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mineral density after 6 and 12 months of androgen depriva-
tion therapy had not been evaluated. Ten trials fulfilled all
the inclusion criteria'>*", Since one of these trials reported 2
treatment groups (orchiectomy, chemical castration), the data
were regarded as 2 studies. Table 1 shows the characteris-
tics of the studies included in this analysis.

Most of the studies had used dual-energy x-ray absorpti-
ometry to measure the bone mineral density of the femoral
neck, the lumbar spine and the hip. One study had used
. dual-photon  densitometry with a radiation
source. Two studies had used gquantitative computed to-
mography to measure the bone mineral density of the lum-
bar spine. Two of the 11 studies examined the effects of or-
chiectomy. | study evaluated the eftects of orchiectomy or
chemical castration, and 8 studies evaluated the effects of
chemical castration (GnRH agonist and/or antiandrogen).
Table 2, Table 3 and Table 4 show a summary of the trial
results.

gadolinium

2. Meta-analysis

Changes in the bone mineral density of the femoral neck
for the androgen deprivation therapy group ranged between—
0.6 and 6.5% decrease at 6 months and the weighted mean
was 1.6% decrease with 95% confidence interval (CI) to
be —0.8 to 4.0%. At 12 months, they ranged between —0.3
to 9.6% decrease and the weighted mean was 2.8% de-
crease with 95% CI to be 0.3 to 5.3%. For the lumbar
spine, they ranged between 02 and 7.1% decrease
(weighted mean decrease, 1.7% ; 95% CI, —0.3 0 3.7%)
at 6 months. At 12 months, they ranged between 0.5 and 4.6
% decrease (weighted mean decrease, 2.7% ; 95% CI, —
0.2 to 5.6%). For the hip, Athey ranged between —(0.1 and
1.1% decrease (weighted mean decrease. 0.7% ; 95% CI,
—0.9 t0 2.3%) at 6 months. At 12 months, they ranged be-
tween 0.4 and 3.3% decrease (weighted mean decrease, 1.5
95% CI. —0.7 10 3.7%). Thus. the bone mineral den-
sity decreased at afl the three sites according to the duration
of the androgen deprivation therapy. The overall severity of
the osteoporosis was represented by the differences in the
bone mineral density after 6 or 12 months of therapy be-
tween the androgen deprivation therupy group and a controf
group, and the results werc shown by using the effect size
as follows ; femoral neck, effect size 0.62 (95% CI, 0.24 1o
0.99 ; P= 0.002), lumbar spine, effect size 0.58 (95% CI.
0.20 10 0.97: P=0.003), and hip. effect size 0.89 (95% CI.
047 to 1.32; P<0.001). These results arc represented
graphically in Fig. 1. In comparison with that in the coatrol
group, the bone mineral density at all the sites examined

% :

was significantly decreased after 6 or 12 months according

to the use of androgen deprivation therapy.

Discussion

Although osteoporosis has long been considered as a dis-
ease of women, in the earliest reports of the epidemiology of
osteoporosis, it was apparent that the classical age-related in-

crease in the frequency of fractures scen in women is also
evident in men. In fact, by World Health Organization crite-
ria. the prevalence rates of osteoporosis at the hip. spine or
wrist after age 50 years appears to be higher in women (33
%) than in men (199%). Yet, the actual prevalence rates of
osteoporotic fracture do not differ between men (10%) and
women (139%)™. These indicate that men have a higher risk
of fracture than women with the same degree of decrease in
bone mineral density. Moreover, one-seventh of all vertebral
compression fractures and one-fourth to one-fifth of all hip
fractures occur in men®, and mortality related to hip frac-
tures is higher in men than in women™.

In a recent study, skeletal fractures in men with prostate
cancer were negatively associated with the overall survival,
independent of other prognostic factors™. Increasing dura-
tion of androgen deprivation therapy was significantly asso-
ciated with increasing fracture risk in men with prostate can-
cer. Hip fractures are a major cause of disability and func-
tional impairment. The results of our systematic teview
show that the bone mineral density (weighted mean) was de-
creased by 2.8% (0.3 to 5.3%) at the femoral neck, by 2.7
% (—0.2 to 5.69%) at the lumbar spine, and by 1.5% (—0.7
to 3.7%) at the hip after 12 months of androgen deprivation
therapy. The rates of bone mineral loss about 2—3%‘per
year, as estimated in the present study, should not be negli-
gible, because the bone loss continuously progresses during
the chronic androgen deprivation therapy : for cxample, the
spinal bone mineral density values were {4% less, and the
hip bone mineral density values were 28% less, than those
observed in age-matched control individuals after {0 years
of the therapy™. In contrast, the bone mineral density did
not significantly change at any of these skeletal sites in the
control group. Attention should therefore be focused on pre-
venting osteoporosis in patients receiving androgen depriva-
tion therapy. In normal men after the age of 35 years, the
bone mineral density is reported to gradually increase via
the formation of spinal osteophytes and calcification of
paravertebral structures when measured by dual energy x-ray
absorptiometry"”. The present analysis, however, could not
detect the age-related changes, probably because of the short
follow-up period (6—-12 months).

Androgen deprivation therapy is associated with a de-
crease in the levels of testosterone and dihydrotestosterone
to castration levels, The hypogonadism has been reported to
be a major risk factor for osteoporosis in adult men. Long-
standing hypogonadism secondary to hyperprolactinemia has
been shown to be associated with significant reductions in
spinal and cortical bone density in men. Testosterone ther-
apy given to adult men with acquired hypogonadism is asso-
ciated with reduced bone remodcliﬁg and increase of trabe-
cular bone density™’. Thus, it was surmised that androgen
deprivation therapy might cause osteoporosis. Androgens
mediate osteoblast proliferation and differentiation. and in-
crease bone matrix production and osteocalcin secretion, via
the androgen receptors present on osteoblasts. Testosterone
also modulates the effects of various growth factors. includ-
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Table 2. Changes in Bone Mineral Density at the Femoral Neck at 6 and 12 Months.

Treatment arm

Percent changes at 12 months

Study Percent changes at 6 months
Eriksson et al. 1995'% N.A. -9.6+38
Diamond et al. 19989 ~6.5+4.3 N.A.
Maillefert et al. 1999'" 2728 -39£38
Daniell et al. 2000a'® N.A. -23+73
Daniell et al. 2600b'® ADT N.A. —3.8+32
Diamond et al. 2001'" -32x25 N.A.
Smith et al. 2001*% 0.6+2.8 03£28
. Preston et al. 2002%" ~0.2+2.5 ~0.5+3.6
Mittan et al. 200272 0.0+3.5 -23+3.1
Smith ct al. 2003 N.A. 2141
Pooled estimatet —1.6 (95% CI, —4.0 to 0.8) n = 105 —2.8 (95% CI,~53 te ~0.3) n = 151
Diamond et al. 2001'"? -1.6%1.9 N.A.
Preston et al, 2002%" CTL 12424 1.4+3.5
‘Mittan et al. 2002% -0.5+£22 0.0£2.5

Changes in absolute vatues comparcd to basal values. Negative numbers indicate bone loss. Values arc presented as the mean + the

standard deviation.

