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Abstract

Background and Objectives: The interplay between reproductive hormones and breast cancer
is well established. The safety of fertility treatments which stimulate follicular development has
been questioned as these therapies augment endogenous estrogen to supraphysiologic levels.
Two prominent methods of ovarian stimulation are clomiphene and exogenous gonadotropins.
The main goal of this manuscript was to evaluate the association between ovarian stimulation
and breast cancer. First, a systematic review and meta-analysis of the existing literature on this
topic was conducted. Second, an observational study using a case-control design was performed

using the Clinical Practice Research Datalink (CPRD).

Materials and Methods: The systematic review of the literature involved searching the
MEDLINE and EMBED databases to identify observational studies examining the relationship
of interest. Effect measures for studies compliant with inclusion and exclusion criteria were
extracted. The selected studies were stratified based on their study design and the type(s) of
exposure assessed. Pooling of study data was conducted in accordance with the DerSimonian and
Laird method. The case-control study involved identifying cases of breast cancer recorded in the
CPRD between 1995 and 2015. Each case of breast cancer was matched to 10 controls based on
age, general practice, and length of follow-up within the CPRD. Risk ratios were computed using
multivariate logistic regression. The regression model was adjusted for body mass index,
smoking, alcohol use, parity, hormonal contraceptive use, hormone replacement therapy use, and
oophorectomy. Exposure to either clomiphene or in vitro fertilization (IVF) was assessed for
both case and control subjects. The primary analysis characterized exposure on an “ever/never”
basis further stratifying for the age of breast cancer diagnosis. Two secondary analyses were

performed. The first involved evaluating the dose-response relationship between clomiphene and



breast cancer. The second involved examining whether the results of the primary analysis were
confounded by the underlying effects of infertility. This involved stratifying the study population

on previous diagnoses of polycystic ovary syndrome (PCOS).

Results: The meta-analysis included 17 cohort studies and 4 case-control studies. Pooled RRs
found no association between ovarian stimulation and breast cancer, regardless of the study
design or the type of exposure. A secondary analysis stratifying on subject follow-up time
showed that breast cancer risk in patients having undergone ovarian stimulation did not increase
even with extended periods of follow-up. The case-control study showed conflicting results.
Exposure to clomiphene (RR 1.32, 95% CI[1.23-1.42]) and to IVF (RR 1.55, 95% CI [1.42-
1.69]) was associated with an increased risk of breast cancer, following adjustment. After
stratification for age of diagnosis, IVF remained significantly associated with both pre- and post-
menopausal malignancies whereas clomiphene remained solely associated with pre-menopausal
breast cancers. The association between clomiphene and breast cancer was not significant in the
population of women previously diagnosed with PCOS (1.22 [0.99-1.50]), indicating the results

of the primary analysis may have been confounded by the underlying effects of infertility.

Conclusion: Presently, there is no definitive link between ovarian stimulation and breast cancer.
While the results of the case-control study indicated the association was significant, the strong
possibility that infertility and its associated conditions confounded results suggests that these
findings should be interpreted with caution. Furthermore, the existing literature refutes this
association. Nevertheless, continued monitoring of this relationship is warranted given its

biological plausibility and the increasing use of these treatments across the developed world.



Résumé
Contexte et objectifs : Il existe une relation bien établie entre le taux d’hormones reproductrices

et le cancer du sein. L’innocuité des traitements de fertilité qui stimulent le développement
folliculaire au sein des ovaires, engendrant une hausse supra-physiologique des taux
d’cestrogenes endogénes, est remise en cause. L’administration de clomiféne et de
gonadotrophines exogenes en sont les deux formes de traitement les plus rependues. L’objectif
principal de cette recherche était d’évaluer le lien entre ces traitements de fertilité et le cancer du
sein. Dans un premier temps, une étude systématique et une méta-analyse des études sur ce sujet
ont ét¢ menées. Dans un second temps, une étude observationnelle se basant sur une conception
d’étude cas-témoins a été effectuée a I’aide du Clinical Practice Research Datalink (CPRD).
Documentations et méthodes : Les bases de données MEDLINE et EMBED ont été explorées
afin d’identifier les études observationnelles traitant du sujet. Les résultats des études conformes
aux criteres d’inclusion et d’exclusion ont été soutirés. Les études sélectionnées ont été stratifiées
en se basant sur le modele d’étude et le type d’exposition évalués. Le regroupement des données
des études a été mené conformément a la méthode de DerSimonian et Laird. L’étude cas-témoins
a nécessité I’identification des cas de cancer du sein enregistrés dans le CPRD entre 1995 et
2015. Dix cas-témoins ont €té appariés a chaque cas de cancer du sein en fonction de
I’ancienneté et de la durée du suivi au sein du CPRD. Les taux de risques ont ét¢ calculés en
utilisant une régression logistique multivariée, prenant en compte 1’indice de masse corporelle, le
tabagisme, la consommation d’alcool, la parité, I’utilisation de contraceptifs hormonaux, la
thérapie de substitution hormonale, et ’ovariectomie. Les cas et les témoins ont été évalués en
fonction de leur exposition soit au clomiféne soit a la FIV. L’analyse primaire a caractérisé
I’exposition sur la base du criteére « a été€ exposé/n’a jamais €té exposé », la stratifiant ensuite en

fonction de ’ancienneté du diagnostic du cancer du sein. Deux analyses secondaires ont été



réalisées. La premicre a consisté a apprécier la relation dose-réponse entre le clomiféne et le
cancer du sein. La deuxiéme a consisté a évaluer si les résultats de 1’analyse primaire ont pu étre
faussés par les effets de I’infertilité sous-jacente en stratifiant la population étudiée sur des
diagnostics de syndrome des ovaires polykystiques (SOPK).

Résultats : La méta-analyse a inclus 17 études de cohortes et 4 cas-témoins. Le regroupement
des RR n’a montré aucune corrélation entre stimulation ovarienne et cancer du sein, quels que
soient le modele d’étude et le type d’exposition évalués. Une analyse secondaire apres
stratification sur la durée du suivi n’a révélé aucun lien significatif. Les études cas-témoins ont
démontré des résultats conflictuels. L’exposition au clomiféne (RR 1.32, 95% IC [1.23-1.42]) ou
ala FIV (RR 1.55, 95% IC [1.42-1.69]) était associée a un risque accru de cancer du sein apres
ajustement. Apres une stratification par ancienneté du diagnostic, la FIV est restée
significativement associée aux tumeurs malignes aussi bien post- que pré- ménopause tandis que
le clomiféne est resté associé seulement aux cancers du sein postménopause. Le lien entre
clomiféne et cancer du sein n’était pas significatif dans la population des femmes préalablement
diagnostiquées avec un SOPK (1.22 [0.99-1.50]), indiquant que les résultats de 1’analyse
primaire ont pu étre faussés par les effets sous-jacents a I’infertilité.

Conclusion : Actuellement, il n’existe pas de lien établi entre la stimulation ovarienne et le
cancer du sein. Les résultats de 1’étude cas-témoins ont démontré une association possible
significative, cependant la forte possibilité que les effets de 1’infertilité aient confondu les
résultats nécessite d’interpréter ces résultats avec prudence. En outre, la littérature existante
réfute généralement cette association. Néanmoins, une surveillance continue de ce lien s’impose

compte tenu de sa plausibilité biologique et de la popularité croissante de ces traitements.
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Chapter 1: Introduction

Breast cancer is the most commonly diagnosed form of cancer in women, worldwide
(Ferlay et al., 2015). Efforts by legislative, medical, and charitable communities have aimed to
curtail the disease’s mortality rate through the development and implementation of novel
treatment regimens and comprehensive screening programs. As a result, recent decades have
seen a decrease in breast cancer-related mortality rates across the developed world (WHO
International Agency for Research on Cancer, 2014). Nevertheless, age-standardized incidence
rates (ASIR) for breast cancer remain significantly elevated in developed nations when compared
to less developed regions of the world (Ferlay et al., 2015). While a sizeable portion of this
disparity may be attributed to superior detection rates in developed nations, hormonal factors
also play a role (Colditz & Bohlke, 2015). Understanding these hormonal factors is critical for

identifying targets for preventative efforts.

There exists a strong interplay between a woman’s longitudinal hormonal profile and
their risk of developing breast cancer. This has led to debate regarding the safety of ovarian-
stimulating fertility treatments. These therapies involve the administration of drugs which
promote follicular growth and development within the ovaries. Drugs such as clomiphene and
exogenous gonadotropins are extremely useful in the context of treating infertility as they
regulate and amplify the ovulatory cycle. They are used in a variety of clinical situations, such as
in treating women with ovulatory abnormalities, or in the context of assisted reproductive
technologies such as in vitro fertilisation (IVF). The concern regarding these treatments stems
from the effect they have on a female’s hormonal profile during therapy. During ovarian

stimulation, serum estrogen increases to supraphysiologic levels.
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The main objective of this thesis is to evaluate the potential association between ovarian-
stimulating fertility treatments and breast cancer. Evaluating this relationship is an important
public health question as these treatments are becoming more common across the developed
world. The association of interest will be explored in four ways. First, the hormonal etiologies of
breast cancer and the mechanisms through which estrogen contributes to mammary
tumorigenesis will be reviewed. Second, the framework for ovarian stimulation in the context of
treating infertility will be outlined, with a focus on how these therapies alter the hormonal
profiles of treated patients. Third, a systematic review of the existing literature on this topic will
be presented. This review will include the results of a meta-analysis of observational studies
examining this association of interest. Finally, a novel case-control study examining this

relationship will be presented and evaluated in the context of the existing literature.
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Chapter 2: Hormonal Etiologies of Breast Cancer, Infertility, and
Ovarian-Stimulating Fertility Treatments

2.1: Breast Cancer: An Overview

Breast cancer is the most frequently diagnosed form of cancer in women worldwide, with
approximately 1.7 million new cases diagnosed each year (Ferlay et al., 2015). In Canada,
approximately 26,000 women are diagnosed with breast cancer annually (Canadian Cancer
Society’s Advisory Committee on Cancer & Statistics, 2017). In recent decades, important
medical developments have led to improved breast cancer detection and treatment. For instance,
more robust screening regimens have been implemented to detect breast malignancies at earlier
stages of their progression (Coldman et al., 2014; Marmot et al., 2013). The discovery that breast
cancer is not a homogeneous disease but should rather be subclassified into histological and
molecular subtypes has spurred the development of targeted treatment strategies (Malhotra,
Zhao, Band, & Band, 2010). Identifying and characterizing causative risk factors for breast
cancer, such as the discovery of the BRCA1 and BRCA2 genes, or the association between
hormone replacement therapy (HRT) and breast cancer, has aided in identifying high-risk
populations which should be screened and treated appropriately (Balmana, Diez, Castiglione, &
Group, 2009; Collaborative Group on Hormonal Factors in Breast Cancer, 1997). As a result,
breast cancer’s mortality rate has decreased across the developed world. For example, in Canada,
the annual age-standardized mortality rate for this disease decreased from 41.7 deaths in 100,000
in 1988, to 23.2 deaths in 100,000 in 2017, a decrease of 44% (Canadian Cancer Society’s
Advisory Committee on Cancer & Statistics, 2017). The Canadian Cancer Society estimates that

32,000 breast cancer-related deaths in this time interval were prevented.
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Unlike breast cancer-related mortality rates, the incidence of this disease in the Canadian
population has remained relatively stable throughout the past three decades. The nationwide
annual ASIR has fluctuated in the vicinity of 130 diagnoses per 100,000 women (Canadian
Cancer Society’s Advisory Committee on Cancer & Statistics, 2017). This is almost four times
higher than the ASIR of developing nations, which according to the World Health Organization
(WHO), is 27.3 in 100,000 (Jemal et al., 2011). This discrepancy may be explained, in part, by
ASIRs in the developing world being significantly underestimated. Many cases of breast cancer
remain undiagnosed as the cancer surveillance programs in these regions are simply not as robust
as those in developed countries (Althuis, Dozier, Anderson, Devesa, & Brinton, 2005).
Nevertheless, other factors are also involved in explaining this discrepancy. Numerous
reproductive factors affect breast cancer risk. Age of menarche, age of menopause, age of first
birth, and parity have all been identified as factors affecting a female’s lifetime risk of
developing a breast malignancy (Collaborative Group on Hormonal Factors in Breast, 2012;
MacMahon et al., 1970). These factors alter a woman’s longitudinal hormonal profile, which in
turn affects her risk of developing breast cancer. Additionally, obesity, hormone replacement
therapy (HRT), and hormonal contraceptive use also have an effect on reproductive hormone
levels (Basen-Engquist & Chang, 2011; Collaborative Group on Hormonal Factors in Breast,

1996; Collaborative Group on Hormonal Factors in Breast Cancer, 1997; Morch et al., 2017).

