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Prostate cancer is one of most fre-
quent malignant tumours at men. The
androgen-deprivation therapy is the
part of cancer treatment. It could be used
both in the early stage of prostate can-
cer and in the bone metastates. From
this reason the antiandrogen drugs
waste systematically grows. Unfortu-
nately androgen-deprivation therapy
has numerous side effects such as: the
inferior quality of live, sexual distur-
bances, the fatigue, the anaemia, the
bone mineral density loss and the
increase of the risk of breaks the bone,
the increase of body mass, insulinre-
sistance, hypercholesterolemia, the
increase risk of cardiac disorders. The aim
of this article is the introduction of the
reader with possibly complications andro-
gen-deprivation therapy and with pos-
sibilities in diagnosis and treatment.
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Introduction

Prostate gland cancer is the second most frequent malignant tumor in Poland
among men and the third most frequent cause of malignancy-related death
[1]. It is established that one in two men suffering from prostate tumor will
require hormone therapy at some stage of tumor treatment [2].

Hormonal therapy retards progression of the disease, prevents serious com-
plications and alleviates symptoms of prostate cancer. The aim of the treat-
ment is to reduce the access of prostate cancer cells to testosterone. This is
achieved in several ways. First, bilateral orchidectomy leads to the fast decrease
of testosterone concentration in the blood. The alternative is pharmacolog-
ical castration, which is done by cyclical administration of analogs or agonists
of luteinizing hormone. In turn, the anti-androgenic drugs block androgen recep-
tors in prostate cancer cells. The combination of pharmacological or surgical
castration with anti-androgenic treatment leads to so-called maximum
androgen blockade. In long-lasting hormonal therapy a treatment involving
periodic gaps in treatment after the patient has reached biochemical regres-
sion is recommended (intermittent androgen blockade — IAB). Reactivating
the hormonal drugs occurs when successive increase in concentration of
prostate-specific antigen (PSA) is observed. This type of treatment can reduce
the side effects of the applied therapy and delay the appearance of resistance
of prostate cancer to hormonal treatment [3]. Many side effects of hormon-
al therapy are reported: worse quality of life, sexual dysfunctions, fatigue, ane-
mia, decreased bone density and increased risk of fractures, body mass increase,
insulin resistance, hypercholesterolemia, and increased risk of heart diseases
[4-8]. These symptoms are independent of the method of hormonal thera-
py (oral or orchidectomy) and result from reduced concentration of testos-
terone [4-6].

86% of men suffering from prostate cancer have a disease limited to the
prostate gland. In this group five-year survival rates reach up to 100% [9].
Patients suffering from prostate cancer die more often for non-cancer reasons,
which is partly connected with the detrimental aftermath of oncological treat-
ment. Due to the good prognosis, in the case of patients with early prostate
cancer a treatment should not cause side effects that may affect the quali-
ty of life more than the disease itself. Anti-androgen monotherapy is currently
rarely used, but must be considered in the case of young people with prostate
cancer who want to preserve sexual function. This drug does not reduce testos-
terone concentration in the blood and hence does not adversely affect erec-
tion. On the other hand, anti-androgens can cause diarrhea and a hepatotoxic
effect. In the case of maximum androgen blockade, the percentage and inten-
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sity of complications (including those involving the stomach,
intestine, eyes and hematopoietic system) are larger than
in the case of hormonal castration [3]. Intermittent treatment
should inherently have a lower risk of complications com-
pared to a continuous hormone therapy. The results of ran-
domized trials aiming to confirm this assumption are
expected. The purpose of this article is to present the spec-
trum of complications of the most commonly used hormonal
castration (surgical or medical) and how to effectively pre-
vent and overcome the consequences of this therapy.