1 Weighted mean. ADT, androgen deprivation therapy: CTL, control; N.A., not available; CI, confidence interval; n, number of paticnts,

Tuble 3. Changes in Bone Mineral Density at the Lumbar Spine at 6 and 12 Months.
Study Trcatment arm Percent changes at 6 months Pcrcent changes at 12 months
Diamond ct al. 1998'® -6.6+£50 N.A.
Maillefert et al. 199917 ~30£3.2 4.6 £3.6
Diamond et al. 2001'% —7.1+54 N.A.
Smith et al. 2001°% ) —13x14 -33+£32
Preston et al. 20027 ADT -02+25 ~0.5+36
Mittan et al. 200272 -1.6%3.5 2.8+39
Berruti et al. 2002°9 ~1.4+32 -23+3.6
Smith ct al, 2003** N.A. -22%52
Poaled estimatet —1.7 (95% Ci,-3.7 to 0.3) n = 140 —~2.7 (95% CI,-5.6 10 0.2) n = 149
Diamond et al. 2001'? 09:+£28 N.A.
Preston et al. 20022" CTL 0.1+1.8 03429
Mittan et al, 20022 0.7+2.9 0429

Changes in absolute valucs comparced to basal values. Negative numbers indicate bone loss. Values are presented as the mean + the

standard deviation.

t+ Weighted mean. ADT, androgen deprivation therapy; CTL, control; NLA., not availablc; CI, confidence interval; n, number of patients.

ing transforming growth factor- Jand insulin-like growth
factor-1, which may be important for osteoblast proliferation.
Thus, androgens are important factors to regulate the bone
development and homeostasis.

Although testosterone is the major circulating androgen,
there is evidence that its skeletal effects are mediated by the
local production of esirogen intermediates. Aromatase,
which is active in bone, converts testosterone to estradiol™,
and S « -reductase reduces testosterone to androstendione
and dihydrotestosterone™, A man with aromatase deficiency
presents with delayed bone age. poor epiphyseal closure and
tall stature. Estrogen treatment in these patients increased the
spinal bone mineral density, and complete epiphyseal clo-

3N

.87.

sure was achieved after nine months™. In contrast, testoster-
one has been shown to have no effect on skeletal matura-
tion. Furthermore, a 28-year-old man with a point-mutation
of the estrogen receptor gene which was associated with
complete estrogen resistance exhibited scverc defect of
skeletal growth resulting in delayed epiphyseal closure and
bonc age, tall stature, increased bone turnover, and severely
reduced bone mineral density for his chronological age™. In
fact, estrogen receptors are expressed in both osteoblasts and
osteoclasts™’, These indicate that estrogen plays an importamt
role in bone maturation and mineralization as much in men
as in women.

Several treatment possibilities exist for osteoporosis asso-
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Table 4. Changes in Bone Mineral Density at the Hip at 6 and 12 Months.

Study Treatment arm Percent changes at 6 months Percent changes at 12 months
Smith et al. 2001°” 08419 ~-1.8+19

Preston ct al. 200229 01418 —04+24

Mittan ct al. 2002%2 ADT ~11+1.2 —33+£3.1

Berruti et al, 20022% 0318 —0.7£23

Smith ct al. 2603 N.A. ~28%3.5

Pooled estimatet —0.7 (95% CI, 2.3 t0 0.9) n = 110 ~L.5 (95% CI, -3.7 t6 0.7) n = 142
Preston et al. 200227 13218 1.1x1.7

Mittan et al. 200272 e 00£22 0414

Changes in absolute values compared to basal values. Negative numbers indicate bone loss. Values are prescnted as the mean + the

standard deviation.

1 Weighted mean. ADT, androgen deprivation therapy; CTL, control; N.A., not available; CI, confidence interval; n, number of paticnts.

Femoral neck

effect size
Citation Year N1 N2 Effect Lower Upper NTotal P -2.80 ~1.00 0.60 1.60 2.00
Diamond 2001 10 10 0.690 0284 1664 20 0.125 B B s
Mittan 2002 15 13 0.787 -0.026 1.600 28 0.042 |
Preston 2002 36 34 0529 0.043 1015 70 0.029 e
Fixed Combined (3) 61 57 0.615 0240 0.9%0 118 0.002 et
CTL worsening ADT worsening
Lumbar spine
effect size
Citation Year NI N2 Effect Lower Upper NTotal P -2.60 ~1.60 0.00 1.00 2.00
Diamond 2001 10 0 1781 0633 2930 20 0.00! S s
Mittan 2002 15 13 08924 007! 1.717 28 0.022 .
Preston 2002 36 34 0.241 0238 0.720 70 0.311 S B B
Fized Combined (3) 61 87 0.584 8202 0.965 118 0.603 o .
CTL worsening ADT worscning
Hip
effeet size
Citation Year NI N2 Effect Lower Upper NTotal P -2.00 ~1.60 0.00 1.00 2.00
Mittan 2002 18 13 1457 0.566 2.347 28 0.001 B S
Preston 2002 36 34 0710 0217 1.203 70 0.004 e
Fixed Combined (2) S1 47 0.893 0467 1.319 98 <0.601 -
CTL worsening ADT worseaing

Fig. 1. Relative Risk of Change in Bone Mineral Density of the Femoral Neck, Lumbar Spine and Hip 12
Months after the Androgen Deprivation Therapy for Prostate Cancer.
Only the data from Diamond's study represent the change at 6 months because the data at 12
months are not available. A fixed-effect model was used to obtain a pooled effect size and 95%
confidence interval (CI). NI, number of patients in the androgen-deprivation-therapy group (ADT).
N2, number of patients in the control group (CTL). Effect, effect size. Lower and Upper. lower
and upper 95% CI of effect size. NTotal, total sample size. P, statistical P value, Subtotal (Fixed
Combined) values were obtained using the fixed effect model. Plot shows the meta-analytically
pooled effect size (crossing point) with 95% CI (horizontal bar) or the combined effect size asso-
ciated with 95% CI (rhombs),
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ciated with androgen deprivation therapy. Medical castration
with estrogens is not associated with bone loss in men with
prostate cancer', although this treatment strategy has been
abandoned because of the high rates of cardiovascular toxic-
ity. Bisphosphonates may prevent or reverse some or all of
the bone mineral density loss associated with androgen dep-
rivation therapy. Smith et al. who randomized 43 men with
nonlocalized or recurrent prostate cancer treated with le-
uprolide to receive intravenous pamidronate, found no
change of the bone mineral density in the hip or the lumbar
spine™. Thus, bisphosphonates may delay the progression of
skeletal metastases arising from prostate cancer™.

