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Abstract

The objective for this thesis was to propose a question in the area of reproductive
medicine that could be addressed by a clinical trial. In preparation for such a trial we
conducted a systematic review of the topic.

Our first question was whether metformin is of benefit compared to clomiphene citrate
for ovulation induction and achievement of pregnancy in women with polycystic ovarian
syndrome (PCOS). We conducted a systematic review (SR) and meta-analysis of the
subject before designing and implementing a randomized controlled trial (RCT). The
RCT was terminated for recruitment issues. Our PCOS SR led us to develop a novel
ovarian stimulation protocol for poor responders. We used the lessons learned from our
failed RCT and another systematic review to design and conduct a feasibility randomized
controlled trial on the use of aromatase inhibitors to improve pregnancy outcomes for in-
vitro fertilization in poor responders. We successfully completed the pilot study and
found a trend towards increased clinical pregnancy rates for patients who received the

study versus the standard protocol. The pilot study provides recommendations for the

definitive trial.
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Chapter 1 Thesis Overview

1.1 Introduction

Infertility, commonly defined as the inability to conceive after one year of unprotected
intercourse, affects 10- 15% of couples. Although the incidence of infertility has
remained stable, the use of infertility drugs has increased rapidly. It is estimated that 2.5%

of all North American births are the result of artificial reproductive technology. (1)

The Food and Drug Administration (FDA) registered clomiphene citrate in 1967.
Gonadotropins were registered in 1969. Prior to that time, the hormonal treatment of
infertility involved the use of estrogens, progestins, oral contraceptive medications, and
pituitary radiation. Since the first human birth from an in-vitro fertilized conceptus
occurred in 1978, utilization of in-vitro fertilization (IVF) has expanded rapidly. In 2001,
40687 live babies were born from assisted reproductive technology (ART) cycles in the
United States (US) alone.( http://www.cdc.gov/reproductivehealth/ARTO1/acknowl.htm)

Collins estimated that the cost of a cycle of in-vitro fertilization, without assisted
micromanipulation, averaged almost $10000 in the United States in the year 2001.(2)
Fertility treatment success rates vary according to patient age, infertility diagnosis, clinic
expertise, and clinic size but assisted reproductive technology and infertility is an area
Jacking in evidence based medicine. Several challenges present. Therapy is often
invasive, expensive, and time consuming. Since most therapies require patients to pay out
of pocket in most districts in North America, patients and physicians are often unwilling to
participate in randomized controlled trials. Therapies that may be of benefit, particularly
in patients with poor prognoses, are often implemented in the absence of alternatives.
Most studies report surrogate outcomes such as oocyte and embryo yields or biochemical
pregnancy rates rather than clinically relevant pregnancies or delivery rates. This may be
due differing perspectives of physicians who treat infertility versus those who care for

these patients during pregnancy and delivery.



The cost for a cycle of controlled ovarian hyperstimulation — in utero insemination (COH-
IUT) is more difficult to derive but it is still significant. The success rates for COH-IUI

range from 5 -33%. (http://www.nichd.nih.gov/cpr/rs/rep_medicine.htm)

Until now, basic science has contributed most of the research around ART. These
advances increased the efficiency of ART. Despite rapidly increasing utilization of
reproductive technologies, very little rigorous evaluation of different treatment modalities
is performed before many of these treatments become standard of care. A Medline search
reported 449 papers with “randomized controlled trials” as a MeSH heading, including
editorials and letters. Many of the reported randomized controlled trials (RCTs) were not

properly designed or conducted.

As of 2001, only three states in the United States mandated complete IVF coverage.(3)
Less invasive treatments (ie COH-IUI) have varying levels of coverage in both Canada
and the US. Nonetheless, the direct costs of treatment to the patients are high. Much
debate has focused on the financial and emotional burdens of couples suffering from
infertility when and how, after repeated failures, they should be counseled to discontinue
treatment.(4, 5) More responsibility should also be placed on the reproductive medicine
community to prospectively evaluate treatments in a systematic way, for given patient

groups, to determine optimal treatment and likely success rates at initiation of therapy.

Therefore, our major goals in this thesis were: 1) to propose a treatment question in an
area of reproductive medicine that could be evaluated by a randomized controlled trial and
to conduct a systematic review of this topic which would then aid in the design of such a
trial; and 2) to design and implement the trial with the expectation of answering the
question and gaining potential knowledge on the difficulties of developing and conducting

such studies.

1.2 Objectives
The overall goals of this thesis from a methodologic viewpoint were as follows: to

propose a concise and explicit question in the area of reproductive medicine which may be



answered by a randomized controlled trial; 2) to perform a systematic review on the above
topic, using QUoRUM and MOOSE guidelines, in preparation for designing and
conducting the randomized controlled trial; 3) to design a randomized controlled trial
using robust methods following CIHR guidelines; and 4) to implement and conduct the

randomized controlled trial/ feasibility study.(6-8)

The specific objectives were to answer two questions:

“Is metformin beneficial compared to clomiphene citrate for achievement of pregnancy in
patients with PCOS?” and

“Are aromatase inhibitors, in combination with gonadotropins, beneficial compared to

standard, aggressive protocols for IVF treatment of poor responders?.

We proceeded to do this by designing and implementing systematic reviews on each topic,
followed by designing and implementing randomized controlled trials/feasibility studies
which were based on the results of the systematic reviews. Our study progressed from the
first topic to the second topic as a result of issues raised during the first systematic review

followed by recruitment issues in the first RCT.

1.3 Thesis Progression

The overall goal of this thesis was to perform a systematic review (SR) on a question in
reproductive medicine and then design a randomized controlled trial study based on the
results of the systematic review. An overview of the progression of the thesis is given in

Figure 1.

We began this thesis with the question “is metformin as effective a treatment as
clomiphene citrate (CC) in the first line treatment of infertility in women with polycystic
ovarian syndrome (PCOS) when the primary outcome considered is pregnancy?”
Polycystic ovarian syndrome is the most common endocrine disorder in women. PCOS
affects approximately 5-10% of women and up to 75% of anovulatory women.

Anovulation is responsible for approximately 40% of cases of infertility. (9, 10)



Figure 1: Progression of thesis
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Currently, standard treatment for induction of ovulation in these patients is clomiphene
citrate (CC). Since the first observational, cohort studies demonstrated resumption of
menstrual cycles in 21 of 22 patients with PCOS, many centres employ metformin as

primary therapy.(11) Several studies have been conducted on small samples of women




with PCOS with the primary outcomes ranging from lowering of total insulin and
androgen levels to reinstitution of ovulation. Most of these studies were observational and
many retrospective. The RCTs that do exist compare metformin to placebo and use
ovulation rather than pregnancy as a primary outcome. There are no direct, head to head

RCTs of metformin versus CC in women with PCOS.

Chapter 2 outlines the systematic review, using Cochrane, MOOSE and QUoRUM
guidelines, for metformin versus clomiphene citrate for ovulation induction and
achievement of pregnancy in women with PCOS.(6, 7) We then employed CIHR and
CONSORT guidelines to develop and implement a randomized controlled trial on this
topic.(12) A detailed protocol is found in the results section of chapter 2. The results of

both the systematic review and RCT are presented at the end of chapter 2.

During the process of conducting the systematic review on medical induction of ovulation
for patients with polycystic ovarian syndrome, a novel paper was published suggesting
that aromatase inhibitors may benefit this population.(13) However, our review of the
physiology of aromatase inhibitors suggested to us that this category of drug may be more
beneficial in another special group of patients called poor responders. Poor responders are
those patients who have a low probability to achieve pregnancy even with in-vitro
fertilization. Special characteristics of poor responders may include one or more of the
following: age over 40 years; estradiol less than 1000 pg/ml with previous IVF
stimulation; less than 5 follicles/oocytes obtained at retrieval; history of previous elevated
estradiol (> 75 pg.ml) or day2 and /or 3 follicle stimulating hormone (FSH) (> 12 mIU/ml
DPC assay/ > 20 mIU/ml RIA assay); and/or history of previous cancellation of IVF

stimulation for poor response.

We therefore conducted a search for clinical trials which investigated the effect of
aromatase inhibitors in poor responders both for in-utero insemination and for in-vitro
fertilization. We found several studies, including one randomized controlled trial, which
assessed aromatase inhibitors in PCOS patients. (14)We did not find any studies looking

at poor responders and IVF except for one abstract of a case-series study which



investigated the use of aromatase inhibitors for the purpose of ovulation induction in

women who were called “low responders”.(15)

We experienced difficulty with recruitment for the PCOS study and discovered this was
due to a new decision at the study site (Cornell Medical College) to discontinue
acceptance of three types of insurance. This decision significantly reduced not only the
total number of ovulation induction cycles we had been seeing but also the number of
PCOS patients who were presenting for ovulation induction. This resulted in

discontinuation of the PCOS RCT.

In contrast, we have been steadily seeing an increase in IVF patients for which patients
pay privately. Cornell has an international reputation for having among the highest
success rates for any IVF clinic, particularly with poor responders. We therefore have
referrals from all over the world. For this reason and the fact that we know we see at least
200 poor responders every three months, we decided to in initiate a second randomized

controlled trial in poor responders.

Based on the physiology of aromatase inhibitors, we felt that aromatase inhibitors would
be appropriate for a group of IVF patients called “poor responders”. We therefore
developed a new protocol for these patients called “poor responders” and performed a
formal systematic review of this topic. The subsequent protocol was novel, unpublished
and attractive to many of the clinicians. We therefore designed and implemented a new
RCT of aromatase inhibitors in IVF for poor responders, based on the systematic review
and lessons learned from the PCOS RCT. The methods and results for the systematic
review, protocol development and RCT implementation as a feasibility study, are

presented in chapter 3.



Chapter 2: PCOS Study

2.1 Introduction

Polycystic ovarian syndrome (PCOS) was first described by Stein and Levanthal in 1935
as a classic triad of amenorrhea, obesity, and hirsutism. Since then, much has been
learned about the pathophysiology of the syndrome and these advances have led to
increased treatment options. Perhaps the most significant advance has been the link to
hyperinsulinemia; the interaction of hyperinsulinemia with hyperandrogenism leading to
chronic anovulation. Traditionally, first line treatment for PCOS has involved ovulation
induction with clomiphene citrate (CC).(16) In 1994, Velasquez published the first paper
to suggest the use of metformin for resumption of menstrual cyclicity in women with
PCOS. In a prospective uncontrolled cohort of 22 PCOS women, 21 (95.7%) resumed
menstrual cyclicity and 13 of 15 women tested had ovulatory progesterone levels (3.1-28

ng/ml).(11)

The debate about whether or not metformin should be first line therapy in PCOS women,
who wish to conceive, is ongoing. There are many proponents for the use of metformin,
however, most agree that the evidence to date arises mainly from poorly designed
observational studies and that the few randomized controlled trials (RCTs) that exist were
not appropriately designed regarding, sample size, randomization methods, and primary

outcome.(17-19) In particular, no trials exist that assess pregnancy as a primary outcome.

CC 1s the traditional, first line medical therapy for patients with PCOS who wish to
conceive. CC has remained standard therapy in this group of patients for over three
decades. Ovulation rates are reported to be as high as 70% in some papers with pregnancy
rates approaching 30-40%. However, CC induces superovulaton (> 1 mature follicle)
thereby placing patients at moderate risk for multiple birth (twins in 10% of cases and
triplets in < 1%) and theoretical, although undocumented, risks of ovarian
hyperstimulation. CC acts as an antiestrogen at the level of the endometrium and cervical

mucus which may have adversely affect attempts at conception. While most physicians



administer CC for use in combination with natural intercourse for simplicity and
compliance, National Institutes of Health (NIH) data supports improved results with in-
utero insemination. Also, prolonged use of CC (> 12 months) has been associated with an
increased risk of ovarian cancer in infertile treated women versus infertile untreated
women.(20, 21) Potential advantages of metformin over CC include monofollicular
ovulation induction, cycle regulation absence of anti-steroidogenic action, avoidance of

ovarian cancer risk and the need for in-utero insemination.

A meta-analyses of CC versus placebo has been previous published.(22) Compared with
placebo, CC was associated with an OR of 6.82 (95% CI1 3.92, 11.85) for ovulation and
OR 3.41 (4.23, 9.48) for pregnancy. However, the analyses were performed on studies of
cross over design rather than parallel group RCT. Cross over trials are not the appropriate

study designs in this group.

However, there are no head to head RCTs of (CC) versus metformin in women with

PCOS for either metabolic, ovulation, or pregnancy outcomes.

This chapter presents the design and implementation of a randomized controlled trial to
answer the question “is metformin of benefit to clomiphene citrate in the primary

treatment of women with PCOS who wish to conceive?”

2.1.1 Background

2.1.1.1 Epidemiology

Polycystic ovarian syndrome is the most common endocrine disorder in women. PCOS
affects approximately 5-10% of reproductive aged women, as determined by using the
NIH criteria in prospective cohorts of unselected populations, and up to 20% of infertile
women.(23-26) Anovulation is responsible for approximately 40% of cases of infertility
and some estimates suggest that 75% of anovulation may be attributed to PCOS.(27, 28)
The 2001 CDC National Report and Fertility Clinics Summary reported that 6% of 77102
fresh, nondonor egg IVF cycles (approximately 4626 cases) were started for a singular
diagnosis of ovulatory dysfunction. Other causes of ovulatory dysfunction may include

anovulation secondary to hypothalamic-pituitary issues such as hyperprolactinemia,



hypo/hyperthyroidism, and stress or anorexia induced anovulation. PCOS, however,
likely contributes the bulk of these cases and since most cases of PCOS may be
successfully treated with ovulation induction by metformin, clomiphene citrate, or
gonadotropins (plus/minus insemination), this number greatly underestimates the burden

of disease secondary to infertility.

There are several definitions of PCOS: Stein-Levanthal, Adams criteria, WHO type 1l
anovulation, NIH definitions and most recently the ESHRE-ASRM Rotterdam consensus.
Stein and Levanthal first described the syndrome in 1939 as a classic triad of amenorrhea,
obesity and hirsutism. They required histological confirmation by direct visualization and
ovarian biopsy to confirm the diagnosis. Adams criteria is based mostly on ovarian
morphology and sonographic appearance.(27) Although most experts agree that chronic
hyperandrogenism and menstrual dysfunction are important hallmarks of the syndrome,
specific criteria for the diagnosis of PCOS remain elusive particularly in relation to
clinical trials.(29) The clinical manifestations of hyperandrogenism may not always
accompany elevated androgen levels since genetic susceptibility to these hormones at the
target organ is also required. Hyperinsulinemia has been documented to occur in 50-

100% of obese PCOS patients and as high as 22% of lean PCOS patients.(30)

The most recent NIH consensus conference on PCOS in 1990 defined the syndrome as
chronic anovulation with hyperandrogenism after exclusion of other causes of infertility.
Ratios of luteinzing hormone (LH) to follicular stimulating hormone (FSH), ultrasound
criteria and hyperinsulinemia were so far not included in this definition. The 2003
Rotterdam ESHRE/ASRM consensus on PCOS attempted to delineate a clearer definition
of PCOS but also stated that “ PCOS remains a syndrome and no single diagnostic
criterion (such as hyperandrogenism or polycystic ovaries) is sufficient for clinical
diagnosis. PCOS also remains a diagnosis of exclusion.” (31) Indeed, even the prerequisite
of oligomenorrhea has been challenged in the mildest form of the syndrome.(29, 32)
Nevertheless, the consensus stated that the revised diagnostic criteria include two of the
following three findings: 1) oligo or anovulation, 2) clinical and/or biochemical signs of

hyperandrogenism, 3) polycystic ovaries and exclusion of other etiologies.(31) Clearly, as



the Rotterdam proceedings suggested, the definition of PCOS may be flexible but the
criteria employed in a study should directly address the interventions and outcomes
assessed. Although the revised Rotterdam criteria are more appropriate for our study, we
used the NIH guidelines as the former were not published at the beginning of our study.
Ovulation and pregnancy rates, not metabolic parameters, were to be assessed in our

study.

Patients with polycystic ovarian syndrome have been shown to have genetic susceptibility
for this condition. The co-incidence of hyperandrogenemia in sisters of affected patients

is almost 50% and some authors have suggested that the inheritance of PCOS appear to be
autosomal dominant.(33) Family studies have suggested an association and linkage of the

insulin gene with PCOS.(34)

2.1.1.2 Pathophysiology

Patients with PCOS are at risk for significant health disturbances throughout their lives.
These patients are at increased risk for early adult onset diabetes, cardiovascular disease,
endometrial cancer and possibly breast cancer. However, the most common presenting
complaint early in life is infertility. Several theories exist regarding the pathogenesis and
pathophysiology of PCOS. Inherent hypothalamic-pituitary disorders affecting the
gonadotropin releasing hormone (GnRH) pulse generator, intrinsic alterations of ovarian
function possibly due to genetic abnormalities of CYP 17 and/or CYP 11 systems, and
insulin resistance are the most popular theories. Women with PCOS are known to have a
larger number of antral follicles or an excessive endowment of follicles from fetal life
which contributes to later clinical manifestations.(35, 36) We will concentrate on the
relationship between insulin resistance, hyperinsulinemia, the interaction between
hyperinsulinemia and hyperandrogenism and how this relationship leads to chronic

anovulation.
Patients with PCOS have been demonstrated to have increased GnRH pulse frequency and

amplitude that result in elevated levels of LH. The adrenal gland, in PCOS patients,

increases production of androstenedione through increased 17, 20-lyase activity.
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Androstendione in turn is peripherally converted into estrone. Ovarian production of
estradiol is not increased, however, the total perceived estrogen levels are increased
because of : 1) increased estrone and 2) decreased sex-hormone binding globulin
(SHBG). Elevation of total estrogen levels causes negative feedback on FSH thereby
preventing recruitment of antral follicles to form a dominant follicle, required for
ovulation. Both increased androgen and insulin both reduce hepatic production of sex
hormone binding globulin (SHBG). Increased androgen levels in patients with PCOS
have several sources: 1) the adrenal gland has demonstrated increased 17, 20-lyase
activity which increases production of androstenedione; 2) the cycle of decreased SHBG,
due both to direct androgen and insulin suppressive effects, also increases free testosterone
levels; 3) increased LH levels stimulate ovarian thecal cells to further produce increased
androgens which in turn prevent the follicles from developing an estrogen dominant
environment required for ovulation; 4) failure to ovulate further increases the proportion
of luteinized thecal cells available for androgen production; 5) insulin resistance results in
increased insulin levels that have two primary effects which also contribute to the
androgen pool : a) decreased hepatic production of SHBG and insulin-like growth factor
binding protein (IGF-1); and b) direct stimulation of both IGF-1 and insulin receptors on
ovarian thecal cells which produce androgens. High concentrations of androgens further
inhibit estrogen dominance by inhibiting aromatase action required for conversion of

androgens to estrogen in the granulosa cells.

Defects in insulin post-receptor binding and excessive serine phosphorylation have been
shown to be responsible for the insulin resistance in many of these patients. Attempts to
determine hyperinsulinemia in this patients have been fraught with difficulty. The gold
standard euglycemic clamp is invasive, tedious, and rarely justified. Other tests such as the
oral glucose tolerance test and fasting glucose:insulin ratio(<4.5) are specific but not
sensitive. Nevertheless, the fasting glucose: insulin ratios in combination with clinical
predictors of hyperinsulinemia are currently the standard of care in clinical assessment of

these patients.



The evidence that hyperinsulinemia causes hyperandrogenism, which in turn affects
fertility, is more convincing than arguments that hyperandrogenism causes
hyperinsulinemia. Following insulin infusion, androgen levels rise.(37) Conversely,
treatment of hyperinsulinemia with insulin sensitizing agents or weight loss (5% or BMI<
27) decreases androgen levels.(38, 39) Medically or surgically induced menopause

decreases circulating androgen levels without any affect on serum insulin levels.(40)

2.1.1.3 Clinical treatment options, success rate and evidence

As knowledge about the pathophysiology of PCOS expands, so do treatment options. The
overall prognosis to achieve pregnancy in these patients is very good. However, the order
in which such treatment options should be pursued may vary according to individual
patient history and therapeutic objectives. Kim and colleagues published a suggested

algorithm for induction of ovulation and achievement of pregnancy in women with

PCOS.(41) (Table 1)

Table 1: A step by step approach to ovulation induction in women with PCOS

Step Approach
If BMI is elevated, loss of at least 5% of current body weight
Ovulation induction with clomiphene (+/- glucocorticoid if elevated DHEAS)
Insulin sensitizer as a single agent

Insulin sensitizer in combination with clomiphene

Insulin sensitizer in combination with gonadotropin therapy

1

2

3

4

5 Gonadotropin therapy
6

7 Ovarian surgery
8

IVF

Kim, Insulin sensitizers for infertility. Fertil Steril 2000.(41)

The first established treatment of ovarian wedge resection was pioneered after Stein and
Levanthal described PCOS to be a triad of obesity, hirsutism and amenorrhea that could
be marcroscopically visualized as an ovarian morphologic disorder and histologically

diagnosed.(42, 43) The principle behind wedge resection is to remove a section of ovarian
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tissue in order to reduce excess androgen production and therefore revert anovulatory
cycles to spontaneous ovulation. Laparoscopic ovarian drilling has increased the
efficiency of this procedure by decreasing potential operative complications, recovery
time, and adhesion formation.(44, 45) Advantages to these treatments include resumption
of menstrual cyclicity, lower androgen levels and longer term therapeutic benefits which
are not limited to fertility treatment. Nonetheless, surgical treatment as primary therapy

has fallen out of favour.

Weight loss (minimum 5% current weight) has also been proven to be of benefit to restore
ovulatory cycles in obese PCOS women. (46, 47) Pasquali et al. published an
uncontrolled cohort of obese women with PCOS ( criteria: obesity, amenorrhea and
clinical/ biochemical hyperandrogenism) who were treated with a hypocaloric diet for an
average of eight months. Biochemical and clinical features significantly improved. Mean
plasma testosterone levels and LH levels significantly decreased ( p< 0.0001). Hirsutism
scores improved in greater than 50% of subjects and 8 of 20 women resumed menstrual
cyclicity and 4 became pregnant. Weight loss averaged 9.7 + 3.1 kg overall and 1.35 =
0.56 kg/month.(48) A subsequent study evaluated a cohort of 67 obese, infertile women
with PCOS who completed a six month regimen of diet and lifestyle alterations. The
average weight loss was 10.2 kg/m’, 60 of 67 anovulatory patients resumed spontaneous
ovulation and 52 of 67 achieved pregnancy. Anovulatory women who attended more than
66% of the sessions resumed spontaneous ovulation.(49) Taken together, in addition to
other positive studies, this data suggests that diet and lifestyle alterations are highly
efficacious. Four studies which evaluated such treatment were reported as RCTs but in
fact were not true RCTS in that the allocation of treatment was often sequential or at
physician discretion rather than being truly randomized. Indeed, several authors have
suggested that lifestyle modification should be the primary therapy in this patient
group.(41, 49) Nevertheless, such programs are difficult to implement and even more
difficult to maintain. Such treatments may not be of benefit in lean PCOS patients.

Therefore other treatment modalities are necessary.
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Clomiphene citrate (CC) was FDA approved for the treatment of infertility in 1967. CC
accounts for two thirds of fertility drugs prescribed in the United States.(50) At that time,
numerous RCTs were conducted to evaluate the efficacy of CC in the treatment of
infertile, oligomenorrheic women. Indeed, CC became the recommended initial therapy
for such patients. Currently, standard treatment for ovulation induction in PCOS patients
1s CC. The success rate of CC varies; 80% percent ovulation and 30-40% pregnancy rates
have been reported.(51-55) Seventy five percent of pregnancies are achieved within the
first three months of an ovulatory dose of CC.(52) The proposed mechanism of action is
that CC acts at the hypothalamus as a “weak estrogen” and therefore the pituitary
perceives a lower estradiol level and increases FSH to recruit antral follicles. However,
CC also has an anti-estrogenic effect on the endometrial lining and cervical mucous. The
incidence of multiple pregnancy (mostly twins) with CC is 4 - 10%.(54, 56) There is also
a 1% rnisk of ovarian hyperstimulation (OHSS) after gonadotropin therapy and although

this may be much less with CC, it may still occur.

Hughes and colleagues published a systematic review evaluating CC (daily doses of 10-
250mg po for 5 days) for induction of ovulation in women with oligomenorrhea (WHO
type II anovulation including women with PCOS). Outcomes assessed were pregnancy
and ovulation. Four cross over RCTs were included in the quantitative summary. CC was
more effective than placebo for both ovulation and achievement of pregnancy at doses of
50 -250 mg per day. ( OR 6.82, [CI: 3.92 — 11.85] and OR 3.41, [CI: 4.23 —9.48]
respectively).(22)

Gonadotropin therapy (controlled ovarian hyperstimulation) with in-utero insemination
(COH- IUI) is also very effective in this patient group. A conservative stimulation using
low dose gonadotropins in a step up protocol is most appropriate. However, these patients
are at high risk for ovarian hyperstimulation syndrome, multiple pregnancy and very

brittle responses requiring frequent ultrasound and blood monitoring. (57)

Conventional stimulation techniques for PCOS involved CC or COH-IUI. The utilization

of in-vitro fertilization for achievement of pregnancy in patients with PCOS was first



introduced in those patients resistant to CC and or gonadotropin therapy.(58, 59)
Generally, IVF is reserved for cases of PCOS that are either extremely brittle or refractory
to conventional therapy. IVF may be of benefit in avoiding multiple gestation and ovarian
hyperstimulation syndrome. Some authors have argued whether IVF outcome is
comparable to COH-IUL. Concerns about oocyte maturity, quality, and implantation have
been raised. To date, no RCTs appear to exist comparing COH-IUI to IVF in this patient
group. Prospective cohorts comparing COH-IVF do not appear to show a difference.
However, retrospective cohorts suggest IVF may compromise outcome in this group but

selection bias may be a contributing factor. (60-62)

Metformin is a biguanide insulin sensitizer. It is labeled as class B in pregnancy.
Sufficient human data is not available but the drug has not been associated with congenital
defects in animals. It has been used in the treatment of women with diabetes mellitus II
without negative effects on the fetus. Recent, small series of women who have taken
metformin throughout pregnancy to prevent miscarriage and gestational diabetes have not
reported congenital defects. The mechanism of action is mainly the inhibition of hepatic
gluconeogenesis. Metformin also increases peripheral glucose utilization and insulin

sensitivity, but it is not associated with hypoglycemia.(63)

Theoretically, metformin reduces insulin response by decreasing hepatic gluconeogenesis
and reducing androgen levels, which allow resumption of normal menstrual cyclicity.
Metformin should not confer the same risks of ovarian hyperstimulation and multiple
pregnancy as clomiphene citrate since metformin returns patients to spontaneous
ovulation not superovulation. Also, metformin should not have the same negative effects
on the cervical mucous and endometrium as clomiphene citrate. Metformin was first
suggested as a treatment for ovulation induction in women with PCOS in the early 1990’s.
The first reports demonstrated resumption of menstrual cyclicity in 21 of 22 patients with
PCOS.(64) Since then many studies have been conducted on small samples of women
with PCOS with the primary outcomes ranging from alteration of metabolic profiles to
reinstitution of ovulation.(65) Most of these studies were observational and many

retrospective. Several studies have demonstrated positive effects on the surrogate
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outcomes of metabolites such as androgen level and fasting insulin levels as well as

ovulation.(66) Also, none of the studies that do exist use pregnancy as a primary outcome.

