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ORIGINAL ARTICLE

Androgen deprivation therapy through bilateral
orchiectomy: increased metabolic risks

Juan-Jie Bo*, Chao Zhang*, Lian-Hua Zhang, Ping Liu, Jian-Jun Sha, Jian-Wei Lv, Dong-Ming Liu, Yi-Ran Huang
and Zheng Li

Prostate cancer is one of the most common malignancies in men. Previous research has determined that androgen deprivation therapy
(ADT) may be accompanied by an unfavourable metabolic profile. In this prospective study, 133 men were recruited, including 46
prostate cancer patients who had undergone bilateral orchiectomy and been on flutamide (the ADT group), 37 men with prostate cancer
who had undergone radical prostatectomy (the non-ADT group) and 50 normal control subjects (the control group). All subjects were
followed for at least 12 months. From baseline to 3 months, men in the ADT group had increased levels of fasting serum insulin and
low-density lipoprotein compared to the other two groups (P<<0.05). No obvious changes were found in the other parameters (P>0.05).
After 12 months, men in the ADT group had increased levels of waist circumference, fasting serum insulin and glucose, total
cholesterol, high-density lipoprotein and low-density lipoprotein compared to the other two groups (P<<0.05). Additionally, the
morbidity rate of metabolic syndrome in the ADT group was higher (P<<0.05) compared to the other two groups. ADT through surgical
castration for men with prostate cancer may be associated with unfavourable metabolic changes. The benefits of the therapy should be

balanced prudently against these risks.
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INTRODUCTION

Prostate cancer is the fifth most common malignancy worldwide and
the second most common malignancy in men, with 679 000 new cases
in 2002. These cases accounted for 19% and 5.3% of new cancer cases
in developed and developing countries (11.7% overall), respectively,
making regional difference one of its major characteristics." In 2002,
the incidence rate of prostate cancer was 1.6 per 100 000 in China.
Although this rate is lower compared with that in the United States
and other Western countries, it is continuously increasing, especially
in China’s urban areas. In Shanghali, the rate has increased from 1.6 per
100 000 in 1973 to 7.7 per 100 000 in 2000. The prognosis of prostate
cancer is relatively good; 86% of prostate cancer cases are diagnosed as
local or regional disease and have a 5-year relative survival rate close to
99%.° Even with respect to advanced disease, the 5-year survival rate is
20.8%, which also seems to be better than breast cancer (17.0%),
colorectal cancer (5.3%) and lung cancer (1.5%).%

Since Huggins et al.” demonstrated the androgen dependence of
prostate cancer, androgen deprivation therapy (ADT) has been
increasingly applied in the treatment for prostate cancer. ADT with
gonadotropin-releasing hormone agonist or bilateral orchiectomy is
the mainstay of treatment for metastatic and recurrent prostate
cancer® and may be beneficial to men with locally advanced dis-
ease.” Although ADT offers important clinical benefits, it is assoc-
iated with a variety of complications such as hot flushes, anaemia,

sexual dysfunction, changing body composition, osteoporosis and
fractures, and increased risk for diabetes and cardiovascular dis-
eases.'”™'> Some of the complications have negative effects on qual-
ity of life assessments, while others may induce serious problems
including myocardial infarction and sudden cardiac death.'® A long-
term study revealed that 53% of the deaths were not attributable to
prostate cancer. Of these cases, cardiovascular problems are the
predominant causes.'* Because the prognosis of prostate cancer is
favourable, physicians should be prudent when considering ADT
because of the complications and therefore follow the patients more
closely. In this study, we investigated metabolic changes in men with
prostate cancer undergoing ADT through bilateral orchiectomy.

MATERIALS AND METHODS

Subjects and study design

This was a prospective study (n=133) conducted in a university-
affiliated hospital. Forty-six men with newly diagnosed prostate cancer
were recruited when they were about to commerce ADT according to
clinical guidelines for the treatment of prostate cancer (the ADT
group). All of these patients underwent bilateral orchiectomy and were
being treated with flutamide (250 mg, three times daily; Fudan
Forward Co., Ltd, Shanghai, China). Thirty-seven men with prostate
cancer underwent radical prostatectomy were also recruited (the
non-ADT group). Men in the non-ADT group received no further
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intervention except the surgery. The control group was composed of
50 normal males. All subjects completed a baseline evaluation. They
returned to hospital every 3 months for follow-up and were studied for
at least 12 months.

Exclusion criteria

Men were excluded from this study if they had any of the following:
liver function tests or serum creatinine levels over twice the upper limit
of normal, a history of any form of hypogonadism before the study, a
history of thyroid diseases, a history of diabetes mellitus or cardio-
vascular diseases, and metastatic prostate cancer.