Women in developed regions are statistically more likely to be of lower parity, to give
birth later in life, to be obese, and are more likely to use, or have used, hormonal contraceptives
and HRT (Bray, McCarron, & Parkin, 2004). Furthermore, in the developed world, girls are

entering puberty at much younger ages, a phenomenon that has been, in part, attributed to
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environmental contaminants which act as endocrine disruptors (Karapanou & Papadimitriou,

2010). These factors all contribute to breast cancer’s elevated ASIR in developed nations.

2.2 Hormonal Etiologies of Breast Cancer

The interplay between endogenous reproductive hormone levels and breast cancer has
been discussed in scientific literature for almost two centuries. In 1824, the British surgeon Sir
Astley Cooper published his Practices and Principles of Surgery in which he outlined his
experiences diagnosing and treating patients with breast malignancies (Cooper & Tyrrell, 1824).
Notably, he remarked “the symptoms [of breast cancer] are augmented at the approach of
menstruation and decline as the period is passing (Cooper & Tyrrell, 1824).” He postulated that
physiological fluctuations occurring over the menstrual period interact with the tumour,
increasing its size, and aggravating symptoms. Additionally, he noted that the disease appeared
to occur more frequently in women who had never given birth. At the time, the understanding of
the human endocrine system was relatively rudimentary, and these observations could not be
explained mechanistically, but would be evidenced in due time. The German physician Albert
Schinzinger published his own findings 65 years following the work of Cooper, in 1889. He
reported that cases of breast cancer in younger females were much more aggressive than those
occurring in women of post-menopausal ages. Dr. Schinzinger suggested these younger women
undergo oophorectomy to treat their disease (Schinziger A, 1889). This work influenced British
physician G.T. Beatson, who published a case report in The Lancet detailing an oophorectomy
performed on a woman with pre-menopausal breast cancer. The procedure resulted in a
significant improvement in his patient’s condition (Beatson GT, 1896). A decade later, Lett et al.
published an observational study supporting this form of therapy for pre-menopausal breast
malignancies. The study reported 24 of 99 pre-menopausal women with breast cancer
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experienced a marked improvement in their disease status following ovarian ablation (Lett,
1905). For a period at the start of the 20" century, oophorectomy, or ovarian ablation by

radiotherapy, was the standard of care for severe cases of pre-menopausal breast cancer.

At this point in time, it was understood that ‘secretions’ from the ovary influence a
significant portion of breast cancers. The major player in these ‘secretions’ is, of course,
estrogen, a steroid hormone characterized in 1929 by Butenandt and Doisy (Tata, 2005). Their
findings formed the basis for research into breast cancer treatments which inhibit the effects of
estrogen in breast tissue. For example, tamoxifen, a selective estrogen receptor modulator
(SERM), acts as a competitive antagonist for estrogen receptors present in breast tissue. This
drug has become the standard of care for both pre- and post-menopausal breast cancers
expressing the estrogen receptor (ER). Other important forms of therapy for ER+ breast cancers
are aromatase inhibitors such as letrozole and anastrozole. These drugs inhibit the functioning of
the aromatase protein, the key catalyzing enzyme in the conversion of androgens to estrogens.
Estrogen also plays a role in the initiation and progression phases of breast tumorigenesis. The
following sections will explore the mechanisms through which this hormone modulates breast
cancer risk and will provide an overview of studies which have explored this association

observationally.

2.3 — The Role of Estrogen in the Development of Breast Cancer

2.3.1 — Role of Reproductive Hormones in Normal Breast Development and Functioning

The structure of the mature mammary gland is similar to that of most exocrine glands
found in the human body, that is, a series of secretion-producing lobules connected by a ductal

system directing secretions towards larger exocrine ducts. The mammary gland is unique in that
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the most critical points in its development occur postnatally. In fact, at birth, the mammary gland
is a rudimentary and dormant exocrine structure. The structure, known as the breast pad, is
composed of premature lactiferous ducts and their terminal end buds (TEBs), the precursor to
milk-secreting lobules (Javed & Lteif, 2013). Under normal circumstances, the breast pad will

remain non-functional and indolent until puberty.

The onset of puberty commences the most critical period of breast development. With
first menarche comes elevated estrogen and progesterone levels produced by the developing
follicles and the corpus luteum. Ductal epithelial cells express the estrogen receptor (ER) a
isoform. Upon activation, ER-a mediates downstream signalling cascades promoting cellular
proliferation (Macias & Hinck, 2012). In breast tissue, ER-a signalling cascades promote
lactiferous duct elongation and bifurcation into subsidiaries (Macias & Hinck, 2012). Under the
influence of progesterone, the TEBs located at the distal ends of these lactiferous ducts begin
their transformation into secretory acini (H. J. Lee et al., 2013). The transformation of the TEBs
into secretory acini is primarily mediated by progesterone receptor (PR)-B activity through the
activation of downstream Wnt and RANKL signalling pathways responsible for cellular
differentiation and morphogenesis (H. J. Lee et al., 2013). Final maturation and differentiation of
the breast occurs during pregnancy, as the effects of prolactin are needed for “final lactogenic

differentiation (Macias & Hinck, 2012).”

2.3.2 Estrogen and Breast Cancer: Mechanism of Action

The development of breast cancer is a complex, multi-step process occurring over the
span of many years. This tumorigenic process involves the accumulation of changes to cellular

signalling and genetic expression which transforms normal cells into ones exhibiting abnormal
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proliferation, growth regulation, and survival. This section will focus on the role of estrogen in
the development of breast cancers of epithelial origin, as over 95% of breast cancers arise from

the breast tissue’s epithelial cells (Makki, 2015).

As mentioned in the previous section, estrogen promotes the proliferation of lobular and
ductal epithelial cells within the mammary gland. Upon the binding of this steroid hormone to
cytoplasmic estrogen receptors, the complex undergoes a conformational change and dimerizes.
The dimers localize to the nucleus where they bind to a series of regulatory regions in DNA
known as estrogen response elements. Upon binding, the complexes interact with transcription
factors, coactivators, and corepressors to alter DNA transcription. Transcriptional activity of
genes responsible for cell growth, proliferation, and the suppression of apoptosis is upregulated
(Gompel et al., 2000; Pike, Spicer, Dahmoush, & Press, 1993). Key targets for this process are
the CDK4, Cyclin D1, and c-Myc genes (Dalvai & Bystricky, 2010). Estrogens also exert effects
on cellular proliferation which are not transcriptionally regulated. For example, estrogen-
mediated signalling activates a group of kinases known as the mitogen-activated protein kinases
(MAPs). Estrogen signalling also increases the intracellular levels of the second messenger
cyclic AMP (cAMP). MAP kinase activity and increased levels of intracellular cAMP promotes

cellular proliferation and the inhibition of apoptosis (Yager & Davidson, 2006).

An elevated rate of cellular proliferation is a key factor in the initiation of many solid
cancers. As the rate of cell division increases, the effectiveness of DNA repair mechanisms
decreases, leading to an increase in the frequency of errors during DNA replication. For
example, nondisjunction events resulting in mitotic recombination occur more frequently (Yue,
Yager, Wang, Jupe, & Santen, 2013). Mutations in the DNA may subsequently commence a

cascade of events resulting in cellular transformation towards malignancy. The issue of genomic
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instability is compounded by estrogen signalling having an inhibitory effect on apoptosis. This
prevents cells which would normally undergo cell death due to an accumulation of mutations

from doing so (Zhivotovsky & Kroemer, 2004).

The metabolism of estrogen is also postulated to contribute to mammary carcinogenesis.
In breast tissue, estrogen is metabolized by cytochrome P-450 enzymes into catechols, namely 2-
hydroxycatechol estrogen and 4-hydroxycatechol estrogen (Samavat & Kurzer, 2015; Yager &
Davidson, 2006). These catechols are further metabolized into quinones, which form unstable
bonds to adenine and guanine. These quinones act as DNA adducts and cause errors in DNA
replication. The catechols may also enter reduction-oxidization cycling. By-products of the
reduction of these catechols are reactive oxygen species, which cause significant damage to

DNA (Yager & Davidson, 2006).

Estrogen signalling also influences breast cancer progression. This is due the hormone’s
effects on cellular proliferation, evasion of apoptosis, promotion of genome instability, and the
deregulation of cell-cell interactions promoting the invasive and metastatic capabilities of pre-
malignant cells. The effects of estrogen are postulated to stimulate the advancement of pre-
malignant breast lesions, such as ductal hyperplasia and ductal carcinoma in situ (DCIS), into
more invasive stages of the disease. For example, estrogens promote cytoskeletal remodelling
and inhibit cell-to-cell interactions in pre-malignant cells. The activated estrogen receptor
increases the activity of the RhoA GTPases Cdc42 and Rac. These proteins work to increase the
remodelling rate of the actin cytoskeleton (Azios et al., 2007). Cytoskeletal remodelling
promotes the invasive and migratory potential of transformed cells. Estrogen receptor signalling
also downregulates E-cadherin expression, impairing a cell’s ability to maintain its epithelial

directionality (Platet, Cathiard, Gleizes, & Garcia, 2004). The hormone also acts as a promoter of
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tumour angiogenesis, a key step in the pre-malignant to malignant transition. In endothelial cells,
vascular endothelial factor receptors are upregulated by ER signalling, facilitating vascular

angiogenesis within masses of transformed cells (Losordo & Isner, 2001).

2.3.3 Estrogen and Breast Cancer: Observational Evidence

Numerous models have been developed aiming to quantify a patient’s lifetime risk of
breast cancer. One such example is the Tyrer-Cuzick model (Tyrer, Duffy, & Cuzick, 2004),
which is used for patient counselling and identifying candidates for more vigilant screening
protocols. This model has been externally validated and shown to possess sufficient sensitivity
and specificity in quantifying breast cancer risk (Amir, Freedman, Seruga, & Evans, 2010). The
algorithm synthesizes a series of genetic, demographic, and clinical variables which impact
breast cancer risk. Additionally, it includes a series of reproductive factors such as age of
menarche, age of menopause, age of first birth, parity, HRT use, and hormonal contraceptive use.
The values of these variables are integrated to determine the patient’s lifetime risk of breast

cancer.

Observational studies have provided much of the evidence supporting the inclusion of
these reproductive factors in risk assessment models for breast cancer. The highest quality
evidence comes from a series of meta-analyses conducted by the Collaborative Group on
Hormonal Factors in Breast Cancer. This multi-centre collaboration aimed to compile and
analyze the body of literature examining the association between hormonal factors and breast

cancer. A summary of their findings is presented in Table 2.1.
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Table 2.1: Hormonal Risk Factors for Breast Cancer According to the Collaborative Group on Hormonal

Factors in Breast Cancer

Hormonal Factor

Impact on Breast Cancer Risk According to the Collaborative Group on

Hormonal Factors in Breast Cancer

Age of menarche

Breast cancer risk increases by a factor of 1.050 (95% CI [1.044-1.057], p <
0.0001) for every year a woman is younger at first menarche (baseline mean

age of 13.1 years) (Collaborative Group on Hormonal Factors in Breast,

2012).

Age of menopause

Breast cancer risk increases by a factor of 1.029 (95% CI [1.025-1.032], p <
0.0001) for every year a woman is older at menopause (baseline mean age of

49.3 years) (Collaborative Group on Hormonal Factors in Breast, 2012).

HRT use

Breast cancer risk in current users of HRT, or those who ceased using HRT 1
to 4 years prior, is increased by a factor of 1.023 (95% CI[1.011-1.036], p =
0.0002) for every year of use. The relative risk in women using HRT for more
than 5 years is 1.35 (95% CI[1.21-1.49], p <0.0001). The risk subsides 5
years following cessation of use regardless of the duration of use

(Collaborative Group on Hormonal Factors in Breast Cancer, 1997).

Hormonal contraceptive use

Increased relative risk of breast cancer in current users (RR 1.24, 95% CI

[1.15-1.33], p <0.00001).

Increased relative risk of breast cancer 1 to 4 years after cessation of use (RR

1.16, 95% CI [1.08-1.23], p = 0.00001).

Increased relative risk of breast cancer 5 to 9 years after cessation of use (RR

1.07, 95% CI[1.02-1.13], p= 0.009).

No increased relative risk of breast cancer 10 or more years following

cessation of use (Collaborative Group on Hormonal Factors in Breast, 1996).
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Obesity

Women with a BMI between 25.0 and 27.4 kg/m? had a relative risk of 1.45

(95% CI [1.08-1.95]), compared with the reference group (BMI of less than
22.5 kg/m?2).