In conclusion, this study provides new and important in-
formation on osteoporosis during androgen deprivation ther-
apy. The hormonal therapy seems to promote bone loss via
mulitiple mechanisms. It would thus be reasonable to meas-
ure the bone mineral density in all men prior to the com-
mencement of androgen deprivation therapy. Calcium and
vitamin D supplementation and advice for abstinence from
smoking and alcohol are suitable first-line preventive meas-
ures against bone loss under this condition. Treatment with
bisphosphonates may also be a possible strategy to prevent
bone loss, although further research is needed to explore the
effects of bisphosphonates.
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Comparison of Cilostazol and Ticlopidine Coadministered
with Aspirin for Long-Term Efficacy and Safety
after Coronary Stenting ; a Meta-Analysis

Masayuki HASHIGUCHI**? Keiko OHNO*' Satoshi KISHINO*!
Mayumi MOCHIZUKI*? and Tsuyoshi SHIGA*?

*!1 Department of Medication Use Analysis and Clinical Research, Meiji Pharmaceutical University,
Tokyo, Japan

*2 Division for Evaluation and Analysis of Drug Information, Center of Clinical Pharmacy and
Clinical Sciences, School of Pharmaceutical Sciences, Kitasato University, Tokyo, Japan

*3 Department of Cardiology, Tokye Women’s Medical University, Tokyo, Japan

Aims : To compare cilostazol with ticlopidine for long-term efficacy and safety as an adjunctive
antiplatelet therapy after coronary stenting.

Methods : Using published clinical studies retrieved through Medline and other databases from 1986-
2004, meta-analyses were employed to evaluate efficacy and adverse clinical events for cilostazol or
ticlopidine coadministered with aspirin after coronary stenting. Major adverse cardiac events (MACE),
quantitative coronary angiographic parameters (QCA) including minimal lumen diameter (MLD), late
loss, loss index of diseased vessels, and net gain, or adverse clinical events after coronary stenting were
compared between the two study arms and expressed with the mean difference or odds ratios (OR) specific
for the individual studies and meta-analytic pooled estimate for the mean difference or OR.

Results : Five of the clinical studies we reviewed met the inclusion criteria and underwent meta-
analysis. The cilostazol was found to be superior in the pooled estimate of the total clinical outcomes and
QCA as compared to ticlopidine (OR [95% CI] :0.59 [0.46, 0.75]), MLD (WMD [95% CI] : 0.27 mm
[0.17, 0.37]), late loss (WMD [95% CI] : —0.36 mm [—0.51, —0.22]), loss index (WMD [95% CI] : —
0.16 [—0.24, —0.08]), and net gain (WMD [95% CI] : 0.49 mm [0.30, 0.68]). The pooled estimate of all
adverse clinical events in cilostazol was approximately the same as that seen for ticlopidine.

Conclusions : Our results suggest that cilostazol plus aspirin therapy, as compared to ticlopidine plus
aspirin therapy, might be superior with regard to long-term efficacy, particularly in preventing late res-
tenosis. Although cilostazol exhibits few serious adverse clinical events, we must pay attention to increased
heart rate or the occurrence of arrhythmias during treatments.

Key words : cilostazol, ticlopidine, efficacy, safety, adverse event, antiplatelet therapy, intracoronary, stent

implantation, meta-analysis

Introduction

Coronary stenting is reported to reduce res-
tenosis after balloon coronary angioplasty?=®. Cur-
rently, coronary stenting has become an established
treatment for coronary artery disease and is widely
utilized in interventional cardiology. Moreover, use
of adjunctive antiplatelet agents has been found to
decrease stent-associated thrombosis, and play a
role in improving final outcomes®. However, the

prevention of stent-associated complications
remains an important concern during the perfor-
mance of coronary stenting, even though the over-
all success rate for the procedure has improved.
Complications comprise : 1) acute vessel occlu-
sion/closure due to thrombus formation occurring
from immediately following to within 24 hours of
the procedure ; 2) subacute thrombosis occurring
between 1 and 30 days after stenting ; and 3) late
coronary restenosis caused by intimal hyperplasia
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or proliferation of smooth muscle cells secondary
to growth factors released from platelets, occurring
between 3 weeks and 6 months after stent place-
ment. Aspirin, one of the most popular oral anti-
platelet agents, has been shown to reduce the fre-
quency of ischemic complications, including coro-
nary occlusion/thrombosis after coronary angio-
plasty®, but has no affect on restenosis?. Moreover,
no optimum dose or duration of aspirin therapy
following coronary stenting has been established.

Ticlopidine, an oral thienopyridine, is a potent
inhibitor of platelet aggregation, exhibits a maxi-
mum platelet inhibition 3 to 5 days after initiation,
and is associated with a platelet aggregation recov-
ery that is slow once the drug is discontinued>®.
From the Stent Anticoagulation Restenosis Study
(STARS) data, the combination of aspirin and
ticlopidine following coronary stenting was shown
to have lower rates of subacute thrombosis than
that seen with aspirin use alone”. However, ti-
clopidine has a number of severe adverse clinical
events, including agranulocytosis, hepatic impair-
ment, and thrombotic thrombocytopenic purpura
(TTP).

Cilostazol is another potent oral antiplatelet
agent with a more rapid onset of action that selec-
tively inhibits phosphodiesterase IlI, and is associat-
ed with a lower incidénce of adverse effects®™*¥. In
a prospective study of coronary stenting with con-
comitant aspirin and cilostazol, no thrombosis was
observed even though cases of emergency stent
placement were included!®. Two interesting small
randomized studies comparing cilostazol and aspi-
rin suggested that cilostazo! might reduce the inci-
dence of late restenosis with the exception of
thrombosis'®'®. Adjunctive use of cilostazol with
coronary stenting is thus becoming a more respect-
ed option!”. To date, several clinical trials compar-
ing ticlopidine and cilostazol as adjunctive anti-
platelet agents after coronary stenting have been
reported, but most such trials have utilized only
small subject populations.

In a previous study, we used meta-analysis to
document the effectiveness of a 1-month adminis-
tration of cilostazol as compared to ticlopidine
after elective coronary stenting'®. In the current
study, we further compare cilostazol and ti-
clopidine by using a systematic review of the litera-
ture and meta-analysis techniques in order to evalu-

ate the long-term efficacy and safety with regard to
the clinical outcome of cilostazol use after coro-
nary artery stent implantation.

Methods

1. Literature search

A comprehensive literature search was conduct-
ed using the Medline database (Pubmed® ). All
clinical studies that were published on Medline
between January 1986 and March 2004 were
examined. For Medline searches, a combination of
the keywords “cilostazol” and “ticlopidine” was
used with searches using the MeSH subject head-
ings “stents”, “thrombosis” or “coronary res-
tenosis”. We attempted to identify all clinical
studies in both the English and Japanese languages.
In addition to the search of the electronic database,
manual searches were undertaken using reference
lists from retrieved articles. In addition, several
content experts and pharmaceutical companies
were consulted for information about the existence
of unpublished or recent studies.

