endometriosis has been associated with a 13-fold increased risk
of colorectal cancer *°, thus it cannot be excluded that endometriosis is a potential modifier on the
association between bilateral oophorectomy and colorectal cancer. But due to limited statistical
power, we were unable to investigate the potential modifying effect of endometriosis on the

association.

The Danish Nurse Cohort was established to explore the effects of HRT on long-term health 2!, and
we applied the individual baseline questionnaire data provided by nurses on their HRT use. Although
the validity of the self-reported HRT use has been investigated ** and specificity is high (98.4%),
prescription registry data would have provided more granularity around type (estrogen only vs
combined), dose, duration of use and especially timing. However, utilizing the Danish Prescription
Registry was not feasible as it was initiated after cohort recruitment. Moreover, using baseline HRT
we cannot exclude the possibility of misclassification of nurses who have started HRT after baseline,

and we cannot determine if HRT was used prior to or after oophorectomy was performed.

Finally, we do not have information about pathogenic variants such as Lynch or BRCA 1 or 2, thus
it is not possible to identify the reason for oophorectomy. Hence, it cannot be determined whether

oophorectomy was performed as a risk reduction or treatment for cancer.
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Conclusion

In a large and well characterized cohort of Danish Nurses we found a positive association between
oophorectomy and risk of colorectal cancer. Women who had bilateral oophorectomy had highest
rates of colorectal cancer, and this association was not modified by use of HRT at baseline,

hysterectomy or overweight.



20

Additional information

Acknowledgements

We are extremely grateful to the Danish Nurse Cohort participants who took part in this study and
the Danish Nurse Cohort Team for cohort co-ordination and data collection. We thank the Danish

Nurse Cohort steering group for providing us access to the data.

Funding information

The Health Foundation of Denmark (Helsefonden, Grant no. 19-B-0077). The funding covered salary
for Trine Koch and Elvira Bréuner. Martha Hickey is supported by a NHMRC Investigator Grant (ID
number 1193838).The funding bodies had no direct role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data; preparation, review, or approval of
the manuscript; or the decision to submit the manuscript for publication. Thus, the authors declare no

conflict of interest.

Conflict of interest

All involved authors declare no conflicts of interest and no other disclosures.

Data availability Statement

Data used in the present study is governed and maintained centrally by the Danish Data Health
Authority and data access is regulated by EU General Data Protection Regulations (GPDR).
Anonymized data can be accessed after approval by the Danish Data Health Authority and the Danish
Data Protection Agency. Further details and other data that support the findings of this study are

available from the corresponding author upon request.

Ethics Statement



21

The present study is approved by the Danish Data Protection Agency (J.nr. VD-2018-451, suite nr.
06707) and the nurses who were included in the Original Danish Nurse Cohort provided informed
written consent and the original inclusion to the Danish Nurse Cohort was approved by the local

Danish Ethical committee (J.nr. BFH-2019-001, suite nr. 06102).



22

References

10.

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer statistics,
2012. CA Cancer J Clin. 2015;65(2):87-108. doi:10.3322/caac.21262

NORDCAN. Kreaftstatistik : Nogletal og figurer Norden — Alle kraftformer Ordforklaringer
til Kreeftstatistik Incidens ( antal nye tilfaelde ). Published online 2019:4-5.

Al-Azzawi F, Wahab M. Estrogen and colon cancer:current issues. Climacteric. 2002;5(1):3-

14. doi:10.1080/cmt.5.1.3.14

Slattery ML, Potter JD, Curtin K, et al. Estrogens reduce and withdrawal of estrogens
increase risk of microsatellite instability-positive colon cancer. Cancer Res. 2001;61(1):126-

130.

Van Wayenburg CAM, Van Der Schouw YT, Van Noord PAH, Peeters PHM. Age at
menopause, body mass index, and the risk of colorectal cancer mortality in the Dutch
Diagnostisch Onderzoek Mammacarcinoom (DOM) cohort. Epidemiology. 2000;11(3):304-
308. doi:10.1097/00001648-200005000-00013

Rodriguez M, Shoupe D. Surgical Menopause. Endocrinol Metab Clin North Am.
2015;44(3):531-542. do1:10.1016/j.ec1.2015.05.003

Rocca WA, Grossardt BR, Shuster LT. Oophorectomy, menopause, estrogen treatment, and
cognitive aging: Clinical evidence for a window of opportunity. Brain Res. 2011;1379:188-
198. doi:10.1016/j.brainres.2010.10.031

Kotsopoulos J, Shafrir AL, Rice M, et al. The Relationship Between Bilateral Oophorectomy
and Plasma Hormone Levels in Postmenopausal Women. Horm Cancer. 2014;6(1):54-63.

doi:10.1007/s12672-014-0209-7

Stanczyk FZ, Chaikittisilpa S, Sriprasert I, Rafatnia A, Nadadur M, Mishell DR. Circulating
androgen levels before and after oophorectomy in premenopausal and postmenopausal

women. Climacteric. 2019;22(2):169-174. doi:10.1080/13697137.2018.1535584

Segelman J, Lindstrom L, Frisell J, Lu Y. Population-based analysis of colorectal cancer risk

after oophorectomy. Br J Surg. 2016;103(7):908-915. doi:10.1002/bjs.10143



1.