Women with a BMI between 27.5 and 29.9 kg/m? had a RR 1.62 (95% CI
[1.17-2.24]), compared with the reference group.

Women with a BMI greater than 30 kg/m*had a RR 1.36 (95% CI [1.00-
1.85]), compared with the reference group (Key et al., 2003).
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The classification of elevated BMI levels as a “hormonal factor’ is in-part due to white
adipose tissue’s endocrine function. Adipocytes express the aromatase enzyme. Adipose tissue is
therefore one of the most significant sources of peripheral estrogen production (Nelson & Bulun,
2001). As a result, higher volumes of adipose tissue in the hypodermal layer surrounding the
mammary gland will lead to higher local concentrations of estrogen. Additionally, adrenal
activity is often elevated in overweight and obese women, leading to higher serum
concentrations of androgens, the precursor to estrogens (Pasquali, Vicennati, Cacciari, &

Pagotto, 2006).

Common to the above factors is they increase the total lifetime exposure of breast tissue
to estrogen. Many forms of solid cancers exhibit a log-linear increase in risk with age. As Pike et
al. reported, this model does not adequately quantify a patient’s risk of developing breast cancer
over their lifetime. For the model to more accurately reflect breast cancer risk, it must be
adjusted for total lifetime exposure to estrogen (Pike, Krailo, Henderson, Casagrande, & Hoel,

1983).

2.4: Infertility - Prevalence and Trends

The World Health Organization (WHO) defines infertility as “the failure to achieve a
clinical pregnancy after 12 months or more of regular unprotected sexual intercourse [by
individuals of reproductive age] (Zegers-Hochschild et al., 2009).” A systematic analysis of 277
international surveys concluded that infertility affects over 48.5 million women worldwide
(Mascarenhas, Flaxman, Boerma, Vanderpoel, & Stevens, 2012). In developed nations, infertility
rates are reportedly on the rise. The 2009-2010 Canadian Community Health Survey found that

approximately 500,000 couples of ages 16 to 44 experienced a failure to become pregnant within
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12 months of unprotected intercourse, a prevalence of 16% among all couples (Bushnik, Cook,
Yuzpe, Tough, & Collins, 2012). Comparable surveys from 1992 and 1982 reported prevalence
estimates of 8.5% (Dulberg CS, 1993) and 5.4% (Balakrishnan TR, 1993), respectively. Similar
trends have been documented both in the United Kingdom (UK) (Bhattacharya et al., 2009) and

the United States (Martin JA, 2017).

The increasing prevalence of infertility in the developed world can be attributed to a
multitude of sociological factors. Women are pursuing university-level degrees and full-time
careers at unprecedented rates. In 2013, Statistics Canada reported 82.1% of women participated
in the workforce, an increase from 60% in the early 1980s (Morissette, 2017). The percentage of
women with a university-level degree doubled from 15% to 30% within the same period. As a
result, women are increasingly delaying childbirth. Historical data from 1976 shows the average
maternal age of first birth, in Canada, was approximately 24 years old. In 2011, the mean age of
first childbirth had risen to 28.5 years of age (Dion P, 2014). Advanced maternal age is among
the most important causes of infertility. As a woman’s ovaries age, the quality of her oocytes

declines appreciably, affecting fecundity (Klein & Sauer, 2001).

The prevalence of obesity in women of reproductive age is also at historically high levels.
The United States National Centre for Health Statistics reported that in 2014, 34.4% of women
aged 20 to 39 were clinically obese, defined as a BMI of over 30 kg/m? (Ogden CL, 2015). A
similar nationwide survey conducted in 2002 reported 23.0% of women aged 20 to 44 had a BMI
greater than 30 kg/m? (Vahratian, 2009). The mechanism through which obesity affects fecundity
is complex and multifactorial. Observational studies have shown that obese women are at an
increased risk of experiencing disruptions in their hypothalamic-pituitary-gonadal (HPG) axis.

For example, a study by Jain et al. showed obese women were significantly more likely to
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experience impaired luteinizing hormone (LH) pulsatility, a risk factor for ovulatory dysfunction
(Jain et al., 2007). Obesity is also recognized as a major risk factor for hyperinsulinism and
insulin resistance. These conditions are associated with polycystic ovary syndrome (PCOS), an

important risk factor for infertility (Dag & Dilbaz, 2015).

2.5: Principles of Fertility Treatments

The overview of the principles of infertility evaluation and treatment detailed in this
review are primarily based on the National Institute for Health and Care Excellence (NICE)
framework (National Collaborating Centre for Women’s and Children’s Health (UK), 2013).
NICE guidelines are funded by the UK’s Department of Health and serve to standardize
evidence-based care. This guideline was chosen as the information used to conduct the case-
control study, presented in Chapter 4, was extracted from the Clinical Practice Research Datalink
(CPRD). This database compiles medical records for patients treated by primary care practices

operating in the UK.

2.5.1: Counselling and Investigation for Fertility Issues - Primary Care

Couples with difficulty conceiving and who seek counselling from a primary care
physician will generally undergo a medical history review, physical examination, and assessment
of lifestyle factors which may affect fecundity. Following the results of this evaluation, the
physician, in conjunction with the patient(s), will orient further treatment. The physician may
recommend that the couple seek care from secondary or tertiary care centres should the root
cause of the infertility be readily diagnosable and require specialized forms of therapy.
Immediate referral is also indicated if the female is of advanced age, as delaying specialized

evaluation and treatment diminishes the probability of favourable outcomes. Additionally,
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immediate referral is indicated in cases where the couple is unable to have unprotected sexual
intercourse, such as in cases where one of the partners is infected with the human

immunodeficiency virus.

Should immediate referral not be warranted, the couple will generally be counselled to
continue unprotected intercourse while enacting lifestyle adjustments to optimize the odds of
conception. Factors such as smoking, alcohol use, recreational drug use, occupational exposure
to certain chemicals, and a BMI of less than 19 or greater than 30 decrease fecundity. The couple
should also be encouraged to monitor the female’s ovulatory cycle and perform sexual
intercourse during the period surrounding ovulation to maximize the chances of conception.
Should expectant management be unsuccessful, referral to a clinic specialized in treating fertility

1s warranted.

2.5.2: Counselling and Investigation for Fertility Issues — Specialized Care

Investigations at fertility clinics are concerned with diagnosing the root cause of the
fertility issue in order to orient treatment. For females, further investigations can be classified
into three main lines of testing: ovulation monitoring, ovarian reserve assessment, and imaging

of the uterine cavity and fallopian tubes.

To assess for ovulatory function, the patient is asked to describe both the regularity and
frequency of her menstrual cycles. Ovulation monitoring may also be considered to evaluate
whether the patient is regularly ovulatory. This form of monitoring is most commonly performed
by measuring serum progesterone during the mid-luteal phase of the ovulatory cycle. Generally,
a serum progesterone level of less than Sng/mL during the mid-luteal phase indicates

anovulation. Females reporting irregular menstrual cycling are at a higher risk of having an
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ovulatory disorder. Women who report normal menstrual cycling are most likely ovulatory, yet

serum progesterone testing may still be offered to confirm ovulation.

Assessing a patient’s ovarian reserve is important as a poor ovarian reserve can be
indicative of either poor oocyte quality or oocyte quantity. Ovarian reserve testing is especially
important in women over the age of 35 as oocyte quality deteriorates with age. There are three
common forms of testing to assess the ovarian reserve: serum FSH measurement, serum Anti-
Mullerian Hormone (AMH) measurement, and antral follicle count. FSH levels should be
measured on day two or three of the menstrual cycle. The levels of this hormone early in the
cycle correlate with the number of developing follicles within the ovaries. Should the number of
developing antral follicles be low, serum estrogen levels will also be low. As a result, serum FSH
levels will be elevated as estrogen-mediated inhibition of FSH release by the anterior pituitary
will be decreased. AMH is a glycoprotein expressed by preantral and early antral follicles. Its
levels in serum are therefore indicative of the quantity and quality of the primordial follicle pool.
AMH levels may be measured at any time point of the menstrual cycle as its serum concentration
remains relatively constant in this time period (La Marca et al., 2009). Low AMH levels are
indicative of a poor ovarian reserve. Finally, the ovarian antral follicle count is typically
quantified by transvaginal ultrasound of the ovaries. Imaging should ideally be performed in the
early follicular phase of the cycle. In summary, FSH levels of more than 8.9 IU/L, AMH levels
of more than 5.4 pmol/L, or an antral follicle count of less than 4 are indicative of a poor ovarian

reserve. Low FSH levels may also be indicative of a poorly functioning HPG axis.

Should these two lines of non-invasive investigations indicate the infertility is due to
ovulatory dysfunction, the results from ovulation tracking and ovarian reserve testing are

synthesized to classify the disorder according to WHO guidelines.
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WHO Group I ovulation disorders: This group includes patients suffering from hypothalamic

pituitary failure, a condition known as hypogonadotropic hypogonadism (HH). The typical
clinical presentation for patients in this group is amenorrhea, estrogen deficiency, and low levels

of FSH due to a poorly functioning HPG axis.

WHO Group II ovulation disorders: The most common cause of Group II ovulation dysfunction

is PCOS. The most common clinical features of PCOS is amenorrhea or oligomenorrhea,
hyperandrogenism, and polycystic ovary morphology with an antral follicle count of greater than
12 seen on transvaginal ultrasound. Obesity is the most important risk factor for PCOS. In this
condition, developing follicles will typically experience an arrest in the early antral stages and

will not progress in their development.

WHO Group III ovulation disorders: This group includes patients experiencing, or having

experienced, ovarian failure. Generally, these patients present with amenorrhea accompanied by

high FSH levels, low AMH levels, and decreased antral follicle count.

Should no ovulatory dysfunction be found, additional testing should be performed to
determine if abnormalities or conditions of the reproductive system are causing the fertility
issues. Generally, these lines of testing are only performed if ovulatory factors are ruled out as
they are quite invasive and costly, however, they may be performed more readily in cases where
the patient presents with certain conditions or a medical history indicative of uterine or tubal
dysfunction. The preeminent method of imaging the uterine anatomy and assessing the patency
of the fallopian tubes is via hysterosalpingography (HSG). HSG may reveal findings such as
tubal occlusions, uterine synechiae, and uterine fibroids which may be causing the fertility

1SSues.
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Endometriosis is also a common cause of infertility. This condition is characterized by
the outgrowth of endometrial tissue from the uterine cavity. Most commonly, the endometrial
tissue infiltrates the fallopian tubes, ovaries, and peritoneal cavity. Depending on its severity,
endometriosis may impede normal reproductive functioning and affect fecundity. Approximately
30% to 50% of women suffering from endometriosis are infertile (Bulletti, Coccia, Battistoni, &

Borini, 2010).

Assessment of male-factor infertility includes similar lines of testing to that of female-
factor infertility. Physical examination, endocrine testing, imaging of the male reproductive
system, and semen analyses are common investigative tools. Male-factor infertility generally
manifests itself in the form of low semen volume, low sperm concentration within semen, poor

sperm motility, or abnormal sperm morphology.

Finally, it should be noted that a sizeable portion of infertility cases, 15% to 30%, have

an unidentifiable root cause following the normal lines of investigation (Quaas & Dokras, 2008).

2.5.3: Treatment of Infertility — Specialized Care

Treatment of infertility is oriented according to the underlying cause. In certain
situations, expectant management may be attempted before more invasive or costly forms of
therapy are considered. For example, PCOS in obese women may, in part, be caused by insulin
resistance. In such cases, the patient will be advised to lead a healthier lifestyle which may lead
to a resolution of the condition. For women with WHO Type I ovulatory disorders, the decreased
activity of the pituitary gland may be caused by an extremely low BMI or an excessive amount
of strenuous exercise. A summary of the treatment protocols according to underlying cause is

outlined in Table 2..
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Table 2.2: Treatment of Infertility According to Underlying Cause

Cause of

Infertility

Treatment

Ovulation Disorders

WHO Group I
ovulation disorders

Pituitary insufficiency should be addressed through gonadotropin replacement
therapies to mimic normal pituitary function. The gonadotropin formulations
used should have both FSH and LH activity. Human chorionic gonadotropin
(hCG) may be administered to mimic the LH surge and trigger ovulation. IVF

may be offered should gonadotropin-based therapies prove unsuccessful.

