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Androgen-deprivation therapy (ADT) is a fundamental element of treatment for nonlocalized 
prostate cancer and for patients with high-risk disease who are not candidates for radical 
treatment. ADT has been linked to metabolic syndrome, which involves changes in 
metabolic factors. While distinct from classic metabolic syndrome, this type does include 
changes in body composition, lipid profiles and insulin resistance. The constellation of risk 
factors may be associated with cardiovascular morbidity and the onset of diabetes mellitus. 
Physicians should discuss in detail the risk and benefits of ADT, as well as any needed lifestyle 
modifications with patients before beginning therapy.
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Metabolic syndrome, a collection of metabolic risk factors for cardiovascular disease and Type II 
diabetes mellitus, has become more prevalent as obesity has increased worldwide [1]. In 1988, Reaven 
described resistance to insulin-stimulated glucose uptake, glucose intolerance, hyperinsulinemia, 
increased very-low-density lipoprotein, triglyceridemia, decreased high-density lipoprotein (HDL) 
and hypertension, and referred to them collectively as syndrome X [2]. Currently, these metabolic 
risk factors associated with insulin resistance are known as metabolic syndrome [3]. Reaven pos-
tulated that an underlying cause of cardiovascular disease was insulin resistance that predisposed 
patients to hypertension, hyperlipidemia and diabetes [2,4]. Classic metabolic syndrome applies 
where three of the following five criteria are met: fasting plasma glucose level >110 mg/dl, serum 
triglyceride level ≥150 mg/dl, serum HDL <40 mg/dl, waist circumference >102 cm and blood 
pressure ≥130/85 mmHg (Figure 1) [5]. Aggressive intervention that treats the individual compo-
nents of this syndrome is recommended for patients with these risk factors [6]. In men with pros-
tate cancer, androgen-deprivation therapy (ADT) results in changes that overlap with metabolic 
syndrome, including decreased insulin sensitivity, increased triglycerides and increased fat mass [7]. 
Components of metabolic syndrome may also contribute to the development of prostate cancer [8]. 
It is imperative that physicians recognize the risk factors that comprise metabolic syndrome in men 
with prostate cancer and treat them accordingly.

ADT & metabolic syndrome
In the USA, prostate cancer is the second leading cause of cancer-related death in males, with an esti-
mated 220,800 new cases and 27,540 deaths in 2015 [9]. In 1941, Huggins and Hodges outlined the 
benefits of ADT for patients with metastatic prostate cancer [10], for which ADT is an established treat-
ment [11]. Increasingly, ADT with gonadotropin-releasing hormone (GnRH) agonists and antagonists 
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Figure 1. Criteria for the metabolic syndrome. 
HDL: High-density lipoprotein.
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is used to treat nonmetastatic or recurrent disease 
after definitive treatment [11,12], and is used along 
with radiation therapy (RT) to treat high-risk, 
newly diagnosed disease. Testosterone, a major 
androgen in males, is synthesized in the testes and 
released into the blood stream, where it binds to 
steroid hormone-binding globulin [13]. Androgen 
promotes the growth of lean mass and suppresses 
fat deposition [13,14]. Low levels of testosterone 
and steroid hormone-binding globulin may lead 
to insulin resistance, increased intra-abdominal 
fat and central obesity [13].

Studies in cancer-free men found that low lev-
els of testosterone may independently promote 
insulin resistance and metabolic syndrome [15]. 
A cross-sectional study suggested that men with 
prostate cancer who are treated with long-term 
ADT have an increased risk of developing insu-
lin resistance and hyperglycemia [16]. The study 
included three groups: men with prostate can-
cer (n = 18) who were on ADT for recurrent or 
metastatic disease for ≥12 months before enroll-
ing on study; age-matched men with nonmeta-
static prostate cancer (n = 17) who had radical 
prostatectomy and/or received RT but no ADT; 
and age-matched, eugonadal men (n = 18) with 
nonelevated levels of prostate-specific antigen 
(PSA) [16]. Men in the ADT group had been 
receiving therapy for 1–9 years and had higher 
fasting glucose and insulin levels than men in 
the other two groups (p = 0.002 and p = 0.002, 
respectively) [16]. BMI was also significantly 
higher in the ADT group than in the other two 
groups (p = 0.005). These data suggest that 
patients who receive long-term ADT may develop 
adverse metabolic side effects.

