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Abstract

Purpose Androgens are known to play an important pro-

tective role on colorectal carcinogenesis, and thus the objec-

tive of this study was to determine whether androgen

deprivation therapy (ADT) is associated with an increased risk

of incident colorectal cancer in patients with prostate cancer.

Methods We conducted a population-based cohort study

within the UK General Practice Research Database popu-

lation which included all patients newly diagnosed with

prostate cancer between 1 January 1988 and 31 December

2008, followed until 31 December 2009. Time-dependent

Cox proportional hazards models were used to estimate

hazard ratios (HRs) and 95 % confidence intervals (CIs) of

incident primary colorectal cancer associated with the use

of ADT. Secondary analyses considered cumulative dura-

tion of use and specific ADTs.

Results The cohort included a total of 21,503 patients, of

whom 184 were diagnosed with colorectal cancer during a

mean (SD) follow-up 4.0 (3.0) years (rate 2.4/1,000 person-

years). Overall, use of ADT was not associated with an

increased risk of colorectal cancer (HR 0.99, 95 % CI

0.73–1.35). Similarly, no association was observed in terms

of duration use, although this secondary analysis may have

been limited by statistical power. With respect to specific

ADTs, bilateral orchiectomy was the only therapy associ-

ated with an increased risk of colorectal cancer (HR 2.50,

95 % CI 1.13–5.52).

Conclusion Overall, the use of ADT is not associated

with an increased risk of incident colorectal cancer. The

increased risk observed with bilateral orchiectomy may

possibly be due to the prolonged androgen suppression of

this therapy.

Keywords Androgen deprivation therapy � Colorectal

cancer � Prostate cancer � Population based � Safety

Introduction

Androgen deprivation therapy (ADT) remains the most

common form of treatment for advanced prostate cancer

[1]. ADT can be achieved either through surgical (bilateral

orchiectomy) or chemical castration (gonadotropin-releas-

ing hormone (GnRH) agonists or oral anti-androgens).

While this therapy was traditionally reserved for patients

with advanced disease, ADT is increasingly being used

earlier in the course of the disease, such as in patients with

biochemical relapse that have no evidence of metastatic
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disease [2], thus allowing the chronic manifestations of the

hypogonadal state to emerge [3].

The prolonged suppression of androgens has been

associated with several adverse effects often called the

‘‘androgen deprivation syndrome.’’ This is a condition

characterized by metabolic changes, such as dyslipidemia

[4–6], insulin resistance [7], and modification of body

composition toward an increase of fat mass [6, 8], which

have all been identified as risk factors of colorectal cancer

[9]. Furthermore, several studies have shown that andro-

gens exert a protective effect on colorectal carcinogenesis

[10, 11]. Evidence for this potential adverse effect is lim-

ited, with just one study reporting an increased risk of

colorectal cancer associated with ADT [9]. Specifically, the

use of GnRH agonists was associated with a 31 % [hazard

ratio (HR) 1.31, 95 % confidence interval (CI) 1.12–1.53]

increased risk after 25 months on therapy, whereas bilat-

eral orchiectomy was associated with a 37 % increased risk

of colorectal cancer (HR 1.37, 95 % CI 1.14–1.66) [9].

While this study was novel in supporting a role for

androgens in the prevention of colorectal carcinogenesis, it

lacked information on other ADTs, such as oral anti-

androgens which are often used alone or in combination

with GnRH agonists. Thus, carefully designed studies are

needed to assess the association between ADT and the risk

of colorectal cancer.

Given the expanding indication for early use of ADT,

particularly in men with localized prostate cancer [12], it is

imperative to adequately assess its risks and benefits. Thus,

the objective of this study is to determine whether ADT is

associated with an increased risk of developing colorectal

cancer in patients with prostate cancer.

Materials and methods

Data sources

This study was conducted using the General Practice

Research Database (GPRD), a primary care database from

the United Kingdom (UK) [13]. The GPRD is the world’s

largest computerized database of longitudinal records from

primary care. It contains the complete primary care medi-

cal record for more than 12 million people enrolled in more

than 650 general practices. The geographic distribution of

the practices participating in the GPRD has been shown to

be representative of the UK population, and age and sex

distributions of patients in the GPRD are similar to those

reported by the National Population Census. Participating

general practitioners have been trained to record medical

information including demographic data, medical diagno-

ses, procedures, and deaths using a standardized form.