2. Inclusion criteria

Two investigators (MH, KO) examined the title
and abstract of each paper, and then the full paper
if necessary. To be included in this meta-analysis,
the study had to meet all the following criteria -
prospective or retrospective, clinical study of
adults after intracoronary artery stent implanta-
tion, including data from patients who successfully
had their coronary artery stent implantation ter-
minated, had an efficacy evaluation using coronary
artery angiography, and had a clinical follow-up
period of more than 6 months that evaluated the
clinical outcome.

3. Assessment of the quality of literature

We evaluated the quality of the literature using
the score system developed by Morizane'?, which is
similar to a procedure that was adopted by Downs
& Black?”, and Cho & Bero?V. Seven major items
were evaluated for each study : study hypothesis,
patient selection, patient characteristics, number of
study patients, randomization and blinding, mea-
surements and definition of outcome, and statistical
method. Quality was graded for each of the seven
items on a scale of 0-15 (total maximum score=
100). Each item that was evaluated had a different



maximal score due the nature of the item. In order
to evaluate the quality of the studies, three investi-
gators (MH, KO, TS) independently evaluated the
total scores for each of the respective studies.
Differences were resolved by consensus. The qual-
ity of the studies was classified as follows, high
(greater than 70 points), moderate (40 to 69
points), and low (less than 40 points).

4. Data extraction

We extracted the data for the clinical study

design used, patient characteristics, implanted stent
materials, the follow-up periods, antiplatelet drug
and dose or dosage, and duration of drug adminis-
tration. For the outcome following stent placement,
we assessed major adverse cardiac events
(MACE) such as death and myocardial infarction
(MI), rates of acute occlusion/thrombosis occur-
ring within 24 hours or subacute thrombosis/res-
tenosis occurring up to 1 month after the procedure,
angiographic late restenosis (defined as diameter
stenosis>50% at the 6-month follow-up) and addi-
tional target lesion revascularization (TLR) that
was clinically needed. We also compared minimal
lumen diameter of diseased vessels (MLD), late
loss, loss index, or net gain with quantitative coro-
nary angiography (QCA) between the time point
immediately after stent placement and the 6 subse-
quent months. To evaluate the adverse clinical
events linked to the treatment, we assessed rates of
bleeding, intracranial hemorrhage, vascular com-
plication, leukopenia, thrombocytopenia or
neutropenia, skin rash, gastro-intestinal distur-
bance, hepatic impairment (elevated aminotrans-
ferase), and arrhythmia during the follow-up
period.

5. Statistical analysis _

For clinical outcomes such as for MACE and
adverse clinical events, we used a ratio where data
were expressed by an odds ratio (OR) and 95%
confidence interval (CI). Statistical significance
was judged using OR and 95% CI. Thus if the 95%
CI did not include 1, the data indicated the presence
of statistical significance. For the efficacy on QCA
(MLD, late loss, loss index, and net gain), the
parameters were treated as a continuous variable
and analyzed by a general variance-based method
where data are expressed as the weighted mean
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difference (WMD) and 95% CI, with statistical
significance judged using the WMD and 95% CL
Thus, if the 95% CI did not include 0, the data
indicated the presence of statistical significance. A
test for homogeneity of pooled estimates of the
data was performed using a Q statistic, which is
referred to as a chi-square distribution with the
degrees of freedom equal to the total number of
studies minus 1. Statistical significance was expres-
sed . at the level of p<0.05. The random effect
model (DerSimonian-Laird method) was used for
the pooled estimates where homogeneity was not
observed for the data. In cases where homogeneity
was observed, a fixed effect model (Peto method)
was used for the pooled estimates. To avoid prob-
lems of bias and instability associated with estima-
tion of ORs, 0.5 was added to each cell of the
four-fold table. Meta-analytical calculations were
performed using Excel 2000 software (Microsoft
Corporation, Redmond, WA, USA).

Results

1. Data abstraction

Table shows the summary for the 5 studies that
met the criteria for inclusion in this study. All
studies that dealt with comparisons of cilostazol
plus aspirin vs. ticlopidine plus aspirin, were publi-
shed between 1999 and 2002, and included 6-12
months of follow-up period. The doses of aspirin
ranged from 81 to 243 mg/day : that for ticlopidine
ranged from 200 to 500 mg/day, and that for cilost-
azol was 200 mg/day. Of the included data groups,
1 was a retrospective observational study while the
other 4 were randomized open-label controlled

studies.

2. Assessment of the quality of literature

In 4 out of 5 studies the results for the quality
score of the literature were scored as being of high
quality (>70 points) ; Kamishirado et al.?? (77
points), Kozuma et al.?® (73 points), Park et al.?¥
(79 points), and Ochiai et al.?® (71 points). The
remaining study was scored as being of moderate
quality (40-69 points) and was reported by
Tanabe et al.?® (52 points). All studies were judged
as being of appropriate literature quality with
regard to the combination of the data for meta-
analysis. Accordingly, a total of 823 patients with
930 lesions were included in the present analysis.
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Table Summary of five clinical studies for comparison of cilostazol and ticlopidine
Clinical
. Study drug, Post-heparin ~ Age (yrs)
Ref Study d follow-
ererence uay design © (;‘Z)up Dose{mg/day), Duration(mo) therapy (mean+SD)
CLZ(200) +ASA(81)6 mos 65110
Kamishirado et al., 2002 RCT 6 Vs No
TCL(200) +ASA (81)6 mos 69+9
CLZ(200)6 mos+ASA (81-162), NR 6219
Kozuma et al., 2001 RCT 12 vs No
TCL(200)6 mos+ASA (81-162), NR 62410
Retrospective CLZ(200) +ASA (81)4-6 mos 689
Tanabe et al., 2001 Observp;tional’ 6 vs Yes
TCL{200) +ASA (243)4-6 mos 6618
CLZ(200)6 mos-+ASA (200)
indefinitely 5949
Park et al., 2000 RCT 6 vs No
TCL(500)1 mo+ASA (200) 5949
indefinitely
CLZ(200)6 mos+ASA (243)6 mos 6110
Ochiai et al., 1999 RCT 6 VS Yes
TCL(200)1 mo+ASA (243)6 mos 60+14

ASA : aspirin, TCL : ticlopidine, CLZ : cilostazol, RCT : randomized controlled trial, *ACS : acute coronary syndrome including
emergencies, P . Palmaz-Schatz, G : GFX, N : NIR, M . MultiLink, W : Wiktor, C : CrossFlex, NR : not reported

3. Long-term efficacy of cilostazol vs.
ticlopidine

Fig. 1 shows the OR for MACE for the clinical
outcome between cilostazol and ticlopidine. With
regard to the occurrence of serious cases of MACE,
there were no significant differences between the
two therapies for death and MI. For the rate of the
stent-associated complications of acute or subacute

thrombosis there were also no significant differ-

ences. However, for the rates of late restenosis and
additional TLR needed by patients, the numbers
were significantly lower for cilostazol as compared
to those for patients receiving ticlopidine (OR
[95% CI] : 0.60 [0.43, 0.83] for late restenosis,
0.54 [0.33, 0.89] for additional TLR). The pooled
estimates obtained by combining all outcomes
documented the superiority of cilostazol over ti-
clopidine administration (OR [95% CI] :
0.59 [0.46, 0.75]).

