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Preface
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Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
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Structured Abstract

Objectives: We reviewed the evidence regarding the outcomes of interventions used in
ovulation induction, superovulation, and in vitro fertilization (I\VVF) for the treatment of
infertility. Short-term outcomes included pregnancy, live birth, multiple gestation, and
complications. Long-term outcomes included pregnancy and post-pregnancy complications for
both mothers and infants.

Data Sources: MEDLINE® and Cochrane Collaboration resources.

Review Methods: We included studies published in English from January 2000 through
January 2008. For short-term outcomes, we excluded non-randomized studies and studies where
a pregnancy or live birth rate per subject could not be calculated. For long-term outcomes, we
excluded studies with fewer than 100 subjects and those without a control group. Articles were
abstracted for relevant details, and relative risks or odds ratios, with 95 percent confidence
intervals, were calculated for outcomes of interest for each study.

Results: We identified 5294 abstracts and (for the three questions discussed in this draft report)
reviewed 1210 full-text articles and included 478 articles for abstraction. Approximately 80
percent of the included studies were performed outside the United States.

The majority of randomized trials were not designed to detect differences in pregnancy and
live birth rates; reporting of delivery rates and obstetric outcomes was unusual. Most did not
have sufficient power to detect clinically meaningful differences in live birth rates, and had still
lower power to detect differences in less frequent outcomes such as multiple births and
complications.

Interventions for which there was sufficient evidence to demonstrate improved pregnancy or
live birth rates included: (a) administration of clomiphene citrate in women with polycystic
ovarian syndrome, (b) metformin plus clomiphene in women who fail to respond to clomiphene
alone; (c) ultrasound-guided embryo transfer, and transfer on day 5 post-fertilization, in couples
with a good prognosis; and (d) assisted hatching in couples with previous IVF failure. There was
insufficient evidence regarding other interventions.

Infertility itself is associated with most of the adverse longer-term outcomes. Consistently,
infants born after infertility treatments are at risk for complications associated with abnormal
implantation or placentation; the degree to which this is due to the underlying infertility,
treatment, or both is unclear. Infertility, but not infertility treatment, is associated with an
increased risk of breast and ovarian cancer.

Conclusions: Despite the large emotional and economic burden resulting from infertility, there
is relatively little high-quality evidence to support the choice of specific interventions.
Removing barriers to conducting appropriately designed studies should be a major policy goal.
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Executive Summary

Background

In the United States, approximately seven percent of married couples report at least 12
months of unprotected intercourse without conception, the most commonly used definition of
infertility, while two percent of all women report an infertility-related clinic visit within the past
year. Infertility causes significant emotional distress and its treatment costs well over $3 billion
annually.

For many couples, treatment for infertility will ultimately include in vitro fertilization (IVF).
The number of IVF cycles performed in the United States has increased from approximately
30,000 in 1996 to over 130,000 in 2005; during that time, the proportion of all U.S. births that
resulted from IVF increased from 0.3 percent to almost 1 percent.

IVF and its variations are classified as “assisted reproductive technologies” (ART), which
generally include any procedure that involves handling of both sperm and eggs outside of the
body. This report covers not only ART, but two other types of infertility treatment — ovulation
induction in women who do not ovulate frequently enough to conceive, most commonly as part
of polycystic ovarian syndrome (PCOS); and superovulation, where women who do ovulate
normally are given extra doses of hormones to stimulate the production of extra eggs.

Although all of these treatments improve the chances that a given couple will ultimately
become parents, they also all carry the risk of multiple gestations. All multiple gestations, even
twins, are at increased risk of preterm delivery, which carries increased risk of neonatal
mortality, prolonged hospitalization, and long-term complications. This report reviews the
evidence on the short- and long-term safety and effectiveness of interventions used for ovulation
induction, superovulation, and ART.

Methods

We searched MEDLINE® for English-language studies published from January 2000 through
January 2008. The search was supplemented by a hand search of reviews published by the
Cochrane Menstrual Disorders and Subfertility Review Group. Primary research articles whose
abstracts met inclusion criteria were subsequently reviewed by two independent reviewers;
agreement by both reviewers was required for inclusion. For short-term outcomes
(complications of treatment, pregnancy, live birth, multiples), we excluded non-randomized
studies and studies where a pregnancy or live birth rate per subject could not be calculated. For
long-term outcomes (pregnancy and long-term maternal complications, neonatal and childhood
complications), we excluded studies with fewer than 100 subjects and those without a control
group. Articles were abstracted for relevant details, and relative risks or odds ratios, with 95
percent confidence intervals, were calculated for the outcomes of interest for each study.
Abstractions were read by a second reviewer as a check for accuracy. Quantitative synthesis
with meta-analyses was outside of the scope of the review.

The review and evidence synthesis are structured around three key questions, involving (a)
outcomes (including pregnancy, live birth, multiple gestation, and complications) after different
interventions used in the treatment of anovulatory infertility and PCOS, and in superovulation;



(b) the same outcomes after different interventions used in ART; and (c) longer-term outcomes
for both the fetus/child (including spontaneous abortion, ectopic pregnancy, preterm delivery,
low birth weight, neonatal and infant complications, and longer-term physical and developmental
problems), and the mother (including pregnancy complications, cancer, and
psychological/emotional problems).

Results

We reviewed 5294 abstracts relevant to ART. For the three key questions discussed in this
report, we reviewed 1210 full-text articles and included 478 articles. There were several
consistent methodologic shortcomings, particularly with clinical studies. The number of
randomized trials was small relative to the number of articles identified in the initial search. The
majority of randomized trials that were included provided data only on pregnancy rates, not live
birth or obstetric outcomes. Few studies were adequately powered to detect differences in
pregnancy rates, let alone less frequent outcomes such as live birth, multiple gestations, or severe
complications. Few studies of ART randomized couples to treatment for more than one cycle.

Ovulation Induction

Clomiphene is an effective first-line therapy for women with PCOS. Metformin is, at best,
no more effective, and, based on a large multi-center trial, less effective than clomiphene alone.

Although a statistically significant effect is not observed in individual studies, meta-analyses
do demonstrate a significant increase in pregnancy rates in clomiphene-resistant women treated
with metformin, a finding which should be confirmed in large studies. There is insufficient
evidence to draw conclusions about the relative efficacy of aromatase inhibitors.

Use of laparoscopic cauterization of the ovaries, followed by ovulation induction if
necessary, results in similar pregnancy and live birth rates, with significantly lower multiple
gestation rates, compared to immediate gonadotropin use in clomiphene-resistant women; these
rates may be further improved by the addition of metformin, although there are no data on
possible long-term adverse outcomes of cautery.

Superovulation in Ovulatory Women

Pooled data show significantly higher pregnancy rates with gonadotropins compared to
clomiphene or aromatase inhibitors; there are trends toward higher rates of live birth, multiple
pregnancy and hyperstimulation with gonadotropins, but study sizes are too small to draw
definite conclusions regarding relative efficacies of these ovulation-inducing therapies.

There do not appear to be substantial differences in pregnancy rates between different
gonadotropin preparations. Higher doses increase the risk of multiples and hyperstimulation
without significant improvement in pregnancy rates. The addition of gonadotropin-releasing
hormone (GnRH) antagonists to superovulation protocols may increase both pregnancy rates and
twin gestation rates. Further studies adequately powered for the outcome of live birth per couple
are needed.



ART—the Female Partner

No clear superiority of any specific protocol for pituitary down-regulation with GnRH
agonists was identified.

Although only one individual study comparing GnRH agonists to antagonists found a
significant difference in pregnancy or live birth rates (in favor of agonists), published meta-
analyses show significantly higher pregnancy and live birth rate with the use of agonists.
Antagonists do result in significant decreases in gonadotropin requirements, and a significant
decrease in the risk of ovarian hyperstimulation syndrome (OHSS).

Pooled results of individual trials of gonadotropin preparations suggest that human
menopausal gonadotropins are superior in terms of pregnancy and live birth rates compared to
recombinant follicle stimulating hormone (rFSH) in long protocol GnRH agonist regimens, with
higher multiple pregnancy rates, and that the addition of recombinant luteinizing hormone (rLH)
to rFSH improves live birth rates in poor responders. Based on differences in the amount of
gonadotropin required, there may be economic advantages to some formulations.

Timing of human chorionic gonadotropin (hCG) administration for triggering oocyte
maturation is important for optimizing live birth rates, but the optimal timing and threshold
relative to follicular growth have not been determined. There does not appear to be any
difference in pregnancy or live birth rates, or other major outcomes, between recombinant hCG
and urinary hCG, although injection site reactions are more common with urinary hCG. In
cycles using a GnRH antagonist for pituitary down-regulation, use of hCG is superior to use of a
GnRH agonist.

There is insufficient evidence to determine the optimal method for endometrial preparation
for frozen-thawed embryo transfer.

Ultrasound-guided embryo transfer consistently results in substantially improved (40 percent
relative increase) pregnancy and live birth rates compared to various “clinical touch” methods.
The consistency of this finding and the size of the effect are striking considering that the majority
of interventions evaluated in this review do not show significant differences.

Some form of luteal support is necessary with ART, since both progesterone and hCG result
in improved pregnancy rates compared to no treatment. Although there is no detectable
difference between oral progesterone and the various formulations of vaginal progesterone, both
result in lower pregnancy and live birth rates compared to intramuscular progesterone. The
addition of estrogen to progesterone may improve outcomes, although additional larger studies
are needed to confirm these findings.

The non-steroidal anti-inflammatory drug (NSAID) piroxicam significantly improved
pregnancy and live birth rates in a general ART population, and further studies of NSAIDs are
warranted. Randomized trials of intercessory prayer and acupuncture showed benefit, but there
are remaining methodological questions (particularly the most appropriate control intervention)
which need to be addressed.