Prescriptions issued by GPRD physicians are automatically

transcribed into the computer record. In addition, the

GPRD collects information regarding lifestyle variables,

such as body mass index (BMI), and quantitative and

qualitative data pertaining to smoking and alcohol use. The

Read classification is used to enter medical diagnoses and

procedures, and a coded drug dictionary based on the UK

Prescription Pricing Authority Dictionary is used for

recording prescriptions. The recorded information on drug

exposures and diagnoses has been validated and proven to

be of high quality [14–16]. The study protocol was

approved by the Independent Scientific Advisory Com-

mittee of the GPRD and the Research Ethics Committee of

the Jewish General Hospital, Montreal, Canada.

Study population

We conducted a cohort study using a population-based

cohort of patients newly diagnosed with prostate cancer

between 1 January 1988 and 31 December 2008, followed

until 31 December 2009. Patients included in the cohort

were required to be at least 40 years of age at the time of

their prostate cancer diagnosis, and have at least 1 year of

medical history in the GPRD prior to their diagnosis.

Furthermore, we excluded patients diagnosed with meta-

static disease at cohort entry, and those previously diag-

nosed with colorectal cancer at any time prior to cohort

entry. The latter criterion was to ensure that incident cases

are identified during follow-up. Finally, the cohort was

restricted to patients with at least 1 year of follow-up after

their prostate cancer diagnosis, necessary for latency con-

siderations. Thus, cohort entry for all patients consisted of

the year after the prostate cancer diagnosis.

Patients were followed until a first-ever primary diag-

nosis of colorectal cancer (outcome), death from any cause,

end of registration with the general practice, or end of the

study period (31 December 2009), whichever came first.

Cancer diagnoses, including prostate and colorectal cancer,

have shown high validity in the GPRD, with sensitivities

and positive predictive values exceeding 90 % [17–20],

and with case ascertainment rates comparable to UK cancer

registries [21].

Exposure to androgen deprivation therapy

We considered all ADTs available on the UK market

during the study period. Exposure to ADT was defined in a

time-dependent fashion, allowing patients to move from a

period of non-exposure to a period of exposure during

follow-up. For the primary analysis, exposure was defined

as ever use of any of the following ADTs: (1) GnRH

agonists (leuprolide, goserelin, triptorelin) monotherapy

(which may have included up to 4 weeks of an oral anti-

androgen treatment at start of therapy), (2) oral anti-
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androgens (cyproterone acetate, flutamide, bicalutamide,

nilutamide) monotherapy, (3) combined androgen blockade

(use of both GnRH agonists and[4 weeks of an oral anti-

androgen), (4) bilateral orchiectomy, (5) estrogens and/or

combinations of the above, and (6) no use of any ADT up

until the event date.

In a secondary exposure definition, we assessed whether

there was a dose–response in terms of cumulative duration

of use which was entered as a time-dependent variable,

calculated by adding the specified durations of each ADT

prescription up until the date of the event. For patients who

underwent bilateral orchiectomy, cumulative duration of

use was calculated from the date of surgery. We also

assessed whether the risk varied across the different ADTs

listed above. All exposures were lagged by one year to

account for a biologically meaningful latency time period,

as it unlikely that ADT would increase the risk over a short

duration of exposure. For all analyses, the reference cate-

gory consisted of patients who were never exposed to any

ADT up until the event date.

Statistical analysis

Descriptive statistics were used to summarize the charac-

teristics of the cohort. Person-time at risk was calculated

from cohort entry to date of event or end of follow-up.

Thus, the crude incidence rate of colorectal cancer, along

with CIs based on the Poisson distribution, was calculated

by dividing the number of patients diagnosed with colo-

rectal cancer during the study period over the total person-

time at risk.

Time-dependent Cox proportional hazards models, with

duration of follow-up as the time axis, was used to estimate

adjusted HRs and 95 % CIs for the association between use

of any ADT, specific ADTs, and cumulative duration of

use, entered in tertiles in the model based on the distribu-

tion in the cohort, on the risk of incident colorectal cancer.

Exposure to ADT was treated as a unidirectional time-

dependent variable (i.e., the time from cohort entry until a

patient receives a first prescription was considered unex-

posed, and exposed from that point forward, even if the

patient discontinued the treatment).

All models were adjusted for the following potential

baseline confounders known to be associated with colo-

rectal cancer which might also influence the use of ADT:

year of cohort entry, age, excessive alcohol use, obesity

(BMI [ 30 kg/m2), smoking status, inflammatory bowel

disease (consisting of Crohn’s disease and ulcerative coli-

tis), previous cancer (other than non-melanoma skin can-

cer), history of polyps, cholecystectomy, type 2 diabetes,

and ever use of aspirin, other anti-platelets, non-steroidal

anti-inflammatory drugs, and statins. In addition, to control

for possible increased colorectal screening intensity in

ADT users, the models were further adjusted for referrals

to colonoscopy, sigmoidoscopy, and radiation therapy,

entered as time-dependent covariates in the models. All

analyses were conducted using SAS version 9.2 (SAS

Institute Inc., Cary, NC, USA).