Braga-Basaria et al. reported results from a 
cross-sectional study of 20 men with prostate 
cancer undergoing ADT for ≥12 months, 18 
age-matched men with nonmetastatic prostate 
cancer who had received local treatment and 
were found to have increasing PSA, and 20 age-
matched controls [17]. Men in the ADT group 
had significantly higher BMI and fasting glu-
cose levels than men in the other two groups. 
Metabolic syndrome was more prevalent in the 
ADT group (55%) than in the non-ADT (22%; 
p < 0.01) and control (20%; p = 0.03) groups. 
The ADT group also had higher triglycerides 
than the control group. This cross-sectional 
study demonstrated that ADT is associated with 
adverse metabolic changes, and that treatment 
with GnRH agonists is associated with insulin 
resistance, lipid alterations and obesity [18].

ADT may also cause changes in body com-
position, such as increased weight and subcu-
taneous fat and decreased lean body mass [19]. 
A prospective study of body composition in 
men treated with ADT for nonmetastatic pros-
tate cancer randomized 32 patients to receive a 
3-month leuprolide depot (n = 20) or a 3-month 
leuprolide depot plus pamidronate (n = 20) for 
48 weeks [19]. Treatment with the GnRH agonist 
led to a 2.4% increase in weight (p = 0.005), a 
9.4% increase in fat body mass (p < 0.001), and a 
2.7% decrease in lean body mass (p < 0.001) [19]. 
Another prospective study in men with locally 
advanced or recurrent nonmetastatic prostate 
cancer (n = 25) assessed the effects of treatment 
with a short-term GnRH agonist on insulin sen-
sitivity [20]. Patients, none of whom had a history 
of diabetes mellitus, were evaluated at baseline 



1949

Metabolic syndrome in prostate cancer REviEW

future science group www.futuremedicine.com

and at 12 weeks. After a fasting period (12 h), 
patients underwent a 75-g oral glucose tolerance 
test in the morning. While the subjects’ weight 
and BMI did not change significantly, fat body 
mass increased 4.3 ± 1.3% (p = 0.002) and lean 
body mass decreased 1.4 ± 0.5% (p = 0.006). 
Serum total, HDL and LDL cholesterol, as 
well as triglycerides, all increased, and fasting 
plasma insulin levels increased 25.9 ± 9.3% 
(p = 0.04). Insulin sensitivity, however, decreased 
12.8 ± 5.9% (p = 0.02). One patient developed 
diabetes over the 12-week study period (Table 1). 
Given the metabolic alterations brought on by 
ADT, patients should be encouraged to exercise 
and follow a low-fat, low-carbohydrate diet [21].

Metabolic syndrome & incidence of 
prostate cancer
While metabolic syndrome is a risk factor for 
men with prostate cancer, lifestyle changes may 
treat or even prevent this condition and thus alter 
the course of disease progression [22]. Individual 
factors of metabolic syndrome have been linked 
to an increased risk of prostate cancer [23], as 
demonstrated by a prospective population-based 
study in Finland [24], where 1880 men with no 
history of cancer or diabetes mellitus at baseline 
were followed for an average of 13.2 years. At 
baseline, 357 men (19%) had metabolic syn-
drome based on WHO criteria. Of these men, 
183 developed some type of cancer, 56 of which 
were prostate cancer. In a multivariate analy-
sis, men with metabolic syndrome had a nearly 
twofold relative risk (RR) of developing prostate 
cancer. That risk was even higher (RR: 3.00; 
95% CI: 1.22–7.34; p = 0.016) in men who were 
overweight or obese (BMI ≥27 kg/m2) [24].

In a systematic review and meta-analysis of 
seven studies, Xiang et al. [25] found that meta-
bolic syndrome was associated with a 36% 
increase in odds ratio (OR) of a Gleason score of 

≥7 (OR: 1.36; 95% CI: 0.90–2.06) and a 37% 
increased risk of advanced clinical stage (≥T3; 
OR: 1.37; 95% CI: 1.12–1.68; n = 4 studies). In 
three studies analyzed, metabolic syndrome was 
associated with a higher risk of prostate cancer-
specific death (RR: 1.12; 95% CI: 1.02–1.23). 
Further studies are warranted to determine 
whether metabolic syndrome is associated 
with disease progression and advanced clinical 
stage [25]. It will be important to further evaluate 
these findings in future prospective trials.