WHO Group 11
ovulation disorders

Should expectant management in women with Group II ovulation disorders
prove unsuccessful or not be indicated, ovarian stimulation with clomiphene is
the first line of therapy. The drug is administered on day 2 of the cycle for a
period of 5 days, with a starting dose of 50 mg per day. This dose may be
increased depending on the patient’s response. Clomiphene may also be
supplemented with metformin.

In certain cases, clomiphene is unsuccessful in normalizing the ovulatory cycle,
even at higher doses. Should this occur, gonadotropin-based stimulation
protocols may be attempted. [IVF may be offered if these efforts fail, or if IVF is

indicated.

WHO Group III
ovulation disorders

No forms of ovarian stimulation should be attempted. A common course of

treatment is [VF with donor oocytes.
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Tubal-factor

Management of tubal-factor infertility is dependent on the severity, location and
cause of the tubal abnormality. Tubal surgery may be opted for in cases where
surgery offers a good prognosis. For example, in cases where the fallopian tubes
are obstructed proximally, salpingography with tubal catheterization may be
indicated. Salpingectomy may be offered should the tubal occlusion be the
result of a hydrosalpinx. Should the tubal disease be severe, IVF may be
offered. Generally, treatment is oriented according to prognosis, cost, and

patient input.

Uterine Abnormality

Surgical correction of the abnormality may be necessary should the uterine
abnormality be directly impeding embryo implantation within the endometrium.
This may be true in cases of uterine fibroids, adhesions, or endometrial polyps.
For example, women presenting with amenorrhea caused by intrauterine
adhesions may be offered hysteroscopic adhesiolysis to restore menstruation. In
cases of severe malformations, surgical correction may be improbable, and a

gestational carrier will be needed.

Endometriosis

Treatment for women suffering from endometriosis depends on the stage of the
disease. Staging may be performed in accordance with American Society of
Reproductive Medicine guidelines (American Society for Reproductive
Medicine, 1997). In mild cases, conception through sexual intercourse or
intrauterine insemination (IUI) may be still be possible. In severe cases, surgery
may be considered to resect the outgrowths of endometrial tissue. IVF may also

be considered.
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Male-factor

Treatment for male-factor infertility is outside of the scope of this review,
however, in cases of severe deficits in semen quality and quantity,

intracytoplasmic sperm injection (ICSI) may be necessary.

Unexplained

Ovarian stimulation treatments should not be offered in cases of unexplained
infertility. Instead, the couple should undergo expectant management while
continuing attempts at conception for a period of 12 to 24 months. Should the

issues persist, IVF may be considered.
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2.6: Overview of Ovarian-Stimulating Fertility Treatments

The purpose of this section is to explore ovarian-stimulating fertility treatments in greater
detail. This includes clomiphene therapy, gonadotropin therapy, IVF, and ICSI. The stimulation
protocols for IVF are identical to those of ICSI. Therefore, any mention of IVF in the following

section should be treated as a proxy for ICSI.
2.6.1: Clomiphene

Clomiphene is classified as a selective estrogen receptor modulator (SERM). SERMs are
structurally similar to estrogens, owing to their stilbene cores, allowing them to cross cell
membranes and bind to cytoplasmic estrogen receptors. SERMs may act as either estrogen
receptor agonists or antagonists depending on the target tissue. Site-specific activity is regulated
by the interaction between the SERMs and coactivators or corepressors involved in the
transcription of estrogen-response genes as these interactions are cell-type specific (Feng &

O'Malley, 2014).

Clomiphene’s utility in ovarian stimulation is due to its mechanism of action at the level
of the hypothalamus, anterior pituitary, and the ovaries. In the hypothalamus, clomiphene binds
to estrogen receptors and acts as an antagonist, thereby inhibiting estrogen receptor signalling.
This decreases estrogen-mediated inhibition of gonadotropin-releasing hormone (GnRH) release
by the hypothalamus. As a result, GnRH is released from the hypothalamus into the anterior
pituitary in a pulsatile fashion (Adashi, 1984). Within the anterior pituitary and in the ovaries,
clomiphene acts as an ER agonist. In the anterior pituitary, clomiphene sensitizes gonadotropin-
secreting cells to GnRH, mimicking estrogen-mediated sensitization of the anterior pituitary to
the effects of GnRH (Adashi, Hsueh, Bambino, & Yen, 1981). In the ovaries, clomiphene has
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been shown to sensitize granulosa cells within the developing follicles to the effects of FSH,
thereby promoting follicular growth and aromatase activity within these cells (Schwartz,
Brezinski, & Laufer, 1993). In summary, clomiphene is directly involved in processes taking
place in the hypothalamus, anterior pituitary, and ovaries to initiate follicular recruitment,

growth, and development.

Clomiphene also affects other estrogen-sensitive parts of the body such as the vagina,
cervix, and uterus. In these tissues, clomiphene acts as an ER antagonist. As such, these organs
respond to clomiphene treatment in a manner similar to their response during periods of low
estrogen levels. For example, in clomiphene-initiated ovulatory cycles, the uterine volume does
not increase as it would during unstimulated cycles, and the typical endometrial thickening seen
during normal cycles is reduced in magnitude (Eden et al., 1989). Furthermore, a meta-analysis
has shown that when clomiphene doses exceed 100 mg per day, the production of cervical mucus

is significantly reduced (Roumen, 1997).

Generally, clomiphene administration commences on day 2 of the menstrual cycle and is
continued for a period of 5 days. Response to treatment may be monitored by transvaginal
ultrasound of the ovaries. In cases where the timing of ovulation is important, such as cases
where intrauterine insemination (IUI) is being used, ovulation may be triggered with the use of

human chorionic gonadotropin (hCG).

2.6.2: Gonadotropins

Gonadotropin-based therapies may either be used as standalone treatments or as a part of
procedures such as IVF. For the purposes of this review, the use of gonadotropins as standalone

treatments will be discussed first, followed by a discussion about their role in IVF. As standalone
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treatments, the goal is similar to that of clomiphene-based treatments, that is, the normalization
of the ovulatory cycle. Unlike clomiphene, which stimulates the release of endogenous
gonadotropins from the anterior pituitary, this form of treatment involves the administration of
exogenous gonadotropins to directly raise their serum levels.

Gonadotropin preparations may either be urinary or recombinant. The urinary version is
commonly referred to as human menopausal gonadotropin (hMG). hMG is produced by
purifying FSH and LH from the urine of postmenopausal women, as postmenopausal women
typically have high circulating levels of these hormones. Certain urinary preparations contain
both FSH and LH (Pergonal, Humegon), while other versions have eliminated most of the LH
from the preparation (Bravelle, Metrodin). Most recombinant preparations contain either solely
FSH (Gonal-F, Follistim), or solely LH (Luveris). In most cases, FSH-only preparations are
adequate for restoring the normal ovulatory cycle. Randomized control trials have demonstrated
that in normo-gonadotropic women, FSH-only preparations had similar effectiveness compared
to preparations containing both FSH and LH (Weiss et al., 2015). However, in certain cases,
preparations containing both FSH and LH must be used. This is essential for stimulating
follicular development in patients with impaired LH release from the anterior pituitary, such as
those who suffer from HH (Gardner, Weissman, Howles, & Shoham, 2018).

As a standalone treatment, gonadotropin administration typically commences on day 2 or
3 of the menstrual cycle. Gonadotropin dosages are determined on a case by case basis. When
they are used as a standalone treatment, where the goal of treatment is mono-follicular
development, the therapeutic window may be relatively small. Low dosages may fail to
effectively stimulate follicular development. High dosages may cause multi-follicular

development, and subsequently, multiple pregnancy. High dosages also increase the risk of
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ovarian hyperstimulation syndrome (OHSS) (Fiedler & Ezcurra, 2012). Regardless of the initial
dosage, follicular development should be closely monitored through transvaginal ultrasound to
assess the patient’s response to treatment. Dosages may then be adjusted depending on the
results of monitoring.

Gonadotropin-based stimulation protocols are also used in treatments such as IVF. IVF is
typically reserved for cases where previous attempts at ovarian stimulation using clomiphene or
gonadotropins have proved unsuccessful, or when IVF is indicated. Cases where IVF is indicated
include, but are not limited to, tubal pathologies which cannot be resolved routinely through
surgery, unexplained infertility lasting longer than 2 years, endometriosis, and severe cases of
male-factor infertility (Gardner et al., 2018).

Ovarian stimulation for IVF differs from the forms of ovarian stimulation discussed
previously as it aims to elicit multi-follicular development. The clomiphene-based and
gonadotropin-based protocols discussed previously aimed to elicit mono-follicular development
to prevent multiple pregnancy after sexual intercourse or IUL. Multi-follicular development
allows for the retrieval of multiple follicles which can then be inseminated and incubated in
vitro. The embryos are incubated until they are ready for transfer into the woman’s uterus, which
may be anywhere from the 2-cell embryonic stage to the expanded blastocyst stage. Embryos are
evaluated and graded in accordance with multiple criteria which have been identified as having
an impact on outcome (Cutting et al., 2008). A selected number of embryos will then be
transferred. This number is determined on a case-by-case basis, by seeking to balance successful
pregnancy with the risk of multiple pregnancy (Joint SOGC-CFAS, 2008).

Ovarian stimulation protocols for IVF typically require the suppression of the normal

ovulatory cycle. Without this suppression, cycle cancellation can occur in up to 20% of cases due
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to a premature endogenous LH surge prior to follicle retrieval (Gardner et al., 2018). Two main
protocols are used to achieve this suppression and stimulate follicular development for IVF. The
first involves the use of a GnRH agonist, otherwise known as the long protocol. The second

involves the use of a GnRH antagonist, otherwise known as the short protocol.

Long protocol for IVF: Intervention begins one week prior to the desired start of the ovulatory
cycle, on day 21 of the preceding ovulatory cycle. GnRH is administered daily for 14 days. In
response to GnRH administration, FSH and LH are released from the anterior pituitary.
Prolonged elevated levels of GnRH cause a downregulation in the number of GnRH receptors
expressed in the anterior pituitary, thereby desensitizing the gland to endogenous GnRH.
Additionally, estrogen and progesterone are produced by the ovaries in response to the
gonadotropin surge at the beginning of GnRH administration. These hormones exert a negative
feedback at the level of the hypothalamus, thereby inhibiting endogenous GnRH production. On
day 2 of the current ovulatory cycle, exogenous gonadotropins are administered to stimulate

follicular growth and development.

Short protocol for IVF: The principle of the short protocol is similar to that of the long protocol
and only differs in the manner in which pituitary suppression is achieved. Here, a GnRH
antagonist is administered in conjunction with the commencement of gonadotropin
administration. Endogenous GnRH signaling at the level of the anterior pituitary is suppressed,

inhibiting the endogenous ovulatory cycle.

42



To stimulate multi-follicular development, elevated levels of FSH are needed to override
normal processes of follicular selection which would result in the development of a singular
dominant follicle (Gardner et al., 2018). Dosages are determined on a case-by-case basis and can
be adjusted based on the follicular response to stimulation. Once the follicles are sufficiently

mature, hCG is used to stimulate final oocyte maturation and its release from the ovary.
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2.6.3: Hormone Levels during Ovarian Stimulation

At the beginning of the ovulatory cycle, serum estrogen and progesterone levels decline
as the corpus luteum produced by the previous ovulatory cycle atrophies. This leads to pulsatile
GnRH release from the hypothalamus. GnRH stimulates the release of FSH from the anterior
pituitary. FSH is responsible for the recruitment and development of a cohort of antral follicles
within the ovaries. This is mediated by FSH receptors expressed in the granulosa cells of these
antral follicles. In response to FSH, granulosa cells start to synthesize estrogen. Rising estrogen
levels exert a negative feedback on FSH release from the anterior pituitary. As the level of
circulating FSH declines, follicular selection occurs. One follicle from the cohort, termed the
‘dominant follicle’, will continue its growth and development in an FSH-independent manner
until its ovulation. The rest of the cohort, under normal circumstances, will atrophy.

The cohort of developing follicles are hubs for estrogen production as their granulosa
cells express the aromatase enzyme. The ‘dominant follicle’ also produces a substantial amount
of estrogen throughout its growth. Consequentially, serum estrogen levels reach their peak in the
days preceding ovulation. In the normal ovulatory cycle, the serum concentration of this estrogen
peak ranges between 300 to 600 pg/mL (Reed & Carr, 2000).

