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Abstract

In order to simplify management of early pregnancy loss, our goal was to elucidate predictors of
successful medical management of miscarriage with a single dose of misoprostol. In this
secondary analysis of data from a multicenter randomized controlled trial, candidate biomarkers
were compared between 49 women with missed abortion who succeeded in passing their
pregnancy with a single dose of misoprostol and 46 women who did not pass their pregnancy with
a misoprostol single dose. We computed the precision of trophoblastic protein and hormone
concentrations to discriminate between women who succeed or fail single dose misoprostol
management. We also included demographic factors in our analyses. We found overlap in the
concentrations of the individual markers between women who succeeded and failed single-dose
misoprostol. However, hCG levels =4000 mIU/mL and ADAM-12 levels >2500 pg/mL were
independently associated with complete uterine expulsion after one dose of misoprostol in our
population. A multivariable logistic model for success included non-Hispanic ethnicity and parity
<2 in addition to hCG 24000 mIU/mL and ADAM-12 >2500 pg/mL and had an area under the
receiver operating characteristic (ROC) of 0.81 (95% confidence interval: 72-90%). Categorizing
women with a predicted probability of >0.65 resulted in a sensitivity of 75.0%, specificity 77.1%
and positive predictive value of 81.8%. While preliminary, our data suggest that serum biomarkers,
especially when combined with demographic characteristics, may be helpful in guiding patient
decision-making regarding the management of early pregnancy failure (EPF). Further study is
warranted.

Keywords
Biomarkers; Pregnancy; Miscarriage; Early pregnancy failure; Misoprostol

" Corresponding author. Tel.: +1 215 615 6531; fax: +1 215 615 5319. schreibe@upenn.edu (C.A. Schreiber).



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schreiber et al.

Page 2

1. Introduction

Misoprostol is a safe, convenient, and acceptable medication for the treatment of early
pregnancy failure (EPF; pregnancy failure in the first trimester), but complete uterine
evacuation is only achieved in 71% of women after a single dose of 800 g vaginal
misoprostol [1]. While surgical management (uterine aspiration) is more efficacious (98-
99% success [1]), non-surgical options are important to improve access and individualize
patient care. EPF is often classified as anembryonic gestation and embryonic/fetal demise
and incomplete/inevitable abortion. Established predictors of success and failure among
those women who use misoprostol include a greater success rate with incomplete/inevitable
abortion when compared with missed abortion [1-4].

The current standard of care for misoprostol management of EPF was established by a
landmark randomized controlled trial [1]. Success rates among the population in this study
were 71% after one dose of misoprostol, and 84% (95% confidence interval [CI] 81%, 87%)
after a second dose given three days later [1]. Studies show that misoprostol is highly
effective for incomplete/inevitable abortion (=90%) [5-8], but much less effective for
anembryonic gestation and embryonic/fetal demise. Morbidity and cost could be decreased
if we could better predict which women with missed abortion are likely to have a successful
uterine evacuation with one dose of misoprostol [9,10]. Proteins that are derived from the
trophoblast and secreted into maternal circulation are differentially expressed in ectopic as
compared with intrauterine pregnancies [11,12]. These proteins and others are candidate
biomarkers to distinguish between the pregnancies that may be more “resistant” to expulsion
and those that will be expelled with one dose of misoprostol. The proteins and hormones we
chose to investigate are some of the many makers of the “invasiveness” of trophoblastic
tissue. Most women undergo phlebotomy as a part of their work up for EPF, so additional
testing is feasible if it would help triage women toward a management strategy with better
outcomes. In this study, we tested the hypothesis that levels of trophoblast-derived proteins
could identify women who achieved uterine expulsion with one misoprostol dose from those
who did not successfully expel the products of conception with one dose. We also examine
clinical and demographic characteristics associated with expulsion to single-dose
misoprostol in our population.

