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ABSTRACT
Aim  To compare the efficacy and safety of 

intravaginal misoprostol 200 µg, 400 µg and 

gemeprost regimens for second-trimester 

termination of pregnancy (TOP).
Methods  A three- armed randomi sed 
controlled trial (Clinical Trial Certificate 
1100015) where 116 women undergoing 
second-trimester TOP were given intravaginal 
misoprostol 200 µ g (n=37), misoprostol 400 
µg (n=40) or gemeprost 1 mg (n=39) at 4- 
hour intervals until abortion occurred with a 
maximum of five doses.
Results  The misoprostol 400 µg group had 
the highest incidence of successful abortions 
(92.5%) compared to the misoprostol 200 
µg (70.3%; p=0.017) and gemeprost 1 mg 
(74.4%; p=0.037) within 48 hours. There 
was no significant difference in abortion 
rate between misoprostol 200 µg and 
gemeprost. The misoprostol 400 µg group 
had the highest incidence of fever (70.0%) 
compared to misoprostol 200 µg (24.3%; 
p<0.001) and gemeprost 1 mg (46.2%; 
p=0.041). The gemeprost group had the 
highest incidence of diarrhoea (38.5%) 
compared to misoprostol 400 µg (10.0%; 
p=0.004) and misoprostol 200 µg (8.1%; 
p=0.003) groups.

Conclusions  Intravaginal misoprostol 400 

µ g at 4- hour intervals was the most 

effective regimen but was associated with 

a high incidence of fever. Misoprostol 200 

µg demonstrated similar effectiveness as 

gemeprost and had lower incidence of 

diarrhoea. Gemeprost should not be first line 

for medical therapy given the cost, storage 

requirements and lower efficacy.
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Introduction
Prostaglandins (PGs) and their analogues 
play an important role in termination of 
pregnancy (TOP). In particular, PGE1 
analogues such as misoprostol and geme-
prost are preferred because of their selec-
tivity for the myometrium and fewer 
gastrointestinal side effects.1

Gemeprost (16, 16-dimethyl-trans-
d2-PGE1 methyl ester) is licensed for 
second-trimester TOP. It is used as the 
primary agent for second-trimester TOP 
at the largest tertiary hospital for women 
and children (KK Women’s and Chil-
dren’s Hospital) in Singapore. Common 
side effects include vomiting, diarrhoea 
and fever.2 It is expensive (USD 51.27/
pessary) and requires storage at −10°C. 
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Misoprostol (15-deoxy-16-hydroxy-16-methyl PGE1) 
is licensed for the treatment of peptic ulcer disease 
induced by nonsteroidal anti-inflammatory drugs.3 
It is commonly used outside its licensed indication 
as an abortifacient.4 5 Misoprostol is available as an 
oral tablet, is inexpensive (USD 2.01/tablet) and can 
be kept at room temperature.4 6–8 Pharmacokinetic 
and clinical studies9 have shown that vaginal admin-
istration of misoprostol demonstrates better efficacy 
in TOP compared with oral administration.10 The 
common side effects are dose-dependent11 and include 
nausea, vomiting, diarrhoea, abdominal pain, chills 
and fever.11 Fever is a side effect common of both 
gemeprost and misoprostol as prostaglandins interfere 
with the hypothalamus by a shift in temperature set 
point, resulting in a systemic response of increased 
body temperature.12

When used as monotherapy, misoprostol can 
achieve successful abortion rates ranging from 38.5% 
to 98%.4 9 13 A Cochrane review6 concluded that the 
optimal route for administrating misoprostol is vagi-
nally at 3-hour intervals. Doses of 100 or 200 µg 
misoprostol every 6 or 12 hours, respectively, was infe-
rior to gemeprost in terms of induction-to-abortion 
interval.6 When the dose interval for 400 µg miso-
prostol was 3 hours instead of 6 hours, the interval 
to abortion was shorter.6 A review by Allen et al.14 
concluded that superiority of one dose or schedule 
over another could not be clearly drawn from avail-
able studies. In a direct comparison study, Dickinson 
et al.15 showed that regimens using misoprostol 200 
µg and gemeprost resulted in similar incidences of 
abortions. Hence, misoprostol 200 µg and 400 µg at 
4-hour intervals were selected for comparison with 
our hospital’s protocol of gemeprost 1 mg every 
4 hours to determine the optimal PGE1 analogue and 
regimen for second-trimester TOP.