During clomiphene-stimulated cycles, serum estrogen levels are elevated. A study by
Reed et al. reported the mean peak serum estrogen level in women receiving clomiphene-based
ovarian-stimulation was 1228 pg/mL, approximately a five-fold increase from levels during a
normal ovulatory cycle (Reed et al., 2015). Unfortunately, this study did not report the precise
dosage of clomiphene used. Another study corroborated these findings, reporting a mean peak
estrogen level of 1150 pg/mL in women receiving 150 mg of clomiphene per day for a 5-day

period at the start of the cycle (Hunlich, Trotnow, Mulz, & Kniewald, 1984).
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The increased levels of estrogen seen in clomiphene-stimulated cycles can be attributed
to two main factors. Firstly, aromatase activity within granulosa cells of the developing follicle is
increased. Aromatase synthesis and activity within granulosa cells is directly dependent on FSH-
mediated signaling (Parakh et al., 2006; Steinkampf, Mendelson, & Simpson, 1987). Clomiphene
indirectly promotes the release of FSH from the anterior pituitary due to clomiphene-mediated
sensitization of gonadotropin-releasing cells in the anterior pituitary to the effects of GnRH
(Adashi et al., 1981). Additionally, clomiphene sensitizes granulosa cells to the effects of FSH.
This is evidenced by a study by Zhuang et al. where granulosa cells were cultured, in vitro, with
FSH. Granulosa cells cultured with both clomiphene and FSH produced higher amounts of
estrogen than cells cultured solely with FSH (Zhuang, Adashi, & Hsuch, 1982). Secondly,
clomiphene-stimulated cycles are more likely to result in multi-follicular development, in part
due to the augmented levels of FSH seen during these cycles (Coughlan, Fitzgerald, Milne, &
Wingfield, 2010). Multi-follicular development occurs in approximately 17% of clomiphene-
stimulated cycles (Amer, Smith, Mahran, Fox, & Fakis, 2017). As stated previously, follicular
selection occurs during the time period of decreasing FSH levels in the follicular phase of the
menstrual cycle. The timing of this decline is crucial. Should FSH concentrations remain
elevated for a longer than normal period of time, multi-follicular development may occur,
resulting in the development of more than one ‘dominant follicle’ (Baerwald, Adams, & Pierson,
2012).

Gonadotropin-based stimulation protocols also raise serum estrogen to supraphysiologic
levels. In treatments such as IVF, exogenous FSH is administered at the beginning of the
follicular phase to stimulate antral follicle growth and development. FSH administration

continues throughout the period of follicular selection to promote the development of multiple
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pre-ovulatory follicles (Gardner et al., 2018). These follicles may then be collected for selection
and insemination. Ou et al. studied over 3500 IVF and ICSI cycles that used either the long or
short protocol for ovarian stimulation (Ou, Xing, Li, Xu, & Zhou, 2015). They concluded that in
women undergoing the long protocol, 8 to 13 follicles were retrieved per stimulated cycle, with
pre-ovulatory estrogen levels ranging between 1935 and 2821 pg/mL. For women undergoing
the short protocol, 5 to 10 follicles were collected, and pre-ovulatory estrogen levels ranged
between 1782-2791 pg/mL. The estrogen levels reported in this study are 5 to 15 times higher
than the pre-ovulatory estrogen levels seen in women ovulating naturally. Another study by Joo
et al. did not stratify their analysis on the basis of protocol type but reported an average of 10.1
oocytes were collected, per cycle, in women undergoing IVF. The average pre-ovulatory serum

estrogen concentration was 3700 pg/mL (Joo et al., 2010).

2.7: Objectives and Rationale

The etiology of a significant portion of breast cancers has a hormonal component.
Ovarian-stimulating fertility treatments raise serum estrogen significantly in comparison to the
natural ovulatory cycle, raising questions regarding the impact of these treatments on breast
cancer development. This issue has become increasingly relevant as the prevalence of infertility,
and the prevalence of ovarian-stimulating fertility treatments, increases across the developed
world. The total number of IVF cycles performed in fertility clinics annually has been on the rise
in Canada, the UK, and the United States since the start of the 1990s. A Canadian nationwide
database collecting information on the use of assisted reproductive technologies (ART), named
the Canadian ART Register, reported that in the year 2000, 19 fertility clinics operating across

the country performed a total of 4,685 IVF cycles (Gunby, Daya, Fertility, & Andrology, 2005).
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By 2016, the number of cycles had tripled to 15,344, and the number of second and tertiary
centres providing specialized fertility treatments had nearly doubled to 34 (Canadian Assisted
Reproductive Technologies Registry Plus, 2017). In the UK the number of IVF cycles performed
nationwide rose from approximately 7,000 cycles in 1991, to over 60,000 cycles in 2014 (Human
Fertilisation and Embryology Authority, 2016). In the United States, IVF-related information has
been compiled by the Center for Disease Control since 2005, when an estimated 130,000 cycles
of IVF were performed nationwide. In 2014, that number had increased to approximately
170,000 (Centers for Disease Control and Prevention: American Society for Reproductive

Medicine and the Society for Assisted Reproductive Technology, 2016).

A substantial number of Canadian provinces have approved, or are deliberating,
legislation to include IVF in provincial healthcare coverage, which further emphasizes the need
to understand the risks associated with these therapies. Québec was the first province to provide
public funding of IVF as of August 2010 (Tulandi, King, & Zelkowitz, 2013). Ontario followed
suit by including IVF in its provincial health care plan in late 2015 (Gotz & Jones, 2017).
Manitoba and New Brunswick also provide financial assistance in the form of tax credits
(Motluk, 2016). Recently, lobbying groups have formed in Saskatchewan, British Columbia,
Alberta, and Nova Scotia to support the addition of IVF to the provincial health care coverage.
The trend towards attributing public funds to cover IVF, in conjunction with rising infertility
rates in Canada, will undoubtedly increase the use of IVF in the country, underscoring the need

to understand the risks involved with this procedure.
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The relationship between ovarian-stimulating fertility treatments and breast cancer will

be further evaluated in three ways:

1)

2)

3)

A systematic review of the current literature. Observational studies examining the
association between ovarian stimulation and breast cancer will be reviewed and their
results will be compiled into a meta-analysis. The results and a discussion of this analysis
will be presented in Chapter 3.

A case-control study using patient records compiled in the UK’s Clinical Practice
Research Datalink (CPRD). The results from this case-control study will be presented in
Chapter 4.

A qualitative evaluation of these two studies in the context of the literature, in addition to
further research perspectives for future studies analyzing this relationship, presented in

Chapter 5.

48



Chapter 3: Systematic Review and Meta-Analysis

The following chapter includes a manuscript detailing the methods and results from a
systematic review and meta-analysis of the published literature exploring the association
between ovarian-stimulating fertility treatments and breast cancer. To limit redundancy with the
previous chapters, the introduction and a section on the rationale were removed as these sections

contained similar information to that presented in Chapters 2 and 3.
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Abstract

Background and Importance: The association between reproductive hormone levels and breast
cancer has been an area of interest for quite some time lending credence to the hypothesis that
fertility drugs, which stimulate follicular growth and development, may also modify breast
cancer risk. During treatment, the serum estrogen levels of patients rise to supraphysiologic
levels. Treatments such as IVF, which primarily makes use of exogenous gonadotropins, and
clomiphene have been the subject of numerous observational studies examining the association
between these treatments and breast cancer. We sought to review the literature and aggregate
eligible observational studies into a meta-analysis to determine if a quantitative synthesis of

these studies supported any potential association.

Methods: A literature search of the EMBED and MEDLINE databases was performed to
identify both cohort and case-control studies examining the association between ovarian-
stimulating fertility treatments and breast cancer. A random effects meta-analysis was performed
using the DerSimonian and Laird pooling model to calculate a pooled measure of effect. Studies

were weighted according to the inverse-variance weighting method.

Results: Our analysis included 17 cohort studies and 4 case-control studies. No significant
association was found between breast cancer and clomiphene use, gonadotropin use, or a
combination of the two. A subgroup analysis stratified subjects on the duration of follow-up
time. Ovarian-stimulating fertility treatments were not associated with and increased risk breast

cancer in all strata of subject follow-up time.
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3.1: Materials and methods

3.1.1: Criteria of studies selected

All observational studies examining the association between ovarian-stimulating fertility
treatments and breast cancer were considered for potential inclusion in this review. Only studies
published after January 1%, 1995 were considered for inclusion to ensure studies possessed
sufficient follow-up time of their study population. IVF became noticeably popular in the mid-to-
late 1980s, shortly after the first IVF treatment was performed in 1978. This cut-off date ensured
studies possessed the possibility of having a follow-up time of at least 10 years. All qualitative
reviews, meta-analyses, case series, and case reports were excluded. Abstracts for which a full
text was unavailable were excluded. A study must have included a minimum of 10 cases of
breast cancer in the exposed cohort to ensure their statistical analysis had sufficient power. Only
studies which provided a clear representation of their source population were considered for
inclusion. Studies must have had a unique study population which had not been used in any other
included study. Therefore, for studies which published two or more analyses using the same, or
overlapping, study populations, the latest study was included, and the previous analyses were
excluded. There were no criteria for control subjects, however, the study must have clearly stated
the population from which controls were selected. Studies must have been available in the
English language. Finally, a study must have clearly stated its exposure(s) of interest and

provided sufficient details regarding the types of drugs included in their exposure definition.
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3.1.2 Exposures assessed

Ovarian-stimulating treatments were broken down into three main categories: clomiphene
use, gonadotropin use, and clomiphene used in conjunction with gonadotropins. Concerning the
gonadotropins, measures of effect evaluating the relationship between human chorionic
gonadotropin (hCG) and breast cancer were excluded. In fertility treatments, hCG is used to
mimic the LH surge which occurs in the middle of the normal ovulatory cycle to stimulate final
oocyte maturation and trigger ovulation. Therefore, hCG itself does not directly increase the
levels of circulating estrogen. Studies such as Bernstein et al.’s, which had hCG as its exposure
of interest, were excluded (Bernstein, Hanisch, Sullivan-Halley, & Ross, 1995). Another
example was the study by Burkman et al., which reported a measure of effect for both hMG and
hCG (Burkman et al., 2003). In this case, the measure of effect for h(CG was excluded, whereas
hMG’s measure of effect was included. Studies with IVF as an exposure of interest were grouped
into the gonadotropin group. van den Belt-Dusebout et al.’s study reports that some subjects who
underwent IVF had clomiphene included in their stimulation protocol, however, the study
reported that this was the case for only a small percentage (<10%) of the exposed population

(van den Belt-Dusebout et al., 2016). Therefore, it was treated as a gonadotropin-only study.

3.1.3: Objectives

The primary objective of this study was to conduct a systematic review of the literature
and identify all studies examining the association between ovarian-stimulating drugs and the risk
of breast cancer. There is considerable interest in this topic due to the effect these treatments
have on serum estrogen levels. With the rising prevalence of infertility in the developed world,

these fertility treatments have become more common. A multitude of studies have been
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published examining this relationship, yet there is considerable inter-study heterogeneity in
multiple aspects such as design, exposure definition, and source population which makes

interpretation difficult. This analysis aims to synthesize these findings.

A secondary objective of our study was to evaluate whether subject follow-up time
affected the relationship of interest. Breast cancer is a disease with a substantially long latency
period. The period from tumor initiation due to a carcinogenic insult to its progression into a
clinically detectable mass is substantial, sometimes spanning over a decade (Olsson, Baldetorp,
Ferno, & Perfekt, 2003; P. D. Terry, Miller, & Rohan, 2002; Wanebo, Johnson, Sato, &
Thorslund, 1968). To appropriately observe whether ovarian-stimulating fertility treatments may
be associated with breast cancer initiation or progression in its early stages, extended periods of

follow-up may be required.

3.1.4: Search and selection methods

We carried out a comprehensive search of studies published between January 1%, 1995
and January 1%, 2017. The algorithm of terms used to conduct the literature search can be found
in the appendix. This algorithm was used to search both the EMBASE and MEDLINE databases.
Additionally, while meta-analyses were excluded from our study, the reference lists from two
such studies (Sergentanis et al., 2014; Zreik et al., 2010) were reviewed to identify any studies
which were unaccounted for in the initial search. All titles, abstracts, and full texts were
extracted into the reference manager Endnote X7. Duplicates were removed. Study titles and
abstracts were screened for relevancy to the primary objective. The full texts of studies selected
for further review were read and evaluated in accordance with the inclusion and exclusion

criteria.
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3.1.5: Data extraction

The following variables were extracted from the included studies: the nation in which the
study was conducted, study design, study population size, enrollment period, type(s) of
exposures assessed, type of control group used, mean follow-up time for the study population,
covariates adjusted for in the analysis, and the reported adjusted measure(s) of effect along with
their corresponding 95% confidence interval(s). For cohort studies reporting multiple distinct
types of effect measures, for example, providing both a relative risk, hazard ratio, or odds ratio as

well as a standardized incidence ratio (SIR), the unstandardized effect measure was preferred.