Results

Of the 39,607 patients diagnosed with prostate cancer dur-

ing the study period, a total of 21,503 met the study inclu-

sion criteria (Fig. 1). Within the first 6 months of diagnosis,

57.2 % of the patients received ADT, 20.0 % had under-

gone prostatectomy, while 5.0 % received radiation ther-

apy. These low rates of prostatectomy and radiation therapy

are consistent with the active surveillance approach adopted

in the UK [22]. The characteristics of the cohort are pre-

sented in Table 1. The mean (standard deviation [SD]) age

at cohort entry was 72.0 (8.9) years, and the mean (SD)

duration of follow-up was 4.0 (3.0) years. During follow-up,

the majority of patients received, on at least one occasion,

GnRH agonists (58.4 %), followed by oral anti-androgens

(48.5 %), estrogens (6.7 %), and bilateral orchiectomy

(2.9 %). The characteristics of patients using the different

ADTs were generally similar overall, although GnRH

agonist users tended to be more on aspirin, statins, and have

diabetes (Online appendix Table 1).

During the study period, 184 patients were diagnosed

with colorectal cancer during 75,425 person-years of fol-

low-up, yielding an overall colorectal cancer rate of 2.4/

1,000 (95 % CI 2.1–2.8) persons per year.

Table 2 presents the results of the primary analysis.

Overall, ever use of ADT was not associated with an

increased risk of colorectal cancer (adjusted HR 0.99, 95 %

CI 0.73–1.35). This result remained virtually the same even

Fig. 1 Study flow chart
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after removing referrals to colonoscopy and sigmoidoscopy

from the model (adjusted HR 0.99, 95 % CI 0.73–1.35).

Similarly, no dose–response was observed in terms of

cumulative duration of use when all ADTs were consid-

ered, although a trend was observed with longer durations

(Table 3). In terms of duration of use of specific ADTs, the

median was 0.9 years for GnRH agonists, 0.2 years for oral

anti-androgens, 0.8 years for combined androgen blockade,

1.7 years for bilateral orchiectomy, and 1.0 year for other

ADT therapies. Due to the few exposed cases in each of

these ADT categories, it was not possible to perform

cumulative duration analyses.

When ADT was categorized according to type

(Table 4), no increased risk of colorectal cancer was

observed with the use of GnRH agonists, oral anti-andro-

gens, combined androgen blockade, other therapies (such

as estrogen), and combinations of the above. In contrast, a

significant increased risk of incident colorectal cancer was

observed with bilateral orchiectomy (adjusted HR 2.50,

95 % CI 1.13–5.52).

Discussion

The results of this study indicate that overall, the use of

ADT is not significantly associated with an increased risk

of colorectal cancer. However, in a secondary analysis,

bilateral orchiectomy was associated with more than a two-

Table 1 Characteristics of the cohort

Characteristics measured at baseline Cohort (n = 21,503) Crude HR for CRC (95 % CI)

Age, mean (SD) 72.0 (8.9) 1.04 (1.02, 1.06)

Excessive alcohol use, n (%) 1,462 (6.8) 1.08 (0.58, 1.98)

Body mass index, n (%)

\30 kg/m2 15,880 (73.9) 1.00 (reference)

C30 kg/m2 2,480 (11.5) 1.14 (0.76, 1.70)

Unknown 2,480 (11.5) 1.23 (0.77, 1.96)

Smoking status, n (%)

Ever 10,523 (48.9) 1.58 (1.14, 2.18)

Never 9,022 (42.0) 1.00 (reference)

Unknown 1,958 (9.1) 1.71 (1.11, 2.65)

Inflammatory bowel disease, n (%) 271 (1.3) 1.97 (0.73, 5.32)

Previous cancer, n (%) 2,980 (13.9) 0.81 (0.51, 1.28)

History of polyps, n (%) 398 (1.9) 1.04 (0.33, 3.27)

Cholecystectomy, n (%) 719 (3.3) 0.85 (0.35, 2.07)

Diabetes, n (%) 1,947 (9.1) 1.21 (0.73, 2.03)

Referrals to colonoscopya, n (%) 1,158 (5.4) 2.07 (1.69, 2.54)

Referrals to sigmoidoscopya, n (%) 687 (3.2) 1.45 (1.14, 1.83)