Patients with PCOS appear have an increased risk of recurrent miscarriage. The
explanation for this is still unclear. Some authors hypothesize that increased LH levels,
elevated circulating androgen levels, and / or hyperinsulinemia induce a hostile
environment for the fetus. Recently PAI-1 (plasminogen activating factor) has been
suggested to be responsible for hypofibrinolysis in these patients. Even more recently,
some authors have suggested that treatment with insulin sensitizers may improve the

miscarriage rate. (67, 68)

An, as yet, unpublished randomized controlled trial of metformin plus IVF versus IVF
alone demonstrated a trend towards increased implantation and biochemical pregnancy
rates but not clinical pregnancy rates. Metformin, in this group, was stopped on the day of
human chorionic gonadotropin (hCG), before embryo transfer. The regression in
pregnancies rates may be due to a early loss rate after discontinuation of metformin, if in
fact metformin is protective against recurrent pregnancy loss. Although the sample size of
this study was small ( N = 73) and the power inappropriately calculated for multiple
outcomes, there was a trend (p<0.05). (69, 70)

2.1.1.4 Rationale for proposed study

Since Velazquez’s original paper, several studies have been conducted on small samples
of women with PCOS with the primary outcomes ranging from alteration of metabolic
profiles to reinstitution of ovulation. Most of these studies were observational and many
retrospective. Some studies of metabolic parameters investigated metformin versus
placebo. The few randomized controlled trials investigating metformin for induction of
ovulation did so in women who had already failed CC treatment. These studies compared
metformin + CC to placebo +CC. There are no direct, head to head RCTs of metformin
versus CC in these patients. This is despite the fact that several studies have demonstrated
positive effects on the surrogate outcomes of metabolites such as androgen level and

fasting insulin levels as well as ovulation. Also, none of the studies that do exist use
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pregnancy as a primary outcome. The systematic review we are undertaking will provide

a more comprehensive assessment of the available literature.

The significance of this proposed study is great. Metformin, in association with
clomiphene citrate, has been shown, in small sample sizes to be effective at modifying the
surrogate endpoints associated with induction of ovulation. There has never been a
direct comparison of metformin with clomiphene citrate by a randomized controlled trial;
the systematic review we are undertaking will provide a comprehensive assessment of the
literature. The need for such a trial has been recognized. Metformin has been shown to be
useful for resuming normal menstrual cyclicity in patients with PCOS. The objective of
metformin therapy by itself would be to initiate normal ovulation as opposed to
superovulation. The negative estrogen effect on the endometrium and cervical mucous
associated with clomiphene citrate should not accompany metformin therapy. Also, since
superovulation is not induced, less monitoring would be required, and insemination should
not be necessary since cervical mucous should not be compromised. Metformin is less
expensive than other methods of ovulation induction such as CC or gonadotropins and
would not be associated with the risks of hyperstimulation and multiple pregnancy. It
could be a first line therapy for such patients and could be carried out in the family
doctor’s office. CC therapy is limited to a maximum of 12 months because a nested case
—control study suggested it might be associated with an increased risk of ovarian cancer.
(21) Although the study design was poor, this dogma is still accepted in clinical practice.
Many PCOS patients will be resistant to CC therapy and treatment with metformin prior to

CC therapy may be more efficient and avoid unnecessary exposure to CC.

2.1.2 Objectives
1) Systematic review:
a) To conduct a systematic review, using Cochrane, MOOSE, and QUORUM
guidelines ( RCTs and cohort studies), and provide a quantitative summary

where applicable regarding the following question.
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Question: “Is metformin of benefit compared to clomiphene citrate for induction of

ovulation and pregnancy rates in patients with PCOS?”

2) Randomized controlled trial:

a) To design and implement a randomized controlled trial following CIHR

guidelines to answer the following study question.

Question: In patients who have a clinical diagnosis of PCOS, is metformin of benefit
compared to clomiphene citrate for 1) induction of ovulation and 2) achievement of
pregnancy? The primary objective is to test the efficacy of metformin versus clomiphene
citrate on the primary outcome which is pregnancy. The secondary objective is to

compare metformin to clomiphene citrate on the secondary outcome which is ovulation.

2.2 PCOS Systematic Review of Metformin vs CC
2.2.1 Methods for Conducting Systematic Review

2.2.1.1 Search Strategy

A computerized literature search of the following databases, using an OVID vendor and
Polaris interface, was conducted: Medline, Premedline, Current Contents, Biological
abstracts, and EMBASE. The databases were searched for the last 25 years. For
databases without MeSH headings, textwords were used. Adjacency operators, and
truncation were employed. (Table 2) A preliminary search had already been conducted to
maximize potential keywords. We did not apply a study filter and the search was not
limited by language or year of publication. It was repeated at two-week intervals until the

completion of the meta-analysis at the end of September, 2003.

A hand search of ten years of the following journals was also completed: Fertility and
Sterility, Human Reproduction, Journal of Clinical Endocrinology, New England Journal
of Medicine, the Lancet, and the American Journal of Epidemiology. Online indexing
facilitated this process. These journals were chosen on the basis of speciality and

previously published trials in this clinical area.
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To avoid publication bias, we searched for grey literature. Three content experts were
contacted. Also, 10 years of conference proceedings for the following were searched:
The Canadian Fertility and Andrology Society, The American Society for Reproductive

Medicine, and the Society for Gynecologic Investigation. These conferences were chosen

on the basis of speciality.

The Cochrane database was searched for systematic reviews, study protocols, or
completed, registered clinical trials. Titles and abstracts were screened and articles
retrieved if they passed the relevance filter or if there was uncertainty whether or not they
were relevant. Bibliographies of review articles, systematic reviews, and retrieved
articles will also be searched for candidate articles. Retrieved articles were reviewed for
inclusion/exclusion criteria and those articles meeting these criteria were kept for critical

appraisal and data collection.



Table 2: PCOS systematic review search strategy

A. Key words
Study population

PCOS or PCOS

Polycystic adj ovar$ adj
(syndrome or disease)

Stein adj leventhal adj syndrome
anovulat$

Amenorrhea

Hyperandrogen$

Hyperinsulim$

B. Databases

Cochrane controlled trials
register

Cochrane database of systematic
reviews

EMBASE ( 1980 —2002)
Premedline

Medline (10 years)

Current Contents

Biological abstracts

Intervention
Clomid

Clomiphene adj citrate

Metformin

Ovulation adj induc$

Serophene

Biguanides

Controlled adj ovar$ adj hyperstimula$
Insemina$

COH

SO-IUI

C. Hand search of journals and conference

proceedings*
Fertility and Sterility

Human Reproduction

New England Journal of Medicine

Journal of Clinical Endocrinology and Metabolism

Lancet

Journal of the American Medical Association
Cochrane Database

American Society of Reproductive Medicine

*facilitated by online indexing
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2.2.1.2 Inclusion/ Exclusion

One reviewer (SK) completed all stages of the review selection process. MOOSE and
QUOROM guidelines were followed.(6, 7) Titles and abstracts were screened and articles
retrieved if they passed the relevance filter (section 2.4.1)or if there was uncertainty as to
whether or not they were relevant. Bibliographies of review articles, systematic reviews,
and retrieved studies were also searched for candidate articles.(71) Retrieved articles were
then reviewed for inclusion/ exclusion criteria. Those articles that met the criteria were
then kept for critical appraisal and data collection. The reviewer was not blinded at any
point to the authors or sources of publication as the evidence for such blinding is weak and

the reviewer was likely to be familiar with the literature. (72)

2.2.1.3 Quality Assessment

The Jadad scale was used for quality assessment of randomized-controlled trials.(73)
Quality assessment involved evaluation of patient selection, assessment of exposure or
outcomes, administration of interventions, and controls for confounding factors.
(Appendix A) The Ottawa NewCastle Scale for Observational Studies (NOS) was to be

used for quality assessment of observational studies.

2.2.1.4 Study Inclusion (PICOS)
“PICOS” defines the inclusion criteria for a systematic review. The acronym represents:

types of Participants/Population, types of Intervention, types of Comparison, Qutcomes

and types of Studies.

Study population: The population of interest was women of reproductive age (age 20 to
45) who have a history of PCOS as defined by chronic oligo-ovulation/anovulation,
chronic hyperandrogenism, and infertility. Other diagnosis for infertility such as male

factor and tubal infertility were excluded.

Intervention and comparison: The drugs of interest were clomiphene citrate (doses 50 —

150 mg) and metformin and the comparisons were as follows: clomiphene citrate ( in
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doses of 50 to 150 mg) versus metformin; clomiphene citrate versus clomiphene citrate +
metformin; metformin + clomiphene versus placebo + clomiphene citrate; metformin

versus placebo.

Outcome: The outcomes of interest were pregnancy (primary outcome) and ovulation

(secondary outcome).

Study design: Both randomized —controlled trials and controlled cohort studies were
evaluated. A quantitative summary was done where appropriate for homogeneous studies

but RCTS were evaluated separately from cohort studies.

2.2.1.5 Quantitative Methods

Where appropriate, Revman 4.1 and Metaview 4.0 were used to analyze data. A relative
risk estimate, with confidence intervals, was calculated from the combined results from
randomized controlled trials. We analyzed the data using both a fixed effects model and
random effects model. If interstudy variation was present and/or different levels of
treatment were used, the random effects model would be presented. If not, the fixed
effects model would be presented. A chi-square test was done to determine the
significance of the association for each of the outcomes evaluated and heterogeneity was
determined by the Cochran Q test in order to demonstrate statistical comparability of the
studies. These results are illustrated graphically in the form of Forrest plots. Funnel plots
have been constructed to represent the likelihood of publication bias. The precision of the
search strategy was determined by the formula of Normand. Recall of the search strategy
was also calculated.(74) Where appropriate, sensitivity analysis and subgroup analysis

was done to determine the significance of contributing factors to the overall results.
2.2.2 Results of PCOS Systematic Review
2.2.2.1 Study inclusion

A total of 1057 citations were selected for review which was reduced to 945 citations

when limited to human females. Letters, review articles, and subjects clearly unrelated to
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our PICOS statement were rejected. Articles whose relevance was unclear were retrieved
after removal of duplicates. Removal of duplicates was manually checked. Three
additional abstracts were found through a hand search of relevant journals and conference
proceedings. The relevance filter was applied to the titles and abstracts of 668 articles.
This resulted in 37 articles as potential subjects for analysis. All of these articles were
retrieved. Inclusion/exclusion criteria were then applied, as in Figure 2, and 8 papers (7
published RCTS and 1 abstract of an RCT) were included in the final analysis. The
specific steps in the selection of the studies are given in Figure 2. Overall precision of the
search strategy was 0.76% (8/1057). Recall was 88% (7/8). No randomized controlled

trials were excluded for multiple publication.

All included RCTs were published between 1998 and 2002.(66, 75-81) Although we did

not limit the language of publication, all retrieved articles were in English.

Both observational and randomized controlled trials were included in the study search.
Controlled cohort studies, not case-series or uncontrolled cohorts, were to be included in
the analysis. However, no appropriate controlled cohort studies were found. Therefore,
the analysis from this point forward includes only RCTs. The Jadad quality scale for
randomized controlled trials was applied to all included studies and is shown in Table

3.(82)

2.2.1.2 Characterisitics of Included Studies

Studies were assessed for comparability of study population by age, fertility, and method
of diagnosis of PCOS. We also reviewed investigation for potential confounders,
compliance, and contamination or cross-over. None of the studies commented on
contamination or cross-over; only one study mentioned compliance but that study did not

describe the methods used to assess compliance.(81)
All studies, except Singh et al., investigated metformin versus placebo as the primary

intervention. All studies except 3 used pregnancy as an outcome but only 1 abstract

assessed pregnancy as a primary outcome. (66, 77-79) All studies except 3 had infertile,
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PCOS women as their study population.(66, 75, 77) Several studies tried to compare
metformin plus CC to CC alone or with placebo.(76-78, 81) However, all of these studies
did so in a sequential manner in those patients who failed to conceive or ovulate with
metformin. Patients in those studies were initially randomized to metformin versus
placebo and if they did not ovulate proceeded into an open label extension where they
continued with the initial treatment (metformin versus placebo) but added CC. The
duration of intervention and follow-up varies from 1 — 6 months. The sizes of the studies
varied from 18 patients to 100 patients. Each of the studies included oligomenorrhea in
the criteria for diagnosis of PCOS, four studies included hyperandrogenemia, and three
studies included ultrasound criteria. Four studies included participants who had
previously failed CC treatment or were deemed CC resistant. The randomization method

was explicit in only three studies. The details of each study are provided in Table 4.
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Figure 2: Study inclusion
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Table 3: Quality assessment by Jadad scale of PCOS RCT

Study

Kocak,
2002*
Fleming,
2002*
Sturrock,
2001*
Vandermolen,
2001*
Ng,
2001*
Singh,
2001
Moghetti,
2000*
Nestler,
1998*

Randomized?

+]

+1

+1

+1

+1

+1

Randomization Double Double Blind

Method

Described
Appropriate (+1)
Inappropriate (-1)
-1

+1

+1

+1

Blind?

+1

+1

+1

+1

+1

+1

Method

Described
Appropriate (+ 1)
Inappropriate (-1)
+1

+1

+1

+1

+1

Withdrawals
& Dropouts

Described?

+1

+1

+1

Score

*Scores range form 0-5 with the higher scores indicating the better quality studies
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2.2.2.3 Meta-analysis
A total of 8 studies were included in the qualitative analysis (7 published RCTs and 1
abstract) but only the 7 RCTS were included in the final quantitative analysis since the

numbers in the abstract were not explicit enough for inclusion.

Figures 3 to 5 summarize the results in the form of Forrest plots and are further detailed
below. Figure 3 compares metformin to placebo in infertile PCOS patients for the
outcomes ovulation and pregnancy. Figure 4 compares studies which included a longer
duration of metformin versus placebo therapy for the outcome ovulation and also
investigates metformin versus placebo therapy in PCOS patients who may not have been
infertile. Figure 5 investigates the results of randomized controlled trials which
randomized metformin to placebo but then continued a sequential, open label comparison
of metformin plus CC versus placebo plus CC of patients in each respective arm who did

not ovulate.

Although the Cochran Q test did not suggest statistical heterogeneity in each of the
following comparisons, there are several potential clinical sources of heterogeneity. Of
particular concern were the following issues. None of the studies evaluated insulin
resistance prior to administration of metformin. In most studies, the clinical picture of
obesity as a characteristic of most patients with PCOS was considered sufficient evidence
of insulin resistance. However, the study by Ng and colleagues evaluated Chinese
women who met ultrasound criteria of PCOS (Adam’s criteria), who were anovulatory
and CC resistant but who were not obese (Average BMI 23.8-24.1 kg /m” ). Duration of
follow-up or time to outcome also varied from 34 days to 16 weeks as did the duration of
treatment with metformin (28 days to 3 months) before addition of CC. Fortunately, all
studies used hard, biochemical evidence of outcome for both ovulation and pregnancy.
All studies also detailed their used of consistent doses for the medications being
investigated. Flemming and Moghetti also investigated women who were not necessarily
infertile but who suffered other manifestations of PCOS such as cycle irregularity. This
group was investigated separately and may not have been similarly motivated to comply

with the protocols.
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Five studies were included in the first quantitative summary of metformin versus placebo
for ovulation induction in patients with PCOS and these results summarize the outcome
of 222 patients. (Figure 3, panell) While there did not appear to be heterogeneity, either
by the fixed or random effects model, the forrest plot clearly shows that the first study by
Fleming et al. weighs highest, contributing 92 patients, has the most narrow confidence
interval and largest influences on the results. The Nestler study contributes 60 patients
and has a point estimate far to the right with a significant, although wide confidence
interval. The point estimates for the 3 smaller studies studies are equally and equivocally
dispersed, with wide, nonsignificant confidence intervals. Fixed effects models are
presented for the analysis. However, both fixed and random effects analyses had been
performed since there was concern that the study populations and interventions may not
have been completely homogeneous. Figure 3, panel 1 and Figure 4, panel | indicate that
metformin is 50% better than placebo for ovulation induction in infertile PCOS patients
(RR 1.50) but this benefit is not necessarily improved with longer duration of therapy ( >
3months — RR 1.37). The Fleming study followed patients on metformin for 16 weeks

and heavily influences both outcomes.

Two studies also investigated metformin for cycle regulation. Metformin is also of
benefit in noninfertile PCOS patients for cycle regulation compared to placebo. (Figure

4, panel 2, RR 1.45, [CI 1.11, 1.90])

Four studies (Figure 3, panel 2) investigated metformin versus placebo for achievement
of pregnancy. Again the follow-up time to pregnancy was short and varied from 28 days
to 7 weeks. The study by Kocak and colleagues was relatively large with 46 patients; the
other 3 studies each had less than 20 patients. To date metformin is not of confirmed
benefit versus placebo for achievement of pregnancy for this duration of follow-up.
(Figure 3, panel 2, RR 1.07, [C1 0.20, 5.74]) This may be due to the fact that most
studies used ovulation as their primary outcome, those studies that assessed pregnancy

had a short follow-up time to pregnancy, and most studies had small sample sizes.
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The analysis of metformin plus CC versus CC alone or with placebo is represented here.
The study design for this component is reported as a cross-over design but is actually a
RCT with an extended, open label sequential arms for each of the randomized arms.
Subjects were randomized to either metformin or placebo. Those subjects who did not
ovulate continued in the same randomized arm (metformin or placebo) and added CC.
Some of these studies reported the second arm as a “cross-over” design. This is
incorrect. Firstly, the nature of infertility therapy makes cross-over trials an inappropriate
design. Secondly, in order to conduct a cross —over trial, the two therapies being
compared must be “washed out “within a short window of time between arms, the
outcome must also be completely reversible within this window so that the patient returns
to baseline, and the chance of successful outcome should not alter with time such that one
therapyhaé a disadvantage over the other by being administered in the later arm or that
the chance of success varies with time. Nevertheless, we did do a quantitative analysis
on the data supplied to provide some assessment of the above interventions for ovulation
and pregnancy, since this is a very common clinical question and this is the best available
evidence to date. (Figure 5) Four studies investigated the above design for ovulation in
PCOS patients and each of these studies was reasonably, similarly weighted. Two
studies investigated the stated study design for pregnancy outcome. The Sturrock study
had the most weight and a RR of 1.75 but the confidence interval crossed 1. The
Vandermolen study had a RR of 7.64 and a significant confidence interval. Given the
stated limitations of such a study design, we found that metformin plus CC may be
superior to CC alone or with placebo with regards to ovulation (RR 3.04, [CI 1.77, 5.24])
and pregnancy ( RR 3.65, [CI 1.11, 11.99]).

Funnel plots for each comparison did not suggest obvious publication bias but only 2 to 5

points were available for each analysis. (Figures 6-8)
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Figure 3: Metformin vs placebo in infertile PCOS patients; Outcome 01 Ovulation
induction; Qutcome 02 Pregnancy achievement

Comparison: 01 Metformin versus placebo in infertile PCOS pts
Outcome: 01 outcome = ovulation
Treatment Control RR Weight RR

Study nH M (95%C! Fixed) % (95%Cl Fixed)

Fleming 2002 37145 30147 E 831 1.29(1.00,1.66)

Nestler 1998 1213 1125 —_—s 33 8.57[1.1961.73}

Ng 2000 319 319 —_— 85 1.00{0.27 3.69)

Sturrock 2001 0112 1414 s 33 0.38(0.02,8.85)

Yandermolen 2002 1M 0115 12 4.00[0.18,89.86]
Total(35%Ch) 53112 35110 e 1000 1.5001.43,1.99}
Test for heterogenetty chi-square=587 di=4 p=0.21
Test for overall effect 2=284 p=0.004

11 1 50
Favours control Favours treatmert
Comparison: 01 Metformin versus placebo in infertile PCOS pts
Outcome: 02 outcome = pregnancy
Treatment Control RR Weight RR

Study nM nH (95%ClI Fixed) % (85%Cl Fixed)

Kocak 2002 1423 8/23 B 208 3.00{0.13,70.03]

Ng 2000 119 2110 B 791 0.56[0.06,5.14]
x  Sturrock 2001 0/12 0/14 00 Not Estimable
x Vandermolen 2002 0/12 0/15 00 Net Estimable
Total(85%Cl) 2156 2162 e —— 1000 1.07[0.20,5.74)
Test for heterogeneity chi-square=0.74 df=1 p=0.39
Test for overall effect z=0.07 p=09

1 2 5 10
Favours controls Fawvours treatment
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Figure 4: Metformin vs placebo for cycle regulation in PCOS patients

Outcome 01 Ovulation for duration of therapy> 3 months ; Outcome 02 Ovulation
(cycle regulation) for patients who are not complaining of infertility

Comparison: 01 Metformin versus placebo in infertile PCOS pts

Outcome: 03 outcome ovulatien inRCT >3mos placebo vs metformin
Treatment Control RR Weight RR
Study nH nM (95%Cl Fixed) % (95%ClI Fixed)
Fleming 2002 37145 30747 L@» 857 1.29(1.00,1 66]
Moghetti 2000 5i11 011 —_————}p 15 11.00[0.68,177.72]
Ng 2000 319 318 - 4 88 1.00[0.27 369]
Sturrock 2001 0712 1114 ¢ - 44 0.380.02,8 65}
Total(95%CH) 45477 34181 Lt 1000 1.3711.051.79]
Test for heterogeneity chi-square=3.23 df=3 p=0.36
Test for overall effect z=2.29 p=002
12 1 50
Favours controls Favours treatment
Comparison: 02 Metformin versus placebo in PCOS { not nec infertile) pts
Outcome: 01 outcome - ovulation
Treatment Control RR Weight RR
Study nN nN (95%Cl Fixed) % (95%Cl Fixed)
Fleming 2002 37145 3047 ;@ 983 1.29{1.00,1 66}
Moghetti 2000 5H1 011 —_ 17 11.00{068,177.72]
Total(35%CY) 42156 30458 - 1000 1.4501.11,1.90]
Test for heterogenetty chi-square=288 df=1 p=0.09
Test for overali effect z=2.72 p=0007
12 i 510
Favours controls Favours treatment
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Figure 5: Metformin plus clomiphene citrate vs placebo plus clomiphene citrate;
01 Ovulation induction ; 02 Pregnancy achievement

Comparison: 03 metformin + cc vs placebo + cc
Outcome: 01 ovulation

Treatment Control RR Weight RR
Study nH i (95%Cl Fixed) % (95%Cl Fixed)
Nestler 1998 19421 2025 — 150 11.31[2.97 4304
Ng 2000 219 419 _— 329 0.500.12,2.08]
Sturrock 2001 512 4114 —tE— 304 1.46[050 4.23)
Vandermolen 2002 8/11 3114 _— 27 3.39(1.17 9.86}
Total(85%Cl) 34453 13162 =gl 1000 304177 5.24)
Test for heterogenetty chi-square=11.76 df=3 p=00083
Test for overall effect z=4.01 p=0.00006

11 i 51
Favours control Favours treatment
Comparison: 03 metformin + cc vs placebo + cc
Outcome: 02 pregnancy
Treatment Control RR Weight RR
Study nM M (95%Cl Fixed) % (95%Cl Fized)
Sturrock 2001 3112 2114 —5 677 175035879
Yandermolen 2002 6411 1114 — B 323 7.54{1.07 54.44]
Total(95%CD 9123 3128 p 1000 36501.11,11.99]
Test for heterogenetty chi-square=1.34 df=1 p=025
Test for overall effect z=213 p=0.03
12 1 501
Favours controls Favours treatment
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Figure 6: Funnel plots of studies investigating metformin vs placebo in PCOS
patients; Outcome 01 Ovulation induction; Outcome 02 Pregnancy achievement

{23 Funnel plot e L o=lo )
e  View Help

Review: PCOS and metformin
Comparison: 01 PCOS; metformin versus placebo in infertile PCOS pts
Outcome: 01 outcome = ovulation

10 0 SE(log RR)
10.4
10.8

+1.2

0.1 0.2 1 5 10
Relative Risk

nnel plot
‘Elle. Yiew Help - ,
Review: PCOS and metformin
Comparison: 01 PCOS; metformin versus placebo in infertile PCOS pts
- Qutcome: 02 outcome = preghancy
10.0 SE¢iog RR) '
40.4 ,
+0.8 :
12 *
416 ) .
0.1 0.2 1 5 10

Relative Risk

35



Figure 7: Funnel plots of studies investigating metformin vs placebo in PCOS
patients; Outcome 01: Ovulation for duration of therapy > 3 months; Outcome 02:
Ovulation (cycle regulation) for patients who are not complaining of infertility
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Figure 8: Funnel plots of metformin + CC vs placebo + CC in PCOS patients;
Outcome 01: Ovulation induction; Outcome 02: Pregnancy achievement
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2.2.3 Discussion of PCOS Systematic Review

As previously mentioned, properly conducted randomized controlled trials of standard
therapy (CC) versus placebo are lacking. Nevertheless, a previously published meta-
analyses of existing cross over trials suggested that CC is more effective than placebo for
ovulation induction (OR 6.82, 95% CI 3.92, 11.85) and for achievement of pregnancy
(OR 3.41 95% C14.23, 9.48). However, CC therapy may be associated with twins in
10% of cases, triplets or more in < 1%, rarely ovarian hyperstimulation, a need for in
utero insemination to achieve the highest pregnancy rates, and ovarian cancer after

prolonged therapy.

The advantages of metformin include a return to spontaneous, monofollicular ovulation
induction, therapy avoiding multiple pregnancies and ovarian hyperstimulation. There
are no documented risks of ovarian cancer after metformin therapy. Potentially, longer
term benefits include cycle regulation thereby avoiding endometrial cancer, reduction of
miscarriage rates, and potential risk reduction for type Il diabetes. Our results suggest
that metformin is more effective than placebo for a return to spontaneous ovulation but
not enough data exists with sufficient follow-up time to determine its benefit for
achievement of pregnancy. The estimates for metformin versus placebo are, likely,
however more reliable than the estimates for CC versus placebo since they are derived
from randomized controlled trials. As a comparison, uncontrolled cases series originally
suggested that metformin was associated with a better than 90% but a systematic

evaluation of properly conducted RCTS suggested the ovulation rate was in the range of
47%.

Our study suggests that metformin may be reasonable first line therapy in otherwise
healthy PCOS women who demonstrate oligoovulation with hyperandrogenism and who
want to achieve ovulation. For patients who want to achieve pregnancy, however,
metformin plus clomiphene citrate may be better than metformin or clomiphene citrate
alone. This paper has recently been published in the journal Human Reproduction and is

found in Appendix C1.(83)
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Recently, Lord and colleagues published meta-analyses with similar results in both the
Cochrane Collaboration and the British Medical Journal.(84) The protocol for their paper
was identified during our search but the papers were published after the last search date.
While their results concerning ovulation and pregnancy were similar to those reported
here (6 studies were included in both papers), our paper included 2 different studies and
their paper included 5 different studies.(66, 80, 85-89) Two of these five papers were not
available to us.(88, 89) Both were requested but unretrievable. One of these appeared to
be a cohort study from the abstract.(88) For the other we have no information.(89)
Another evaluated coadministration of metformin during recombinant follicle stimulating
hormone (rFSH) treatment of patients with clomiphene citrate resistant PCOS.(85) The
other two papers had been initially identified but nothing in their title, abstract or
methods suggested relevance.(86, 87) Subsequent to Lord’s publication, we retrieved
these articles which reported mainly changes in metabolic parameters related to
metformin. Only 6 of their 13 studies excluded male or tubal factor infertility. The
authors included studies where the primary outcome was any of: ovulation induction,
achievement of pregnancy or clinical/ biochemical parameters. They include studies
which evaluated the latter in their quantitative summary on ovulation and pregnancy
rates. Lord did state that they contacted the authors to retrieve missing information. This
may have applied to 2 papers and we suspect that one paper was actually included twice
secondary to multiple publication.

Nevertheless, our results were very similar to Lord’s paper. (Table 5) The fact that two
groups independently proposed the question and published the results indicates that the
question is of great interest and clinical importance to physicians caring for these
patients.