ART-the Embryo

ART results in much higher birth rates within 90 days than watchful waiting in eligible
patients, although cumulative pregnancy rates were similar in one trial comparing ART to
intrauterine insemination (IUI) and IUI after ovarian stimulation. There is no evidence of benefit
for intracytoplasmic sperm injection (ICSI) compared to ART in patients with non-male factor



infertility. Laboratory procedures used during fertilization, such as media and equipment used,
may have significant impact on outcomes.

Assisted hatching improves pregnancy and live birth rates in couples with previous ART
failure, but there is insufficient evidence to draw inferences about benefits in other groups.

Blastocyst transfer results in better live birth rates than day 3 transfer, especially in patients
with a good prognosis. The disadvantage of delaying transfer is a reduction in the number of
embryos available for transfer and for cryopreservation, and an increased risk of monozygotic
twinning.

Although double embryo transfer results in higher pregnancy and live birth rates compared to
single embryo transfer, multiple rates — almost all twins — are consistently higher. Strategies
involving alternative methods for pituitary down-regulation, or involving multiple cycles with
fewer embryo transfers per cycle, appear to result in similar live birth rates with fewer multiples.

Long-Term Outcomes

Review of the literature on this topic included the inherent limitations of observational
studies compared to randomized trials, difficulty in identifying appropriate controls, changes in
clinical practice which may make findings about older treatments obsolete, and issues relating to
generalizability of findings between countries.

Loss of the entire pregnancy is more common for singleton pregnancies than for twins after
ART, suggesting that factors associated with successful implantation and placentation contribute
to the likelihood of both multiple gestation and a successful pregnancy outcome.

False positive results for maternal testing for chromosomal abnormalities after assisted
reproduction are more likely for second trimester serum screening, resulting in an increased false
positive rate with combined screening strategies that incorporate both modalities.

Preterm delivery is approximately twice as likely in women pregnant with singleton
pregnancies after infertility treatment compared to spontaneous singleton pregnancies. The
evidence is most consistent for ART, but the risk was also increased in a large study of women
pregnant after ovulation induction alone. The proportion of preterm deliveries that are indicated
due to maternal/fetal complications versus those due to spontaneous preterm labor is unclear.
Conversely, the risk of preterm birth in ART twins compared to spontaneous twins is either not
elevated, or elevated to a lesser extent than in singletons, in the majority of studies.

Much of the elevated risk of low birth weight is due to the increased risk of preterm birth.
However, studies that examined gestational age-specific weights found an increased risk of
small-for-gestational age (SGA) infants among singleton, but not twin, pregnancies after
infertility treatment.

Women pregnant after infertility treatment are at increased risk for disorders potentially
related to abnormal implantation, including preeclampsia, placenta previa, and placental
abruption. The extent to which specific treatments or underlying maternal/embryonic
characteristics contribute to this risk is unclear.

Risks for major congenital anomalies are increased after infertility treatment, but much of
this risk appears to be related to maternal and/or paternal characteristics, including a history of
subfertility or infertility. Given the relative rarity of specific birth defects or syndromes,
identifying an association between a specific exposure and subsequent risk is difficult.

In the neonatal period, although there is evidence of an increased risk for adverse outcomes,
especially among singletons, it is unclear to what extent this is due to the observed increased



preterm delivery rate. Large-scale studies that control for gestational age and birth weight are
needed. In later infancy, there is a significantly increased hospitalization rate among children
born after ART compared to the general population, but rates are similar when compared to
children born to couples with a history of treated and untreated subfertility.

Children born after assisted reproduction have an increased risk of hospitalization and
surgery compared to general population controls. There does not appear to be an increased risk
of childhood cancers in children conceived after infertility treatments.

The available evidence suggests that there is not an increase in the risk of adverse
neurodevelopmental outcomes in children born after infertility treatment that is not associated
with the underlying condition of infertility or the well-established increased risk of prematurity
and SGA. The available evidence on learning and other developmental outcomes is reassuring,
but larger studies across a wider population are needed.

In general, infertility treatments involving ovarian stimulation do not appear to be associated
with an increased risk of breast cancer, although non-significantly elevated risks were seen 20
years after exposure in one study, suggesting that continued monitoring is warranted.

Ovarian cancers are strongly associated with an infertility diagnosis; use of ovulation
stimulating drugs does not appear to increase the risk above baseline levels in this patient
population. As with breast cancer, increasing risk with increased duration with treatment cannot
be ruled out with confidence.

Based on the available literature, there are no differences in psychological outcomes,
including parenting skills, when comparing singleton pregnancies resulting from ART to
spontaneous conceptions. If anything, mothers of infants resulting from ART have better
outcomes, although there is some evidence that fathers may do worse on some scales. Multiple
gestations significantly increase stress and depressive symptoms, especially for mothers of
infants with chronic disabilities; to the extent that women undergoing ART are more likely to
experience multiples, especially preterm multiples, they are more likely to experience these
symptoms.

Discussion

Limitations of this report include the restriction of studies to English language, the potential
for missing relevant studies, and, perhaps, the lack of formal meta-analysis.

Future research considerations include attention to ameliorating some of the most common
problems identified, including the use of multi-center trials to ensure adequate sample size;
consensus on a minimally significant clinical difference to aid sample size estimates;
development of standard data sets to facilitate meta-analysis, especially for less common
outcomes; and study treatment durations that reflect clinical practice. Attention should also be
paid to some of the political, regulatory, and financial barriers to high-quality research in
infertility.

Research areas for prioritization for clinical research include almost all interventions
currently in use, studies of effectiveness and long-term outcomes in male partners, and
prevention of preterm birth. One area of great potential is further investigation of the potential
link between infertility, infertility treatments, and pregnancy outcomes associated with
implantation and placentation; these pregnancy outcomes are associated with long-term
cardiovascular risk in the mother, suggesting yet another avenue for potential research. Finally,



health services research into patient decisionmaking and methods for valuing the impact of
infertility and its treatment on mother, father, and infant are crucial to helping design reasonable

policy.
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Chapter 1. Introduction

Normal Reproduction

Normal spontaneous reproduction is a complex process that involves a series of steps." For
women, these include:

e Coordination between the hypothalamus, pituitary, and ovary to allow development
of (usually) a single dominant egg (oocyte);

e Preparation of the lining of the uterus (the endometrium) to receive an embryo;
e Release of the egg (ovulation) from the ovary;

e “Capture” of the egg by the fallopian tube;

e Interaction with sperm within the tube resulting in fertilization;

e Transport of the fertilized egg (zygote) through the tube and into the uterine cavity, as
the zygote divides and becomes a multi-cell embryo; and

e Implantation of the embryo into the endometrium, and development of the placenta.
For men, the steps include:

e Production of sperm in sufficient number and of sufficient motility to allow enough
travel from the vagina through the cervix and uterus into the fallopian tube; and

e Fertilization itself, which involves a complex chemical interaction between sperm and
egg.

Conditions that affect any of these processes reduce the chances of conception in a given
cycle; if the condition is chronic, it can lead to the clinical condition of infertility.

Infertility

The most commonly used definition of infertility is at least 12 months of unprotected
intercourse without conception, used in everything from population-based surveys? to clinical
practice recommendations.®> Approximately 10 to 15 percent of couples will meet this definition,
based on observational studies.*> Up to half of those couples reaching the 12-month threshold
may conceive within the next 36 months,* a finding borne out in clinical trials, where four to five
percent of subjects may conceive spontaneously between enrollment and the beginning of
treatment.®’ Because a large number of couples meeting the definition of infertility are actually



capable of conceiving and simply represent one end of the distribution of fecundity, many,
particularly in Europe, prefer the term “subfertility.”>® This is the term preferred, for example,
by the Cochrane Collaboration, where the relevant review group is the Cochrane Menstrual
Disorders and Subfertility Group. The use of “subfertility” has, however, not been widely
accepted in the United States; therefore, this report will use the more common U.S. term
“infertility”” throughout the text.

Assisted Reproductive Technologies

The 1992 Fertility Clinic Success Rate and Certification Act mandates that all clinics
providing assisted reproductive services report results annually to the Centers for Disease
Control and Prevention (CDC).** The Act defines “assisted reproduction technologies” as those
that involve the handling of both sperm and eggs. The vast majority of these involve in vitro
fertilization (I\VVF), a process that involves direct removal of oocytes from the mother’s body,
combining sperm and oocytes in the laboratory, and returning the embryo to the woman’s body.
Fertilization of the oocyte occurs either through co-incubation of sperm and oocytes (classic
IVF) or through direct injection of a single sperm into the oocyte under microscopic visualization
(intracytoplasmic sperm injection, or ICSI); ICSI is particularly effective for couples where there
are problems with number and/or function of sperm.** This report covers these techniques, as
well as those that involve stimulation of the ovary, either to induce ovulation in women who do
not ovulate at all, or only very irregularly, or to stimulate production of extra oocytes
(superovulation) to increase the chances of conception. We do not address other treatments for
specific conditions that cause infertility, such as surgical procedures for tubal infertility or
endometriosis. Although specific interventions used in men also fall into this framework, there
were only a few relevant studies; this report thus focuses on interventions in the female patient
and the embryo and identifies further studies in men as a research priority. We also focus on
treatments using the couple’s own sperm and oocytes, and in which the embryos are returned to
the female patient’s body. While the use of donor gametes and gestational surrogates provides
another set of options for infertile couples, the scientific, ethical, and policy issues are complex
enough to warrant a separate report.

Prevalence and Burden of Disease

World-wide, an estimated nine percent of couples meet the definition of infertility, with 50 to
60 percent of them seeking care.'? In the United States, approximately seven percent of married
couples reported at least 12 months of unprotected intercourse without conception, while two
percent of women reported an infertility-related clinic visit within the past year, based on
estimates from the National Survey of Family Growth.?