The association between prostate cancer risk 
and metabolic syndrome was also evaluated in 
a large clinical trial in men referred for pros-
tate biopsy [26]. The clinical cohort consisted of 
patients with no prior history of prostate cancer 
who were undergoing a transrectal ultrasound-
guided prostate biopsy. Patients were assessed for 
metabolic syndrome around the time of biopsy. 
The study evaluated three outcomes: overall 
diagnosis of prostate cancer, diagnosis of clini-
cally significant prostate cancer and diagnosis 
of intermediate- or high-grade prostate can-
cer (Gleason score: 7–10). Of 2235 men, 494 
(22.1%) had metabolic syndrome. A multivari-
ate analysis found that no single component of 
metabolic syndrome was significantly associated 
with a diagnosis of prostate cancer. However, an 
increasing number of metabolic syndrome com-
ponents were associated with higher prostate can-
cer grade (p < 0.001) [26]. Having ≥three com-
ponents of metabolic syndrome was associated 
with a higher risk of prostate cancer (OR: 1.54; 
95% CI: 1.17–2.04; p = 0.002), castrate-sensitive 
prostate cancer (OR: 1.56; 95% CI: 1.17–2.08; 
p = 0.002) and intermediate- to high-grade pros-
tate cancer (OR: 1.56; 95% CI: 1.16–2.10; p = 
0.003) [26]. This observational study highlighted 
the need for further studies to evaluate the asso-
ciation between prostate cancer incidence and 
aggressiveness, and metabolic syndrome.

Table 1. Studies evaluating androgen deprivation therapy in men with prostate cancer.

Study (year) Study type Summary of findings Ref.

Basaria et al. 
(2006)

Cross-sectional 
study

Long-term ADT may increase risk of developing insulin resistance 
and hyperglycemia in men with prostate cancer

[16]

Braga-Basaria 
et al. (2006)

Cross-sectional 
study

Long-term ADT is associated with insulin resistance , lipid 
alterations and abdominal obesity

[17]

Smith et al. 
(2002)

Prospective 
study

Treatment with ADT can lead to increase in weight, fat body 
mass and decrease in lean body mass in men with nonmetastatic 
prostate cancer

[19]

Smith et al. 
(2006)

Prospective 
study

Insulin sensitivity decreased with short-term ADT in men with 
locally advanced or recurrent metastatic prostate cancer

[20]

ADT: Androgen-deprivation therapy.



Future Oncol. (2016) 12(16)1950

REviEW Karzai, Madan & Dahut

future science group

ADT & cardiovascular risk factors
Although a definitive link between cardiovascu-
lar disease and ADT has not been established, it 
is known that ADT decreases insulin sensitiv-
ity, increases serum triglycerides and increases 
fat [27], thereby increasing cardiovascular risk 
factors. From 1992 to 1999, Keating et al. con-
ducted a study to evaluate the potential asso-
ciation between ADT and cardiovascular dis-
ease. They enrolled 73,196 men aged ≥66 years 
who had nonmetastatic prostate cancer [28] and 
observed them until 2001. In all, 36.3% of 
patients received a GnRH agonist, while 6.9% 
underwent bilateral orchiectomy [13]. GnRH 
agonist was associated with an increased risk 
of coronary heart disease (adjusted hazard ratio 
[HR]: 1.16; p < 0.001), myocardial infarction 
(MI; HR: 1.11; p = 0.3) and sudden cardiac 
death (HR: 1.16; p = 0.004). The increased risk 
of coronary heart disease was associated with as 
few as 1–4 months of treatment with a GnRH 
agonist [28].

D’Amico et al. studied whether ADT affected 
time to fatal MI [29]. In three trials conducted 
between February 1995 and June 2001, 1372 
patients were randomized to receive RT plus 0 
versus 3 versus 6, 3 versus 8 or 0 versus 6 months 
of ADT [29]. Men who were ≥65 years old and 
who had been randomized to receive 6 months 
of ADT had less time to fatal MI compared 
with men who received no ADT. Further studies 
are needed to establish an association between 
d uration of ADT and time to fatal MI.

