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Original Article

Oral Beraprost Sodium as a Prostaglandin I,
Analogue for Vascular Events in Patients with
Peripheral Arterial Disease : Meta-Analysis of

Two Placebo-Controlled Randomized Trials

Hideki ORIGASA*!, Yasuo IKEDA*?,
Kazuyuki SHIMADA*®, Hiroshi SHIGEMATSU**

(Abstract)
Objective . To evaluate the effect of beraprost sodium (beraprost) on the vascular events occurring in

patients with peripheral arterial disease (PAD) in a meta-analysis of placebo-controlled, randomized
trials.

Design : Meta-analysis

Methods . Among the clinical trials of beraprost in patients with intermittent claudication associated
with PAD, placebo-controlled, randomized trials with vascular events as outcome measures were
selected. Two trials met the criteria, each of which was a comparative trial of beraprost (40 kg t.i.d.)
and placebo (t.i.d.), with a six-month follow-up period.

Results : With both trials combined, the analysis included 594 patients in the beraprost.group and 590
in the placebo group. The risk ratio was 0.608 (95%CI : 0.41 to 0.90, p=0.012), demonstrating the
efficacy of beraprost on all vascular events. The risk ratio for lower limb deterioration was 0.598 (95%
CI:0.34 to 1.06, p=0.079), which was similar to that for all vascular events. A statistically insignifi-
cant but similar result was also obtained for cardio/cerebrovascular events with a risk ratio of
0.619 (95%CI :0.36to 1.07, p=0.085). Heterogeneity between the two studies was not found for any
of the events. :

Conclusion : The results demonstrated the efficacy of beraprost on the vascular events in patients with
PAD. The potential benefit of beraprost on vascular events will require evaluation in a larger prospec-

tive investigation.

Key words : prostacyclin, beraprost sodium, meta-analysis, intermittent claudication, vascular event

. improvement of endothelial function®. Bera-
Introduction v . :
prost was launched in the Japanese market in

Beraprost sodium (beraprost) is an orally 1992 and is currently marketed in 3 Asian

active prostaglandin I, (PGIl,) analogue, with counties to treat ischemic symptoms in chronic
antiplatelet?, and vasodilating properties? and arterial occlusion and primary pulmonary
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hypertension.

Iiprost is also known to be a PGI, analogue.
It is administered intravascularly (iv) and is
targeted for more severe(Fontane stages Il and
IV) patients. The efficacy of ilprost has also
been demonstrated by a meta-analysis®. There-
fore, this study is limited to the efficacy of
beraprost for more mild (Fontane stages II)
patients.

Although PGI, analogues were expected to
be clinically applied in various ways due to
their physiological activities®®, there are only a
few reported placebo-controlled double-blind
trials with PAD as the target disease to demon-
strate efficacy in the treatment of arterioscler-
otic disease”. Likewise, all reported trials of
beraprost have only targeted PAD among arter-
iosclerotic diseases.

For beraprost, there have been four reported
placebo-controlled, randomized, double-blind
trials in patients with intermittent claudication
(IC) due to PAD®*". Of these four, two phase
3 trials'®!" had claudication and cardiovascular
events as outcome measures. A BERCI-2 trial'®
conducted in France and Italy demonstrated a
significant improvement in claudication, while
a study conducted in the United States!?
showed no statistically significant difference.
Noteworthy was that the drug’s tendency to
improve cardiovascular events was ohserved in
both studies : however, a statistically signifi-
cant difference was absent, which indicates that
beraprost has not been fully proved to be effec-
tive for cardio/cerebrovascular events includ-
ing myocardial infarction, cardiovascular
death, and stroke as endpoints.

A meta-analysis of the two phase 3 trials was
performed to evaluate the effect of beraprost
on vascular events in more than 1,000 patients.
The present meta-analysis not only assesses the
value of beraprost in reducing vascular events
but also provides important information for
conducting clinical trials with cardio/cere-
brovascular events as a primary outcome mea-
sure.