2. Materials and methods

Our study was approved by the University of Pennsylvania Institutional Review Board. We
conducted a sub-analysis of the data and serum collected in the misoprostol for the
management of early pregnancy failure (MEPF). The MEPF study [1] was a randomized,
controlled, multicenter trial that tested the efficacy, safety and acceptability of misoprostol
versus surgical management in treating early pregnancy failure. The study was a multicenter
trial conducted from 2002 to 2004 where participating medical centers included the
University of Pennsylvania, University of Pittsburgh, Columbia University and the
University of Miami. The results of the primary study have been published. Briefly, in the
MEPF trial, women presenting with first trimester pregnancy failure (anembryonic
pregnancy, embryonic demise, incomplete abortion and inevitable abortion) were
randomized to medication uterine evacuation with an 800 pg dose of vaginal misoprostol or
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surgical uterine evacuation with vacuum aspiration. The medication-treated patients received
four 200 g tablets of misoprostol (Cytotec) into the posterior fornix of the vagina on day 1.
They returned on day 3, and if sonographic evaluation demonstrated incomplete expulsion of
products of conception, participants were given a second 800 g vaginal dose of misoprostol
and then returned on day 8 of the study for another evaluation. If the sonographic and
clinical evaluation were consistent with complete expulsion of the products of conception at
that time, women were contacted at 30 days for a final evaluation.

Serum samples from participants at all sites had been stored at the University of
Pennsylvania at —62.2 °C. For the analysis presented here, we included all participants for
whom complete records could be obtained from the MEPF database, and if there was
sufficient residual banked serum to run analyses quantifying trophoblastic proteins including
(vide infra). We included women who presented with anembryonic pregnancy or embryonic/
fetal demise, and who had been randomized to misoprostol treatment. We excluded
participants who presented with incomplete or inevitable abortion because misoprostol is
highly effective for those diagnoses [9-11].

The MEPF study database was used to collect patient demographics, pregnancy-failure type,
obstetrical history, clinical symptoms, and beta-hCG levels collected on days 1, 3, 8, and 15
of the original trial. In addition to hCG, the candidate markers we chose were selected based
upon a thorough literature review. We chose proteins and hormones that are involved with
the implantation process either from the maternal side or the pregnancy itself. Assays were
conducted in the Basic Science Research Building at the Perelman school of Medicine. The
following laboratory analyses were used to measure trophoblastic protein and pregnancy
hormone levels in maternal sera:

. activin A (UCN Life Science Inc., Wuhan, China) was assayed using Quantikine
Immunoassay kits. The minimum detectable limit for activin A was 1.25 mg/dL;

. ADAM-12 (Antibodiesonline, US Biologicals, Salem, MA, USA) protein was
assayed using disintegrin and metalloprotease 12 (ADAM-12) ELISA kits. The
minimum detectable limit for ADAM-12 was 24 pg/mL;

. human placental lactogen (HPL; ALPCO, Salem, NH, USA) was assayed using
HPL ELISA kits. The minimum detectable limit for HPL was 1.25 mg/L;

. glycodelin (Cosmo Bio, Carlshad, CA, USA) were assayed using Cusabio
glycodelin ELISA kits. The minimum detectable limit for glycodelin was 0.78
ng/mL;

. progesterone (P4) and estradiol (E2) were analyzed using the Siemens Immulite
2000 by solid-phase, competitive binding chemiluminescent enzyme
immunoassays (Siemens, Munich, Germany). The minimum detectable limits for
P4 and E2 were 0.1 ng/mL and 15 pg/mL, respectively.

Values below detection thresholds were given a value of zero in analyses. All ELISA
samples were run in duplicate and the values were averaged if not disparate. Beta-hCG
values collected and measured during original MEPF trial were incorporated. For the
statistical analyses, baseline characteristics of the groups were compared using Student’s t-
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test for continuous variables and Chi-square or Fisher's exact test for categorical variables.
Marker distributions were graphed by success or failure and assessed for normality. Visual
inspection of the association between each marker and successful uterine evacuation with
one misoprostol dose was evaluated. Lowess graphs [13] of the association between markers
and probability of success of single dose misoprostol were used to assess linearity
assumptions, and potential inflection, or cut-points for categorization of the markers. The
area under the receiver operating characteristic curves (AUC) was calculated to assess the
predictive performance or discriminatory ability of each marker. Logistic regression was
used to determine the relationship between markers, demographic and clinical characteristics
and success. The best predictive model was based on changes in the c-statistic as each
variable was added to the model [14]. Variables with pvalues <0.2 were included in the
model. The sensitivity and specificity, positive and negative predicted values were calculated
for the optimal cut-point.