Radiation therapya, n (%) 2,501 (11.6) 0.87 (0.55, 1.37)

Ever use of statins, n (%) 4,842 (22.5) 1.07 (0.72, 1.59)

Ever use of aspirin, n (%) 6,892 (32.1) 1.09 (0.79, 1.51)

Ever use of other anti-platelet drugs, n (%) 903 (4.2) 1.38 (0.65, 2.93)

Ever use of non-steroidal anti-inflammatory drugs, n (%) 10,162 (47.3) 1.12 (0.84, 1.50)

HR hazard ratio, CI confidence interval, SD standard deviation, CRC colorectal cancer
a Entered as time-dependent covariates in the model

Table 2 Androgen deprivation therapy and the risk of colorectal cancer

Androgen deprivation therapy Cases (n = 184) Person-years Crude rate (per 1,000/year) Crude HR Adjusted HR (95 % CI)a

Non-use 68 30,663 2.2 1.00 1.00 (reference)

Ever use 116 44,762 2.6 1.13 0.99 (0.73, 1.35)

HR hazard ratio, CI confidence interval
a Adjusted for year of cohort entry, age, excessive alcohol use, obesity (C 30 kg/m2), smoking status, inflammatory bowel disease, previous

cancer, history of polyps, cholecystectomy, and diabetes, ever use of aspirin, other anti-platelet drugs, non-steroidal anti-inflammatory drugs, and

statins. The model was also adjusted for referrals to colonoscopy, sigmoidoscopy, and radiation therapy which were entered as time-dependent

covariates
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fold increased risk of colorectal cancer. In contrast to other

ADTs, this therapy had the longest duration of use, and

thus supports to the notion that prolonged androgen

deprivation may be associated with an increased risk of

colorectal cancer.

While we observed no increased risk of colorectal

cancer with ADT overall, the increased risk observed with

bilateral orchiectomy is concordant with the one observed

in the previous study where this therapy was associated

with 37 % increased risk (HR 1.37, 95 % CI 1.14–1.66)

[9]. In contrast, we did not observe a dose–response rela-

tionship in terms of ADT cumulative duration of use.

Gillessen et al. [9] reported an increased risk of colorectal

cancer with the use of GnRH agonist therapy for 25 months

or longer (HR 1.31, 95 % CI 1.12–1.53). In our study, only

61 cases were ever exposed to GnRH agonists. As such, we

did not have the statistical power to evaluate whether the

long-term use of this therapy is associated with an

increased risk of colorectal cancer. Therefore, it is not

possible to rule out an increased risk with longer durations

of use, specifically when we take into consideration the

strong association observed with bilateral orchiectomy.

Indeed, it is unlikely that GnRH agonists and bilateral

orchiectomy act differently on colorectal tissues. By per-

turbations at different level of the hypothalamic–pituitary–

gonadal axis, GnRH agonists are just as effective as

bilateral orchiectomy in impairing production of testos-

terone to castrate levels. The association observed between

bilateral orchiectomy and colorectal cancer is better

explained by the duration of castration. Since bilateral

orchiectomy is an older and definitive therapy (not eligible

to intermittent androgen deprivation therapy), patients on

this therapy had longer durations of castration compared

with patients on GnRH agonists. This hypothesis is sup-

ported by the fact that the median castration duration with

bilateral orchiectomy was almost 2 years, which corrobo-

rates the results of the previous study showing a modest

effect only after 13–24 months of castration [9].

The association between ADT and colorectal cancer is

biologically plausible. First, androgen receptors are present

Table 4 Androgen deprivation therapy and the risk of colorectal cancer

Ever use of androgen deprivation therapy Cases (n = 184) Person-years Crude rate

(per 1,000/year)

Crude HR Adjusted HR

(95 % CI)a

Non-use 68 30,663 2.2 1.00 1.00 (reference)

Gonadotropin-releasing hormone agonists only 61 26,522 2.3 1.03 0.87 (0.61, 1.24)

Oral anti-androgens only 19 7,118 2.7 1.19 1.13 (0.68, 1.88)

Combined androgen blockadeb 21 7,982 2.6 1.08 0.93 (0.56, 1.54)

Bilateral orchiectomy 7 1,215 5.8 2.73 2.50 (1.13, 5.52)

Other therapies or combinations 8 1,925 4.2 1.61 1.57 (0.75, 3.31)