Articles sclected by the keyword of beraprost
(n=224)
]
RCT included
(n=13)

Excluded studies:
Phase 1 trial (n=3)
Other target diseases (n=7)

Addition by hand scarch
~~ (n=1)

RCT for intermittent claudication associated with PAD
(n=4)

Excluded studies:
vascular events not included as endpoint (n=2)

Meta-analysis evaluated
for the preventive effects
of beraprost on vascular events
(n-2)

Fig. 1 Literature search process (1966-2003)

Methods

1. Trial selection

As shown in Figure 1, for the time period of
1966 to 2003, a total of 224 articles were
retrieved by the Medline database using the
keyword “beraprost”. Limiting the search to
the publication type of randomized controlled
trial resulted in 13 articles. Among these 13
articles, 3 articles (Phase I trial) and 7 articles
(other target diseases) were excluded as being
unrelated to our study purpose. The remaining
3 articles®'*'Y were thus regarded as candidates
for evaluation. In addition, a single study® was
selected by a hand-search method. Since two of
the studies® did not deal with the endpoint of
vascular events, the remaining two studies'*!'!
were evaluated for the preventive effect of
beraprost on vascular events. Of these two
studies, one was the BERCI-2 trial'® involving



549 patients in France and Italy, while the other
involved 897 patients in the United States (US
trial'M). The primary outcome measure in these
two trials was walking distance as evaluated by
the treadmill test. In addition, vascular events
were assessed as a secondary outcome measure.
2. General protocol

Both trials consisted of patients who met the
inclusion criteria after a single-blind placebo
run-in-phase and who were randomly assigned
to receive either beraprost (40 g tid.) or a
placebo (t.i.d.) for six months.

3. Outcome assessments

The present analysis used vascular events as
outcome measures. Since the US trial'? and the
BERCI-2 trial'® were conducted according to
similar protocols, these two trials had the same
definition of cardiovascular events including :
death of cardiovascular origin (confirmed or
sudden death), nonfatal myocardial infarction,
unstable angina, stroke or transient ischemic
attack, critical leg ischemia (rest pain neces-
sitating an urgent medical intervention or a
surgical procedure to avoid amputation),
subacute critical ischemia (continuous rest pain
for>2 weeks requiring analgesics), peripheral
angioplasty, peripheral bypass surgery, and
- amputation at any level.

To avoid any potential bias by the investiga-
tor in event evaluation, in the US trial'V, all
vascular events were adjudicated by an in-
dependent Critical Cardiovascular Events Com-
mittee, while, in the BERCI-2 trial'®, every
potential vascular event was fully documented
and evaluated blindly by three experienced
cardiologists.

4, Study patientis

Both trials had similar inclusion criteria with
the exception of patient age (BERCI-2'®, 35-75
years ; US trial'V, 40-80 years) and concomitant
medication (aspirin, clopidogrel, and ticlopidine
were allowed in the US trial'® but not in the
BERCI-2 trial'®).

5. Endpoints

The primary endpoint was defined as all

vascular events for this meta-analysis. These
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events include lower limb deterioration and
cardio/cerebrovascular events, which were as-
sessed separately. Lower limb deterioration
was regarded as a measure of PAD progression,
while cardio/cerebrovascular events were
evaluated to focus on ischemic heart disease
and. ischemic stroke.
6 . Statistical analysis

Statistical analysis was performed according
to the intention-to-treat population for the pri-
mary studies. P-values were computed using the
Mantel-Haenszel chi-square test based on a 2X
2 contingency table. A fixed effects model was
used to estimate the pooled risk ratio based on
a 2X2 table and its 95% confidence interval
(CI) according to Mantel-Haenszel method.
Heterogeneity between the trials was examined
using the Cochran’s Q-test'?. A two-sided p-
value of less than 0.05 was considered to be
statistically significant. Statistical analyses
were performed by using Comprehensive Meta-
Analysis® software version 1.0.23.