Although there is some controversy about whether the proportion of the population with self-
reported infertility is increasing, stable, or decreasing,'®*? there has clearly been increasing
utilization of assisted reproductive technology (ART; Figure 1).
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Figure 1. Growth in numbers of ART cycles, deliveries, and infants in the United States, 1996-2005. From
Centers for Disease Control and Prevention, American Society for Reproductive Medicine, Society for Assisted
Reproductive Technology. 2005 Assisted Reproductive Technology Success Rates: National Summary and Fertility
Clinic Reports, Atlanta: Centers for Disease Control and Prevention; 2007.%

Over this time, the proportion of deliveries in the United States resulting from ART has
increased from 0.37 percent in 1996 to 0.94 percent in 2005.* There is no similar registry for
ovulation induction/superovulation.

Measuring the “burden of disease” of infertility is difficult. Some conditions associated with
infertility, such as endometriosis, uterine leiomyomata, or polycystic ovary syndrome (PCQOS),
have other symptoms such as painful or unusually heavy menstrual periods, lack of periods
altogether (amenorrhea), or hirsutism which lead to interactions with the health system. These
symptoms have a significant impact on health-related quality of life (HRQOL) as measured by
standard instruments.*>*°

In the absence of symptoms, however, quantifying the “health” burden of infertility is
difficult. In the National Survey of Family Growth, 40 percent of women aged 25-29 and 24
percent of women aged 30-44 who were childless would be bothered “a great deal” if they would
never be able to have children; the corresponding numbers for men were 32 percent of men 25-
29 and 18 percent of men 30-44." Infertility clearly has an emotional impact on couples,*® some
of which is measurable using generic instruments,'*?! but there are no population-based data in
the United States

What is clear, however, is that there is a substantial economic burden associated with
infertility. The diagnostic and treatment modalities used, especially for assisted reproduction,
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are expensive, with one estimate for total U.S. costs of almost $3 billion.?2 Many ART
treatments result in multiple pregnancies, and complications of multiple pregnancy, including
preterm delivery, contribute significantly to the overall costs®?* It is these costs, with the
measurable morbidity associated with preterm delivery, that drive the search for ART
interventions that maximize pregnancy rates while minimizing multiple birth rates.**?®

Evidence and Practice

In many ways, infertility practice in the United States is highly regulated. Professional
societies require certain credentials for membership, states require licensure for professionals,
and there is a Federal requirement for central reporting of outcomes (albeit without penalty for
failure to report), which is highly unusual for medical procedures. Laboratories used in assisted
reproductive techniques, which handle human tissues, are subject to inspection by the U.S. Food
and Drug Administration (FDA). However, as in other areas of medicine where much of the
practice involves procedures, such as surgery, there is no explicit regulatory mechanism
requiring evidence of safety and efficacy as there is for new drugs.?*® Medical devices, such as
embryo transfer catheters, while subject to approval by the FDA, have much less stringent
approval requirements.?® Variations in regimens for the use of drugs already approved for one
indication do not require FDA approval under most circumstances and so do not undergo formal
regulatory review. Many insurance companies do not cover infertility services,*>*" so there is no
third-party payer demand for rigorous evidence. Infertility treatment may be one of the closest
approximations of a true market between providers and patients; although lack of insurance
coverage means that infertility patients tend to be wealthier and better educated,*” there is no
evidence that this translates into an ability to judge the evidence on the comparative safety and
efficacy of different options for treatment.®® In this setting, practice patterns may change rapidly
without a clear rationale; for example, although ICSI is highly effective for treatment of male
infertility, the proportion of ART procedures performed using ICSI increased from 11 to 57
percent between 1995 and 2004, despite no change in the prevalence of male factor infertility or
evidence that ICSI was superior to traditional IVF in couples with other causes® (although this
change has also been observed in Europe, where there are stricter regulatory controls®). There
has been consistent criticism of the methodological quality of much of the clinical literature, for
both immediate outcomes of treatment (such as pregnancy, live birth, and complication rates)
and especially for longer term outcomes (such as neonatal and childhood outcomes in children
conceived after infertility treatment.®*’

Uses of This Report

This report summarizes the results of our review of the evidence regarding the outcomes of
interventions for ovulation induction, superovulation, and assisted reproduction on pregancy, live
birth, and short- and long-term complications of treatment for both mothers and children — the
lack of data on men is a clear research need. The report may be used by professional societies,
patient advocacy groups, payers, and policymakers to help with practice guidelines, identifying
areas for promising research, and setting research priorities. The report may also be used by

12



clinicians as a guide to the available evidence, and, although not primarily intended for patients,
may assist some couples in making decisions about available treatment options.
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Chapter 2. Methods

This section describes the basic methodology used to develop the evidence report, including
topic assessment and refinement, the analytic framework, literature search strategies and results,
literature screening, quality assessment, data abstraction methods, and quality control
procedures.

Topic Assessment and Refinement

The National Institutes of Health (NIH) Office of Research on Women’s Health (ORWH)
and the Agency for Healthcare Research and Quality (AHRQ), sponsors of this report, and the
other partners, the American College of Obstetrics and Gynecology (ACOG) and the Society for
Assisted Reproductive Technology (SART), originally identified four key questions to be
addressed by the report, which is intended to assess the evidence for the effectiveness and
efficiency of assisted reproductive technology (ART). The Duke research team clarified and
refined the overall research objectives and key questions by first consulting with AHRQ and the
study partners, and then convening a national panel of technical experts to serve as advisors to
the project. These experts were selected to represent relevant specialties. Members of the
technical expert panel were:

e Kurt T. Barnhart, M.D., M.S.C.E.; Penn Fertility Care and Department of Obstetrics and
Gynecology; University of Pennsylvania Health System; Philadelphia, PA

e LisaBegg, Dr.P.H., R.N.; NIH Office of Research on Women’s Health; Bethesda, MD

e David A. Grainger, M.D.; Center for Reproductive Medicine, Division of Reproductive
Endocrinology, Department of Obstetrics and Gynecology; University of Kansas School
of Medicine; Wichita, KS (representing SART)

e Joseph C. Isaacs; Resolve: The National Infertility Association; Bethesda, MD

e Julia V. Johnson, M.D.; Division of Reproductive Endocrinology and Infertility,
Department of Obstetrics and Gynecology; University of Vermont and Fletcher Allen

Health Care; Burlington, VT

e Richard E. Leach, M.D.; Division of Reproductive Endocrinology and Infertility,
Department of Obstetrics and Gynecology; University of Illinois at Chicago; Chicago, IL

e Richard S. Legro, M.D.; Division of Reproductive Endocrinology, Department of
Obstetrics and Gynecology; Milton S. Hershey Medical Center at Penn State; Hershey,
PA

e Nancy O’Reilly, ACOG Committee for Practice Bulletins; Washington, DC
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e Catherine Racowsky, Ph.D.; Center for Reproductive Medicine, Department of Obstetrics
and Gynecology; Brigham and Women’s Hospital; Boston, MA

e Robert W. Rebar, M.D.; American Society for Reproductive Medicine; Birmingham, AL

e Uma M. Reddy, M.D., M.P.H.; Pregnancy and Perinatology Branch, NIH National
Institute of Child Health and Human Development; Bethesda, MD

e LauraE. Riley, M.D.; Vincent Obstetrics and Gynecology Services; Massachusetts
General Hospital; Boston, MA

As a result of an initial conference call with the technical experts, AHRQ, ORWH, ACOG,
and SART, the Duke research team finalized the key research questions to be included in the
report and the approach that would be used to address them. The key questions are:

e Question 1: Among women of reproductive age (12-44), what factors identify couples
with a low probability of spontaneously conceiving? Factors to be considered could
include: age of mother, age of father, presence of endometriosis, prior conception
history, body size, alcohol use, smoking, history of previous sexually transmitted
infection, and results of infertility testing (hysterosalpingogram, diagnostic laparoscopy,
blood tests for ovulatory function). In terms of our analytic framework, this question can
be further refined into three separate broad questions:

- Question la: What biological, environmental, or other factors increase the
likelihood that a given couple will present with infertility or subfertility?

- Question 1b: What biological, environmental, or other factors affect the
likelihood of different outcomes of ovulation induction or ART?

- Question 1c: What diagnostic tests are useful in helping predict the likelihood of
different outcomes of ovulation induction or ART?

e Question 2: Among women of reproductive age, what are the benefits and risks of
Clomid® and Pergonal® (or other injectable super-ovulatory drugs) and Glucophage®, and
how do they vary in different patient populations?

- Different patient populations include racial/ethnic groups and age by decade (or
age groups comparable to those in the Centers for Disease Control (CDC)-SART
national ART success rates reports™).

- Risks include high rates of higher order multiples and ovarian hyperstimulation
syndrome.

- Benefits include reduced time to achieve pregnancy, correction of ovulatory

dysfunction, possible decreased miscarriage rates, and decreased gestational
diabetes risk with Glucophage®.
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e Question 3: Among women of reproductive age, which laboratory, clinical, and other
practice approaches result in the highest successful singleton pregnancy (or live-born)
rates, and what practices lead to high multiple rates?

- Laboratory practices include intracytoplasmic sperm injection (ICSI), different
types of embryo culture, fresh versus frozen embryo transfer, and day 2 to 3
versus day 5 to 6 transfer.

- Clinical practices include number of embryos transferred and selection criteria for
eligible patients, as well as using the implantation rates from previous
unsuccessful cycles to inform subsequent embryo transfer.

- Other practices include insurance coverage strategies.

e Question 4: What are the adverse outcomes of ovulatory drug-induced pregnancies and
of pregnancies achieved with in vitro fertilization (IVF)? Is there evidence to link these
adverse outcomes with the treatments and not the underlying maternal health or
gestational age problems?

- For the mother, outcomes include preeclampsia, cesarean delivery, gestational
diabetes, abruption, placenta previa, and breast and ovarian cancer.

- For the infant, outcomes include birth defects, prematurity, low birth weight, and
long-term outcomes as available.