While mifepristone is commonly used in combina-
tion with misoprostol for TOP, it was not registered in 
Singapore at the commencement of this trial and hence 
was not included in the study design.

The primary objective was to compare the inci-
dence of successful abortions within 48 hours among 
the misoprostol 200 µg and 400 µg and gemeprost 
1 mg groups in second-trimester TOP. The secondary 
objectives were to compare the induction-to-abortion 
intervals and the side effect profiles among the three 
groups.

Methods
This study was reviewed and approved by the hospital’s 
ethics committee, the SingHealth Centralised Insti-
tution Review Board on 12 November 2010 (CIRB 
Reference Number: 2010/591/D). The Clinical Trial 
Certificate (CTC 1100015 11/01/2011–10/01/2013), 
which is required for all clinical trials on medicinal 
products conducted in Singapore, was issued by the 
Health Sciences Authority of Singapore.

Healthy women with singleton pregnancies and no 
uterine scars who presented for TOP at a gestational 
age of 13 to 23 completed weeks from the period of 
December 2010 to May 2012 were invited to partic-
ipate in the study at the Division of Obstetrics and 
Gynaecology of KK Women’s and Children’s Hospital 
by the study co-investigators. These women were coun-
selled by licensed abortion counsellors and written 
consent was taken after at least 48 hours in accordance 
with the TOP Act (Chapter 324) of Singapore. Termi-
nation of pregnancy beyond 23 completed weeks is 
not permitted under the TOP Act of Singapore. The 
exclusion criteria were women with signs or symp-
toms of spontaneous abortion (vaginal bleeding and/or 
contractions), intrauterine fetal death, medical contra-
indications to trial medications, and other serious 
medical conditions such as poorly-controlled asthma, 
cardiovascular disease, uncontrolled hypertension or 
diabetes, liver or kidney dysfunction, seizure disorders, 
glaucoma, uncontrolled hyperthyroidism, gynaecolog-
ical infections, severe anaemia and coagulopathies.

The study design is summarised in Figure 1.
Written informed consent was obtained from partic-

ipants. Demographic data were recorded at the time 
of recruitment. A pelvic ultrasound examination 
was performed to determine the stage of the gesta-
tion and to exclude multiple pregnancies and missed 
miscarriages.

Participants were randomised using sealed, opaque 
and unmarked envelopes randomly drawn out by the 
participants themselves, into three treatment groups: 
misoprostol 200 and 400 µg (Cytotec 200 µg tablet; 
Piramal Healthcare UK Limited, UK) and gemeprost 
(Cervagem; Ono Pharmaceutical Co. Ltd, Japan) 1 mg. 
The trial medication was inserted into the posterior 
vaginal fornix at 4-hour intervals until expulsion of the 
fetus with a maximum of five doses. Participants were 
observed for 48 hours from the time of insertion of the 
first dose of medication. This study was single-blinded. 
Participants were not informed of their assigned treat-
ment throughout the study.

Successful abortion was defined as the expulsion 
of the fetus and placenta without surgical assistance 
within the stipulated observation period of 48 hours. 
All participants were discharged from the study 
after 48 hours. Participants who failed to abort after 
48 hours were managed in accordance with the hospi-
tal’s protocol, which involved the administration of 
a second course of five doses of gemeprost 1 mg at 
4-hour intervals 24 hours after the last dose of trial 
medication.

The induction-to-abortion time interval was defined 
as the time from the administration of the first dose 
of trial medication until fetal expulsion. lt was only 
determined for patients who successfully aborted by 
the stipulated 48-hour observation period.