12.

13.

14.

15.

16.

17.

18.

19.

23

Parker WH, Broder MS, Chang E, et al. Ovarian Conservation at the Time of Hysterectomy
and Long-Term Health Outcomes in the Nurses’ Health Study. Obstet Gynecol.
2009;113(5):1027-1037. doi:10.1097/A0G.0b013e3181al 1c64

Jacoby VL, Grady D, Wactawski-Wende J, et al. Oophorectomy vs ovarian conservation
with hysterectomy: Cardiovascular disease, hip fracture, and cancer in the women’s health
initiative observational study. Arch Intern Med. 2011;171(8):760-768.
doi:10.1001/archinternmed.2011.121

Boggs DA, Palmer JR, Rosenberg L. Bilateral oophorectomy and risk of cancer in African
American women. Cancer Causes Control. 2014;25(4):507-513. doi:10.1007/s10552-014-
0353-y

Gaudet MM, Gapstur SM, Sun J, Teras LR, Campbell PT, Patel A V. Oophorectomy and
Hysterectomy and Cancer Incidence in the Cancer Prevention Study-II Nutrition Cohort.

Obstet Gynecol. 2014;123(6):1247-1255. doi:10.1097/A0G.0000000000000270

Faubion SS, Kuhle CL, Shuster LT, Rocca WA. Long-term health consequences of
premature or early menopause and considerations for management. Climacteric.

2015;18(4):483-491. doi:10.3109/13697137.2015.1020484

Botteri E, Steer NC, Sakshaug S, et al. Menopausal hormone therapy and colorectal cancer: a
linkage between nationwide registries in Norway. BMJ Open. 2017;7(11):e017639.
doi:10.1136/bmjopen-2017-017639

Johnson JR, Lacey J V., Lazovich DA, et al. Menopausal hormone therapy and risk of
colorectal cancer. Cancer Epidemiol Biomarkers Prev. 2009;18(1):196-203.
doi:10.1158/1055-9965.EPI-08-0596

Manson JAE, Chlebowski RT, Stefanick ML, et al. Menopausal hormone therapy and health
outcomes during the intervention and extended poststopping phases of the women’s health
initiative randomized trials. JAMA - J Am Med Assoc. 2013;310(13):1353-1368.
doi:10.1001/jama.2013.278040

Bardou M, Barkun AN, Martel M. Obesity and colorectal cancer. Gut. 2013;62(6):933-947.
doi:10.1136/gutjnl-2013-304701



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

24

Luo G, Zhang Y, Wang L, et al. Risk of colorectal cancer with hysterectomy and
oophorectomy: A systematic review and meta-analysis. Int J Surg. 2016;34:88-95.
doi:10.1016/}.ijsu.2016.08.518

Hundrup YA, Simonsen MK, Jorgensen T, Obel EB. Cohort Profile: The Danish nurse
cohort. Int J Epidemiol. 2012;41(5):1241-1247. doi:10.1093/ije/dyr042

Lokkegaard EL, Johnsen SoP, Heitmann BL, et al. The validity of self-reported use of
hormone replacement therapy among Danish nurses. Acta Obstet Gynecol Scand.

2004;83(5):476-481. doi:10.1111/5.0001-6349.2004.00376.x

Pedersen CB. The Danish Civil Registration System. Scand J Public Health.
2011;39(7_suppl):22-25. doi:10.1177/1403494810387965

Gjerstorff ML. The Danish Cancer Registry. Scand J Public Health. 2011;39(7):42-45.
doi:10.1177/1403494810393562

Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L, Serensen HT. The
Danish National Patient Registry: a review of content, data quality, and research potential.

Clin Epidemiol. 2015;7:449. doi:10.2147/CLEP.S91125

Palacios S, Henderson VW, Siseles N, Tan D, Villaseca P. Age of menopause and impact of
climacteric symptoms by geographical region. Climacteric. 2010;13(5):419-428.
doi:10.3109/13697137.2010.507886

Holford TR. Life Tables with Concomitant Information. Biometrics. 1976;32(3):587-597.

Whitehead J. Fitting Cox’s Regression Model to Surival Data usig GLIM. App! Stat.
1980;29(3):268-275.