3. Results

We had sufficient banked serum and complete records from 95 women (out of a possible 491
who received misoprostol in the MEPF trial). The demographic and clinical characteristics
for the 95 subjects included here were similar to the larger MEPF study population with the
exception of parity: our sample had a significantly lower number of multiparous women (p <
0.001). Forty-nine women in our sample experienced successful uterine evacuation with a
single dose of misoprostol, and 46 failed uterine evacuation with a single dose of
misoprostol, requiring a second dose of misoprostol or vacuum aspiration for completion.
Women with lower parity were more likely to have successful uterine evacuation with one
dose of misoprostol (o= 0.010). In our sample, women of Hispanic ethnicity were less likely
to succeed with one dose of misoprostol (o= 0.009). The success and failure groups were
otherwise demographically similar, as shown in Table 1.

Concentrations of the trophoblastic proteins and pregnancy-related hormones are depicted in
Fig. 1. A great deal of overlap is seen in the frequency distribution of individual biomarkers
among single-dose successes and failures. In addition, non-linear associations were
suggested by lowess graphs (data not shown), so biomarker levels were categorized based on
empiric assessment of the graphs to optimize discrimination. The individual ROC curves for
each marker also demonstrated poor performance as predictors of success or failure. Fig. 2
illustrates the predictive performance of the marker ADAM-12 in its original continuous
form and as a grouped variable using a cut-off of >2500 pg/mL. The area under the
Receiver-Operator Characteristic curves are similar. Comparing the biomarker groups
between the successes and failures, ADAM-12 (p = 0.032), HPL (p=0.059) and hCG (p=
0.061) were or approached statistical significance (Table 2). We therefore built a predictive
model for success using a combination of the best performing clinical and serum variables
along with important clinical characteristics. The final multivariable regression model
included ethnicity, low parity, elevated hCG above 4000 mlU/mL, ADAM-12 above 2500
pg/mL, and obesity. As shown in Table 3, women of Hispanic ethnicity and parity >2 had a
lower odds of successful pregnancy expulsion, while hCG =4000 mIU/mL and ADAM-12
22500 pg/mL were independently associated with higher odds of success. Ranking our
sample based on the predictive probability of successful uterine evacuation performed well,
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with an area under the ROC curve of 0.81; categorizing women with a predicted probability
of >0.65 resulted in a sensitivity of 75.0%, specificity 77.1% and positive predictive value of
81.8%. The highest predicted probability of success was 93.2% for non-Hispanic,
nulliparous, non-obese women with elevated hCG above 4000 mIU/mL and ADAM-12
above 2500 pg/mL. The lowest predicted probability of success was 5.0% for Hispanic,
parity =2, obese women with hCG below 4000 and ADAM-12 below 2500. Assuming that
ADAM-12 levels may not be available in the clinical care setting, the area under the ROC
curve for a model without ADAM-12 was 0.77. Using a cut-point of predicted probability of
0.55 or greater resulted in a sensitivity of 63.3%, specificity of 82.6% and positive predictive
value of 79.5% for non-Hispanic, nulliparous, non-obese women with elevated hCG above
4000. Using hCG alone, the area under the ROC was 0.61 with a positive predictive of
60.9%, sensitivity of 57.1% and specificity of 60.9%.

