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Abstract 

Progesterone is central to the maintenance of pregnancy. Trilostane. a 3-beta­

hydroxysteroid dehydrogenase inhibitor. was used to lower progesterone 

concentrations prior to prostaglandin administration in three clinical studies. 

1) A comparative study of two trilostane dose regimens in the induction of 

midtrimester termination of pregnancy. 2) A placebo-controlled study of 

termination of pregnancy for fetal anomaly. 3) A placebo-controlled study of 

labour induction for intrauterine fetal death. End-points included the 

induction-to-delivery interval, alterations in placental and adrenal 

steroidogenesis and the acceptability of the treatment. 

28 women requiring termination of pregnancy between 13 and 20 weeks gestation 

were recruited to the first study. A total dose of 720 mg of trilostane pre-treatment 

was as effective as 1080 mg of trilostane in reducing the interval to abortion after 

misoprostol. In the second study. 11 women requiring tennination of pregnancy 

beyond 18 weeks gestation for serious fetal anomalies received either trilostane or 

placebo prior to misoprostol induction of labour. Although progesterone levels fell 

significantly with trilostane treatment, no reduction in the induction-to-delivery 

interval could be demonstrated. In the third study. 20 women presenting with 

intrauterine death were treated with either trilostane or placebo prior to induction of 

labour with prostaglandin E2 and oxytocin. Six women delivered prior to the 

administration of prostaglandin. No benefit could be demonstrated for the use of 

trilostane in this clinical situation. In all three studies. adrenal function remained 

undisturbed during trilostane treatment and women found the therapy 

acceptable. 
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Trilostane is effective at low doses in the management of midtrimester TOP. The 

negative fmdings in the induction of labour studies may be influenced by small trial 

numbers, heterogeneity and inadequate medication dosages. Further studies and 

elucidation of the underlying physiology of labour in these different clinical situations 

is required. 
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INTRODUCTION 

Termination of pregnancy 

It may be required to end a pregnancy before the natural onset of spontaneous labour. 

Although a distinction is usually drawn between the induced abortion of a pre-viable 

fetus and induction of labour in the third trimester, methods that promote the various 

conditions favouring expUlsion of the pregnancy and also the stimulation of uterine 

activity may be applicable to both situations. 

The availability of family planning in a community depends on the interaction of 

geographic, economic, political, religious and social factors but, even when 

accessible, all currently available methods of contraception have an inherent failure 

rate. The demand for termination of pregnancy continues regardless of availability or 

legality and the morbidity and mortality of unsafe methods are well documented. It 

has been estimated that up to 53 million abortions are perfonned world-wide each 

year and approximately one-third are perfonned under unsafe conditions. The 

mortality due to unsafe abortion is estimated at 70 000 or 13% of the 500 000 

maternal deaths each year. 1 

Vacuum aspiration is the most prevalent surgical method of pregnancy tennination in 

the first trimester? The procedure is safe when perfonned by experienced personnel 

but complications do occur. Serious morbidity may complicate up to 1 % of cases and 

maternal deaths have been reported at rates of 2 women per 100000. Minor 

morbidity, which includes psychological disturbances (serious psychological sequelae 

are rare), may be recorded in approximately 10% of women. Severe haemorrhage, 

infection, and genital tract trauma account for 85% of the 'major' complications and 
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prolonged uterine bleeding, retained products of conception or endometritis for most 

of the 'minor' morbidity.2,3,4 

Second trimester termination of pregnancy is associated with a sharp and progressive 

rise in the complication rate and also of related costs. While comprising about 10-20% 

of all induced abortions, they are estimated to cause two thirds of major complications 

and half of the related maternal mortality.s The surgical technique of dilatation and 

evacuation has been shown to be both safe as a procedure in skilled hands and safer 

than induction of labour in early second trimester pregnancies.6 In the recent past, 

induction of labour in the second trimester was usually achieved with prostaglandins 

alone - parenteral, extra- or intra-amniotic - and comparisons of the safety of surgical 

techniques with methods using a combination of antiprogestin and prostaglandin have 

yet to be made. 

The gestational age at which women present for abortion is influenced by the 

availability and accessibility of services and by the provisions of the local abortion 

laws. Experience in European countries where 'liberalisation' of the law Was 

accompanied by easy access to efficient services was a shift towards earlier abortion. 

In England and Wales, the proportion of abortions performed after the first trimester 

declined from 34% in 1969 to 14% in 1987.7 The current experience at Groote Schuur 

Hospital, Cape Town, is that approximately 50% of women present for termination of 

pregnancy in the second trimester. Although 'liberalisation' of the law regarding 

termination of pregnancy in South Africa (1996) has removed barriers to safe abortion 

methods, late presentation may be a consequence of the inaccessibility or lack of 

services, poor referral systems, inadequate education and support structures or the 

problems of pregnancy denial and concealment. 

16 



Progesterone and uterine contractility 

In a series of elegant experiments, Csapo originally described the suppressive effect of 

progesterone on uterine contractility. 8 Human studies subsequently confirmed that 

progesterone withdrawal in early pregnancy causes increased uterine contractility and 

leads to abortion.9
, 10 Progesterone appears to suppress both smooth muscle excitation 

and propagation. One mechanism may be the influence of progesterone on calcium 

binding to the cellular membrane. In addition, progesterone inhibits the formation of 

estradiol receptors and also of gap junctions, important for co-ordinated uterine 

activity.II Progesterone may also enhance the stability of lysosomal membranes. A 

reduction in local concentrations of progesterone may therefore facilitate the release 

of lysosomal phospholipase A2, initiating increased prostaglandin production. 12 

Prostaglandins are potent uterotonic agents. In the normal menstrual cycle, under the 

influence of estradiol and progesterone, the endometrium acquires an increased 

capacity for prostaglandin synthesis. A high level of progesterone suppresses 

activation of these biosynthetic pathways in the luteal phase. Progesterone withdrawal 

due to luteolysis is followed by a release of prostaglandins from stromal and epithelial 

cells in the endometrium. In addition, the inhibition of prostaglandin dehydrogenase 

that is associated with a fall in progesterone concentrations further increases the 

effective local concentration of prostaglandins. Persistence of the corpus luteum in 

early pregnancy maintains progesterone levels preventing the release and suppressing 

the synthesis of prostaglandins by the decidua. The luteo-placental shift of 

progesterone production ensures continued high levels of circulating progesterone, 

maintaining a state of relative uterine quiescence until parturition. 13 

The importance of progesterone in the regulation of uterine contractility is supported 

by studies examining the effect of the progesterone receptor antagonist, 
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mifepristone,14 and of progesterone synthesis inhibition with epostanel7 and 

trilostanels in early pregnancy. 

Medical methods of pregnancy termination 

Medical methods of pregnancy termination have advanced significantly over the past 

two decades. The combination of antiprogestins and prostaglandins has demonstrated 

greater efficacy than either compound alone in both the first and second trimester. The 

progesterone-receptor antagonist, mifepristone, and the 3 ~ hydroxysteroid 

dehydrogenase inhibitors, epostane and trilostane, which decrease progesterone 

synthesis have been shown to successfully induce abortion in pregnancies up to 20 

weeks gestation.16, 17, 18, 19,20 The incidence of complete abortion varies, however, 

from 85% at 6 weeks of amenorrhoea to 50% in gestations over 9 weeks. 

Prostaglandins, alone, are effective at inducing abortion but the high dose required is 

frequently associated with gastrointestinal side effects. 

Misoprostol, a prostaglandin EI analogue, is currently the favoured compound. While 

having comparable efficacy to other prostaglandins in clinical use, it has the 

advantage of being relatively inexpensive and allows for easy storage and 

administration. Such properties offer a valuable alternative to other less stable and 

more expensive prostaglandin preparations, particularly in the context of developing 

countries. Used alone, over 50% of women in the first trimester will require more than 

one dose. When administered 36-48 hours after mifepristone, 95% of pregnancies up 

to 9 weeks gestation will abort completely within 8 hours following a single dose of 

misoprostol (800 I-Lg misoprostol vaginally).21 In most women, abortion occurs within 

4 hours. 
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In studies of second trimester termination of pregnancy with misoprostol alone, 

success rates vary from 73 - 92 %. These follow single doses of misoprostol, 100 to 

800 J.1g vaginally, and report an average induction-to-abortion interval varying from 

11 to 28 hours.22 Bugalho et af3 reported an 80010 success rate, within 18 hours, 

following a single dose ofmisoprostol8oo J.1g vaginally. Two further doses of 400 J.1g, 

at 18 and 24 hours respectively, increased the success rate to 89%. 

Although developed for oral ingestion, vaginal administration of misoprostol appears 

to be superior to the oral route in both first and second trimester studies.21,24 This 

would seem to be due to differences in phannacokinetics: oral administration 

produces a high peak and steep fall over 120 minutes whereas vaginal administration 

demonstrates a more gradual rise and fall, hence a longer duration of action.25 

Studies by EI Rafaey and colleagues, combining misoprostol and mifepristone, 

reported success rates of 90%26 (oral misoprostol4oo J.1g13h, maximum 1200 J.1g) and 

97%27 (misoprostol 600 J.1g vaginally + 400 J.1g orally or vaginally 3h later) with 

initiation of prostaglandin treatment to abortion intervals of 8h and 6.4h respectively. 

A placebo-controlled study investigating the use of trilostane in second trimester 

tennination was conducted previously at Groote Schuur Hospital, University of Cape 

Town.28 Following 48-72h of oral trilostane, misoprostol (200 J.1g14h) was 

administered vaginally. A significant reduction of 57% in mean prostaglandin to 

abortion interval was observed in the trilostane group (9.2h) compared to placebo 

(21.6h). In addition, a reduction in pain, analgesia and total misoprostol doses was 

demonstrated in the treatment group. Importantly, there was no adverse effect on 

adrenal steroidogenesis. 

The benefits of progesterone inhibition to facilitate medical tennination of pregnancy 

are well established. Due to licensing regulations and cost, however, the availability 
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of mifepristone is naturally limited, particularly in the developing world. Although 

soon to be licensed in South Africa, the cost of mifepristone is likely to remain an 

important factor detemrining its role in general practice. For many other countries, 

pharmaco-political and economic considerations suggest that it may not become 

readily available in the near future. 

As mentioned above, clinical studies in human pregnancy using the 3-~­

hydroxy steroid dehydrogenase inhibitors, epostane and trilostane, received initial 

attention in the 1980s. A decision by the pharmaceutical company not to pursue this 

field of investigation at the time, however, led to withdrawal of these compounds 

from clinical interceptive research. Recent acquisition of the development rights to 

trilostane by Stegram Pharmaceuticals Ltd (Billingshurst, Sussex, UK) has again 

made this drug available. 

Termination of pregnancy for fetal anomaly 

With the development of ultrasound technology, screening techniques using maternal 

serum markers for fetal anomaly and methods of prenatal diagnosis in fetal 

assessment, the need to terminate a pregnancy because of a serious fetal anomaly has 

become more frequent. Current imaging and diagnostic methods to detect fetal 

anomaly are typically undertaken in the second trimester and the decision to terminate 

an affected pregnancy usually follows some weeks of review, frequently beyond 20 

weeks gestation. Serious fetal anomalies are also diagnosed later in pregnancy during 

the investigation of abnormal clinical findings. 

The methods of prostaglandin termination of pregnancy described above are usually 

applied to these circumstances. The safety of these methods, however, in later 

gestation when uterine sensitivity to oxytocic agents is naturally increasing, is not 
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clear and modification of drug regimens for different gestations has been largely. 

empirical. Furthermore, the practice of fetocide prior to termination of pregnancy 

beyond 20 weeks gestation is not universal and the response to methods of 

termination may differ in the presence or absence of an intact fetoplacental unit. 

Fetal anomalies account for the majority of pregnancy terminations after 18 weeks 

while termination of pregnancy for reasons of serious maternal risk contribute most of 

the balance. Termination of pregnancy for serious fetal anomalies after 18 weeks 

gestation therefore provides an opportunity for the development of gestation-specific 

dosage regimens and may also offer insights that enable improvement of induction of 

labour in the third trimester. 

Management of intrauterine fetal demise 

Historically, fetal demise was managed by watchful waiting in the knowledge that 

spontaneous labour would usually ensue within'a few weeks. Frequently, due to a lack 

of reliable methods for the diagnosis of fetal death, confinnation of this was only 

possible at the time of delivery. Dippel, in a review of 306 intrauterine deaths beyond 

28 weeks gestation, reported that 75% laboured spontaneously within 14 days and 

89% within 21 daYS.29 In contrast, Tricomi, reviewing 165 cases of intrauterine death 

in a cohort of infants weighing over 1000g, reported a 90% and 93% delivery rate 

within 14 and 21 days respectively. 30 Differences between the groups may be 

explained by the high proportion of women with placental abruption (32%) and 

patients managed by caesarean section (12%) or induction of labour (11%) in 

Tricomi's group. The intrauterine deaths in Dippel's group were more frequently 

associated with syphilis.31 
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Some women do not labour spontaneously for many weeks after fetal demise. With 

the advent of more rapid and reliable means of diagnosis, however, the need to 

procure delivery soon is often motivated by the degree of emotional distress. The risks 

of intrauterine sepsis and consumptive coagulopathy are also cited as indications for 

induction32 although, in the absence of massive placental abruption, maternal 

hypofibrinogenaemia is uncommon in the first month after fetal demise as is infection 

in the presence of intact membranes. Observations by Prichard33 suggested that 

plasma fibrinogen levels decline after 4 weeks, at a steady rate of 0.2-0.85 gil per 

week. In his series of over 100 women, a level below 1.5 gil was not observed less 

than 5 weeks after the presumed date of fetal demise. A fibrinogen level above 1 gil is 

required for blood coagulation. The use of heparin to inhibit the intravascular 

coagulation process that causes the hypofibrinogenaemia allows spontaneous 

correction of plasma fibrinogen levels but the availability of fresh frozen plasma has 

generally superseded this approach in modem obstetrics. 