Hot flashes

Described as a sudden and intense feeling of heat in the
face, neck and upper body, which lasts from seconds to an
hour. They are considered one of the most common and the
most troublesome side effects since they appear in more than
80% of patients with prostate cancer treated with hormonal
therapy [10]. Hot flashes are often caused by so-called trig-
ger factors, which include stress, heat, a sudden change in
body position, stimulants (coffee, cigarettes, alcohol) and con-
sumption of spicy food [11, 12]. As non-pharmacological mea-
sures it is advised to avoid the aforementioned generative
triggers, wear clothes made of natural fibers such as linen
or cotton, use cold compresses to the neck or drink a glass
of cold drink at the onset of symptoms and take regular exer-
cise [11]. If burdensome symptoms keep occurring even after
the change of lifestyle according to the recommendations
mentioned above, it is advisable to include hormonal drugs:
megestrol, cyproterone, nadroxyprogesterone or diethyl-
stilbestrol in low doses. One should remember that these
preparations may increase the risk of cardiovascular and
thrombotic complications [12, 13]. Of interest to researchers
were also new antidepressants, especially citalopram and ven-
lafaxine, but their effectiveness is lower than that of hormonal
drugs. Studies to assess the effect of other neuropsychiatric
drugs such as gabapentin or clonidine are ongoing [11].

Feeling of tiredness

It is classified as one of the most common as well as the
most difficult to treat side effects of hormonal therapy. Its
escalation may be caused by any other complications of hor-
monal therapy, e.g. anemia or sarcopenia (skeletal muscles
mass loss). The best results of tiredness treatment are
achieved by changing one’s lifestyle and introducing specially
designed physical exercises. Recommended non-pharma-
cological methods include not smoking, avoiding stress or
great effort, replacing useless work that may waste the
patient’s energy with useful work that brings them satis-
faction (it stimulates the self-reward mechanism), and
avoiding longer than one hour rest in the day time [11]. It is
important to balance the time of rest and of activity by rest-
ing before the tiredness comes as short breaks are better
than a long rest time. It may be helpful to schedule the most
important activities during a whole day. Healthy eating and
regular physical exercises that prevent the loss of skeletal
muscle mass are also crucial [14].

Sexual dysfunctions

According to American authors, the most frequently
reported side effects of hormonal therapy are lack of interest
in sexual intercourse and impotence. In Poland, this problem
seems not to have been assessed in depth, probably because
it is considered a taboo by both patients and doctors. It is there-
fore very important for doctors to gain patients’ trust in order
to be able to talk about the aspects that are commonly found
embarrassing. What is also important is that the problem affects
the patient’s wife as well as himself as it requires understanding
and cooperation from both of them. It should be explained to
the partners that men’s lower level of testosterone does not
eliminate his sexuality but changes it. The substitution for sex-
ual life may be found in simple gestures such as holding hands,
cuddling or caring about the other person in a special way [11].
When it is necessary to introduce pharmacological treatment,
the choice is between prostaglandin injections into the cav-
ernous body of the phallus, which are more effective in main-
taining the erection, and drugs containing 5-phosphodi-
esterase inhibitors, which work well, too, although their
effectiveness may be decreased when used with hormone ther-
apy as they require androgens to work [13].

Psychological effects

Usually they are cognitive dysfunctions and concentra-
tion and memory deterioration followed by emotional insta-
bility and bad mood or even depressive episodes [11, 12]. It
should be explained to the patient that these symptoms are
temporary and caused by the treatment. Some uncommon
serious cases require a psychiatric opinion and specially ori-
ented treatment.

Bone loss and bone fractures

Some tests showed decrease of bone mass (bone mass
density, BMD) and increased risk of bone fractures in cas-
es of patients with prostate gland cancer who were given
hormonal drugs [12, 15, 16]. A retrospective study conduct-
ed in a group of 50 000 patients proved that 18.4% of patients
with prostate gland cancer who underwent hormonal ther-
apy experienced bone fractures while in the group of
patients who did not undergo hormonal therapy only 12.6%
experienced bone fractures. The risk of fractures was deter-
mined by the treatment intensity and was higher in the case
of long-term treatment. Also orchidectomy may cause the
risk, which means it is connected with reduction of andro-
gen concentrations in the patient’s body and is not deter-
mined by the drug’s ingredients [17]. Similar results were
obtained in a population study which showed that the use
of anti-androgenic drugs may increase the risk of bone frac-
tures (HR 1.65; 95% Cl: 1.53-1.77), and the longer the treat-
ment lasts the higher the risk is [5]. In the Wilcox et al. study
performed on a group of 174 patients with prostate cancer
treated with hormonal therapy (median duration of treatment
was 21 months), 24 patients (14%) experienced bone frac-
tures. Among them 11 had 1 bone fracture risk factor and 8
had 2 or more other factors (Table 1).