HR hazard ratio, CI confidence interval
a Adjusted for year of cohort entry, age, excessive alcohol use, obesity (C30 kg/m2), smoking status, inflammatory bowel disease, previous

cancer, history of polyps, cholecystectomy, and diabetes, ever use of aspirin, other anti-platelet drugs, non-steroidal anti-inflammatory drugs, and

statins. The model was also adjusted for referrals to colonoscopy, sigmoidoscopy, and radiation therapy which were entered as time-dependent

covariates
b Composed of patients prescribed GnRH agonists with more than 4 weeks of an oral anti-androgen

Table 3 Cumulative duration of androgen deprivation therapy and the risk of colorectal cancer

Androgen deprivation therapy Cases (n = 184) Person-years Crude rate (per 1,000/year) Crude HR Adjusted HR (95 % CI)a

Non-use 68 30,663 2.2 1.00 1.00 (reference)

Cumulative duration of use (months)b

\14.3 27 14,736 1.8 0.84 0.79 (0.51, 1.24)

14.3–33.5 37 15,239 2.4 1.10 0.92 (0.60, 1.41)

[33.5 52 14,787 3.5 1.49 1.29 (0.86, 1.95)

HR hazard ratio, CI confidence interval
a Adjusted for year of cohort entry, age, excessive alcohol use, obesity (C30 kg/m2), smoking status, inflammatory bowel disease, previous

cancer, history of polyps, cholecystectomy, and diabetes, ever use of aspirin, other anti-platelet drugs, non-steroidal anti-inflammatory drugs, and

statins. The model was also adjusted for referrals to colonoscopy, sigmoidoscopy, and radiation therapy which were entered as time-dependent

covariates
b Based on tertile categories
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in both normal and malignant human colonic tissues [23,

24]. Furthermore, several animal studies have shown that

androgens can protect against colorectal carcinogenesis,

while suppression of androgens can promote it. [10, 11, 25]

Finally, studies have shown that abnormal activation of

Wnt/b-catenin/T cell factor signaling is related to the

majority of colorectal cancers [26], and evidence has

shown that androgen receptor activation can strongly

repress this signaling in colon cancer cells [27, 28].

This population-based study has a number of strengths

and some limitations. First, we assembled a large popula-

tion-based cohort of patients newly diagnosed with prostate

cancer, followed for up to 21 years. However, despite this

large sample, we may have lacked statistical power in

secondary analyses assessing the risk according to cumu-

lative duration of use and by type of ADT. Second, the use

of population-based data limited the potential for selection

bias. Third, because information is prospectively recorded

in the GPRD, the possibility of recall bias was eliminated.

However, drug information in the GPRD represents pre-

scriptions written by general practitioners. As such, it was

unknown whether prescriptions were actually filled at the

pharmacy and whether patients fully complied with the

treatment regimen. Such misclassification of exposure

would dilute the point estimates toward the null. Fourth,

our exposure definitions were time-dependent, avoiding

biases related to misclassification of exposure during fol-

low-up [29]. Another limitation of the GPRD is the lack of

information on certain colorectal cancer risk factors, such

as diet, race, ethnicity, family history, and inherited syn-

dromes. It is unclear why these unmeasured variables

would be differentially distributed between users and non-

users of ADT, and therefore it is unlikely that this lack of

information affected the validity of our results. We also did

not have access to testosterone levels to assess if perfect

castration was achieved, however, this lack of information

is not a concern for bilateral orchiectomy. Furthermore, the

GPRD database contains information on a number of

important potential confounders, such as BMI, excessive

alcohol use, and smoking, and thus we were able to adjust

for a number of important confounders often absent in

administrative databases. As for our outcome ascertain-

ment, we specifically searched for diagnostic codes related

to a primary diagnosis of colorectal cancer. As part of this

outcome definition, we did not include diagnostic codes of

secondary colorectal cancers or diagnostic codes related to

cancers that have metastasized in the colon or rectal area,

although it is not possible to exclude possible misclassifi-

cations. Finally, the susceptibility to bias from confounding

by indication is invariably a concern in non-experimental

designs [30], however, confounding by indication is gen-

erally not a problem if a study focuses on unexpected drug

effects, such as colorectal cancer in this study [31].

Conclusions

The results of this study indicate that, overall, the use of

ADT is not associated with an increased risk of colorectal

cancer in patients with prostate cancer. However, the

strong increased risk observed with bilateral orchiectomy

supports the possibility that prolonged castration may

increase the risk of colorectal neoplasia. Additional well-

designed population-based studies are needed to assess the

risk of colorectal cancer associated with the different ADT

therapies, and with longer durations of use.

Acknowledgments Dr. Laurent Azoulay is the recipient of a

‘Chercheur-Boursier’ award from the Fonds de la recherche en santé
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