Prostaglandins were first used for the management of patients with intrauterine fetal 

death in 1970.34 Since then, many authors have reported on the use of various 

prostaglandin preparations by different routes and regimens. All studies were 

uncontrolled and protocols frequently included the use of oxytocin infusions. Initially 

prostaglandin E2 (PG~) was used intravenously (up to 5 Jlglmin) and then vaginally 

with the manufacture of 20 mg pessaries. Prostaglandin F2a (PGF2a), intramuscular 

and intra-amniotic, produced similar results to PGE2. Further manufacturing 

developments produced PGE2 gel, used as an extra-amniotic and intracervical 

preparation, and misoprostol (a PGEI analogue). Where third trimester subgroups 

could be distinguished in these studies, mean induction-to-delivery intervals ranged 

between 7 and 18 hours. 
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Gordon and Pipe35 made a comparison of prostaglandin and oxytocin for the 

management of intrauterine death. They obtained a mean induction-to-delivery 

interval of 11.08h with PGE2 intravenously and 22.42h using oxytocin incrementally 

up to 2400 mU/min. In both arms of the study the failure rate was 20% (undelivered 

within 24 hours, n= 15 in each group) however those in the prostaglandin group 

delivered soon after recommencing the infusion while the oxytocin-treated patients 

required a much longer duration of therapy. In general, most studies report a failure of 

treatment, usually defined as failure to deliver within 24-36 hours, of between 3% and 

7%. 

In studies where PGE2 has been administered vaginally, total doses have frequently 

been in excess of 40mg.36, 37, 38 Although rare, serious complications have been 

reported. Uterine rupture has been documented,39 particularly in association with a 

scarred uterus and when combining prostaglandin and oxytocin therapy.40 Tonic 

uterine contractions may occur in late third trimester prostaglandin induction and 

cervical tearing, as a consequence of precipitate labour, can necessitate 

hysterectomy.36,41 Large doses of vaginal prostaglandin E2 have also been associated 

with myocardial infarction.42 

All studies report a high incidence of side effects, particularly gastrointestinal and 

thermoregulatory. These are well-recognised problems of prostaglandin use, the 

severity of which seems dose-related, and includes nausea and vomiting (20-81%), 

diarrhoea (7-77%), pyrexia (5-44%) and rigors (up to 12%). A summary of the studies 

utilising prostaglandin regimens in the management of intrauterine death is presented 

in Table 1. 

Investigation of the role of antiprogestins in the management of intrauterine fetal 

death (IUD) has a number of potential benefits. An improvement in the efficiency of 
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pregnancy tennination in the presence of fetal demise is required. The wide range of 

induction-to-delivery intervals, the failure rates and complications of over-stimulation 

described above illustrate the unpredictability of the uterine response to 

prostaglandins. The persistence of placental activity following non-placental causes of 

fetal death is appreciated albeit poorly understood (and there is a lack of longitudinal 

data in this field).51 With continuing progesterone production by the placenta, it could 

be hypothesised that progesterone inhibition may assist in pregnancy termination after 

fetal demise in a similar fashion to that observed with earlier viable pregnancies. If so, 

the benefits may include a greater predictability and a reduction of the induction-to­

delivery interval, reduced prostaglandin and analgesia requirements, less side effects 

(lower prostaglandin doses) and a lower complication and failure rate of prostaglandin 

labour induction. These benefits could apply, to some extent, to induction of labour 

with a viable fetus however, due to the unknown fetal effects of these medications, an 

assessment of antiprogestins in the third trimester without fetal risk is important. In 

addition, our understanding of mechanisms of cervical ripening and of the onset of 

labour could benefit from such research. 

Selinger43 used epostane in 7 women with intrauterine fetal death between 18 and 41 

weeks gestation (mean gestational age of 24 weeks). After 24 hours of treatment with 

epostane, prostaglandin E2 gel was administered vaginally as a single 25mg dose. 

Oxytocin (100 mulmin) was commenced 15-20 hours later if required. Using 

historical controls (n=4), he could not demonstrate a significant difference in 

induction-to-delivery interval between the two groups (epostane - 6.9h, SD 2.4h; 

control- 12.3h, SD 8.6h). As the sample size is small,44 a conclusion cannot be drawn 

in this respect. A significant fall in progesterone levels in the treatment group was 

demonstrated. 
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Cabrol et al,45 in an uncontrolled study, used mifepristone in two dose regimens for 

two or three days in 18 women with intrauterine death. The mean gestational age was 

24 weeks (18-38). Prostaglandin or oxytocin was commenced after 72 hours if 

delivery had not yet occurred. At 200 mg twice daily, 9 of 11 women delivered within 

a mean time of 39 hours (range 20-58 h). In a lower dose regimen, 100 mg daily, only 

2 of 7 women delivered within 72 hours. They concluded that a dose-related labour­

inducing effect of mifepristone may be present. Padayachee et al,46 in a randomised 

controlled trial, used mifepristone (200 mg twice daily) or placebo for a maximum of 

3 days in 24 women with intrauterine fetal death. All were beyond 20 weeks gestation 

with a mean gestational age of 32 (SD 1) weeks. No additiornil therapy was given in 

this 72 hour period. After 72 hours, significantly more women had delivered in the 

mifepristone group (n=8) compared with placebo (n=2), P <0.02, although intervals to 

delivery and subsequent response to oxytocics were not reported. 
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Table 1. Studies of induction of labour with prostaglandin in the presence of fetal demise. 

Investigator Number(n) Gestational Protocol ID Interval 
(fIrSt author only) (3n1 trimester age (hours)§ 

only)· (weeks)§ 

Karim34 1970 15 34.7 PG~ 0.5-2.0 Ilg/min IV 12.17 

Filsbie47 1971 10 31.7 PG~ 0.5-2.5Ilg/min IV 9.82 (7.2-12.5) 

Naismith4S 1974 17 33 PG~ 0.5-1.0 Ilg/min IV + 7.42 (2.3-21) 
oxytocin 2-1024 mulmin 

Gordon3S 1975 15 29 PGE2 0.625-5 Ilg/min IV 11.08 

Bailey6 1975 13 33.8 PG~ 10-2Omg PV q3-8h 6.9 

Kent7 1976 19 27.5 PG~ 20mg PVq3-4h + 7.9 (2-17) 
oxytocin 10-20 uIl if SRM 

Ylikorkala49 1976 6 30.7 PGF2a 100-250 Ilg 1M q2-4h 8.57 (4-20) 

Karimso 1976 26 34.7 PGF:zu 0.5 mg 1M q8h 11.07 (2.8-32) 

Southero42 1978 709 26.8 PG~ 20mg PV q3-5h 10.7 

She~l 1979 20 32 PGF2a. 30mg + urea 60g IA 12.4 (2-24) 

MacKenzie32 1979 23 36.2 PG~5mgPVx 1 + 14.7 
oxytocin 4 -32 mulmin (40-33.5) 

LauersenS2 1980 26 31.6 P~ 20mg PV q2-3h 9.56 
± oxytocin up to 16mulmin 

SCherB 1980 26 31 PGE2 375 Ilg EA q2h 8.6 
23 26 PG~ 20 mg PV q3-6h 9.2 

KarimS3 1982 282 >24 PGF2C1 0.5mg 1M q8h 10.5 

Raths4 1985 22 33.7 PGF2a 5mg IC then EA 18.1 (4.8-36) 
20 33.1 PG~ 0.5-1mg IC then EA 13.7 (3-26) 

Kent41 1986 46 28-45 PG~ IOmg PV q2-4h 8.7 (2-19) 

'Where a subgroup could be defined, only third trimester figures are reported. 

§ Reported as means. 

IA Interval-induction-to-delivery interval, IV -intravenous, 1M-intramuscular, Ie-intracervical, 

IA-intra-amniotic, EA-extra-amniotic, PV-vaginal, SRM-spontaneous rupture of membranes. 
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Trilostane 
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Trilostane (4a 5 epoxy - 17f3 hydroxy - 3 oxo - 5a androstane - 2a carbonitrile) 

selectively and reversibly inhibits the enzyme system - 3 f3 hydroxysteroid 

dehydrogenase A5 oxosteroid isomerase (3f3HSD) - essential for the synthesis of all 

steroids in the adrenal glands, ovaries, testes, and placenta. It was developed in the 

1970s by Sterling-Winthrop Research and Development, Guildford, Surrey, UK as 

WIN 24 540, along with two similar compounds, epostane (WIN 32 729) and azastene 

(WIN 17 625). 

Trilostane is currently licensed and marketed in the United Kingdom by Sanofi-

Winthrop for the management of adrenal cortical hyperfunction and post-menopausal 

breast cancer. In the management of cortisol or aldosterone excess, it lowers both 

glucocorticoid and mineralocorticoid steroids, however, normal feedback mechanisms 

in the hypothalamo-pituitary-adrenal (HP A) axis and the renin-angiotensin-

aldosterone (RAA) system prevent excessive lowering of cortisol and aldosterone 

respectively. Trilostane reduces progesterone levels by inhibiting the essential 

conversion of pregnenolone to progesterone by the 3f3HSD enzyme complex (see 

diagram, page 33). Pregnenolone, which increases dramatically in concentration as a 

consequence of 3 f3HSD inhibition, is biologically inert. Trilostane has no agonist or 

antagonist activity to estrogen, progesterone or androgen receptors and does not 
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inhibit aromatase activity. Its effect on sex steroid activity is thus solely due to an 

inhibition of steroid biosynthesis. 

In the treatment of adrenal cortical hyperfimction, the dosage ranges from 120-

480 mglday but may be increased to 960 mglday. For postmenopausal breast cancer, 

the maintenance dose is 960 mglday (or 720 mglday if the higher dose is not 

tolerated) combined with a physiological replacement dose of hydrocortisone (e.g. 30 

mg /day in divided doses). 

Common side effects - with reported frequencies in some studies28
, 55, 56 - include 

nausea and vomiting (30-37%), flushing, tingling and swelling of the mouth (10-13%) 

and mild diarrhoea (17-50%). The facial symptoms are not an allergic response and 

do not necessitate cessation of therapy. Rhinorrhoea and rashes are less common. 

Granulocytopenia has been reported but is rare (and reversible), typically associated 

with bone marrow compromise due to disease or chemotherapy. 

Epostane acts similarly to trilostane and was originally thought to be more potent as 

an interceptive agent than as an inhibitor of adrenal steroidogenesis. While trilostane 

is derived from testosterone, epostane is a 17a.-methyl-testosterone derivative. 

Epostane has not been developed for clinical use and, together with trilostane, was 

withdrawn from clinical investigation into its interceptive properties in the 1980s 

without these having been fully explored. The licence for the further development of 

trilostane is now held by Stegram Pharmaceuticals Limited (Billingshurst, Sussex, 

UK) where an interest in its development for gynaecological indications have made it 

available once again. 

The potential of trilostane as an interceptive agent hinges on its ability to suppress 

progesterone synthesis in the adrenal, ovary and placenta. This anti-progesterone 

quality may have clinical value for both fertility and pregnancy regulation. With 
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evidence for a critical role of progesterone in the process of ovulation,57 inhibition of 

progesterone at this time may prove contraceptive. Similarly progesterone inhibition 

can disrupt the luteal phase, preventing implantation. 58, 59, 60 The use of antiprogestins 

in termination of pregnancy has already been mentioned (page 18) and a well­

documented potential for cervical ripening has implications for cervical preparation 

prior to surgery or induction of labour.61 Most research in this field has been 

conducted with mifepristone (RU486) and the potential for progesterone synthesis 

inhibitors to behave similarly has yet to be realised. 

Studies of induction of abortion and labour using trilostane 

Thee studies, investigating the role of progesterone synthesis inhibition with 

trilostane in abortion and induction of labour, form the basis of this dissertation. 

Mifepristone is not currently available in South Africa or in other developing 

countries and, although it has proven efficacy in first and second trimester termination 

of pregnancy, its cost may well be a limitation if it were available. The efficacy of 

progesterone synthesis inhibition with trilostane in termination of pregnancy has 

already been demonstrated and may present an alternative strategy to progesterone 

receptor blockade.2o,28 

The first study assesses the efficacy of lower doses of trilostane, in comparison to 

earlier work from this department, in mid trimester termination of pregnancy. Any 

reduction in dosage requirements could be beneficial in reducing the incidence of 

dose-related side effects and medication costs but should not compromise efficacy. 

Two other studies investigate the potential of trilostane to reduce ~e induction-to­

delivery interval in pregnancies beyond 18 weeks. Women requiring termination of 
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pregnancy for serious fetal anomalies and women presenting with intrauterine fetal 

death beyond 26 weeks gestation were recruited for these studies respectively. 

Misoprostol 

In 1973, G.D. Searle & Co. (Chicago) developed misoprostol, a prostaglandin El 

analogue, for the treatment of NSAID-induced peptic ulcer. It's uterotonic and 

cervical ripening qualities had been appreciated and were reported on by Rabe et af2 

in 1987 and Edwards et af3 in 1994, respectively. Consequently, misoprostol has 

become widely used in termination of pregnancy (TOP) at all gestations although this 

remains an unlicensed application. 

The hydroxypropyl methylcellulose base confers stability at room temperature for 

several years and it is relatively inexpensive. This makes it an attractive alternative to 

prostaglandin preparations such as dinoprostone and gemeprost (which are expensive 

and require refrigeration), particularly in developing countries. 

Studies of misoprostol used as a single agent in early TOP have generally not 

produced promising results, mostly utilising 200 to 800 flg as a single vaginal dose. 

Success rates may improve with a multiple high dose regimen and in the second 

trimester. The success of misoprostol in medical TOP is significantly enhanced when 

combined with mifepristone or methotrexate.64 

With respect to efficacy and side effects, vaginal administration seems preferable to 

the oral route where gastrointestinal symptoms (nausea, vomiting and diarrhoea) are 

more common. Oral administration results in a high peak followed by a steep fall of 

serum concentrations within 120 minutes. A more gradual rise and fall is seen with 

vaginal administration, hence a longer duration of action.65 In Ho's study,24 comparing 

vaginal and oral misoprostol (after mifepristone) in second trimester TOP, the greater 
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efficacy for the vaginal route was supported but the women themselves preferred the 

oral route. 

Dinoprostone 

Dinoprostone, a synthetic analogue of prostaglandin E2, is commonly used for 

induction of labour. Its effect on smooth muscle results in the stimulation of uterine 

contractions as well as dose-related side effects including nausea, vomiting, 

abdominal cramping and diarrhoea. It acts as a vasodilator and may be associated with 

modest hypotension. The effect of cervical ripening (softening, effacement, dilatation) 

is incompletely understood but possible mechanisms include an increase in collagen 

breakdown or an alteration in collagen binding and tissue hydration by altering 

glycosaminoglycans (GAG) and proteoglycan composition. 66 

The vaginal gel preparation contains dinoprostone, 1 or 2 mg I 3 g (2.5 ml), in 

colloidal silicon dioxide and triacetin gel. It is packaged in a single-dose syringe 

system designed to deliver 1 or 2 mg of active ingredient into the posterior vaginal 

fornix. It requires refrigerated storage (2-8°C). 