The most frequent was fracture of the spine [18]. The per-
centage of fractures was similar as in other studies, where
it was 6% to 20% and depended on the observation period
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[19-21]. In a group of healthy men of similar age to the
patients, the percentage of bone fractures was 1-2% per year
[19]. Another study conducted on a group of 288 people treat-
ed with hormonal therapy showed the percentage of bone
fractures as 2.7% per year, which was 3 times higher than
in a control group of 300 people (0.7% per year) [22]. It was
also proven that in men with prostate cancer who experi-
ence bone fractures overall survival is also lower (121 months
compared to 160 months in a group with no bone fractures)
[23]. Decrease of bone density in healthy men aged 65-80
is 0-0.6% per year [6] while after introducing hormonal ther-
apy it grows to 2-5% per year [7, 19, 20] and is noticeable
as soon as 6 months after the treatment begins [24].

The first method of preventing osteoporosis is non-phar-
macological treatment defined by a change of one’s lifestyle
by giving up smoking and limiting alcohol and coffee. Reg-
ular physical exercise is recommended as well as a diet rich
in calcium and vitamin D [11]. It was proven that giving up
smoking and alcohol is enough to reduce the risk of bone den-
sity decrease and bone fracture and regular daily physical
exercise (20-45-minute sessions 2—4 times a week) may lead
to increase of bone density by 1-2% [25]. Calcium and vit-
amin D deficiency is frequently diagnosed among patients
with prostate cancer [26]. When a patient is diagnosed with
osteoporosis (T score < =2.5) it is recommended to include
in the treatment vitamin D in the dose of 800-2000 IU/day,
and calcium supplementation in the dose of 1200-
1500 mg/day because it was proven to lead to a reduction
of osteoporosis-caused fractures by 12% [27]. A few authors
suggest that all patients with prostate cancer aged over 65
years should be given vitamin D and calcium [11].

Pharmacological treatment
Bisphosphonates

Bisphosphonates should be introduced to the treatment
when an osteoporosis-caused fracture occurs or when
the T score value drops below 2.5 [11]. They reduce bone
resorption by blocking osteoclasts’ activity and they prevent
cancer treatment-induced bone loss in the case of patients
with prostate globe cancer treated with hormone therapy

Table 1 Risk factors of bone fractures
bone fractures in medical history

osteoporosis in the family
low BMI

smoking

excessive alcohol consumption

steroid therapy

low level of vitamin D

duration of hormonal therapy > 6 months

[25]. However, one should remember about simultaneous cal-
cium and vitamin D supplementation as in the case of low-
er calcium concentration in the blood the effectiveness of
bisphosphonates is decreased [1]. Results of clinical tests eval-
uating bisphosphonates’ effectiveness in preventing bone
loss are presented in Table 2.

Estrogens

Two studies conducted on a sparse population of patients
showed a positive impact of small doses of estrogens
(diethylstilbestrol 1 mg/24 h or ethinylestradiol 1 mg/24 h)
on concentration of bone resorption markers in patients with
prostate cancer treated with hormonal therapy. Unfortunately,
the study did not include patients’ bone density or frequency
of fracture measurements [34, 35]. A disadvantage of estro-
gen drugs is that they increase the risk of cardiovascular and
thromboembolic complications [25].