Results

1. Baseline characteristics

At randomiization after the run-in-period, the
BERCI-2 trial consisted of 209 patients in the
heraprost group and 213 patients in the placebo
group, while the US trial had 385 and 377 in the
beraprost and placebo groups, respectively.
Baseline characteristics are shown in Table 1.
As compared with the patients in the BERCI-2
trial, those in the US trial had slightly lower
ankle-brachial indices (ABls) and shorter maxi-
mum walking distances (MWDs). In addition,
they were more likely to have hypertension,
diabetes mellitus, or dyslipidemia. In the US
trial, 65%, 6.3%, and 0.5% of the patients
concomitantly used aspirin, clopidogrel, and
ticlopidine, respectively.
2. Incidence of vascular events

Vascular events occurred in 29 patients
(6.99%) in the BERCI-2 trial and 71 patients
(9.3%) in the US trial. Cardio/cerebrovascular
events other than lower limb events were
documented in 7 patients (1.7%) in the BERCI-
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Table 1 Baseline characteristics by treatment group for US trial and BERCI-2 trial

US trial BERCI-2
Beraprost Placebo Beraprost Placebo

Number 385 377 209 213
Mean age (yrs) 65.9 65.7 63.3 61.5
Male 79% 74% 85% 84%
Mean duration of claudication (yrs} 6.4 6.6 6.4 5.3
Previous surgical treatment for PAD 23% 24% 28% 26%
Hypretension 73% 75% 41% 43%
Dyslipidemia 70% 1% 43% 46%
Diabetes 29% 29% 18% 18%
Smoking status

Current smoker 33% 34% 34% 40%

Previous smoker 61% 58% 58% 51%

Non-smoker 6.2% 8.2% 8.6% 9.4%
Mean ABI 0.64 0.65 0.73 0.71
Mean MWD (m) 164 171 275 271
Mean PFWD (m) 85 80 130 134

ABI ! ankle-brachial index, MWD ! maximum walking distance,

PFWD ! pain-free walking distance

2 trial and 45 patients (5.9%) in the US trial.
Overall, the incidence was higher in the US
trial.

Comparison between beraprost and the
placebo revealed that beraprost was associated
with a reduced incidence of vascular events in
both trials . events occurred in 10 beraprost-
treated patients (4.8%) and 19 placebo-treated
patients (8.9%) in the BERCI-2 trial while 28
beraprost-treated patients (7.3%) and 43
placebo-treated patients (11.4%) were reported
to have had events in the US trial (Table 2).
Both trials showed similar risk reductions for
vascular events with 46.4% in the BERCI-2
trial and 36.2% in the US trial. The number
needed to treat was also quite similar, 24 for the
US trial and 25 for the BERCI-2 trial.

3. Meta-analysis

Figure 2 shows.the results of the meta-
analysis of the two trials examining vascular
events. The pooled risk ratio was (0.608, indicat-
ing a significant risk reduction of beraprost on
all vascular events (95%CI 2 0.41 to 0.90, p=
0.012). The pooled risk ratio for lower limb
deterioration was 0.598 (95%CI :0.34 to 1.06,

p=0.079) and the pooled risk ratio for cardio/
cerebrovascular events was 0.619 (95%CI :
0.36 to 1.09, p=0.085) . these were statisti-
cally insignificant but similar to that for all
vascular events. Heterogeneity among the two
studies was not found in the risk ratio for any
of these endpoints.