Lord’s paper included odds ratios as an effect estimate of metformin versus placebo for
both ovulation induction and achievement of pregnancy. Current opinion is that relative
risks should be used. In general, effects estimates based on odds ratios are more extreme
than those based on relative risks. For comparison purposes, we recalculated our effect

estimates using odds ratios.
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Table 5S: Comparison of 2 meta-analyses

Kashyap et al. 2004 Lord et al. 2003
RR (relative risk) OR (odds ratios)
Outcome and intervention
Ovulation induction
Metformin vs. placebo
Infertile 1.50 [95%CI, 1.13,1.99] 3.88 [95%C1, 2.25,6.69]
Not Infertile 1.45 [95%CI, 1.11,1.90]
Metformin + C.C. vs C.C.
Infertile 3.04 [95%CI1,1.77, 5.24] 4.41 [95%Cl, 2.37, 8.22]
Pregnancy
Metformin vs. placebo 1.07 [95% CI, 0.20,5.74] 2.76 [95%CI, 0.85,9.98]

Metformin +C.C. vs C.C. 3.65[95% CI, 1.11,11.99]  4.40 [95% CI, 1.96, 9.85]

We obtained the following modified results which are closer to Lord’s results:

metformin versus placebo for ovulation induction OR 2.83 [1.39, 5.73], metformin + CC
versus CC for ovulation induction OR 5.03 {2.35, 10.80], metformin + CC versus CC for
achievement of pregnancy OR 5.05 [1.22, 20.94]. Our results remain incongruent for
metformin versus placebo for achievement of pregnancy OR 1.07 [0.17, 6.87]. However,
as indicated, different papers were included in the 2 reviews due to our more stringent

selection criteria.

Meta-analyses are limited by biases introduced through individual studies as well as
biases introduced through the processes of systematic review and quantitative summary.
One consistent problem is that none of the studies were powered to assess the most
important outcome, pregnancy. The follow-up varied from 1 — 6 months. While
oligomenorrhea/ovulation was generally a criterion, studies varied in their assessment
and reporting of hyperandrogenemia and clomiphene resistance and this may have
produced selection bias. The “cross-over design” used in several studies to assess
metformin plus clomiphene citrate versus clomiphene citrate was inappropriate. A
properly conducted cross- over trial requires that the treatment can be completely

“washed out” without any residual effects after a short period of time; the subjects must

40




return to baseline with regards to the outcome by the end of washout period so that each
subject receives both study treatments and each treatment has an equal chance of
affecting outcome. Also, the chance for a successful outcome must not change with time
such that the order in which one receives the two treatment options does not affect the
rate of success. RCTs also differed significantly in their reporting of methods used to
randomize and analyze methods (intention to treat versus per protocol). Compliance,
contamination and co-interventions were not reported. Not all studies evaluated infertile
PCOS patients and when they did they did not always assess duration of infertility or
other contributing factors. We attempted to reduce publication, multiple publication,
reporting, conformity and retrieval biases by comprehensive literature searches and
searches for grey literature. Only one reviewer completed all steps so extractor and

recording bias is possible. We attempted to limit bias by extracting information on three

separate occasions.

No randomized controlled trials existed that directly compared metformin to clomiphene
citrate for induction of ovulation and/or attainment of pregnancy. This review provides
level 1a evidence regarding metformin versus placebo for ovulation induction and
pregnancy. The levels of evidence have been defined by the Oxford Center for
Evidenced Based Medicine. (Appendix C2) Level la included systematic reviews of
homogeneous randomized controlled trials while level 1b includes well designed RCTs
with narrow confidence intervals. Level 1 c consists of all or none case series. Level 2a
includes systematic reviews of homogeneous cohort studies, level 2b — well designed
cohort studies/ low quality RCTs, level 2c “outcomes research”. Level 4 is similarly
divided for case-control studies and level 5 is restricted to expert opinion without explicit
critical appraisal. This study suggests that metformin is superior to placebo for ovulation
induction in patients with PCOS but that this benefit is not more pronounced with longer
therapy ( ie > 3 months). The definition of PCOS is very important in determining the
group of patients who will have an optimal response. For example, Ng et al. did not find
a benefit with metformin. The patients in their study were not overweight ( BMI <23)
and also were not hyperandrogenemic as opposed to the other studies where a benefit was

found. In a well-defined group of PCOS patients who do not complain of infertility,
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metformin also has significant advantage over placebo for resumption of ovulation and

regulation of menstrual cycles.

Nevertheless, the data to date do not demonstrate a benefit of metformin versus placebo
when the outcome considered is pregnancy. The follow-up time to pregnancy was short
and, in the quantitatively summarized studies, pregnancy was not the primary outcome
nor were these studies powered to assess pregnancy as an outcome. When we compared
metformin plus clomiphene citrate to clomiphene citrate or metformin alone, however,
there appeared to be a significant benefit of the combination treatment for both ovulation
and pregnancy in patients with PCOS who are both hyperandrogenemic and overweight.
However, the comparison of metformin with clomiphene citrate versus placebo with
clomiphene citrate was done in each of these studies as a “sequential study” rather than a

true randomized controlled trial or cross —over study.

This study was done in preparation for a randomized controlled trial investigating
clomiphene citrate versus metformin which was started at Cornell Medical College in
August 2002. Subsequently, our study has been terminated but the Reproductive
Medicine Network (funded by the National Institutes of Child Health and Human
Development (NICHD)) has been conducting a randomized controlled trial investigating
metformin, clomiphene citrate, and metformin plus clomiphene citrate. Thirteen centers
are involved in the recruitment of 768 patients with oligomenorrhea, elevated
testosterone, normal semen paramenters and regular intercourse (2-3 times /week) who
desire pregnancy. The interventions being assessed include three arms: clomiphene
citrate, metformin, and CC plus metformin. This paper demonstrates the need for such a

trial. It also provides a basis for the sample size, which was similar in our study when

adjusted for two arms.
A need still exists to directly compare metformin and CC as first line agents for ovulation

induction and achievement of pregnancy in patients with well-defined PCOS. The

currently ongoing study (Pregnancy in Polycystic Ovarian Syndrome — PPCOS) is
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designed to answer exactly this question and has the potential to provide valuable insight

into the clinical management of this elusive syndrome.

2.3 Randomized Controlled Trial of Metformin vs CC in PCOS

2.3.1 Methods for Developing the Randomized Controlled Trial
The following aspects of the Canadian Institutes of Health Research (CIHR) guidelines
were considered in the development of the RCT proposal. (http://www .cihr-

irsc.ge.ca/e/3336.html)

A. The need for a trial

Outline the need for the trial and the principle question to be addressed. Summarize
current supporting evidence and cite or perform any relevant systematic reviews. Detail

the potential clinical impact of such study results and potential use.

B. The proposed trial

1. Study design - Describe if the trial is experimental or observational. If it is a
randomized controlled trial, describe if it is a superiority or equivalence trial.

2. Interventions. - Describe the proposed interventions in both the study and control
group in detail. Include the duration of treatment and the duration and frequency of
follow-up. 3. Allocation methods - Describe methods used to allocate experimental and
standard treatment groups (eg. randomization).

4. Avoidance of Bias - How is bias limited? Are subjects and/or investigators and/or
clinicians blinded to treatments? ( single vs double blinded) If blinding is not possible
indicate why and what other methods are proposed to avoid bias.

5. Inclusion/ exclusion criteria — Identify inclusion and exclusion criteria.

7. Outcome measures — Describe and distinguish primary and secondary outcomes and
their measurements. Also describe the measurement of baseline assessments,

8. Sample size — Describe the proposed sample size and the assumptions and calculations
used in determining the sample size. Include the minimal clinically important difference

and how it was determined. State the power, beta and alpha errors for which the trial is
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designed. How are drop outs, contamination and cross-overs handled? Is the sample size
based on an intention to treat analysis or per protocol analysis?

9. Recruitment — Describe the planned recruitment rate and preceeding investigations or
evidence to suggest that this is achievable. Describe how the recruitment is organized,
who will be responsible for recruitment and the time period over which it will take place.
Describe methods to ensure recruitment on schedule and alternative strategies for
recruitment if recruitment is lagging.

10. Compliance, Contamination, Co-intervention and Drop-outs/ Loss to follow-up -
Describe anticipated compliance, contamination and co-intervention issues and the
evidence for expected numbers of drop-outs or loss to follow-up. Describe strategies to
address compliance, contamination and co-intervention issues.

11. Analyses - Provide details of the planned analyses and rationale and adjustments for
any additional/ interim analyses. Describe potential subgroup analyses.

12. Economics - If the study will address any health economic issues, describe the
proposed analysis and justify the inclusion or exclusion of such a study arm.

13. Timeline - What is the estimated cost and duration of the trial?

2.3.1.2 RCT PCOS Protocol
The methods section of the RCT protocol for the PCOS study was developed as a result
of following the CIHR guidelines in section 2.4.2.

2.3.1.2.1 Study Design

The proposed study is an unblinded, randomized-controlled superiority trial.

2.3.1.2.2 Study Population

The study population consists of women aged 20 —35 years old with a diagnosis of PCOS
by the following criteria: chronic anovulation/oligoovulation (failure to ovulate
regularly), infertility, and chronic hyperandrogenism (increased male hormone). Patients
will be recruited from the private practices of 9 attending physicians at the Center for

Reproductive Medicine, Comnell Medical College.
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2.3.1.2.3 Inclusion/Exclusion Criteria

Study participants will be between the ages 20 and 35 at the time they receive the
assigned intervention. Oligoovulation is defined as menses less frequently than every 35
days whereas anovulation is defined amenorrhea and inability to document ovulation.
Infertility 1s defined as the failure to conceive for a year or greater. Hyperandrogenism is
defined as elevated total and/or free testosterone and/or elevated
dehydroepiandrostenedione-sulfate. Hyperandrogenism may or may not be accompanied
by clinical manifestations. All study participants should have had a male partner with a
normal semen analysis (as defined below) and sexual function since the insemination

method in this protocol is natural intercourse and not therapeutic insemination.

Exclusion criteria: use of insulin sensitizers or clomiphene citrate within 3 months prior
to randomization, abnormal liver or renal function tests or any clinical evidence of
hepatic or renal disease, history of diagnosed diabetes mellitus or other medical disease,
pregnancy, presence of estrogen dependant tumors, other causes of infertility besides
anovulation (i.e. Hypothalamic amenorrhea; male factor, tubal disease, uterine
abnormalities or maternal age > 35 years old ), women who smoke or use excessive
alcohol, or women with abnormal thyroid function or prolactin tests. Absence of male
factor should be documented by a semen analysis which demonstrates normal
concentration and motility by Kruger’s or World Health Organization (WHO) criteria.
Absence of a tubal factor should be documented by normal hysterosalpingogram and/ or
laparoscopy with chromopertubation. Investigations for tubal patency, semen analysis,
liver and renal function tests, and thyroid function and prolactin tests should be current

within 1 year of randomization.

Patients will be recruited from the private practices of 9 attending physicians at the
Center for Reproductive Medicine, Cornell Medical College. The primary investigator
meets with these physicians on a weekly basis to identify potential eligible participants.
Identified patients who met the eligibility criteria were approached by the study nurse.
The study nurse and/or primary investigator will explain to potential candidates the

nature of the study and, if the inclusion/exclusion criteria are met at the baseline
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assessment, obtain informed consent. At New York Presbyterian Hospital, the
Institutional Review Board requires that the primary or co —investigators are involved in
the informed consent process. Although this is contradictory to principles of clinical
trials, 1t 1s necessary at this institution. The physician primarily responsible for the care
of the patients is not to be responsible for recruitment and therefore we avoid undue
coercion. We plan to continue to recruit patients until the sample size was attained (See
sample size calculations) or an interim analysis showed a significant difference between
treatment arms at which point all subjects, who continue to be in the system, will be

switched to the preferential treatment.

2.3.1.2.4 Intervention Protocols

Progression of treatment through 3 cycles is depicted in Appendix B1. All patients, in
both treatment arms, will be instructed to have intercourse 2-3 times per week. Ovulation
and pregnancy were determined similarly for treatment arms A and B. Assessment of
outcome 1s detailed below. Patients will be contacted bi-weekly to ensure compliance.
All patients were also to receive nutrition counseling. The objective in both treatment
arms is for the participant to achieve ovulation and subsequently pregnancy. From the
literature, 80% of patients with PCOS achieve ovulation on CC. Forty percent of these
patients will achieve pregnancy and 75% of those patients who achieve pregnancy do so
within 3 months of an ovulatory dose of CC. Therefore a patient who fails to ovulate at
even the maximum dose of CC or who fails to conceive within 3 months of an ovulatory
dose of CC is considered a control-treatment failure. The literature suggests that 80 —
95% of patients with PCOS ovulate with metformin within 2 -3 months. We do not have
statistics on pregnancy rates but clinical impression of experts as well as physiological
intuition suggests that most of these patients who ovulate should conceive also within 3
months if they are going to do so. Therefore failure to ovulate on metformin after 3
months of therapy or failure to conceive with metformin despite 3 months of ovulation

will be considered a treatment failure.
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The maximum length of time a patient was to spend in Arm A is 5 months. The
minimum amount of time a patient was to spend in Arm A is | month. If a patient did
not ovulate at the prescribed dose in the first cycle, we step up to the next dose of CC in
the next consecutive cycle, until ovulation occurs or a maximum dose of 150 mg is
reached. Once she achieves an ovulatory dose of CC, we do not increase the dose even if
she does not become pregnant. Since 75% of pregnancies occur on CC within 3 months
of an ovulatory dose, if 3 months of ovulation with a given dose of CC fail to result in

pregnancy, this will be considered a treatment failure.

A patient who enters Arm A starts with CC 50 mg days 5 -9 (post progesterone induced
bleed). If this patient ovulates and is pregnant in the first month she is considered a

treatment success. If she ovulates but does not become pregnant, she will repeat the CC
50mg course the following month. If she becomes pregnant, this is a treatment success.
If she does not become pregnant she will repeat the same course for 1 more consecutive

month.

If the patient fails to ovulate the first month at a dose of CC 50mg, the dose is increased
to 100 mg in the following month. If the patient ovulates and is pregnant on the first
month of CC 100mg, this is considered success. If the patient ovulates but fails to
conceive at CC 100 mg, she will repeat CC 100 mg in the next consecutive month.
Again if she becomes pregnant, this is considered a success. If not, she will repeat the
same protocol the following month for a final cycle. Again, failure to conceive after 3

months of an ovulatory dose of CC represents a treatment (control-treatment) failure.

If a patient fails to ovulate at a dose of CC 100 mg, the dose is increased to 150mg the
subsequent month. If she does not ovulate at this dose, she is considered a control-
treatment failure. IF she does ovulate and becomes pregnant, she is considered a
treatment success. IF she ovulates, but fails to conceive, she continues the same protocol

until pregnancy is achieved or a total of 3 months has passed without pregnancy.
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Monitoring for ovulation begins at 5, 7, and 10 days post the last CC pill. Al patients
will be monitored for side effects including nausea, headaches, abdominal pain or
bloating, and visual disturbances. Presence of visual disturbances or vascular headaches

will require discontinuation of medication.

The maximum amount of time patients will spend in treatment arm B is 6 months.
Patients who enter treatment arm B will start metformin at a dose of 500mg daily x 1
week. The dose will be stepped up to 500 mg twice a day the following week, for one
week. In the third week the dose will be adjusted to 850 mg twice daily. Stepping up the
medications in this fashion is thought to improve compliance. Patients will be monitored
for ovulation with blood and ultrasound every 2 weeks until ovulation occurs or the
patient has been on metformin for 3 months without ovulation at which point she will be
considered a study treatment failure. Once a patient ovulates, she will be tested for

pregnancy 14 days later.

Patients will be advised to take the metformin with meals to avoid gastric upset. While
on metformin patients will be monitored for side effects including nausea, vomiting,
diarrhea and abdominal pain. Patients who develop significant medical illnesses while on
metformin will be discontinued from therapy because of the risk of lactic acidosis as

mentioned above.

Study participants (Control or experimental) who fail treatment, by the above definitions,

will be offered alternative therapy.

2.3.1.2.5 Randomization and Blinding

Patients will not be allowed enrollment until a diagnosis of PCOS has been confirmed
and we have excluded medical conditions that would prohibit their participation. No
patients will be randomized until the inclusion/exclusion criteria have been met.

All patients will start medication during the follicular phase. Serum progesterone levels
will be used to confirm this and potential pregnancy excluded by use of a serum

quantitative hCG drawn at the same time. For patients who have not had a period within
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the previous 35 days, menses will be induced with provera 10 mg daily (for 12 days)
prior to the start of medication. Once patients are recruited, baseline assessment
completed, and inclusion/exclusion criteria met, they will be randomized into one of 2
treatment arms (A or B ) as depicted in the schematic attached in Appendix B1.
Randomization will occur in blocks of 6 and randomization will be computer generated.
Unfortunately, the nature of the treatments does not allow for blinding of either the
patient or the physician. Monitoring of side effects is necessary and also will make
obvious the assigned treatment. However, since only hard outcomes are being assessed
(ovulation, pregnancy), this should not adversely affect the results. Patients will be
assigned a code that will be kept in a central logbook next to their name and their data

sheet will be identified, for the purposes of the study, only by the code to protect

confidentiality.

2.3.1.2.6 Assessments (baseline and outcome)

The following demographics will be collected on a data form: code number, age, weight,
height, body mass index (BMI), gravidity, term, preterm, aborta, live birth,(GTPAL),
medical conditions: Diabetes, renal disease, liver disease; other medications;recent use of
insulin sensitizers or oral contraceptive use; duration of infertility; and the following
clinical predictors of insulin resistance: waist: hip ratio; waist circumference; acanthosis
nigricans; skin tags. Also all patients will have the following baseline bloods drawn
(these bloods will be done at the time of routine, requisite blood work to avoid an extra
needle stick): total and free testosterone; fasting glucose insulin ratio; LH:FSH ratio;
DHEAS; BUN, electrolytes, creatinine, AST, ALT, ALK Phosphatase, TSH and
prolactin. These results will also be input on a patient data form. All patients will have a
physical exam to rule out co-existing medical conditions. On the day that the patients

are randomized they will also have serum progesterone and hCG levels drawn.

Determination of outcome will be made the same way in all patients:

1. pregnancy: serum quantitative hCG levels will be drawn on day 28, values > 5

IU/L reflect a positive pregnancy test
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2. ovulation: serum progesterone levels will be drawn ; value > 4 ng/ml indicate
ovulation

The total hCG assay is an immunoassay using chemoluminometric technology. It is
sensitive to 2 mIU/ml. A positive pregnancy results is consistent with > 5 mIU/ml. It is
also an immunoassay using chemo-iluminescent technology. The coefficient of variation
is 4.2% It is sensitive to a concentration of 0.11 ng/ml. A level >4 ng/ml is consistent
with ovulation. Both assays are regularly calibrated. Outcome assessments will be made
as indicated in the schematic Appendix B1. Pregnancy tests will be done 14 days post
ovulation, at the time of missed menses, or as clinically indicated. Assessments for

ovulation will be made every 2 weeks.

2.3.1.2.7 Compliance/ Contamination/ Co-interventions

Patients who are recruited will be contacted bi-weekly to ensure they are tolerating the
medication. This will allow for early trouble-shooting, although for the reasons
previously described, noncompliance is expected to be minimal. Step-wise increments in
metformin with also help minimize side effects. Patients will not be able to receive
alternate medications without a prescription from their physician. We will monitor for

contamination and co-intervention but we really feel these are unlikely to occur.

2.3.1.2.8 Sample size and Recruitment
Sample Size Estimates
The objective was of this trial was to show that metformin may be better than clomiphene

citrate in achieving pregnancy.

Success rates with clomiphene citrate for achievement of pregnancy in this group of
patients are quoted to be about 40%. Our experience at the Center for Reproductive
Medicine and Infertility (CRMI) suggests clomid success rates are actually closer to 30%.
In consultation with experts we have decided that if treatment rates differ by greater than
15 %, this would be essentially a significant difference clinically. Therefore using the

calculation:
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N =2p(1-p) (Za+2Zp)* | &

where Z, = 1.968 o =0.05
Zg = 0.840 f =0.20
d = 0.15 is the % of difference below which a difference between
treatments is not clinically significant; this is based on the fact
that metformin is less invasive and associated with fewer risks 1.e.

multiple gestation, ovarian hyperstimulation compared to CC
p= 03

N = sample size per treatment group

A sample size of N = 147 is needed.
Adjustments to the sample size for nonadherence need to be considered.
From the clinical trials in the literature, approximately 5 —10% of patients discontinued
metformin before planned. However, fertility was not the indication for treatment in
these patients. Most of these trials were investigating the effects of metformin on
metabolic parameters and menstrual cyclicity. Presumably these patients would have less
motivation to continue therapy than infertile patients. There are no reports of CC

dropouts in clinical trials for infertility and our experience would support the notion that

that would be extremely rare.

Therefore if we adjust the metformin group for an overestimated 5 % dropout rate, the
metformin n = 153. If we adjust the CC group for an overestimated 5% dropout rate, the

CC treatment group has N = 153. In summary, 2N = 306 will be needed for the study.

Recruitment

Patients will be recruited from the Center for Reproductive Medicine, Cornell Medical
College. A conservative estimate of the number of patients that could be recruited
weekly among the 9 practicing physicians at the Center for Reproductive Medicine is 10

patients per week (accounting for patients who are approached and refuse and patients
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who are not suitable). Two of the 9 physicians indicated that they each would see 4-5
new PCOS patients per week. Recruitment will be assessed monthly to investigate
whether the objective of a minimum of 40 patients were being recruited each month.

With this target, recruitment is expected to be completed in 8 months.

Several of the attending physicians at the primary institution were approached. We
discussed whether they agreed on the clinical importance of this trial and whether they
would be willing to have their patients participate in such a trial. They are enthusiastic
about such a trial especially since different attending physicians have varied opinions
about the relative efficacy of these treatments. Also, there are no concurrently ongoing

clinical trials that would compete with this trial for recruitment of patients.

To facilitate recruitment, patients will be offered several times during the week, including
weekends and evenings, when they can complete the trial prerequisites. The Center itself
is open 7 days a week from 0700 am until 1900 pm, and the principle investigator will

carry a pager full-time and be available to answer any questions.

If, after 1 month, recruitment is inadequate, alternate sources will be added. The proposal
is also to be concurrently submitted to the research ethics committee of the Ottawa
General Hospital so that the mechanism is in place to recruit patients at this hospital. A
conservative estimate of the number of patients who could be recruited there is 2-4
patients per week. Several attending physicians at the Center for Reproductive Medicine
have suggested that if recruitment falls short than an intensive program with flyers and
advertisements within the hospital for both patients and attending obgyn staff can be

implemented. This strategy has been successful previously.

2.3.1.2.9 Analysis
An intention to treat analysis will be followed. Although the randomization will be done

in blocks, the blocks will not be considered in the statistical analysis.
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The following baseline assessment variables will be assessed to ensure comparability of
the 2 groups: age, weight, height, BMI, Gravidity, parity, waist: hip ratio; waist

circumference, fasting glucose: insulin ratio; total and tree testosterone levels.

The outcome variables (ovulation, pregnancy) are dichotomous variables and will be

assessed by % tests.

Multiple linear regression regression analysis will be done to determine the relationship
between predictors of insulin resistance (BMI, fasting glucose: insulin ratio, and waist-
hip circumference) as well as androgen levels (free ad total testosterone ) and success of

metformin versus CC for induction of ovulation as well as pregnancy.

This is a comparative trial. Therefore the data will be analyzed as an intention to treat
analysis. “Drop-ins” to therapy will be analyzed according to the treatment to which they
were originally randomized. Drop-outs will be analyzed according to the assigned
treatment. Patients who become pregnant between treatments will be excluded from the
analysis. Patients who become pregnant between treatments will be included in a
sensitivity analysis and treated as per the group to which they were assigned. This will
help determine if either treatment may indirectly affect outcome even while patients are

not actually on the medication.

An interim analysis will be performed when approximately one third of the patients have
been recruited. An alpha-spending sequential method (i.e. O’Brien —Flemming) is
planned so that the amount of alpha used will depend on the fraction of total information
available at the time of analysis. The analysis will be done at time = 1/3 because we
expect to have 20% of the total sample size for whom final outcomes are not available
concurrently enrolled. The final alpha for tests of significance for the primary outcome at

the end of the trial will be adjusted accordingly.

The interim analysis is to serve the following functions:

1) to assess for any obvious superiority of one treatment versus the other;
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2) to allow us to reassess the sample size based on the actual event rate from both
groups to ensure the study has adequate power;
3) to allow us to check compliance with the protocol;
4) to allow us to reassess recruitment.
Indications for termination of the trial include inability to recruit the required sample size

or obvious superiority of one treatment over another.

2.3.1.2.10 Data collection and quality control

Central data collection forms will be used. A duplicate copy is kept in a confidential
locked cabinet in the primary investigators office. The primary investigator is
responsible for ensuring data collection is up to date and complete on a bi-weekly basis.
A study nurse will help to collect the data. The amount of outcome data to be collected is

relatively small: ovulation and pregnancy.

As explained above, the center has an excellent mechanism in place for follow-up.
Patients come to this center from all over the world for IVF treatment because of an
international reputation. Since 1985 only 10 patient outcomes have been lost to follow-
up. Because the treatment we are studying is a first line treatment, we expect most of our

recruited patients to be from the North-East U.S. Coast.

A training session will be held for all nurses, physicians, lab technicians, and
administrative staff who might encounter these patients. Also, monthly luncheons will be

held to update these same people about study progress and difficulties.

All assays will be run at the Center for Reproductive Medicine. If for some reason
patients need to have blood drawn at a different location, that lab will centrifuge and then
freeze the specimen at —20 degrees Celsius and then FED —EX the specimen to us at our
expense. This is routinely done for many of our out- of town IVF patients, so a

procedure is already in place.
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Adverse events will be monitored. Both study drugs are FDA approved. Clomiphene
citrate is approved for fertility use. Metformin is not. However, it has already been
widely accepted in practice. Available literature does not suggest that these medications
are often associated with adverse events or serious side effects. For clomiphene citrate
the most serious adverse effects to be monitored are: visual disturbances, vascular
headaches and occurrence of ovarian hyperstimulation. Occurrence of multiple
pregnancies was also to be monitored. For metformin, common nonserious side effects
include nausea, vomiting, and diarrhea in 20% of patients. Both groups will be surveyed

via open-ended question if “they have had any unusual symptoms since their last visit.”

2.3.1.2.11 Economic Implications

No economic evaluations are planned at this stage of the evaluation.

2.3.1.2.12 Avoidance of Bias
Concealed allocation of randomization will be the stongest mechanism against bias.
Treatments are not blinded but outcomes assessed, pregnancy and ovulation, are discrete,

hard outcomes measured bichemically so that they are not subject to interpretation.

2.3.1.2.13 Timeline

The timeline for completion of this trial is 2 years.

2.3.2 Results of PCOS RCT

2.3.2.1 Study implementation

The study was proposed to the institutional review board in August, 2002. It received
approval in October 2002. During the months of June to September 2002, we
implemented a strategy to conservatively estimate recruitment. The principal investigator
(Sonya Kashyap (S.K.)) tracked new consults each day for each of the 9 participating
physicians. Meetings were held with participating physicians, nursing and support staff.
A research nurse was recruited and trained to help manage and execute the study. A

system was organized where the principal investigator would meet with each of the
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individual participating physicians two times a week on consultation days to identify new
candidates. Nursing staff was also taught the inclusion criteria so that they may identify
candidates which the principal investigator would then screen with the primary physician.
The primary physicians were not responsible for recruiting, obtaining informed consent,
or explaining the nature of the study to the patients. They were only responsible for the

identification of potential candidates.

2.3.2.2 Study termination

By December, despite maximal effort at the initiation of the study, only one patient had
been identified for recruitment. This patient declined participation. The study was
therefore terminated on the basis of recruitment issues. Issues in study recruitment and

design will be reviewed in the discussion section 2.6.2.