Selective estrogen receptor modulators

These drugs are selectively connected with estrogen recep-
tors in bones. They imitate the positive effect of estrogens
on bone metabolism and at the same time they do not cause
standard complications of estrogen treatment [25]. One of
these drugs is raloxifene. Compared to placebo it causes a sig-
nificant increase of bone density and decrease of bone resorp-
tion markers among patients with prostate cancer treated
with anti-androgens [36].

Table 2. Review of studies concerning the efficacy of bisphosphonates in prevention of hormonal therapy induced bone loss

Author Number of patients Treatment type Average % of BMD changes after treatment
tested group  control group lumbar spine hip

Smith (2001) [28] 21 22 pamidronate 60 mg i.v. every 0.0vs.-3.3 0.0vs.-1.8
12 weeks (4 injections) vs. control group

Smith (2003) [29] 42 37 zoledronic acid 4 mg i.v. every 3 months 5.6 vs.—2.2 11vs.—2.8
(4 injections) vs. placebo

Ryan (2006) [30] 50 51 zoledronic acid 4 mg i.v. every 3 months 4.6vs.—2.1 14vs.—2.4
(4 injections) vs. placebo

Greenspan (2007) [31] 56 56 alendronate 70 mg/week, orally for 3.7vs.-14 0.7 vs.—0.7
1 year vs. placebo

Israeli (2007) [32] 106 109 zoledronic acid 4 mg i.v. every 4.7 vs. =2 1.6 vs. 2.1
3 months (4 injections) vs. placebo

Michaelson (2007) [33] 22 22 zoledronic acid 4 mg i.v. one dose/year 4vs.-3.1 0.7 vs.-19

vs. placebo
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New medicines

Denosumab is an interesting drug that is an inhibitor of
RANK-L receptor which strongly blocks the action of osteo-
clasts. Effectiveness of denosumab was proven in various
prostate cancer stages: in early stages of the disease it pre-
vents cancer treatment-induced bone loss (CTIBL) and in
advanced stages it prevents cancer metastases to bones and
bone complications of cancer. In a randomized study includ-
ing a control group conducted on 1468 patients with prostate
cancer with no metastases treated with hormone therapy,
patients were given denosumab in a dose of 60 mg/d for
6 months. It was proven that denosumab significantly
increased bone density (during a 2-year period: hip by 4.8%,
femoral neck by 3.9%, lumbar spine by 6.7%, p < 0.001) and
reduced the number of spine fractures by 62% in a 36-month
observation period compared to a placebo group [37].

Another randomized study compared the effectiveness
of denosumab and zoledronic acid in preventing bone
complications. The study included 1901 men with hor-
mone-resistant prostate cancer and metastases to bones.
Median patient age was 71 years. The endpoint of the study
was skeletal-related events (SRE) defined by occurrence of:
pathological fracture, metastases to bones requiring radio-
therapy or surgery, or symptoms of spinal cord pressure. In
patients treated with denosumab the symptoms occurred
later than in patients treated with zoledronic acid
(20.7 months vs. 17.1 months, p = 0.008). Overall survival was
similar in both groups [38].

Monitoring

According to WHO recommendations, in the case of intro-
ducing hormonal therapy to a patient with prostate cancer,
regular tests should be performed to estimate bone densi-
ty and the first test should be performed before therapy starts,
while the next ones should take place on a regular basis
(Table 3) [39]. A study retrospectively assessing the number
of bone fractures after introducing hormonal therapy proved
that only 13% of patients had densitometric tests performed
and, what is interesting, over 50% of them had bone den-
sity lower than the level that meets the criteria of osteoporosis
diagnosis [18].

Most authors suggest that each patient starting hormonal
therapy should have their bone density checked and bone
fracture risk factors defined in order to be classified in a par-
ticular risk group, which may steer further management [11,
25]. The risk of bone fractures in patients starting hormon-
al therapy is defined as high if one or more of the factors men-
tioned in Table 1 occurs.

Patients with no aforementioned factors are considered
to be in a group of low bone fracture risk.