Discussion

1. Risk of vascular events in patients with PAD
The incidence of cardio/cerebrovascular
events was 1.7% in the BERCI-2 trial'® and
5.9% in the US trial'V, a finding that highlights
an increased risk of cardio/cerebrovascular
events in patients with ’AD. The incidence of
nonfatal cardiovascular events in patients with
IC has been reported to be 2-4% annually'®.
The value for BERCI-2 was similar to the
previously reported one ; however, the US trial
gave a higher incidence only for six months.
In the Cardiovascular Health Study'*, ABIs
was closely correlated to the number of
patients with myocardial infarction, angina,
and congestive heart disease. ABls, smoking,
diabetes, hypertension, white cell count,
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Table 2 Summary of the vascular events in intention-to-treat population

US trial BERCI-2
Beraprost Placebo Beraprost  Placeho
Cardio/cerebrovascular event 18 27 2 5
Cardiovascular death 1 4
Myocardial infarction 0 5
Uunstable angina 5 7
Cardiovascular revascularization 7 7
Cerebrovascular accident 5 4
Limb deterioration 10 16 8 14
Worsening limb ischemia 6 8
Limh revascularization 4 8
Limb amputation 0 0
Total 28/385 43/377 10/209 19/‘21{3
(7.3%) (11.4%) (4.8%) {8.9%
Risk reduction 36.2% 46.4%
Number needed to treat 24 i 25
No. of vascular events
%) Risk ratio
Beraprost Placcho (95% CI) P-valuc
Vascular event (all events)
US trial 28/385 437377 0.64 0.050 D
(7.3%) (11.4%) (0.41-1.00)
BERCI-2 10/209 19/213 0.54 0.093 s Zemmnes o
(4.8%) (8.9%) (0.26-1.13)
Combined 38/594 62/590 0.61 0.012 —]
(6.4%) (10.5%) (0.41-0.90) Heterogeneity Q=0.15(p=0.70)
Cardiovascular/ cerebrovascalar event
US trial 18/385 271377 0.65 0.15 SEN
(4.7%) (7.2%) (0.37-1.17)
BERCI-2 2/209 51213 0.41 0.26 € {
(0.96%) (2.3%) (0.080.2.08)
Combined 20/594 32/590 0.62 0.085 s e o
(3.4%) (5.4%) (0.36-1.07) Heterogencity Q=0.2%(p=0.59)
Limb deterioration
US trial 10/385 16/377 0.61 0.21 R e sy St
(2.6%) (4.2%) (0.28-1.33)
BERCI-2 8/209 14/213 0.58 0.21 e S
(3.8%) (6.6%) (0.25-1.36)
Combincd 18/594 30/390 0.60 0.079 ORI T
G.0%) G.1%) (0.34-1.06) Heterogencity Q=0.007(p=0.93)
0.1 1.0 10
Beraprost better Placcbo better

Fig. 2 Meta-analysis of two randomized trials of beraprost sodium therapy for vascular events
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asymptomatic carotid disease and fibrinogen
have all been reported as predictors of mortal-
ity's),

The US trial included patients with lower
ABIs and a high number of patients with
diabetes mellitus, hypertension, or dys-
lipidemia. These factors may have affected the
difference between the two trials.

2. Risk reduction of beraprost on cardio/cere-
brovascular events and limb deterioraion

In both trials, the total number of vascular
evenis was not statistically significant, but it
was relatively low in the beraprost group. In
the US trial, there was a significant reduction
in the combination of cardiovascular death and
myocardial infarction in the beraprost group.
As expected, the meta-analysis of two trials has
demonstrated the significant risk reduction of
beraprost in vascular events. Analyses showed
similar risk reductions of 39% (p=0.012) for
overall events, 40% (p=0.079) for lower limb
events, and 38% (p=0.085) for cardio/cere-
brovascular events. Since stratification reduced
the numher of events and statistical power,
these figures failed to reach significant levels.
Taken together, the results suggest that bera-
prost may prevent the progression of arterio-
sclerosis not only in peripheral arterial disease
but also in “systemic arterial disease”. ‘

A report by Antithrombotic Trialists’ Collab-
oration'® described 26 trials of antiplatelet
agents in patients with IC due to PAD, estimat-
ing a 23% odds reduction for antiplatelet ther-
apy. The present analysis with beraprost also
gave a similar result. The goal of treatment in
patients with intermittent claudication is to
extend walking distance, and the prevention of
the progression of lower limb disease is a thera-
peutic goal of PAD medications. The present
meta-analysis showed promising effects of ber-
aprost in preventing the progression of lower
limb arteriosclerosis.