Oxytocin 

In 1906 Sir Henry Dale demonstrated that intravenous injections of extracts of 

posterior pituitary gland caused uterine contractions in the gravid cat. Vincent du 

Vigneaud identified the hormones of the posterior pituitary and synthesised oxytocin 

in 1953, receiving the Nobel Prize for his work. Oxytocin is a neuropeptide with nine 

amino acid residues and a ring structure essential for its biological activity. Very 

similar to vasopressin (anti-diuretic hormone), it displays some vasoactive and anti­

diuretic effects when used in large doses. Circulating oxytocinase, produced by the 

placenta, destroys the ring structure of oxytocin, eliminating its biological activity. 
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The plasma half-life of oxytocin is short, from 5 to 17 minutes.67
•
68 Apart from a 

direct uterotonic effect, oxytocin stimulates production and release of arachidonic acid 

and PGF21l from the decidua potentiating uterine contractions. Myometrial 

responsiveness to oxytocin begins at about 20 weeks and increases gradually to 30 

weeks and then markedly increases to a maximum in spontaneous labour at full term. 

This is reflected by increasing myometrial and decidual oxytocin receptors, reaching a 

maximum after the onset of labour (whether term or preterm). There is a fetal 

component to the circulating maternal oxytocin concentrations in labour. 

Concentrations consistent with that achieved naturally in the first stage of labour may 

be achieved with intravenous infusion rates of from 2 to 6 mu/min.69 A higher 

infusion rate is generally required for induction of labour, compared to labour 

augmentation, with 30% of induced patients requiring more than 20 mU/min 

compared to 3% of augmented patients. 70 
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PATIENTS AND METHODS 

Introduction 

Trilostane was administered prior to termination of pregnancy with prostaglandin in 

three clinical trials. 

Study 1 - Midtrimester termination of pregnancy 

Study 2 - Termination of pregnancy for fetal anomaly 

Study 3 - Induction of labour for fetal demise 

The aim of these trials was to assess the efficacy of trilostane in reducing the interval 

to delivery after prostaglandin administration. 

The midtrimester termination of pregnancy trial was based on, and was supplementary 

to, a placebo-controlled trial conducted previously by members of our research 

group.28 The efficacy oflower total trilostane doses (relative to the placebo-controlled 

trial) was assessed. 

The effect of trilostane in pregnancy termination for fetal anomaly and induction of 

labour for fetal demise was assessed by comparison with placebo. 

In all of the studies, the primary outcome was the induction-to-delivery interval 

(induction = first administration of prostaglandin). Secondary outcomes included side 

effects, pain, patient satisfaction and acceptability of the procedures (global 

satisfaction) and effects on adrenal and placental steroidogenesis. 
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Study Design 

The study groups were drawn from women attending the teaching hospitals of the 

Faculty of Health Sciences of the University of Cape Town during 1998 and 1999. 

Women were eligible for recruitment to the studies in the following circumstances. 

Study 1. Women requiring termination of pregnancy between 13 and 20 weeks 

gestation. 

Study 2. Women requiring termination of pregnancy after 18 weeks gestation for 

reasons of fetal anomaly. 

Study 3. Patients requiring termination of pregnancy for intrauterine death after 26 

weeks gestation. 

The following exclusion criteria applied in all 3 studies: 

1. Inability to consent due to age (under 18 years) 

2. A lack of understanding of the study or communication difficulties 

3. Presence of a multiple pregnancy or a scarred uterus 

4. Existence of a medical or obstetric condition where delay in delivery would be 

unwise or for which the use of trilostane, prostaglandin or oxytocin might be 

contraindicated. 

Study 1. Midtrimester termination of pregnancy 

Patients were recruited to this study at the Groote Schuur Hospital, which is the 

tertiary teaching hospital for the University of Cape Town. Patients seeking 

termination of pregnancy (TOP) in this region are typically referred from a primary 

health care service to the hospital serving their catchment area. At Groote Schuur 

Hospital, in a dedicated clinic, assessment according to the Choice on Termination of 

35 



Pregnancy Act, No 92 of 1996, (see Appendix) and counselling precedes the decision 

to terminate the pregnancy. Second trimester (13-20 weeks gestation) pregnancy 

termination is conducted on an inpatient basis in the general gynaecology ward, 

usually within one week of the clinic assessment. The standard method of termination 

is medical, using misoprostol. This is administered as an initial dose of 400-600 J.1g 

vaginally followed by 200-400 J.1g doses orally or vaginally, 3-4 hourly as required. 

Patients were recruited to the trial at the time of their admission to the gynaecology 

ward. A full explanation of the standard method of medical TOP and the purpose and 

method of the trial was given. Patients not wishing to participate in, or excluded from, 

the trial continued with TOP in the standard manner. Patients who gave consent (see 

Consent) commenced trial medication on the following day. 

Patients were randomised (see Randomisation) to receive a total trilostane dose of 

either 720 mg (Group 1) or 1080 mg (Group 2) over 48 hours. Doses were divided 

into twice or three times daily administration depending on the regimen and were 

incremental (e.g. Day 1 - 120 mg bd, Day 2 - 240 mg bd). Treatment with 

prostaglandin EJ (misoprostol) - was commenced on the day following completion of 

the trilostane course. A single misoprostol tablet (200 J.1g) was administered vaginally 

every four hours until abortion was effected, to a maximum of six doses. If 

unsuccessful after 24 hours the induction was considered a failure and further 

management was determined by the clinical team as appropriate to the individual. 

(See diagram, page 42.) 

Study 2. Termination of pregnancy for fetal anomaly 

Patients were recruited to this trial at Groote Schuur Hospital having attended a clinic 

of the Fetal Anomaly Group where a decision to terminate the pregnancy on the 
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grounds of a severe fetal anomaly had been made. Patients are referred from 

throughout the Western Cape Province for tertiary level ultrasound assessment, 

clinical genetic counselling and prenatal diagnosis. Where appropriate, patients are 

offered termination of pregnancy. Once a decision to proceed with TOP had been 

taken, patients were counselled about the methods of TOP and invited to take part in 

the clinical trial. The standard procedure for TOP, in these circumstances, would 

involve elective admission to an antenatal ward within one week of the decision. 

Prostaglandin induction of labour (misoprostol) would normally be commenced, 

alternative methods would be considered if unsuccessful or contra-indicated. Patients 

consenting to the trial followed the same procedure for admission and were then 

randomised to receive either trilostane or placebo for two days prior to 

commencement of misoprostol. 

A total dose of 720 mg of trilostane was administered, 120 mg twice-daily on Day 1 

followed by 240 mg twice-daily on Day 2. Misoprostol was administered vaginally 

every four hours, commencing on Day 3, until uterine evacuation was effected. A 

regimen of two 100 J.1g doses (one half of a cleaved 200 J.1g tablet) followed by two 

200 J.1g doses was used. The trial protocol ceased at delivery or 24 hours after 

commencing induction with prostaglandin. If undelivered at this time, further 

management was determined on an individual basis by the clinical team. (See 

diagram, page 42.) 

Study 3. Induction of labour for intrauterine fetal death 

This trial was conducted at the Groote Schuur Hospital. Patients were recruited from 

the three teaching hospitals (including Groote Schuur Hospital) attached to the 

University of Cape Town. Once a diagnosis of intrauterine fetal demise (IUD) had 
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been made, the patient was counselled about further management The standard 

procedure would involve induction of labour with prostaglandin and lor oxytocin as 

appropriate. This would take place electively (usually commencing within 24 hours) 

unless urgent delivery was indicated for maternal reasons or induction of labour was 

contra-indicated. Patients were counselled and invited to take part in the trial, usually 

commencing the following day, with transfer to Groote Schuur Hospital if required. 

Consent was obtained followed by randomisation to receive either trilostane or 

placebo for two days prior to the administration of dinoprostone gel. 

The trilostane regimen was the same as has been described for Study 2. On Day 3, 

labour was induced with dinoprostone gel vaginally, repeated after four hours if 

required. An intravenous oxytocin infusion was commenced four hours after the 

second dose of gel if labour was not yet established. Oxytocin was commenced at 

2.5 mulmin, increasing by 2.5 mu increments every 30 minutes to a maximum of 

20 mulmin. The infusion was stopped after 14 hours if labour was not established (see 

diagram, page 42). The trial protocol ceased at delivery or 24 hours after commencing 

induction with prostaglandin. If undelivered at this time, further management was 

detennined on an individual basis by the clinical team. Amniotomy was not 

performed during the study induction period of 24 hours. 

Standllrd procedures 

Documentation was similar for all of the studies. The following records were 

maintained: consent, a comprehensive history and examination, special investigations, 

medication administration, adverse events, interval to delivery/abortion, details of 

delivery and estimated blood loss, patient satisfaction visual analogue scores and 

results of laboratory assays. 
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Maternal venous blood samples were taken by antecubital venepuncture, prior to 

administration of medication at 08HOO and 20HOO, from the first day of treatment 

until commencement of prostaglandin (see Laboratory Methods). A doctor, blinded to 

the randomisation, supervised the administration of trial medication (after obtaining 

the blood samples) from the allocated packet that was kept attached to the Patient 

Record. 

Treatment was considered to have failed if uterine evacuation had not occurred within 

24 hours of commencing treatment with prostaglandin. Further management, when 

required, was determined on an individual basis by the clinical team. 

Prior to discharge, assessment of pain, acceptability of the procedure and of overall 

satisfaction with management (global satisfaction) was assessed by visual analogue 

scores (V AS) on a scale of 1 to 5. With respect to pain, the woman was asked to 

assess the severity of pain experienced where 1 represented little or no pain and 5 

represented unbearable pain. Acceptability of the procedure referred to the 

acceptability of the oral medication (with respect to side effects) and the method of 

pregnancy termination where 1 and 5 represented 'completely unacceptable' and 

'completely acceptable' respectively. For global satisfaction, 1 represented 'completely 

unsatisfied' and 5 'completely satisfied'. The scale was shown to the woman, an 

explanation given and she indicated the score for each question in turn. The same 

person in all cases provided guidance for completion of the VAS questions. In some 

cases the terms required translation through an interpreter. 

Consent 

Informed consent (see Appendix) was obtained in all cases, utilising interpreter skills 

where required. Counselling was offered within the clinical context by medical staff 
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and a social worker when appropriate and investigation of intrauterine fetal death and 

fetal anomaly was conducted as applicable in each individual case. 

Approval to undertake the studies was obtained from the Ethics Committee of the 

Faculty of Health Sciences, University of Cape Town. 

Authorisation for the use of trilostane, which is unregistered medication in South 

Africa, was obtained from the Medicines Control Council (MCC), Department of 

Health, Republic of South Africa. The use of trilostane was subject to regular review 

and follow-up reports and was conditional on the reporting of all serious adverse 

events to the MCC. 

Medication 

Trilostane (Modrenal® 120 mg, Sanofi-Winthrop, Newcastle-upon-Tyne), an 

inhibitor of the 3 ~-hydroxysteroid dehydrogenase enzyme complex which converts 

pregnenolone to progesterone in the adrenal gland, ovary and placenta, is discussed in 

detail in the introduction, page 27. 

Misoprostol (Cytotec®, Searle, SA), used in Study 1 and Study 2, is a prostaglandin 

El analogue and is discussed in the introduction, page 30. 

Dinoprostone (Prandin® 1 mg - Upjohn, SA) was used in Study 3. This synthetic 

analogue of prostaglandin E2 is discussed on page 31. 

Oxytocin (Syntocinon®, Alliance, SA) was used in Study 3 and is discussed on 

page 31. 

Randomisation 

In the placebo-controlled studies, recruited patients were allocated the next in a 

sequence of numbered packets, randomly containing either trilostane capsules or an 
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equal number of placebo capsules of identical appearance provided by the 

manufacturer. Randomisation was carried out by members of the study group who had 

no direct involvement in recruitment or management of trial patients or in data 

collation or assessment. Randomisation was performed in blocks of four and the 

sequence was generated using a random number table. Patients, clinical staff and 

investigators were blinded to the allocation. 

The midtrimester TOP trilostane dose-comparison study was not blinded. Recruited 

patients were allocated the next in a numbered sequence of packets randomly 

containing either six or nine trilostane capsules (720 mg or 1080 mg respectively). 

Randomisation was performed in the same way as for the placebo-controlled studies. 
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Diagrammatic representation of three c6nieal trials assessing the 
efficacy of trilostane in reducing the inte"al to delivery after 

prostaglandin administration 

StwIy 01 .......... r ....... doIl 01 prepaacy with misopnstol 
folIowiJlg pre-tre8a.e.t with triIostue ill OM of two dale regime.u 

Exit 1ria1 = transfer to the clinical team 

Plaeebo-eoDtroIled stady 01 .rmiutioll 01 pnpa.eyt for fetal 
uomalyt with miIoprostoI followiag pre-tre8a.e.t with trI.Ios".e 

Exit 1ria1 = 1ransfer to the clinical team 

Placebo-e .. troIled study 01 iIId:BCd .. oIlabout for latn_riIIe 1e .. 1 de...., 
with prostaglalldla E2 aad oxytoela folIowiJlg pre-lre.....,.t with trilostaae 

Exit trial = trmsfer to the clinical team 

ftii 
E ---~ 
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Power calculations 

Trial size was dictated by a limited licence for the use of trilostane in South Africa. 

This was a condition of the consent from the Medicines Control Council of South 

Africa Post-hoc calculations are possible and will be addressed in the discussion of 

trial results. 

Statistical Analysis 

Normally distributed variables are presented as means with either the 95% confidence 

interval (CI) of the mean or standard deviation. Where log-transformation was used to 

achieve normality, such as the induction-to-abortion interval, geometric means and 

95% CI of the means is reported. Comparisons of continuous, normally distributed 

variables were conducted using analysis of variance (ANOV A), reporting the 95% CI 

for the difference or the ratio of the means for normal and log-transformed variables 

respectively. Non-normally distributed variables were compared using the Mann­

Whitney U test, Kruskal-Wallis ANOV A or Median test as appropriate. Fisher's exact 

test was used to compare the incidence variables between the groups. Correlation was 

assessed by the Spearman rank coefficient. 

43 



Laboratory Methods 

Venous blood samples were obtained by antecubital venepuncture. This was 

perfonned by an attending doctor prior to the administration of trial medication at 

08HOO and 20HOO each day. The first sample was taken prior to the fll'St dose of trial 

medication (08HOO) and four further samples were obtained, culminating at 08HOO 

prior to prostaglandin administration. 

Each sample was collected into three 10ml vacutainer tubes (sterile interior) 

containing gel and clot inactivator. The tubes were individually labelled with patient 

name, date and time. They were stored upright at 4°C until centrifuge (within 48 

hours of collection). Centrifuge was perfonned at 5000 rpm for 10 minutes, or until 

separation was completed, and serum decanted into labelled (trial number, collection 

date and time) Cryo.s@ 5ml screw cap tubes (Greiner Labortechnik) that were then 

stored at-20 °C until assay. 