3.1.6 Statistical Analysis

All odds ratios (ORs), standard incidence ratios (SIRs), and hazard ratios (HRs) were
considered to be estimates of the risk ratio (RR). Due to the relative rarity of breast cancer in the
general population, ORs, SIRs and HRs are reliable estimators of the RR (McNutt, Wu, Xue, &
Hafner, 2003; Spruance, Reid, Grace, & Samore, 2004). This allowed for the pooling of a single

type of effect measure.

Following stratification on the basis of exposure type and study design, risk ratios and
their 95% confidence intervals were plotted with the use of forest plots. Considerable
heterogeneity existed between studies in terms of study period, type of control group used, and
covariates adjusted for. Therefore, the use of a random effects meta-analysis was deemed to be
more appropriate as it was not possible to assume all included studies were functionally identical
(Borenstein, 2009). Studies were assigned weights using the inverse-variance weighting method
(C. H. Lee, Cook, Lee, & Han, 2016). In this method, the weight designated to each study is

inversely proportional to the study’s standard error. As standard error is inversely related to the
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size of a study’s population, studies including a larger number of subjects were assigned greater
weights. Pooling was performed in accordance with DerSimonian and Laird method
(DerSimonian & Laird, 1986). The z-statistic for overall effect was employed to test whether the
overall measure of effect indicated a significant association. Variation across studies was
assessed with the use of the I statistic. This statistic measures the proportion of between-study
variation attributable to inter-study heterogeneity (Higgins & Thompson, 2002). I values were
interpreted as follows: values below 25% indicated minimal heterogeneity, values between 25%
and 75% indicated moderate heterogeneity, and values above 75% indicated high heterogeneity

(Huedo-Medina, Sanchez-Meca, Marin-Martinez, & Botella, 2006).

A secondary analysis was performed to examine the effect of follow-up time on the
relationship of interest. Studies which provided a stratified analysis based upon subject follow-up
time were included in this portion of the analysis. Measures of effect were grouped into those for
subjects followed less than 10 years, between 10 and 19 years, and more than 20 years. We chose
to ignore exposure type in this secondary analysis as there were too few studies which stratified
on follow-up time for this to be feasible. All analyses were performed with the usage of the
Review Manager software program (Review Manager (RevMan) [Computer program]. Version

5.3. Copenhagen: The Nordic Cochrane Centre).

3.2: Results

The search of both the MEDLINE and EMBASE databases resulted in 1,224 unique
studies considered for inclusion. The titles and abstracts of all 1,224 studies were screened for
potential relevance to our study’s objective. 1,084 studies were excluded following title and

abstract review. A common reason for exclusion was that the study dealt with the safety of
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fertility treatments in women undergoing treatment for existing breast cancer or in women with a
history of breast cancer. Full-text analysis of the remaining 140 studies was necessary to evaluate
their compliance with the inclusion and exclusion criteria. Of these, 70 studies were removed as
they were deemed to be irrelevant to our study’s objective, and 32 were removed as they were
qualitative reviews, meta-analyses, case reports, case series, and in vitro studies. Five studies
were excluded due to issues with their exposure type, definition, or assessment. Bernstein et al.
was excluded as its sole exposure of interest was hCG (Bernstein et al., 1995). Petro-Nustas et al.
was excluded as it classified its exposure of interest as ‘fertility drugs’ and did not elaborate on
what types of medications was included in the exposure definition (Petro-Nustas, Norton, & al-
Masarweh, 2002). Similarly, Ricci et al. and Braga et al. identified the exposed population as
‘women having undergone fertility drug use’ and did not elaborate on the type of fertility drugs
included in the exposure definition (Braga et al., 1996; Ricci, Parazzini, Negri, Marsico, & La
Vecchia, 1999). Doyle et al. was excluded as it defined its exposed population as women being
treated for infertility at a fertility clinic (Doyle, Maconochie, Beral, Swerdlow, & Tan, 2002).
The authors did not stratify their analysis on the type of fertility treatment used nor could they
confirm all subjects included in the exposed population underwent some form of ovarian-
stimulating fertility treatment. One study, Kotsopoulos et al., was excluded due to its cohort
criteria. This study restricted the cohort to women with a BRCA 1 or BRCA 2 mutation
(Kotsopoulos et al., 2008). Finally, 4 studies were excluded due to issues regarding their
outcome of interest. Katz et al. was excluded as it was concerned with covariates which may
influence the relationship between IVF and breast cancer (Katz et al., 2008). Siegelmann-Danieli
et al. was excluded as it was concerned with the prognostic features of breast cancers diagnosed

following fertility treatments (Siegelmann-Danieli et al., 2003). Similarly, Turkoz et al. was
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excluded as it was concerned with the association between IVF and molecular subtypes of breast
cancer (Turkoz et al., 2013). Finally, Kessous et al. was excluded as it simply stated the results of
their study qualitatively but did not provide any measures of effect for the relationship between

IVF and breast cancer (Kessous, Davidson, Meirovitz, Sergienko, & Sheiner, 2016).

3.2.1 Studies Identified

A total of 28 observational studies were identified following inspection of their full-texts.
Seven of these studies had study populations overlapping with the study populations of other
identified studies (Brinton et al., 2004; Kallen, Finnstrom, Nygren, Otterblad Olausson, &
Wennerholm, 2005; Kristiansson, Bjor, & Wramsby, 2007; Lerner-Geva et al., 2003; Modan et
al., 1998; Potashnik et al., 1999; Venn et al., 1995). In these cases, the latest study,
chronologically, was included and the earlier one was excluded. Seventeen cohort studies
(Brinton et al., 2014; Brinton et al., 2013; Calderon-Margalit et al., 2009; Dor et al., 2002; dos
Santos Silva et al., 2009; Gauthier, Paoletti, Clavel-Chapelon, & group, 2004; Kallen et al.,
2011; Lerner-Geva et al., 2006; Lerner-Geva et al., 2012; Orgeas et al., 2009; Pappo et al., 2008;
Reigstad et al., 2015; Rossing, Daling, Weiss, Moore, & Self, 1996; Stewart et al., 2012; K. L.
Terry, Willett, Rich-Edwards, & Michels, 2006; van den Belt-Dusebout et al., 2016; Venn,
Watson, Bruinsma, Giles, & Healy, 1999) and four case-control studies (Burkman et al., 2003;
Fei, Deroo, Sandler, & Weinberg, 2012; Jensen, Sharif, Svare, Frederiksen, & Kjaer, 2007; Yli-
Kuha, Gissler, Klemetti, Luoto, & Hemminki, 2012) were included in the analysis. These studies
were conducted in a diverse array of nations, including the Netherlands, Norway, the United

States, Israel, Finland, Sweden, Australia, the United Kingdom, France, and Denmark.
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3.2.2 Breast Cancer Risk Associated with Clomiphene Use

Ten cohort studies (Brinton et al., 2014; Brinton et al., 2013; Calderon-Margalit et al.,
2009; dos Santos Silva et al., 2009; Gauthier et al., 2004; Lerner-Geva et al., 2006; Lerner-Geva
etal., 2012; Orgeas et al., 2009; Rossing et al., 1996; K. L. Terry et al., 2006) and three case-
control studies (Burkman et al., 2003; Fei et al., 2012; Jensen et al., 2007) examined the
association between exposure to clomiphene and breast cancer. A total of 1,115 cases of breast
cancer across both types of study design were exposed to clomiphene. Although it examined the
relationship between clomiphene and breast cancer, Venn et al. was excluded from the analysis
as it reported fewer than 10 cases of breast cancer in the exposed cohort (Venn et al., 1999).
Forest plots for the cohort and case-control studies are found in Figures 3.2 and 3.3, respectively.
Only one cohort study, Lerner-Geva et al., reported a statistically significant association for this

relationship (Lerner-Geva et al., 2006). No case-control study reported a significant association.

The random-effects pooled RR for the cohort studies was 1.06, 95% CI [0.93-1.20], z-test
for overall effect was non-significant (p = 0.38). The pooled RR for the case-control studies was
0.97, 95% CI [0.82-1.15], z-test for overall effect also non-significant (p = 0.73). The I? value for
heterogeneity between the cohort studies was 38%, indicating moderate heterogeneity, whereas

the I? value for the case-control studies indicated low heterogeneity, I> = 11%.
3.2.3 Breast Cancer Risk Associated with Gonadotropin Use

Nine cohort studies (Brinton et al., 2014; Brinton et al., 2013; Dor et al., 2002; Gauthier
et al., 2004; Kallen et al., 2011; Pappo et al., 2008; Reigstad et al., 2015; Stewart et al., 2012;
Venn et al., 1999) and four case-control studies (Burkman et al., 2003; Fei et al., 2012; Jensen et

al., 2007; Yli-Kuha et al., 2012) examined the association between gonadotropin use and breast
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cancer. One cohort study reported this relationship as significant (Reigstad et al., 2015). No case-
control study reported a significant association. Forest plots for these studies, stratified by study

design, are displayed in Figures 3.4 and 3.5.

The pooled risk ratio for the cohort studies was 1.03, 95% CI [0.94-1.14], z-test was non-
significant (p = 0.52). The pooled risk ratio for the case-control studies was 1.18, 95% CI [0.94-
1.49], z-test for overall effect was non-significant (p = 0.16). The I? value for heterogeneity
between the cohort studies was 52%, indicating moderate heterogeneity, whereas the 1% value for

the case-control group showed minimal heterogeneity, I = 0%.
3.2.4: Breast Cancer Risk Associated with Clomiphene and Gonadotropins

Six cohort studies examined the association between breast cancer and the usage of both
clomiphene and gonadotropins (Brinton et al., 2014; Dor et al., 2002; dos Santos Silva et al.,
2009; Lerner-Geva et al., 2006; Lerner-Geva et al., 2012; Orgeas et al., 2009). A forest plot of
the results from these studies is found in Figure 3.6. None of the cohort studies reported a
statistically significant association. Only one case-control study studied this relationship and
reported an OR of 0.73, 95% CI [0.43-1.24] (Fei et al., 2012). Therefore, a pooled analysis for

studies with a case-control design was not performed.

The pooled risk ratio for the cohort studies was 1.11, 95% CI1[0.93-1.31], z-test was non-

significant (p = 0.25). The I value was 0%, indicating minimal inter-study heterogeneity.
3.2.5: Subgroup Analysis: Length of Follow-Up Time

All cohort studies were screened for subgroup analyses stratifying for length of subject
follow-up time. Four studies (Brinton et al., 2004; dos Santos Silva et al., 2009; Reigstad et al.,

2015; van den Belt-Dusebout et al., 2016) performed such analyses. The study by Brinton et al.
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(2004) was not included in the previous analyses as it overlapped with the study population used
in the study by Brinton et al. (2014). However, the earlier study stratified subjects on follow-up
time whereas the later study did not. Therefore, the earlier study was included in this portion of
the analysis. Due to the limited number of studies providing the appropriate subgroup analysis,

stratification on type of exposure was not performed.

Subgroup measures of effect were grouped as follows: subjects followed for less than 10
years, subjects followed between 10 and 19 years, and subjects followed for greater than 20
years. Reigstad et al. reported effect measures for subjects followed for 1 to 4 years, 5 to 9 years,
and more than 10 years. In this case, the first two strata were pooled into the category of
‘subjects followed for less than 10 years’, and the latter stratum was grouped in the category of
‘subjects followed between 10 and 19 years’. The enrollment period for this study extended from
1983-2002. Follow up occurred in 2010. The study reported only 1,383 subjects were enrolled
prior to 1992, representing 8.31% of the study population. Therefore, as only a small portion of
the population would have more than 20 years of follow-up, it was deemed appropriate to
include this measure of effect in the ‘subjects followed between 10 and 19 years’ category of our
analysis. van den Belt-Dusebout et al. reported effect measures for subjects followed less than 5
years, 5 to 9 years, 10 to 14 years, 15 to 19 years, and more than 20 years. The measures of effect
for subjects followed for less that 5 years and for subjects followed between 5 and 9 years were
pooled into the category of ‘subjects followed for less than 10 years’ and the 10 to 14 year and
15 to 19 year strata were pooled into the category of ‘subjects followed between 10 and 19

years’. Forest plots for each of these categories are displayed in Figures 3.7, 3.8 and 3.9.

There were two individual effect measures which indicated significant associations.