Table 3. Frequency of bone density examination

Output value T-score High risk of fracture  Low risk of fracture

norm (to —1) 12 months 24 months
osteopenia (-1 to —2.5) 6 months 12 months
osteoporosis (more than —=2.5) 6 months 6 months

Measurement of bone density is usually performed on
pelvic girdle bones or on lumbar vertebra. Two techniques
with similar properties are used: DEXA (dual energy X-ray
absorptiometry) or QCT (quantitative computed tomogra-
phy). Despite advantages and disadvantages of the two tech-
niques, it is important that each consecutive bone density
measurement is performed with the same technique and on
the same skeleton area — only then will the result present
reliable differences in bone density. The possibilities of using
bone resorption markers in monitoring patients are rarely
taken advantage of in everyday clinical practice. However,
evaluating these markers is easy to perform and potential-
ly less expensive than bone density tests; hence the area
requires further research [25].

Metabolic disorders

In a group of 79 patients it was shown that 12-month hor-
monal therapy causes a weight increase of 1.8%, an increase
in body fat of 11% and a decrease in muscle mass by 3.8% [40].

Male hypogonadism, regardless of etiology, always caus-
es loss of muscle tissue mass and a simultaneous increase
in the volume of adipose tissue. The observed changes are
already noticeable after 3 months of anti-androgen therapy,
increase with duration of treatment and are theoretically
reversible after androgen supplementation [40, 41]. Reduc-
ing the concentration of testosterone results in the devel-
opment of so-called sarcopenic obesity characterized by mus-
cle atrophy and increase of body fat mass [11]. Next, it can lead
to the development of metabolic syndrome characterized by
abdominal obesity, hypertension, hyperglycemia, and dys-
lipidemia [42]. It was shown that the metabolic syndrome
increases the risk of death from cardiac infarction, even in the
absence of overt coronary artery disease [43]. Also having an
effect on the development of obesity is a reduction of phys-
ical activity among patients with active anti-androgen treat-
ment, which increases atrophy of muscle tissue. Skeletal mus-
cles work as a regulator of blood glucose level and reduction
of their weight causes a sharp increase in peripheral insulin
resistance and accelerates the development of type 2 diabetes
[11]. Some researchers believe that insulin resistance may be
responsible for increased levels of adipocytokines (resistin, inter-
leukin 6, tumor necrosis factor a) released from adipose tis-
sue [40]. Hormonal therapy also leads to increased levels of
total cholesterol, LDL and triglycerides. On the other hand, it
often leads to an increase in HDL, so the impact of these
changes on cardiovascular risk is unclear [40].

Cardiovascular complications

A Canadian study evaluating the long-term side effects
of anti-androgen therapy was performed for more than 19
thousand patients with prostate cancer who were treated
with hormonal therapy for at least 6 months [5]. The con-
trol group was selected for age, type of cancer treatment,
comorbidities, medication use and risk factors for ischemic
heart disease.

The average period of observation was 6.47 years. The end-
points adopted were prevalence of cardiac infarction, sud-
den cardiac death, diabetes or bone fractures. It was found
that hormonal therapy significantly increases the risk of dia-
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betes progress among these patients (HR 1.16; 95% Cl: 1.11-
1.21). The value of NNH (number needed to harm —the num-
ber of patients whose treatment leads to one unfavorable
endpoint) was 91, which means that diabetes will develop
in 1 patient of 91 treated with hormonal therapy. The
impact of concomitant hypertension on the incidence of dia-
betes was also revealed. It was also observed that the use
of anti-androgenic drugs is associated with an increased risk
of bone fractures (HR 1.65; 95% Cl: 1.53-1.77) and the risk
increases with increasing duration of treatment. On the oth-
er hand, hormonal therapy does not affect the risk of coro-
nary attack (HR 0.91; 95% Cl: 0.84-1.0) or sudden cardiac
death (HR 0.96; 95% Cl: 0.83-1.1). The number of patients
with cardiac infarction in the tested group was 1085 com-
pared to 949 people in the control group. It is striking that
in the group that applies hormonal therapy there occurred
statistically significantly fewer brain strokes than in the con-
trol group (5.4% vs. 6.4%, p = 0.0001) [5]. The controversy
about the increased incidence of diabetes and the lack of
growth in the number of cardiac infarction despite the fact
that diabetes is a risk factor for cardiac infarction is
explained by the fact that the impact of diabetes on appear-
ance of infarction is long-term, so the 6-year observation peri-
od may have been too short to demonstrate this dependence.