3. Relevance of these findings to PAD treat-
ment in Japan

Ojiro and Yamazumi reported an
epidemiological study of nursing homes for the

elderly in Amami Island, Japan'®. The three-
year survival rate was 66.3% for patients with
arteriosclerosis obliterans (ASO) and 74.3% for
non-ASQO individuals (p=NS§). ASO was fre-
quently associated with cardiovascular deaths,
with the most common cause of death being
acute myocardial infarction (p<0.05). As in
other countries, ASO is a disease with a poor
life prognosis in Japan.

For the life prognosis of patients with ASQ,
‘Miyazaki et al. reported a retrospective study
of pharmacologic interventions'”. In patients
with ASO receiving various antiplatelet agents
after undergoing femoral-peripheral artery by-
pass graft, a multiple logistic regression analy-
sis including potential prognostic factors
revealed that only beraprost significantly im-
proved lifelong prognosis among antiplatelet
agents such as aspirin and ticlopidine. This
report suggests that heraprost also reduces
vascular events in Japanese PAD patients.

These promising effects should be evaluated
prospectively in future trials of beraprost with
vascular events as the primary outcome. Six
months is a widely accepted period for evaluat-
ing treadmill walking distance as a primary
outcome. However, periods of a year or longer
are suggested in such prevention trials to obtain
clinical relevance.

4. Methodological limitation

The two selected studies'®!'"! have utilized the
log-rank test for comparison hetween groups.
They also presented the p-value obtained by a
log-rank test. However, they did not show a
hazard ratio and have just shown the nutuber of
events per total number of patients. Thus, the
information obtained from articles was nothing
but several 2X2 contingency tables. The pres-
ent meta-analysis should combine the hazard
ratio across the studies since the time to event
was a primary outcome. However, their
detailed data was not presented in the articles.
So that, there was only & way to combine the
risk ratios computed by 2X2 contingency
tables. The bias caused by using a risk ratio
rather than a hazard ratio is considered to be

-80.




quite small since the two studies had a common
6-month follow-up and the hazard is considered

to be constant during this period.

Acknowledgements

This study was partly supported by a grant-in-
aid for scientific research from the Japanese
Health and Labour Science (H15-Medicine-032).

1

3)

4)

6)

7

8)

References

Yang L, Yatomi Y, Satoh K, Ozaki Y. Inhibitory
effects of beraprost on platelet aggregation.
Coniparative study utilizing two methods of
aggregometry, Thromb Res 1999 | 94 : 25-32,
Koh E, Morimoto S, Jiang B, et al. Effects of
beraprost sodium, a stable analogue of prostacy-
clin, on hyperplasia, hypertrophy and
glycosaminoglycan synthesis of rat aortic
smooth muscle cells. Axtery 1993 1 20 : 242-52.
Tomivama H, Arai T, Hirose K, et al. Effects of
acute administration of beraprost sodium on
parameters related to atherosclerotic vascular
damage in coronary artery disease. f Cardiol
2004 ; 43 : 53-8.

Loosemore TM, Chalmers TC, Dormandy JA. A
meta-analysis of randomized placebo control
trials in Fontaine stages Il and IV peripheral
occlusive arterial disease. fnf Angiol 1994 ; 13 :
133-42.

Hashiguchi M, Ohno K, Saito R. Studies on the
effectiveness and safety of cilostazol, beraprost
sodium, prostaglandin E, for the treatment of
intermittent claudication. J Pharmaceutical Soct-
ely of Japan 2004 ; 124 © 321-32.

Melian EB, Goa KL. Beraprost : a review of its
pharmacology and therapeutic efficacy in the
treatment of peripheral arterial disease and
pulmonary arterial hypertension. Drugs 2002 ;
62 : 107-33. '
Reiter M, Bucek RA, Stumpflen A, Dirisamer A,
Minar E. Prostanoids in the treatment of inter-
mittent claudication : a meta-analysis. Vasa
2002 5 31 :219-24.