Reigstad et al. found gonadotropin-based stimulation protocols for IVF or ICSI were
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significantly associated with breast cancer in women followed for more than 10 years, RR 1.35,
95% CI[1.07-1.71] (Reigstad et al., 2015). dos Santos Silva et al. reported a significant
association between clomiphene exposure and breast cancer in women who were followed for

more than 20 years, RR 1.65, 95% CI [1.10-2.48] (dos Santos Silva et al., 2009).

The pooled RR for subjects followed less than 10 years was 0.98, 95% CI[0.82-1.17], z-
test was non-significant (p = 0.84). The I> measure indicated moderate levels of heterogeneity, I?
= 34%. The pooled RR for subjects followed between 10 and 19 years was 1.08, 95% CI [0.97-
1.21]. The z-test for this category was non-significant (p = 0.17). There was low to moderate
inter-study heterogeneity, I = 27%. Finally, the pooled RR for subjects followed for more than
20 years was 1.27, 95% CI [0.91-1.78]. The z-test for this category was non-significant (p =

0.15). Inter-study heterogeneity was high, I> = 64%.

3.3: Discussion

The meta-analysis failed to find an association between ovarian-stimulating fertility
treatments and breast cancer, regardless of type of exposure(s) assessed or the study design.
These results are consistent with the findings of two previous meta-analyses synthesizing the
literature on this topic (Sergentanis et al., 2014; Zreik et al., 2010). The study by Sergentanis et
al. identified IVF as its exposure of interest and the study by Zreik et al. included both
clomiphene and gonadotropins as its exposures of interest. Both analyses concluded that there
was no evidence of an association between ovarian-stimulating fertility treatments and breast

cancer.

The secondary analysis indicated that ovarian stimulation has not been shown to be

associated with breast cancer regardless of the length of subject follow-up time. There was some
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concern raised in qualitative reviews on this topic stating that definitive conclusions regarding
the safety of ovarian stimulation in the context of breast cancer risk cannot be made as previous
observational studies had limited follow-up time (Brinton, Moghissi, Scoccia, Westhoft, &
Lamb, 2005; Practice Committee of the American Society for Reproductive Medicine, 2016;
Stewart & Hart, 2015). Breast cancer is a disease with a relatively long latency period.
Estimating the length of this latency period is challenging as tracking tumor development in
human subjects poses methodological and ethical issues. The latency period is defined as the
time between the onset of the disease to the time where the cancer has grown to a clinically
detectable mass. To date, the literature on the topic has failed to definitely quantify the latency
period of breast cancer, however there is some evidence supporting the notion that this period is
significant. The current observational evidence supporting a long latency period comes from a
study which followed women exposed to significant quantities of radiation (Wanebo et al.,
1968). The study by Wanebo et al. included 31 women diagnosed with breast cancer after being
exposed to the radiation emitted by the nuclear explosions occurring in Hiroshima and Nagasaki
in 1945. The study reported the average latency period between exposure to radiation and
diagnosis with breast cancer was 15.4 years (Wanebo et al., 1968). It should be noted that it is
impossible to conclude that cancers which originate due to a radiation insult progress in the same
fashion as those rooted in a hormonal etiology. Nevertheless, it is prudent to study whether
lengthened periods of follow-up would reveal a significant association as shorter periods of

follow-up may be insufficient in capturing the true effects of the exposure.

There were only two studies included in this meta-analysis which reported significant
associations between ovarian-stimulating fertility treatments and breast cancer. Reigstad et al.

reported a significant association between gonadotropin use and breast cancer, and Lerner-Geva
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et al. reported a significant association between clomiphene use and breast cancer (Lerner-Geva
et al., 2006; Reigstad et al., 2015). It is important to note that these studies utilized general
population controls. Infertile women are inherently at an increased risk of developing breast
cancer for multiple reasons. First, they are more likely to remain nulliparous, have a lower total
parity, and have a later age of first birth than the general population, both of which have been
shown to be risk factors for breast cancer (Lambe et al., 1996). Additionally, on average, they are
expected to have fewer total pregnancies. High total parity has been shown to be protective
against breast cancer (Ursin et al., 2004). Finally, many of the lifestyle factors which have an
impact on fertility such as alcohol use, smoking, recreational drug use, and a high BMI are also

risk factors for breast cancer.

The study by Reigstad et al. utilized a Norwegian birth registry as a source of data. Their
entire study population was therefore parous, and age of first birth and total parity were included
as covariates in their statistical model. However, lifestyle variables associated with infertility
were not included in the model, and the authors correctly identified this as a limitation of their
study. This highlights one of the major methodological challenges in attempting to evaluate this
relationship of interest. Infertility, and its associated conditions, is an important confounder when
evaluating the relationship between ovarian stimulation and breast cancer. Gathering the
necessary information to appropriately control for the effects of infertility requires substantial
amounts of information frequently not readily available to researchers. Consequently, many
studies have opted to restrict their study populations to infertile subjects. There were 7 cohort
studies (Brinton et al., 2014; Brinton et al., 2013; dos Santos Silva et al., 2009; Rossing et al.,
1996; Stewart et al., 2012; van den Belt-Dusebout et al., 2016; Venn et al., 1999) and 1 case-

control study (Jensen et al., 2007) which did so. None of these studies found the existence of a
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significant association between ovarian stimulation and breast cancer. Studies also had
limitations pertaining to the methods in which they gathered information. These limitations will

be discussed in further detail in Chapter 4.

The current body of literatures disputes the postulated association between ovarian-
stimulating fertility treatments and breast cancer. While these treatments do indeed raise serum
estrogen levels to supraphysiologic levels, they do so only transiently. There is no evidence
supporting any sort of long-term impact on the hormone levels of future, natural, ovulatory
cycles. Therefore, it is entirely possible that estrogen levels are increased for too transient a
period to have any noticeable impact on breast cancer risk. Consequently, perhaps undergoing a
greater number of stimulated cycles may increase a woman’s risk of breast cancer as this would
increase the time period where serum estrogen levels are supraphysiologic. A total of 9 cohort
studies (Brinton et al., 2014; Brinton et al., 2013; dos Santos Silva et al., 2009; Orgeas et al.,
2009; Pappo et al., 2008; Rossing et al., 1996; K. L. Terry et al., 2006; van den Belt-Dusebout et
al., 2016; Venn et al., 1999) and 2 case-control studies conducted subgroup analyses analyzing a
potential dose-response relationship (Burkman et al., 2003; Jensen et al., 2007). Unfortunately,
there was considerable inter-study heterogeneity pertaining to stratification on the basis of
number of cycles, and pooling these studies was not feasible. Only three studies found an
association between breast cancer risk and number of ovarian stimulation cycles performed.
Orgeas et al. (2009) found the risk of breast cancer was significantly elevated in women who
underwent more than 4 cycles of clomiphene treatment (SIR 1.90, 95% CI [1.08-3.35]) (Orgeas
et al., 2009). Burkman et al. reported a significant association in subjects undergoing more than 4
cycles of ovarian stimulation using hMG (RR 2.1, 95% CI [1.0-4.4]) (Burkman et al., 2003). It

should be noted that both these analyses were limited in terms of number of exposed subjects, as
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evidenced by their relatively large standard error for their measure of effect, and their results
should be interpreted with caution. Finally, Brinton et al. reported the risk of breast cancer was
significantly elevated in subjects undergoing more than 12 cycles of clomiphene therapy (HR
1.45,95% CI[1.02-2.05]). The remaining studies found no evidence of a dose-response
relationship. While it was not assessed quantitatively, evidence supporting any sort of increase in

breast cancer risk with increasing number of stimulated cycles is limited.
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Table 3.1: Characteristics of Included Cohort Studies

Study. vear Location Cohort Size, 1];3;11"211111;;111; FO:IIOW_ Exposures Types of Measure | Covariates Adjusted for
Yy description ’ P Assessed Controls of Effect in Model
of Follow-up | Time
Provided
analysis with
Van den Belt zsu’rllgeé:grvg?llen 1980-1995, | Median bocthuglzltlizrr?l Age, age of first birth
Dusebout, Netherlands £olng follow-up of 21 Gonadotropins pop HR £6, a5 i ’
fertility controls and number of births
2016 ) . through 2013 | years ) )
investigations infertile
population
controls
Reigstad, 806,834 women 1984-2010, Mean of . Unexposed Age, calendar period of
2015 Norway having given birth follow-up 16 years Gonadotropins | - women from HR follow-up, region, parity
through 2010 the cohort ’ ’
9,892 women
United registered at 1965-1988, | Mean of |  Clomiphene Unexposed Study site, calendar year
Brinton, 2014 States reproductive follow-up 28.9 ' women from HR of infertility
endocrinology | through 2010 | years Gonadotropins the cohort investigation, parity
clinics
After 1994 Age at entry, BMI,
87,418 women (end of Mean of | Clomiphene Unexposed smoking, parity at exit,
Brinton, 2013 Israel registered with enrolment 8.1 ' women from HR SES
fertility issues period not years | Gonadotropins the cohort
stated),
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follow-up

through 2011
h:\/li}(l)g flrm(:rr;r;e 1983-2002, Unexposed
Stewart, 2012 | Australia investigation or follow-up | Mean of Gonadotropins | women from HR Age, age at ﬁr.st birth,
through 16 years multiple births
treatment for the cohort
. o August 2010
infertility
2,431 women _
Lerner-Geva, undergoing 1964-1974, 1 \fean of |  Clomiphene General Sex, age, continent of
2012 Israel fertili follow-up 4 lati SIR birth
0 ~in e.rtl 1‘Fy through 2005 34 years Gonadotropins population irt
investigations
1,388,371 giving lgiigizc())t? > Mean of General Smoking, age at deliver
Kallen, 2011 Sweden birth during the 6.2 Gonadotropins . OR E age d- Y
studv period follow-up not cars population year of delivery
yP published | 7
15,392 women 1964-1976, | Mean of Unexposed Age, socioeconomic
Calderon- . o .
Marealit. 2009 Israel giving birth in the follow-up 27.6 Clomiphene women from HR status, maternal country
g2t study period through 2004 | years the cohort of birth, BMI
1,135 women 1961-1976, | Mean of Age at end of follow—'up,
treated for . General age of first birth, parity,
Orgeas, 2009 Sweden . o follow-up 32.1 Clomiphene ) SIR .
infertility at population calendar period of
o - through 2004 | years ) .
fertility clinics diagnosis
7,355 women ‘
dos Santos United seeking treatment 1963-1999, | Mean of | - Clomiphene Unexposed .
Silva. 2009 Kinedom for ovulator follow-up 214 ' women from RR Age, calendar period
’ £ Y| through 2005 | years | Gonadotropins the cohort

disorders
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3,375 women 1986-2003, | Mean of General
Pappo, 2008 Israel who underwent follow-up 8.1 Gonadotropins opulation SIR Age, continent of birth
IVF through 2004 | years Pop
Lerner-Geva, 5’78.8 womet 1964-1984, | Mean of | Clomiphene General Age, place of origin, type
2006 Israel attending fertility follow-up 20.9 _ opulation SIR of infertilit
clinics through 1996 | years | Gonadotropins | — POPY Y
Age, height, current BMI,
BMI at 18 years old,
. 1989, follow- | Mean of Unexposed family h.1st0ry of bree}st
United 116,671 women . cancer, history of benign
Terry, 2006 up through 10.9 Clomiphene women from HR .
States aged 25 to 42 breast disease, age of
2001 years the cohort .
menarche, parity, oral
contraceptive use,
physical activity
Education, smoking,
D299 women | 440 1993, BML, family history
. enrolled in a Mean of |  (Clomiphene Unexposed
Gauthier, . follow-up p breast cancer, age of
France national health 9.7 women from RR
2004 . through June Gonadotropins menarche, menopausal
insurance years p the cohort i
2000 status, parity, age of first
database
pregnancy
5,026 women
treated for 1981-1992, | Mean of | - Clomiphene General .
Dor, 2002 Israel infertility at follow up 3.63 ' opulation SIR Age, sex, place of birth
Tty @ through 1996 | years | Gonadotropins pop
fertility clinics
29,700 women | Prior to 1994, | Mean of Unexposed Ace. calendar period
Venn, 1999 Australia registered at follow-up 8.5 Gonadotropins | women from SIR £¢, ¢ P ’
- . national region
fertility clinics | through 1996 | years the cohort
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Rossing, 1996

United
States

3,837 women
seeking fertility
counselling

1974-1986,
follow-up
through 1991

Mean of
11.32
years

Clomiphene

Unexposed
women from
the cohort

RR

Age, weight at cohort
entry, calendar year at
entry
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Table 3.2: Characteristics of the Included Case-Control Studies