Increased risk of cardiac infarction among patients with
prostate cancer treated with hormonal therapy has been
shown in studies conducted on only a few groups of
patients. For example, D’Amico et al. [44] conducted a meta-
analysis of three randomized trials in Australia, USA and Cana-
da. The data were obtained from 1372 patients with prostate
cancer aged 65 years or more. During the observation peri-
od that lasted, according to the study, from 4.6 to 6.7 years,
only 51 deaths from cardiac infarction were noted. The num-
ber of these deaths was higher and these events occurred
more rapidly in the group of patients treated with hormonal
therapy (36 patients vs. 25 people, p = 0.017). As a critique
of the study, the lack of data of patients’ concomitant dis-
eases and presence of only one endpoint in the form of car-
diac death are given. Saigal et al. conducted a similar
study in a group of 4810 people with prostate cancer who
were treated with hormonal therapy and 18 006 people in
the control group. Information on the patients was obtained
from a medical database. The endpoint of the study, unlike
in the study of d’Amico, assumed rates of heart diseases
according to ICD 9 medical procedures. It was found that in
the group of hormonal therapy treatment the risk of heart
disease was higher by 20% compared to the control group
[45]. It is an important fact that the coexistence of other risk
factors for the development of coronary heart diseases such
as diabetes, hypertension, and hyperlipidemia, which may
significantly affect the result, were not evaluated.

Moreover, patients in the study group were older, aged
even > 75 years, and cancer in a more advanced stage was
found more frequently in this population than in the control
group, which also could have had an influence on the results
of the experiment.

The most reliable evidence of an association between hor-
monal therapy and cardiovascular diseases was shown by
Keating et al. for a group of 73 196 people from the database
of the SEER program, of whom 36.3% were treated with

anti-androgens and 6.9% underwent orchidectomy. The aver-
age age was 74.2 years and the median period of observa-
tion 4.55 years.

Based on Cox regression, it was demonstrated that oral
hormonal therapy was associated with an increased risk of
diabetes (HR 1.44; p < 0.001), coronary heart disease
(HR 1.16; p < 0.001), cardiac infarction (HR 1.11; p < 0.03), and
sudden death from cardiac causes (HR 1.16; p < 0.004).
Orchidectomy only significantly increases the risk of diabetes
(HR 1.34; p < 0.001). These discrepancies were explained by
too small a group of patients after surgical castration [9]. It
is also suggested that GnRH analogues may prolong the QT
interval seen in the electrocardiogram, which promotes car-
diac arrhythmias and may cause increased morbidity and mor-
tality from cardiac causes in the group of patients who use
oral hormonal therapy [46].

Anemia

Hormonal therapy reduces the concentration of hemo-
globin in an indirect mechanism by 10% by reducing the con-
centration of testosterone, as it has been shown that
androgens physiologically enhance erythropoiesis by increas-
ing the production of erythropoietin and directly activate ery-
throcyte progenitor cells [17, 47].

Summary

Hormonal therapy for prostate cancer has increasing indi-
cations which should oblige doctors to familiarize themselves
with the range of possible complications of the treatment.

This article describes the most common side effects of hor-
monal treatment and shows the possibility of accurate diag-
nosis in order to prevent and combat the adverse conse-
quences of this therapy. The basic scope of research in the
period of cancer patients’ observation while using hormonal
drugs should be expanded to routine measurement of blood
pressure, body weight, abdomen circumference, cholesterol,
triglycerides and glucose level. However, bone densitome-
try should be repeated 1-2 years after the beginning of hor-
monal therapy.

The authors declare no conflict of interest.
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