Other studies in locally advanced prostate 
cancer, such as the Phase III Radiation Therapy 
Oncology Group (RTOG) 92-02 trial, found 
no evidence that longer-term adjuvant ADT 
with a GnRH agonist increased cardiovascular 
mortality compared with short-term ADT [30]. 
In this multicenter, prospective, randomized 
controlled trial, men with locally advanced dis-
ease (T2c–T4, PSA <150 ng/ml) received RT 
with 4 months of the GnRH agonist goserelin, 
and then were randomized to no additional 
therapy or 24 months of adjuvant goserelin [30]. 
Cancer-specific mortality declined with longer-
term therapy. Of 765 deaths, 185 (24.2%) 
were categorized as cardiovascular-associated. 
Differences in the 5-year cardiovascular mortal-
ity rate were not statistically significant between 
men who received longer-term ADT and those 
who received short-term ADT (5.9 vs 4.8%; 
p = 0.16). In the Phase III RTOG 85-31 trial, 
patients with locally advanced prostate cancer 

were randomized to receive adjuvant goserelin 
with RT (n = 477) or RT alone (n = 468) [31]. 
Of 574 deaths, 117 (20.4%) were deemed to be 
cardiovascular-associated. The 9-year cardiovas-
cular mortality rate for men receiving adjuvant 
goserelin was 8.4 versus 11.4% for men treated 
with RT alone (p = 0.17). Multiple regres-
sion analyses found no significant association 
between treatment with a GnRH agonist and 
risk of cardiovascular death [31].

In a review and meta-analysis of eight prospec-
tive randomized Phase III trials, Nguyen et al. 
compared immediate GnRH agonist-based ADT 
versus no or deferred ADT in men (n = 4141) 
with nonmetastatic, unfavorable-risk prostate 
cancer to see if there was an association between 
ADT and cardiovascular mortality, prostate 
cancer-specific mortality and all-cause mortal-
ity [32]. Median follow-up was 7.6–13.2 years. 
Investigators found no evidence that ADT 
increases cardiovascular mortality. In the ADT 
group, the overall incidence of cardiovascular 
death was 11.0% (95% CI: 8.3–14.5%) versus 
11.2% (95% CI: 8.3–15.0%) in the non-ADT 
group. Furthermore, ADT was associated with 
improved prostate cancer-specific mortality and 
overall survival (OS). A subgroup analysis showed 
no increased risk of cardiovascular death in men 
treated with ADT for ≤6 months or ≥3 years, in 
men who received RT, or where the median age 
at study enrollment was ≥70 years (Table 2).

Nguyen et al. also retrospectively evaluated 
men with cT1c–T3aN0M0 prostate cancer treated 
with low-dose brachytherapy from 1991 through 
2006 to ascertain if treatment with ADT nega-
tively affects OS in men with congestive heart 
failure (CHF) or a history of MI [33]. The study 
cohort consisted of 14,594 men, 1378 (9.4%) of 
whom had a history of CHF or MI. A median 
of 4 months of neoadjuvant ADT was given to 
42.9% of the cohort, while 22.6% received sup-
plemental RT. Patients were stratified into three 
groups: low-, intermediate- or high-risk, based on 
the National Comprehensive Cancer Network’s 
classification [33]. Patients in the intermediate- 
and high-risk groups received ADT more fre-
quently than those in the low-risk group (low 
risk: 33.7%; intermediate risk: 44.06%; high risk: 
69.5%). Men with CHF or a history of MI had 
an increase in all-cause mortality (ACM) with 
ADT (adjusted HR: 1.76; 95% CI: 1.32–2.34; 
p = 0.0001), with 5-year estimates of ACM of 
22.71% with ADT and 11.62% without ADT 
(p log-rank < 0.0001) [33]. An increase in ACM 
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was seen in all risk groups [33]. However, there 
were no data on the severity of patients’ CHF or 
MI or on the causes of death for all patients, and 
data on the timing of salvage ADT were incom-
plete. Clearly, in patients with a history of CHF 
or MI, ADT should be initiated cautiously.

While studies have confirmed that ADT 
affects cardiovascular risk factors, studies on 
ADT and the risk of cardiovascular mortality 
have had conflicting results. An advisory panel 
consisting of members of the American Heart 
Association, the American Cancer Society, and 
the American Urological Association (endorsed 
by the American Society for Radiation Oncology) 
was commissioned to evaluate a possible relation-
ship between ADT and cardiovascular events in 
patients with prostate cancer [34]. This panel 
found a possible association between ADT and 
cardiovascular risk and outlined the following 
recommendations: Patients for whom ADT is 
necessary are advised to follow-up with their pri-
mary care physicians within the first 3–6 months 
of starting ADT and periodically thereafter to 
evaluate blood pressure, lipid profile and glu-
cose level; with long-term ADT, lipid profile and 
blood glucose should be checked yearly; patients 
do not need to be referred to cardiology, endo-
crinology or primary care before ADT is started; 
at present, specific cardiac testing or procedures 
are not indicated for patients with cardiovascular 
disease who are scheduled to begin ADT.