Lievre M, Azoulay S, Lion L, Morand S, Girre
JP, Boissel JP. A dose-effect study of beraprost
sodium in intermittent claudication. J Car

ZAESE  Jpn ] Pharmacoepidemiol, 9(2) Dec 2004 : 51

9)

10)

11)

13

~

14)

15)

16)

17

-81-

diovase Pharmacol 1996 | 27 . 788-93.

Labs K11, Nehler MR, Roessner M, Jaeger KA,
Hiatt WR. Reliability of treadmill testing in
peripheral arterial disease : a comparison of a
constant load with 'a graded load treadmill
protocol. Vasc Med 1999 . 4 : 239-46.

Lievre M, Morand S, Besse B, Fiessinger JN,
Boissel JP. Oral Beraprost sodium, a prostaglan-
din I, analogue, for intermittent claudication : a
double-blind, randomized. multicenter
controlled trial. Beraprost et Claudication Inter-
mittente (BERCI) Research Group. Circulation
2000 7 162 © 426-31.

Mohler ER 3rd, Hiatt WR, Olin JW, Wade M,
Jeffs R, Hirsch AT. Treatment of intermittent
claudication with beraprost sodium, an orally
active prostaglandin I, analogue. / Am Coli
Cardiol 2003 41 : 1679-86.

Sutton AJ, Abram KR, Jones DR, Sheldon TA,
Song F. Methods for Meta-Analysis in Medical
Research. Chichester . John Wiley, 2000 : 39.
Dormandy JA, Rutherford RB. Management of
peripheral arterial disease (PAD). TASC Work-
ing Group. TransAtlantic Inter-Society Concen-
sus (TASC). J Vasc Swrg 2000, 31 (Suppl 1 Pt
2) 1 51-5296.

Newman AB, Siscovick DS, Manolio TA.
Ankle-arm index as a marker of atherosclerosis
in the Cardiovascular Health Study. Cirerlation
1993 ; 88 : 837-45.

Antithrombotic Trialists'Collaboration. Col-
faborative meta-analysis of randomised trials of
antiplatelet therapy for prevention of death,
myocardial infarction, and stroke in high-risk
patients. Br Med J 2002 ;324 : 71 86.

Qjirc M, Yamazumi K. The prevalence and
natural history of atherosclerotic obliterance
(ASQ) in old-age home in Amami Island, three-
year follow-up study. Med J Kagoshima Univ
2000 ; 52 : 1-6. (In Japanese)

Mivazaki K, Nishibe T, Sata F, et al. Prosthetic
grafts for above-knee femoropopliteal bypass. A
multicenter retrospective study of 564 grafts. Inf
Angiol 2002 ; 21 . 145-51.

Manuscript recieved November 29, 2004 ;
revised January 21, 2005 ;
accepted January 31, 2005



ERIFEYE Vol. 31, No. 3 (2005)

203

Jpn. J. Pharm. Health Care Sci.
-~ f%E 3¢ 33} 203—210 (2005)

Progressive Bone Loss due to Androgen Deprivation
Therapy for Prostate Cancer : A Meta-analysis

Shuji Shimada®'*, Naomi Yokoyama®, Hideki Origasa’,
Hiroshi Tsuneki' and Ikuko Kimura' o

Department of Clinical Pharmacology, Graduate School of Pharmaceutical Sciences,
Tovama Medical and Pharmaceutical University'
Department of Pharmacy, The Hospital of Ishikawajima-Harima Heavy Industries Health Insurance Society*
Department of Pharmacoepidemiology, Graduate School of Medicine, Kyoto University*
Department of Biostatistics, Faculty of Medicine, Toyama Medical and Pharmaceutical University'