2.3.3 Discussion of PCOS RCT
We were very disappointed in recruitment results for this study despite maximal effort.
Nevertheless, our analysis of the shortcomings leads us to several lessons for the design

of future studies.

A key problem was a change of insurance policies accepted by the hospital during this
time. When we had estimated recruitment, we had observed a minimum of 30-40 new,
eligible patients per month. We had conservatively estimated that we could recruit 10 of
these patients per month. Once the study was started, referrals for this patient population
diminished. We later realized that this was likely due to the fact that the university
hospital had made a new policy not to accept three insurance programs that they were
previously accepting. Since the proposed protocol was low-technology and first line, it is
therapy that may be prescribed through either a general practitioners office or a general
gynecologists office. With the new change in policy, patients were less likely to pursue a
very specialized center where they would have to pay to be treated with low technology

therapy that they could receive in their primary care physician’s office at no cost to them.
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When insurance covered the treatment, more patients presented to the highly specialized

center.

Nevertheless, we still were seeing patients that we were failing to recruit. One of our
faults was that we overestimated the enthusiasm of the physicians we involved as well as
their ability to identify patients. Although the Center for Reproductive Medicine is part
of Cornell Medical College, the individual physician functions as in a busy private
practice. Some of these physicians may see up to 40 complicated patients a day and

could not take the time to identify study patients.

Other problems related to the patient population. Most patients who did come to Cornell
did so because they felt that they were in a highly specialized center with an unsurpassed
level of expertise. Therefore, many patients preferred not to leave the treatment fate up
to a randomized process. Despite the initial enthusiasm for the study, we believe that
many physicians also preferred not to leave decisions to the randomization process. We
believe this for a few reasons. Despite initial talks that randomization to metformin or
clomiphene citrate would be a good study protocol because many of the physicians did
not believe the current literature about metformin, this disbelief did not encourage them
to enroll patients but rather to still decide on the course of treatment that they preferred.
Also, since both therapies are now standard, physicians also felt a pressure to make a
recommendation to patients who were referred to them for their expertise and verbalized
discomfort with allowing their patients to participate in a randomized trial where both
proposed therapies were readily available outside the study. Some physicians later
expressed a concern regarding lack of monitoring and in utero insemination for
clomiphene patients in the study protocol, despite the fact that the study protocol had
been devised with their advice. A lack of control by prescribing a set study protocol as

opposed to feeling that decisions were guided clinically was a major downfall.
The Cornell Center for Reproductive Medicine has an international reputation as the

leader in the field and therefore receives many international referrals, particularly for

highly complicated IVF patients. The centre has very stringent monitoring process for
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IVF and several ongoing drug studies for IVF. We had therefore originally targeted a
non-IVF population because we felt that there would be less conflict for competing
studies. Also, we felt that there was enough controversy surrounding this issue, the
standard of care was defined (as opposed to very complicated cases where an expert
opinion is needed on an individual basis) and physicians would be more likely to adhere
to the study protocol. However, we also underestimated patient enthusiasm. The patients
in this protocol are generally young and have an excellent prognosis to get pregnant with
either therapy in the long term. Therefore, there were less likely to want to participate in
a study where they felt like a “guinea pig”. They generally wanted to be told what would
be the best treatment for them. They may have been more willing to participate if they
had a poorer prognosis or felt there were fewer viable treatment options available to
them. However, a “desperation” factor may also lead to concerns about coercion.

Both treatments are now standard of care and are widely available with many primary
care physicians. Patients seemed less likely to participate in a study of two standard
treatments that they could receive elsewhere. Patients seemed more willing to participate

if the study offered an empirical therapy that was not available elsewhere.

Despite difficulties in implementation, the study we undertook was indeed of significant
importance. Six months after we discontinued the study, we discovered that a newly
found national body called “The Reproductive Medicine Network” in the United States
had organized a very similar trial under NIH funding to run as a multicenter trial on the
west coast. They had used a very similar protocol and similar MCIDS and sample size
calculations. They had estimated a total sample size of approximately 700 patients when
they evaluated 3 arms: metformin alone, clomiphene citrate alone, and clomiphene
citrate with metformin together. At the time of thesis presentation they had accumulated
approximately half of their sample size in 2 years. The fact that such a study is NIH
funded addresses the importance of the trial. Challenges that we encountered in a more
private setting were overcome by a different style of medical management and financial
management on the west coast. Each of the participating centers and principle
investigators are known for promoting academic investigation and many have been

previously NIH funded for different studies and therefore had previous experience and
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documented commitment to and success with randomized controlled trials. Also, west
coast medicine tends to be dominated by Health Management Organizations (HMO) and
managed care. East coast medicine, especially in Manhattan, is largely private, even at
the large academic centers. However, many smaller centers are required to complete
such a trial. Comell would have had the advantage of large numbers at one site. A large
IVF program in North America is approximately 300-500 cycles per year. Cornell starts
approximately 2200-2400 IVF cycles each year and a similar number of COH —1UI

cycles.

Nevertheless, the proposed question is an important one. The current ongoing NIH
funded trial by the Reproductive Medicine Network is well-designed and has a good

prognosis for answering some very difficult questions about this elusive syndrome and its

treatment.
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Chapter 3 Aromatase inhibitors in Poor Responders and IVF

3.1 Introduction

During the process of conducting the systematic review on medical induction of
ovulation for patients with polycystic ovarian syndrome, a paper was published
suggesting that aromatase inhibitors may be of use in this population.(13) This
development is even more recent than the development of metformin for ovulation
induction. However, upon review of the physiology of aromatase inhibitors, we felt that
this category of drugs may be more beneficial in another special group of patients called
poor responders. Poor responders are those patients who have a low probability to
achieve pregnancy even with in-vitro fertilization. Special characteristics of poor
responders may include one or more of the following: age over 40 years; estradiol less
than 1000 pg/ml with IVF stimulation; less than 5 follicles/oocytes obtained at retrieval;
history of previous elevated estradiol (> 75 pg.ml) or follicle stimulating hormone (FSH)
(> 12 mIU/m] DPC assay/ > 20 mIU/ml RIA assay); and history of previous cancellation

of IVF stimulation for poor response.

We therefore conducted a search for clinical trials (specifically randomized controlled
trials) which investigated the effect of letrozole in poor responders both for in-utero
insemination and for in-vitro fertilization. We also conducted a search for studies which
evaluated the use of aromatase inhibitors in patients with polycystic ovarian syndrome for
the purpose of medical induction of ovulation. In the latter group we found several
studies but only one randomized controlled trial. (14)We did not find any studies looking
at poor responders and IVF but we did find 1 abstract of a cohort study which
investigated the use of aromatase inhibitors for the purpose of ovulation induction and

one investigating ovulation induction in poor responders.(15, 90)
We had been having difficulty with recruitment for the PCOS study. We discovered this

was partly due to a new decision by Cornell Medical College not to accept 3 types of

insurance which they had been accepting previously when we did our sample size
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calculation. This decision was made one month after the study received institutional
review board approval (IRB). This decision significantly reduced not only the total
number of ovulation induction cycles we had been seeing but also the number of PCOS
patients who were presenting early on for ovulation induction. This institution does not
accept insurance for IVF and therefore we have not seen a drop in this patient group. We
have been steadily seeing an increase in IVF patients. Also, CRMI has one of the
highest success rates for any IVF clinic with poor responders and therefore receives
referrals from all over the world. For this reason and the fact that we see at least 200
poor responders every 3 months, we decided to initiate a second randomized controlled

trial in this patient population.

Several protocols have been used to try and maximize follicular recruitment in these
patients. However, general success rates are still low (<10%). In a natural cycle, the
“dominant follicle”, which is the one destined to ovulate, is normally selected by day
five. In patients with decreased ovarian reserve, this may occur even earlier, since the
responsible hormones rise earlier. Once the dominant follicle is selected, it inhibits the
growth of the surrounding cohort of follicles. Attempts to improve follicular response in
this group of patients have concentrated on trying to stimulate the ovary to produce more
follicles. However, we have not succeeded in delaying the inhibition of surrounding
follicles by a dominant follicle nor have we succeeded in delaying the early selection of
the dominant follicle in many of these patients. The protocol we suggest here may

accomplish this phenomenon.

The primary indication for aromatase inhibitors is for the treatment of advanced breast
cancer in women.(91) Aromatase inhibitors prevent the final step in the conversion of
androgens to estrogens. Letrozole is a type Il aromatase inhibitor. It is a nonsteroidal
competitive inhibitor which reversibly binds the aromatase enzyme. By reducing the
estradiol output of the follicle, we may prevent inhibition of surrounding follicles and we
may decrease the perception of estradiol by the pituitary so that the pituitary increases

production of follicle stimulating hormone (FSH) to recruit follicles.
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The half- life of letrozole is 45 hours and therefore when it is taken form day 2 -7 it
should not interfere the embryo at the time of implantation. Letrozole is metabolized and
excreted by both the kidney and the liver. Several authors have investigated the use of
letrozole in cycles of ovulation induction for artificial insemination for patients with
polycystic ovarian syndrome (PCOS) and also patients with unexplained infertility or
previous poor response.(13, 90) Letrozole was found to have a positive impact on the
uterine lining when compared to clomiphene citrate in PCOS patients.(14) When used
for super-ovulation in normal responders, the number of ampules of gonadotropins and
the estradiol levels were decreased without compromising pregnancy rates.(15) Initial
reports of pregnancy outcome show no adverse effects of letrozole.(92) For ovulation
induction, a 5 mg dose has been shown to be more effective than a 2.5 mg dose without

compromising the endometrium.(93)

3.1.1 Background

The first attempts at mammalian in-vitro fertilization (IVF) dated back to the 1800’s. In
1930, Pincus documented the first embryo transfer in a rabbit. The first recorded
successful IVF was also by Pincus in 1934.(94) For several reasons, this record was
considered controversial. The true proof of successful IVF is the live birth of the
observation of an in-vitro fertilized pre-embryo. This did not unequivocally occur until

1954 under the direction of Thibault.(95)

The first attempts at human IVF occurred in the 1960’s and were initially limited by
timing of ovulation, single oocyte retrieval, and low fertilization rates in-vitro. The birth
of Louise Brown in July, 1978 marked the first live human birth from a human IVF
conceptus and the beginning of an era. The second and third births occurred in Australia
and the United States, respectively. The initial two births were the result of laparoscopic,
single oocyte retrieval and in-vitro fertilization. Jones et al., however, used human
menopausal gonadotropin to stimulate multiple follicular maturation in order to increase

the chances of having a viable pre-embryo for transfer.(96)
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The evolving progression of utilizing vaginal ultrasound-guided retrieval, controlled
ovarian hyperstimulation for multiple follicular recruitment, optimal laboratory
conditions, and micromanipulation techniques such as intracytoplasmic sperm injection
(ICSI) to overcome male factor infertility have greatly improved the efficiency of assisted
reproductive technology. More recently, improved outcomes after embryo
cryopreservation and blastocyst culture prevent embryo wastage and hold the promise of
reducing the incidence of multiple births secondary to IVF. Preimplantation genetic
diagnosis (PGD), as opposed to prenatal genetic diagnosis, allows pre-embryos to be
biopsied and evaluated for a multitude of heritable diseases before they are transferred
back to the uterus. Oocyte donation allows women with ovarian failure, poor oocyte
health, or muitiple failed in-vitro fertilization attempts to carry and deliver a pregnancy
which carries the genetic contribution of the male partner. Gestational surrogacy offers
the potential of women who have major uterine factor (such as congenital absence of the

uterus) an opportunity to have their own genetic children.

Utilization of and access to infertility techniques have increased exponentially. The field
of reproductive medicine has developed largely around advances in basic science. This
was necessary in order to make such techniques efficient. Nevertheless, evaluation of
such treatments by properly conducted clinical trials and epidemiological methods is
severely lacking. Also, until recently, the utilization of such techniques has been largely
unregulated or legislated. Medline reports 499 randomized controlled human trials since
1994. Closer evaluation, however, reveals that most of these are not properly conducted

RCTs with appropriate methodology despite the fact that they are reported in this manner.

The Center for Disease Control, in cooperation with the Society for Assisted
Reproductive Technology, began collecting information from IVF clinics in the US in
1995. The first complete data collection year was 1996. In that year, 300 clinics reported
starting 49 584 fresh, nondonor cycles. In 2001, this number had almost doubled.

Three hundred and eighty four clinics reported starting almost 80 000 fresh, non-donor
cycles in the US. Between 1996 and 2001 the overall live birth rates per transfer

increased 19% for fresh, nondonor cycles and the singleton live birth rate increased 24%
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from similar cycles. (http://www.cdc.gov/reproductivehealth/ARTO1/download.htm)
The majority this increase is due to improvements in success rates for women less than

377 years old.

3.1.1.1 Pathophysiology Poor Responders

Fertility clearly diminishes with age. This has been demonstrated repeatedly. Each
female fetus is endowed with a fixed number of oocytes (6-7 million) by 20 weeks
gestational age. Through atresia, this number drops exponentially to 300 000 to 400 000
by menarche and 25 000 by age 37-38. Such changes are reflected in the average time to
pregnancy. Assisted reproductive technology success rates also diminish drastically with
age. Oocyte donation studies illustrate that IVF success depends on the age of the donor
rather than the recipient and that oocyte age and health are stronger predictors of outcome
than uterine senescence. Donor insemination programs also reflect the fact that female

age predicts outcome.

Day 3 FSH and estradiol have been correlated with IVF success in terms of pregnancy
rates, number of oocytes retrieved and peak estradiol levels.(97-99) For younger
patients, FSH and estradiol levels may more accurately reflect a patient’s ovarian reserve
than her age alone. However, it must be emphasized that normal FSH and estradiol

levels in the older patient do not override the impact of chronological age on outcome.

The clomid challenge test (CCCT) can also be used to prognosticate ovarian reserve. The
FSH is measured on day three and then again on day 10 following administration of
clomid 100mg po on days 5-9. Poor ovarian reserve is defined as a day 10 FSH level
greater than 2 standard deviations above the mean. Navot et al. reported that of patients
with an exaggerated response only 5.5% subsequently conceived versus 42% of patients
with a normal response.(”) Some authors have suggested that the CCCT might be more
sensitive than basal FSH levels alone but it is not clear whether basal estradiol levels

were taken into account in these studies, or whether basal FSH levels were assessed in

more than one cycle.
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3.1.1.2 Epidemiology Poor Responders

Age is the single most important factor that influences IVF outcome. The probability of
conception decreases with age, although the fertile window (approximately 6 days before
ovulation and 1 day after ovulation) does not change with age. Day specific probability
of pregnancy drops 50% for women in their late 20’s to their late 30’s.(100) This statistic
does not include the increased spontaneous abortion rate associated with sporadic genetic
abnormalities associated with conceptuses of older patients. Age is the strongest
predictor of ovarian reserve. Reproductive success diminishes exponentially with
advancing maternal age. The classic studies of the Hutterite population evaluate a society
where the average age of marriage is 22 and the only fertility barriers include lactational
amenorrhea and a natural age and parity related decrease in coitus.(101) Donor
insemination programs also demonstrate a female dependant decrease in fecundity. A
recent epidemiological study of almost 800 couples practicing natural family planning
revealed that female fecundability begins to decline in the late 20°s and male fertility
demonstrated a less, although significant decline in the late 30’s. Biochemical measures
of ovarian reserve are available which may predict a patient’s prognosis and response to
stimulation. Day 3 FSH and estradiol have been correlated with IVF success in terms of
pregnancy rates, number of oocytes retrieved and peak estradiol levels.(97-99) For
younger patients, FSH and estradiol levels may more accurately reflect a patient’s
ovarian reserve than her age alone. However, it must be emphasized that normal FSH
and estradiol levels in the older patient do not override the impact of chronological age

on outcome.

In 1996, 8412 fresh, nondonor cycles were started in women over the age of 39. While
“diminished ovarian reserve” was not an established, reported diagnostic category in
1996, 9% of women treated with assisted reproductive technology had a singular
diagnosis of diminished ovarian reserve in 2001. This statistic is likely a very
conservative estimate since 27% of cycles were started in women over the age of 39 in
the year 2001 versus 17% of cycles started in women over the age of 38 in 1996. [8412

cycles started in women over the age of 39 in 1996, 23327 cycles started in women over
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the age of 38 in 2001] With increasing patient education, success rates, and accessibility
to infertility services the utilization of such services has been rapidly increasing. Also,
with increased stresses, education and career demands, many women and couples are
delaying child bearing and this contributes to the larger proportion of women presenting

for ART for decreased ovarian reserve.

3.1.1.3 Clinical Treatment Options, Success Rates and Evidence

Women with decreased ovarian reserve have few options. Controlled ovarian
hyperstimulation and intra-uterine insemination are not an effective treatment in this
patient group. Success with in-vitro fertilization is also very limited in this group. At
each step of the process, results are modest. Response to ovarian stimulation is limited,
numbers of eggs obtained at retrieval are often few, fertilization may be compromised as
a result of aged oocyte health, the number of embryos available for transfer is usually
small and embryo quality is an unknown factor. Early pregnancy miscarriage rates are
also high. Perhaps the most difficult step is poor response to ovarian stimulation.
Despite poor prognoses and lack of rigorously evaluated stimulation protocols in this
patient group and associated high direct costs to patients, utilization of such services, as
described above, illustrates the extremely visceral desire to procreate ones own genetic
offspring. Other alternatives include natural cycle IVF, with extremely low success rates,
in patients who fail to respond to stimulation, donor egg, adoption, and the alternative to

do nothing.

Pregnancy rates per fresh, nondonor cycle started in women older than 39 years for the
year 1996 were 13.4% with a live birth rate per cycle of only 8.7%. The cancellation rate
in this group was 22.3% versus 9.4% and 15.3 % in women aged < 35 and 35-39
respectively. In 2001, 14% of all cycles (11349) were cancelled and 84% of these (9533)
were cancelled for poor response. In that year, success rates were reported for women
aged 38 -40, and 41-42. For women more than 38 years old, the percentage of cycles
resulting in pregnancies was 43.5% and the live birth rate was 30%. The percentage of
cycle cancellations in this group was 39.2 versus 9.6 and 14.1 in women < 35 and 35-37

respectively. Donor egg offers couples with poor ovarian response, ovarian failure, or
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genetic diseases the option of gestating a pregnancy with the paternal genetic contribution
of the couple. In 2001, 7772 fresh donor egg transfers were completed in women of all
age groups. In 1996, 3822 fresh donor egg transfers were completed in women of all age
groups and 2472 of these were in women over age 39. The success rate of such transfers
1s dependant on the age of the donor rather than the recipient and is therefore generally
quite high. For example, in 2001, 47% of fresh transferred embryos (from donor eggs)
resulted in a live birth (much higher percentage may have actually resulted in clinical
pregnancies). Nevertheless, utilization of such services is limited by many factors not the
least of which are accessibility to a suitable donor and personal attitudes towards
acceptance of donor gametes. In 2001, 89% of reporting clinics offered donor egg
services. The desire to bear one’s own genetic progeny, however, must be extremely
visceral when one considers the differences in success rates between donor egg cycles
and nondonor cycles in this patient group, the relatively high direct patient financial,
physicial and emotional costs versus the fact that most of these patients still prefer to do

nondonor egg cycles.

A medline search for randomized controlled trials evaluating IVF protocols in poor
responders identified 16 papers. Of these 16 papers, 4 reported results on stimulation
protocols for IVF, 3 evaluated the addition of growth hormone on steroid parameters
and/or IVF outcome.(102-109) One evaluated the role of assisted hatching in women of
advanced maternal age but this was actually a cohort study, not a randomized controlled
trial.(110) The other papers were either letters, or studies of non-poor responder patients.
The “randomized controlled trials” that do exist suffer from similar problems. The
largest study is 48 patients and it acknowledges a need for larger studies. All of these
studies failed to define a primary outcome (ie follicle number, fertilization rate, or
pregnancy?), sample size, and minimally clinically important difference. Also, the
methods of “randomization” are not defined, ie stratified, blocks, computer generated, or
concealed, and often appear to be quasy randomized (eg serial recruitment, independent
physician decision, health code or clinic day). Most of these studies fail to show a
significant difference between protocols but in fact do not have sufficient power to make

conclusions. In addition, the definitions of “poor responders” are lacking and
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inconsistent. An effort to standardize this definition is required in order to compare data
from different institutions. The volume of “poor responder” patients is often limited at
any one institute. At the CRMI, 14% of patients were reported to the CDC to have a
singular diagnosis of diminished ovarian reserve. However, more than 700 cycles were

started ( > 30%) in patients over the age of 38.

Nevertheless, considering the physical, financial, and emotional burden associated with
the treatment of such patients, appropriate randomized controlled trials are necessary to
prove the efficiency of therapy. Such trials are difficult and often impossible to
implement. In-vitro fertilization is a completely uninsured service in 37 states, partly
insured in 5 states, and completely insured in 3 states. The direct costs to the patients are
high, averaging almost $10000 in the US in 2001.(2) In addition, patients have often
undergone multiple cycles of less invasive treatment before being referred to an IVF
centre and therefore many of these patients are very anxious. Many patients have
undergone IVF therapy in other centres before moving to a center with a particular
expertise in this particular patient group. The capitalistic nature of competing business
interests for IVF clinics, particularly in densely saturated areas, also discourage groups
from organizing or participating in such trials. Waiting times, regression to the mean,

and alternative treatment plans also interfere with the ability to conduct such studies.

Current standard protocols for IVF in patients who are considered “poor responders”
include flare and antagon protocols. Nevertheless, no properly conducted trials exist to
define the benefit of these protocols in general or compared to one another. Our study
compares a newer, experimental protocol to these already standard protocols. It will be
the first study to rigorously evaluate a new protocol for poor responders against existing

protocols.

3.1.1.4 Rationale for a Feasibility Study
One of our original objectives was to propose an important question in reproductive
medicine that could best be answered by an RCT. Our first question, although important,

was not successful when we implemented our RCT. Nevertheless, that same question is
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snow being addressed in a multicentre RCT conducted in the US by the Reproductive
Medicine Network and funded by the NIH. We learned many lessons from that attempt
at a randomized controlled trial. One of these was that an RCT in our specific population
may not go over well unless one of the therapies is an experimental therapy not otherwise
available to our patients. An RCT comparing two accepted, standard therapies was not
well-accepted in this population. Also, patients who have excellent prognoses to achieve
pregnancy regardless of therapy may be less likely to participate. The poor responders
constitute a group of patients who have few therapeutic options and therefore may be
more receptive of experimental protocols. In addition, many unforeseen pitfalls may
occur while conducting the study. Some of these include overestimated physician
enthusiasm for the study, lack of anticipation for factors which may significantly affect
patient recruitment, and failure of participating physicians to adhere to study guidelines
partly due to inflexibility of clinical management study protocols. Therefore, instead of

attempting to conduct a full study, a feasibility trial may be a more appropriate first step.

Given financial and emotional costs incurred by this group of patients called “poor
responders”, we felt a properly conducted RCT to evaluate a new, although quickly
disseminating therapy, was long overdue. The use of aromatase inhibitors in this group
has not yet become standard of care but is perhaps the newest stimulation protocol to be
proposed. We therefore conducted a systematic review of the subject before designing
and implementing a feasibility trial. The protocol that follows outlines the design and
sample size for the whole trial based on an expected clinical pregnancy rate of 10% and
an minimal clinically important difference (MCID) of 30%. Given the lessons learned
from the previous attempt at an RCT, we decided to first implement a feasibility study.
The objectives of the feasibility study would be:

1) To ensure that patients can be recruited. Two issues arise. One issue is that the
type of patients (considering inclusion/exclusion criteria) can be recruited.
Second, that the number required for the study can be recruited. Previous
experience suggests that both unanticipated patient and physician attitudes may

influence recruitment.
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2) To determine if we are able to randomize patients given the patient population
and environment. Since the treatments are not blind, it is essential that the
allocation is concealed. We suspect there will be some pressure to direct
allocation.

3) To estimate the expected pregnancy rate in the group of patients being recruited
for the study. We expect a 10% pregnancy rate in this group of poor responders
presenting to our centre for specialized care. In fact, in women over the age of 40
without a previous history of stimulation or high FSH, our centre has seen up to
30% pregnancy rate. The target group of patients for this study however is much
more clinically challenging .

4) The final objective of this feasibility study is to run a pilot version of the study to
identify other logistic problems before a full protocol is designed and

implemented.

3.1.2 Objectives
1) Systematic review:

a) To perform a systematic review using, Cochrane, MOOSE and Quorum
guidelines (RCTS and cohort studies), and provide a quantitative summary
where applicable, regarding the following question:

Question: Are aromatase inhibitors, in combination with gonadotropins, beneficial
compared to standard, aggressive protocols for IVF treatment of poor responders?
2) Randomized controlled trial:

a) To design an RCT protocol and implement a feasibility study on the same

question, including the above objectives for the feasibility study.
Question: Are aromatase inhibitors, in combination with gonadotropins, beneficial
compared to standard, aggressive protocols for response to ovarian stimulation and

improvement of pregnancy outcomes in IVF for poor responders?
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3.2 Systematic Review for Aromatase Inhibitors in Poor Responders

3.2.1 Methods for conducting a systematic review

3.2.1.1 Search strategy

A computerized literature search of the following databases, using an OVID vendor
and Polaris interface, was done: Medline, Premedline, Cochrane Register of Clinical
Trials, and EMBASE. The databases were searched for the last 25 years. MeSH
heading and textwords, for databases without Mesh headings, were used. Adjacency
operators, and truncation were employed. A preliminary search had already been
conducted to maximize potential keywords. We did not apply a study filter and the
search will not be limited by language or year of publication. It was repeated at two-
week intervals until May, 2004.

A hand search of ten years of the following journals was also completed: Fertility and
Sterility, Human Reproduction, Journal of Clinical Endocrinology, New England Journal
of Medicine, the Lancet, and the American Journal of Epidemiology. Online indexing

facilitated this process.

To avoid publication bias, we searched for grey/unpublished literature. Three content
experts were contacted. Also, 10 years of conference proceedings for the following were
searched: The Canadian Fertility and Andrology Society, The American Society for

Reproductive Medicine, and the Society for Gynecologic Investigation.

The Cochrane database was searched for systematic reviews, study protocols, or
completed, registered clinical trials. Titles and abstracts were screened and articles
retrieved if they passed the relevance filter or if there was uncertainty whether or not they
were relevant. Bibliographies of review articles, systematic reviews, and retrieved
articles will also be searched for candidate articles. Retrieved articles were reviewed for
inclusion/exclusion criteria and those articles meeting these criteria were kept for critical

appraisal and data collection.
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Table 6: Poor responder search strategy

A. Key Words

Study population
Poor adj responder$
IVF

In-vitro adj fertiliza$
In adj vitro adj fertiliz$
In-vitro adj fertilis$

In adj vitro fertilisa$
ART

Assisted adj reproduc$
Ovar$ adj stimula$

B. Databases

Cochrane controlled trials register
Cochrane database of systematic reviews
EMBASE ( 1980 - 2002)

Premedline

Medline (10 years)

Current Contents

Biological abstracts

Intervention
Aromatase adj inhibito$
Anastrozole

Letrozole

Testolactone

C. hand search of journals and

conference proceedings*

Fertility and Sterility

Human Reproduction

New England Journal of Medicine
Journal of Clinical Endocrinology and
Metabolism

Lancet

Journal of the American Medical
Association

Cochrane Database

American Society of Reproductive
Medicine

*facilitated by online indexing
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3.2.1.2 Inclusion/ Exclusion

One reviewer has completed all stages. MOOSE and QUOROM guidelines were
followed.(6, 7) Titles and abstracts were screened and articles retrieved if they passed the
relevance filter or if there was uncertainty as to whether or not they were relevant.
Bibliographies of review articles, systematic reviews, and retrieved studies were also
searched for candidate articles.(71) Retrieved articles were then reviewed for inclusion/
exclusion criteria. Those articles that met the criteria were then kept for critical appraisal
and data collection. The reviewer was not blinded at any point to the authors or sources
of publication as the evidence for such blinding is weak and the reviewer was likely to be

previously familiar with some of the literature. (72)

3.2.1.3 Quality Assessment

The Jadad scale was to be used for quality assessment of randomized-controlled
trials.(73) Newcastle-Ottawa scales for quality assessment were to be used for cohort
studies. Quality assessment involves evaluation of patient selection, assessment of
exposure or outcomes, administration of interventions, and controls for confounding

factors. (Appendix A)

3.2.1.4 Study Inclusion (PICOS)
“PICOS” defines the inclusion criteria for a systematic review. The acronym represents:
types of Participants/Population, types of Intervention, types of Comparison, Qutcomes

and types of Studies.