Each women was asked at the end of the study to 
respond with either a ‘Yes’ or ‘No’ to each side effect. 
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Those side effects that could be quantified were taken 
from the nursing notes. Data on analgesia require-
ments and other side effects experienced by the 
participants attributable to the trial medications was 
collected. Fever was defined as a temperature ≥37.6°C 
on two consecutive measurements or ≥38.0ºC on one 
measurement. Paracetamol was given to women with 
fever. The pain experienced was assessed using a visual 
analogue scale and the maximum score was recorded.

 inThe sample size for the study was calculated to 
be 37 patients for each group based on a two-group 
comparison using Fisher’s exact test, assuming 
successful abortion rates of 86%16 and 58%7 for miso-
prostol 400 µg and gemeprost groups, with a power 
of 80% at a 5% level of significance. Differences in 
continuous variables among the three groups were anal-
ysed with one-way analysis of variance (ANOVA) and 
Kruskal-Wallis test where appropriate. If the difference 
was significant, pairwise comparison was performed 
using Student’s t-test or Wilcoxon rank-sum test. Fish-
er’s exact test was used to analyse the difference in the 
distribution of categorical variables among groups. A p 
value less than 0.05 was considered statistically signifi-
cant. All statistical analyses were performed using SPSS 
19 (IBM, Armonk, NY, USA.).

Results
A total of 161 women were invited to participate in 
the study. The response rate was 72%. A total of 116 
women were included in the final analysis. All base-
line demographics were comparable among the groups 
(Table 1).

The  misoprostol 400 µg group had the highest 
incidence of successful abortions within 48 hours: 
92.5% versus 70.3% in the misoprostol 200 µg 
group (p=0.017) and 74.4% in the gemeprost group 
(p=0.037) (Table 2). There was no significant difference 

in the incidence of successful abortions between the 
misoprostol 200 µg and gemeprost groups.

In the subgroup of nulliparous women, the miso-
prostol 400 µg group had a higher incidence of 
successful abortions of 91.7% compared with 60% in 
the gemeprost group (p=0.027). In the subgroup of 
parous women, a significant difference in the incidence 
of successful abortions was detected among the groups. 
However, further analysis using pairwise comparison 
between the groups failed to demonstrate a significant 
difference. There was no significant difference in the 
successful abortion rates between the misoprostol 200 
µg and gemeprost groups in the subgroup analyses.

There was no significant difference in the median 
induction-to-abortion intervals between all regimens 
of misoprostol and gemeprost and in the subgroups of 
nulliparous or parous women (Figure 2).

Figure 1  Study flow diagram.

Table 1  Baseline demographics of subjects

Characteristic

Misoprostol  
400 µg
(n=40)

Misoprostol  
200 µg
(n=37)

Gemeprost  
1 mg  
(n=39)

Age (years) 25.4 (4.7) 27.0 (4.7) 27.6 (5.5)

BMI (kg/m2) 22.8 (4.5) 23.5 (4.2) 23.7 (4.4)

Gestational age 
(weeks)

16.8 (2.9) 16.8 (4.2) 18.4 (3.2)

Nulliparous 24 (60.0%) 16 (43.2%) 20 (51.3%)

Primigravida 14 (35.0%) 10 (27.0%) 12 (30.8%)

First TOP 29 (72.5%) 18 (48.6%) 21 (53.8%)

Indication

Unwanted 
pregnancies

32 (80.0%) 33 (89.2%) 32 (82.1%)

Fetal anomaly 8 (20.0%) 4 (10.8%) 7 (17.9%)
Values are expressed as mean (± standard deviation) for continuous 
variables or number (percentage) for categorical variables.
BMI, body mass index; TOP, termination of pregnancy.
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All successful abortions in the misoprostol 400 
µg group occurred within 32 hours compared with 
39 hours in the misoprostol 200 µg group and 42 hours 
in the gemeprost group (Figure 3).

The misoprostol 400 µg group had the highest inci-
dence of fever: 70.0% versus 24.3% in the misoprostol 
200 µg group (p<0.001) and 46.2% in the gemeprost 
1 mg group (p=0.041) (Table 3).

The gemeprost 1 mg group had the highest inci-
dence of diarrhoea:  38.5% in the gemeprost 1 mg 
group versus 10.0% in the misoprostol 400 µg group 
(p=0.004) and 8.1% in the misoprostol 200 µg group 
(p=0.003)(Table  3). Among the three groups, the 
misoprostol 200 µg group had the lowest incidences 
of fever and diarrhoea. There was no significant differ-
ence among all groups for the other side effects listed in 
Table 3. There was also no difference in pain scores, or 
analgesia requirements among participants in the three 
groups. There was no incidence of uterine rupture or 
serious complications in any of the three groups.