4. Discussion

Medical management of early pregnancy failure is an acceptable and safe option for women
seeking treatment for miscarriage. However, success rates are highly variable between
subtypes of abortion. We sought to determine if implantation-related proteins and hormones
might be associated with successful medical management of missed abortion using a single
dose of misoprostol. In our sample of 95 women, we found that ADAM-12 above or equal to
2500 pg/mL and hCG above or equal to 4000 mlU/mL were both associated with increased
likelihood of successful uterine evacuation with one dose of misoprostol. We also found
nulliparity, non-Hispanic ethnicity, and non-obesity were qualities associated with success.
Our findings support the notion that disruptions in the implantation process may mediate
early pregnancy failure. ADAM-12, which has both an adhesion and protease domain, has a
secreted form which is expressed in placenta, and potently provokes myogenesis. In first-
trimester placental tissue, ADAM-12 is localized to the cytotrophoblasts as well as the apical
side of the syncytiotrophoblast [15]. Given its localization and role in cell-fusion in other
tissues, it has been postulated to play a role in syncytial fusion in the trophoblast [15].
Human CG is produced by syncytiotrophoblast trophoblasts. The biology behind the high
levels of these molecules among women who are more likely to have successful uterine
evacuation with prostaglandins is unknown, but may be related to the process of
implantation, decidualization, and uterine sensitivity of prostaglandins.

Previously published clinical predictors of treatment success with misoprostol for EPF
include lower abdominal pain, vaginal bleeding within 24 h of presentation, and nulliparity
[3]. Since evidence of expulsion-in-progress (incomplete, inevitable) is the best clinical
predictor of misoprostol success [3,8], and women who are asymptomatic at the time of EPF
diagnosis are much less likely to experience a successful uterine evacuation with
misoprostol. However, this is the first investigation of the role that trophoblastic biomarkers
might play in the adherence of an abnormal pregnancy sac to the uterine wall.

Our exploratory analysis has limitations. There are many protein and cytokines that have
been preliminarily implicated in EPF. Prolactin and inflammatory cytokines have studied at
the level of the deciduas as opposed to the maternal serum as preformed in the current study
[16,17]. Our goal, however, was to preliminarily investigate markers readily identifiable in
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the serum that could aid women in choosing the appropriate management of their EPF
before treatment. Whether or not tissue concentrations are reflective of serum concentrations
(and vice versa) is unknown. In addition, the inflammatory response could very well be the
host's reaction to the failed pregnancy as opposed to casual of the pregnancy loss. Ours was
not a planned sub-study, so the sample size and power were limited by number of
participants with sufficient banked serum to perform the protein assays. It is possible that a
larger, more generalizable sample would produce different results. However, our sample,
overall, was similar to the sample in the parent MEPF trial. The only computed difference
between the study populations was that ours was of lower parity. However, both studies
showed that low parity was associated with increased likelihood of expulsion to
prostaglandins. Additionally, each biomarker was categorized based on empiric evaluation of
the data. As such, the thresholds depicted here should not be considered as a gold standard
and require additional validation.

The disparate success rates depending upon the type of spontaneous abortion require that we
identify novel ways to tailor patient care: clearly, not all miscarriage patients are alike. Our
data add to the existing literature that shows that clinical characteristics are useful to help
guide patients toward or away from medical management of early pregnancy failure. While
biomarkers are most commonly used as a potential marker for a drug response [18], here we
demonstrate that trophoblastic proteins may improve our ability to make appropriate
management choices in anticipation of treatment. It is also possible that the differential
concentrations of these proteins could inform us about the pathophysiology of EPF. Further
investigation along these lines is required.
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Fig. 1 -

Biomarker frequency distributions for tissue expulsion with misoprostol. Green = success;
red = failure; hCG = human chorionic gonadotropin; E2 = estradiol; P4 = progesterone; HPL
= human placental lactogen.
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Fig. 2 -.
Receiver-Operator Characteristic (ROC) curves for ADAM 12, shown both as a

dichotomous variable [22500 pg/mL (solid)], and a continuous variable (dash) for
comparison. The reference line is a long dash.
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Table 3 -

Final logistic predictive model for successful uterine evacuation after one dose of misoprostol.

Odds ratio 95% ClI P-Value

Hispanic 0.16 0.04-0.56 0.004
Parity

0 (ref)

1 0.86 0.25-2.97 0.814

2+ 0.22 0.06-0.88 0.032
hCG (mIU/mL)

<4000 (ref)

24000 4.80 1.17-19.67 0.029
ADAM-12 (pg/mL)

<2500 (ref)

22500 5.19 1.30-20.64 0.019
Obese

No (ref)

Yes 2.80 0.69-11.41 0.151

Cl: confidence interval.
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