Serum progesterone and cortisol assays were perfonned on all samples. Serum estriol 

and human placental lactogen assays were perfonned in Study 3, on the pre-treatment 

samples only. All assays were perfonned in the Combined Endocrine Laboratory of 

the Departments of Obstetrics and Gynaecology, Medicine and Chemical Pathology 

of the University of Cape Town utilising commercially available kits. All samples for 

an individual patient were measured in the same assay. 

Internal and external quality control is exercised for all assays in the laboratory. 

Statistical methodology applied to these assays involved the following. 

1) An assessment of the coefficient of variation (%CV) of the dose response 

(standard) curve and parameters including the binding, non-specific binding, and 

displacement in terms of ED20, ED50, and ED80. Acceptable drifts for these 
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parameters were obtained by assessment of inter-assay variations, of between 5 

and 10 assays in the laboratory, and calculating limits for each parameter based on 

its mean ± 2 standard deviations. An assay was rejected if any two parameters 

failed the required limits. 

2) Three control samples, 'low, 'mediwn' and 'high' concentration, were measured in 

duplicate in every assay. An assay was rejected if more than one of these controls 

were beyond prescribed limits. When only one control was out of range, random 

samples that had fallen within the 'aberrant' range of that assay were re-assayed. 

Progesterone assay 

Progesterone was measured by radioimmunoassay (RIA), using a commercially 

available kit, 'Coat-a-Count', from Diagnostic Products Corporation, catalogue 

nwnber TKPG. 

The kit utilises a solid-phase radioimmunoassay procedure using 125I-Iabelled 

progesterone as the tracer. An immobilised antibody-coated tube enables separation of 

the antibody-bound fraction (of progesterone) by decanting the supernatant. Using this 

kit, progesterone is measured directly in the serwn or plasma and no extraction 

procedure is required in the assay. 

Because of the anticipated high progesterone concentrations in pregnancy, samples 

were diluted 1: lOin assay diluent prior to assay. 

Recovery from 'spiked' samples over the range of the assay was 96 to 100%. 

Sensitivity of the assay for the dose response curve was 0.2 nmolll. Sample sensitivity 

was 1.2 nmolll. 
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Specificity: the antiserum displays the following cross-reactivity. 

Progesterone 100% 17 a-hydroxyprogesterone 0.3% 

Androstenedione ND medroxyprogesterone ND 

Corticosterone 0.4% pregnane ND 

cortisol ND 5~-pregnan-3a-ol-20-one 0.2% 

danazol ND 5a-pregnan-3,20-dione 0.8% 

II-deoxycorticosterone 1.7% 5 ~-pregnan-3,20-dione 1.3% 

ll-deoxycortisol 2.4% pregnenolone ND 

20a-dihydroprogesterone 2.0% testosterone ND 

estradiol ND 

ND - not detectable 

The coefficient of variation (%CV) for assay duplication as a mean of all operators 

was 4.6%. 

The within-assay (intra-assay) %CV for levels over the range of the assay was 7.4% 

and the between-assay (inter-assay) %CV was 9.1%. 

Cortisol assay 

Serum cortisol was measured on the Chiron Diagnostics ACS:180 automated 

chemiluminescent immunoassay system from Ciba Coming. The assay is a 

competitive immunoassay using direct chemiluminescent technology and is based on 

immuno-chemiluminescent assay (lCMA) principles and techniques. 

Sample sensitivity of the assay was 5.5 mIU/mI. 
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Specificity: the following cross-reactivity is reported for the assay. 

Endogenous Steroids Synthetic Steroids 

Deoxycorticosterone 0.5% prednisolone (1 00 ~g/dl) 27.0% 

II-deoxycorticosterone 0.4% 6-methyl-prednisolone 20.9% 

II-deoxycortisol 7.3% Dexamethasone 0.2% 

21-deoxycortisol 4.5% Prednisone 6.6% 

lI-P-hydroprogesterone 0.5% 

17-13-hydroprogesterone 0.5% 

ND - not detectable 

The within-assay (intra-assay) coefficient of variation (%CV) for levels over the range 

of the assay was 6.1 % and the between-assay (inter-assay) %CV was 8.4%. 
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Estriol assay 

Free estriol" (FreeE3) was measured by radioimmunoassay using a commercially 

available kit, 'Coat-A-Count Free Estriol', from Diagnostic Products Corporation 

(DPC), catalogue number TKEF 1. 

The kit utilises a solid-phase radioimmunoassay procedure using 125I-Iabelled estriol 

as the tracer. An immobilised antibody-coated tube enables separation of the 

antibody-bound fraction (of estriol) by decanting the supernatant. Using this kit, 

estriol is measured directly in the serum or plasma and no extraction procedure is 

required in the assay. 

The reportable range of the assay was 0.25 to 30.0 nglml. 

Sample sensitivity of the assay was 0.04 nglml. 

Specificity: the following cross-reactivity is reported for the assay. 

Estriol-3-sulphate 0.46% Oestrone-3-sulphate 

Estriol-3 ~-glucoronide 0.26% 16-Epiestriol 

Estriol-16 ~-glucoronide 0.66% 17-Epiestriol 

Estriol-17~-glucoronide ND Cortisol 

Estradiol 0.13% 11-Deoxycortisol 

Estrone 0.05% 5 a-Dihydrotestosterone 

Estrone-~-glucoronide ND Testosterone 

ND - not detectable 

ND 

0.26% 

0.10% 

ND 

ND 

ND 

0.003% 

No assay protein effect was found at protein concentrations of3.5-14 gldl. 

The within-assay (intra-assay) %CV for levels over the range of the assay was 17.1 % 

for values < 0.74 nglml and 4.7% for values >0.74 nglml. 
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The between-assay (inter-assay) %CV was 21.2% for values <2.9 nglml and 9.9% for 

values, over the assay range, >2.9 nglml. 

Human Placental Lactogen assay 

Hwnan placental lactogen (hPL) was measured by radioimmunoassay using a 

commercially available kit, 'Coat-A-Count HPL', from Diagnostic Products 

Corporation (DPC), catalogue nwnber TKHP1. 

The kit utilises a solid-phase radioimmunoassay procedure using 125I-Iabelled hPL as 

the tracer. An immobilised antibody-coated tube enables separation of the antibody­

bound fraction (of estriol) by decanting the supernatant. Using this kit, hPL is 

measured directly in the serwn or plasma and no extraction procedure is required in 

the assay. 

The assay was performed with the 'Basic 25ul sample volwne Procedure' as 

recommended by the kit manufacturer. This protocol provides a reportable range of 

0.12 to 15.0 J.lglml 

Sample sensitivity of the assay was 0.12 J.lglml. 

Specificity: the manufacturer describes the antiserwn to be highly specific for hPL and 

virtually free of protein and other matrix effects. The following cross-reactivity is 

reported for the assay. 

hCG 

FSH 

hGH 

ND 

0.04% 

0.0003% 

ND - not detectable 

LH 

Prolactin 

TSH 

ND 

0.006% 

0.012% 
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The within-assay (intra-assay) %CV for levels over the range of the assay was 16.0% 

for values <1.6 J.1g/ml and 3.6% for values> 1.6 J.1g/ml. 

The between-assay (inter-assay) %CV was 15.9% for values <1.6 J.1g/ml and 6.2% for 

values, over the assay range, > 1.6 J.1g/ml. 
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RESULTS 

Midtrimester termination of pregnancy 

Recruitment 

Twenty-eight women were recruited to this study and 14 women were randomised to 

each group. The groups were similar when compared for age (I-way ANOVA), parity 

(Fisher's exact test) and gestational age (Median test) (Table 2). 

Table 2. Characteristics of patients in the two study groups. 

Group 1 (n=14) 

Age in years - mean (95% CI) 27.5 (23.7-31.3) 

Number (%) of primigravidae 4 (28.6) 

Gestational age in weeks - mean (95% CI) 14.29 (13.4-15.1) 

No significant differences were detected between the groups. 

Withdrawals 

Group 2 (n=14) 

27.3 (23.1-31.6) 

5 (35.7) 

15.36 (14.4-16.3) 

Two women were withdrawn from the study, one in Group 1 (720 mg trilostane) due 

to a protocol violation and one in Group 2 (1080 mg trilostane) due to side effects. 

Details are presented in Table 3. 
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Table 3. Characteristics of women withdrawn from the trial 

Group Age Parity Gestation Reason for Day of IA Interval 

(years) (weeks) withdrawal withdrawal (hours) 

Group 1 38 4 13 Protocol violation. Day 3 > 72* 

Group 2 27 1 15 Side effects Day 1 <24§ 

*No response to misoprostol (additional 400 J.1g x 6 over 72 hours. orally). Dilatation 

and evacuation Day 6. 

§Delivery after misoprostol600 J.1g bolus vaginally. 

IA Interval- induction-to-abortion interval 

Induction-to-abortion interval 

The mean (geometric) induction-to-abortion interval was 9.78 hours (95% CI of 7.52 

to 12.68) for Group 1 (n=13) and 8.91 hours (95% CI of 6.47 to 12.28) for Group 2 

(n=13). The range was 4.42 to 19.42 hours in Group 1 and 3.30 to 20.10 hours in 

Group 2. No significant difference was found between the groups (I-way ANOV A 

and 95% CI of the ratio is 0.74 to 1.62). The cumulative abortion rate over time is 

shown in Figure 1. 

No women aborted or experienced pain or significant bleeding prior to the 

administration of misoprostol. Of the 26 women included in the analysis. all delivered 

within 24 hours of commencing misoprostol. The woman withdrawn from Group 1 

due to a protocol violation had received the full course of trilostane but the vaginal 

misoprostol was incorrectly administered (misoprostol tablets were found in her bed). 

Misoprostol was subsequently administered orally with abortion occurring within 

48 hours. The woman withdrawn from Group 2. due to side effects of trilostane 
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(having received two doses of 120 mg), aborted within 24 hours of misoprostol 

administration. 

100 

80 
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Cumulative 

abortion !'lite 
(%) 

40 

20 
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2 

, , 

4 6 8 10 12 14 16 18 20 22 
Time after mleoproatol (II) 

Figure 1. Cumulative abortion rates for midtrimester termination of pregnancy with 

misoprostol in two groups pre-treated with trilostane. Trilostane was administered in a 

total dose of 720 mg in Group 1 (-) and 1080 mg in Group 2 (----) respectively. 
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Side effects, pain and acceptability 

Side effects, during trilostane treatment, were reported in 6 women in Group 1 (43%, 

n=14) and 10 women in Group 2 (71%, n=14). These are summarised in Table 4. 

Table 4. Frequency of reported side effects during trilostane administration 

Side effects Group 1 (%) (n=14) Group 2 (%) (n=14) 

Nausea and/or vomiting 

Facial itching, burning, oedema 

Headache 

Diarrhoea 

All side effects reported 

4 (28.6) 

2 (14.3) 

3 (21.4) 

6 (43) 

7 (50) 

5 (35.7) 

2 (14.3) 

1 (7.1) 

10 (71) 

No significant differences were found between the groups (Fisher'S exact test). 

Acceptability of the procedure and global satisfaction did not differ significantly 

between the groups (Kruskal-Wallis ANOVA). The severity of pain was significantly 

greater in Group2 (mean VAS 3.23) compared to Group 1 (mean VAS 1.92), 

P=0.005 (Kruskal-Wallis ANOVA). A summary is presented in Figure 2. 
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figu~ 2. Comparison of pam. at~t:ptPbllity of the p!'OCl'duI'C und glohal sat isfaction 

in two groups aft...,. midmll1l,.'Ster tl;'mlinalion ofpregnanc) wilh misoprostol followirll: 

pre-treatment Wilh mlOSUUlc. V i~U31 analogue scores (VAS) :IfI: cllpn:sscd lIS menns 

for clanly. Group 1 (Ii&hl ~y) and Group 2 (dark ~) recei \'cd 720 illS nnd 

1080 mg of In losllme respecth-I:!y. The difference in pain 5COrt:!! was significant 

(/'''0.005. Kruskal-Wall1, A..'IOVA). There "'35 no significant diftereoce in 

IICccptahliny of the procedure or global satisfaction. Pain: 1- !lODe/minimal. S­

un bearable. Procedure: 1 = completely UIlIICCcptnblc. S'" completely 3C(:cpl!lble . 

Global satislitction: I" completeJ)' unsatisfied, S~ completely satisfied. 
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Sft'ro;dO~"QU 

Pre4reatm('nt serum progesterone k,"els were similar bcl"cen th~ groups ( I -way 

ANOVA). Comparing pre. and posl·lTealment progcsterone 11'\(:15. II significlInt fuii 

from ~Iillt' was clearly dcmonslrntcd in both grt)Up5 (P<O.OOOI. one·tailed paired t· 

tcst). This is illustrated in Figure J ",hen: mean progesterone cOI1C<:l1trntions an: 

expr<'SSed as a pm:rnlage ofpn:· treaunentlcvels for claril) 

... . .~ 
'"r---« --------------------------------------, 

~ • 

• 
• 

" 

~""' ."~, -----------. . ' " 
" ....... . . .,.. ..... o 

.L-~------~----~----~=_----~--~ \1. ,_ g,,,," 0>_ <>lloo -_ ......... , ....... 
~· ij;urr J . Percen tage fllil in mellll \lerum progesterone le,·e!s in t"o groups during 

treatment \\; Ih trilostWle prior to midtrimcster termirmtion of pregnancy with 

m;$Oprostol. Group I (- ) nnd Group 2 (_ ... ) received 720 mg and 1080 mg of 

trilostlme respec t!'·;:ly. The percentalle faii in progesterone concenlr~tions over the 

lUutment paiod (Dlam to D3am) \VlIS sigruficrunly greater in Grollp 2 than in 

OrollJlL/'"OC 0.007. 
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The dTcct of lrilostane on scrum progesterone. assessed by comparison of posl-

Irt~tmenlle\'els (as pocrccl11ages of pre·treatment levels). was significantl) greater for 

Group 2 (median 31.5%. range 21.9 \0 46.9) than for Group I (ml!(lian 42.53·/ •. runge 

29.6 to 90.1), f'~O.OO7 (Kruskal·Wallis ANOVA. 95"'. CI of 3.42 10 20.25). Tlus 

COntruStS with a similar magnitude of progesterone suppression .... ben oomppring the 

higher dose regimens (Figure 4). 

'" ... 1"Il ·,0 · 0tlll 2 
a 

• 

• '. • " -'- . - . _ . _ . ..., f" : -. " -- ~ ,,, . 

