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ABSTRACT

Objectives To examine the risk of type 2 diabetes in
patients with prostate cancer and its association with
androgen deprivation therapy (ADT).

Design and participants We performed a retrospective
cohort study of patients diagnosed with prostate cancer in
the Lithuanian male population between 1 January 2003
and 31 December 2012 who were identified through the
Lithuanian Cancer registry. All prostate cancer cases were
linked to the National Health Insurance Fund database to
obtain information regarding the diagnosis of diabetes
mellitus and information on prescriptions of antiandrogens
and gonadotropin-releasing hormone (GnRH) agonists.
Patients with prostate cancer were followed up until the
diagnosis of type 2 diabetes, or 31 December 2017, or
date of death, whichever came first. Cox proportional
hazard models were used to estimate the risk of type 2
diabetes in patients with prostate cancer with or without
ADT exposure.

Results 27 580 men were diagnosed with prostate
cancer, out of whom 14 502 (52.6%) did not receive ADT
and 13 078 (47.4%) were treated with ADT. The incidence
of type 2 diabetes for all patients with prostate cancer
was 7.4/1000 person-years, for men on GnRH agonists
9.0/1000 person-years and 5.8/1000 person-years for
men on antiandrogens. There was an increased risk of
developing type 2 diabetes comparing ADT users and non-
users (HR=1.49, 95%Cl 1.3410 1.66).

Conclusion This study showed an increased risk of
diabetes in patients with prostate cancer treated with ADT
in comparison to ADT-free patient cohort. GnRH agonist
users showed higher susceptibility, while the group on
antiandrogen monotherapy showed no such increase.

INTRODUCTION

Prostate cancer is one of the most prevalent
malignancies and the second leading cause of
cancer-related deaths in men worldwide.' The
growth of prostate cancer cells is dependent
on androgens; therefore, androgen depri-
vation therapy (ADT) is the recommended
treatment in men with metastatic prostate
cancer. ADT is also used in clinically locally
advanced prostate cancer in conjunction with
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Strengths and limitations of this study

» Large cohort size, population-based design and long
observation time (up to 15 years) are strengths of
our study.

» Lack of clinical information regarding treatment
modality applied for patients in combination with
androgen deprivation therapy (ADT), especially in-
formation on surgical castration.

» Differences in ADT treatment groups could be influ-
enced by selection bias, as gonadotropin-releasing
hormone agonists are used for treatment of meta-
static disease, however, differences in ADT treat-
ment groups remain after adjusting to stage of
disease.

radiotherapy as either adjuvant or neoadju-
vant therapy.”

ADT results in a rapid decrease in serum
concentrations of testosterone to castration
level by reducing testicular androgens secre-
tion or by inhibiting the androgen receptors.
Androgen deprivation can also be achieved
with surgery (orchiectomy) or medications
(gonadotropin-releasing hormone (GnRH)
agonists, GnRH antagonists or oral antian-
drogens (AAs)). In addition, complete
androgen blockade using combination of
GnRH analogues and AAs can also be used in
some clinical cases.” If patients with prostate
cancer progress to castrate resistance state, it
is recommended to continue ADT.*

Hypogonadism produced by ADT leads
to adverse effects, such as increased risk
of cardiovascular disease and metabolic
syndrome, sexual dysfunction,
decreased genital size, gynaecomastia, dimin-
ished quality of life, cognitive lesion, hot
flushes and reduced bone mineral density.5_8
One of the newest long-term effect observed
in other studies is ADT increasing insulin