Fig. 2 shows the differences between the two
therapies for changes in each QCA (MLD, late loss,
foss index, and net gain) as seen at the end of the
study. The WMD [95%CI] results of the meta-
analysis for MLD (0.27 mm {0.17,0.37]), late loss
(—0.36mm [—0.51, —0.22]) and loss index (—

0.16 [—0.24, —0.08]) indicated a statistically sig-
nificant difference with regard to the benefit of the
combined cilostazol with aspirin therapy versus the
combined ticlopidine with aspirin therapy. The
results of the meta-analysis for net gain (WMD
[95% CI]:0.49mm [0.30, 0.68]) also showed a
statistically significant difference regarding the
benefit of combined cilostazol with aspirin therapy
versus combined ticlopidine with aspirin therapy,
although only two papers contained statements
about the net gain.

4 . Adverse clinical events of cilostazol vs.
ticlopidine

Figure 3 shows the OR for adverse clinical events
between the two therapies. The results of the
meta-analysis for all events except for elevated
aminotransferase showed no statistically signifi-
cant differences between the therapies. Also, pooled
estimates obtained by combining all events
documented no statistically significant difference
between the therapies (OR [95% CI] ; 0.80 [0.47,
1.35]), which suggests that the combination of
cilostazol plus aspirin does not differ from that of
ticlopidine plus aspirin.

.95.



No. of pts. No. of  Elective T £ stent
(male/female) lesions or ACS* ype of sten
65 (53/12) 65
Elective P,G,N,M,W
65 (54/11) 65
65 (61/4) 71
Elective P
65 (51/14) 67
54 (38/16) 63 Elective
+ P,W,G,M
50 (38/12) 55 ACS
208 (148/60) 254
Elective C,G,N
201 (151/50) 240
25 (20/5) 25
ACS P
25 (20/5) 25
Discussion

We evaluated the long-term efficacy and safety
with regard to clinical outcome for the oral anti-
platelet agents cilostazol or ticlopidine after
intracoronary artery stent implantation by system-
atically reviewing the literature and using meta-
analysis techniques. The quality of all studies used
had high to moderate scores (52 to 79 points)
according to the score system for the validity of
literature in clinical trials. The reason that the
scores did not have extremely high point numbers
may be related to the fact that 4 studies were
open-label studies and 1 study was a retrospective
observational study.

Meta-analysis of acute and late outcomes demon-
strated superiority in the prevention of restenosis
and reduction of additional TLR in patients with
cilostazol plus aspirin versus that seen for ti-
clopidine plus aspirin administrations, even though
we observed no differences in the outcomes for the
other categories of MACE. These results suggest
that cilostazol may have an additive preventive
effect against late restenosis, which is in part
caused by intimal hyperplasia or smooth muscle
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cell proliferation. This protective effect may be due
to cilostazol’s thrombotic preventive effect. In the
comparison between the two therapies with regard
to the evaluation of QCA (Fig. 2), cilostazol plus
aspirin was also found to have a beneficial effect in
MLD, late loss, loss index, and net gain versus that
seen with ticlopidine plus aspirin.

The exact reason for these different effects
between these two therapies is unclear, but other
factors need to be considered. First, the follow-up
and administration periods for the drugs in these
studies were varied ; 4-6 months in Tanabe et al.2®,
and 6 months in Kamishirado et al.??, Kozuma et
al.?®, Park et al.?®?, and Ochiai et al.®. Addition-
ally, for the latter two studies, (Park et al.?® and
Ochiai et al.?), ticlopidine was administered for
only 1 month, a time period that was much shorter
than for that seen with cilostazol. We also found a
tendenéy in our analyses of MLD that the adminis-
tration of cilostazol for 6 months was superior to
that of the 1 month, 4-6, or 6 months of ticlopidine
administration. These results suggest that the com-
bination therapy of cilostazol plus aspirin may be
effective in maintaining the diameter of vessels for
a long time after stent implantation, but only when
cilostazol is administered for 6 months, which coin-
cides with the peak incidence of late restenosis.
Secondly, the results might be related to a differing
pharmacological effects between cilostazol and
ticlopidine. It is known that neointimal formation
plays a major role in the restenotic process in
stented coronary segments. Cilostazol has many
mechanisms that may inhibit smooth muscle cell
proliferation including acting on the phosphodies-
terase IIl receptors??” heparin-binding epidermal
growth factor-like growth factor?®®, or platelet-
derived growth factors?®. These mechanisms of
cilostazol may play a part in the role of the inhibi-
tion of the restenosis process that occurs after
coronary stenting.

In most studies, antiplatelet agents were started a
few days before the coronary stenting. Ticlopidine
and cilostazol was begun 2 days prior in Kamishir-
ado et al.?? and Park et al.?¥, while in Tanabe et
al.?® ticlopidine was started 4 days and cilostazol 2
days prior to the stenting. Cilostazol is known to
achieve a maximum antiplatelet effect within 1
day®®, while ticlopidine needs at least 2 days to
reach effective therapeutic concentrations @
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CLZ TCL