Study population: The Study population of interest includes women of reproductive age
(age 20 to 45) who have a history of infertility due to decreased ovarian reserve (as

defined by previous poor response to stimulation, age, previous increased FSH or age >

40).

Intervention: The interventional drugs of interest are aromatase inhibitors alone or in

combination with gonadotropins for [IVF compared to standard, aggressive protocols.
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Comparisons: The comparisons of interest include the following: aromatase inhibitors

plus gonadotropins for IVF versus coflare or antagon IVF ovarian stimulation protocols.

Outcome: The primary outcome is pregnancy rate; secondary outcomes include oocyte
numbers, number of embryos available for transfer, cancellation rates, estadiol levels at

day of hCG, fertilization rates, and endometrial thickness.

Study design: Both randomized —controlled trials and cohort studies were evaluated. A
quantitative summary was to be done where appropriate for homogeneous studies but
RCTS were to be evaluated separately from cohort studies. Different treatment options

were to be compared separately.

3.2.1.5 Quantitative Methods
Where appropriate Revman 4.1 and Metaview 4.0 were to be used to analyze data.
However, the data available was extremely limited for this novel therapy. Therefore, the

results are presented descriptively and there is no quantitative summary.

3.2.2 Results of the systematic review

3.2.2.1 Study inclusion

Although we did not limit the language of publication, all retrieved articles were in
English.(111, 112)

All initially retrieved articles and abstracts were published between 2001 and 2003. An
updated search in June, 2004 revealed 1 additional abstract.(113) ((13, 14, 114)

None of the identified studies qualified for quantitative or qualitative systematic review.
Most studies were uncontrolled case series which evaluated aromatase inhibitors in
women with PCOS who were undergoing COH-IUL. Two randomized controlled trials
evaluated aromatase inhibitors in controlled ovarian hyperstimulation and in-utero
insemination. No RCTS evaluated the use of aromatase inhibitors in poor responders
either for COH —IUI or for IVF. One case series evaluated aromatase inhibitors in poor

responders undergoing COH-IUI. The recent abstract of aromatase inhibitors in IVF
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patients with poor response to ovarian stimulation was a case series and observed a 29%

pregnancy rate versus 9% in the same patients in their previous cycles.

3.2.2.2 Characteristics of Included studies
No studies evaluated the use of aromatase inhibitors in IVF or poor responders. No

studies qualified for inclusion in a systematic review.

3.2.2.3 Meta-analysis

No quantitative summary is possible.

3.2.3  Discussion of the Systematic Review

No randomized controlled trial or cohort studies exist comparing the use of aromatase
inhibitors in patients with poor response to ovarian stimulation who are undergoing IVF
to standard aggressive protocols for [IVF such as the coflare and antagon protocol. The
paucity of available information may be related to two issues. First, the proposed
protocol is novel. Aromatase inhibitors were initially suggested for ovulation induction
for women with PCOS 3 years ago. To our knowledge, this was the first proposed trial of
aromatase inhibitors for poor responders in IVF. Second, the burden of disease
associated with infertility and a low response to ovarian stimulation is high. These
patients have often undergone multiple failed attempts before reaching a center with an
expertise in this area. The stimulation is often tenuous and requires increased frequency
of monitoring. For subjects who are likely to produce less than 5 oocytes, many
physicians and patients are reluctant to experiment with protocols, especially in a
randomized fashion. Additionally, for patients who have failed to respond to previous
protocols and are undergoing one last attempt, both physicians and patients may opt to

use an experimental protocol directly rather than faced a randomized process.
Nevertheless, we feel that given the fiscal and emotional burden of disease, such a trial

should be undertaken before aromatase inhibitors are widely implemented. The purpose

of this systematic review was to prepare for such a study.
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3.3  Poor Responder RCT
The same CIHR guidelines were followed as in section 2.4.2. A full protocol is found in

the results section 3.5.2.

3.3.1 RCT protocol for Aromatase Inhibitors in Poor Responders
The following methods section of the RCT protocol for Poor Responders was developed

as a result of the CIHR guidelines for randomized controlled trials.

3.3.1.1 Study Design

We will conduct an open randomized controlled trial in which patients will be
randomized to the study protocol versus a standard protocol chosen by their primary
physician. Only patients who have already scheduled an IVF cycle will be considered for
study. The patients and physicians will not be blinded to the treatment. The outcome to
be assessed is a “‘hard outcome” - ie. pregnancy and the study allocation will be

concealed.

3.3.1.2 Study Population

Infertile women between the ages of 20 and 45 who have scheduled an IVF cycle at the
center for reproductive medicine and who have been prescribed one of two aggressive
protocols for poor responders (flare or antagonist protocol). Patients will be recruited

from the practices of 9 physicians at the Cornell Institute for reproductive medicine.

3.3.1.3 Inclusion/Exclusion Criteria
Poor responders will be chosen on the basis of having already been prescribed one of two
aggressive poor responder protocols and one or more of the following inclusion criteria:
1) history of previous stimulation for IVF resulting in fewer than 5 eggs retrieved
2) estradiol pre-administration of human chorionic gonadotropin of < 1000 pg/ml in
a previous IVF cycle
3) history of cancellation before retrieval in a previous IVF cycle for poor response
4) age greater than 40 years old
5) previous high day 3 follicle stimulating hormone (FSH) or estradiol (E2)
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Each of the above inclusion criteria identifies a subset of patients who are most likely to
have a suboptimal response to stimulation. This is the group of patients we would like to
target. Criteria 1 -3 identify women who have previously had a poor response to
stimulation and failed IVF treatment. Criteria 4 and 5 predict a poor response and this
has been well documented in the literature. As mentioned earlier, advances in ovarian
stimulation for poor responders have been extremely limited. The theoretical risks of the
described protocol are very limited in this group of patients especially since the half life
of letrozole means it will be completely out of the system by the time of retrieval, much
less transfer. Although it is an experimental protocol, there are several published and

ongoing studies and it is quickly becoming an accepted standard treatment.

Exclusion criteria: Patients with a history of the following will not be considered:

1) patients with a history of failed fertilization with intracytoplasmic sperm injection
(ISCI) in previous IVF cycles

2) patients with a history of implantation failure (endometrial/uterine defects) as the
primary cause of IVF failure

3) patients with a history of recurrent miscarriage

4) patients with a history of lipid disorders

5) patients who are currently pregnant

6) patients with a history of abnormal liver or kidney function

7) couples who plan to undergo preimplantation genetic diagnosis

8) couples who are planning to undergo co-culture for the first time

9) couples who are undergoing TESE (testicular epididymal sperm extraction)
without donor backup (successful TESE with ICSI will result in 70% fertilization
rate; however, patients who do not accept donor back up in the event that no
sperm is retrieved, do not have any chance at fertilization and embryo transfer in
that case).

10) poor responders who have previously conceived with a given protocol and who

therefore are to be placed only on that protocol again.
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3.3.1.4 Intervention Protocols

We will obtain consent prior to randomization or any procedures. Consent will be
obtained in person by one of the principle investigators in accordance with the rules of
the local institutional review board. The patients’ primary physician is not be responsible

to get the consent in order to avoid coercion.

Patients will be randomized to treatment arm A or B (Figure 9) prior to the day on which
stimulation is scheduled to start. This is necessary in order for patients to receive their
medications in time to start the cycle. The cost of medications is not be more than in a
standard IVF cycle and for those patients randomized to the letrozole arm, the cost may
be less than with the standard protocols since letrozole is relatively inexpensive (costs
vary by pharmacy but estimated at approximately $10 per pill the total cost for the
letrozole will be approximately $50) compared to GnRH antagonists and agonsists which
would be used in the standard protocols. The costs of the medications and procedures
are the financial responsibility of the patients as per usual for any IVF cyéle. Subjects are
to spend a maximum of 2.5 months in either treatment arm, from the time of

randomization to detection of an intrauterine pregnancy by ultrasound.

If a subject agrees to participate and meets the inclusion/exclusion criteria, blood work
(Follicle stimulating hormone, luteinizing hormone, and estradiol levels- approximately 1
tablespoon) will be done on day 2 of the menstrual cycle. If these levels are not elevated,

she will proceed.

Patients in group A will take letrozole 5 mg orally day 2 — 6 of their menstrual cycle.
(Figure 9) On day 4 of stimulation, we will overlap gonadotropins (FSH (Follistim® or
Gonal —-F®) plus human menopausal gonadotropin (hMG -Pergonal® or Repronex®)).
The dose of gonadotropins will be adjusted daily on the basis of bloodwork and
ultrasound, as per standard procedure. No excess blood tests or ultrasounds are
attributable to the study protocol versus the standard protocols. Patients routinely have
blood tests drawn every | -2 days during stimulation and then they have a pregnancy test

on approximately day 28. Usually in a standard IVF cycle the average number of blood
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tests is 12 and it will not be different as a result of the study. The number of ultrasounds
will be approximately 10, as clinically indicated and again it will not be different due to
the study. Patients will then receive human chorionic gonadotropin (hCG) when their
follicles reached 16 —18 mm transvaginal measurement, as is standard. Surgical retrieval
will occur 34-36 hours later and oocytes (eggs) will be fertilized according to the method
which is clinically indicated by the patient’s history (ie. Intracytoplasmic sperm injection
(ICSI) versus routine insemination). Patients will return for embryo transfer on day 3

post retrieval.

Patients who are randomized to protocol B will follow the medication protocol otherwise
prescribed by their physician. This is one of 2 standard protocols: GnRH antagonist with
gonadotropins or coflare/ microflare GnRH agonist with gonadotropins. They will also
start on day 2 of their menstrual cycle and medications will be adjusted as is clinically
indicated by their estradiol levels and transvaginal ultrasounds. They then willalso
receive hCG at follicular sizes of 16-18 mm for retrieval 34-36 hours later, and the
method of fertilization will be determined by clinical history. They will return for a day

3 embryo transfer.

The only difference between the 2 protocols will be the addition of letrozole in the study
protocol from day 2-6. The number of ultrasounds and the frequency of bloodwork will
be the same. The risks to the patients are those of the risks of IVF in general: the risk of
infection or bleeding secondary to the oocyte retrieval (0.3 — 3 %); the risk of injury to
abdominal organs or blood vessels during the procedure (< 1%); and the risk of anesthetic
for the retrieval procedure (< 0.1%). These risks are not increased as a result of the study
since all of the subjects have already planned to do IVF. The risk of ovarian
hyperstimulation and or multiple pregnancy (twins or triplets) is extremely low (<< 2%)
in this specific patient group whose pregnancy rate is estimated to be 10%. Again, this
is the risk associated with IVF and should not be increased by the study. The use of
letrozole can be associated with nausea and vomiting (11%). Longer term effects of
aromatase inhibitors such as decreased bone density and adverse effects in the lipid

profile have only been seen with long term treatment (> than 60 days). Our patients will
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only take the medication for a total of 5 days. Other uncommon side-effects from
prolonged use of Letrozole include: headaches (13%), fatigue (11%), muscular aches, hot
flushes (6%), and hair thinning. All of these effects are uncommon and are associated
with longer use of letrozole then in this study. Also, all side effects normalize with
discontinuation of medication.(91) Letrozole is known to be teratogenic during
pregnancy in rodents. However, the medication is only to be taken for 5 days during
stimulation and should be out of the patients’ system long before the time of hCG, let
aJone embryo transfer. Since all patients will have day 2 Estradiol, FSH and LH levels
plus an ultrasound done prior to stimulation, any spontaneous pregnancies will be

diagnosed prior to the patient starting the medication and therefore exposure avoided.
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Figure 9: Poor responder ovarian stimulation protocols for IVF
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Letrozole, gonadotropins, and antagon
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Antagon 250 ul subcutaenously once a day untilhCG.............cooiviei i,
orally

Gonadotropins as prescribed once or twice a day; subcutaneously or imtramuscularly untilhCG............oooooii iy

B

3.3.1.5 Randomization and Blinding

Randomization schedules will be computer-generated and use blocks of 4 and 6.
Randomization envelopes will be created by an outside independent group, not associated
with the study, so as to avoid bias by the principal investigator. Patients will be recruited
on the basis of: 1) assignment to an aggressive stimulation protocol (either antagon or
coflare) and 2) the above enumerated inclusion criteria. Since patients are assigned to
one of 2 protocols prior to recruitment and randomization, we stratified the

randomization so that patients will be placed in one of 2 stratem based on their previous
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protocol assignment and then blocked randomization in each of these pathways. (Figure
10) Unfortunately, the nature of the treatments does not allow for blinding. The
coflare/antagon protocol require injectable medications and the letrozole protocol
requires fewer injectable medications but also requires oral medications. Although
blinding is not possible, hard outcomes (pregnancy rates, number of oocytes retrieved and
fertilization rates) and extra precautions will be taken to ensure concealment of allocation

and compliance, blinding is not necessary.

Patients will be identified according the above inclusion/ exclusion criteria. However we
expect approximately 20% of randomize patients would be deemed ineligible by their day
2 blood tests. This is, unfortunately, unavoidable since logistically it is essentially
impossible to wait and randomize patients after the day 2 blood test since the results are
not obtainable until approximately 1600 in the afternoon. Patients must start their
medications on the same day in order to maximize their chances of optimal stimulation.
Again, the criteria for not starting the cycle are hard, nonflexible criteria. Patients who
have elevated FSH (> 20 mIU/ml by the radioimmunoassay and/or > 12 MIU/ml by the
DPC assay- we run both on all patients) will not be allowed to start. Neither patients, nor
the physicians can override these criteria. The 20 % randomized ineligible figure has

been incorporated into the sample size.
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Figure 10: Poor responders RCT protocol
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3.3.1.6 Assessments (Baseline and Outcome)

Baseline assessments include age, BMI, number of previous failed IVF cycles, history

and level of high FSH (follicle simulating hormone — mIU/ml) on day 2 and /or 3,

number of previous high FSH levels, history and level of elevated estradiol (pg/ml) on

day 2 and /or 3, baseline day 2 blood tests for study cycle done at CRMI ( FSH,

Estradiol, LH) and baseline day 2 ultrasound done at CMRI for endometrial stripe

thickness and ovarian morphology.

Outcomes to be measured are as follows:
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Primary outcome: Pregnancy is determined by the presence of a gestational sac in
ultrasound which will be performed between week 5 and 7 as defined by the Society for
Assisted Reproductive Technology.

Secondary outcomes will include peak estrogen levels, doses of gonadotropins required,
number of oocytes retrieved, embryo number and quality, endometrial stripe thickness on

the day post human chorionic gonadotropin administration (hCG).

Maternal age and history of previous failed cycles will be investigated as possible

confounders.

3.3.1.7 Compliance/ Contamination/ Cointerventions

Patients who are undergoing IVF are extremely motivated and are required to comply
with a stringent monitoring protocol. These patients are assessed with blood tests and
ultrasound every 1 -2 days as is clinically indicated. In addition, IVF is very costly and
these poor responders know that they have exponentially declining success rates with
time and therefore are unlikely to drop out. Compliance is measured by repeated visits
(every 1 -2 days), daily nursing phone calls, and monitoring of blood hormone levels. As
is standard, if there is any suspicion that the medications are being inappropriately
administered, FSH assays will be checked.

Prescriptions, during this study, will be provided by the study nurse. Due to the nature of
the protocol monitoring and the vigilance of these patients, prescriptions are not likely to
be provided by a source outside of the institute and therefore contamination will be
avoided. The physicians have been advised of the importance of protocol adherence and
and have agreed to abide by the randomized protocol. If contamination does occur, a per
protocol analysis will be observed. The study and standard protocols differ significantly

so that if a patient was to self medicate, this would be discovered on monitoring.

The nature of IVF treatment and monitoring requires strict observation of protocol
(including timing of injection administration). Most of the patients to be included in this
protocol will be patients who have previous experience with IVF and are familiar with its

stringence. As is standard, patients will be advised to inquire about any concurrent
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medications or procedures before proceeding. This includes a range from acupuncture to

vitamins.

3.3.1.8 Sample Size and Recruitment

Charts at the Comell Institute for Reproductive Medicine will be reviewed to identify
potential candidates. Only patients who have already planned to do an IVF cycle will be
approached. Subjects will be approached by one of the principal investigators listed on
this protocol after permission has been obtained from their primary physician.

Patients will be informed that participation is optional and in no way will their treatment
be altered or compromised if they decline to participate. We expect to recruit
approximately 30 patients per 3 month series and therefore the recruitment should be
completed within a year. It is likely that recruitment will be completed in less than a year
since we see approximately 600 IVF patients every 3 months and at least 30%(200) of

these patients are poor responders by the above criteria.

An optimistic success rate for these patients is a 10% pregnancy rate. We feel a 30% (3-
fold increase) success rate would represent an improvement. We arrived at this minimal
clinically important difference by consultation with 2 of the pioneers and peer determined
experts of the field. (Drs. Zev Rosenwaks and Owen Davis) Therefore with a beta of
0.20 and a 2-sided alpha of 0.05, our sample size requirement is 65 patients per group.
(115)The drop out rate for these patients is expected to be extremely low (<1%).
However, there is a significant chance that they might have an elevated FSH level or E2
level that would prohibit them from starting medication. Therefore, the sample size was
adjusted upward by 20% yielding a total sample size of 156 patients or 78 patients per
group. An interim analysis will be done when approximately one third of the patients
have been recruited to identify if there is a significant difference in treatment arms so as
to prevent further enrollment of patients into a suboptimal treatment. Also, we will also
assess recruitment on a monthly basis to ensure we are meeting a minimum of 10 patients
per month. If recruitment is not adequate, we will reassess the methods of subject

identification and study feasibility.
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An interim analysis will be performed when approximately one third of the patients have
been recruited. An alpha-spending sequential method (i.e. O’Brien —Flemming) is
planned so that the amount of alpha used will depend on the fraction of total information
available at the time of analysis. The analysis will be done at time = 1/3 because we
expect to have 20% of the total sample size for whom final outcomes are not available
concurrently enrolled. The final alpha for tests of significance for the primary outcome at

the end of the trial will be adjusted accordingly.

The interim analysis is to serve the following functions:
5) to assess for any obvious superiority of one treatment versus the other;
6) to allow us to reassess the sample size based on the actual event rate from both
groups to ensure the study has adequate power;
7) to allow us to check compliance with the protocol;

8) to allow us to reassess recruitment.

Indications for termination of the trial include inability to recruit the required sample size

or obvious superiority of one treatment over another.

3.3.1.9 Analysis

Data will be kept on all patients regarding age, parity, day 2 FSH and E2 levels. The
primary outcome of pregnancy is a dichotomous variable and we will compare groups by
the chi-squared test. Oocyte number, medication doses, days of stimulation, estradiol
levels, fertilization rates, embryo number and quality, and number of embryos transferred

will be compared by a student’s t-test or Mann Whitney U test.

3.3.1.10 Data Collection, Quality control and Confidentiality.

All patient data will be kept confidential as per strict policy at the Cornell Institute for
Reproductive Medicine (CIRM). Stimulation, embryo and pregnancy results will be
available to the patients primary physician and also to the principle investigators on this

protocol. A copy of all study data will be kept in a confidential locked cabinet on the
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CIRM premises and this data will be identifiable by code number. A logbook for codes
will also be maintained under lock. However, patient’s stimulation history will also be
made a part of the patients medical record. Any computerized data will be available only

to the principle investigators.

The Center has an excellent mechanism in place for follow-up of pregnancy data. The
center is required by SART (Society for Assisted Reproductive Technology) legislation
to report all outcomes of started IVF cycles. SART criteria for documentation of clinical
pregnancy include ultrasound evidence of an intrauterine gestational sac. While most of
the follow-up is done at our clinic until the patient is discharged (either with a negative
day 28 bHCG (pregnancy test) or a positive fetal heart seen on ultrasound at 7 weeks
gestational age or later), those patients who decide to follow-up with a physician closer to
home will be required to provide us with documentation of outcome. Since 1985, only

10 patients have been lost to follow-up.

A training session will be held for all nurses, physicians, lab technicians, and
administrative staff who might encounter these patients. Also, monthly luncheons will be

held to update these same people about study progress and difficulties.

All assays will be run at the Center for Reproductive Medicine. If patients must have
blood drawn at a different location, we will have that lab centrifuge and then freeze the
specimen at —20 degrees Celsius and then FED —EX the specimen to us at our expense.
This is routinely done for many of our out- of town IVF patients, so a procedure is

already in place.

Since the study is not blinded with respect to the medications, error in prescribed versus
taken drugs should not exist. The drugs will be prescribed by the study nurse or

primary/co-investigators.
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3.3.1.11 Economics
An economic evaluation will be undertaken. Costs associated with the treatments
(including any adverse event costs leading to the use of health care resources) and

efficacy of the results of treatment will be compared in a cost-effectiveness analysis.

3.3.1.12 Avoidance of Bias
The randomized nature of this trial will be the best tool against bias. Treatments will not

be blinded but special attention will be given to concealed allocation.

3.3.1.13 Timeline

With a recruitment rate of 10 patients per month, we expect this trial to be completed

within one year.

3.3.2 Results of the Poor Responder Feasibility Study

As noted in section 3.2.4, a feasibility study was proposed and conducted. The feasibility
study followed the protocol for the poor responder study (section 3.5.2) with a reduced
sample size. The sample size for the feasibility study was based on providing an overall
estimate of the pregnancy rate. More specifically, if we estimate the pregnancy rate to be

10%, a sample size of 40 patients (2N) would give us precision of +/- 10%.

3.3.2.1 Study Outcomes

The proposed study was approved by the Institutional review board in March, 2003.
Recruitment began immediately thereafter and continued until April, 2004. During that
time approximately 575 patients met the inclusion exclusion criteria. The principal
investigator (SK) identified patients by review of more than 800 charts. The principal
investigator then reviewed each of these charts with each subject’s primary physician and
approximately 114 subjects were identified as suitable candidates for the principal
investigator to approach regarding study participation. Many subjects were deemed
ineligible by their physicians for nonmedical reasons and at least 25% of potential
subjects began ovarian stimulation for IVF before the primary physician could review for

study suitability. Two patients were referred to the study by their primary physician and
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1 patient self-referred to the study after learning about it through a friend. Of 114
subjects, 59 agreed to participate but 2 declined participation on further review before
randomization was initiated and 2 achieved a spontaneous pregnancy before
randomization occured. Six patients of 114 patients who underwent debriefing of the
trial with the primary investigator declined paﬁicipation but approached their primary
physician to utilize the experimental protocol outside of the study and were prescribed
the study protocol. While almost 50% of approached subjects agreed to participate, the
majority of candidates indicated a preference for the study protocol but accepted
participation because they were informed the experimental protocol was not available
outside of the study. A database of patients from October, 2003 until April, 2004

identified 19 patients who were prescribed the experimental protocol outside of the study.

Of the 55 patients who were randomized, 6 patients were unable to begin ovarian
stimulation for IVF because of elevated FSH or estradiol levels and one patient achieved
a spontaneous pregnancy prior to ovarian stimulation and therefore did not start. This
was anticipated and the recruitment adjusted. The percentage expected of such patients,
who were randomized but not started on treatment, was 20%. The actual “no start” rate
observed was 12.7% and these cases were equally distributed between the standard
(12.9%) and letrozole (12.5%) protocol. All patients who began treatment were
considered in the intention to treat analysis and followed until outcome. Cancelled cycles

for poor response were included as outcomes.
One patient who was randomized to the standard protocol approached her physician to

change to the experimental protocol. She crossed over to the experimental protocol but

was analyzed according to the protocol to which she had been randomized.
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Figure 11: Flowchart of the randomized controlled trial.
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Patient demographics for each group are provided in table 7. Randomization was

successful in equally allocating identified prognostic factors. There was some pressure

from physicians to direct allocation but this was denied and as a result, some patients

were prescribed the experimental protocol outside the study by their primary physician.

There were no clinically or statistically significant differences between the groups. It is

interesting that the mean number of inclusion criteria met in each group approached 3.

The distribution of each inclusion criteria in both groups is found in table 8 and is also

equally distributed in the two study groups. Most importantly, previously failed ovarian
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stimulation, as indicated by previous E2 < 1000 pg/ml and previous oocyte yield less than
5, is considered the most important prognosticator of response to stimulation and is

equally distributed between groups.

The Center for Reproductive Medicine and Infertility at Cornell University is an
international referral center for patients suffering from infertility. Many subjects who
have failed treatment elsewhere are referred to CRMI for CRMI’s expertise and
documented success in this clinically challenging area. As a result, there is some
reluctance for both physicians and subjects to participate in RCTs. We, therefore,
investigated the number of inclusion criteria met in those subjects who were permitted by
their physicians to participate in this trial to determine if our study population was
skewed. Table 9 indicates that over 63% of participants met 3 or more inclusion criteria.
This predicts an even poorer prognosis than the original 10% pregnancy rate anticipated.

The distribution of frequency of inclusion criteria met was equal in both groups.

Table 10 compares the characteristics of randomized subjects who did and did not start
ovarian stimulation for IVF. There are no clinically significant differences. However,
the standard deviation in the “no start” group for age and number of previous stimulations
is large. We might expect a clinical difference in the characteristics of patients who
started medication versus those who did not start. That is, those who did not start might
have poorer prognostic factors. However, the number of “no starts” was equally
distributed between the groups there were no striking difference between the randomized
ineligible characteristics between the groups with the exception that one was a result of

spontaneous pregnancy.
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Table 7: Poor responder patient demographics. Standard protocol versus letrozole

protocol.
Demographics Standard protocol Letrozole protocol
N=30 N=25

Mean (SD) Mean (SD)

Age  (years) 40.48  (3.25) 40.00 (3.52)

D2* FSH® (mIU) 852  (5.84) 8.04 (297)

D2 E2° (pg/ml) 4032  (32.33) 38.07 (20.51)

Total number of previous 2.37 (2.18) 271 (2.12)

cycles

Number of CRMI* 135 (1.23) 121 (1.41)

previous cycles

Gravida .23 (1.20) 1.54  (1.40)

Number of inclusion 2.81 (1.30) 2.92  (1.25)

criteria met

“D2 ~ day 2 of menses
PFSH - follicular stimulating hormone
°E2 - estradiol

dCRMI - Center for Reproductive Medicine and Infertility at Cornell University
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Table 8: Frequency of each inclusion criteria in overall, standard and letrozole

groups.
Inclusion criteria Overall Standard protocol Letrozole protocol
(N =55) N=30 N=25
%o % %o
Age (>40 years) 65.5 70.0 60.5
Previous cancelled 55.6 533 56.0
stimulation
Previous stimulated 63.6 63.3 64.0
peak E2° < 1000
pg/ml
Previous IVF oocyte 50.9 50.0 52.0
yield < 5
Previous high FSH" / 473 46.7 48.0
E2

‘E2 —estradiol; "FSH - follicular stimulating hormone




Table 9: Frequency of participants who met greater than 1 inclusion criteria.