ADT & survival
Regardless of any association with cardio-
vascular risk, ADT does improve OS in men 
with high-risk prostate cancer. A Phase III 
trial in men <80 years of age who had T1–T2 

prostate adenocarcinoma randomized patients 
to RT (n = 208) or RT plus immediate ADT 
(n = 207) [35]. Patients received goserelin every 
month starting the first day of RT to the pelvis 
and for 3 years thereafter. Clinical disease-free 
survival was greater in the combination treat-
ment group, with 47% disease-free at 10 years 
versus 22.7% disease-free in the RT-only group 
(HR: 0.42; 95% CI: 0.33–0.55; p < 0.0001) [35]. 
The 10-year OS rate in the RT-plus-immediate-
ADT arm was 58.1% (95% CI: 49.2–66.0) 
versus 39.8% in the RT-only group (95% CI: 
31.9–47.5). Patients with T3–T4 prostate cancer 
who received combination treatment also had a 
greater OS benefit (58.5 vs 37.7%; HR: 0.56; 
95% CI: 0.41–0.75; p = 0.0001). Furthermore, 
the 10-year cumulative incidence of prostate-can-
cer mortality declined, while locoregional control 
and distant-metastasis-free survival improved in 
the combination-treatment arm. Notably, the two 
treatment arms showed no significant difference 
in cardiovascular mortality, regardless of whether 
or not patients had cardiovascular disease at study 
enrollment. In this study, the combination of RT 
plus 3 years of ADT led to improved OS without 
significantly increasing cardiovascular mortality 
in men with high-risk prostate cancer.

In a study by Messing et al., beginning ADT 
immediately post-radical prostatectomy and pelvic 
lymphadenectomy improved survival in men with 
node-positive prostate cancer and reduced the risk 
of recurrence [36]. Patients with localized disease, 
all of whom had undergone radical prostatectomy 
and bilateral pelvic lymphadenectomy, were ran-
domized to receive immediate goserelin (3.6 mg 
subcutaneously every 28 days) or bilateral orchi-
ectomy, or observed for signs of progression other 

Table 2. Studies evaluating androgen deprivation therapy and cardiovascular disease.

Study (year)  Study type Summary of findings Ref.

Keating et al. 
(2006)

Observational study of a 
population-based cohort

Treatment with ADT in men with locoregional 
prostate cancer may be associated with an increased 
risk of cardiovascular disease

[28]

D’Amico 
et al. (2007)

Pooled data analysis of 
three randomized trials

Men, aged 65 years old, randomly assigned to receive 
6 months of ADT vs no ADT had shorter times to 
fatal MI

[29]

Efstathiou 
et al. (2008)

Phase III RTOG 92-02 study, 
prospective, randomized 
controlled trial

5-year CV mortality rate was not statistically 
significant between men who received longer term vs 
short-term ADT in locally advanced prostate cancer

[30]

Nguyen et al. 
(2011)

Meta-analysis of eight 
prospective randomized 
Phase II trials

Comparison between immediate ADT vs no or 
deferred ADT in men with nonmetastatic unfavorable 
risk prostate cancer found no evidence ADT increases 
CV mortality

[32]

ADT: Androgen-deprivation therapy; CV: Cardiovascular; MI: Myocardial infarction.
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than rising or newly detectable PSA. A median 
follow-up of 7.1 years showed that OS significantly 
improved among men (n = 47) receiving immedi-
ate therapy versus men (n = 51) observed for signs 
of progression (p = 0.02). At a median follow-
up of 11.9 years, OS in the immediate-treatment 
group significantly improved (HR: 1.84; 95% CI: 
1.01–3.35; p = 0.04) compared with the delayed-
treatment group [37]. Significant improvements 
were also seen in prostate cancer-specific survival 
and progression-free survival [37].