Reference n /N W /N Clinical outcomes OR [95% CI]
1) Death
Kamishirado et al., 2002 0/65 1/65 t i 0.33 [0.01, 8.21]
Kozuma et al., 2001 0/53 1/52 ' - 0.32 [0.01, 8.06]
Tanabe et al., 2001 ) 0/54 0/50 t 1 0.93 [0.02, 47.58]
Park et al., 2000 2/208 4/201 —a—t— 0.48 [0.09, 2.64]
Ochiai et al., 1999 - 2/25 2/25 gt 1.00 [0.13, 7.72]
Total 4/405 8/393 —— 0.57 [0.20, 1.58]»
2) Myocardial infarction
Kamishirado et al., 2002 0/65 0/65 ' — 1.00 [0.02, 51.16]
Kozuma et al., 2001 0/53 1/52 0.32 [0.01, 8.06]
Park et al., 2000 15/208 21/201 ‘r—-—4 0.67 [0.33, 1.33]
Total 15/326 22/318 —oH 0.65 [0.34, 1.26]®
3) Acute stent thrombosis
Kamishirado et al., 2002 0/65 0/65 t — 1.00 [0.02, 51.16]
Tanabe et al., 2001 0/54 0/50 | 0.93 {0.02, 47.58]
Park et al., 2000 0/208 0/201 0.97 (0.02, 48.94]
Total 0/327 0/316 — e 0.96 [0.10, 9.27]»
4) Subacute stent thrombosis
Kamishirado et al., 2002 0/65 2/65 A 0.19 [0.01, 4.12]
Kozuma et al., 2001 0/59 1/60 0.33 [0.01, 8.35]
Tanabe et al., 2001 0/54 0/50 ¢ 4 0.93 [0.02, 47.58]
Park et al:, 2000 0/208 0/201 1 0.97 [0.02, 48.94]
Total 0/386 3/376 —o—t 0.42 [0.09, 1.84]®
5) Late restenosis
Kamishirado et al., 2002 7/54 17/57 —e—t 0.35 [0.13, 0.93]
Tanabe et al.,, 2001 9/63 18/55 —a—i 0.34 [0.14, 0.85]
Park et al., 2000 58/254 65/240 reh 0.80 [0.53, 1.20]
Ochiai et al., 1999 0/25 5/25 a—— S & 0.07 [0.01, 1.40]
Total 74/396 105/377 - 0.60 [0.43, 0.83]»
6) Additional TLR
Kamishirado et al., 2002 4/54 12/57 ——] 0.30 [0.09, 0.99]
Kozuma et al., 2001 3/56 3/58 — 1.04 [0.20, 5.37)
Tanabe et al., 2001 7/63 11/55 [ e 0.50 [0.18, 1.40]
Park et al., 2000 11/208 13/201 —&— 0.81 (0.35, 1.85]
Ochiai et al., 1999 0/25 4/25 e 0.09 [0.01, 1.84]
Total 25/406 43/396 o 0.54 [0.33, 0.89]®
Total clinical outcomes 118/2246 181/2176 191 0.59 [0.46, 0.75]®
0.001 0.01 0.1 1 10 100
Favors CLZ Odds ratio Favors TCL

Fig.1 The odds ratio for MACE for the outcome between the combined ticlopidine with aspirin therapy and the combined
cilostazol with aspirin therapy '
TCL : ticlopidine, CL.Z : cilostazol, OR : odds ratio, TLR : target lesion revascularization, n : number of patients who reported the
outcome, N : total number of patients, ¥Peto method
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CLZ TCL o
Reference - Mean (SD) - Mean (SD) MLD (mm) WMD [95% CI]
Kamishirado et al., 2002 54 2.35 (0.53) 57 1.99 (0.75) — 0.36 [0.12, 0.60]
Kozuma et al., 2001 61 1.95 (0.72) 58 1.58 (0.71) —_————— 0.37 [0.11, 0.63]
Tanabe et al., 2001 63 2.09 (0.66) 55 1.77 (0.67) — 0.32 [0.08, 0.56]
Park et al., 2000 254 2.12 (0.87) 240 1.93 (0.87) S T—— 0.19 [0.04, 0.34]
Ochiai et al., 1999 25 2.24 (0.42) 25 2.02 (0.72) & 0.22 [—0.11, 0.55]
Total 457 2.15 435 1.86 PR G 0.27 [0.17, 0.37)
-0.2 0.2 0.4 0.6 08
Favors TCL WMD (mm) Favors CLZ
CLZ TCL o
Reference o Mean (SD) = Mean (SD) Late loss (mm) WMD [95% CI]
Kamishirado et al., 2002 54 0.28 (0.40) 57 0.69 (0.79) ———— —0.41 [—0.64, —0.18]
Kozuma et al., 2001 61 0.58 (0.52) 58 1.09 (0.65) +———&8—— —0.51 [—0.72, —0.30]
Tanabe et al., 2001 63 0.84 (0.62) 55 1.27 (0.71) —_—— —0.43 [—0.67, —0.19]
Park et al., 2000 254 1.14 (0.77) -240 1.30 (0.80) — —0.16 [—0.30, —0.02]
Ochiai et al., 1999 25 0.49 (0.40) 25 0.88 (0.52) p———— —0.39 [—0.65, —0.13]
Total 457 0.67 435 1.05 ———— —0.36 [—0.51, —0.22]%
-038 -0.6 -0.4 -0.2 0 0.2
Favors CLZ WMD (mm) Favors TCL
CLZ TCL . o
Reference 7 Mean (SD) o Mean (D) Loss index WMD [95% CI]
Kamishirado et al., 2002 54 0.16 (0.27) 57 0.42 (0.56) | — —-0.26 [—0.42, —0.10]
Kozuma et al., 2001 61 0.37 (0.36) 58 0.65 (0.39) B —0.28 [—0.42, —0.14]
Tanabe et al., 2001 63 0.34 (0.26) 55 0.51 (0.28) —— —0.17 [—0.27, —0.07]
Park et al., 2000 254 0.46 (0.32) 240 0.52 (0.33) —— —0.06 [—0.12, —0.01]
Ochiai et al., 1999 25 0.18 (0.13) 25 0.31 (0.19 i —0.13 {—0.22, —0.04]
Total 457 0.30 435 0.48 S e —0.16 [—0.24, —0.08]®
-0.6 -04 -0.2 o] 0.2
Favors CLZ WMD Favors TCL
CLZ TCL . o
I
Reference = Mean (SD) - Mean (SD) Net gain (mm) WMD [95% CI}
Kozuma et al., 2001 61 1.18 (0.77) 58 0.64 (0.70) ————f————— 0.54 [0.28, 0.80]
Tanabe et al., 2001 63 1.65 (0.78) 55 1.21 (0.70) —————t 0.44 [0.17, 0.71]
Total 124 1.42 113 0.93 1 0.49 [0.30, 0.68]¥
-0.2 1] 0.2 04 06 [1X:} 1
Favors TCL WMD (mm) Favors CLZ

Fig. 2

The difference between the combined cilostazol with aspirin therapy and the combined ticlopidine with aspirin

therapy with regard to the change in minimal lumen diameter of diseased vessels (MLD), late loss, loss index,

or net gain with quantitative coronary angiography at the end of the study

TCL : ticlopidine, CLZ © cilostazol, WMD : weighted mean difference, n : number of lesions, ®general variance-based method,