Williams C, DiLeo A, Niv Y, Gustafsson JA. Estrogen receptor beta as target for colorectal
cancer prevention. Cancer Lett. 2016;372(1):48-56. doi:10.1016/j.canlet.2015.12.009

McCashland TM, Brand R, Lyden E, De Garmo P. Gender differences in colorectal polyps
and tumors. Am J Gastroenterol. 2001;96(3):882-886. doi:10.1016/S0002-9270(00)02431-X

Judd HL. Hormonal dynamics associated with the menopause. Clin Obstet Gynecol.

1976;19(4):775-788. doi:10.1097/00003081-197612000-00005



32.

33.

34.

35.

36.

37.

38.

39.

40.

25

Hogan AM, Collins D, Baird AW, Winter DC. Estrogen and its role in gastrointestinal health
and disease. Int J Colorectal Dis. 2009;24(12):1367-1375. doi:10.1007/s00384-009-0785-0

Davison SL, Bell R, Donath S, Montalto JG, Davis SR. Androgen levels in adult females:
Changes with age, menopause, and oophorectomy. J Clin Endocrinol Metab.

2005;90(7):3847-3853. doi:10.1210/j¢c.2005-0212

Rennert G, Rennert HS, Pinchev M, Lavie O, Gruber SB. Use of hormone replacement
therapy and the risk of colorectal cancer. J Clin Oncol. 2009;27(27):4542-4547.
doi:10.1200/JC0.2009.22.0764

Soto-Salgado M, Suarez E, Calo W, Cruz-Correa M, Figueroa-Vallés NR, Ortiz AP.
Incidence and mortality rates for colorectal cancer in Puerto Rico and among Hispanics, non-
Hispanic whites, and non-Hispanic blacks in the United States, 1998-2002. Cancer-.
2009;115(13):3016-3023. doi:10.1002/cncr.24340

Terry P, Giovannucci E, Bergkvist L, Holmberg L, Wolk A. Body weight and colorectal
cancer risk in a cohort of Swedish women: Relation varies by age and cancer site. BrJ

Cancer. 2001;85(3):346-349. doi:10.1054/bjoc.2001.1894

Terry PD, Miller AB, Rohan T. Obesity and colorectal cancer risk in women. Gut.
2002;51:191-194. Accessed July 26, 2020. www.gutjnl.com

Bruce WR, Giacca A, Medline A. Possible Mechanisms Relating Diet and Risk of Colon
Cancer. Cancer Epidemiol Biomarkers Prev. 2000;9(12):1271-1279.

Haggar FA, Boushey RP. Colorectal cancer epidemiology: Incidence, mortality, survival, and

risk factors. Clin Colon Rectal Surg. 2009;22(4):191-197. doi:10.1055/5-0029-1242458

VCK, HJ T, CF S, CK L. The Risks for Ovarian, Endometrial, Breast, Colorectal, and Other
Cancers in Women With Newly Diagnosed Endometriosis or Adenomyosis: A Population-
Based Study. Int J Gynecol Cancer. 2015;25(6):968-976.
doi:10.1097/1GC.0000000000000454



Table 1: Person-related descriptive characteristics for the 25,698 female nurses (Danish Nurse Cohort),

stratified by colorectal cancer.

Colorectal cancer

Yes (n=863) No (n=24,835)
Baseline characteristics
Age (years), median (5"-95" percentile) 55 (45; 72) 50 (44; 70)
Body Mass Index, (kg/m?), n (%)
BMI <18.5 18 (2.1) 632 (2.5)
BMI 18.5-24.9 578 (67.0) 17,119 (68.9)
BMI 25-29.9 209 (24.2) 5,677 (22.9)
BMI >30 58 (6.7) 1,407 (5.7)
Physical activity, n (%)*
Low 62 (7.2) 1,670 (6.7)
Moderate 603 (69.9) 16,310 (65.7)
High 178 (20.6) 6,611 (26.6)
Missing 20 (2.3) 244 (1.0)
Smoking status, n (%)
Never 258 (29.9) 8,479 (34.1)
Previous 276 (32.0) 7,621 (30.7)
Current 329 (38.1) 8,735 (35.2)
Alcohol consumption, (drinks/week), n (%)°
None 177 (20.5) 3,915 (15.8)
Low drinker (<7) 304 (35.2) 9,170 (36.9)
Moderate drinker (7-14) 189 (21.9) 6,078 (24.5)
Heavy drinker (>14) 193 (22.4) 5,672 (22.8)
Consumption of fatty meat, n (%)* 102 (11.8) 2,426 (9.8)
Age at menarche, n (%)
<12 68 (7.9) 1,978 (8.0)
>12 795 (92.1) 22,857 (92.0)
Nulliparous, n (%) 149 (17.3) 3,537 (14.2)
Number of births®, median (5"-95" percentile) 2(1;4) 2(1;4)
Age at first birth®, median (5"-95" percentile) 26 (21; 35) 25 (21; 34)
Hormone replacement therapy, n (%)
Ever 273 (31.6) 6,941 (28.0)
Never 590 (68.4) 17,894 (72.0)
Time-varying variables, ascertained during follow-up
Hysterectomy, n (%) 137 (15.9) 4,198 (16.9)
Bilateral oophorectomy, n (%)
Pre-menopausal 20 (2.3) 401 (1.6)
Post-menopausal 62 (7.2) 1,591 (6.4)
Unilateral oophorectomy, n (%)
Pre-menopausal 21 (2.4) 708 (2.9)
Post-menopausal 12 (1.4) 332 (1.3)

2 Physical activity and consumption of fatty meat were not included in the main complete case analyses (models 1

and 2).