Discussion
The misoprostol 400 µg group had the highest inci-
dence of successful abortions, at 92.5% within 48 hours 
from the administration of the first dose. The success 
rate in this group was 80% at the 24-hour mark from 
the administration of the first dose as illustrated in 
Figure 3. This 24-hour success rate is comparable to 

the abortion rates reported in the studies by Su et al.13 
Wong et al.7 17 and Tang et al.16 where misoprostol 
400 µg was administered at 3-hour intervals, up to five 
doses and abortion occurring within a 24-hour time 
interval. The abortion rates of these studies ranged 
from 73% to 86%.

The finding that higher abortion rates were obtained 
with misoprostol 400 µg compared with gemeprost is 
supported by Wong et al.7 who demonstrated that miso-
prostol 400 µg at 3-hour intervals up to a maximum of 
five doses resulted in a significantly higher incidence of 
abortions (80% vs 58.6%; p=0.006) within 24 hours 
compared with gemeprost 1 mg at 3-hour intervals. 
Other gemeprost and misoprostol direct comparison 
trials which did not demonstrate superiority of miso-
prostol over gemeprost consistently used vaginal miso-
prostol at lower doses than the current trial: 200 µg at 
6-hour intervals in the study by Dickinson et al.15; 100 
µg at 6-hour and 200 µg at 12-hour intervals in the 
study by Nuutila et al.18

There was no significant difference between the inci-
dence of successful abortions in the misoprostol 200 
µg and the gemeprost group at 48 hours. The success 
rates of the misoprostol 200 µg and the gemeprost 
group at the 24-hour mark from the administration of 
the first dose were 59.5% and 53.8%, respectively, as 
shown in Figure 3. In a similar study, Dickinson et al.15 
reported no significant difference in the incidence of 
successful abortions within 24 hours when misoprostol 
200 µg was given 6-hour and when gemeprost 1 mg 
was given 3-hour, up to a maximum of five doses.

In the subgroup of nulliparous women, the miso-
prostol 400 µg group resulted in a higher incidence 
of abortions compared with gemeprost; there was no 
difference in the parous subgroup. This finding has 
been previously observed in a misoprostol and geme-
prost direct comparison study7 and supports the selec-
tion of misoprostol in nulliparous women. However, 
this result should be interpreted with caution as the 
sample size in the parous subgroup may not be suffi-
ciently powered to detect a significant difference.

The median induction-to-abortion intervals were 
similar among all groups in this study. The interval 
of 12.1 hours in the misoprostol 400 µg group is 
comparable to intervals reported in other studies 

Table 2  Successful abortion rates for the three treatment groups

Miso-prostol 
400 µg
(n=40)

Miso-prostol 
200 µg
(n=37)

Geme-prost
1 mg
(n=39) p

p 
(misoprostol 
400 µg
vs 
gemeprost)

p 
(misoprostol 
200 µg
vs 
gemeprost)

p 
(misoprostol 
400 µg vs 
misoprostol 
200 µg)

Successful abortion 37 (92.5%) 26 (70.3%) 29 (74.4%) 0.027* 0.037* 0.799 0.017*

Subgroup analyses:

Nulliparous (n=47) 22 (91.7%) 13 (81.3%) 12 (60.0%) 0.037* 0.027* 0.277 0.373

Parity≥1 (n=45) 15 (93.8%) 13 (61.9%) 17 (89.5%) 0.037* 1.000 0.069 0.050
Values are expressed as number (percentage).
*Statistically significant.

Figure 2  Median induction-to-abortion time for the three treatment 
groups.
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using five doses of misoprostol 400 µg at 3-hour inter-
vals in 24 hours. These intervals ranged from 10.5 to 
16.2 hours.7 13 17–19

The median induction-to-abortion intervals and inci-
dence of successful abortions in this study were compa-
rable with other studies using a 3-hour interval.7 13 16 17 
This can be explained by the pharmacokinetic profile 
of misoprostol. According to Zieman et al.19 the plasma 
concentration of misoprostol acid, following the 
administration of vaginal misoprostol 400 µg, peaks 
at 80 minutes. It then slowly declines to 60% of the 
peak concentration at 4 hours after administration.17 
The duration of action of vaginal misoprostol has been 
estimated to be 4 hours.10 These could account for 
the similar success rates observed using 3- and 4-hour 
intervals. Findings from this study support the use of a 
4-hour misoprostol regimen for abortion.