" DerSimonian-Laird method
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Reference (n:[/'i }1‘?11\} Adverse clinical events OR [95% CI]
1) Bleeding
Kamishirado et al., 2002 0/65 0/65 1.00 [0.02, 51.16]
Tanabe et al., 2001 0/54 0/50 0.93 [0.02, 47.58]
Ochiai et al., 1999 0/25 0/25 1.00 {0.02, 52.36]
Total 0/144 0/140 —d 0.98 [0.10, 9.38]®
2) Intracranial hemorrhage, Cerebral hemorrhage
Kamishirado et al., 2002 0/65 0/65 —_ 1.00 [0.02, 51.16]
Park et al.,, 2000 0/208 17201 — 0.32 [0.01, 7.91]
Total 0/273 1/266 — T 0.50 [0.05, 4.83]»
3) Vascular complications
Kamishirado et al., 2002 0/65 1/65 i 0.33 [0.01, 8.21]
4) Leukopenia, Thrombocytopenia, Neutropenia
Kamishirado et al., 2002 0/65 1/65 b ———t 0.33 [0.01, 8.21]
Park et al., 2000 0/208 2/201 ] 0.19 [0.01, 4.01]
QOchiai et al., 1999 0/25 0/25 —_ 1.00 [0.02, 52.36]
Total 0/298 " 3/291 ——1— 0.36 [0.07, 1.79]»
5) Skin rash '
Kozuma et al., 2001 1/56 4/58 —— 0.25 [0.03, 2.27]
Park et al., 2000 . 5/208 0/201 +— 10.89 {0.60, 198.27]
Total 6/264 4/259 —_——— 1.45 [0.04, 59.25]%
6) Gastrointestinal disturbance
Park et al., 2000 8/208 5/201 - 1.57 [0.50, 4.88]
7} Elevated aminotransferase
Kamishirado et al., 2002 0/65 7/65 & 0.06 [0.01, 1.07]
Kozuma et al., 2001 1/56 2/58 it 0.51 [0.04, 5.78]
Park et al., 2000 0/208 1/201 j'—; 0.32 [0.01, 7.92]
Ochiai et al., 1999 0/25 0/25 1.00 [0.02, 52.37]
Total 1/354 10/349 —— 0.26 [0.09, 0.77]®
8) Tachycardia, Palpitation
Kamishirado et al., 2002 2/65 0/65 % 5.16 [0.24, 109.56]
Kozuma et al., 2001 1/56 0/58 —f— 3.16 [0.13, 79.28]
Total 3/121 0/123 - 3.42 [0.59, 19.96]%
Tétal events 18/1727 24/1694 ’ﬁ‘ 0.80 [0.47, 1.35]®
0.001 001 0.4 1 10 100 1000
TCL worse Odds ratio CLZ worse

Fig.3 The odds ratio for the adverse clinical events between the combined ticlopidine with aspirin therapy

cilostazol with aspirin therapy

and combined

TCL : ticlopidine, CLZ : cilostazol, OR : odds ratio, n : number of patients who reported the event, N : total number of patients, ¥Peto

method, ¥DerSimonian-Laird method

vivo®*? and has a very slow onset of the effect. In
our meta-analysis, we were unable to clearly show
that these differences are related to the phar-
macological characteristics seen in acute stent

thrombosis and subacute stent thrombosis.

We have previously examined the short-term
efficacy (1 month) of cilostazol plus aspirin using
a meta-analysis and did not find any statistical



difference from that of ticlopidine plus aspirin after
elective coronary stenting!®. On the other hand, our
current study suggests that cilostazol’s long-term
efficacy is superior to that seen for ticlopidine. The
reason for this may be due in part to the phar-
macological difference between the two drugs as
mentioned above.

For adverse clinical events (Fig.3), our results
showed a lower incidence of bleeding, intracranial
or. cerebral hemorrhage in patients administered
cilostazol plus aspirin (0%) or ticlopidine plus
aspirin (0%, 0.4%). There were no differences in
the incidences of other hematological problems
such as leukopenia, thrombocytopenia, or
neutropenia between two the therapies. However,
ticlopidine plus aspirin (2.9%) therapy has a
higher risk for elevated aminotransferase as
opposed to cilostazol plus aspirin therapy (0.3%).
It is well known that ticlopidine can cause hepatic
impairment within the first 2-4 weeks after drug
administration initiation. In all published studies
that we examined, there were no cases of severe
hepatic impairment even though the duration of
ticlopidine administration was 1 month in 2 studies,
4 to 6 months in 1 study, and 6 months in 2 studies.
It has also been reported that with cilostazol there
is the possibility of an increased heart rate and a
positive cardiac inotropic effect due to phos-
phodiesterase III inhibition®. Qur results found a
tendency for a higher incidence of tachycardia or
palpitations in patients administered cilostazol
(2.5%), but these changes were not statistically
significant. In patients with heart failure or with a
high risk of arrhythmia, it is not clear as to what
the influence of cilostazol may be and published
studies do not always exclude such patients. Thus,
heart rate or arrhythmia monitoring may be needed
for high-risk patients. While our meta-analysis in-
dicated that there was a tendency for a lower inci-
dence of total adverse clinical events in patients
with cilostazol (1.0%) versus that seen with ti-
clopidine (1.4%), there were no statistical signifi-
cant differences between the therapies. This result
suggests that after coronary stenting, cilostazol
therapy is almost the same as ticlopidine therapy
with regard to safety.

It should be noted that this meta-analysis
includes different drug administration and/or
follow-up periods, and there is a possibility of
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publication bias, which could indicate that our
results have some limitations. Stent designs also
influence long-term angiographic outcome®**, The
coil stents (Gianturo-Roubin I and II) have a
higher restenosis rate compared with the slotted
tube stent (Palmaz-Schatz) or the multicellular
stents (MultiLink and NIR). Coil stents are as-
sociated with less initial gain because they allow
acute recoil and tissue prolapse that is related to
the greater amount of open space that is present
between the stent struts. In our meta-analysis, the
implanted stent designs differed among the studies.
We did not take the stent designs into consideration
in our study so we might need to carefully re-
evaluate our results from this point of view.

Recently, the adjunctive use of glycoprotein
(GP) I1Ib/Illa inhibitors has been found to be
advantageous when administered in combination
with intracoronary stent implantation because the
GP IIb/Illa receptors on platelets play a key role in
the “final common pathway” of platelet-thrombus
formation. Several studies have shown that when
used as an adjunct to coronary intervention, intra-
venous GP IIb/Illa inhibitors have a beneficial
effect with regard to the reduction in restenosis,
particularly in patients with unstable angina or in
those with high-risk factors®®*”. Furthermore it has
become quite common for the thienopyridine deriv-
ative, clopidogrel, to be used in drug-eluting stents
in the US and in Europe after coronary stenting.
However, this drug has yet to be used in Japan. In
studies that have compared clopidogrel and ti-
clopidine for efficacy/safety after coronary stent-
ing, it has been shown that the clinical efficacy is
the same for both drugs and that the safety of
clopidogrel is superior to that of ticlopidine®®*—4%.
Therefore, it will be interesting to see if a compari-
son of clopidogrel and cilostazol for long-term
efficacy yields any differences with regard to use as
an adjunctive antiplatelet therapy after coronary
stenting.