• 

• 
..", 

Fi gur~ -I . "The innuence of trilostane dose 011 1\"Ioe:lll rrogesterone Ic\-els (as a 

percentage of pre·ucatmem le'·els) in women during treatment wilh triloslanc over 

-18 hours prior to midtrimester k-mtin.:ll ion of pregnancy ..... ith mlsoprOSto] The dosage 

groups illustrated ~re; Study 1 Group 1 (720 mg). Stud} I Group 2 (1080 mg) and 

tilt' !rilostane group \ 1440·2-100 mg) from a placcbo-control1ed study by 

'r ' ," r<'gorung rt 11.-

Ch3l1ges in progesterone I~vels relative 10 induction·to-abortion intervals are 

summarised in Table 5. 
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Tuhle S. Induclion-Io-abonion imeT..-als with serum progesterone levels al 

24 """ 48 houl'S "r lrilost:me treatment. Serum progesterone 

~oJl(:~n t rJ.tions art.' cxpr(:s)cd as a percentage of pre-tn'almrnl levels. 

Group 1 (nO Illg) Group 2 t 1 080 mg) 

IA )<I/rOIlI' .• 4/< lIollr~ IA ]J mml'.r J,~ /rours 

/lIwrl'(J1 "" (%' J/!/f'M'UJ '%) /%J 

(llm/rs) (/rollr.<) 

'" 47.13 41.68 3.30 24.73 42.86 

6.00 46.26 49.66 BO 44.52 "" 
6.75 85.57 59.70 6.30 46.86 36.82 

7.50 58.70 39.13 6.75 lJ.06 57.66 

7.75 48.92 41.94 11.50 N.lO 38.32 

8.50 59.25 35.27 900 38.52 n.79 

9.67 57.04 90.14 9.67 31.46 78.09 

11.00 55.50 66.06 10.70 21.91 37.64 

12.00 55.95 35.24 12.25 31.16 46.38 

13.50 40.79 29.61 12.}0 28.44 48.00 

15.42 51.66 43.13 12.50 24 .57 31.08 

16.17 54.62 34.87 ] 5.2S 43,26 59.55 

19.42 41.06 33.H 20,]0 13.33 44.23 

]/\ ]ntCfVai induetion-to-abonion inten'al 
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Nonna! diuma! variabi!ity of coniso! was mainta.ined in bmh groups (Figure 5). There 

was no signifkant dilT<'rence between the groups (Kru5~al-\\'~l!i s ,\NOVA). 

Figure 5. M<'illl serum coniso! !evc:1s with standllrd del'iations in two groups during 

treatment with tri!ostanc prior 10 midlrim<'ster lcnninalion of prcJ!,Ilancy with 

misoprostol. Group I (-) and Group2(--) ra:cived 720mg and 1080011: of 
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Term imllion of IIrt"gna ney for felal anomaly 

H<'crllilmrm 

EI~ven women "~re recruited to this study. 6 in the placebo group and 5 in the 

tri losl1l1lt' group. ·n le llfouPS were similar \\lwn compared for .,e (Median lest). 

paril~ (Fisher's e)[11(;11('sl) and gestational age (Median Icst) (Table 6) . 

T .. ble 6. Clmracwrblies ofpaticms in IIw IWO stud~ groups. 

Ploccbo(n -6) -lrilosll1ne(n " S) 

Age in years - mean (95% eI) 23.5 (20-41) 

Number (%) of primigravidae: 3 (50) 

Gestational age in wecb - mean (95</. en 24 {I 9-26) 

No signilkant difTen:nce!l \\t'1l: dctccll.'ll bctwl'Cn the voups 

Willrdnl"'QU 

23 (19·42) 

3 (60) 

23 (19·30) 

One woman (in tbe placebo group) WII!! w;,hdr'.Iwn due '0 a protocol "iolalion; i.t' 

miSQpr05tol was oominislI:red 11111 R.'duecd 00s3lle r.:gllllm (Table 7). 

Table 7. Characteristics of woman withdrawn tel<cllidcd from rrlfnat)' OUlcome 

analysis). 

Group Age Panly GeSllIIiOt'l Rc3SOI\ for Day of 10lmer .... aI 

(years) ("l'Ckli) wlthdrl1wal v.ithdrnwal , ..... , 
Placebo " 

, 
" Protocol Oay J 59 

v;olllliOfJ 

10lnter-al indue' iOIl-to-de!lvcry Im~r"aJ 

'" 



1",IIIel ;m' .( .Hie/; ''''I')' illl<' I'\'u / 

Due 10 small numbers, a COfflpariSOll bel"'ccn Ihc t"'o groups could not be mack. Dala 

is summarised Table 8 

r :lble H. SUlllll1;,ry of "'0111l::n wld,-rgoing t.:rminmion of pn:gnancy for fctal lI11omal),. 

re<:civ; ng either ploccbo or Irilost'lnc prior to miS()rroslol. 

Tria! No (rroup Pari lY Gestation Pllll::Cllta ID Inlaval 

("'-eeks) (""""l 

I'lacebo 2 20 Complete I US 

2 I'l:lCebo • 19 Complete 10.75 

, Triloslnr\C 2 ). Complete 63.83 

, Trilostane • " Complete -19.511 

, Placebo • 26 Complete 17.58 

6 Placebo • 24 Complete 10.33 

7 Trilostant: • IV Complete 16.17 

8 Trilosblnc: • 22 Complete 19.08 

9 Trilo51ane ) 2J Complcte 32.58 

. 
I'lac"bo 10 , 

" 
" Placebo " locOfflplete 18.33 

10 lnterval-I!lduction-to-o:!cl i"cry ;l1tel..,.al , 'Withdrawn - protocol \ 101al1011. 
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On<: wornllJl lD the placebo group (17%. n=6) and four worneu in the triioslnne ~roup 

(80% •• n- 5) reportoo side "ff,,\:Is. Th~ arc summarised in I able 9. 

T able 9. FreqUl:f1oCy of TepOI1ed side effects during tri loscnlle ooministrul1on. 

Side effects 

Nausea and/or "omitilJl!-

Facial itching. burning. oedema 

H~ad3Ch" 

All side etTt'Cl~ reported 

Placeoo(n - 6) TrilostwJC(n "Sj 

:! (40":.') 

1 (6{f.;,) 

I 120":/_) 

6 

rhcrc was no sigllificalll dilTercnce betwCCflthc groups (Kruskal-Walhs AXOVA) 

There was no signifiC31l1 diITL'1'eIM:e in mean \isUlII analogue scores of pam. 

acceptability of the procedure 01' global 5:1lisfltCdon bctween lhe 1\\0 groups. MO$I 

wom"n in bolh groups reponed moderate 10 se\'ere dq:rccs of pain and fell the: 

procedur" was more unacceptable thnn 1IC(:~"lllble. Ne\'enheless. the le\el of o\emll 

satisf:>etion expressed was more frel.jUl.'Illly "s.:ollsficd" than "uns;uisfioo· (Figure 6 j. 
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rl!,:llrc 6. Comparison of pain. acceptability of the pmcedurc and global satisfaction 

after delivery ill two groups Ihat received either placebo (light grey) or trilostanc 

(dark grey) prior to Icnnirmlion of pregnancy for fetal anomoly \\; Ih misoproslOl. 

VisWlJ IlnalogllC scores (VAS) an" expressed as means for clarity. There were no 

significant dillt:rcllCcs between the groups. Pain: 1-llOnciminimal. S"'unbearnble . 

Procedure: \= completciy unaccc(llabic. 5~ completely ucccplable. GJo\xJ.l 

satisfaction: 1'" complctdy WlsatisFied. 5~ cornpletcl~ ,.ar. i~ ti cd. 

StcroidogCRe5;Y 

Progesterone levels ren significantly for each of tilt: Ii ~c women re<;l;ivl11g lri lostanc. 

MClin progesterone Iclds fell 10 57% (significant Poo().OI. Paimi t-test) and 98% (not 

signi ficant) ofprc-tn:atnw:nllcH:ls in the lnlost::mc and placebo gr<.>ups rcspecti ~cly. 

This dilTcreru:c ~h'ccn the \\\"o groups was signi ficant (1'-0,036. Krus~al-Wallis 

ANOVA) and is iIIusttlltcd in Figure 7. Mean progesterone levels were IIOt 

Significantly different between the I,;roups I'flO'" to treatment (Kruskal-Wallis 

ANOVA). 
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figur~ 7. f ull ill mell!l serum progesterone. expn'Sscd us a percentage of pre-

treatment levels. in twO groups d urillg treatment with either trilostane ( - - ) or placebo 

(~-) prior to tcrmiMtion of p",sn:,,'c), ",ilh mi:;opro;;lOI. The p<:r~~Il\.llgc full in 

progl'Stcronc levels in the trilostanc group WIIS significantly grealcr than in the 

placebo group. P" O.O)6. 

The trilostane regimen in this study "as similar to Ihal used in Group 1 OfSlUd} J. In 

comparison ""th the earlier gestations treated in Study I. how!:\·cr. the rote of fall of 

progesterone "'"lIS more gradual IlrId of a lower magnitude. Thes is soov.n [ater in 

Figure I S in v. hieh the mellil progcsterone eQnCc-ntl1ll.ions. expressed a~ II pereentage 

of pre-treatment ICI·d s. of the IriJostanc groups of Studies I, 2 and ) arc ill ustrott'd on 

OrM: chan for companson. 



Normal diurnal varinbility of ooni501 wns rnnimnim:d in both groups (Figure 8). There 

was no significOIlt difference between the groups (Kruskal-Wallis ANOVA). 

eO<lioollllill 

'~,-------------------------------------, 
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, 
' . 
. 

'L-~ ______ ~ ______ ~ ______ =-______ =-__ ~ 
m.." 0'.." 02... 02pm 

_ping ...... o.y , •• Doy 1 

Figure II. Mean serum oonl501 levels \\ith standard deviations in two groups during 

treallm."nl WIth eilht:r lriloslane (- ) or placebo (._-) prior to terminmion of prcgn3l1cy 

for feull nnomnly. There was flO signifkant difference belw~n til<: groups. 
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Imluet ion of IIlhour rur int nu terine relil' dea th 

N t'{,flt i I lilt' III 

TI\ .. nty ..... omen ..... ere recruited to this study, 10 in the placebo group and 10 in thoe 

tnlostane group, The groups ..... ere similar ..... hen l':ompllTl'!d fOT age (I· ..... ay ANQVA), 

parity (Fishcr'$ e'l:a<.:1 test), gestational age (Kruskal-Wallis ANOVA) and l1ishop's 

S(:OfC (f..kdian Icst). sununarised in Table 10. 

Table 10. Charactcnsucs ofpalicnts in the 11'.0 sludy groups, 

Placebo(n "'10) TrUostane(n - lO) 

Age in years mean (9S'!-<o 0) 28 I (24.6-3 ~) 

Number(~.)ofprimigmvidae ~ (-W) 

Gestational age in wab mean (9S". e l l J 1.0 (28-3~) 

Bishop score - median (range) ~ (0-7) 

No significant differencCli were dcl~'(;ted bet"een the groups 

" 'i llllirawall ' 

2<;1.S (23.2·33) 

J (30) 

31.9(29·35) 

).7S (0-6) 

O ne woman ( .... ho rL"CCived placebo) withdrew consent 10 participate in !he trial arter 

Ihe fl rSI dose of lrial drug on DAy I of treatment , This " 'lIS 011 lhe basis of oot being 

pr"par .. d 10 wan tWO days for Inductiun. She subS(:quently laboun:d Wld dclhered 

spunlDn~usl y on Day 2 'Wllhoul additional treatment. As a member of the placebo 

sruup, her datD was Includl-d in the WJalysis ( .... ilh her consent), 
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One woman in the triloslanI: group ddi,'cred on the day of randomisat ion (03)' 0). 

prior to treatment. und .... 'as Ihus exc luded from analrsis of trealmf."T11 efficacy and 

accepUlbi lily , 

These detaib are summarised in Table II. 

"~h l~ II . Char..K!\enstic$ ofwolllcn wilhdmwn I cxdmkod from analysis. 

Group Age I'w-ily GeSlOtion Reason for I)~)' of TO InK"Tval 

(~ears) ( .... t:Cks) " ithdrawal " ithdrn wal (ho\l/'1i) 

'>Iaccbo 2:! 0 J' COllSCnl Day I 26.67 

withdrawn 

Trilostanc 27 J6 Delh'ery pre- Oa> 0 

lrealmcl1l 

TO Inlcrval - T~tmcnl lO deli\'ery interval 

6 women deliwred before prostaglandin administration. 4 in tht trilostanc group and 

2 in the placebo group. The mediau indl.lClion-tG-dclivcry il1lCl"\aJ in the remaining 

women W:i$ 22.84 houn. (950 /
• CI of 8.00 10 40.00) and 15.67 hoU1'!i (95~. C I of 5.10 

10 61.12) 10 the triloSlODe (,,=6) aod plllCebo (0 " 8) grou~ re.~po:<:lj vel r. This 

difference was nol sib'l'lificant (Kruskal- Wallis ANOVA), 

The treatment to deli,'cry interval is defmed ~s the imervsl from conullI:nccmcnl of 

triloslanc or placebo 10 dclh·cry. The median tremme11l to delivery inlerval was 

62.00 hoU1'!i (95% CI of 23.67 to ill 5) for 1he trilostanc group (n .. 9) and 62.25 hours 
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19S·/. CI of 26.67 to 83.8) for tilt' placebo group (,,~\O). No significan t difference was 

found between Ihe groups (Kruskal-Wallis ANOVA). 

The ellmuJ;l1h~ del ivery r.lte o"cr lime is srn"'l1 in Figure 9 and aU re~llhs an: 

summarist-d in Table 12 Md Table 13. 

• 

• --.,-.... 
• 

• 
• 

• " • 

• 

---. 

• • 1<:1 to to IlIO 110 

"' ij.!ure 9. Cumulative delivery raK'S in 20 WOml"11. "'ith intrauh:nne fetal demise 

IrcaK-Q with either placebo (.-•• lIa lO) or trHostane (-,.---10) for 48 hours prior 10 

induction of ilioout wi Ut prostaglandin El and oxytO(:in. One women in me triJoSUlne 

group deJivcrl"J prior 10 commellcinl: treatment. 

" 



Table 11. Summary ofresuhs QfStudy J. Trilostane sroup" 
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Tahir IJ. SUIlUll.;Ir} of results ofScudy ) • r lar;ebo group. 
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Side "U«:6, p .. i" ,md """p".bilily 

Two women in lhe ploc<:bo group (220 
.. II"")) and four In the uilo~UlIlc group (440 0, 

.. =9) rtpIJrtoo side <:frcclS, D difi'ert'1lCc lhat did not reach significance. Details arc 

summarised in 'J able 14 

Tuble 14. Frequcllc)' o f reponed side cffccl$ during Iri loSlane adminismuion 

Side effects l'laocoo (n - 9) Trilosume (n ~ 9) 

N IIIJ.'iCIi and/or vomiting 1 (11.1 ,.) 