After further discussion with the technical experts, AHRQ, ORWH, ACOG, and SART, it
was agreed that we would not attempt a formal review of the literature pertaining to Question 1la.
This was based on several factors. First, in our initial search of the recent literature, the majority
of potentially relevant studies focused on environmental or occupational exposures. While
identifying possible causal links between such exposures and subsequent infertility is clearly an
important public health question, the state of the science does not allow immediately relevant
clinical recommendations. For some exposures, there is substantial ongoing basic and clinical
research (for example, in men and women exposed to cancer therapies as children or young
adults), but these examples do not represent “typical” infertility practice, and warrant separate
systematic review. Second, many of the best quality studies, particularly with respect to
ascertainment of exposure, were performed outside the United States; for many exposures, this
would limit their potential relevance to a U.S. population. Finally, in the United States, one of
the most important factors that “increases the likelihood that a given couple will present with
infertility or subfertility” is the availability of adequate insurance coverage or sufficient financial
resources to cover diagnosis and treatment; wide variations in this availability could substantially
affect risk estimates for the general population, especially in case-control studies

Given the large volume of the literature, the methodological complexities involved in
interpreting the literature (in particular, the results of non-randomized studies of outcomes in
subgroups and diagnostic tests), and the recent publication of several large relevant trials, the
timeline for producing this draft report was extended. In order to expedite dissemination of the
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most immediately relevant results for clinical care, research, and policy, and after discussion
with AHRQ, this initial draft is limited to Questions 2, 3, and 4 (those questions that focus on
immediate and longer term outcomes); Questions 1b (subgroup analyses) and 1c (diagnostic and
predictive testing) will be covered in a supplement to this draft.

For the sake of coherence, the sections below on the “Analytic Framework™ and the
“Literature Search and Review” include material relevant to all five of the final key questions
(1b, 1c, 2, 3, and 4), while the sections on “Data Abstraction and Development of Evidence
Tables” and “Quality Assessment Criteria” focus on Questions 2-4.

Analytic Framework

We developed a simplified project-specific analytic framework to address the key questions
within the context of a standardized evidence report (Figure 2). This framework incorporates
etiologic causes, diagnostic evaluation, and treatment outcomes. Numbers refer to the research
questions. The diagnostic classes of (a) ovulatory dysfunction, (b) unexplained
subfertility/infertility, and (c) tubal factor and some male factor are not meant to be
comprehensive or mutually exclusive, but represent broad diagnostic classes where ovulation
induction and/or ART are generally considered appropriate therapy.
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Figure 2. Analytic framework for evidence report. Numbers refer to key questions.

Briefly, Question 1 addresses etiology and patient-specific characteristics that affect the
likelihood of different treatment outcomes, Question 2 addresses short-term treatment outcomes
after therapy with ovulation-inducing therapies, Question 3 addresses short-term treatment
outcomes with ART, and Question 4 addresses longer term outcomes for both mothers and
infants after both ovulation induction and ART.

Literature Search and Review

I. Sources

The primary source of literature was MEDLINE® (1966-January Week 4 2008). Searches of
this database were supplemented by a search of the Cochrane Database of Systematic Reviews,
and by a review of the reference lists of included articles and relevant review articles and meta-
analyses.
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Il. Search Strategies

The basic MEDLINE® search strategy used the National Library of Medicine’s Medical
Subject Headings (MeSH) key word nomenclature. Searches were limited to articles published
in English. The exact search string used is given in Appendix A." Relevant reviews in the
Cochrane Database of Systematic Reviews were identified by hand searching the list of reviews
published by the Menstrual Disorders and Subfertility Group, which covers all topics relevant to
this report. All search strategies combined yielded a total of 5294 citations, whose records are
maintained in a ProCite (Thompson ISI ResearchSoft, Berkeley, CA) database.

[ll. Screening of Abstracts

Paired clinicians from the Duke research team independently reviewed abstracts and
classified each as included or excluded according to project-specific criteria, which they also
developed. An abstract was included for full-text review if at least one of the paired reviewers
recommended that it be included.

The inclusion criteria applied at the abstract screening stage were:

e N>50if not a randomized controlled trial (RCT; smaller RCTs were acceptable); and
e Female age <45; and
e Study relevant to at least one of the key questions, as follows:

- Compares outcomes of ovulation induction or ART based on presence/absence or
differing levels of biological, environmental, or other factors (Question 1b); and/or

- Reports sensitivity/specificity of diagnostic tests for predicting the likelihood of
different outcomes of ovulation induction or ART; or study reports “associations” or
“correlations” between test results and outcomes (Question 1c); and/or

- Reports benefits and risks of treatment with Clomid®, Pergonal®, other injectable
super-ovulatory drugs, or Glucophage® in various populations (Question 2); and/or

- Reports pregnancy and/or live birth rates of ART (Question 3); and/or
- Reports adverse outcomes (including quality-of-life measures) of ovulatory drug-

induced pregnancies and of pregnancies achieved with IVF based on either (i) history
of infertility or (ii) treatment (Question 4).

“Appendixes cited in this report are provided electronically at
http://www.ahrg.gov/downloads/pub/evidence/pdf/reprotech/reprotech.pdf
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When these screening criteria were applied, a total of 2712 citations were included for further
review at the full-text stage.

IV. Screening of Full Texts

At the full-text screening stage, paired researchers independently reviewed the articles that
had passed the abstract screening and indicated a decision to include or exclude them for data
abstraction for one or more of the key questions. When the two reviewers arrived at different
decisions about inclusion/exclusion or about question assignment for a given article, they were
asked to reconcile their differences. The question-specific screening criteria applied at the full-
text stage are described in Table 1.

Table 1. Full-text screening criteria by question

Question 1b (biological, environmental, and other factors affecting the likelihood of different outcomes of ovulation
induction or ART):

Include when:

e Article published from 2000-present; and

e N=2=100; and

e Female age < 45; and

e  Study compares outcomes of ovulation induction/ART based on presence/absence or differing levels
of factor; and

e Outcomes include (a) pregnancy and/or live birth; (b) multiple pregnancy; and/or (c) adverse
outcomes; and

e QOutcomes are reported or calculable on a per-patient or per-couple basis; and

e Able to construct 2-by-2 table for outcomes based on data provided in the paper.

e Include donor egg if (and only if) an explicit comparison to non-donor egg pregnancies is made.

Notes:
e Factors to be considered include:
- Age of mother
- Age of father
- Presence of endometriosis
- Prior conception history
- Body size
- Alcohol use
- Smoking

- History of previous sexually transmitted infection

Question 1c (diagnostic tests for predicting the likelihood of different outcomes of ovulation induction or ART):
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Include when:

Article published from 2000-present; and

N = 100; and

Female age < 45; and

Study reports sensitivity/specificity of diagnostic test in predicting outcome of ovulation induction/ART,;
or study reports “associations” or “correlations” between test results and outcomes; and

Outcomes include pregnancy and/or live birth; and

Outcomes are reported/calculable on a per-patient or per-couple basis, or outcomes are
reported/calculable on a per-cycle basis if test is repeated each cycle (e.g., embryo quality score prior
to implantation would be repeated each cycle, and analysis on a per-cycle basis would be appropriate;
maternal blood tests performed only prior to treatment should have results presented/calculable per-
patient/couple, rather than per-cycle); and

Able to construct 2-by-2 table for outcomes based on data provided in the paper.

Exclude when study uses donor egg or sperm.

Notes:

Diagnostic tests include:
- Hysterosalpingogram
- Diagnostic laparoscopy

- Blood tests for ovulatory function

Question 2 (benefits and risks of Clomid Glucophage®, Pergonal®, other injectable super-ovulatory drugs, and

GIucophage® in various populations):

Include when:

Article published from 2000-present; and

Study design = RCT; and

Female age < 45; and

Study reports outcomes of treatment with drugs for ovulation induction, including:

- Clomiphene

- Tamoxifen

- Human menopausal gonadotropins

- GnRH agonists; and

Outcomes include pregnancy and/or live birth, and data are reported or calculable on a per-patient or

per-couple basis.

Exclude when study uses donor egg or sperm.

Notes:

Different patient populations include:
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- Raciallethnic groups

- Age by decade (or age groups comparable to CDC-SART national ART success rates reports“)
e Risks include high rates of higher order multiples and ovarian hyperstimulation syndrome
e Benefits include:

- Reduced time to achieve pregnancy

- Correction of ovulatory dysfunction

- Possible decreased miscarriage rates

- Decreased gestational diabetes risk with Glucophage®

Question 3 (laboratory, clinical, and other practices resulting in the highest successful singleton pregnancy (or live-

born) rates, and practices leading to high multiple rates):

Include when:

e Atrticle published from 2000-present; and

e  Study design = RCT; and

e Female age < 45; and

e  Study reports pregnancy and/or live birth rates of ART, and data are reported or calculable on a per-

patient basis or per-couple basis.

Exclude when study uses donor egg or sperm.

Notes:

e Laboratory practices include:
- Intracytoplasmic sperm injection (ICSI)
- Different types of embryo culture
- Fresh versus frozen embryo transfer
- Day 2-3 versus day 5-6 transfer

e  Clinical practices include:
- Number of embryos transferred
- Selection criteria for eligible patients
- Using the implantation rates from previous unsuccessful cycles to inform subsequent embryo

transfer

e  Other practices include insurance coverage strategies

Question 4 (adverse outcomes of ovulatory drug-induced pregnancies and of pregnancies achieved with IVF):

Include when:

e Article published from 2000-present; and

e Ifnotan RCT, N =100 (this refers to the total number of patients, not the number of cases, which may
be < 100); and
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e Female age < 45; and

e  Study reports pregnancy-related outcomes based on either (a) history of infertility or (b) treatment
(note that such outcomes can include quality-of-life measures); and

e  Study reports short- or long-term neonatal and maternal outcomes (listed below) on a per-patient, per-
pregnancy, or per-birth basis.

e Include donor egg if (and only if) explicit comparison made to non-donor egg pregnancies.

Exclude non-U.S. studies that do not report base rates of incidence for comparison group.