The median induction-to-abortion interval of 
12.2 hours in the misoprostol 200 µg group in this 
study appeared to be shorter than intervals reported 
in other similar studies.15 20 The median induc-
tion-to-abortion intervals were found to be 16.915 and 
18.2 hours20 in two studies on women who were given 
intravaginal misoprostol 200 µg at 6-hour intervals up 
to a maximum duration of 48 hours.

Oral administration of mifepristone 36 to 
48 hours before prostaglandin analogues is routinely 

recommended for medical abortion between 13 and 
24 weeks of gestation.21 The prior use of mifepristone 
is associated with shorter induction-to-abortion inter-
vals with subsequent prostaglandin analogue use.22 23 
In the study by Kapp et al.22 comparing the effect of 
misoprostol and mifepristone with misoprostol only, 
the addition of mifepristone in second-trimester 
abortion reduced the induction-to-abortion interval 
from 18 hours [95% confidence interval (CI) 1–22] 
to 10 hours (95% CI 8–12). This induction-to-abor-
tion interval was preceded by a 20–24-hour wait after 
mifepristone or placebo was taken in the comparison 
groups.22 This was similar to the study by Ngoc et al.23 
who compared pretreatment with mifepristone 200 µg 
followed by misoprostol 1 day later with misoprostol 
alone for second-trimester abortion. The addition of 
mifepristone reduced the mean induction-to-abor-
tion interval from 10.6 hours [standard deviation 
(SD) 2.5] to 8.1 hours (SD 2.8); p<0.001). These 
induction-to-abortion intervals did not account for 
the time needed to elapse after the mifepristone dose. 
The median induction-to-abortion intervals ranging 
from 12.1 to 16.8 hours achieved in this study using 
prostaglandin analogue-only regimes suggest that 
mifepristone may not be necessary to shorten induc-
tion-to-abortion intervals.

Figure 3  Cumulative expulsion of fetus for each of the three regimens over time.
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In the subgroup analysis, there was no statistical 
difference in the induction-to-abortion time between 
the nulliparous and the parous women. However, this 
finding differs from a previous study that supports 
shorter induction-to-abortion interval in the primipa-
rous group. This may be because the sample size in our 
subgroup may not be sufficiently powered to detect a 
significant difference.

Side effects experienced by women in this study 
were generally transient and minor and did not differ 
among groups, aside from the incidence of fever and 
diarrhoea, which was lowest with the misoprostol 200 
µg regimen. Fever is a dose-dependent side effect of 
misoprostol.12 In a retrospective study involving 403 
women undergoing TOP with a comparable miso-
prostol regimen, up to 42% of the women developed 
fever.12 In our study, the misoprostol 400 µg regimen 
resulted in the highest incidence of fever of 70%. A 
possible reason for this difference may be due to the 
use of 37.8°C and above as a definition of fever.

A higher incidence of diarrhoea was observed in 
the gemeprost group compared with the misoprostol 
groups. The fever and diarrhoea, however, was tran-
sient and self-limiting. These findings are consistent 
with those reported by Wong et al.7 using similar 
regimens.

There was no uterine rupture, pelvic infections 
or other serious complications in this study. This 
study was not sufficiently powered to detect the 
occurrence of uterine rupture as it is a rare compli-
cation in second-trimester TOP with an estimated 
incidence of 0.04% for women without prior  
caesarean delivery.24

This study excluded women with uterine scar; hence 
it was unable to provide evidence of safety in this popu-
lation. Mifepristone is not registered in Singapore and 
hence was not considered as a treatment option in this 
study.

Intravaginal misoprostol 400 µg when administered 
at 4-hour intervals was the most effective regimen for 
second-trimester TOP in our study. Although it was 
associated with a high incidence of fever, this was tran-
sient and self-limiting. The misoprostol 200 µg regimen 
demonstrated similar effectiveness as the gemeprost 
regimen and had lower incidence of fever compared 
with the misoprostol 400 µg regimen and diarrhoea 
compared with the gemeprost regimen. Gemeprost 
should not be used as first line for medical abor-
tion given the cost, practical issues posted by storage 
requirements and the relative lower efficacy compared 
wtih misoprostol 400 µg regimen.