anaemia,
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Table 1 Baseline characteristics of men with prostate cancer by ADT use
All patients ADT-free cohort ADT users AA GnRH P value*
n (%) 27580 (100) 14502 (52.6) 13078 (47.4) 1014 (7.8) 12064 (92.2)
Mean follow-up time, years (SE)  6.74 (3.64) 6.54 (3.56) 6.97 (3.73) 7.12 (4.34) 6.95(3.68)
Age
Mean age at diagnosis, 67.81(8.61) 68.71 (10.05) 66.81 (6.53) 66.10 (6.50) 66.87 (6.53) <0.001
years (SE)
<65 9327 (33.9%) 5120 (35.3%) 4207 (32.2%) 374 (36.9%) 3833 (31.8%)
65-74 12441 (45.1%) 4715 (32.5%) 7726 (59.0%) 580 (57.2%) 7146 (59.2%)
>75 5812 (21.0%) 4667 (32.2%) 1145 (8.8%) 60 (5.9%) 1085 (9.0%)
Stage
| 1913 (6.9%) 1380 (9.5%) 533 (4.0%) 25(2.5%) 508 (4.2%) <0.001
Il 11986 (43.5%) 6660 (45.9%) 5326 (40.8%) 460 (45.3%) 4866 (40.4%)
]l 7157 (25.9%) 2671 (18.4%) 4486 (34.3%) 214 (21.1%) 4272 (35.4%)
v 1461 (5.3%) 663 (4.6%) 798 (6.1%) 105 (10.4%) 693 (5.7%)
Unknown 5063 (18.4%) 3128 (21.6%) 1935 (14.8%) 210 (20.7%) 1725 (14.3%)

*Shows significance of differences between the ADT-free cohort and ADT users.
AA, antiandrogen; ADT, androgen deprivation therapy; GnRH, gonadotropin-releasing hormone.

resistance and having an impact on type 2 diabetes devel-
opmcs:nt.5 oz

In our large population-based cohort study, we exam-
ined the risk of type 2 diabetes in patients with prostate

cancer and its association with ADT.

RESEARCH DESIGN AND METHODS

Study population

We performed a retrospective cohort study of patients
diagnosed with prostate cancer in the entire Lithua-
nian male population between 1 January 2003 and 31
December 2012 who were identified through the Lith-
uanian Cancer registry. The database includes informa-
tion about the date of diagnosis, age at diagnosis, tumour
stage (classified by TNM (Tumour-Node-Metastasis)
classification), cause and date of death. Lithuanian data
on cancer incidence included Cancer Incidence in Five
Continents, a longstanding collaboration between the
International Agency for Research on Cancer and the
International Association of Cancer Registries, which
serves as a unique source of cancer incidence data from

high-quality population-based cancer registries around
the world."

All prostate cancer cases were linked to the National
Health Insurance Fund (NHIF) database in order to
obtain information regarding the diagnosis of diabetes
mellitus and information on prescriptions of AAs and
GnRH agonists. Data linkage between databases was
based on the personal identification code, which is
unique to each resident in Lithuania. The NHIF database
contains demographic data and entries on the primary
and secondary healthcare services provided, emergency
and hospital admissions and prescriptions of reimbursed
medications. Data from the Lithuanian NHIF database
encompass about 98% of inpatient cases and 90% of
outpatient visits (up to 100% of primary healthcare visits)
in Lithuania, covering the entire territory of the country.14
Male patients, who in NHIF database were registered with
type 2 diabetes (International Classification of Diseases-10
code E11), were considered diabetic. Men who received
GnRH agonists or AAs for at least 6 months were defined
as ADT users.

Table 2 Incidence of type 2 diabetes per 1000 person-years in patients with prostate cancer by ADT use

Number of patients Number of events Person years Incidence rate
All patients 27580 1371 185 961.74 7.4
ADT non-users 14502 570 94 866.21 6.0
ADT users 13078 801 91 095.53 8.8
GnRH agonists users 12064 759 87 683.91 9.0
Antiandrogen users 1014 42 3411.62 5.8

ADT, androgen deprivation therapy; GnRH, gonadotropin-releasing hormone.
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Table 3 HRs for type 2 diabetes in prostate cancer by use of ADT

HR 95% ClI aHR* 95% ClI
ADT-free cohort ref. - ref. -
ADT users 1.49 1.34 to 1.66 1.47 1.32t0 1.64
GnRH agonists users 1.53 1.38t0 1.71 1.51 1.35t0 1.69
Antiandrogen users 1.02 0.751t0 1.40 1.02 0.74 10 1.39

*Adjusted for age and stage.

ADT, androgen deprivation therapy; GnRH, gonadotropin-releasing hormone.