Outcome measures

The 133 men completed a baseline evaluation before initiating the treat-
ment. All of them returned to hospital every 3 months for further evalu-
ation after an overnight fast. Early in the morning of each visit, fasting
subjects were weighted while wearing a hospital gown using a platform
scale. Their blood pressure was measured with a mercurial sphygmoma-
nometer, and blood samples were collected. Fasting serum insulin, fasting
blood glucose, fasting cholesterol, triglycerides, high-density lipoprotein
and low-density lipoprotein were measured in Shanghai Renji Hospital
clinical laboratories. The International Diabetes Federation definition was
used to diagnose metabolic syndrome.*

Statistical analysis

All data were analysed using SPSS version 13.0 for Windows (SPSS
Inc., Chicago, IL, USA). The normality of the analysed data was cor-
roborated using the Shapiro—Wilk test. When parametric analysis was
possible, the data were expressed as mean=s.d., and one-way analysis
of variance was used for comparison among the three groups. The Chi-
square test was used for nonparametric analysis. P<<0.05 was consid-
ered statistically significant.

RESULTS
All subjects completed a baseline evaluation before initiating their treat-
ment. Age, testosterone, waist circumference and the levels of fasting
serum insulin, glucose and lipids were comparable between the three
groups (Table 1). No significant differences were found at baseline
(P>0.05). From baseline to 3 months, a significant decrease in testoster-
one was observed in men undergoing ADT (P<0.05). Additionally,
they showed increased levels of fasting serum insulin and low-density
lipoprotein compared with the other two groups (P<<0.05). No signifi-
cant changes were found in the other parameters (Table 2).

After 12 months of treatment, men in the ADT group had decreased
testosterone and higher levels of waist circumference, fasting serum
insulin and glucose, total cholesterol, high-density lipoprotein and

Table 1 Baseline evaluation of the three groups

low-density lipoprotein compared with the other two groups (P<0.05;
Table 3).

At baseline, 9 out of 46 patients in the ADT group met the criteria
for metabolic syndrome compared to 5 out of 37 patients in the non-
ADT group and 8 out of 50 subjects in the control group (3*=0.561,
P=0.755). However, after 12 months of treatment, components of
metabolic syndrome in the ADT group, including waist circumference
and fasting blood glucose, were higher than those in the other two
groups. Seventeen out of 46 patients in the ADT group met the criteria
for metabolic syndrome compared with 6 out of 37 patients in the
non-ADT group and 9 out of 50 subjects in the control group
(*=6.438, P=0.040).

Men undergoing ADT had a significantly higher morbidity rate of
metabolic syndrome compared with other two groups (P<0.05)
(Figure 1).

DISCUSSION
The benefits of ADT have been well-received for select patients. Over
the past few decades, the use of ADT has been greatly expanded, while
relatively little attention has been paid to its side effects.'® Men with
prostate cancer have higher rates of non-cancer mortality than do men
in the general population, and some of the excess non-cancer deaths
may be treatment-induced.'” In men undergoing ADT, metabolic
changes are observed often, which may lead to an increased risk of
type 2 diabetes, cardiovascular diseases and metabolic syndrome and
might contribute to the increase of non-cancer deaths.'®

A review of the literature suggests that male hypogonadism is
accompanied by an increased risk of insulin resistance and diabetes
mellitus.'” ' Ding et al.** performed a systematic review of 43 studies
including 6427 men and found that total testosterone levels of men
with type 2 diabetes were significantly lower than men without dia-
betes. Men with prostate cancer who are undergoing ADT are excellent
examples of hypogonadism; therefore, they might have insulin resist-
ance and hyperglycemia as well. In our study, increased fasting serum
insulin, a marker of insulin resistance, was observed in the ADT group.
From baseline to 3 months, insulin level in the ADT group rose by
47.7%, and it continued to increase afterwards. Twelve months later,
the elevation of fasting blood glucose in the ADT group was then
significant. Other studies also confirmed this connection between
ADT, insulin resistance and hyperglycemia.'***** Although metabolic
changes are sometimes neglected in the early phase, they can start as
early as 3 months after treatment. Fasting insulin is a more sensitive
index compared to fasting blood glucose. Therefore, physicians should
pay more attention to fasting insulin after the commencement of ADT
and consider taking necessary measures when the insulin level is too
high. Furthermore, waist circumference in the ADT group was higher