Table 3  Incidence of side effects and analgesia requirements

Side effects

Misoprostol 
400 µg
(n=40)

Misoprostol 
200 µg
(n=37)

Gemeprost 
1 mg
(n=39) p

p 
(misoprostol 
400 µg
vs
gemeprost)

p 
(misoprostol 
200 µg
vs
gemeprost)

p 
(misoprostol 
400 µg vs 
misoprostol 
200 µg)

Nausea 11 (27.5%) 10 (27.0%) 16 (41.0%) 0.344

Vomiting 12 (30.0%) 12 (32.4%) 13 (33.3%) 0.968

Backache 17 (42.5%) 13 (35.1%) 19 (48.7%) 0.500

Muscle 
weakness

6 (15.0%) 6 (16.2%) 3 (7.7%) 0.512

Dizziness 7 (17.5%) 6 (16.2%) 4 (10.3%) 0.643

Flushing 10 (25.0%) 10 (27.0%) 6 (15.4%) 0.430

Chills 20 (50.0%) 15 (40.5%) 19 (48.7%) 0.693

Chest pains 0 (0.0%) 2 (5.4%) 1 (2.6%) 0.208

Fever 28 (70.0%) 9 (24.3%) 18 (46.2%) <0.001* 0.041* 0.058 <0.001*

Palpitations 3 (7.5%) 3 (8.1%) 5 (12.8%) 0.729

Diarrhoea (≥2
loose stools)

4 (10.0%) 3 (8.1%) 15 (38.5%) 0.001* 0.004* 0.003* 1.000

Abdominal 
cramps

12 (30.0%) 5 (13.5%) 12 (30.8%) 0.135

Pain

No analgesic
use

2 (5.0%) 4 (10.8%) 4 (10.3%) 0.654

Opioid use 8 (20.0%) 12 (32.4%) 14 (35.9%) 0.266

Pain score† 6.1 (2.8) 4.8 (2.9) 5.9 (2.9) 0.123

None 2 (5.0%) 4 (10.8%) 2 (5.1%) 0.590
*Statistically significant.
†Pain score was measured using the visual analogue scale to assess the maximum pain experienced during the study.
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Study strengths
This is a unique study where we performed a direct 
comparison of three established regimens of abortifa-
cients. Existing trials only performed direct compar-
ison of up to two of these regimens7 13 15–18 20 23 and not 
all three regimens.

This study also had active participation from the 
Department of Pharmacy in our institution. This 
ensured that the storage conditions of trial medica-
tions were strictly adhered to.

Study limitations
Our hospital protocol requires all patients undergoing 
second-trimester TOP to undergo surgical evacua-
tion. Therefore, this study was unable to assess the 
completeness of abortion using PGE1 analogues alone. 
This study also excluded women with previous uterine 
scar; hence it was unable to provide information in 
population with scarred uterus.

This study was not powered to detect differences 
stratified by parity in the subgroup analysis. Therefore, 
results of the subgroup analysis should be interpreted 
with caution.

Blood loss was not measured objectively using 
haemoglobin levels pre- and post-insertion of the 
trial medications. This information was not obtained 
as tests for haemoglobin levels post-abortion are not 
routinely performed in our institution unless clinically 
indicated.

Ethical approval
 All procedures performed in studies involving human 
participants were in accordance with the ethical stand-
ards of the institutional and/or national research 
committee and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards.

Clinical Trial Registration Number: CTC1100015
Registry website: ​http​s:/​/eserv​ice​.h​sa.gov.s​g/p​rism/ct​

_r/e​nqui​ry.d​o?ac​​tion=​get​AllTherapeuticArea
The Clinical Trials Register on HSA website lists 

active clinical trials from our Clinical Trial Certificate 
(CTC) applications database. The information on the 
clinical trial is published on the Clinical Trials Register 
from the CTC approval date, until the expiry date of 
the CTC.

Based on the CTC approval date (Section 1.4) and 
expiry date (Section 1.5) for this clinical trial (see 
attached CTC), the trial was previously published on the 
Clinical Trials Register from 11/01/2011–10/01/2013.)
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