Facial itching. burning. oedcma 2 (22.20
,.) 

Headache 1 ( 11.1 %) 

Heartburn 1 (11.1%) I ( I Ll·!.) 

All side Cft'eclS reponed 2 (22.2%) 4 (44.4%) 

Thl'" difTerc:nce in iocidem:e of side eflCcIS bciwecn the groups was not significant 

(Fisher's exact test). 

There " 'as no significant differencc in mean \"isu:d analogue !\Cor<:, of pain. 

acceptability of the procedure or global s~l!isfaction rn.'1\\cen the two group$ 

(rigull: 10). 
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-'r----------------------------, 

• 

--
Figure 10. Comparison of pain. acceplabilil) of the procedure and global !>alisfacllOn 

after deh\"ery in twa groups thai re<:eil'ed either placebo (light g!'C» or trilostane 

(dark grey) prior 10 indocnon of Itlbour for imruutennc death Wiln prostaglandin El. 

Visual analogue 5COres (VAS) are ex~ liS means for ciari ly. 'nlere wen: no 

signiflCam difTcreocC5 bel"'ccn lhe groups. Pain: I- none/minimal. 5- unbearable. 

Procedure: 1- oomplctei}' tmattl."p!:lblc. 5-- completely acceptable. Glohal 

.satisfaction: 1- completely unsll1slied. 5- completely 5alisfled. 
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Followinlt 018 oours of lre:umenl with either trilosmne or placebo. ml'an proge~lerollC 

Ic"cls ,'wc 35% (significant 1'=0,003. OJ>C·tailed paired I·test) and 95% (non· 

significam "'"'0.13. one·tailed paired t-lest) of pre·treatment le\'ds rCSpe<.!tivdy, The 

d iffl'rencl' rn,tween thl' groups "'"lIS significant (P...().OOL Kruskal·Waliis ANOVA) 

and is illustrated in Figure II and Figure 12 . 

,. .. _ ..... = ... .... ·············tt .. ···· ... .. ....... . . 
• _ r ••••• 

. . '. 0 

.~=---~--~--~---=~ Dlom DI P'" OO.m 01FN1' DlIm 
$amo>'IoW _ 0 .... I 10 Do, ~ 

Figurr 11. Fall in mean serum progesterone. expressed as a percentage of pre-

treatmem levels. in two groups during treatment wi lh either lriloslane ( ) or placebo 

(._ .. ) prior 10 induction of labour for intrauterine death with proslnglamlin E1. The 

percenlage fall irl progesterone levels in the trilostane group was Significantly greater 

than in l~e placebo group (P~O.OOI, Kruskul-Wallis ANOVA) 
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Figu rl" 12. Menn serum progesterone levcis "ilh slllndnnJ deviations in ..... 00 groups 

<Juring treatment with either tril OSlUm: ( ) or placebo ( __ ) prior to induction of 

labour for intnlUtcrinc death wilh pro!;!nglnndin El. Levels between the groups did nOI 

dilTer siyruficantly pre·treatment Duriny treatmcm, mean progesterone levels 

remairn:d uoctnmgcd in the placebo group and fell significantly in the u;1ostanc group 

(P=O.CI03. paired I-lest). 

No corr.;-iolion could be dt-monslratcd betwccn either the pre-treatment progcslcrorn: 

Ie,cls or the fall In progesterone It-.cls and the intervals to delivery. This dOla 15 

iJlusu'a ted in Figure 13 (trilO$lane group) and Figwe 14 (placebo group). 

74 



and the magnllude of fall in serum progeslel'One O\rt !he fll'St 2-1 hours (p,- 0.69). 

apparent in Figure 11. 

" . 
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-=-• _ T\.O"l -,. 
. _ .. .. "11.. _ _ n .. 

_ . _fl 'l 
. ...... n .. 
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Figure 11. Progesterone levels in women "'lIb intrautmne fetal demise dunng 

lreatmenl witb trilosulfJe for -18 hours prior to inductlOl1 of l:lbour with prostaglandin. 

TL - Inal number, 1're.F'g - delhl:!)· before pro5l4jllaudm Induction. 

]'!1-dcl - imcl'wl from the first dose of prostaglandin to deliwl")' {hours) 
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Flgu~ 1-1. I'rogcstcl'QllC levels in 'M)mcn with intrauterine (clal ckm'!le dwiog 

! rcPUU~lIt with plocd lO for 48 OOurn prior 10 imluction oflobour with prostaglandin. 

TL - trial number 

J'g-dd - inu·noal from the first dose of proslo~landin 10 ddi \"(~ry (houl'll) 

rile mean progeste~ ooocCfllr.l(ions (expressed lIS a pr~nlagc of prc-lreatmcnt 

levels). of the trilOSlane groups in Studies I. 2 and 3 are illustrated on one chart for 

comparison (f.igurc 15). 
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Figllrc IS. Comparison of mean progeswrone lew:15 (as 11 pc~cnUlse of pre-treatment 

Icn:ls) In Croup I (nO mg) and Group 2 ( [GSO mil ) from SII)(jy I and the IrilOSllme 

groups in StudIes 2 and 3. 

Pre-treatment serum progCSlerone levels correloled pasilndy .. ith prc:-treatrncm 

serum human plocenllli lacl~"n (hl'l..) Ic\"tls. p,>i).75 (9S' . Cl of 0.46 \0 090). 

P=Q.OOO2. as shown in Figun: 16. No correlation could IX' !klectcd between the 

treatment 10 delivery or ioollClion·\o·deh 1'1'1')' intervals and the prc:·\realmem levels of 

ehher serum progesterone or serum hl'l.. . 

Prc-Ircauncnt leve!s of scnLrll h!'L were \\ilhin the (){)rmal range for gestational age in 

6 of Ii) (60'10) and 7 of <1 (711'.4) women in Ihe placebo and uilostanc groups 

rcspcclivcl} . Olher womell had levels belo\\' the normal range. This difference was 

1101 signi fkant (Fisiler's e)(~! !CS!). 

17 



~PI. \mc:glm ll 
• 
• 
, 
• 
• 

0 

• 
, 
, o 

o 

• 
o 
00 

o 

o 

o 

o 
o 
o 

o 0 

o 

o 

. ~----------~------------c-------c--
C 200 ' 00 600 1000 

~"_(nmOIIIl 

Figurt' 16. Com:lation betWL'eIl prc-trC!dnK1U serum PWKl"StCTOll\' and satlm human 

placental lactogen (hPl) levels in 19 womL11 with intrnLl1~-rine felat de;l1 h (p,..o.7S. 

P={).OOO2). 

Pre-treJlment serum e-slrioltevels were below the nonnal rnngc for ge.sHlIional age in 

all women :md showed 00 correlation with inlt.·rval .. to delivery or pre-trutmem 

serum progesterone oollCc:Tltrmions. 

Estriol and hPL n:sullS are summ3rised in Table IS. 

Norm31 diurnal "ariabi1ity of cortisol was ma.intained in both groups (Figure 17). 

There v."3S no significant difference between the groups (Krusklll-Wallis ANOVA)_ 
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"I":.b l \' I S, Summary of pre-IfI.'almerll SCTUm je\'els of hPL and esuiol, 

T"" G~, GA ." hPI, nllfIr\8.1 ","0' Esmol """"al m 

No (w~k.l 1~Il-'ml) rant" fot GA (IIlIml) ....,..rorG ... Inlttval 

, , 32 '" 3 3-10 0.5211' 7.S.:ZO 2667 

2 T '" ,3> 2.8-tL2 o 59\' 52_17 5 8150 

, T '" '" 28-82 0239' 52-17 5 8800 

, , " 0.82' I S.73 0240' 5-17 5 6250 

5 , 33 698 3.4-105 Deaf 7-23 60.50 

, T " on 36-12.6 0225' ' .... 0 6767 

T' T 

, , 
" '" 3.6-126 0384-

' .... 0 62.00 

, , " 3 17' 36-126 0365' , ... 0 5370 

" 
, 20 <0 12' 1 5-13 0136' 5-115 12-63 

" T 3T '" 3 S.125 1 4n' '0-35 36.08 

" T 33 'S< 3."'-105 0"'· 7-23 ~oo 

" T 26 '" 1 S.13 0043' 4 S.15 '''0 

" T " 888 3 4-111 OJ" .. ~" 43_42 

" 
, 32 2 53' 33-10 0389' ,.,. 80.58 

" 
, 26 '" 1 S.7 3 0_390' "'_5-15 6'" 

" 
, 2T 2_22 1 5_13 1 152' 4 5-15 83_75 

" 
, 

" 348' 35-12- 1 807' 85-275 "'.00 .. , 33 179' 34-10_5 0349' 7-23 2367 

2. P " '" 1 S.73 1 326' 5-175 109 12 

P- placdlo.. T m!osQrw, GA - JeSla""".1 .. ' hPI. "=~ ploccmal 1o<I~n, 

·lUln~1 ,rtalmCnllO dtl,,'ft) ontcn';ll(houn) 

'lkklw n ..... 1Il rang~_ 1~I'Wr)' !loy 0 -IKI <!lola annable 
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Figure 17. Mean serum cortisollcvds wilh standard deviations in two I::roups dllring 

Ircutmen! with either lrilostane ( . ) or placeho ( .. ~.) prior 10 induction of labour for 

imraUlerine death wilb prostaglandin E1 There VilIS no significalll difference betwecn 

the gWlIps 
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DISCUSSION 

Stud)' I - Mid. trimester T ermin:ltion of Prt'gn ane,. 

This study has dcmon~1rated that a low dose of trilostanc is effectl\'e therapy in 

secolHl trimc5ler termination of pregnancy wlIh miSOf'l'O$tol. The study desilVl. 

cnviroruncnt :md popUlation group was $imilur 10 ,hal of the pl!lC\'bo-comrollcd triol 

conducted by Tregoning el 111,1' ",hieh aUows a valid COmparison to be made, 

S/Ildy po ... tr 

This study h3d a power of 90"1. to detec\ a difference, in induction· to-abortion 

inlt."f\'als, between Group I and Group 2, of2 hours at a significance level of S~/ •. )l 

Progn/"ronlt jnhjbjriOt. fwd jmJuc/;OtI- /lNibor';on illfen ',,1 

In Trcgonmg's study of -Ig women.. the usc of lrilostnnc over 4g·72 hours (1-140-

2-100 mg) signifICantly reduced the indlll:tion·\O-abortioo interval ""ith misoprostol 

\I hen compared to placebo (9.2 hours versus 21.6 hoUIS respectively). Utilising the 

S3me misoprosloJ regimen, the mductioo-to-aboction internls in Study I of 

9.1&hours In Group I (nOmg trilostanc) and 8.91 hours in Group2 ( 1080mg 

trtlosUVlC) were comp<ar.lble to Tregoning's trilostane group, This shows that the 

increase in uterine sensitivity 10 prostaglandin can be a.:hie\·ed \\.ith less than one third 

of the: maxImum dose (24-00 mg) adnunisk'rCd ,n Tregomng's study. I",'<$\' galing tbt 

required dose of mifepristonc in terminalion of early pre¥llO'Dlc) with nnsopros\ol. 

McKinley and oolkaguesT.! reported similar efficacy \lith Ihe lower do~ of 200 j.lS 

compared to 600 j.lg. They condudtxl that this "-as 3 oonseque~ of similar peak 

concent]"3\ion.> of the drug in serum despite the difference in ingested dose, A 

different explanation is required in the caS<' of trilostlllll;' \lhere the magniluJc of 
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progesterone inhibition in (Study 1) Group 1 was significantly less than that seen with 

Group 2, contrasting with the similarity of suppression between the higher dose 

regimens (Group 2 and Tregoning's study) shown in Figure 4. 

Despite the difference in the magnitude of progesterone suppression between Group 1 

and Group 2, the induction-to-abortion intervals were no different between the groups 

in mean or range. These fmdings suggest both a maximum suppressive effect on 

progesterone synthesis as well as a threshold level, significantly higher than the 

maximally suppressed level, below which uterine sensitivity to prostaglandins 

increases. 

Side effects, pain and adrenal steroidogenesis 

Although side effects were reported less frequently in Group 1 compared to Group 2, 

this difference did not reach significance. Nausea and vomiting and facial symptoms 

are well know side effects of the medication and are likely to be dose-dependent. In 

Tregoning's study (personal communication), these side effects occurred with a 

similar frequency to that of Group 2. It follows that a lower effective dose is likely to 

be beneficial in terms of a reduced incidence of side effects and any reduction in dose 

without compromising efficacy will also have cost benefits. 

The finding that more pain was reported in Group 2, receiving the higher dose of 

trilostane is difficult to explain. If this were real (rather than a Type II error), one 

would expect the higher dose of trilostane used in Tregoning's study to corroborate 

this with a correspondingly higher pain score. The mean V AS score of 2.23 in his 

trilostane group is, however, lower than Group 2 in this study. 
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Trilostane has been registered for use in the United Kingdom since the 1970s (see 

page 27) but is not licensed for use as an abortifacient. It therefore has a longer term 

of safety data than mifepristone, which became available for clinical use 

approximately 10 years later. While both drugs are comparable in safety profiles 

generally, mifepristone is contra-indicated for use in women at risk of porphyria.78 

Both mifepristone and trilostane have anti-glucocorticoid effects which are not of 

clinical importance in the doses employed for termination of pregnancy in otherwise 

healthy individuals. There is no long-term data on teratogenicity with either drug at 

present. Side effects are a significant problem of both mifepristone and trilostane, the 

gastro-intestinal complaints being most prevalent. The incidence of nausea and 

vomiting, 28·50%, in Study 1 is similar to the 36% reported in Tregoning's study28 

(utilising higher doses oftrilostane) and compares with the 40-60% incidence reported 

in mifepristone studies.27. 74 Unlike mifepristone, some women experience facial 

symptoms (tingling mouth, itchy eyes, swelling of lips and palate) with trilostane. 

Theses symptoms are not associated with anaphylaxis or respiratory distress and are 

usually easily tolerated. 

As with mifepristone studies, there was a high degree of acceptability amongst 

women using trilostane. The single dose regimen for mifepristone, however, contrasts 

with the requirement for twice-daily administration of trilostane. This has significant 

implications for medicine control, administration and compliance. 