[ Received November 22, 2004]
Accepted January 4, 2005

Hormonal therapy (androgen deprivation therapy) is the standard treatment for controlling prostate cancer, but adverse ef-
fects on bone health have been reported frequently. The aim of the present study was to evaluate the severity of progressive
bone loss due to androgen deprivation therapy for prostate cancer through a meta-analysis. Relevant articles on this topic
were selected using the Medline database and manual searches, and randomized controlled trials and open-labeled uncon-
trolied trials were performed. The overall mean loss in bone mineral density was estimated as the weighted mean of the
percentage change from the initial bone density. The results of our systematic review showed that bone mineral density had
decreased by 2.8% at the femoral neck, by 2.7% at the lumbar spine, and by 1.5% at the hip after 12 months of androgen
deprivation therapy. The degree of the effect of androgen deprivation therapy versus the control was estimated to be 0.62
(95% confidence interval, 0.24 to 0.99; P=0,002) at the femoral neck : 0.58 (0.20 to 0.97; P=0.003) at the lumbar
spine ; and 0.89 (0.47 to 1.32; P<<0.001) at the hip. These results provide evidence that androgen deprivation therapy for
prostate cancer results in a rapid loss of bone mineral density, and increases the risk of osteoporosis and related fractures. In
order to prevent this, it may be necessary to monitor the bone mineral density before and during therapy and administer

agents that stimulate bone metabolism.

Key words

Introduction

Prostate cancer is the most common cancer and the sec-
ond leading cause of death from cancer among U.S. men",
Ever since Huggins and Hodges first recognized the hormo-
nal dependence of prostate cancer 60 years ago”, androgen
deprivation therapy has remained central to the management
of advanced disease. Also, early primary androgen depriva-
tion therapy improves survival in men with locally ad-
vanced, nonmetastatic prostate cancer”. In several retrospec-
tive studies, androgen deprivation therapy has been reported
to increase the risk of bone fractures in men with prostate
cancer. The cumulative incidence rate of inifial fracture 7
years after castration or diagnosis of prostate cancer was 28
% in patients treated by orchiectomy, and 1% in patients

prostatic neoplasms, androgen deprivation therapy, adverse effects, bone density, meta-analysis

who did not undergo androgen deprivation therapy, respec-
tively*. Osteoporosis and related fractures are cofnplicalioné
of androgen deprivation therapy, because androgens exert
actions on osteoblast proliferation”, growth factor and cy-
tokine production” and matrix protein production” via an-
drogen receptors that are found on osteoblasts".

In women, the most common cause of osteoporosis is es-
sential osteoporosis, which is age-related. By contrast, essen-
tial osteoporosis is rare in men, probably because they have
a greater bone mass than women at all ages, a shorter life
expectancy than women, and no distinct equivalent to meno-
pause”. Glucocorticoids are widely used in the treatment of
patients with chronic noninfectious inflammatory diseases.
especially asthma, chronic lung diseases, rheumatoid arthritis
and other connective tissue diseases, inflammatory bowel
disease and in patients undergoing organ transplantation. Os-
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teoporosis and related fractures are among the most serious
adverse effects of glucocorticoids ; indeed, glucocorticoids
arc the most common cuuse of drug-reluted osteoporosis.
Glucocorticoids decrease the intestinal absorption of both
calcium and phosphate. The urinary calcium excretion is in-
creased in glucocorticoid-treated patients, possibly due to a
dircct cffect of the drug on the tubular reabsorption of cal-
cium. Decreased gastrointestinal absorption and increased re-
nal excretion of calcium can lead to secondary hyperparathy-
roidism, with clevated serum levels of parathyroid hor-
mone'"". Long-term cxposure to glucocorticoids inhibits os-
teoblast proliferation, attachment of ostcoblasts to bone ex-
tracellular matrix, and synthesis of both type I collagen and
noncollagenous proteins by osteoblasts'. Chronic glucocor-
ticoid therapy can result in signiﬁcam loss of bone mass, ex-
pecially at skeletal sites with a high proportion of trabecular
bone. where bone tumover is the highest'™'", The American
College of Rheumatology has summarized the available in-
formation regarding the pathophysiology. diagnosis. preven-
tion and treatment of corticosteroid-induced ostcoporosis,
and provided recommendations for clinical practice'”. On
the other hand. information about the preveution and treat-
ment of osteoporosis caused by undrogen deprivation ther-
apy is limited. The purpose of this article is to provide an
objective and systematic review of the adverse effects of an-
drogen deprivation therapy and the clinical relevance of an-
drogen deprivation therapy in the treatment of prostate can-
cer.