Notes:
e  For the mother, outcomes include:
- Preeclampsia
- Cesarean delivery
- Gestational diabetes
- Abruption
- Placenta previa
- Breast, ovarian, and other cancers
- Quality-of-life measures
e  For the infant, outcomes include:
- Birth defects
- Prematurity
- Low birth weight
- Long-term outcomes as available

- Quality-of-life measures

Summaries of the results of the abstract screening and full-text review are provided in Tables
2 and 3. A list of excluded articles, with reasons for exclusion, is provided in Appendix B.

Table 2. Results of abstract and full-text screening

Articles identified 5294

Abstracts screened 5294
Included 2712
Excluded 2582

Full-text articles screened 2712
Included for at least one question 818
Excluded for at least one question 1942
Included for at least one question and 48
excluded for at least one other question
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Table 3. Included full-text articles by question

Question Number of
articles

Question 1b: Biological, environmental, and other factors affecting 131

outcomes of ovulation induction/ART

Question 1c: Diagnostic tests 229

Question 2: Ovulation induction with assisted conception 63

Question 3: Assisted conception: IVF and ICSI 237

Question 4: Longer-term outcomes 178

Total number of articles included for data abstraction 818

" Some articles were included for more than one question.

Data Abstraction and Development
of Evidence Tables

The Duke research team developed data abstraction forms/evidence table templates for
abstracting data for each of the key questions; the forms used for Questions 2-4 are provided in
Appendix C. Based on clinical expertise, a pair of researchers was assigned to each key question
to abstract data from the eligible articles. One of the pair abstracted the data, and the other over-
read the article and the accompanying abstraction to check for accuracy and completeness. At
this stage of the review, included articles were also assigned to specific topics within each key
question. The completed evidence tables for Questions 2-4 are provided in Appendix D.

The evidence tables include estimates of appropriate summary measures. For Questions 2
and 3, which were limited to RCTs, we calculated the relative risk of clinical pregnancy, live
birth, or both, associated with treatment, along with 95 percent confidence intervals, using a
Microsoft Excel® spreadsheet incorporating the appropriate formulas. When possible, no
treatment or placebo was used as the reference; if an active control was used, we attempted to
use those therapies that reflected “standard of care,” as defined by the study authors or based on
input from the clinicians on the Duke team. Whenever possible, the denominator for these ratios
was the number of women or couples randomized.

For Question 4, we similarly estimated the relative risk (for RCTs and cohort studies) or the
odds ratio (for case-control studies), along with 95 percent confidence intervals.

Relevant meta-analyses identified by our search (including all relevant Cochrane reviews)
were not abstracted, but results are summarized in the text.

Quality Assessment Criteria

At the data abstraction stage, abstractors were asked to evaluate each included article for
factors affecting internal and external validity. The quality assessment criteria used for this
purpose were developed by the Tufts-New England Medical Center Evidence-based Practice
Center (EPC) for an evidence report on “Effects of Omega-3 Fatty Acids on Cardiovascular
Disease.”® Abstractors were instructed to assign a “+” or “-” to each item and provide a brief
rationale for their decisions.

The quality criteria assessed for Questions 1b and 1c will be described in a supplement to this
report. For Questions 2-4, the criteria were:
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For Questions 2 and 3:

Randomization method
Blinding
Dropout rate < 20%

Adequacy of randomization concealment

For Question 4:

For RCTs:

Randomization method
Blinding
Dropout rate < 20%

Adequacy of randomization concealment

For cohort studies:

Unbiased selection of the cohort (prospective recruitment of subjects)
Large sample size

Adequate description of the cohort

Use of validated method for ascertaining exposure

Use of validated method for ascertaining clinical outcomes

Adequate followup period

Completeness of followup

Analysis (multivariate adjustments) and reporting of results

For case-control study:

Valid ascertainment of cases
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e Unbiased selection of cases

e Appropriateness of the control population

e Comparability of cases and controls with respect to potential confounders
e Appropriateness of statistical analyses

After some deliberation, we decided not to assign individual studies a summary quality score
(see, e.g., the “A, B, C” scale used in previous evidence reports by the Tufts-New England
Medical Center EPC, including in the report cited above®). First, there is no evidence that the
use of any particular quality scoring system has a substantial impact on the results of systematic
reviews.*® Second, our experience has been that it is more helpful to identify consistent and
specific quality issues that affect the majority of the literature (concerning, e.g., sample size,
analytic methods, or ascertainment bias) in order to guide future research, rather than relying on
a global quality score.

Peer Review Process

We employed internal and external quality-monitoring checks through every phase of the
project to reduce bias, enhance consistency, and verify accuracy. Examples of internal
monitoring procedures include: three progressively stricter screening opportunities for each
article (abstract screening, full-text screening, and data abstraction); involvement of three
individuals (two clinicians and a copy-editor) in each data abstraction; and agreement of at least
two clinicians on all included studies.

Our principle external quality-monitoring device is the peer-review process. Nominations for
peer reviewers were solicited from several sources, including the technical expert panel (who
also served as reviewers) and interested Federal agencies. The list of nominees was forwarded to
AHRQ for vetting and approval. A list of reviewers submitting comments on this draft is
included in Appendix E.
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Chapter 3. Results

Ovulation Induction without Assisted Conception
(Question 2)

I. Research Question

Among women of reproductive age, what are the benefits and risks of Clomid® and
Pergonal® (or other injectable super-ovulatory drugs) and Glucophage®, and how do they vary in
different patient populations? Different patient populations include racial/ethnic groups and age
by decade (or age groups comparable to those in the Centers for Disease Control and Prevention
[CDC]-Society for Assisted Reproductive Technology [SART] national assisted reproductive
technology [ART] success rates reports'®). Risks include high rates of higher order multiples
and ovarian hyperstimulation syndrome. Benefits include reduced time to achieve pregnancy,
correction of ovulatory dysfunction, possible decreased miscarriage rates, and decreased
gestational diabetes risk with Glucophage®.

lI. Approach

Agents that promote ovulation are used in two specific subgroups of infertile patients. First,
the single most common etiology for infertility in the United States is anovulation or oligo-
ovulation, most commonly as part of the polycystic ovarian syndrome (PCOS).*® Without
ovulation, conception and pregnancy cannot occur; in these patients, use of techniques that
stimulate ovulation is oriented towards correcting the primary etiology of infertility. We focused
on treatment of anovulation solely in women seeking pregnancy: correction of endocrine
abnormalities, including anovulation, in women not seeking pregnancy is clearly an important
therapeutic goal, but the considerations in deciding on optimal therapy may be quite different.**
We did not include studies of women with anovulation due to hypothalamic amenorrhea or
premature ovarian failure.

A second group of patients includes couples with unexplained infertility, mild male factor
infertility, or other non-tubal etiologies. In theory, given patent fallopian tubes, normal uterine
anatomy, and functional tubes, increasing the number of eggs produced in a given cycle
increases the probability of conception. In these patients, use of ovulation-inducing agents is
aimed at producing multiple eggs in a given cycle (superovulation), in order to increase the
chances of conception. Given these very different patient populations and therapeutic goals, we
began our review by separating included studies between those which specifically corrected
anovulation in women with PCOS and those which involved superovulation in women with
normal ovulatory function.

For each category of patient, we further divided studies by the types of intervention used.
For anovulatory women, these were: (a) inhibitors of estrogen action (including anti-estrogens
such as clomiphene citrate, e.g., Clomid®, and aromatase inhibitors such as letrozole; as a group,
we refer to these as estrogen inhibitors); (b) insulin sensitizers (such as metformin, or
Glucophage®); (c) gonadotropins (such as human menopausal gonadotropins, e.g., Pergonal®);
(d) combination therapies; and (e) surgical therapies. For ovulatory women, we used the same
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categories, with the exception of insulin sensitizers. Since intrauterine insemination (1Ul) is
often included as part of the ovulation induction or superovulation regimen, we also included
studies which addressed specific aspects of Ul in each group.

As described in the Methods chapter, we excluded all non-randomized studies, as well as
“quasi-randomized” studies (such as those where treatment assignment was based on alternate
history numbers or clinic days). For this topic, the primary outcome of interest was the
cumulative number of clinical pregnancies or, preferably, live births per couple; wherever
possible, we used the number of women/couples randomized as the denominator. We excluded
any study where these outcomes were not reported or calculable from the presented results.
Some studies used crossover designs. Because a crossover design requires the assumption that
all cycles are equivalent, and ignores the implications of different pregnancy rates in the first
cycle on the subjects in the second cycle, interpretation of the results of crossover studies of
infertility treatments is extremely problematic.*® Therefore, we included crossover studies only
if the results for the first cycle were presented separately.

For the primary outcomes, relative risks (RRs) with 95 percent confidence intervals (CIs)
were calculated from the presented results. Because of substantial clinical heterogeneity in the
studies in terms of patient characteristics (such as body mass index [BMI] in studies of PCOS)
and treatment regimens, we did not perform formal meta-analyses.

Results for other outcomes, such as multiple pregnancy or spontaneous abortion rates, are
summarized in the text. The majority of included studies were extremely limited in power to
detect differences in the primary outcomes, let alone any differences in other less common
outcomes. Outcomes related to later pregnancy and longer term maternal and child outcomes are
discussed under Question 4.

Please note that in the summary tables throughout this chapter, estimates of relative effect
with Cls that do not cross 1 (i.e., estimates that are statistically significant) are bolded for
emphasis.