Overall Standard Protocol

N=355§ N=230
Number of % Yo
inclusion criteria
met
1 21.8 20.3
2 14.5 16.7
3 273 30.0
4 29.1 23.3
5 73 10.0

Letrozole Protocol

N=25

%

24.0
12.0
24.0
36.0
4.0

Figure 12: Frequency of number of inclusion criteria met
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Table 10 : Comparison of patients who were randomized but did not start
stimulation versus patients who did start stimulation. (overall- standard and

letrozole groups together)

Stimulations started Stimulations not started
N =48 N=17
Mean (sd) Mean (sd)

Age (years) 40.54 2.91) 39.17 (5.64)
Gravidity 1.38 (1.32) 1.50 (1.38)
Number of inclusion 2.85 (1.29) 3.00 (1.26)
criteria met

Total previous number of 2.60 (1.96) 1.83 (3.55)

IVF

Note: Standard protocol (N = 30) had 4 no starts and letrozole protocol (N = 25) had 3

no starts.
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Table 11 : Clinical pregnancy rates

Standard protocol Letrozole protocol

N =26 N=22

Frequency~ %o Frequency %
Clinical pregnancy 1/26 3.8 3722 13.6
rate per cycle
started***
Clinical pregnancy 1/16 59 3/14 23.0
rate per retrieval
Clinical pregnancy 1/14 6.7 3/13 25.0
rate per transfer
Multiple pregnancy 1/1 100.0 1/3 333
rate/observed
pregnancy
Implantation rate 2/33 6.1 41742 9.5
( # gestational sacs/
total number of
embryos
transferred)

p-value

0.3055

0.1912

0.2442

0.8194

0.5831

RR

3.86

3.69

3.23

0.25

1.57

95% CI

0.43, 34.49

0.43,31.43

0.35,27.38

0.05, 1.36

0.31, 8.06

RR = relative risk; CI = confidence interval

Clinical pregnancy as per SART = presence of 1 or more gestational sacs

Note: 1 twin pregnancy observed in standard and letrozole group each.

***primary outcome on which sample size is based

The primary outcome assessed is clinical pregnancy rate per cycle started. (Table 11)

This is the measure that is also used by the Society for Assisted Reproductive

Technology (SART) to report clinic success rates. SART defines clinical pregnancy as

the presence of one or more gestational sacs on ultrasound. A chi-square test with a 2-
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tailed p value for equality of proportions was employed to compare groups. The
observed pregnancy rate in the standard group is 3.8%, less than half the 10% pregnancy
rate expected. The lower observed pregnancy rate reiterates the skewed nature of the
subset of the study population we obtained by including women who met more than 1
inclusion criteria. The pregnancy rate in the letrozole group was 13.6% (p=0.3066). This
represents a more than 3-fold difference between pregnancy rates. The numbers for the
feasibility study are small and the results may be reversed in a larger study but a clear

trend is observed here.

The trend continues for the other clinical pregnancy rates observed. Most importantly,
clinical pregnancy rate per transfer is often considered the mostly clinically sound
measure of a given institution’s success rates. The observed clinical pregnancy rate per
transfer in the study group was 6.7% versus 25% in the letrozole group (95% CI 0.35,
27.38). The implantation rate (IR) does not show the same strength of association

between the groups (6.1 versus 9.5%).

Secondary outcomes were analyzed and p-values documented in Table 12 illustrate a
trend towards a statistically significant difference for those outcomes which are clinically

significantly different.

There were no appreciable differences in cancellations rate, numbers of retrievals or
transfers per started cycle, or number of transfers per retrieval between the standard and
experimental protocol. There was no difference between doses of medications (FSH and
hMG) used between the groups. All embryos were transferred on day 3 and no excess
embryos were available for cryopreservation. There was no difference in embryo grade
or endometrial thickness at the time of transfer between the groups despite lower
estradiol levels in the letrozole group. Patients in the letrozole group experience a lower
E2 on day 6 of stimulation, as expected. E2 levels did not start to rise until 2 days after
discontinuation of letrozole (day 8) but this did not appear to affect endometrial

thickness.
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Table 12: Secondary outcomes in subjects who began treatment.

Outcome variable

Cancellation for poor
response before hCG'
Retrievals/started cycle
Transfers/started cycle
Transfers/retrieval

E2? day of hCG (pg/ml)
E2 day post hCG (pg/ml)
Total FSH® (IU)
Total A(MG* (IU)

Day of hCG

Oocyte number
Immature oocytes
ICSP

Fertilization rates
2PN°

Other PN”

Number embryos
transferred

Grade

Endometrial thickness
(mm)

Number embryos

cryopreserved

Standard protocol

N =26
10 (38.4 %)
16/26 (61.5%)
14/26 (53.8%)
14/16 (87.5%)
833.70 (369.40)
1058.06  (438.39)
217435  (835.80)
1575.00  (835.17)
11.00 (1.76)
431 (2.21)
1.25 (1.69)
14/16 (87.5%)
2.33 (1.23)
2.25 (1.23)
2.36 (1.08)
2.27 (0.70)
9.82 (2.16)

Letrozole protocol

8

14/22
13/22
13/14
666.52
795.29
2198.68
1366.68
11.63
6.46
1.71
11/14
3.50
343

3.23

1.96
9.64

N=22
(36.4%)

(63.6%)
(59.1%)
(92.8%)
(310.19)
(473.76)
(984.94)
(482.98)
(3.06)
(3.44)
(2.64)
(78.6%)
(1.45)
(1.40)

(1.30)

(0.92)
(2.21)

p-value

NS

NS
NS
NS
NS*
NS*
NS
NS
NS
0.052%*
NS
NS
0.027*
0.021%*

0.069*

NS
NS

NS

hCG - human chorionic gonadotropin;” E2—estradiol; *FSH- follicular stimulating

hormone; * hMG- human menopausal gonadotropin; JICSI -intracytoplasmic sperm

injection; 5PN -pronuclei

* clinically important differences; * not estimable

p based on 2-tailed t-test or chi-square as appropriate
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There was a trend towards a lower E2 level in the letrozole versus the standard protocol
groups for both the day of and after hCG. In an unstimulated cycle, a mature follicle is
usually associated with an estradiol level of 200-250 pg/ml. The E2 level in the letrozole
group is approximately 200-250 pg/ml less than in the standard group, however, the
standard deviation is wide. The physiology of letrozole, described earlier, predicted this
outcome. This lower E2 level, however, did not appear to affect endometrial thickness.
Interestingly, despite a lower E2 level in the letrozole group, there was a clear trend
towards a higher oocyte number, fertilization number, 2PN number and number of
embryos transferred. The fertilization number does not represent the percentage of
oocytes successfully fertilized in each group but rather the average, absolute number of
fertilized pre-embryos available. The egg (oocyte) yield in the standard group was 4.31
and in the letrozole group was 6.46. The egg yield in the letrozole group was on average
2 eggs more than the standard group and was, on average, greater than 5. Less than 5
oocytes retrieved at the time of ovarian stimulation classified a subject as a poor
responder and the letrozole protocol appears to have made a significant impact on this
prognostic factor. The extra oocyte yield in the letrozole group resulted in an average of
1 more oocyte fertilizing and reaching the 2PN stage in the letrozole group versus the
standard group. Therefore, an average of 1 more embryo was transferred into the uterus
in the letrozole group versus the standard group. (3.23 versus 2.36 ET) An extra embryo
available for transfer in any IVF patient and particularly a poor responder is a very

important difference clinically.

Patient demographics at the start of this study were equally distributed between groups.
Nevertheless, response to stimulation appeared clinically better in the letrozole group

than in the standard group. Again, the numbers of this feasibility study are small.

Characteristics of the pregnancies achieved are represented in Table 13. Three of four
pregnancies were achieved in the letrozole group. All subjects met 2 or more inclusion
criteria and all subjects had undergone previous failed ovarian stimulation for IVF
elsewhere. Only one subject had had a previous IVF cycle at CRMI. The three subjects

who conceived with the letrozole protocol were all under the age of 40 years (average age
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of both groups) despite the fact they met at least 2 of the inclusion criteria. Therefore age
still appears to be the one of, if not the most important prognostic factors for achievement

of pregnancy.

3.3.2.2 Feasibility Outcomes

The objectives of the feasibility study were 4-fold: to determine a precise estimate of the
actual pregnancy rate in the recruited control group, to determine the ability to randomize
subject and conceal allocation and to recruit the number and type of patients required for

the trial.

The observed pregnancy rate was less than half of the expected pregnancy rate (3.8 vs
10%).

The methods used to randomize were effective as evidenced by the comparability of
groups in table 1. These included an independently computer-generated sequence of
random numbers in blocks of 4to 6.  Sealed opaque, sequentially numbered
randomization envelopes were then created by a third party and allocation was performed
by the research nurse. Pressure to subvert allocation was significant but prevented by
concealment of allocation. Absence of concealed allocation in this situation almost
certainly would have led to direction of allocation. Nevertheless, a significant number of
patients began the experimental therapy outside of the study because they refused to be
allocated in a concealed fashion. We were not successful in avoiding use of the study

protocol outside the study.

We were also not successful in maintaining physician enthusiasm for the study over time.
Recruitment peaked during the first 3 months. Within a year, we were able to recruit the
sample size for the pilot study. However, the type of patients we recruited were skewed
towards the worst prognosis group, as evidenced by the fact that more than 64% of
subjects met three or more of the inclusion criteria rather than just one. Also, patients
who conceived with a previous protocol were excluded. Only 1 patient was directly

referred to the study by their physician and 2 patients self-referred. Our subject
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identification process was not very efficient; more than 800 charts were screened and of
575 eligible patients, 114 were approached and 55 consented. Uptake for the study was

high, however, and approximately 50% of debriefed subjects consented to participate.

An assessment of randomized ineligibles suggested the incidence was lower than
expected (13% vs 20%). Patients did not appear to be cancelled from during ovarian
stimulation more often or earlier in one group than another which also suggests clinical

equipoise.
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3.3.3 Discussion

3.3.3.1 Discussion of Results of the Pilot Study

The results of the pilot study are extremely interesting and very encouraging. While the
numbers for this study are small and there are observed trends towards a clinically
important difference in pregnancy rates, caution must be stressed since these results may

reverse in a larger trial. Nevertheless, we feel a larger trial is warranted.

The observed clinical pregnancy rate per cycle started was considerably less than expected
(3.8% versus 10%). One reason for this may be that patients who were poor responders
but who had achieved pregnancy with a previous stimulation protocol were excluded from
the study. We therefore excluded perhaps the best prognosis subset of this group.
Nevertheless, at the CRMI, a patient who experiences a successful outcome with a
particular protocol automatically repeats that protocol if a subsequent treatment cycle is
undertaken, in order to maximize subsequent success potential. It would be unacceptable
to patients and physicians to alter this policy. Secondly, our data demonstrated that the
subset of patients who were permitted to participate in this trial were skewed towards the
worst prognosis group as over 63% met 3 or more inclusion criteria. These patients would
be denied treatment in most other IVF institutions. We collected information as to the next
treatment step for each of our subjects after they completed our study. The majority of
patients discontinued therapy, had one more unsuccessful attempt, or subsequently
pursued donor egg options. One patient conceived on a subsequent cycle. These

circumstances make our findings even more interesting.

Interestingly, the percentage of cancellations, the percentage of cycles that proceeded to
retrieval and the percentage that proceeded to transfer were not different between the
groups. Nevertheless, the clinical pregnancy rate per transfer was even more striking in
the letrozole group versus the standard group (6.7% versus 25%) than the clinical
pregnancy rate per cycle started. However, the implantation rate (number of gestational
sacs observed/ total number of embryos transferred) did not appear to be different.

(letrozole group 9% and standard group 6.7%). The secondary outcomes serve as useful
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surrogate markers to explain this phenomenon. Despite the fact that the estradiol levels
were lower in the letrozole group than the standard group, the number of oocytes retrieved
was, on average, 2 more per case than the standard group (4.31 versus 6.46). This resulted
in more fertilized preembryos in the letrozole group (3.50 versus 2.33) and more embryos
available for transfer (3.23 versus 2.36). One of the inclusion criteria for poor response
was a previous history of less than 5 oocytes retrieved. Therefore, a mean of 6.46 oocytes

in the experimental group versus the standard group is a very important clinical difference.

Also, an additional embryo available for transfer is an extremely important clinical
difference in any IVF patient group and even more so in the poor responder group. Given
that the implantation rate was not significantly different, the observed difference in
pregnancy outcomes may be related wholly to the number of embryos available for
transfer and the fact that this number was higher in the letrozole group. Again, however,
the differences in implantation rate may not be adequately reflected due to the numbers in
this pilot study. The implantation rates may change significantly in a larger study. Lower
estradiol levels in the letrozole group did not appear to compromise endometrial thickness,

oocyte yields, or pregnancy rates.

The characteristics of the patients who achieved pregnancy reveal that age is still the most
important overall prognostic factor for achievement of pregnancy, even in younger
patients who have a document history of low response to stimulation. This is expected as
aging oocytes are known to have meiotic spindle dysfunction and therefore result in
genetically abnormal embryos more frequently which usually do not implant or end in
biochemical pregnancy or miscarriage. Increasing the number of oocytes and therefore
embryos available for transfer increases the probability of having a normal embryo which

may attain viability.
The results of the pilot study should be pursued in a larger trial. However, if these trends

prove true, letrozole may have some benefit in influencing the quality of stimulation in

these women who have diminished ovarian reserve. These benefits may relate to the the
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earlier stated theories and speculation regarding the role of androgens in follicular

development.

3.3.3.2 Assessment of Feasibility Study Objectives

The objectives of the feasibility study were 4 fold. Firstly, identify issues in types and
numbers of patient recruitment. Secondly, to ensure that randomization can be
accomplished. Since, treatments are not blinded, it is essential that treatments be allocated
randomly. Next, we wanted to gain accuracy and precision around the expected
pregnancy rate in the group of patients being recruited for the study. We anticipated a
skew in the subset of the population that would be accessible for the RCT and therefore
predicted a lower than expected pregnancy rate of 10%. Finally, we endeavored to run the

pilot study in order to identify logistic problems before embarking upon a full protocol.

3.3.3.2.1 Recruitment

The first objective was to establish whether recruitment was feasible. There are two issues
regarding recruitment. We estimated a lower standard pregnancy rate for the clinical trial
than the expected pregnancy rate for the general group of poor responders. We lowered
the estimate because we expected there would be some skewness towards an even poorer
prognosis in the subset of the population that we would be permitted to randomize.
Therefore, one of the issues of recruitment is whether we are able to recruit the type of
patient (inclusion/exclusion criteria) we intend. The second issue is whether we can

recruit the numbers of patients required.

Clearly, as the distribution of inclusion criteria demonstrate, there is a significant skew to
a subset of worst prognosis patients. This is likely due to the fact that there is some
desperation for both the physician and patient in these cases and this desperation factor
encourages them to participate in an experimental protocol and trial. This is further
reiterated by the lower pregnancy rates and the fact that most patients proceeded to
termination of all therapy or donor egg after their study cycle. The skewness of the
population is a problem for two reasons. First, many or all of these patients had been or

would be denied treatment at other IVF centers. Indeed, most centers would not accept
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patients who meet 2 or more of our inclusion criteria. This fact influences the
generalizability of our results. Even if a larger trial proves the experimental therapy to be
beneficial, it is unlikely to be applied to the same subset of patients at different
institutions. We have two options; we may either accept the subset presented as the group
which we can access for such a trial or else we must develop a strategy to target a wider
section of this population. One of the strategies for the latter may be to include women
who had previously achieved pregnancy with IVF, despite their history of poor response.
Another strategy may be to score the inclusion criteria according to prognostic value and
only accept patients who meet less than a predetermined maximum score or number of
inclusion criteria. Another alternative may be to include patients who are referred for their
first cycle at CRMI after having failed cycles elsewhere as opposed to including patients
who have already attempted cycles at CRMI. There are several problems in trying to
increase the breadth of our sample population. The main problem is that reluctance to
participate in RCTs even in this group. Such reluctance and pressure to direct allocation
of study treatments resulted in at least 19 patients being prescribed the letrozole protocol
outside of the study. The best way to increase the breadth of the sample population may
be to open the study to other centers where the policies are not so strict and the patient
population not so difficult. However, the heterogeneity introduced by different ovarian
stimulation management styles and expertise of the IVF lab would be a significant
consideration. At the CMRYI, the final decisions are made by the director and chairman of
the department. Each of the attending physicians are trained by the CRMI. Therefore the
decision making process, although tailored to each individual patient case, is consistent.
By introducing a multi-center trial, heterogeneity by intersite variability (different centers)
as well as by individual physician management styles (intrasite variability) will become an
issue. Our second option is to accept the population to which we have access then
extrapolate, on physiologic principles, that the benefit may extend to subjects with a
milder form of poor response. If we are able to demonstrate a clear benefit of such an
RCT in the accessible population, we may be in a better position to mount similar studies

in a more generalizable group at a later date.
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The second issue in recruitment is whether we can obtain the required number for a larger
trial. There was a significant “funnel effect” from the eligible population to the
randomized population. We observed that enthusiasm for the study was highest in the first
3 months of the trial. As time progressed, other novel therapies were proposed, and
physicians may have become frustrated with not being able to obtain preliminary study
results. During the year our study was conducted, another novel therapy was introduced
for the same group of patients. That therapy was not subject to randomization and
physicians began prescribing it to patients who were eligible for our study. To complicate
matters, an uncontrolled case-series analysis suggested that the pregnancy rate with the
newer therapy was almost 30%. Although this evidence was essentially anecdotal and

potentially highly biased, it was strong enough to convince physicians to direct treatment.

Another obstacle in recruitment was that at least 25% of potential candidates were lost
because they started treatment after the principal investigator (PI) had established their
eligibility but before the primary physician had reviewed the chart and given permission
for them to be approached. Only 2 patients were referred to the study by the primary
physician themselves. One patient referred herself after hearing about the trial from a co-
patient. Therefore, recruitment was almost entirely a result of the principal investigator’s
efforts to actively search for patients. Paper charts were required for the principal
investigator to establish subject eligibility. Charts were often not centralized and difficult
to locate. Attainment of charts in a timely fashion was a significant obstacle. The rate-
limiting step, however, was the inability to have eligible charts reviewed by the primary

physicians in a timely manner.

No patient was permitted to be approached without the consent of the primary physician.
It would take the physician, on average, 30 — 60 seconds to review a chart for suitability.
However, the increased work load was still onerous for physicians. This resulted in only
20% of eligible subjects being debriefed and therefore only 10% of eligible subjects
recruited despite a 50% patient acceptance rate. Unfortunately, much effort was wasted
in this way, with multiple cancelled appointments, pulling and repulling of charts and

many potential candidates were lost because they started stimulation before
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permission was obtained to approach them. A more efficient strategy and stronger

physician commitment would be required in order to proceed with a larger trial.

The Institutional Review Board at New York Presbyterian Hospital requires that the
primary or co-investigators recruit and consent study participants. This is contradictory to
many stated practices which try to limit coercion of subjects. However, a valuable
recruitment lesson was learned from this obligated practice. Prior to this study, the CRMI
experienced difficulty to actively recruit more than 3- 5 patients for any prospective study
(randomized or not randomized) requiring informed consent. Fifty percent of approached
patients agreed to participate in this study. The uptake could well have been higher,
however, the principal investigator was very wary of issues of coercion. Therefore, the
recruitment process involved a 45 minutes debriefing appointment between the subject
and PI. Even if patients were initially enthusiastic to participate, the PI declined
enrollment until another appointment was made after the subject and/or her partner had
reviewed the consent form in order to answer any arising questions. Potential subjects
were also given a direct line to the PI which they could use at any time to answer
questions that arose. Because of concerns about coercion, any subject that was less than
completely comfortable with the study process was advised not to enroll. The entire
recruitment process required on average 3 hours of discussion with each potential

candidate before a decision was made.

Some of the positive influences in patient uptake included the fact that prognosis was
poor, the protocol was experimental and not supposed to be available outside the study.
All patients were assured that their primary physician had reviewed their chart and
considered them eligible for the study because there was equipoise regarding treatment
alternatives, and patients were reassured that study participation involved randomization
of the starting protocol but daily monitoring and medical management decisions would
proceed unaltered and the primary physician, in combination with the director, would still
be responsible for their care. The research nurse involved with this study had been
involved with previous studies and stated that she felt the difference in uptake was largely

due to the fact that the PI (person obtaining consent) was an infertility trained medical
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doctor who could answer patients other questions immediately rather than a non-MD who
would have to tell these patients she would request a physician to get back to them, which
could then take a long time and frustrate patients. Interestingly, a major concern for
patients who are considering participating in a trial is that they will receive substandard or
impersonal care. An official survey was not conducted on these patients, but most
spontaneously commented to their primary physician and/or the study nurse that they felt

more attended to in the study and that was a large reason they agreed to participate.

Therefore strategies to enhance recruitment may include the following: to have an MD/
highly educated/informed individual responsible for debriefing the patients; to hire at least
one fulltime person responsible for patient identification and recruitment (the PIin this
case was a fulltime clinical fellow); to encourage or offer incentive to the file room staff to
provide the recruitment coordinator with charts in a timely fashion; to offer an incentive to
physicians not to recruit patients but merely to honor timely appointments with the PI to
review patient charts; to develop a strategy to more efficiently identify eligible candidates
(ie enlist nursing, resident and fellow medical staff to remind physicians of the study and
identify patients to the PI), and perhaps to involve patients in recruitment by posting
advertisements that encourage them to ask and therefore remind their physician about the
study. It was brought to our attention that this study was being discussed in patient web
chat rooms and we had several patients from other centres call the PI to inquire about the
protocol. Finally, addition of multiple centres may need to be added if recruitment suffers

but the analysis must account for possible sources of heterogeneity.

3.3.3.2.2 Randomization

The second objective of the feasibility study was to to determine if randomization was
possible and concealment of allocation acheiveable in this group of patients. Our
demographics table in the results section illustrates that randomization was successful and
known prognostic factors and inclusion criteria were equally distributed between study
groups. However, there were several potential obstacles to randomization. As expected,
there was substantial pressure to subvert the randomization process and direct allocation.

On several occasions we received pressure to “open the next envelope to see if it
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contained the desired treatment” before enrolling subjects. By declining, however, we did
lose several potential subjects who were then assigned the experimental protocol outside
the study. Such “deciphering” of allocation could have clearly impacted our results and
concealment of randomization allocation was especially important since treatments were
not blinded. In order to prevent “‘deciphering”, requests to direct allocation were denied,
computer generated randofnization lists incorporated blocks that varied from 6 to 4 which,
in addition to stratification of standard protocols made deciphering extremely difficult,
and allocation codes were kept in sequentially numbered opaque sealed envelopes to
which only the study nurse and PI had access. The randomization list was computer
generated by an independent agent based on sample size and stratification information.
Only the research nurse, not the PI or the physicians, had access to the randomization list
and she was responsible for completing the allocation envelopes. The importance of
randomization is demonstrated by equal distribution of prognostic factors between
treatment groups. While some authors and clinicians suggest that equality of groups may
be attained by a “matching process”, such a process may be accompanied by considerable
bias and does not ensure equal distribution of unknown prognostic factors. While the
randomized controlled trial is counterintuitive to many physicians and “appears to annoy
human nature — if properly conducted, indeed they should.” Indeed, proper, concealed
randomization is the best way to avoid bias and is especially important in avoiding
confounding and achieving equal distribution of potentially unrecognized prognostic
factors. Issues associated with randomization are discussed in referenced papers.(116,
117) The methods we employed in this feasibility study were successful and we would
advocate repeating them. Avoidance of temptation by not allowing access to the
randomization list or envelopes was, perhaps, one of the strongest mechanisms to prevent
deciphering. Further, a central randomization process would also help ensure concealment

of allocation, especially in a multicentre study.

3.3.3.2.3 Determination of the primary outcome variable and sample size for the
definitive trial
The primary outcome variable was clinical pregnancy per cycle (patient) started. Clinical

pregnancy was defined according to SART guidelines as the presence of gestational sac
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observed on ultrasound. Clinical pregnancy is rarely, if ever, used as the primary outcome
variable in studies of reproductive medicine. More common are assessments of surrogate
outcomes such as ovarian response to stimulation as measured by estradiol levels, oocyte
numbers and sometimes embryo numbers. Where pregnancy rates are considered as
outcomes, day 28 bhCG levels are usually reported since the attrition rate by the time of
ultrasound is significant. Day 28 bhCG levels are not considered evidence of pregnancy
by SART because a significant proportion may results in biochemical pregnancies which
resolve before a clinical pregnancy is established. Clinical pregnancy, as defined here, is
clearly a hard outcome and not subject to biased interpretation. Biochemical pregnancies
are softer outcomes. We recommend maintaining “clinical pregnancy” as the primary

outcome of the full protocol.

The observed pregnancy rate for the group of patients defined by the preset inclusion-
exclusion criteria at CRMI may approach 30%. This pregnancy rate is much higher than
the 10% or less achieved at other centres. However, we estimated a pregnancy rate of
10% based on the fact we expected to enroll subjects who were at the lower prognostic
end of the group. The observed pregnancy rate per cycle started was 3.8% - less than half
that expected. The distribution of inclusion criteria, as observed in the results section,
predicts this outcome. The observed pregnancy rate in the experimental group was 13.6%
per cycle started, almost 4 fold the standard pregnancy rate. However, if we use clinical
pregnancy per transfer, which is thought by many institutions to be a better marker of
success, the difference is larger (6.7 versus 25%) and the final sample size for the
definitive trial would be smaller. Nevertheless, we believe that the important clinical
question that most physicians and patients want to know is: What is the success rate ie
pregnancy rate going to be if a patients begins a particular protocol, taking into account
the potential failures at each step? Therefore, we resolve to maintain clinical pregnancy
rate per cycle started as the primary outcome. Based on observed incidences, a sample
size calculation incorporating a power of 80% and alpha of 0.05 would require 131
patients per group to definitively conclude a statistically important difference.

On a positive note, the “no start” rate was less than expected at 12.7 instead of 20 %. The

sample size may be adjusted accordingly.
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In the pilot study, we did not assign alpha values to secondary outcomes. Nonetheless, we
did observe clinically impressive differences in secondary outcomes which supported the
direction of the trend of the primary outcome. For the definitive trial, we have decided
not to spend alpha on the secondary outcomes but simply to qualitatively evaluate these

outcomes as part of the interpretation of the primary findings.

3.3.3.2.4 Logistic issues in trial implementation

Issues of recruitment and randomization have been addressed earlier. A major problem
was timely and efficient attainment of permission from primary physicians to approach
eligible subjects. An incentive mechanism to encourage timely review of such subjects,
not to actually recruit patients, may help. A second issue was the frustration and eventual
ambivalence of the physician group toward the experimental protocol because results were
not available to them. The best technique against this may simply be education and
evidence from this trial that completing the pilot was valuable. If results had been opened
earlier on, the clear direction of trend would not have been observed and the study may
have been terminated for recruitment issues. A third issue was the negative attitude of the
physicians towards RCTs as evidenced by the use of the experimental protocol outside the
study, cross-over of one subject, and pressure to direct allocation. Unfortunately, this
obstacle is much harder to overcome. Only through demonstration of value and education
of the physician group by example will this be overcome. In this particular circumstance,
leadership and regulation by the director in terms of enforcing adherence to trial protocols
is necessary to avoid such behavior. While cross-over was an issue in one case,
uninformed contamination was not and this was affirmed by the fact that estradiol levels
were monitored frequently in both groups and as such would have demasked
contamination and knowledge of letrozole was necessary for clinical management. Also,
while this group of patients tend to be very aggressive regarding pursuing therapy, they
are also extremely compliant with prescribed therapy and adhere to instructions strictly for
fear of ruining a stimulation cycle. Nevertheless, we may not be able to significantly

influence these latter issues in the short term.
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The pilot study was a “pragmatic” trial. The physicians prescribed an initial protocol of
their choice (between 2 standard poor responder protocols) and permitted certain patients
to participate in the trial. Randomization of the prescribed versus study protocols was the
only way in which management differed from study and nonstudy patients. Allocation
was concealed but treatment was not blinded. The clinical management was decided in the
usual fashion on a day to day basis. This was the only way that patients and physicians
would accept this trial and practically makes sense since this is how patients at this centre
would be managed outside the trial. At this center, the approach is justified since the
medical management is consistent and the final decision is made by one person. The
highest standard of care is applied to each individual. In a different situation, such as a
multicentre trial, a more explicit management protocol will be necessary to avoid inter and
intra centre variability. If a multicentre trial is initiated, we will need consistent protocols
or central clinical management in order to mimic the one centre/one person rule and
maximize outcomes. However, the clinical management flexibility issues detracted from
our PCOS RCT and the flexibility here for physicians to make clinically indicated

decisions facilitated the study process regarding recruitment and adherence.