Metheods

1. Literature search

The National Library of Medicine (PubMed) was used to
identify all clinical trials relating to the treatment of prostate
cancer. We used the PubMed search strategy using the fol-
lowing search terms : prostatic neoplasms, gonadorelin, an-
drogen antagonists, antineoplastic agents, orchiectomy, bone
and bones, bone density, osteoporosis and fractures, as well
as the term of clinical trials. Literature search was conducted
from original articles published between the year 1966 and
August 2003, The reference lists of studies included in the
meta-analysis were manually collected to include any cita-
tions that werc missed by the electronic searches.

2. Selection and data abstraction

Initially, all the randomized controlled clinical trials were
selected for further assessment. We screened titles and ab-
stracts from potentially eligible studies, and selected studies
conducted on patients with prostate cancer as the subjects
who were being initiated on treatment or were at the time
under treatment with a gonadotropin-releasing hormone
{GnRH) agonist, antiandrogen and orchiectomy. Two inves-
tigators independently assessed each article for eligibility,
and any disagreement was settled by consensus, For cach
eligible study, we collected the information on study design.
number of participants, mean age, type of prostate cancer,

type of bone mineral density measurements, calcium supple-
ment, type of androgen deprivation therapy, aad the follow-
up peniod. As regards to the study quality. a randomized
controlled trial was rated the grade ‘a’, while a single arm
trial of androgen deprivation therapy only or controlled trials
with unknown randomization were rated the grade ‘b’ al-
though all these trials were included into the analysis.

3. Outcome measures

The primary outcome measure was the mean loss in bone
mineral density (in grams per surface upil, or sometimes.
grams per volume of a circumscribed area {content]) that
was obtained as a percentage change from the initial value.
It was recorded at the femoral neck, lumbar spine and hip
for each group (androgen deprivation therapy or control).
Although any assessment of bone mineral density was made
at the 6 months and/or 12 months after the initiation of
therapy, the data at 12 months were utilized if both data
were available.

4. Statistical analysis

All the analyses were performed according to the
intention-to-treat principle. The pooled estimate of bone
mineral density percentage change was estimated by the
weighted mean of bone mineral density percentage changes
where the weight was set as an inverse of square of the
standard deviation (SD). When the mean percentage change
of bone mincral density was not reported in the article, we
approximated this value by dividing the reported absolute
change of bone mineral density by its buseline value. Where
standard error of the mean (SEM) was reported instead of
SD. SD was calculated as SEM multiplied by vn where n is
the number of participants. Where no SD was reported, it
was imputed by using the mean from the other trials. The
effect size was defined by the mean difference of bone min-
eral density decrease between androgen deprivation therapy
and control group during 6 or 12 months. divided by its SD.
The value of effect size greater than 0 means a decreasing
bone mineral density in the androgen deprivation therapy.
The pooled effects size by androgen deprivation therapy in
decreasing bone mineral density was estimated by using a
fixed-effect model. Heterogeneity was investigaied as in in-
teraction between the study and its effect size in the above

model.

Results

1. Literature search and critical appraisal

After a review of the abstracts in the scarch, 24 papers
were  found relating to  androgen-deprivation-therapy-
associated bone loss. Of these, we excluded 4 papers, be-
cause 2 were case reports and 2 were letters. Twenty of the
24 papers were potentially relevant, and were subjected to
strict quality and eligibility assessment. Of the 20, 6 were
excluded, because they lacked the bone mineral density val-
ues. A further 4 pupers were excluded because the bone