Nabid et al. have presented preliminary data 
from a randomized study evaluating the optimal 
duration of ADT in high-risk prostate cancer 
patients. Patients in arm one (n = 310) received 
pelvic RT and 36 months of goserelin (10.8 mg 
every 3 months); patients in arm two (n = 320) 
received pelvic RT and 18 months of goser-
elin [38]. The median follow-up was 6.5 years. 
In arm one, the 10-year OS rate was 61.9 versus 
58.6% for arm two (p = 0.275). The disease-
specific survival rate was 84.1% in arm one ver-
sus 83.7% in arm two (p = 0.819). Most patients 
had high-risk prostate cancer (T2–T3). These 
results show that 18 months of ADT in combi-
nation with RT is comparable to 36 months of 
ADT, and may represent an option for high-risk 
patients with comorbidities that make treatment 
with long-term ADT problematic.

The standard of care for patients with pros-
tate cancer with a high risk of metastasis is 
RT with 3 years of ADT. Prospective studies 
are needed to identify patient populations that 
would receive the most benefit from ADT and to 
identify optimal duration of treatment without 
the development of metabolic syndrome.

Androgen receptor & androgen 
biosynthesis
Two landmark studies in 2004 showed an OS 
benefit in metastatic castration-resistant pros-
tate cancer (mCRPC) with docetaxel plus pred-
nisone [39,40]. Unfortunately, for men whose 
metastatic prostate cancer has progressed on 
ADT despite castration levels of testosterone, 
this combination is not curative [41], making it 
necessary to explore alternative treatments such 
as targeting the androgen receptor (AR) and 
sustained androgen signaling. CRPC is driven 
by both overexpression of the AR and continu-
ous androgen signaling [42,43]. Enzalutamide, a 
potent oral antiandrogen, prevents transloca-
tion of the AR to the nucleus and inhibits AR 
binding to chromosomal DNA at the level of 

the nucleus [44]. The AFFIRM trial, a rand-
omized, double-blind Phase III trial, evaluated 
enzalutamide versus placebo in patients with 
mCRPC previously treated with chemother-
apy [45]. Patients were randomized to receive 
enzalutamide (n = 800) or placebo (n = 399). 
The primary end point of OS improved signifi-
cantly in the enzalutamide group (18.4 vs 13.6 
months in the placebo group), and this survival 
advantage was seen in all patient subgroups. 
Prechemotherapy enzalutamide has also been 
studied in men with asymptomatic or mini-
mally symptomatic mCRPC. In the Phase III 
randomized, double-blind, placebo-controlled 
PREVAIL study, 1715 chemotherapy-naive men 
with mCRPC were treated with enzalutamide 
160 mg/day or placebo [46]. An interim analysis 
showed an estimated median OS of 32.4 months 
in the enzalutamide arm (95% CI: 31.5–upper 
limit not yet reached) versus 30.2 months in the 
placebo arm (95% CI: 28–upper limit not yet 
reached).

While enzalutamide has shown an OS benefit 
both pre- and post-chemotherapy in mCRPC, it 
is important to identify any metabolic effects it 
may have. Although the AFFRIM trial was not 
designed to evaluate for metabolic syndrome, 
there were no significant differences in rates of 
hyperglycemia, hyperlipidemia, glucose intol-
erance or weight gain between patients in the 
enzalutamide and placebo groups [45]. Interim 
results were recently presented from an ongoing 
Phase II study evaluating enzalutamide mono-
therapy (160 mg/day for 25 weeks) in men with 
any stage of hormone-naive prostate cancer 
requiring hormonal therapy. Patients had non-
castrate levels of testosterone (≥230 ng/dl). End 
points included metabolic changes in body com-
position, bone biomarkers, lipids and glycemic 
profiles [47]. In the 67 patients enrolled, meta-
bolic variables were not substantially affected 
(mean change in fat body mass: 6.9%; total cho-
lesterol: 4.6%; triglycerides: 6.5%; HgbA1C: 
-2.0%; fasting glucose: -0.1%).