Sources of bias were limited in this study by the efficient randomization process and the
fact that the results have been contained from the physician group. However, one
potential source of bias was identified. Because treatments were not blinded, physicians
may have had more or less of an inclination to cancel patients depending on their personal
bias about the utility of a given treatment. That is, if some physicians really did not
believe in the letrozole protocol, for example, they may have cancelled patients earlier
than had patients been on the standard protocol. While this could be a potential problem,
cancellation rates did not vary between groups in the pilot study. Since most of the subset
of patients we recruited were on their last attempt, the bias was generally to push them as
far as possible, whichever the allocated group. It appears to us that patients were treated

equally in this way.

Issues of patient selection are major. We must decide if we proceed with the subset we

have isolated or if there is a way to widen the study population. The inclusion —exclusion
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criteria are sufficiently wide to include less severe poor responders. One way to achieve
this may be to limit the number of inclusion criteria a subject can meet or else to score the
inclusion criteria according to importance and have a maximum attainable score for
patients allowed to participate. This may however, simply reduce our accessible
population. Another option is to open the study to a multicenter trial. The severity of
poor responders at other centers is likely considerably less and we could still employ a
scoring system to characterize candidates. However, this trial is very similar in principle
to a surgical RCT. The techniques, skill, and level of attention to detail vary widely from
center to center. There is a substanstial body of evidence that surgical outcomes improve
with the volume of procedures done. The Society for Assisted Reproductive Technology
publishes outcomes data on each US IVF center. It has been documented that larger
volume centers (generally > 1000 cycles per year) have better outcomes.(118) Most
clinics average 200-300 cycles per year. A larger center is considered 500-600 cycles.
CRMI starts approximately 2500 IVF cycles per year. The advantage we have at the
CRMl 1s that it is recognized as the gold-standard IVF institute because of attention to
detail, highly sophisticated lab expertise, unsurpassable success rates in the most difficult
cases and the fact that it essentially functions as an autocracy with the director/ chairman
(same person) running an extremely tight organization and being involved in the
micromanagement of each step and decision. Therefore, it is the one place where we can
be assured that control of every other potential factor which may come into play from the
medical management and institution side is controlled equally in both groups. The
alternative to a multicenter trial is to continue the study in this institution with the given
population where the results will be valid and later extrapolate to a more generalizable

population.

During the course of this trial, a more novel therapy was proposed. Physicians began
applying it to patients who were eligible for our study in a case series fashion. Just prior
to completion of the pilot study (March 2004), an early analysis of the case series data
suggested that the protocol was of benefit compared to previous protocols in the same
patients as their own historical control. The pregnancy rates approached 30% (the same as

the pregnancy rate in the more general group of poor responders). This was strong enough
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anecdotal evidence for physicians to be swayed away from the study. Interestingly, an
abstract of a case-series was published regarding the use of letrozole to improve ovarian
response in patients with a history of failed IVF (ie no pregnancy, no comment on E2
levels or oocyte numbers) who had used a minimum daily dose of 450 IU of
gonadotropins (vague inclusion criteria). Again patients served as their own historical
controls and the pregnancy rate after a letrozole IVF cycle approached 30%.(113) The
migration to this number of 30% and failure to apply rigorous methodology likely is a
result of selection bias. But, it is an excellent example of the predominant type of evidence

used to determine treatment in this field.

3.3.3.3 Ethics

The ethics of this trial could be a subject for debate. The clinical question is certainly
ethical as there is equipoise as to the better treatment alternative. Both theoretical and
clinical equipoise exist and we feel we are offering our patients a service by trying to
answer this question. (119) We feel that given the emotional and financial burdens of
disease we have a responsibility to determine in the most valid way what the better

treatment is rather than continue with anecdotal evidence.

The patient, however, may feel differently. Couples facing infertility treatment have made
huge financial, emotional and physical investments. For those couples who have already
failed standard therapies and some of whom have traveled across the world to an
internationally reknowned institution and all of whom pay heavily out of pocket, they may

not feel it is ethical to withhold a potentially beneficial treatment.

One of the obstacles in our first attempted PCOS RCT was the fact that patients had a
good longterm prognosis to achieve pregnancy and the randomized treatments were
already both standard of care. Patients had no “incentive” to participate. Given a choice,
patients clearly prefer not to be a “guinea pig”. However, in a properly conducted trial,

incentive should not be a coercing factor for subjects.
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One of the criteria for subjects to make an informed consent about a RCT, or any medical
therapy, is that they must be understand relevant information and be able to manipulate the
information rationally.(120) The subjects who participated in this trial clearly experienced
a degree of desperation. It is well established that infertility patients suffer from a
difficulty to accept defeat of the situation and often do not attain closure. Many of the
participants related to the research nurse that they were enrolling because they felt the PI
had spent a considerable amount of time answering their questions and they felt content
they would receive perhaps even a higher level of care. This in itself could be considered
an unintentional form of coericion. Secondly, while this patient group tends to be very
educated they may have a limited capacity to truly understand the equipoise nature of the
question. Certainly, their decision to participate, despite all efforts on the part of the PI,
may not be rational but rather out of desperation. The fact that almost, if not all, of the
patients indicated a preference for the experimental protocol, some of whom burst into
tears when they were assigned the standard protocol, attests to this. These patients clearly
stated they would prefer to do the experimental protocol outside the study but were
advised that there was equipoise regarding the benefit of the experimental protocol and it
would therefore not be offered outside the study until or unless it had been proven
beneficial. Nevertheless, some patients who did reapproach their primary physician after
the debriefing session did not enroll because they were prescribed the experimental

protocol outside the study.

3.3.3.4 Summary

In summary, the challenges associated with this RCT are considerable. Nevertheless, the
question is important and the pursuit of a valid answer would be worthwhile. The
feasibility study demonstrates that the study is achievable and many of the issues raised
have reasonable potential solutions. My further research will involve pursuing this study,

possibly in a multicentre scenario.
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Chapter 4 Discussion

4.1 Evidence based medicine

Perhaps the most valuable lesson learned during the implementation of this thesis was a
true appreciation for evidenced based medicine and the challenges associated with
obtaining evidence based medicine. There is considerable paucity of well-conducted
controlled trials in the area of reproductive medicine. During my three fellowship in New
York at the world-premier IVF institute, I observed a reluctance towards evidence based,
particularly population based medicine. The attitudes were grounded in the belief that
individualization of therapy and precise monitoring, management and attention to detail at
every step of the IVF process is responsible for the unsurpassed success rates, particularly
in extremely difficult cases. Some physicians even suggested that clinical research may
be “unscientific” when compared to basic science research. Fortunately, this was not the
attitude of the director which allowed this research to continue. The ambivalence
regarding evidence based population medicine is not completely unfounded given the
dogmatic and uninvidualized, untailored approach of some clinical trials. Indeed, there
will not be evidence for most of what we do as physicians and clinical intuition and

experience clearly are invaluable in guiding medical decisions.

However, the lesson learned by the implementation of the steps of this thesis is that
pursuit of evidenced-based medicine, where possible, is a valuable act. Flexibility and
respect for circumstances at given trial centres in combination with perseverance and
tenacity will aid in the attainment of knowledge. In application of clinical trial results,
the importance of validity as well as generalizability is often reiterated.(121) However,
where there is a paucity of any sort of information, valid information obtained through
rigorous methodology, even though the population may not be generalizable, is a
worthwhile start. Extrapolation to a similar population from carefully obtained evidence
may be a better approach then no approach at all when there is no consensus about the

utility of a treatment.
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The process of systematic review greatly aided study design. Before subjecting patients to

experimental therapies, or randomization of existing therapies, the trialist has a

responsibility to qualitatively and quantitatively assimilate and summarize the available

published and unpublished evidence in order to justify the trial. The trialist also owes this

to the potential funding agencies. In addition, the systematic review process often helps

redefine and narrow the study question.

4.2 Challenges of Developing and Implementing Randomized Controlled Trial

Protocols in Reproductive Medicine

We have addressed these difficulties at many stages in this thesis. The following list is a

summary of these points:

1)

2)

3)

4)

5)

6)

The question must be one of true clinical, not just theoretical, equipoise otherwise
there is unlikely to be physician commitment.

The trial environment should have a culture which is amenable to the pursuit of
evidence base medicine — the capitalistic nature of IVF and competing business
interests of clinics in densely saturated areas may interfere with this.

A trial may be easier run in an environment where outcomes are less successful but
the results may not be as informative. Highly prestigious institutes with
international reputations based on success rates may have more to lose by
participating in a trial that does not respect their management styles. Therefore
adaptability to the trial centre is important.

Physician enthusiasm is often overestimated and wanes with time if results are not
provided. Rapid gratification of results (eg time to pregnancy) is a characteristic of
this group. Trialists must address this phenomenon.

The high direct costs to the patient associated with IVF make subjects less likely to
participate in an RCT unless their prognosis is poor and the treatment empirical
and unavailable elsewhere.

Peer-reveiwed funding of studies in this area is very limited. However, funding

might offset some of the reluctance of patients to participate, since the cost to them
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is high, and facilitate implementation of consistent management protocols for

muticentre trials.

7) Recruitment issues are significant for reasons mentioned earlier. Depending on the

nature of the study a single center versus multicentre trial may be most

appropriate. There is a tendency to skew enrollment to the worst prognosis subset.

Specific efforts to enroll subjects in the range of the desired inclusion criteria may

be necessary.

8) Challenges specific to the area of assisted reproduction include the following:

a)

b)

c)

d)

the high cost of unfunded therapy influences physician and patient
participation;

business competition among clinics and patient demands often prevent
clinics from partipating in trials;

wide variation in success rates and treatment regimens between different
clinics challenge the validity of multicentre trials;

physician reluctance to relinquish decision making to inflexible treatment
schedules also prevents participation;

ascertainment of pregnancy as an outcome may be biased if biochemical
measure or clinical measures such as missed menses are used. Presence of
gestational sac on ultrasound is a hard outcome and avoids the previous
problem but does not evaluate the most important outcome which is healthy
infant deliveries. Absence of continuity once the patients are referred to

obstetricians presents a potentially surmountable obstacle.

The Challenge of MCID

expert opinion.

The determination of minimal clinically important difference (MCID) is controversial and
a potentially challenging step in clinical trial design. MCID has many definitions
depending on the perspective one takes. From a physician perspective it is the smallest
difference in outcome measures that is perceived as beneficial and would lead to a change

in patient management. MCID may be determined from existing literature, consensus, or
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In the first trial the MCID was 15%. In the second trial the MCID is 20%. The first study
involved patients with a good prognosis to become pregnant and a reasonable regression
to the mean as evidenced by a 30% ovulation rate in the placebo group in our meta-
analysis. The intervention in the first group is “low technology”, not invasive, nor
expensive. Therefore, in consultation with the clinician group at our center, it was decided
that metformin should be at least 15% better than CC which has been standard therapy for
30 years in order to change their practice, particularly given their reluctance to accept the
proposed mechanism of action of metformin. Attitudes toward metformin vary widely

between clinical centers.

The second trial involved a group of patients with a much poorer prognosis (actual
pregnancy rate in the control group 3.8%), undergoing invasive and expensive therapy.
The regression to the mean is essentially negligible. If pregnancy is achieved, however,
the miscarriage rate in this group is high (> 40%). Therefore, we proposed a higher MCID
of 20%. This number was arrived at by consensus by 2 experts in the field. The number,
however, was used for the theoretical trial planned in advance of the pilot study. Pilot
studies often provide revised estimates of baseline rates and so impact the choice of
MCIDs. In fact, the control rate was 3.8 % rather than the expected 10%. The choice of a
20% MCID was influenced by the fact that the expected pregnancy rate was 10% and a
20% increase would result in a 30% pregnancy rate, which is generally the minimal
acceptable pregnancy rate in non poor responder patients with otherwise uncomplicated

histories and good prognoses undergoing IVF.

One important result of the pilot study was the lower than expected control pregnancy rate
of 3.8%. This will influence the determination of the MCID for the definitive study. We
will need to survey physicians in this area regarding what would be the smallest difference
that would be perceived as beneficial given that the control pregnancy rate is
approximately 4%. (much lower than the expected 10% used in the previous determination
of MCID). The revised acceptable pregnancy rate may now be lower (possibly around
10%). Since the original trial was designed, the American Society for Reproductive

Medicine has published a policy statement on therapy in cases where the prognosis is
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futile, very poor, or poor. Futile was defined as a success rate of less than 1%, very poor
defined as less than 5%, and poor defined as less than 10%. When the expected success
rate is less than 10%, treatment is generally discouraged by physicians but is often desired

by patients and may be considered in individual cases.

4.4 Recommendations

There is an urgent need to evaluate, in a systematic and rigorous fashion, clinical
outcomes of current and novel reproductive technologies. The challenges associated with
such investigation are significant but not insurmountable. Collaboration between
specialized centres, flexibility in clinical management strategies of research protocols,
education of specialty physicians involved in this area, and carefully designed studies as a

result of physician and epidemiologist collaboration will aid in these endeavors.

The next step will be to secure funding for a larger definitive trial of poor responders.
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Appendix A

1. Jadad Quality Scale for assessment of RCTS

Blind Assegsment of the Quality of Trial Reports 11

Scoring the items:

Either give a scare of 1 point for each “yes” or 0 polints for sach “no.” There are no In-between

marks.,

Give 1 additional poimt if: For question 1, the method to generate the sequence of
randomization was described and it was apprapelate
{table of random numbsers, computer generated, etc.}

and fover i for question X the method of douhle blinding wax
described aod it was sppropriste (identical placebo,
active placebo, dummy, etc.)

Dadact 1 poink if: Par queston 1, the method 1o & the sequanee
of vandomization was dqamm was Inappro-

priate (patients were alfocated alternately, o ac

mﬂmg 5 dxee of m hospieal nomber, e}

snd/oy: w study was described as doxhle
but the mwafbkudhgmtmwhu
{e.g.. comparison of tablet vs. infection with no dou-
ble dumnyy)
Guideliaes for Assessment
1. Randomization

A method to generate the sequence of randomization will be regarded as appropriste i it
allowed each study participant to have the sarwe chance of receiving euch intervention and
the investizatory could aot predict which treatment was next, Methads of elfocation using
dite of bleth, date of adadssion, hospital numbers, or alternation should be not regarded
as appropriate.

2, Doubly blinding
A%m&ﬁk%a@&k%ﬁ%%*&m&hb&:ﬂ'km 'ﬂ!emgﬁmé
wmmmaawmnuawm:mm doing the
mt&ﬂu&ywﬂﬁmmuﬁiﬁmﬁyé&mmm«ﬁh&em
of such & statement the use of active placebios, Identical placebas, or dummies s mentioned.

3. Withdrswals and dropouts

Participants wha were included in the study brut did not complete the observation perfod
or wha were not included in the analysis must be destribed. The nuiber and the ressons
for withdrgwal in each group must be stated, I thers were no withdrawals, it should be
stated i the acticde. ¥ there & no statement on withdrawals, this item nwust be given no
points.

{Jadad, 1996 #101}



PCOS protocol for RCT

Study Population

-inclusion/ exclusion criteria
-baseline assessment pre-randomization

B. Study group
Week 1: Metformin 500mg daily

A. Control group

Clomid SO mg daily day 5-9

Negative serum pregnancy test

Week 2 :

Progesterone < 4ng/ml metformin 500 mg twice daily
Intc[l;ou;sc Zd— ix peu;:lveek Provera 10 mg /day x 12 days Week 3 : 850 mg twice daily
5 7 10 Check for ovulation with blood (P,)
’ stalzs il fys And ultrasound Q 2 weeks
post last pill for. o Prescribed intercourse
Ovulation Monitoring 2 -3 X fweek
\ +ovulation +ovulation /
Serum pregnancy test Serum pregnancy test
14 days post ovulation 14 days post ovulation
Pro A?b m Ehmlnz da * “preg test . “Preg tost
vera 10 mg daily x ys - i in| Ipregnancy testt  1Conting i X
. Pregnancy test| |-Continue as in ontinue as
Increase clomid 100 mg Successful Aupto Successful B.upto BB. No ovulation
day 5-9 treatment || 3 months* treatment 3 months* Continue
Intercourse 2 - 3x per week metformin 850 mg bid and
Blood and ultrasound 3 Prescribed intercourse
5,7, and 10 days 4 + Preg test
Post last pill for - Preg test Pr Test - FTeg
s Y. Pregnancy Test| reg Cguancy
OV}‘-]-‘UOU monitoring Successful Treatment Successful Tr;lai:x;eent
%utment failure Treatment
+ovulation + ovulation BBB. No ovulation
Serum pregnancy test Pregnancy test 14 days Continue
14 days post ovulation post ovulation metformin 850mg po bid,
Intercourse 2- 3x per week Monitoring for ovulation
Blood and ultrasound on - T~ e T~ and
ga ¥s 5, |7’ 10 post hﬁ pill + preg test + preg test Prescribed intercourse
i Pregnancy test Continue as i Pregnancy test Continue as i
Successful Successful
treatment AA to max freatment BB to max
A 3 mos* To 3 mos*
+ +
- Preg test - Preg test
Pregnancy Test Treatment Treatment Pregnancy Test
Successful failure failure Successful
Treatment Treatment
4 +ovulation +ovulation
, Serum pregnacy test Serum pregnancy test
No Ovulation 14 days post ovulation 14 days post ovulation No ovulation
A fter 1 month of Clomid 150mg] After 3 months of metform
Discontinue - ~ — —a Discontinue
Treatment Failure + preg test + preg test Treatment Failure
Pregnancy test | |Continue as in| Pr;g cyf:l:st Continue as in
Successful AAA to max uceess BBB to max
Treatment To 3 mos* Treatment 3 mos

—

/

Discontinue (treatment failure) and consider alternative therapy at max 3 mos of

+ - Preg Test - Preg Test Pre *
Pregnancy Test Treatment Treatment goancy test
Successful Treatment Fallure Failure Successful Treatment

ovulatory dose or failed ovulation
After 3 months of metformin or 1 month of clomid 150 mg



Appendix B2
PCOS RCT Patient Consent



Date (Mo.,Dy.,Yr) Location Service

L Age

Doctor If No Plate, Print Name, Sex, And History No.

THE NEW YORK PRESBYTERIAN HOSPITAL-WEILL MEDICAL COLLEGE OF CORNELL UNIVERSITY

Consent Form for Clinical Investigation / \
IRB APPROVED
approvea: 10710
Project Title:  Metformin versus Clomid for Ovulation Induction in PCOS — A Expies: 13003
Randomized Controlled Trial /
Subject: Research Project #
1. You are invited to participate in a research study of clomiphene citrate versus metformin

for ovulation induction. Physicians of The New York Presbyterian Hospital-Weill Medical
College of Comell University hope to leamn if metformin is as good or better than
clomiphene citrate for ovulation induction. You were selected as a possible participant in
this study because you have a diagnosis of polycyctic ovarian disease and your physician is
considering treating you with either clomiphene citrate or metformin.

The treatments described are the standard, first line therapies used for patients with your
histories. Your clinical management will not be different than if you were not part of this
study. Although both drugs are used as first line therapies in common practice, metformin
is “off-label” which means the FDA when they approved it did so for its use in patients
with diabetes. While we use it commonly for induction of ovulation in patients with your
history, the FDA has not revised the indications for it.

By the end of therapy, the cost of either treatment should be similar.

. If you decide and are eligible (by inclusion/exclusion criteria) to participate, you will be

randomized (“ like the flip of a coin™) you to either metformin or clomiphene citrate. All
patients will also be referred for nutritional counseling. The minimum duration of time for
the study will be 1 month but the maximum duration of time will be 6 months. This
amount of time and the treatments undertaken do not differ in any way from how you
would be clinically managed if you were not a participant in this study. This study will
hope to answer if these treatments are equally effective or if one is better than the other.
Patients who receive metformin will be treated for a minimum of 1 month and a maximum
of 6 months. They will take the medication every day. Patients who receive clomiphene
citrate will be on it for a minimum of 1 month and a maximum of 5 months. They will
take it for five days of the cycle each month, if they do not become pregnant. All patients
will be monitored for ovulation with ultrasound and blood tests as would be normally done
if they were not participants in this study.

THE NEW YORK PRESBYTERIAN HOSPITAL (continued) (Use other side if necessary)

45108
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2. The costs for treatment will be billed to you or to your insurance as they are consistent with
routine clinical practice. Subjects do not receive any compensation for their participation.

Participation requires the following:
a. A special visit with the study team for physical examination and blood tests. The

amount of blood that will be drawn will equal approximately 3 tablespoons at this
first visit. You will also be assessed to ensure that you meet the trial requirements
(inclusion/exclusion criteria)

IF your initial bloodwork is normal , we will bring you back for a second visit to
obtain informed consent, obtain pre-treatment bloods tests (Approximately 1
tablespoon), randomize you to a treatment, and give you a prescription for the
treatment. The cost of medications is the responsibility of the patient or the
patient’s insurance.

All participants must have a partner with normal semen testing. This test will have
been done as part of your initial work-up with your physician as per usual infertility
testing. All participants will be advised to have intercourse 2 —3 times a week. All
patients will also be referred for nutritional counseling. The nutritionist to whom
we refer accepts most insurances. If cost is an issue, we can arrange alternative
counseling.

. Patients who receive clomiphene treatment will need to return for blood tests

(approximately 1 tablespoon) on days S, 7, and 10 after the last pill to determine
ovulation. They will also have ultrasound monitoring at these times. IF ovulation
occurs, monitoring of menses and blood tests (1 tablespoon monthly) will be done
for 3 months to determine if a subject becomes pregnancy. If after 3 months of
ovulation, no pregnancy occurs, treatment will be considered a failure. Alternative
options will be considered. If ovulation does not occur the first month, the dose
will be stepped up and similar monitoring to the above will occur. If ovulation does
not occur at the 2™ dose, the dose will be stepped up one final time and monitoring
repeated as above. IF Ovulation does not occur at the 3™ dose, treatment will be
considered a failure and alternative options considered. This protocol is standard
procedure for patients receiving clomiphene. The cost of monitoring will be
consistent with routine clinical screening.

Patients who receive metformin will receive 500mg /day for one week, then
increase the dose to 500mg twice a day for the second week and finally increase the
dose to 850 mg twice a day in the third week. This is the dose of medication you
will take for the remainder of the treatment. You will return every 2 weeks for
blood tests (1 tablespoon) and ultrasound to monitor for ovulation until ovulation
occurs or 2 months passes. If ovulation does not occur by two months, treatment
will be considered a failure and alternative options considered. If ovulation occurs
before 2 months, and once ovulation occurs patients will be monitored for
pregnancy by monitoring of menses and pregnancy tests. (Blood : approximately 1
tablespoon monthly)

¢) Your participation in the project involves the following risks:

1.

patients who take clomiphene citrate have a 10% risk of having twins. They have a very
minimal risk (less than1%) of having enlarged ovaries (ovarian hyperstimulation)

THE NEW YORK PRESBYTERIAN HOSPITAL (continued) (Use other side if necessary)
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d)

g)

h)

2. with metformin fewer than 1 in 33 000 women an illness called “lactic acidosis” if you
have kidney or liver disease. Since this disorder can be fatal, you will not be eligible for
the study if you have a history of liver or kidney disease or if your liver or kidney blood
tests are abnormal.

3. patients who receive metformin have a 20% incidence of diarrhea if they do not comply
with dietary recommendations

4. patients who receive clomiphene may experience the following: 10% hot flushes; 2%
breast tenderness; Abdominal distension/bloating 5.5%; nausea and vomiting 2.2%, visual
symptoms 1.5%; headache 1.3%; dryness or loss of hair 0.3%.

5. Alcohol should not be consumed during treatment for two reasons: it is not

advisable to consume alcohol while trying to conceive and alcohol can negatively
impact the metabolism of metformin.

We cannot and do not guarantee that you will receive any benefits from this study. Pregnancy
is the goal of treatment as it would be with or without the study. The general benefits to

society are that the question as to whether or not metformin is as effective as clomiphene will
hopefully be answered.

Any information obtained during this study and identified with you will remain confidential
and will be disclosed only with your permission. The exception to this is that the Institutional

Review Board (IRB) and the Office for Human Research Protection (OHRP) may have access
to the files.

Your decision whether or not to participate will not prejudice your future relations with The
New York Presbyterian Hospital-Weill Medical College of Comell University. If you decide to
participate, you are free to discontinue participation at any time.

IF you decide not to participate, the usual treatment alternatives are still available to you but
not in a randomized fashion. These altematives still include therapy with metformin or
clomiphene citrate or no treatment.

Reasons that we might discontinue you from the study include the following: IF you develop
concurrent illnesses, particularly liver or kidney illnesses and you are receiving metformin, we
will have to discontinue from the study. IF you develop side effects of treatment that are
persistent or worrisome, we will have to discontinue you from the study. IF, for other reasons,
you are unable to comply with the rules of the study, we will have to discontinue you from the
study.

In accordance with Federal regulations, we are obligated to inform you about the Medical
Center’s policy in the event physical injury occurs. If, as a result of your participation, you
experience physical injury from known or unknown risks of the research procedures as
described, immediate medical care and treatment, including hospitalization, if necessary, will
be available. No monetary compensation, however, is available and you will be responsible for
the costs of such medical treatment, either directly or through your medical insurance and/or
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Appendix C1
Published PCOS Meta-analysis: The Use of Insulin-Sensitizing Agents as Primary
Therapy for Polycystic Ovarian Syndrome



S.Kashyap, G.A.Wells and Z.Rosenwaks

investigating metformin, CC, and metformin plus CC. Thir-
teen centres are involved in the recruitment of 768 patients
with oligomenorrhoea, elevated testosterone, normal semen
parameters and regular intercourse (2-3 times/week) who
desire pregnancy.

Materials and methods

One reviewer has completed all stages. Meta-analysis Of Observa-
tional Studies in Epidemiology (MOOSE) and QUality Of Reporting
Of Meta-analyses (QUOROM) guidelines were followed (Moher
et al., 1999; Stroup et al., 2000).

Search strategy

We used an Ovid vendor and Polaris interface to conduct a compu-
terized literature search of the following seven bibliographic
databases: Medline, Premedline, Current Contents, Biological
Abstracts, Cochrane Controlled Trials Register, Cochrane Database
of Systematic Reviews, and EMBASE. The databases were
searched for the last 25 years. MeSH headings and textwords, for
databases without MeSH headings, were used. Adjacency operators
and truncation were used. A preliminary search was conducted to
maximize potential key words. We did not apply a study filter and
the search was not limited by language or year of publication
(Moher et al.,, 1996, 2000; Juni er al., 2002). The search was run
every 3 weeks between August, 2002 and September, 2003 to ident-
ify new articles.

A hand search of the following journals was also completed:
Fertility and Sterility, Human Reproduction, New England Journal
of Medicine, Journal of Clinical Endocrinology, and The Lancet.
Online indexing facilitated this process.