In total between 1 January 2003 and 31 December 2012,
29247 cases of prostate cancer were identified. Patients
with prostate cancer with date of prostate cancer diag-
nosis equal to the date of death (607 cases) and patients
with diabetes mellitus diagnosis before prostate cancer
diagnosis (1060 cases) were excluded from the analysis.
Twenty-seven thousand five hundred and eighty patients
with prostate cancer were included in this study.

Statistical analysis

We analysed risk of diabetes between men on ADT, and
patients with prostate cancer not treated with ADT. Iden-
tified patients were followed till the date of type 2 diabetes
diagnosis, or 31 December 2017, or date of death, which-
ever came first.

In order to evaluate the risk of developing diabetes
among ADT users in cohort of patients with prostate
cancer, we calculated exact person-years at risk for each
patient.

Cox proportional hazard models were used to estimate
HRs and their 95% ClIs to compare risk of diabetes in
groups of patients with prostate cancer by ADT exposure.
Multivariate adjusted Cox proportional hazards models
including age and stage at diagnosis were conducted to
estimate the effect of ADT on diabetes risk. Association
between duration of GnRH agonists use and diabetes
risk was assessed by dividing duration into the following
intervals: 0-1, 1-2, 2-3, 3-5 and more than 5 years. GaRH
agonists’ users to the duration group were assigned by
cumulative exposure.

All statistical analyses were carried out using STATA
statistical software (V.15.1).

Patient and public involvement

This article does not contain any studies with human
participants. No patients were involved in this study. Our
study was based on retrospective data collected in NHIF
database.

RESULTS

Table 1 presents baseline characteristics of 27 580 men
who were diagnosed with prostate cancer, out of whom
14 502 (52.6%) did not receive ADT and 13 078 (47.4%)
were treated with ADT. The vast majority of patients
(92.2%) received GnRH agonists and 7.8% received AAs.
There were significant differences between ADT-free
cohort and ADT users according to the mean age and
stage distribution.

During follow-up period, there were 1371 patients
with prostate cancer diagnosed with type 2 diabetes. The
incidence of type 2 diabetes for all patients with prostate
cancer (ADT users and ADT non-users) was 7.4/1000
person-years. For those who have never used ADT, the
incidence was 6.0/1000 person-years. Type 2 diabetes inci-
dence for ADT users was 8.8/1000 person-years, for men
on GnRH agonists 9.0/1000 person-years and 5.8/1000
person-years for men on AAs (table 2).

There was a significantly increased risk of developing
of type 2 diabetes comparing ADT users with ADT non-
users (HR=1.49, 95% CI 1.34to 1.66) (table 3). Adjusted
hazards models for patient’s age and tumour’s stage also
showed a statistically higher risk of developing type 2
diabetes (aHR=1.47, 95% CI 1.32to 1.64) in ADT users

Table 4 HRs for type 2 diabetes in men with prostate cancer on GnRH agonists for different periods of exposure

Years of exposure Number of events Number of patients HR 95% ClI aHR* 95% ClI
ADT-free cohort 570 14502 ref. - Ref. -

0-1 369 6800 1.41 1.23 to 1.61 1.38 1.21t0 1.58
1-2 139 2177 1.60 1.33t0 1.93 1.59 1.32 to0 1.92
2-3 105 1330 1.77 1.44t02.18 1.76 1.42t02.17
3-5 96 1151 1.74 1.40t0 2.16 1.73 1.42 t0 2.17
>5 50 606 1.58 1.18 to 2.11 1.57 1.17t0 2.10

*Adjusted for age and stage.

ADT, androgen deprivation therapy; GnRH, gonadotropin-releasing hormone.
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group. As compared with ADT non-users, the usage of
GnRH agonists was associated with an increased risk of
type 2 diabetes (HR=1.53, 95% CI 1.38 to 1.71), however,
there was no significant association between oral AA
monotherapy and outcome.

Table 4 reports diabetes risk in the group of GnRH
agonists users. There were no significant differences in
risk by duration of GnRH agonists exposure duration.

DISCUSSION

Our patient with prostate cancer cohort study showed
increased risk of diabetes in ADT users compared with
ADTree patient cohort. In accordance with other studies,
elevated risk was found among GnRH agonist users, while
in the AA monotherapy group no such increase was
observed.