[1l. Search Results

The flow of articles on this topic through the literature search and screening process is
depicted in Figure 3.
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5294 abstracts identified (all

Questions)
\ 4
181 full-text articles reviewed 2582 abstracts excluded (all
for Question 2 Questions)
\ 4

63 full-text articles included 118 full-text articles excluded:

- Not RCT (n =65)
Review articles (n = 17)
Background only (n = 12)
Problems analyzing/interpreting
data (n = 10)
Other (n = 14)

Figure 3. Literature flow diagram — Question 2
IV. Induction of Ovulation in Anovulatory Women

A. Drugs for inducing ovulation—estrogen inhibitors. PCOS is a condition marked by
anovulation, hyperandrogenism, and insulin resistance. Common clinical manifestations include
oligo- or amenorrhea, acne, hirsutism, and obesity.** The mainstay of treatment for many years
has been clomiphene citrate (CC); clomiphene is a non-steroid which chemically resembles
tamoxifen, and, like tamoxifen, it has both estrogen agonist and antagonist effects at the level of
the estrogen receptor; it promotes the release of follicle-stimulating hormone (FSH) from the
pituitary, with subsequent follicular development and ovulation in the ovary.** Trials prior to
2000 demonstrated that clomiphene is superior to placebo in achieving pregnancy in anovulatory
women.*

Recently, another class of estrogen inhibitors, aromatase inhibitors, has been explored as an
alternative for ovulation induction. These agents, which have been shown to have efficacy in
breast cancer patients, work by preventing the conversion of testosterone to estrogen via the
enzyme aromatase.

This section reviews studies where estrogen inhibitors were the sole treatments for infertile
women with PCOS. Studies where they are compared to other classes of agents, or studies with
combination therapies, are described below.

1. Included studies. Five studies met our inclusion criteria (Table 4). All five had fewer than
50 subjects per arm, only two followed subjects for more than one cycle, and none reported live
births.

In direct comparisons of estrogen inhibitors, the small sample sizes of comparisons of
clomiphene to tamoxifen,* anastrozole,* and letrozole*’ result in wide confidence intervals for
treatment efficacy.
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Based on one small study, administration of clomiphene on cycle days 1-5 results in a

significantly higher cumulative pregnancy rate than administration on cycle days 5-9 (RR 2.08;
95 percent Cl 1.00-4.33).%®

None of the studies had sufficient numbers to draw any conclusions regarding other

outcomes such as spontaneous abortion or multiple pregnancies.

Table 4. Estrogen inhibitors alone in anovulation

Study Interventions N Efficacy
Clinical Preghancy Ongoing Pregnancy/Live
Birth
Rel Eff | Lower | Upper | Rel Eff | Lower | Upper
95% CI | 95% CI 95% CI | 95% CI
Clomiphene vs. other estrogen inhibitors
Boostan- Reference Clomiphene 40
far et al., Tamoxifen 46 1.30 0.51 3.35 - - -
2001* Cycles/patient: 2.4
Wu et al., Reference Clomiphene 19
2007 Anastrozole 14 | 5.68 0.27 119 - - -
Cycles/patient: 1.0
Bayar et Reference Clomiphene 36
al., 2006" Letrozole 38 | 145 0.60 3.53 - - -
Cycles/patient: 2.7
Timing of clomiphene administration
Dehbashi Reference Clomiphene
41
et al.h8 days 5-9
2006 Clomiphene 37 | 208 | 1.00 | 433 - - -
days 1-5

Cycles/patient: 1.9

2. Other published systematic reviews. In one published systematic review of clomiphene
versus tamoxifen* involving four studies (three pre-2000) with a total of 243 subjects and 743
cycles, there was no significant difference in pregnancy rate per cycle (RR 1.06; 95 percent CI
0.58-1.91); pregnancy or live birth per couple were not calculable.

3. Cochrane reviews. The most recent Cochrane update was in November 2004.** Other
than showing superiority of clomiphene to placebo, no comparison (tamoxifen vs. clomiphene,
clomiphene plus tamoxifen vs. clomiphene alone, or letrozole vs. anastrozole) had sufficient
numbers of patients to be able to reach any conclusions regarding relative efficacy in achieving
pregnancy (Table 5).
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Table 5. Cochrane review, estrogen inhibitors alone in anovulation*

Interventions N Efficacy
Clinical Pregnancy Ongoing Pregnancy/Live
Birth
Relative | Lower Upper Relative | Lower Upper

Effect 95% CI 95% CI Effect 95% ClI 95% CI

Clomiphene vs. placebo

Reference Placebo 63

Clomiphene 70 5.77 155 215 - - -

3 studies, all pre-2000

Clomiphene vs. tamoxifen

Reference Tamoxifen 91

Clomiphene 90 1.00 0.48 2.09 - - -

2 studies, 1 post-2000

Clomiphene + tamoxifen vs.
clomiphene

Reference Clomiphene 10

Clomiphene + tamoxifen | 10 3.32 0.12 91.6 - - -

1 study, pre-2000

Letrozole vs. anastrozole

Reference Anastrozole 18

Letrozole 22 1.88 0.40 8.88 - - -

1 study, post-2000

4. Conclusions. Clomiphene citrate is superior to placebo in achieving pregnancy in
anovulatory women; as such, it is a reasonable reference treatment for evaluation of other
methods for induction of ovulation in this patient population. There is insufficient evidence to
allow any inferences regarding the relative efficacy of other estrogen inhibitors compared to
clomiphene.

B. Drugs for inducing ovulation — insulin-sensitizers. Interventions that improve insulin
resistance, such as weight loss or treatment with specific drugs in women with PCOS can also
lead to decreases in circulating androgens and ovulation. The most commonly used agent has
been metformin; the most recent Cochrane review found significantly increased rates of
ovulation with metformin compared to placebo (odds ratio [OR] 3.88; 95 percent Cl 2.26-
6.69).”° A different class of insulin sensitizers, the thiazolidinediones, have also been
investigated, although one agent that increased ovulation rates in PCOS patients in a randomized
controlled trial (RCT), troglitazone,* has subsequently been removed from the market due to
hepatic toxicity. Potential advantages of insulin sensitizers for induction of ovulation compared
to estrogen inhibitors or gonadotropins include correction of underlying metabolic abnormalities
which may have adverse longer term cardiovascular consequences™ and reduced rates of
multiple gestation. Although neither class of drugs is approved for use in pregnancy, there are
enough data available for metformin to be placed in the U.S. Food and Drug Administration
(FDA) Pregnancy Category B (human data reassuring), while thiazoledinediones are in Category
C (insufficient data).>

Although efficacy in establishing ovulation has been established, at least for metformin, the
evidence available at the time of the Cochrane review was limited for pregnancy and live birth.>
This section reviews the literature meeting our search criteria that provided data on pregnancy
and live birth rates.

1. Included Studies. The following sections describe studies comparing metformin to
placebo, metformin to other insulin sensitizers, and metformin to clomiphene. Studies that
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compared metformin in combination with other agents are described in the section on
combination therapy.

We identified three studies™*>® comparing metformin to placebo that met our search criteria
(Table 6). All three studies were small, ranging in size from 20 to 56 subjects. Two studies, one
in new patients™ and one in patients who had previously failed to ovulate with clomiphene
treatment,”® had non-significant increases in pregnancy rates; the third trial®® had only three
pregnancies in 20 subjects.

Two small studies compared metformin to rosiglitazone®’ or pioglitazone® (Table 6). Neither
study had sufficient power to demonstrate any difference in pregnancy or live birth rates, and the
study by Ortega-Gonzalez and colleagues® was not designed as an infertility trial.

Two RCTSs provided data which allowed direct comparison of metformin to clomiphene®°
(Table 6). Both studies used a double-blind, double-dummy design, where women received
either clomiphene plus placebo “metformin,” or metformin plus placebo “clomiphene,” and
continued treatment for up to 6 months.

In a single center study, Palomba and colleagues randomized 50 women to each arm. The
primary outcome was pregnancy rate, and the study was powered to detect a 30 percent absolute
difference. Both ovulation and pregnancy rates were higher in the first two cycles with
clomiphene, but higher with metformin in subsequent cycles.® Cumulative ovulation rates were
similar (62.9 percent with metformin vs. 67 percent for clomiphene), but cumulative and ongoing
pregnancy rates were significantly higher with metformin (RR for cumulative pregnancy rates
3.10; 95 percent Cl 1.71-5.62; for ongoing pregnancy, RR 2.80; 1.53-5.13). Spontaneous
abortion rates were higher in the clomiphene group. There were no multiple pregnancies in
either arm, and no clear difference in pregnancy complications.

Contrasting results were found in a larger multi-center trial, the Pregnancy in Polycystic
Ovary Syndrome (PPCOS) study, conducted by Legro and colleagues.® This trial also included a
third arm of active clomiphene plus metformin; these results are discussed separately in the
combination therapy section. Randomization was stratified by center and history of prior therapy
with either metformin or clomiphene (approximately 60 percent of subjects had previously
received at least one of the experimental treatments, with 18 percent having received both). The
primary outcome was live birth, powered to detect an absolute difference of 15 percent. Six
hundred twenty-six women were randomized. Ovulation rates were significantly higher in the
clomiphene only group compared to metformin (49 percent vs. 29 percent), and both pregnancy
and live birth rates were substantially higher in the clomiphene only group (RR for live birth
0.33; 95 percent ClI 0.19-0.57). There were three multiple pregnancies in the clomiphene-only
group, none in the metformin group, with a non-significant trend towards higher pregnancy loss
rates in the metformin group; there were no clear differences in pregnancy complications.
Overall side effects were similar, with hot flashes and vaginal symptoms more common with
clomiphene, and gastrointestinal symptoms more common with metformin.

From the published data, there is no clear explanation for the discrepant results of these two
similarly designed studies. The main differences in the subject populations were prior treatment
(none in the Palomba study, 60 percent in PPCOS) and BMI (restricted to less than 30 kg/m? in
the Palomba study, while almost 20 percent of the PPCOS subjects had a BMI between 30 and
34 kg/m?, and almost 50 percent had a BMI of 35 kg/m? or above). However, because of the
large sample size and randomized design, these factors were equally distributed between
treatment arms. In addition, post-hoc analyses based on BMI and history of prior treatment
showed similar results for the comparison of metformin to clomiphene alone. Given the single
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center European setting versus the multi-center U.S. setting, and subsequent findings of genetic
variability in response to metformin,® it is possible that variations in the distribution of relevant
genes in different patient populations contributed to some of the difference.