ADT group (n=46) Non-ADT group (n=37) Control group (n=50) P value*
Age (years) 70.9+5.4 69.5+3.9 71.7+49 0.114
Testosterone (ng dI™ 1) 449+152 409+145 425+133 0.518
Waist circumference (cm) 86.66.4 85.6+6.6 86.1+5.8 0.762
Fasting insulin (mU 17 1) 15.21+4.67 16.25+4.02 14.45+3.43 0.127
Fasting glucose (mmol 1”1 5.23+0.55 5.35+0.52 5.20+0.45 0.375
Total cholesterol (mmol I71) 4.82+0.49 4.80+0.53 4.65+0.44 0.204
Triglyceride (mmol I™1) 1.55+0.42 1.47+0.36 1.40+0.29 0.138
HDL (mmol I71) 1.32+0.23 1.28+0.28 1.25+0.19 0.366
LDL (mmol 171 3.03+0.56 2.87+0.56 3.08+0.43 0.165

Abbreviations: ADT, androgen deprivation therapy; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
*One-way analysis of variance was used to compare parameters at baseline among the three groups.
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Table 2 Evaluation of the three groups after 3 months
ADT group (n=46)

Non-ADT group (n=37) Control group (n=50)

P value*
3 months Change 3 months Change 3 months Change
Testosterone (ng dl™1) 39+19 —-410+151 386+131 —23+72 458+156 33+71 <0.001
Waist circumference (cm) 87.2+6.9 0.6%3.1 85.4+55 -0.2x25 86.3+6.2 0.3x2.7 0.373
Fasting insulin (mU I71) 22.47+5.64 7.26+2.50 16.89+4.06 0.64+2.96 15.68+3.22 1.23+2.63 <0.001
Fasting glucose (mmol I71) 5.39+0.69 0.16+0.47 5.58+0.47 0.23+0.34 5.34+0.54 0.14+0.56 0.689
Total cholesterol (mmol 1% 5.14+0.67 0.32+0.47 4.95+0.67 0.15+0.36 4.82+0.51 0.17+0.31 0.070
Triglyceride (mmol I™1) 1.60+0.42 0.05+0.32 1.55+0.41 0.08+0.37 1.43+0.31 0.03+0.23 0.762
HDL (mmol I71) 1.41+0.31 0.09+0.24 1.29+0.22 0.01+0.27 1.35+0.25 0.10+0.21 0.192
LDL (mmol I"1) 3.21+0.48 0.18+0.45 3.02%+0.65 0.15%+0.69 2.97+0.55 —0.11+0.45 0.012
Abbreviations: ADT, androgen deprivation therapy; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
*One-way analysis of variance was used to compare ‘‘change from baseline’” among the three groups.
Table 3 Evaluation of the three groups after 12 months
ADT group (n=46) Non-ADT group (n=37) Control group (n=50)
P value*
12 months Change 12 months Change 12 months Change

Testosterone (ng di™!) 25+9 —424+149 356+127 —53+66 394+129 —-31+68 <0.001
Waist circumference (cm) 88.5+6.3 1.8+3.4 85.9+6.0 0.3+x2.8 86.7+5.7 0.7+x2.3 0.035
Fasting insulin (mU I7%) 26.99+6.94 11.78+3.91 18.02+3.97 1.77+3.48 16.88+3.09 2.43+294 <0.001
Fasting glucose (mmol 1) 6.11+0.75 0.88+0.68 5.46+0.51 0.11+0.51 5.52+0.37 0.32+0.44 <0.001
Total cholesterol (mmol 171) 5.32+0.61 0.50+0.44 4.86+0.68 0.06+0.38 4.97+0.46 0.32+0.29 <0.001
Triglyceride (mmol I”1) 1.59+0.42 0.04+0.32 1.62+0.52 0.15+0.40 1.49+0.31 0.09+0.25 0.344
HDL (mmol I 1) 1.51+0.42 0.19+0.23 1.38+0.31 0.10+0.29 1.32+0.24 0.07+0.20 0.048
LDL (mmol 1Y) 3.46+0.72 0.43+0.72 3.09+0.53 0.22+0.43 3.14+0.48 0.06+0.41 0.003

Abbreviations: ADT, androgen deprivation therapy; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

*One-way analysis of variance was used to compare ‘‘change from baseline’”” among the three groups.

than in the other two groups after 12 months of treatment (P<<0.05).
All of these observations suggest that ADT for prostate cancer may lead
to the development of insulin resistance and type 2 diabetes.