Abiraterone acetate is another drug that 
inhibits androgen production by blocking 
CYP17 lyase, thereby blocking the synthesis of 
adrenal and testicular androgens and inhibiting 
androgen production by tumor cells [48,49]. In a 
randomized, double-blind, placebo-controlled 
Phase III study, 1195 patients with mCRPC 
who had previously been treated with doc-
etaxel received abiraterone plus prednisone (n = 
797) or placebo plus prednisone (n = 398) [49]. 
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OS improved in the abiraterone arm (14.8 vs 
10.9 months in the placebo arm; HR: 0.65; 95% 
CI: 0.54–0.77; p < 0.001). There was a slightly 
higher but statistically insignificant rate of car-
diac events in the abiraterone arm versus the pla-
cebo arm (13 vs 11%, respectively; p = 0.14), and 
fatal cardiac events did not significantly increase 
in the abiraterone group versus the placebo group 
(1.1 vs 1.3%, respectively) [49]. Abiraterone has 
also been approved for patients with mCRPC 
prechemotherapy. Ryan et al. reported the results 
of a double-blind, placebo-controlled study that 
randomized patients 1:1 to receive abiraterone 
plus prednisone (n = 546) or placebo plus pred-
nisone (n = 542) [50]. The abiraterone group 
showed a trend toward improved OS (median 
not reached vs 27.2 months for placebo plus 
prednisone; HR: 0.75; 95% CI: 0.61–0.93; p = 
0.01) and prolonged radiographic progression-
free survival (median time to event 16.5 vs 8.3 
months; HR: 0.53). Grade 1–4 adverse cardiac 
events were reported in 19% of patients in the 
abiraterone group versus 16% in the placebo plus 
prednisone group. These trials show androgen 
biosynthesis to be an integral component of 
treatment for prostate cancer. The development 
of more potent AR-targeting drugs and inhibi-
tors of testosterone biosynthesis makes it impera-
tive to closely monitor patients for symptoms of 
metabolic syndrome.

Estrogen-related pathways also play an impor-
tant role in the development and progression 
of prostate cancer [51]. In recent years, we have 
come to better understand the function of AR in 
CRPC and the cross-talk between AR and estro-
gen receptor α (ERA) [51,52]. In prostate cancer, 
increased ERA signaling, in association with AR 

signaling, can lead to disease progression [53]. 
Estrogens, acting on both ERA and estrogen 
receptor β, regulate metabolic homeostasis and 
lipid metabolism. ERA mediates the beneficial 
effects of estrogens, including antilipogenesis and 
reduction of bodyweight/fat mass [54], and has a 
protective role in insulin and glucose metabo-
lism [51]. Further studies are needed to evaluate 
the use of ERA antagonists in conjunction with 
ADT to treat prostate cancer [53].

Conclusion
Since the 1940s, testosterone blockade has been 
a fundamental aspect of treatment for pros-
tate cancer, chiefly in the metastatic setting. 
However, ADT results in a constellation of 
metabolic alterations that need close monitoring 
and intervention when necessary. Because these 
metabolic changes may increase the risk of insu-
lin insensitivity and/or cardiovascular death, it 
is imperative to weigh the potential risks and 
benefits of ADT, particularly for patients with 
locoregional and/or high-risk disease, where 
ADT has been shown to improve OS.

Future perspective
Future studies must elucidate the association 
between ADT and metabolic syndrome, espe-
cially in regard to cardiovascular morbidity and 
mortality and diabetes mellitus. These studies 
must also identify patient populations most 
likely to experience high rates of complications 
with ADT, as well as optimal duration of treat-
ment for specific patient populations. Finally, 
physicians must be able to recognize morbidi-
ties associated with ADT-induced metabolic 
syndrome and take steps to prevent them.

EXECUTivE SUMMARY
 ●  Changes in metabolic factors have been linked to treatment with androgen-deprivation therapy (ADT). ADT may alter 

body composition, insulin resistance and lipids. Modifications in diet and exercise should be discussed with patients 
on ADT.

 ●  Components of metabolic syndrome may contribute to prostate cancer development or progression. Prospective 
studies must further evaluate these findings.

 ●  ADT affects cardiovascular risk factors. An advisory panel recommends referral to a primary care physician for periodic 
evaluation while on ADT. Specific cardiac testing is not indicated.

 ●  ADT improves overall survival in men with high-risk prostate cancer. Standard of care for men with high-risk prostate 
cancer is radiation therapy with ADT. Prospective studies are needed to determine optimal duration of therapy with 
ADT for differing patient populations.

 ●  Drugs targeting the androgen receptor inhibit testosterone biosynthesis. Patients treated with drugs such as 
enzalutamide or abiraterone must be monitored for symptoms of metabolic syndrome.
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