Table 6. Insulin sensitizers in anovulation

Study Interventions N Efficacy
Clinical Preghancy Ongoing Pregnancy/Live
Birth
Rel Eff | Lower | Upper | Rel Eff | Lower | Upper
95% CI | 95% CI 95% CI | 95% CI
Metformin vs. placebo
Fleming et | Reference Placebo 19
al., 2002** Metformin 23 | 330 0.40 27.1
Subgroup of patients actively seeking pregnancy;
cycles/patient: > 1
Kocak et Reference Placebo 28
al., 2002>® Metformin 28 | 6.00 0.31 114
Clomiphene- _—
resistant Cycles/patient: >1
Ng et al., Reference Placebo 10
2001°° Metformin 10 | 050 0.05 4.67
Clomiphene- N
resistant Cycles/patient: >1
Metformin vs. other sensitizers
Rouzi and | Reference Metformin 13
Ardawi, Rosiglitazone 12 1.30 0.53 3.17 1.35 0.47 3.89
2006 .
Cycles/patient: >1
Ortega- Reference Metformin 27
Gonzalez Pioglitazaone 25 1.80 0.48 6.76
gggg’ss Cycles/patient: 6 months; not designed as infertility study
Metformin vs. clomiphene
Palomba Reference Clomiphene +
50
et al.l59 placebo
2005 Metformin + 50 | 3.10 1.71 5.62 2.80 1.53 5.13
placebo
Cycles/patient 4.2
Legro et6 Reference: Clomiphene + 209
al., 2007 placebo
Metformin + 203 | 0.36 0.22 0.60 0.33 0.19 0.57
placebo
Clomiphene + | 549 | 130 0.95 1.78 1.19 0.85 1.67
metformin
Cycles/patient: 4.7; multiples only in clomiphene arms

2. Other published systematic reviews. We identified one published non-Cochrane review by
Kashyap and colleagues.®® This review identified two studies with a total of 65 subjects
comparing metformin to placebo, with a summary odds ratio of 1.07 (95 percent Cl 0.20-5.74).

3. Cochrane reviews. The most recent Cochrane update was in December 2002.>° Based on
five studies with a total of 172 subjects, pregnancy rates were increased non-significantly with
metformin compared to no treatment or placebo (OR 2.76; 95 percent Cl 0.85-8.98); only two of
these studies (n = 50) reported live birth rates (OR 1.00; 0.13-7.79).

4. Conclusions. Although the majority of randomized studies suggest that pregnancy rates
are increased with metformin compared to placebo, the small number of trials, along with the
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small size of the trials, means that the results are non-significant for both individual studies and
meta-analyses performed to date.

There is insufficient evidence to compare the efficacy of available thiazolidinediones to
placebo, metformin, or any other currently used agent for induction of ovulation in women with
PCOS.

Results of the two direct randomized comparisons of metformin to clomiphene are
contradictory. The smaller single center study found metformin superior to clomiphene in
achieving pregnancy, while a much larger multi-center study found clomiphene superior to
metformin in achieving both pregnancy and live birth, results that were consistent regardless of
BMI or history of prior therapy. Results for spontaneous abortion rates were similarly
discrepant. Multiple pregnancies were only observed in women treated with clomiphene. Based
on this evidence, we conclude that metformin is, at best, not superior to clomiphene in achieving
pregnancy and live birth, and, based on the largest study, is inferior. Sample sizes are too small
in the randomized trials to draw conclusions about spontaneous abortion or other pregnancy-
related outcomes.

C. Drugs for inducing ovulation — gonadotropins. Approximately 20-40 percent of
women with PCOS will fail to conceive in response to clomiphene.®*®® One option for treating
these women is stimulation with exogenous gonadotropins. Although effective in achieving
pregnancy, there is an increased risk of both multiple pregnancies and ovarian hyperstimulation
syndrome (OHSS).%* The purpose of studies of variation in the type and/or dosing of
gonadotropin is to determine optimal pregnancy and live births while minimizing multiple births
and OHSS. This section reviews the existing evidence on the efficacy of various approaches to
ovulation induction using gonadotropins in PCOS patients.

1. Included studies. The six identified studies are shown in Table 7. None of the studies had
adequate power to detect differences in pregnancy rate. Because multiples and OHSS will be
even less frequent than pregnancy, these studies were not able to provide any conclusive
evidence regarding any gonadotropin-based method.
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Table 7. Gonadotropins alone in PCOS

Study Interventions N Efficacy
Clinical Preghancy Ongoing Pregnancy/Live
Birth
Rel Eff | Lower | Upper | Rel Eff | Lower | Upper
95% Cl | 95% CI 95% Cl | 95% ClI
Dosage
Balasch et | Reference rFSH step-
65 14
al., 2001 down
rFSH step-up 15 1.87 0.19 18.4
Clomiphene- ; st
resistant Cross-over design — 1™ cycle only
Christin- Reference rFSH step-
Maitre et down 39
al., 2003% rFSH step-up 44 1.26 0.69 2.29
Clomiphene- N ) . .
resistant Cycles/patient: 1.9; multiple gestations 0.59 (010, 3.35)
Leader Reference 251U rFSH
and step-up 83
Monofol gfe:)L_’uLFSH 78 | 067 | 032 | 1.38
Ovulat_ion Clomiphene-
Isntilé;“on resistant Cycles/patient: 1.0; multiples 0.26 (0.01, 5.8); ovarian
G hyperresponse 4.26 (1.49, 12.2)
roup,
2006 °’
Type of gonadotropin
Gerli et Reference: rESH 88
al., 2004% Urinary FSH 82 1.03 0.62 1.69
Cycles/patient: 2.23; multiples 0.91 (0.21, 4.00)
Revelli egg Reference: rESH 35
al., 2006 nghly purified 39 0.51 0.16 163
urinary FSH
CIo.mlphene- Cycles/patient: 1.0; fewer vials of rFSH used — lower cost
resistant
Timmer- Reference: Clomiphene 12
E::S“e’f‘gso g‘;’;ﬂ"e 16 | 075 | 023 | 24
I, 2000 i -
al Clolmlphene Cycles/patient: 2.1
resistant

2. Other systematic reviews. We did not identify any other non-Cochrane published reviews.

3. Cochrane reviews. There are three relevant Cochrane reviews. The first’* was most
recently updated in May 2000 and reviewed studies of gonadotropin therapy in PCOS. All
studies were published prior to 2000, and neither pregnancy nor live birth per couple was
reported or calculable. In five studies, FSH alone resulted in lower OHSS compared to human
menopausal gonadotropins (hMG) when no gonadotropin-releasing hormone (GnRH) analog
was used (OR 0.20; 95 percent CI 0.08-0.46); when GnRH agonists were used, overstimulation
requiring cycle cancellation was significantly more frequent. OHSS was increased, but the
confidence intervals for the OR include 1.0.

The second review’? was most recently updated in February 2001 and compared recombinant
(rFSH) versus urinary FSH (uFSH) preparations. Using urinary FSH as the reference, there was
no significant difference in pregnancy rate (OR 0.95; 95 percent Cl 0.64-1.41), multiple
gestations (0.44; 0.16, 1.21), or OHSS (1.55; 0.50, 4.84). Only one study (pre-2000) of different
dosing regimens was included in the review. It compared a conventional regimen guided by
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ovarian response versus chronic low-dose rFSH and found non-significant differences in
pregnancy rates (OR 1.62; 95 percent Cl 0.65-4.07).

The third review of pulsatile GnRH administration’® included only the study of Timmerman
et al.;"® with only 30 subjects, this study, like the majority of the others, was not powered to
detect meaningful differences in pregnancy rates.

4. Conclusions. Based on pre-2000 studies included in the Cochrane review,”* use of FSH
results in a lower incidence of OHSS compared with hMG, particularly if there is no concomitant
pituitary suppression. There is insufficient evidence to determine the most effective form or
regimen for administration of FSH for ovulation induction in women with PCOS who do not
respond to clomiphene.

D. Drugs for inducing ovulation — combinations. Combinations of all three of the major
classes of medical treatments for PCOS have been tested, along with other adjunctive therapies,
both as primary treatment for PCOS and in women who fail to respond to a trial of clomiphene.
This section describes studies that tested combinations of medical therapies, divided broadly by
studies of first-line treatment and treatments in clomiphene-resistant women.

1. Included studies: first-line treatment. Summary RRs for included studies are shown in
Table 8. Two studies compared metformin plus clomiphene to monotherapy in patients
receiving initial therapy for infertility associated with PCOS. Moll and colleagues’ randomized
225 women to clomiphene plus placebo or clomiphene plus metformin and found no difference
in pregnancy rates (RR 0.87; 95 percent Cl 0.64-1.18). In the previously described PPCOS
study,’ clomiphene plus metformin was significantly more effective in achieving both pregnancy
and live birth than metformin alone; live birth rates were increased, but not significantly,
compared to clomiphene alone (RR 1.19; 0.85-1.67). This effect was seen in women with and
without prior therapy. In another subgroup analysis, any benefit of adding metformin to
clomiphene was limited to women with a BMI greater than or equal to 35, although the sample
size was not sufficient to show statistical significance.

Two studies compared clomiphene alone to clomiphene with ultrasound monitoring of the
ovaries and triggering of ovulation with human chorionic gonadotropin (hCG), followed by
intercourse.”™™® Pregnancy rates were increased in both, but not significantly (Table 8).

In one small study, the addition of ketoconazole to clomiphene resulted in significantly more
live births (RR 2.24; 95 percent Cl 1.01-4.95), with a trend towards reduced multiple
pregnancies. This study was published in 2001, and we did not identify any subsequent similar
studies in our search.