The role of androgen in development of cardiovascular diseases has
been attractive. Decreased testosterone may lead to unfavourable
changes in the lipid profile. In the ADT group, low-density lipoprotein
levels increased as early as 3 months after the commencement of ADT.
After 12 months, elevated levels of total cholesterol, high-density lipo-
protein and low-density lipoprotein were observed. These findings are
in agreement with previous studies. Dockery et al.”® reported elevated
total cholesterol and high-density lipoprotein 3 months after the
beginning of ADT. In another short-term study, increased total cho-
lesterol, triglycerides and high-density lipoprotein were observed.**
Braga-Basaria et al.’® performed a retrospective study and found
higher total cholesterol and low-density lipoprotein levels in patients

was higher than in the other two groups (P=0.040). We suppose that
the increased incidence rate may be to some extent treatment-related,
because ADT in our study could lead to increased fasting blood glu-
cose and waist circumference, which are both components of meta-
bolic syndrome. A close relationship between hypogonadism and
central obesity, which is one of the criteria of metabolic syndrome,
has been established.”®*! From baseline to 1 year, ADT may increase
fat mass by 9.4%-11 .0%,%>*3 which consists of subcutaneous fat rather
than visceral fat. Nevertheless, metabolic syndrome caused by ADT is
to some extent distinct from the classic metabolic syndrome. In all
three definitions of metabolic syndrome—by the National Cholesterol
Education Program3 4 the World Health Olrganization35 and the
International Diabetes Federation'>—one of the criteria is decreased

80r
receiving ADT. Although the outcomes of these studies are slightly
different, there may be a link between ADT and hyperlipidemia. o2 1
Hyperlipidemia and insulin resistance, as we discussed above, are also goor
risk factors for cardiovascular diseases.?” It is possible that ADT could ; P=0.036
increase cardiovascular risk because of its adverse effect on the risk 2
. . . 340
factors of cardiovascular diseases. There may also be a relation between =
ADT and cardiovascular risk.?® g
It is reported that metabolic syndrome is seen in over half of men & 20k
undergoing long-term ADT.* In our study, the incidence rates of
metabolic syndrome in the three groups were comparable at baseline.
After 12 months of treatment, 17 out of 46 patients in the ADT group 0
ADT Non-ADT Control

met the criteria for metabolic syndrome compared with 6 out of 37
patients in the non-ADT group and 9 out of 50 subjects in the control
group. The incidence rate of metabolic syndrome in the ADT group

Figure 1 The prevalence rate of metabolic syndrome in the three groups after 12
months of treatment. ADT, androgen deprivation therapy.
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high-density lipoprotein. However, high-density lipoprotein was
higher in men undergoing ADT in our study. Similar results were
observed in other studies.”**> Moreover, a low level of adiponectin
and elevated inflammatory markers characterize classic metabolic syn-
drome. Conversely, it is reported that ADT increases the serum adi-
ponectin level and does not change the level of C-reactive protein.*®*”

Our study has several strengths. First, this was a prospective study in
which all subjects had been followed for at least 12 months. Second, all
patients in the ADT group underwent surgical castration, while most
studies reported on medical castration. When medical castration is per-
formed, the serum testosterone level increases, rather than decreases,
during the following week, which is called flare-up phenomenon.®® It
takes 3—4 weeks to achieve a castration level.® Surgical castration, still
considered the gold standard of ADT, is the quickest way to reach a
castration level, usually within 12 h. Bilateral orchiectomy, which is a
simple procedure, is still preferred in some circumstances to avoid flare-
up phenomenon, especially when treating metastatic diseases. Third, we
recruited two different groups to compare with the ADT group. The
recruitment of the non-ADT group provided us the opportunity to rule
out the influence of prostate cancer itself. By comparing the ADT group
with the control group, we could remove the influence of aging. Forth,
this study provides data of metabolic changes in Asian men undergoing
ADT. There are also some limitations in this study. First, although our
sample size was comparable with those of former studies performed in
this field, it was still relatively small. Second, this was not a randomized
study. It may be possible that men in the ADT group had more advanced
disease in the first place. Third, because the metabolic syndrome caused
by ADT might be different from classic metabolic syndrome, more meta-
bolic parameters, including adiponectin, C-reactive protein, glycosylated
haemoglobin, waist-to-hip ratio and lean body mass, should be tested.

In conclusion, ADT is a cornerstone of treatment for metastatic,
recurrent and locally advanced prostate cancer, although it is a treat-
ment with some complications. Fortunately, increasing attention is
being paid to the side effects of ADT, and the Food and Drug
Administration has ordered manufacturers of gonadotropin-releasing
hormone agonists to add warnings related to the increased risk of
cardiovascular diseases and diabetes. Results of the current study dem-
onstrate that ADT may lead to hyperglycemia, hyperlipidemia and an
increased risk of metabolic syndrome. This study might aid patients
and physicians in making crucial decisions when they are evaluated for
ADT. Future research is needed to confirm the findings using a larger
sample size, so as to further demonstrate the relationship between
ADT and its complications and to develop strategies to prevent treat-
ment-related mortality.
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