ADT, which decreases serum testosterone levels by
inhibiting testosterone production, has been the first-line
treatment for men with locally advanced or metastatic
prostate cancer since 1940." ADT can reduce circulating
testosterone levels to castration levels, however, previous
studies have shown that low levels of testosterone might
decrease lean body mass growth and increase fat depo-
sition, also might cause insulin resistance by reducing
insulin sensitivity."® ' The association between ADT
users in patients with prostate cancer and insulin resis-
tance was identified in Basaria et al’s’ study. Patients who
received ADT for at least 12 months had an increased
risk of developing insulin resistance and hyperglycaemia.
Forty-four per cent of ADT patients had glucose levels in
the diabetic range and the duration of ADT was linked
to the severity of these metabolic abnormalities. Bosco et
als'™® meta-analysis results suggested that ADT usage for
patients with prostate cancer increased risk of diabetes
by 36%. In our study, we also observed that ADT usage
increases the risk of diabetes compared with ADT non-
users (HR=1.49, 95% CI 1.34 to 1.66).

Keating et af found that the treatment with GnRH
agonists is associated with an increased risk of type 2
diabetes compared with ADT non-users (HR for GnRH
agonists vs no ADT 1.44, 95% CI 1.34 to 1.55). Crawley et
al'”® evaluated the risk of type 2 diabetes for the patients
treated with GnRH agonists or AAs. They found that
GnRH agonists increase the risk of type 2 diabetes. In
contrast, management with AAs was not associated with
type 2 diabetes. In our study, we showed that the highest
risk of diabetes was in GnRH agonists users group
(HR=1.53, 95% CI 1.38 to 1.71). This data is in line with
above mentioned studies.

The duration of ADT is a very important factor when
trying to establish the link between type 2 diabetes and
ADT. Keating ¢t al showed increased risk of type 2 diabetes
for patients on GnRH agonists, however, this study had a
relatively short duration (up to 25 months). To our knowl-
edge, Crawley and colleagues were the first that evaluted
different types of ADT and the effect of treatment dura-
tion. They examined the risk of type 2 diabetes with up

to 10 years of exposure. In their study, they revealed that
patients on GnRH agonists during the first 3 years (2-2.5
years of exposure HR=1.68, 95% CI 1.40 to 2.02) had the
highest risk of developing type 2 diabetes.'* Similarly, we
showed that the highest incidence of diabetes was in the
3-year exposure group (HR=1.77, 95% CI 1.44 to 2.18),
however, the risk was also significantly elevated in other
categories.

Intermittent ADT treatment was suggested as an alter-
native treatment to continuous ADT with possibly fewer
complications and better quality of life."" Rezaei et al’
study’s results showed that in short-term treatment with
intermittent ADT there was no difference in fasting blood
glucose, which suggests lower risks of diabetes mellitus in
this group of patients. Thus, difference in diabetes risk
increase between non-users and ADT users could be miti-
gated by the proportion of intermittent ADT user in our
cohort, whom we could not identify from our database.
However, according to general used prostate cancer treat-
ment guidelines, intermittent ADT could be applicable
only for very small and well-informed fraction of patients
with prostate cancer.”’ Therefore, we consider that this
should not influence the final results of our study.

Large cohort size, population-based design and long
observation time (up to 15 years) are strengths of our
study. Main limitation of our study is lack of clinical
information regarding treatment modality, applied for
patients in combination with ADT, especially information
on surgical castration. This type of ADT is not common
in clinical practice, therefore inclusion of those cases
in non-ADT patients group has no substantial effect on
diabetes risk evaluation. Another limitation is that differ-
ences in ADT treatment groups could be influenced by
selection bias, as GnRH agonists are used for treatment
of metastatic disease, however, differences in ADT treat-
ment groups remain after adjusting to stage of disease.

CONCLUSION

This study showed that there is increased risk of diabetes
in patients with prostate cancer treated with ADT in
comparison with ADT-free patient cohort. GnRH agonist
users showed higher susceptibility while the group on AA
monotherapy showed no such increase.
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