To avoid publication bias, we attempted to search for ‘grey litera-
ture’ (McAuley et al., 2000). Two content experts were contacted.
No completed alternative studies were identified but an ongoing
RCT was identified Results are not available (private communi-
cation, Reproductive Medicine Network, http://mmn.dcr.duke.edw/).

Ten years of conference proceedings for the American Society of
Reproductive Medicine were also searched. The proceedings for the
Canadian Fertility and Andrology Society were searched from 1998
onward. One abstract for a RCT was found (Singh et al., 2001).

The Cochrane Database was also searched for relevant papers.
One protocol for a systematic review on the same topic was ident-
ified, but no completed review was found (Flight, 2002). The objec-
tive of the protocol was to assess multiple drugs of the same family
and their effects on PCOS symptoms, sequelae (glucose intolerance,
hypertension, cardiovascular disease), and adverse side-effects. This
paper has, however, been published subsequently in both the
Cochrane Database and the British Medical Journal and is con-
sidered in depth and compared to our review in the discussion (Lord
et al., 2003).

Titles and abstracts were screened and articles retrieved if they
passed the relevance filter or if there was uncertainty as to whether
or not they were relevant. Bibliographies of review articles, sys-
tematic reviews and retrieved studies were also searched for can-
didate articles (Jadad er al., 1998). Retrieved articles were then
reviewed for inclusion/exclusion criteria. Those articles that met the
criteria were then kept for critical appraisal and data collection.

Reviewers were not blinded at any point to the authors or sources
of publication as the evidence for such blinding is weak and the
reviewers were likely to be previously familiar with some of the
literature (Berlin, 1997).

Page 2 of 10

Inclusion/exclusion criteria

Randomized controlled trials

Study population. The study population consists of women with pri-
mary or secondary infertility, between the ages of 18 and 40 years,
who have been diagnosed with PCOS by the following character-
istics: chronic oligo-ovulation (menstrual cycles less frequent than
every 35 days or fewer than six periods per year); infertility; and
one or more of the following characteristics: chronic hyperandro-
genism (biochemical elevated testosterone, dehydroepiandrosterone,
or androstenesdione levels or clinical hirustism or acne); increased
LH/FSH ratio >2.5; or ultrasound criteria of PCOS. The study and
control groups should have no other infertility diagnosis and prefer-
ably would have a documented normal semen analysis.

Intervention: We looked for the following comparisons: Metfor-
min versus placebo; metformin versus CC; metformin plus CC
versus placebo plus CC.

QOutcome: Two outcomes are assessed: ovulation as determined
by serum progesterone level, and pregnancy as determined by
urinary or serum BhCG.

Cohort studies

Similar inclusion/exclusion criteria were applied but no cohort
studies were found that met the criteria.

For studies that resulted in multiple publications, only the most
recent or most complete publication was used. Relevant data were
collected onto a pre-formed, standard data extraction sheet. The
following were recorded: study characteristics (source, language,
year, and design); subject characteristics (definition and selection of
controls, study subjects, available information on confounders);
intervention/exposure information (drug doses and duration); and
outcome assessment (methods of ascertainment of exposure or
outcome, and time to assessment of outcome).

The Jadad scale was used for quality assessment of RCT (Jadad
et al., 1996). Quality assessment involves evaluation of patient
selection, assessment of exposure or outcomes, administration of
interventions, and controls for confounding factors.

Quantitative data synthesis

Where appropriate, Rev-man 4.1 and Metaview 4.0 have been used
to analyse data. A relative risk (RR) estimate, with confidence inter-
vals (CI), was extracted from RCT. We reported the fixed effects
model since results did not differ from a random effects model. A
x’-test was done to determine the significance of the association.
Heterogeneity is determined by the Cochran Q-test. These results
are illustrated graphically in the form of a Forrest plot. Funnel plots
have been constructed to represent the likelihood of publication
bias. The precision of the search is determined by the formula of
Normand. :

Where appropriate, sensitivity analysis and subgroup analysis
were done to determine the significance of contributing factors to
the overall results.

Results

Overall precision of the search strategy was 0.76% (8/1057).
Recall was 88% (7/8) (Figure 1).

Language of publication

Although we did not limit the language of publication, all
retrieved articles were in English (Moher er al., 2000; Juni
et al., 2002).
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Figure 1. A flow diagram showing the number of publications
identified in the literature search. RCTS = randomized controlled
trials. Generated from Meta-view 4.0,

Year of publication

All included RCT were published between 1998 and 2002
(Nestler et al., 1998; Moghetti er al., 2000; Ng et al., 2001,
Singh er al., 2001; Sturrock et al., 2001; Vandermolen er al.,
2001; Fleming et al., 2002; Kocak et al., 2002).

Quality of publication

The Jadad quality scale for RCTs was applied to all included
studies and is shown in Table I (Clark et al., 1999).

No RCTs were excluded for multiple publication. Studies
were assessed for comparability of study population by age,
body mass index, fertility, and method of diagnosis of PCOS.
We also reviewed investigation for potential confounders,
compliance, and contamination or cross-over. None of the
studies commented on contamination or cross-over; only one
study mentioned compliance but that study did not describe
the methods used to assess compliance (Vandermolen et al.,
2001). One study described drop-outs but did not discuss
compliance methods or if compliance was measured in
continuing subjects (Fleming et al., 2002).

Metformin as primary therapy for PCOS

All studies, except Singh et al. (2001), investigated
metformin versus placebo. All studies except three used
pregnancy as an outcome but only one abstract assessed
pregnancy as a primary outcome (Nestler er al., 1998;
Moghetti et al., 2000; Ng er al., 2001). All studies except
three had infertile, PCOS women as their study population
(Nestler et al., 1998; Moghetti et al., 2000; Fleming et al.,
2002). Several studies tried to compare metformin plus CC
to CC alone or with placebo (Nestler er al., 1998; Ng et al.,
2001; Vandermolen er al., 2001; Kocak et al., 2002). How-
ever, all of these studies did so in a sequential manner in
those patients who failed to conceive or ovulate with metfor-
min. The duration of intervention and follow-up varies from
1 to 6 months. Table II illustrates the characteristics of these
studies. Table III outlines objectives for each study.

Metformin induced ovulation in 47% of patients. Figures 2
and 3 indicate that metformin is 50% better than placebo for
ovulation induction in infertile PCOS patients (RR 1.50) but
this benefit is not necessarily improved with longer duration
of therapy (>3 months, RR 1.37). Metformin is also of ben-
efit in non-infertile PCOS patients (i.e. patients with PCOS
who were not complaining of infertility) for cycle regulation
compared to placebo (Figure 3; RR 1.45 CI 1.11, 1.90). To
date, metformin is not of confirmed benefit versus placebo
for achievement of pregnancy (Figure 2; RR 1.07 CI 0.20,
5.74). This may be due to the fact that most studies used ovu-
lation as their primary outcome, those studies that assessed
pregnancy had a short follow-up time to pregnancy, and most
studies had small sample sizes.

The analysis of metformin plus CC versus CC alone or
with placebo is not properly represented here since the study
design for this component is not a true RCT or cross-over
design but rather a sequential study design. The nature of
infertility therapy makes cross-over trials an inappropriate
design. In order to conduct a cross-over trial, the two thera-
pies being compared must be able to be ‘washed out’ within
a short window of time between arms, the outcome must also
be completely reversible within this window so that the
patient returns to baseline, and the chance of successful out-
come should not alter with time such that one therapy has a
disadvantage over the other by being administered in the
Jater arm or that the chance of success varies with time.
Nevertheless, we did do a quantitative analysis on the
data supplied to provide some assessment of the above

Table I. Quality assessment by Jadad scale

Study Randomized? Randomization Double-blind? Double-blind Withdrawals and Score
method described® method described® drop-outs described?
Kocak et al. (2002)° +1 -1 +1 +1 +1 3
Fleming et al. (2002)° +1 +1 +1 +1 +1 S
Sturrock et al. (2001)° +1 +1 2
Vandermolen et al. (2001)° +1 +1 +1 +1 +1 5
Ng et al. (2001)° +1 +1 +1 +1 4
Singh et al. (2001) +1 1
Moghetti et al. (2000)° +1 +1 +1 3
Nestler et al. (1998)° +1 1

* Appropniate (+ 1), inappropnate (~ 1).
®Studies included in quantitative analysis.
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Table OI. Study objectives of randomized controlled trials

Swdy Stated objectives

Kocak et al. (2002) To evaluate whether metformin administration
improves ovarian response to CC,
hyperandrogenism, insulin resistance, and
cervical score in women with CC

resistant PCOS

To investigate the effects of metformin on
detailed ovarian function in women

with oligomenorrhoea and PCOS who were
treated with a randomized double-blind
placebo-controlled trial of 16 weeks.

Also measured changes in anhtropometry,
glycaemic indices, and lipid profiles

To study the effects of metformin in a cohort
of CC-resistant infertile females attending an
infertility clinic to see whether in clinical
practice pretreatment enhances ovulation
and pregnancy rates

To determine whether metformin treatment
increases the ovulation and pregnancy rates
in response to CC in women who are
resistant to CC alone

To determine (i) the ovulation rate and (ii) the
changes in hormonal metabolic profiles in
women with CC-resistant PCO after taking
metformin for 3 months

To assess the effects on menstrual
abnormalities of 2 6 month course of
metformin in a group of 23 subjects with
PCOS and normal glucose tolerance

To determine whether reducing
hyperinsulinaemia with metformin would
increase the ovulatory response to CC in
obese women with PCOS

Fleming et al. (2002)

Sturrock et al. (2001)

Vandermolen et al. (2001)

Ng et al. (2001)

Moghetti et al. (2000)

Nestler et al. (1998)

CC = clomiphene citrate; PCOS = polycystic ovarian syndrome.

interventions for ovulation and pregnancy (Figure 4). Given
the stated limitations of such a study design, we found that
metformin plus CC may be superior to CC alone or with pla-
cebo with regards to ovulation (RR 3.04, CI 1.77, 5.24) and
pregnancy (RR 3.65, CI 1.11, 11.99).

Funnel! plots for each comparison did not suggest obvious
publication bias but only two to five points were available
for each analysis.

Discussion

Specific criteria for the diagnosis of PCOS remain elusive.
The clinical manifestations of hyperandrogenism may not
always accompany elevated androgen levels since genetic
susceptibility to these hormones at the target organ is also
required. Hyperinsulinaemia has been documented to occur
in 50-100% of obese PCOS patients and as high as 22%
of lean PCOS patients (Dale et al., 1992). Extreme cases of
hyperinsulinaemia may present with hyperandrogenism,
insulin resistance, and acanthosis nigricans (HAIR-AN
syndrome). The most recent NIH consensus conference on
PCOS in 1990 defined the syndrome as chronic anovulation
with hyperandrogenism. LH:FSH ratios, ultrasound criteria
and hyperinsulinaemia were hitherto not included in this defi-
nition. The recent 2003 Rotterdam ESHRE/ASRM consensus
on PCOS attempted to delineate a clearer definiton of PCOS
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but also stated that ‘PCOS remains a syndrome and no single
diagnostic criterion (such as hyperandrogenism or PCO) is
sufficient for clinical diagnosis. PCOS also remains a diagno-
sis of exclusion.” Nevertheless, they stated that the revised
diagnostic criteria include two of the following three find-
ings: (i) oligo- or anovulation, (ii) clinical and/or biochemical
signs of hyperandrogenism, (iii) polycystic ovaries and exclu-
sion of other aetiologies (ESHRE and ASRM, 2004). Clearly,
as the Rotterdam proceedings suggested, the definition of
PCOS may be flexible but the criteria employed in a study
should directly address the interventions and outcomes
assessed. The revised Rotterdam criteria are appropriate here.
Ovulation and pregnancy rates, not metabolic parameters,
were assessed in this study.

The evidence that hyperinsulinaemia causes hyperandro-
genism, which in turn affects fertility, is more convincing
than arguments that hyperandrogenism causes hyperinsuli-
naemia. Following insulin infusion, adrenal androgen levels
rise (Elkind-Hirsch et al., 1991). Conversely, treatment of
hyperinsulinaemia with insulin-sensitizing agents or weight
loss [5% or body mass index (BMI) <27kg/m?] decreases
androgen levels (Loverro et al., 2002; Mitkov et al., 2002).
Medically or surgically induced menopause decreases circu-
lating androgen levels without any effect on serum insulin
levels (Nagamani et al., 1986).

Previously, primary therapy PCOS patients involved ova-
rian drilling, possibly followed by ovulation induction with
CC or gonadotrophins (Farquhar et al, 2001). Ovarian
drilling was hypothesized to decrease ovarian androgen pro-
duction. Currently, standard treatment for ovulation induction
in these patients is CC. The success rate of CC varies; 80%
ovulation and 30-40% pregnancy rates have been reported
(Gorlitsky er al., 1978; Lunenfeld ez al., 1991; Kousta er al.,
1997, Imani et al, 1998, 1999). Seventy-five per cent of
pregnancies are achieved within the first 3 months of an
ovulatory dose of CC (Imani et al, 1998). Some authors
have suggested that ovulation induction with CC for a period
>6 months in properly selected patients with PCOS can pro-
vide a cumulative pregnancy rate >90% (Messinis and
Milingos, 1997). The proposed mechanism of action is that
CC is an anti-estrogen which leads to increased production of
pituitary production of gonadotrophins (FSH and LH). CC
does not address the hyperandrogenic or hyperinsulinaemic
environment. CC also has an anti-estrogenic effect on the
endometrial lining and cervical mucus. The incidence of mul-
tiple pregnancy (mostly twins) with CC is 4-10% (Kousta
et al., 1997; Eijkemans er al., 2003). Although the 1% risk of
ovarian hyperstimulation sydrome (OHSS) after gonado-
trophin therapy may be much less with CC, it may still
occur.

Metformin is a biguanide insulin sensitizer. It is labelled
as class B in pregnancy. Sufficient human data are not avail-
able but the drug has not been associated with congenital
defects in animals. It has been used in the treatment of
women with diabetes mellitus II without negative effects on
the fetus. Recently, small series of women who have taken
metformin throughout pregnancy to prevent miscarriage and
gestational diabetes have been published and there were no
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Figure 2. Comparison of metformin versus placebo in infertile polycystic ovarian syndrome (PCOS) patients. The upper panel shows the out-
come ovulation and the lower panel the outcome pregnancy. RR = relative risk; CI = confidence interval. Generated from Meta-view 4.0.
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Figure 3. Comparison of metformin versus placebo with outcome ovulation in randomized controlled trials >3 months treatment duration.
The upper panel shows infertile polycystic ovarian syndrome (PCOS) patients and the lower panel not necessarily (nec) infertile patients with

PCOS. RR = relative risk; CI =

reported defects (Glueck er al, 2002; Jakubowicz et al,
2002). The mechanism of action is mainly the inhibition of
hepatic gluconeogenesis. Metformin also increases peripheral
glucose utilization and insulin sensitivity, but it is not associ-
ated with hypoglycaemia.

Recently, Lord et al. (2003) published meta-analyses with
similar results in both the Cochrane Collaboration and the

confidence interval. Generated from Meta-view 4.0.

British Medical Journal. The protocol for their paper was
identified during our search but the papers were published
after the last search date. While their results concerning ovu-
lation and pregnancy were similar to those reported here, six
studies were included in both papers, our paper included two
different studies and their paper included five different
studies (Nestler and Jakubowicz, 1996; Moghetti et al., 2000,
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come ovulation and the lower panel the outcome pregnancy. RR =

relative risk; CI = confidence interval. Generated from Meta-view 4.0.
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Figure 3. Comparison of metformin versus placebo with outcome ovulation in randomized controlled trials >3 months treatment duration.
The upper panel shows infertile polycystic ovarian syndrome (PCOS) patients and the lower panel not necessarily (nec) infertile patients with
PCOS. RR = relative risk; CI = confidence interval. Generated from Meta-view 4.0.

reported defects (Glueck et al, 2002; Jakubowicz et al,
2002). The mechanism of action is mainly the inhibition of
hepatic gluconeogenesis. Metformin also increases peripheral
glucose utilization and insulin sensitivity, but it is not associ-
ated with hypoglycaemia.

Recently, Lord et al. (2003) published meta-analyses with
similar results in both the Cochrane Collaboration and the

British Medical Journal. The protocol for their paper was
identified during our search but the papers were published
after the last search date. While their results concerning ovu-
lation and pregnancy were similar to those reported here, six
studies were included in both papers, our paper included two
different studies and their paper included five different
studies (Nestler and Jakubowicz, 1996; Moghetti et al., 2000;
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Figure 4. Comparison of metformin + clomiphene citrate (CC) versus placebo 4+ CC in infertile patients. The upper panel shows the out-
come ovulation and the lower panel the outcome pregnancy. RR = relative risk. Generated from Meta-view 4.0.

El-Biely and Habba, 2001; Jakubowicz et al., 2001; Sturrock
et al., 2001; Malkawi and Qulban, 2002; Yarali er al., 2002).
Two of these five papers were not available to us (El-Biely
and Habba, 2001; Malkawi and Qulban, 2002). Another eval-
uated co-administration of metformin during recombinant (r)
FSH treatment of patients with CC-resistant PCOS (Yarali
et al., 2002). Two other papers had been initially identified
but nothing in their title, abstract or methods suggested
relevance (Nestler and Jakubowicz, 1996; Jakubowicz et al.,
2001). Nevertheless, our results are quite similar (Table IV).
Meta-analyses are limited by biases introduced through
individual studies as well as biases introduced through the

Table IV. Metformin in polycystic ovarian syndrome (PCOS): comparison
of meta-analyses results

Kashyap et al.
(in press)
RR (95% CI)

Lord er al. (2003)
OR (95% CI)

Ovaulation
Metformin versus placebo
Infertile 1.50 (1.13, 1.99) 3.88 (2.25, 6.69)
Non-infertile 1.45 (1.11, 1.90)
Metformin 4+ CC 3.04 (1.77, 5.24) 4.41(2.37, 8.22)
Pregnancy

Metformin versus placebo®
Metformin + CC versus CC

1.07 (0.20, 5.74)
3.65 (1.11, 11.99)

2.76 (0.85, 8.98)
4.40(1.96, 9 85)

* Not significant.

RR = relative risk; OR odds ratio; CI = confidence intervel;

CC = clomiphene citrate; non-infertile = patients with PCOS who were
not complaining of infertility.
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processes of systematic review and quantitative summary.
One consistent problem is that none of the studies were pow-
ered to assess the most important outcome, i.e. pregnancy.
The follow-up varied from 1 to 6 months. While oligomenor-
rhoea/ovulation was generally a criterion, studies varied in
their assessment and reporting of hyperandrogenaemia and
CC resistance and this may have produced selection bias.
The ‘cross-over design’ used in several studies to assess
metformin plus CC versus CC was inappropriate. RCT also
differed significantly in their reporting of methods used to
randomize and in analysis methods (intention to treat versus
per protocol). Contamination and cross-over were not rep-
orted. Not all studies evaluated infertile PCOS patients and
when they did they did not always assess duration of inferti-
lity or other contnbuting factors (misclassification bias). We
attempted to reduce publication, multiple publication, report-
ing, conformity and retrieval biases by comprehensive litera-
ture searches and searches for grey literature. Only one
reviewer completed all steps so that extractor and recording
bias was possible. We attempted to limit bias by extracting
information on three separate occasions. RCT data are less
prone to bias than observational data and by nature of the
study design, differences in control versus study groups
should balance once the study population has been defined.
No RCT directly compared metformin to CC for induction
of ovulation and/or attainment of pregnancy. Cohort studies
were insufficiently homogeneous to allow quantifiable
summary. This review provides level la evidence regarding



metformin versus placebo for ovulation induction and preg-
nancy. This study suggests that metformin is superior to pla-
cebo for ovulation induction in patients with PCOS but that
this benefit is not more pronounced with longer therapy (i.e.
>3 months). The definition of PCOS is very important in
determining the group of patients who will have an optimal
response. Ng et al. (2001) did not find a benefit with metfor-
min. The patients in their study were not overweight (BMI
<23kg/m?) and also were not hyperandrogenaemic as
opposed to the other studies where a benefit was found. In a
well-defined group of PCOS patients who do not complain of
infertility, metformin also has significant advantage over pla-
cebo for resumption of ovulation and regulation of menstrual
cycles.

Nevertheless, the data so far do not demonstrate a benefit
of metformin versus placebo when the outcome considered is
pregnancy. The follow-up time to pregnancy was short and,
in the quantitatively summarized studies, pregnancy was not
the primary outcome nor were these studies powered to
assess pregnancy as an outcome. When we compared
metformin plus CC to CC or metformin alone, however,
there appeared to be a significant benefit of the combination
treatment for both ovulation and pregnancy in patients with
PCOS who were both hyperandrogenemic and overweight.
However, the comparison of metformin with CC versus
placebo with CC was done in each of these studies as a
‘sequential study’ rather than a true RCT or cross-over study.

A need still exists to compare directly metformin and CC as
first-line agents for ovulation induction and achievement of
singleton pregnancy in patients with well-defined PCOS.
PCOS patients may gain more than ovulation induction from
metformin therapy, including reduced miscarriage rates, lower
incidences of multiple pregnancies, gestational diabetes, and
ovarian hyperstimulation, and longer term cardiovascular
health benefits. The currently ongoing study (Pregnancy in
Pol&cystic Ovarian Syndrome: PPCOS) is designed to answer
the first question and has the potential to provide valuable
insight into the clinical management of this elusive syndrome.
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Appendix D

Diagram illustrating change of RCT topic
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Appendix E
Poor Responder Patient Consent



Date (Mo.,Dy.Yr) Location Service

Age Doctor If No Plate, Print Name, Sex, And History No.

THE NEW YORK PRESBYTERIAN HOSPITAL-WEILL MEDICAL COLLEGE OF CORNELL
UNIVERSITY

Consent Form for Clinical Investigation

Project Title: Aromatase inhibitors in IVF for Poor Responders
Subject: Research Project #

1. You are invited to participate in a research study of aromatase inhibitors for in-vitro

fertilization. Physicians of The New York Presbyterian Hospital-Weill Medical College of Cornell

University hope to learn if aromatase inhibitors — medications that can prevent early conversion of

male hormone (androgens) to female hormones (estrogens) - are useful for patients who may

otherwise have a poor response to stimulation medications. You were selected as a possible

participant in this study because you have scheduled an m-vitro fertilization cycle at the Cornell
Institute for Reproductive Medicine and have one or more of the following criteria Inclusion
criteria:

a) history of previous stimulation for IVF resulting in less than 5 follicles retrieved,

b) estradiol pre-retrieval of < 1000 pg.ml in a previous cycle

c¢) history of cancellation in previous IVF cycles for poor response.

d) Age greater than 40 years old

e) Previous high day 3 follicle stimulating hormone (FSH) or estradiol (E2)

The investigational drug, letrozole, is FDA (Food and drug administration) approved for use in

women with advanced breast cancer. It decreases estrogen levels in these patients. Recently,

several investigators have used it for ovarian stimulation in patients who will have artificial

insemination or in-vitro fertilization. The addition of letrozole to ovarian stimulation
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medications (gonadotropins) is the only way that the study patients differ from the standard
treatments used in the study control group.

If you decide to participate and are eligible to participate (by inclusion/exclusion criteria), we
will randomize (like the flip of a coin) you to either a protocol that includes letrozole (an
aromatase inhibitor) and gonadotropin (stimulation) medication or to an alternative, standard
protocol decided by your primary physician. The maximum duration of time you will be
observed as part of the study i1s 10 weeks from the time of signing the consent to observation of
pregnancy by ultrasound. This amount of time and the treatments undertaken does not differ in
any way from how you would be clinically managed if you were not a participant in this study
except that patients in the study group will use a medication called letrozole in addition to their
stimulation medications. Different physicians have a different preferences for either of the
treatments but not one of these treatments have been shown to be better than the other. This
study will hope to answer if these treatments are equally acceptable or if one is better than the
other. Patients who receive letrozole will take it orally every day for 5 days from day 2 -7 of
their menses. They will then overlap gonadotropin medications, as prescribed by their primary
physician, on day 5. Patients who receive the standard treatment will proceed as instructed by
their physician. All patients will be monitored for follicular (egg) development with
ultrasound and blood tests (approximately 1 tablespoon each time to test for estrogen levels) as
would be normally done if they were not participants in this study. The frequency of blood
tests and ultrasound is approximately every 1 —2 days during stimulation (total of
approximately 12 blood tests and ultrasounds) and then as clinically indicated.

2. The costs for treatment will be billed to you as we routinely do in clinical practice. Subjects do
not receive any compensation for their participation. Participation requires the following:

a. aspecial visit with the study team to ensure that you meet the inclusion and
exclusion criteria and to sign this consent.

b. At this visit you will be randomized to the letrozole treatment or the standard
treatment. We will give you the prescription for the letrozole. The cost of letrozole
may vary by pharmacy but is approximately $10 per pill. You will require 5 pills
(total ~$50 — 100.). The cost of the letrozole arm will not be significantly more or
less expensive than standard treatment. The cost of medications is the responsibility
of the patient.

c. You will then come in for routine blood test (approximately 1 tablespoon) on day 2
of your menses. IF these tests are normal (FSH and estradiol) then you will receive
a phone call that night to start your medication. Both groups will be treated the
same from here on in.

d. As per standard at our center, monitoring, with transvaginal ultrasounds and blood
tests (approximately 1 tablespoon), is done every 1 -2 days during stimulation.
Once you begin stimulation, you will follow the routine procedures. Human
Chorionic gonadotropin (hCG) will be given once follicles are approximately 17-18
mm, as is standard. Retrieval will follow approximately 34 hours later. The
method of fertilization for eggs will be determined clinically by your history ( ie
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intracytoplasmic sperm injection —ISCI versus insemination). Patients will then
return for embryo transfer on day 3 post-retrieval.

3. Your participation in the project involves the following risks:

a) the risks from participating in this study are minimal and not different from the
risks encountered from these standard treatments associated with IVF if you were
not participating in this study.

b) The risks to the patients are those of the risks of IVF in general: the risk of
infection or bleeding secondary to the oocyte retrieval (0.3 — 3 %); the nisk of injury
to abdominal organs or blood vessels during the procedure (less than 1%); and the
risk of anesthetic for the retrieval procedure (less than 0.1%). These risks are not
increased as a result of the study since all of the subjects have already planned to do
IVFE. The risk of ovarian hyperstimulation and or multiple pregnancy (Twins or
triplets) is extremely low (less than 2%) in this specific patient group whose
pregnancy rate is estimated to be lower than 10%. Again, this is the risk
associated with IVF and should not be increased by the study. The use of letrozole
has been shown to be associated with nausea and vomiting (11%). Longer term
effects such as decreased bone density and adverse effects in the lipid profile have
only been seen with long term treatment (greater than 3 months and 60 days
respectively). Our patients would only use the medication for a total of 5 days.

¢) Other uncommon side-effects from prolonged use of Letrozole include : headaches
(13%), fatigue (11%), muscular aches, hot flushes (6%), and hair thinning. All of
these effects are uncommon and are associated with longer use of letrozole then in
this study. Also, all side effects return to normal with discontinuation of
medication.

4. We cannot and do not guarantee that you will receive any benefits from this study. Pregnancy
is the goal of treatment as it would be with or without the study. The general benefits to
society are that the question as to whether or not letrozole is useful for ovarian stimulation in
poor responders will hopefully be answered.

a) The treatments described are the standard, first line therapies used for patients with your
histories with the exception of the addition of letrozole to the study group. Your clinical
management will not be different than if you were not part of this study.

b) Reasons that we might discontinue from the study include the following: if you develop a
concurrent illness, particularly liver or kidney illnesses, that may interfere with drug
metabolism. If you develop side effects of the treatment that are persistent, we may have to
discontinue you from the study.

5. Any information obtained during this study and identified with you will remain confidential
and will be disclosed only with your permission. The exception to this is that the Institutional
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