In conclusion, we reviewed articles published
from 1986 until the present and performed a meta-
analysis on 5 studies that examined the long-term
efficacy and safety of cilostazol and ticlopidine
coadministered with aspirin after coronary stent-
ing. The meta-analysis results suggest that a combi-
nation therapy of cilostazol and aspirin might be
superior to that of ticlopidine and aspirin with
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regard to long-term efficacy, particularly as an
adjunctive antiplatelet therapy for the prevention
of late restenosis.
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Abstract

Purpose. We performed a meta-analysis of randomized
controlled trials to determine the optimal timing of
laparoscopic cholecystectomy and open cholecystec-
tomy for acute cholecystitis.

Methods. We retrieved randomized controlled trials
(RCTs) that compared early with delayed cholecystec-
tomy for acute cholecystitis by systematically searching
Medline and the Cochrane Library for studies pub-
lished between 1966 and 2003. The outcomes of primary
interest were mortality and morbidity.

Results. The ten trials we analyzed comprised 1014
subjects; 534 were assigned to the early group and 480
assigned to the delayed group. The combined risk dif-
ference of mortality appeared to favor open cholecys-
tectomy in the early period (risk difference, —0:02; 95%
confidence interval, —0.44 to -0.00), but no differences
were found among laparoscopic procedures or among
all procedures. The combined risk difference of mor-
bidity showed no differences between the open and
laparoscopic procedures. The combined risk difference
of the rate of conversion to open surgery showed no
differences in the included laparoscopic studies; how-
ever, the combined total hospital stay was significantly
shorter in the early group than in the delayed group.
Conclusions. There is no advantage to delaying chole-
cystectomy for acute cholecystitis on the basis of out-
comes in mortality, morbidity, rate of conversion to
open surgery, and mean hospital stay. Thus, early chole-
cystectomy should be performed for patients with acute
cholecystitis.
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Delay
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Introduction

Open cholecystectomy was the standard treatment
for acute cholecystitis for several decades. When
laparoscopic cholecystectomy was first introduced in
1987, acute cholecystitis was a contraindication for this
operation;'* however, increased experience with this
condition has led to laparoscopic cholecystectomy being
equivalent to, or better than, open cholecystectomy for
its treatment.* The specific purpose and timing of both
open and laparoscopic cholecystectomy in the treat-
ment of acute cholecystitis is a subject of some debate.
Many clinicians still believe that inflammation, edema,
and adhesions, which are commonly associated with
cholecystectomy, make early surgery unsafe.

The benefits of both open and laparoscopic cho-
lecystectomy have been substantiated by several ran-
domized controlled trials (RCTs) showing that the
early-operation strategy is associated with a shorter
hospital stay without added morbidity5-'' However,
other studies show an association between early proce-
dures and an increase in morbidity.'>* Although sev-
eral review articles and RCTs have addressed this issue,
no meta-analyses of RCTs have been published.>¢
In light of this, we performed a meta-analysis of RCTs
to determine the optimal timing of laparoscopic
cholecystectomy and open cholecystectomy for acute
cholecystitis.

Methods

Search strategy

Retrieval of RCTs was based on the Cochrane Central
Register of Controlled Trials (Cochrane Library,
until issue 4, July 2003) and Medline (January 1966 to
September 2003). The following search terms were
used: “cholecystitis,” “cholecystectomy,” “early,” and

” o«
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“delayed.” We supplemented electronic searches by
hand searching reference lists and reviews. Trials in any
language were taken into account.

Inclusion and Exclusion Criteria

This meta-analysis included studies that met the follow-
ing four criteria: study design (randomized controlled
trial), main purpose (comparing the effectiveness of
early with delayed cholecystectomy), target population
(patients with acute cholecystitis), and availability of
mortality and morbidity data. We excluded studies that
used cholecystectomy for cancer and those that were
not RCTs. Each author first decided independently
which reports should be included in the analysis. Then,
any disagreement was settled by consensus among all
investigators.

Data Collection

Data were collected independently by two investigators
(SS and YN), with any disagreement resolved by a third
reviewer (TF).

Outcome Measures

The outcomes of primary interest were mortality and
morbidity related to cholecystectomy. Secondary out-
comes were the rate of conversion to open surgery,
hospital stay, operation time, and bleeding.

Quality Assessment of Primary Studies

We evaluated the quality of primary studies as de-
scribed by Jadad et al.'’ This method assesses the
description of randomization, appropriateness of
randomization, description of double blinding, appro-
priateness of double blinding, and description of with-
drawals or dropouts on a five-point scale. The minimum
number of points possible was 0 and the maximum, 5.

Sensitivity Analysis

We performed a sensitivity analysis by excluding low-
quality studies, defined as studies receiving a score of 2
or less on the Jadad scale, and assessed the impact of

study quality.

Assessment of Publication Bias

The potential for publication bias was examined by the
funnel plot method,'® and the significance of differences
was evaluated by the method of Begg and Mazumdar?®
and Egger et al.?? A P value of publication bias less than
0.10 was considered significant.
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Statistical Analysis

We calculated the risk difference for the outcomes of
the trials and weighted pooled estimates for the data.
The fixed-effect model weighted by the Mantel-
Haenszel method was used for pooling the risk
differences,? followed by a test of homogeneity. Homo-
geneity among studies was assessed using the y-squared
test (Q statistics).”? P value of homogeneity less than
0.10 was considered significant. If the hypothesis of ho-
mogeneity was rejected, than the random-effect model
using the DerSimonian-Laird method was used.® All
statistical analyses were performed with the aid of
STATA statistical software.?* Results are expressed as
means with 95% confidence intervals (Cls), unless
otherwise indicated. A P value of less than 0.05 was
considered significant.

Results

Trial Flow

Figure 1 shows the summary profile of the search. The
database search yielded 141 articles, and the manual
search of bibliographies in these articles yielded no fur-
ther articles. Of the 141 articles selected, 14 met the
inclusion criteria, but 4 of them were excluded because
of multiple publication. Thus, the final analysis con-
sisted of ten studies: four of laparoscopic cholecystec-
tomy and six of open cholecystectomy. Our agreement
on the selection of relevant articles was 100%.

Study Characteristics

The ten included trials comprised 1014 subjects. We
assigned 534 to the early procedure group (early group)
and 480 to the delayed procedure group (delayed
group). The four studies on laparoscopic procedures
(laparoscopic studies) comprised 363 subjects; 193
were assigned to the early group and 170 to the delayed
group. The six studies on open procedures (open
studies) comprised 651 subjects; 341 were assigned
to the early group and 310 to the delayed group. Table
1 shows the baseline characteristics of the subjects in
the included studies. The average age in the study by
Chandler et al.’ 36/39 (early/delayed), was younger
than that in the other studies, and the proportion of
male subjects in the study by McArthur et al.,’* 7%/18%
(early/delayed), was much lower than in the other
studies.

All primary studies met the inclusion criteria of pa-
tients with acute cholecystitis, but exclusion criteria and
definitions of the terms “acute cholecystitis,” “early
operation,” and “delayed operation” differed among
the studies (Table 2).