In the United Kingdom, current protocols for second trimester termination of 

pregnancy recommend a single 200mg tablet of mifepristone (Mifegyne®, Exelgyn) 

at a cost of approximately £14 (R140) per dose.78 A single course of trilostane 

(Modrena1®, Wanskeme), equivalent to 720 mg, would currently cost £6 (R60).79 

Cost considerations are highly significant when establishing a standard protocol in a 
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health service and the advantages of mifepristone in tennination of pregnancy would 

be eclipsed by cost implications in the developing world. 

Study 2 - Termination of pregnancy for fetal anomaly 

This study was perfonned to assess the role of trilostane in pregnancy tennination 

beyond 18 weeks. The need to tenninate a pregnancy at this stage most frequently 

arises when a serious fetal abnonnality is detected in the course of antenatal screening 

and prenatal diagnosis. This is usually achieved by medical induction of labour with 

or without prior fetocide. In the series reported in this study, fetocide was not used 

prior to tennination and thus an intact fetoplacental unit was present at the time of 

trilostane therapy. 

Study power 

Power calculations are difficult due to the lack of sufficiently similar studies (with 

respect to prostaglandin induction regimens) on which to base expectations. If one 

uses the induction-to-delivery data from the placebo group in this study as a guideline, 

the study had sufficient power (90%) to detect a 50% reduction in induction-to­

delivery interval at a significance level of 5%.71 To detect a smaller difference, larger 

studies would be required. In addition, small numbers are strongly influenced by 

treatment failures, which were more frequent in the trilostane group. 

Prostaglandin dose versus trilostane dose 

Although the small numbers limit interpretation of the findings, it is surprising that no 

trend could be observed when comparing the induction-to-delivery intervals in the 

trilostane and placebo groups. As noted previously (page 64), the fall in progesterone 

levels observed in the trilostane group was more gradual and of a lower magnitude in 

comparison with the earlier gestations of Study 1 (Figure 15). Furthennore, an initial 
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dose of 100 flg of misoprostol was used for induction in this study in contrast to the 

200 flg dose used in Study 1. A lack of data regarding the safe use of misoprostol 

beyond 20 weeks gestation together with an anticipated augmentation of endogenous 

prostaglandin levels due to progesterone inhibition were reasons for commencing 

induction with the lower dose of misoprostol. 12 

Prior to the advent of antiprogestin therapy, Csapo and Pulkinnen proposed the need 

for a 'prostaglandin impact' in medical termination of pregnancy. 80 This was achieved 

with an initial large bolus of prostaglandin that would cause uterine contraction as 

well as disrupting the feto-placental unit leading to a fall in progesterone levels and 

stimulating endogenous prostaglandin production. Thus, a 'second phase' of 

endogenous prostaglandin production would be responsible for completing the 

abortion process. The use of an antiprogestin to reduce progesterone levels prior to the 

administration of prostaglandin has been suggested as a substitute for such a 

'prostaglandin impact' strategy. 81 If the rate of progesterone withdrawal were a factor 

in the efficacy of antiprogestin therapy then ensuring rapid and adequate progesterone 

withdrawal at the cellular level in the context of this study would probably require an 

increase in trilostane dosage. To what degree the duration of progesterone suppression 

influences efficacy and whether this varies with gestational age is also unclear. 

Whether a higher dose and/or a longer period of trilostane administration would yield 

better results requires further investigation. Likewise, the optimal dose of 

prostaglandin in these circumstances remains to be determined. 
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Study 3 - Induction of labour for intrauterine death 

Induction-to-delivery interval 

This study has not been able to demonstrate a beneficial role for the use of trilostane 

prior to induction of labour with prostaglandin in women with intrauterine fetal 

demise. Possible reasons include small trial numbers, sample heterogeneity and 

questionable efficacy of the selected drug regimens. 

The aim of the study was to determine whether the use of trilostane prior to 

prostaglandin induction of labour would result in a shortened prostaglandin to 

delivery interval. Trilostane was administered for 48 hours usually commencing the 

day following diagnosis of intrauterine death. Importantly, and not surprisingly, a 

number of women laboured spontaneously, delivering prior to commencement of 

prostaglandin. One randomised woman delivered prior to commencing trilostane. This 

finding is not reported in other studies of active management of intrauterine death 

where all but one had commenced induction with either prostaglandin or antiprogestin 

soon after admission.43 When intrauterine death occurs due to placental abruption, 

spontaneous labour frequently follows shortly thereafter or labour is easily induced by 

amniotomy and oxytocin infusion.82 Lesser degrees of placental separation, with a 

surge in endogenous prostaglandins, may not be as obvious and will naturally 

contribute a proportion of early deliveries in all studies. In Study 3, the exclusion of 

women in whom a diagnosis of placental abruption had been made as well as any for 

whom a delay of 48 hours would be unwise increases potential differences between 

the cohort of women in Study 3 and previous studies32•38, 41, 42, 47·54 ~d seriously limits 

comparisons. 
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The only other study that has assessed the role of progesterone inhibition prior to 

induction of labour with prostaglandin in the management of intrauterine fetal death 

was performed by Selinger43 in 1988, using epostane. He did not report any deliveries 

prior to induction with PGE2, during the 24-hour interval for administration of 

epostane. His study, however, included only two pregnancies beyond 24 weeks 

gestation and was not prospectively controlled. Delivery prior to the commencement 

of induction with prostaglandin is easily explained by the natural history of pregnancy 

after intrauterine death. As mentioned in the introduction, spontaneous labour can be 

expected to occur in up to 90% of women within 14 days of fetal demise. 

Alternatively, if progesterone inhibition promotes uterine activity in the third 

trimester, as already demonstrated for the first half of pregnancy, trilostane alone may 

have contributed to the onset of labour in these women. In Study 1, as with the studies 

of Padayachee et aZ 46 and Cabrol et aZ 4S
, small numbers do not permit reliable 

conclusions. 

Clearly, a group of women presenting with death of the fetus in utero is 

heterogeneous. The cause of death may originate in the fetal, placental or maternal 

compartments. It may be acute or preceded by a chronic period of fetal and/or 

maternal stress and the duration of intrauterine death may vary from less than 24 

hours to more than five weeks. In our population, accurate determination of 

gestational age is often limited by the lack of a clear record of the last menstrual 

period, the recent use of injectable progestogen contraceptives, late booking and by 

the lack of early ultrasound dating. The duration of intrauterine death is equally 

difficult to determine with infrequent or non-attendance at antenatal clinics or when 

presentation is delayed due to a lack of information or access. The accuracy of clinical 

assessment at presentation is compromised further when the gestational age cannot be 
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calculated. In this study, the duration of intrauterine demise could not be estimated in 

35% of women. 

Analysis of the results failed to detect any correlation between treatment or induction­

to-delivery intervals and gestational age, parity, apparent duration of intrauterine 

death (estimated in 65% of cases) or the pre-treatment Bishop's score. Support for 

these findings can be found in other third trimester studies that have used a similar 

induction regimen, with respect to parity, gestational age and duration of fetal death, 

and probably reflects the small numbers and heterogeneity of the trial 

populations.32, 36, 52 The pre-treatment progesterone levels (ranked for gestational age) 

and the percentage fall in progesterone levels after 24 or 48 hours of trilostane were 

also unhelpful in the prediction of intervals to delivery.s3 

In this study, induction of labour with PGE2 and oxytocin failed to procure delivery in 

3 of 8 women in the placebo group and in 3 of 6 women in the trilostane group. This 

is in contrast to other studies of third trimester induction for intrauterine death where 

success rates (typically defined as delivery within 24 hours) have been reported of 

92% for oxytocin alone82 and from 94% to 100% with vaginal PGE2 (± 

oxytocin).32, 36, 37,41,52 Possible reasons for the contrast in success rate include the 

relatively low dose of prostaglandin used in this study, compared to those cited above, 

as well as a low-dose oxytocin regimen and a policy of avoiding amniotomy. A 

review by Urse1l82 described 113 cases of intrauterine death (beyond 22 weeks 

gestation and excluding cases of placental abruption) where labour was induced with 

either oxytocin alone or with a combination of oxytocin and amniotomy. He 

concluded that amniotomy decreased the interval to delivery and increased the 

probability of delivery within 24 hours. Although a slight increase in post-partum 
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pyrexia was observed in this group, the incidence was similar to that in a group of 50 

patients in whom labour commenced spontaneously and was reportedly "easily 

managed with antibiotic therapy". 

In previously cited studies,32-38,41, 42, 47-S4 the mean induction-to-delivery interval has 

generally been shorter than was found in either group of this study. High 

prostaglandin doses have been characteristic of the earlier studies, particularly with 

vaginal administration. In contrast to the maximum 2 mg of PGE2 vaginal gel used in 

Study 3, frequently repeated (2-4 hourly) bolus doses of 5, 10 and 20 mg PGE2 of gel 

or pessary were typical. Due to small numbers in the reported trials, it is difficult to 

clearly assess the risk of major complications with larger prostaglandin doses. The 

anecdotal reports of uterine rupture, myocardial infarction and the risks of precipitate 

labour in these trials36, 39-42 contrast with the relatively benign approach of expectant 

management and thus caution is advised with the use of prostaglandin in the third 

trimester. A reduction in the incidence of major complications by the use of low-dose 

prostaglandin regimens, however, will need to be assessed against the backdrop of 

prolonged or failed induction with its attendant increase in psychological and physical 

discomfort, infectious morbidity and the financial costs of inpatient and labour ward 

care. 

Study power 

Due to the wide range of induction-to-delivery intervals in these groups, much larger 

numbers would be required to detect a significant difference due to the use of 

trilostane. Based on the results of this study, it can be estimated that 66 women (33 in 

each group) would be required to detect a 50% reduction in induction-to-delivery 

interval (power 90%, significance 5%).71 Much larger numbers would be required to 

detect smaller differences. Reducing the induction-to-delivery range, perhaps by a 
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more efficient induction regimen, would allow more accurate assessment of the 

efficacy of trilostane in this group. 

Progesterone inhibition 

Study 3 has clearly demonstrated that trilostane therapy causes a fall in progesterone 

levels in women with intrauterine fetal demise. The magnitude of this effect may be 

related to pre-treatment serum progesterone concentrations. In spite of a demonstrable 

effect and in contrast to gestations of less than 20 weeks duration, the lack of an 

obvious reduction in the induction-to-delivery interval with prostaglandin is 

disappointing. 

As fetal demise may have a primary placental aetiology, placental function may have 

been deteriorating for a prolonged period prior to intrauterine death. Alternatively, a 

primary fetal cause of death may leave a healthy choriodecidual interface where 

placental activity continues for many days. Current theories of parturition favour a 

fetal role in its initiation and, as such, the death of the fetus may remove an important 

impetus towards the onset of labour. 

Clearly, the factors influencing uterine contractility and sensitivity at different stages 

of pregnancy, and their relative importance is not fully appreciated. While there is 

ample evidence, from the effects of the progesterone-receptor antagonists, for the role 

of the progesterone receptor in the suppressive effect of progesterone on uterine 

contractility, the role of progesterone in the latter part of pregnancy and in the 

initiation of labour is unclear. Furthennore, the suspected role of the fetus in initiating 

parturition may begin many weeks before term, influencing the balance of suppressive 

and pro-contractile elements in the system - vis a vis Csapo's 'see saw' theory.84 In the 

presence of fetal demise, the fetal contribution to this process is absent. If the 
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mechanism by which progesterone antagonists increase uterine sensitivity depends at 

some level on an intact fetoplacental unit then fetal demise would compromise the 

efficacy of such therapy. When fetal death occurs as a consequence of placental 

abruption, labour tends to follow shortly thereafter presumably as a consequence of 

the very high local concentrations of prostaglandin generated by the inflammatory 

process. When fetal demise occurs in the absence of inflammation, the mechanism by 

which prostaglandins are produced may be retarded by the absence of an intact 

fetoplacental unit. The effect of antiprogestin therapy in these circumstances would 

then differ from what is experienced with viable pregnancies. Further studies would 

be required to clarify whether increases in trilostane dose or duration or whether an 

increase in the dose of prostaglandin at induction would be more effective. 

The short half-life of plasma progesterone8S
, 86 explains the rapid fall in peripheral 

blood levels seen with progesterone synthesis inhibition. The magnitude of this effect 

may, however, be altered at the choriodecidual level due to uteroplacental 

haemodynamics and variations in metabolic rate. This may be a factor in the lack of 

correlation between the magnitude of decline in serum progesterone concentrations 

and induction-to-abortion intervals. 

Placental activity after fetal death 

It may be expected that progesterone levels would fall as a natural consequence of 

fetal death and it is interesting to note that, over the 48-hour period of treatment with 

placebo, this did not occur (Figure 14). It is known that the fetal contribution to 

progesterone synthesis is negligible and that the production of progesterone by the 

placenta is largely independent of uteroplacental perfusion, the precursor (maternal 

cholesterol) being readily available. 87 
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Studies in animals and humans suggest that the clearance of progesterone from plasma 

following removal of the progesterone source (placental delivery, hysterotomy and 

luteectomy, oophorectomy) is not linear.85
, 88, 89 Following an initial rapid decline in 

progesterone levels, with a progesterone half-life of approximately 5 minutes in the 

first phase of decline, the elimination half-life increases considerably over the second 

and third phases.85
, 88, 89 In normal pregnancy, serum progesterone levels fall to 50% 

of delivery levels in the first hour after delivery of the placenta and then more 

gradually to less than 25% of delivery levels by 24 hours.90 Lofgren and colleagues91 

calculated a mean elimination half-life for progesterone, following delivery, of 

approximately 38 minutes, which could possibly increase in obese women due to 

storage in and slow release from adipose tissue.92 Expecting a relatively rapid 

clearance of progesterone from the plasma, it seems clear from the data in this study 

that placental production of progesterone has continued following fetal demise. 

Blood levels of human placental lactogen (hPL) are related to placental function and 

with a short half-life (15 minutes) would fall rapidly if placental production ceased. 

Pre-treatment serum levels of hPL were within the normal ranges for gestational age 

in 13 of 19 women in Study 3, correlating with pre-treatment progesterone levels. 

This is further confirmation of continuing placental metabolic activity well beyond the 

time of fetal death. 