Because clomiphene has both agonist and antagonist effects on the estrogen receptor,
depending on the target tissue, failure to conceive or early pregnancy loss in some women
receiving clomiphene may be due to estrogen inhibiting effects in other sites in the reproductive
tract. Two studies evaluating the addition of estrogens, either ethinyl estradiol’’ or
phytoestrogens,”® found significantly increased live birth rates compared to clomiphene alone
(RRs of 4.6 and 6.0), with decreased spontaneous abortion rates. Again, we did not identify any
other studies that would confirm these results.
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Table 8. Combination therapy as first-line-treatment in anovulation

Study Intervention N Efficacy
Clinical Pregnancy Ongoing Pregnancy/Live
Birth
Rel Eff | Lower | Upper | Rel Eff | Lower | Upper
95% Cl | 95% CI 95% Cl | 95% ClI
Clomiphene + metformin
Moll et al., | Reference Clomiphene +
2006" placebo 114
Clomiphene + | 119 | 0g7 | o064 | 1.8 - - -
metformin
Cycles/patient: > 1.0
Legro et6 Reference Clomiphene + 209
al., 2007 placebo
Metformin + 203 | 0.36 0.22 0.60 0.33 0.19 0.57
placebo
Clomiphene + | 509 | 130 0.95 1.78 1.19 0.85 1.67
metformin
Cycles/patient: 4.7; multiples only in clomiphene arms
Clomiphene + hCG trigger
George % Reference Clomiphene 920
al., 2007 Clomiphene + | g | 167 0.63 4.39 1.60 0.54 4.70
hCG trigger
Cycles/patient: 1.0??
Yilmaz et Reference Clomiphene 60
al., 2006 citrate
Clomiphene +
hCG as trigger 65 1.20 0.71 2.05 - - -
Cycles/patient: 1.0; multiples 2.17 (0.20, 23.3)
Clomiphene + ketoconazole
Ali Hassan | Reference Clomiphene 48
gggli’” Ee'?cr)‘g'g:aezr‘;; 49 | 208 | 099 | 436 | 224 | 101 | 495
Cycles/patient: 3.3; multiples 0.63 (0.33, 1.19); more
dropouts in clomiphene-only group
Clomiphene + estrogens
Unfer et s Reference Clomiphene 69
al., 2004 Clomiphene + | g5 | 4 77 0.83 3.76 4.60 1.37 15.4
phytoestrogen
Cycles/patient: 1.0; spontaneous abortion rate lower in CC
+ estrogen group
Gerli et - Reference Clomiphene 32
al., 2000 Clomiphene + | 3, | 175 | o085 | 350 | 600 | 146 | 246
estradiol

Cycles/patient: 1.0; spontaneous abortion rates lower in
clomiphene + estradiol group (0.33; 95% CI 0.07, 1.53)

2. Included studies: second-line treatment after initial failure with clomiphene. Summaries
of study size and RRs are presented in Table 9.

Two small studies

80,81

suggest an improvement in pregnancy rates with the addition of

metformin in women who have previously failed clomiphene treatment, although individual
differences were not statistically significant. Another small study failed to show a significant

difference with the addition of rosiglitazone.®

Metformin also non-significantly increased pregnancy rates in two studies of gonadotropin

Use.83’84
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Three studies of different adjunct therapies demonstrated large and statistically significant
improvements in pregnancy rates in clomiphene-resistant women compared to clomiphene alone:
pre-treatment with oral contraceptives® (RR 13.0; 95 percent CI 1.84-97.0); co-administration of

n-acetyl-cysteine®® (RR 28.0; 1.7-488); and co-administration of dexamethasone®’ (RR 8.00;
1.97-32.5). Of note, multiple gestation rates were increased with all three approaches. As is
evident from the width of the confidence intervals, the combination of relatively small study size
and lower event rates prevents precise estimates of efficacy, but the effect size for all suggests
that further studies of each of these approaches with a focus on minimizing multiple gestation
risk are warranted.

Table 9. Combination therapy in women who fail initial treatment with clomiphene

Study Intervention N Efficacy
Clinical Preghancy Ongoing Pregnancy/Live
Birth
Rel Eff | Lower | Upper | Rel Eff | Lower | Upper
95% CI | 95% CI 95% CI | 95% CI
Clomiphene + insulin sensitizers
George et | Reference  Metformin x 6
al., 2003% months, followed | 30
by clomiphene
hMG 30 1.40 0.50 3.92 3.00 0.66 13.7
Clomiphene- N
resistant Cycles/patient: > 1.0
Ghazeeri Reference Rosiglitazone + 12
et aI.,82 placebo
2003 Rosiglitazone + | 453 | 4 gg 0.19 17.9 0.92 0.06 13.2
clomiphene
Clomiphene-
resistant
Malkawi et | Reference  Clomiphene +
al., 2002% placebo 12
Clomiphene + 16 | 330 | 089 | 128 - - -
metformin
Clomiphene- S
resistant Cycles/patient: 2.7
Vander- Reference CC + placebo 15
molen et CC + metformin 12 7.50 1.04 54.1 - - -
al., 2001% Clomiphene-
resistant
Gonadotropins + insulin sensitizers
Yarali et Reference FSH + placebo 15
al., 2002% FSH + metformin | 16 | 4.69 0.62 35.6 - - -
Cycles/patient: 1.0
Clomiphene-
resistant
Palomba Reference  COH only 35
Sggg’m S](e)t?o:rmm 3 | 1290 | 077 | 216 | 142 | 080 | 251
Non-obese;
insulin-resistant;
fé‘;rl';'tng”e Cycles/patient: 2.45; multiples 0.51 (0.02, 15.0); OHSS 0.31
(0.07,1.37)
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Study Intervention N Efficacy
Clinical Pregnhancy Ongoing Pregnancy/Live
Birth
Rel Eff | Lower | Upper | Rel Eff | Lower | Upper
95% Cl | 95% CI 95% Cl | 95% CI
Clomiphene + oral contraceptive pre-
treatment
Branigan Reference Clomiphene + 24
and Estes, hCG trigger
2003% Pre-treatment
with OCP + 24 | 130 | 184 | 917 : : :
clomiphene +
hCG trigger
Clo_mlphene- Cycles/patient: 1.9; multiples increased with OCPs
resistant
Clomiphene + hCG trigger
Branigan Reference Clomiphene 36
and Estes, 100 mg
2005%° Clomphene 50
mg + hCG 35 | 638 | 035 | 126 . . .
ovulation
trigger
Clomiphene- Cycles/patient: 1.0
resistant
Clomiphene + other agents
Rizk et al., | Reference Clomiphene + 75
2005% placebo
Clomiphene +
n-acetyl- 75 28.8 1.7 488 - - -
cysteine
Clomiphene-
resistant Cycles/patient: 1.0; multiple gestation 10.3 (0.6, 189.8)
Elnashar Reference Clomiphene +
40
etal, placebo
2006% Clomiphene +
dexametha- 40 8.00 1.97 325 - - -
sone
Clomiphene- Cycles/patient: 1.0
resistant

3. Other systematic reviews. One published non-Cochrane systematic review® found an
increased pregnancy rate with clomiphene plus metformin compared to clomiphene plus placebo
in clomiphene-resistant women (OR 3.65; 95 percent Cl 1.11-12.0).

The relevant Cochrane review** (Table 10) showed significantly increased pregnancy rates
with use of clomiphene plus dexamethasone (OR 11.3; 95% CI 5.33-24.1) and clomiphene after
pre-treatment with oral contraceptives (OR 26.7; 4.91-145); both of these treatments also had
substantial increases in multiple pregnancy rates, although confidence intervals included 1.0.
The addition of metformin to gonadotropins was also superior to gonadotropins alone for
pregnancy (OR 4.88; 2.46-9.67).
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Table 10. Cochrane review, combination therapies in clomiphene-resistant women**

Interventions N Efficacy
Clinical Pregnancy Ongoing Pregnancy/Live
Birth
Rel Lower Upper Rel Lower Upper
Effect 95% CI 95% CI Effect 95% Cl | 95% CI
Clomiphene + bromocryptine vs.
clomiphene
Reference Clomiphene 53
Clomiphene + 47 | 098 0.33 2.96 : : :
bromocryptine
1 study, post-2000
Clomiphene + dexamethasone vs.
clomiphene
Reference Clomiphene 141
CC + dexamethasone 134 11.3 5.33 24.1 - - -
2 studies, 1 post-2000 Multiples (1 study), 7.68 (0.37, 157)
Clomiphene + ketoconazole vs.
clomiphene
Reference Clomiphene 37
CC + ketonazole 43 2.37 0.88 6.40 - - -
1 study, post-2000
Clomiphene + OCPs vs.
clomiphene
Reference Clomiphene 24
Clomiphene + OCPs 24 26.7 4.91 145 - - -
1 study, post-2000 Multiples 7.98 (0.39, 163
Metformin + ovulation induction
vs. ovulation induction alone
Reference  Ovulation induction 109
Metformin + induction 110 | 4.88 2.46 9.67 5.48* 0.81 37.3
5 studies, all post-2000 *1 study, post-2000, n = 27

4. Conclusions. Based on two large randomized trials, the addition of metformin to
clomiphene as first-line therapy does not appear to significantly increase pregnancy or live birth
rates, although a subgroup analysis of the largest trials suggests that there may be benefit in
women with a BMI greater than or equal to 35, a finding which should be confirmed in a larger
study.

The addition of ketoconazole (one study) and estrogens (two studies) to clomiphene in first-
line therapy resulted in significantly increased live birth rates due to decreased spontaneous
abortion rates, findings which should be confirmed in larger trials.

Although a statistically significant effect is not observed in individual studies, meta-analyses
do demonstrate a significant increase in pregnancy rates in clomiphene-resistant women treated
with metformin. Whether these results translate into improved live birth rates should be
confirmed in larger studies, although the lower overall birth rate in this population will require
large studies.

Pre-treatment with oral contraceptives, co-treatment with n-acetyl-cysteine, and co-treatment
with dexamethasone all resulted in large and statistically significant increases in pregnancy rates
in combination with clomiphene in clomiphene-resistant anovulatory women, along with
increased multiple gestation rates. These findings warrant further investigation, particularly if
multiple gestation can be avoided.

E. Surgical procedures for inducing ovulation. One of the earliest treatments for PCOS
was wedge resection of the ovary, which, while effecti