"Including beer (regular and strong), wine (red and white) and liquor

¢ Among parous women




Table 2: Rate ratios (RRs) and 95% confidence intervals (Cls) of colorectal cancers in nurses with
oophorectomy (at all ages and stratified by age (< 51 and > 51 years) at time of oophorectomy as a proxy of
menopausal status) from the Danish Nurse Cohort (n=25,698) compared with referent women with ovaries
preserved.

Rate ratios (95% confidence interval)
N (cases/person- Model 1* Model 2° Model 3¢
years)
Oophorectomy*
Ovaries preserved 753/496,832 1 (reference) 1 (reference) 1 (reference)
Unilateral 33/18,713 1.22 (0.84;1.75) 1.25 (0.86;1.82) | 1.25 (0.86;1.82)
Pre-menopausal | 21/14,049 1.16 (0.72;1.85) 1.18 (0.73;1.91) | NA
Post-menopausal | 12/4,664 1.34 (0.76;2.38) 1.41 (0.79;2.51) | NA
Bilateral 82/26,595 1.71 (1.36;2.16) 1.79 (1.33;2.42) | 1.78 (1.32;2.40)
Pre-menopausal | 20/8,354 1.93 (1.24;3.01) 2.06(1.25;3.40) | NA
Post-menopausal | 62/18,241 1.66 (1.27;2.16) 1.76 (1.27;2.45) | NA

*Qophorectomy exposure status entered the Poisson model as a time varying variable

2Adjusted for attained age and calendar period with log-transformed person-years as the offset by stratifying the person
time into five-year intervals for age (<50, 51-55, 56-60, 61-65, 66-70, 71-75, 76-80, 81-85, 85-90, 90+), calendar period
into five groups (1993-1997, 1998-2002, 2003-2007, 2008-2012, 2013-2018) and mutual adjustment for oophorectomy
(unilateral and bilateral).

bAs for model 1, with further adjustment for body mass index (<25, >25 kg/m?), smoking status (current, previous, never),
alcohol consumption (none, low, moderate, high), family history of cancer (yes, no), hormone replacement therapy (ever,
never) and hysterectomy (time-varying).

°As for model 2 with further adjustment for physical activity (low, moderate, high) and consumption of fatty meat (yes,
no).




Table 3. Effect modification of the association between bilateral oophorectomy (all ages) and colorectal
cancer rate by hormone replacement therapy (HRT), hysterectomy and BMI. Women with both ovaries
preserved served as reference group

Effect modifier | Bilateral oophorectomy | Cases (person-years) | RR (95% CI)? | P-value”
- HRT
No 365,304 1 (reference) 0.35
Yes 11,938 1.99 (1.37;2.89)
+ HRT
No 131,528 1 (reference)
Yes 14,658 1.59 (1.08;2.33)
- Hysterectomy
No 452,446 1 (reference) 0.93
Yes 3,798 1.90 (1.09;3.32)
+ Hysterectomy
No 44,385 1 (reference)
Yes 22,797 1.85 (1.28;2.66)
BMI <25
No 356,596 1 (reference) 0.41
Yes 18,483 1.67 (1.18;2.37)
BMI >25
No 140,235 1 (reference)
Yes 8,112 2.05 (1.34;3.13)

2Adjusted for attained age and calendar period, body mass index (<25, >25 kg/m?), smoking status (current, previous, never),
alcohol consumption (none, low, moderate, high), family history of any cancer (yes, no), hormone replacement therapy (ever,
never), hysterectomy (time-varying) and unilateral oophorectomy. But with no adjustment for the interaction variable.

*Test of the null hypothesis using a likelihood ratio test
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Oestrogen exposure has been inversely associated with risk of colorectal cancer. While
oophorectomy reduces circulating oestrogen, its impact on colorectal cancer risk
remains uncertain. This study is one of the largest studies to examine the association
between oophorectomy and colorectal cancer in the general population and to assess
the potential modifying effects of hormone replacement therapy and hysterectomy. The
results show that oophorectomy at any age increases the rate of colorectal cancer, with
the highest rate found following bilateral oophorectomy. Neither baseline hormone
replacement therapy or hysterectomy modified this association. These observations are
relevant for women considering oophorectomy.
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