Estriol- a role in parturition 

Estriol is a placental product made almost exclusively from fetal adrenal 

dehydroepiandrosterone sulphate (DHEAS). Its synthesis therefore ceases when the 

fetus dies. Evidence of a role for estriol in the parturition process comes from its 

association with prolonged pregnancy in experiments of nature such as placental 

sulphatase deficiency and anencephaly.93 The ratio of estriol to progesterone in viable 
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pregnancies has shown a positive correlation with spontaneous preterm labour (with 

intact membranes) and with the likelihood of spontaneous labour at term (versus the 

need for induction).94, 9S In the presence of fetal demise, however, estriol levels are too 

low and too similar between women to offer any valuable means of distinction. This is 

not surprising when one considers its high rate of clearance from plasma.96 

An interaction between estriol and placental corticotropin-releasing hormone in 

normal pregnancies has been suggested. This interaction may be regulated by the 

inhibitory effect of progesterone on the glucocorticoid receptor.97 Increasing estriol in 

late pregnancy would promote activity of the placental 11 ~-hydroxysteroid 

dehydrogenase enzyme, which converts cortisol to inactive cortisone.98 The result 

would be less fetal exposure to maternal cortisol and therefore less negative feedback 

on the fetal hypothalamic-pituitary-adrenal (HP A) axis. Increased fetal adrenal 

activity provides DHEAS as a substrate for increased estriol synthesis, and placental 

conversion of maternal cortisol to inactive cortisone is further augmented. Fetal 

cortisol production would also increase, competing with progesterone at placental 

glucocorticoid receptors and removing the suppressive effect on placental 

corticotropin-releasing hormone secretion. Placental corticotropin-releasing hormone 

may then stimulate the fetal pituitary further.96 

In the case of fetal death, the postulated feedback mechanism between placenta and 

fetus promoting parturition (and possibly accelerated by the effects of fetal stress via 

the fetal HP A axis99
) would be absent. The estriol:progesterone ratio would remain 

low favouring uterine quiescence and, without an intact fetal-placental circulation, 

some of the effects of an antiprogestin in promoting labour may be diminished. 

An activated fetal HP A axis due to fetal stress prior to fetal demise may also play an 

important role in the likelihood of spontaneous labour or successful induction. With 
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the limitations of current scientific knowledge and of clinical information in most 

cases of non-placental causes of fetal death, quantification of such an effect would 

prove very difficult. 

The mechanism of parturition and the relative roles of maternal, fetal and placental 

hormones in this process remain unclear. It seems obvious that the natural endocrine 

processes underlying the onset of labour may play a relatively minor role in some 

pathological states such as placental abruption, preterm rupture of membranes and 

chorioamnionitis. However, both a deeper understanding of the mechanism of human 

parturition, as well as knowledge of the status of all possible contributing factors in a 

given situation, will be required to allow individualisation and optimisation of care. 

Currently, obstetric management in which labour needs to be induced or suppressed 

remains unrefined and empirical. 
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CONCLUSION 

Termination of pregnancy may be required at any gestation. Improving the efficiency 

of the service and effectiveness of the methods would reduce the significant maternal 

morbidity and mortality due to unsafe abortions. Medical methods of inducing 

abortion with prostaglandin are considerably more effective when combined with an 

antiprogestin. Mifepristone, the only antiprogestin preparation approved commercially 

for this indication, is currently unavailable in most countries due to licensing and cost 

considerations. Trilostane offers an effective, safe and less costly alternative to 

mifepristone. 

This thesis has demonstrated the effectiveness, safety and acceptability of a low dose 

of trilostane in midtrimester termination of pregnancy. The high proportion of 

midtrimester pregnancy terminations in South Africa (and other developing countries) 

represents a significant maternal hazard and a strenuous demand on limited resources. 

A short and predictable interval to abortion and a reduction in pain and analgesia 

requirements are thus important benefits of an antiprogestin-prostaglandin regimen. 

The cost-effectiveness of a combination of trilostane and misoprostol would require 

that trilostane is administered in an outpatient setting prior to hospital admission for 

misoprostol induction of abortion. The shortened interval to abortion achieved with 

trilostane pre-treatment would reduce hospital stay by over 50% allowing many to be 

managed on a day-case basis. A further reduction in the induction-to-abortion interval 

may be achieved with higher misoprostol dose-regimens, increasing the proportion of 

women that can be effectively treated in a day-procedure unit. Studies are now 

required which can assess potential improvements to the regimen utilised in Study 1 
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and that will allow direct comparison with mifepristone-misoprostol and misoprostol­

only regimens already in common use. 

The findings in Study 1 support the idea of a threshold for progesterone suppression 

below which sensitisation of the uterus occurs. It is unclear whether this threshold is 

an absolute concentration of serum progesterone or rather a percentage of pre­

treatment progesterone levels. Does the threshold vary with gestational age and 

between individuals and is it influenced by the rate of decline of progesterone 

concentrations? Further scientific study will be required to answer such questions. 

A role for trilostane therapy in the second half of pregnancy has not been established 

in Studies 2 and 3. The success of pregnancy termination beyond twenty weeks 

gestation is highly unpredictable for reasons that remain obscure. Rather than the 

empirical approach that has an uncertain outcome, situations with diverse indications 

and circumstances require an individualised treatment plan. Larger clinical studies are 

required to compare different combinations of trilostane and misoprostol. An increase 

in the duration of trilostane therapy and/or misoprostol doses will be useful in 

clarifying the role of trilostane in later pregnancy and the optimal regimens among 

subgroups. 

Induction of labour in the presence of intrauterine death may be difficult. The need to 

procure delivery without adding to the distress of bereavement requires an effective 

approach. Once again, individualisation of treatment is important as some women will 

labour readily with the minimum of stimulation and others will fail to respond to 

induction measures. Delaying induction for antiprogestin therapy may not confer 

benefit and may compound emotional distress in some situations. Currently there are 

no useful prognostic factors for predicting the success of induction. 
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In the presence of intrauterine death, both continued placental activity and the ability 

to suppress progesterone synthesis with trilostane have been clearly demonstrated in 

Study 3. This study has not been able, however, to identify a role for the use of 

trilostane in this clinical scenario. Heterogeneity is a significant limitation of a study 

of this kind and much larger numbers are required to allow identification and analysis 

of sub-groups. Limitations in the understanding of the normal physiology underlying 

parturition and of the pathophysiology relating to the various causes of intrauterine 

death preclude any useful explanation of the fmdings in this study. However, the 

importance of these findings may lie in the questions that they raise which can guide 

further scientific endeavour to a goal of improved obstetric care. 
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APPENDIX 

Choice on Termination of Pregnancy Act, No 92 of 1996 

The Tennination of Pregnancy Bill was tabled in the South African parliament on 

29 October 1996. It was promulgated as the Choice on Termination of Pregnancy Act, 

No 92 of 1996, effective from 3 February 1997. 

Under the Act, a woman has the right to choose to have an abortion during the first 12 

weeks of pregnancy. 

From the 13th to the 20th weeks of pregnancy, she may choose to have an abortion if a 

doctor is of the opinion that: 

• The continued pregnancy is a risk to the woman's physical or mental health or, 

• There is a substantial risk that the fetus would suffer a severe physical or mental 

abnormality, or 

• The pregnancy resulted from rape or incest, or 

• The pregnancy would severely affect the woman's social and economic 

circumstances. 

After the 20th week of pregnancy, abortion can still take place if the pregnancy would 

endanger the woman's life or severely deform the fetus. 
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Serum progesterone in pregnancy - normal values.lOO 
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UNIVERSITY OF CAPE TOWN 

,---Department of Obstetrics and Gynaecology 
Medical School, Anzio Road, Observatory, South Africa 7925 

HEAD OF DEPARTMENT Prof •• eor Zephne van dar Spuy PhD, FRCOG 
Telephone: (021) Personal Secretary 406-6112/404-4484 

Fax: (021) 448-6921 
Email: zvdspuy@uctgsh1.uct.ac.za 

Reproductive Medicine Unit 
Gynaecological Endocrine Laboratory &. Service 

Telephone: 406-6150/404-3074 
Email: mhowes@uctgsh1.uct.ac.za 

STUDY NO: 

TRILOSTANE MIDTRIMESTER DOSE-FINDING STUDY 

CONSENT 

I, ................................ , consent to participate in this study, which investigates methods of inducing abortion. 

I understand that the study will involve the following: 

1. Treatment with trilostane in addition to the usual administration of misoprostol to stimulate 
contractions 
2. Medication will commence two (2) days prior to treatment with misoprostol 
3. Blood samples will be taken twice daily for the duration of treatment 
4. Additional therapy may be added should abortion not occur within 24 hours of starting the 
misoprostol 

I understand that trilostane is unregistered medication which reduces hormonal production by the placenta 
and ovaries and is so doing sensitises the uterus to stimulation with medication that causes contractions. 

I understand that this study is designed to evaluate possible improved therapy for termination of pregnancy. 

I have received counselling with regard to my decision to undergo termination of pregnancy and I 
understand that participation in this study does not affect my choice in this matter. 

I understand that I may withdraw from this study without prejudicing my management but I undertake first to 
discuss this with my medical attendants. I also understand that once treatment has commenced, there are 
possible long term consequences with regard to the development of the fetus, should I change my mind. 

SIGNED: 

PATIENT NAME: SIGNATURE: DATE: 

INVESTIGATOR: NAME: SIGNATURE: 

WITNESS: NAME: SIGNATURE: 
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UNIVERSITY OF CAPE TOWN 

Department of Obstetrics and Gynaecology 
Medical School, Anzio Road, Observatory, South Africa 7925 

HEAD OF DEPARTMENT Professor Zephne van der Spuy PhD, FRCOG 
Telephone: (0211 Personal Secretary 406-6112/404-4484 

Fax: (021) 448-6921 
Email: zvdspuy@uctgsh1.uct.ac.za 

Reproductive Medicine Unit 
Gynaecological Endocrine Laboratory" Service 

Telephone: 406-6150/404-3074 
Email: mhowes@uctgsh1.uct.ac.za 

STUDY NO: 

TRILOSTANE TERMINATION OF PREGNANCY STUDY IN WOMEN 
WITH A FETAL ANOMALY 

CONSENT 

I, ................................ , consent to participation in this study, which investigates a new method of inducing 
labour. 

I understand that the study will involve the following: 

1. Treatment with eJ.ther trilostane or inactive medication in addition to the usual administration of 
misoprostol to stimulate contractions 
2. Medication will commence two (2) days prior to treatment with misoprostol 
3. Blood samples will be taken twice daily for the duration of treatment 
4. Additional therapy may be added should labour not occur within 24 hours of starting the misoprostol 

I understand that trilostane is unregistered medication which reduces hormonal production by the placenta 
and ovaries and is so doing sensitises the uterus to stimulation with medication that causes contractions. 

I understand that this study is designed to evaluate possible improved therapy for induction of labour 

I have received counselling with regard to the problems in my baby, found on ultrasound examination, 
resulting in the advice to terminate the pregnancy 

I understand I may withdraw from this study without prejudicing my management but I undertake first to 
discuss this with my medical attendants. 

SIGNED: 

PATIENT NAME: SIGNATURE: DATE 

INVESTIGATOR: NAME: SIGNATURE: 

WITNESS: NAME: SIGNATURE: 
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UNIVERSITY OF CAPE TOWN 

Department of Obstetrics and Gynaecology 
Medical School, Anzio Road, Observatory, South Africa 7926 

HEAD OF DEPARTMENT Professor Zephne ven der Spuy PhD, FRCOG 
Telephone: (021) Personal Secretary 406-6112/404-4484 

Fax: (0211448-6921 
Email: zvdspuy@uctgsh1.uct.ac.za 

Reproductive Medicine Unit 
Gynaecological Endocrine Laboratory & Service 

Telephone: 406-6160/404-3074 
Email: mhowes@uctgsh1.uct.ac.za 

STUDY NO: 

TRILOSTANE INDUCTION OF LABOUR STUDY IN WOMEN Wlm INTRAUTERINE DEAm 

CONSENT 

I, ................................ , consent to participation in this study, which investigates a new method of inducing 
labour. 

I understand that the study will involve the following: 

I. Treatment with elJher trilostane or inactive medication in addition to the usual administration of 
prostaglandin gel followed by an intravenous infusion ( drip) with Pitocin to stimulate contractions 
2. Medication will commence two (2) days prior to treatment with prostaglandins 
3. Blood samples will be taken twice daily for the duration of treatment 
4. Additional therapy may be added should labour not occur within 24 hours of starting the gel 

I understand that trilostane is unregistered medication which reduces hormonal production by the placenta 
and ovaries and is so doing sensitises the uterus to stimulation with medication that causes contractions. 

I understand that this study is designed to evaluate possible improved therapy for induction of labour. 

I have received counselling with regard to the complications in my pregnancy resulting in the death of my 
baby. 

I understand I may withdraw from this study without prejudicing my management but I undertake first to 
discuss this with my medical attendants. 

SIGNED: 

PATIENT NAME: SIGNATURE: DATE 

INVESTIGATOR: NAME: SIGNATURE: 

WITNESS: NAME: SIGNATURE: 
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Inhibition of Progesterone Secretion as an Interceptive Strategy. 

Tregoning SK, Zinn PM, Van der Spuy ZM. 

Abstract at the European Society of Human Reproduction and Embryology 

15th Annual Meeting 1999. 

Methodology 

This study was conducted by the same research group responsible for the formulation 

of Study 1. It was completed in the two-year period preceding Study 1. The 

methodology of Study 1 was based on this work. 

The study was a double blind randomised placebo-controlled trial. It consisted of a 

trilostane arm and a placebo arm. The study design, inclusion and exclusion criteria, 

recruitment methods, consent and randomisation was as described for Study 1 (pages 

35, 39 and 40 respectively). 

Initially trilostane was administered for 72h, amended to 48 hours after interval 

analysis (n=IO). The initial trilostane dose was 2400 mg (over 72 hours in incremental 

divided doses - 480 mg, 960 mg, 960 mg), modified to 1440 mg with reduction of the 

treatment period to 48 hours (480 mg, 960 mg). 

The misoprostol dose regimen was as described for Study 1 (page 36). 

Results 

48 women were recruited, 24 in each arm. Three were withdrawn - two due to side 

effects (trilostane) and one due to a protocol violation (placebo). 

The mean induction to delivery interval was 9.2 hours (95% CI 7.3-11.1) in the 

trilostane arm and 21.6 hours (95% CI 15.4-27.8) in the placebo arm. This difference 

was significant, P<O.O 1. 
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Frequency of reported side effects. 

Side effects Trilostane (%) Placebo (%) 

Nausea &/or vomiting 9 (37) 4 (17) 

Abdominal cramping 11 (46) 13 (54) 

Itching eyes 6 (25) 0(0) 

Swollen tongue 3 (13) 0(0) 

Mean visual analogue scores (VAS) of acceptability as assessed by patients 

on a scale of ito 5. i=minimum, 5=maximum, NS=not significant. 

Acceptability Trilostane VAS Placebo VAS Significance 

Pain 2.23 4.41 P<O.O 1 

Side effects 3.12 2.90 NS 

Overall satisfaction 2.46 1.39 P<0.05 
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