Number of
. Enrollment Cases, Type of Measure | Covariates Adjusted for in
Study, year Location Period Exposures Assessed Number of Controls of Effect Model
Controls
55 cases General Age, geographic location,
Yli-Kuha, 2012 Finland 1996-2004 Gonadotropins opulation OR socioeconomic status,
60 controls pop marital status
United Clomiphene 1,669 cases Birth order of sisters,
Fei, 2012 States 2008-2010 ' 1.422 Sisters of cases OR menopausal status at index,
Gonadotropins controls age of first birth
. 331 cases
1965-1998 Clomiphene Infertile Age, parity, number of
Jensen, 2007 Denmark 1.226 RR ;
Gonadotropins ) controls births
controls
. Clomiphene 4,566 cases
Burkman, 2003 | M| 1994.1998 4676 General OR Age, ethnicity, study site
States Gonadotropins ) o population
controls
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV,Random, 95% Cl Year IV, Random, 95% Cl
Riossing 1996 069314718 04466677 1.9% 0.A0[0.21,1.20) 1996 *
Gauthier 2004 -0.0408218 0126447 13.4% 0.961(0.75,1.23] 2004
Lerner-Geva, 2006 03364722 013669496 12.3% 1.4001.07,1.83] 2008
Terny 2006 013926207 D19679 14.2% 0.87[0.69,1.10] 2008 — T
Qrgeas 2008 013976194 0228584  61% 1.1800.73,1.80) 2004
ros Santos Sila 2008 029464222 0202899  7.3% 1.28100.87,1.82] 2004
Calderan-Margalit 2009 0239016 026621884  47% 1.27[0.79, 2.04] 2009
Lerner-Geva, 2012 014062 0136124 124% 1.21[0.83,1.58] 2012
Brinton 2013 -.0618754 00833893 18.3% 0.940.79,1.12] 2013 - T
Brinton 2014 0.0487901 01708177 9.3% 1.05[0.80,1.22] 2014 . —
Total (95% Cl) 100.0%  1.06[0.93,1.20] i
Heterogeneity: Taw?= 0.01; Chi#= 14 46, df= 9 (P = 0.11); F= 38% DIE IJI? 155

Testfor overall efiect 2= 088 (F =038

Figure 3.2: Forest plot and pooled RR — All cohort studies examining the association between clomiphene and breast

cancer included in the analysis

Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Burkman 2003 0 0133859 355% 1.00[0.F7,1.300 2003 "
Jensen 2007 007496104 0128746 38.1% 1.08[0.84,1.3%] 2007 — T
Fei2l1Z 02231435 0157316 26.4% 0.801[0.69, 1.0 2012 =
Total (95% Cl) 100.0% 0.97 [0.82,1.15] -l
Heterogeneity: Tau?= 0.00; Chif= 224, df= 2 (P = 0,33 F=11% D?E D?T 1?5 é

Testfor averall effect £2=035(F=0.73)

Figure 3.3: Forest plot and pooled RR — All case-control studies examining the association between clomiphene and

breast cancer included in the analysis
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Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% Cl

Yenn 15999 009431 0110474 108%  0.91[0.73,1.13) 1999 '

(Fauthier 2004 001009 0203985 45% 099066 1.49) 2004

Pappo 2008 0.33647224 0168059  6.2%  1.40[0.53 199 2008

Kallen 2011 0027443685 010945 MA%  O7E[0.61,084] 201

Stewart 2012 0.09531018 010825 11%  110[0.89, 136 2012 .

Brinton 2013 0.00395033 010054 120%  1.01[0.83,1.23 2013 I —
Brinton 2014 0131028 0119191 99%  1.14[0.80,1.44] 2014 '

Reigstad 2015 018232186 0.089465 134%  12000.01,1.43] 2015 —
Van den Belt-Dusebout 2016 000995 0.039892 21.0%  1.01[094,1.09 2016 -

Total (95% CI) 100.0%  1.03[0.94,1.14] -
Heterageneity, Tau®= 0.01: Chi*=16.68, df= 8 (P = 0.03) F= 52% IJ=5 Di? 115 é

Testfor overall efect 2= 0.64 (F=052)

Figure 3.4: Forest plot and pooled RR — All cohort studies examining the association between gonadotropins and
breast cancer included in the analysis

Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Burkman 2003 0.405465 0.239798 24.45% 1.50 (094, 2.40) 2003 I L B
Jensen 2007 0182321 0201169 34.8% 1.20[0.81,1.78] 2007 —
Fei2012 03364722 0.40885879 B.A4A% 1.401[063,3.12] 2012
Yli-kuha 20132 -0.07257069 0208685 32.3% 093062 1.400 2012 —
Total {95% Cl) 100.0% 1.18 [0.94, 1.49] e
Heterogeneity: Tau?=0.00; Chi*= 2.48, df= 3{F =0.48); F= 0% Elfﬁ IZI!T 1!5 é

Testfor overall effect Z=1.41 (P=0.16)

Figure 3.5: Forest plot and pooled RR — All case-control studies examining the association between gonadotropins
and breast cancer included in the analysis

74



Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV,Random, 95%Cl Year IV, Random, 95% Cl

Dot 2002 -0371063 0447899 39% 0.69[0.29,1.66) 2002 *

Lerner-Geva, 2006 00582688 0254788 11.8% 1.06[0.64,1.79) 2006

dos Santos Silva 2009 0 024297668 13.2% 1.00[0.62,1.61] 2004

Orgeas 2009 02468601 01961284  20.2% 1.28[0.87,1.88] 2004 #

Lerner-Geva, 2012 10725706 0286301 9.5% 043[0.53 1,63 2012 *

Brinton 2014 0131028 0136868 41.4%  1.14(0.88, 1.48) 2014 —T

Total {95% CI) 100.0%  1.11[0.83,1.31] B
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Figure 3.6: Forest plot and pooled RR — All cohort studies examining the association between clomiphene plus
gonadotropins and breast cancer included in the analysis
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Figure 3.7: Forest plot and pooled RR — Cohort studies which conducted a stratified analysis on follow-up time,
measures of effect for subjects followed less than 10 years
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Figure 3.8: Forest plot and pooled RR — Cohort studies which conducted a stratified analysis on follow-up time,
measures of effect for subjects followed between 10 to 19 years
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Figure 3.9: Forest plot and pooled RR — Cohort studies which conducted a stratified analysis on follow-up time,
measures of effect for subjects followed more than 20 years
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Chapter 4: Case-Control Study

A case-control study was performed to examine the association between ovarian
stimulation and breast cancer utilizing the Clinical Practice Research Datalink (CPRD). The
protocol for this study was approved by the Independent Scientific Advisory Committee (ISAC)
in March of 2017 (protocol number: 17 _043). The following chapter contains a manuscript
detailing the materials, methods, and results of this study, as well as a discussion of the results.
To limit redundancy with previous chapters the introduction of this manuscript was removed as it

contained similar information to that presented in Chapters 1 and 2.
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Abstract

Introduction: The interplay between reproductive hormone levels and breast cancer is well
established. Ovarian-stimulating fertility treatments raise serum estrogen levels transiently over

the course of therapy, which has raised questions regarding their safety.

Methods: A population-based case-control study was performed using the Clinical Practice
Research Datalink. Cases of breast cancer diagnosed between 1995 and 2013 were matched to 10
controls based on age, general practice, and follow-up time. Cases and controls were assessed for
exposure to clomiphene or IVF via their medical records. Risk ratios and their 95% confidence
intervals were computed using multivariate logistic regression. The model was adjusted for BMI,
smoking, alcohol use, parity, hormonal contraceptive use, hormone replacement therapy, and

oophorectomy.

Results: The study population consisted of 27,026 cases of breast cancer and their controls.
1,717 subjects had a history of clomiphene exposure and 1,137 subjects had a history of IVF.
Exposure to clomiphene was significantly associated with breast cancer, RR 1.32, 95% CI [1.23-
1.42]. Exposure to IVF was also associated with breast cancer, RR 1.55, 95% CI [1.42-1.69].
The stratified analysis indicated clomiphene was associated with pre-menopausal cancers, RR
1.58 95% CI [1.45-1.72] but not post-menopausal malignancies, RR 0.91 95% CI [0.80-1.03].
IVF was associated with both pre- and post-menopausal cancers. A secondary analysis stratified
the study population on PCOS status. Among women with diagnoses of PCOS, clomiphene use

was not associated with an increased risk of breast cancer, RR 1.22, 95% CI [0.99-1.50].

Conclusion: Cases of breast cancer were significantly more likely to have underwent
clomiphene or IVF treatment. However, underlying infertility and its associated conditions may

have confounded this relationship and these results should be interpreted with caution.
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4.1 Materials and Methods

We performed a population-based case-control study using the Clinical Practice Research
Datalink (CPRD). The CPRD is a primary care database collecting information from over 674
general practices in the United Kingdom, including medical records for over 11.3 million
patients (Herrett et al., 2015). As of June 2015, there were an estimated 4.4 million patients
registered in the database, representing approximately 7% of the UK’s population (Herrett et al.,
2015). Demographics of the CPRD’s population have been compared to information collected by
the UK’s 2011 census. The population captured within the CPRD was deemed to be broadly
representative of the general population in terms of age, sex, and ethnicity (Mathur et al., 2014).
The CPRD is maintained by the UK’s Department of Health in association with the National
Institute for Health Research. These regulatory bodies have instituted quality assurance and
compliance regulations to ensure accuracy of the recorded information. General practices are
individually evaluated and approved. Quality assurance for medical records is performed in
accordance with the Quality and Outcomes Framework, a guideline outlining the reporting
standards for general practitioners in the UK (Sutcliffe D, 2012). The use of the CPRD is
advantageous in epidemiological studies, particularly those evaluating etiological causes of
cancer, due to its longitudinal nature. Data collection occurs prospectively, thereby reducing the
risk of recall bias. Additionally, as breast cancer is a disease with a relatively long latency
period, extended follow-up times are generally preferred in studies evaluating its causal risk
factors (Wanebo et al., 1968). The CPRD includes patient consultation records from 1987

onwards, with active patients having a median follow-up time of 9.4 years (Herrett et al., 2015).

A protocol for this study was submitted to the Independent Scientific Advisory

Committee (ISAC) for review. The ISAC is an advisory body evaluating the feasibility,
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ethicality, confidentiality, quality, and value of studies vying to use CPRD information. The

protocol was approved by the Committee in March of 2017 (Protocol number 17 043).
4.1.1: Study Population and Design

The source population from which both cases and controls were selected was defined as
all females with records present in the CPRD between January 1%, 1995 and January 1%, 2015. A
subject entered the source population at the occurrence of the latest of the following events:
registration with an up-to-standard general practice as of January 1%, 1995, calendar date of the
subject’s 18 birthday, or date of first registration with an up-to-standard general practice. Up-to-
standard practices are designated as such following quality assurance reviews performed by the
regulatory bodies maintaining the CPRD (Reeves et al., 2014). Subjects were excluded from the
source population if they were not from an up-to-standard general practice, had less than one
year of medical history recorded in the CPRD, or were diagnosed with any form of cancer prior
to a first diagnosis of breast cancer. The latter exclusion criterion was used to ensure all cases of
breast cancer were not re-occurrences of a prior breast malignancy or a metastasis of any other
malignancy. The source population was restricted to females born between January 1%, 1945 and
January 1%, 1995. The left censoring date ensured no female in the source population would be
older than the age of 50 as of January 1%, 1995. As a result, all subjects entering the source
population on January 1%, 1995 had the possibility of being exposed to fertility treatments and
having these treatments captured within the CPRD. The right censoring date ensured no female
in the source population will be younger than 18 years of age as of January 1%, 2013. The two-
year disparity between the right censoring date and the end of the study period allowed for a

minimum of two years of follow-up following the subject’s 18" birthday.
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4.1.2: Case and Control Selection

The entire source population was followed until a first diagnosis of breast cancer, death
from any cause, end of registration with the general practice, or end of the study period,
whichever occurred first. Diagnoses of breast cancer were identified with the use of a validated
computer algorithm used in previous studies performed with CPRD records (Opatrny,
Dell'Aniello, Assouline, & Suissa, 2008). The list of medical and read codes used in outcome

identification is found in the appendix.

For each case of breast cancer identified, 10 controls were selected. Control subjects
were matched with their respective cases based on year of birth, general practice, and year of
registration in the general practice. Thus, cases and controls were matched on age, general
practice, and follow-up time. All controls were alive, never diagnosed with breast cancer, and
registered with an up-to-standard general practice when matched to their corresponding case.
The index date for cases was used as the index date for their matched controls. All baseline
variables were evaluated as of the index date for cases and controls. The choice of 10 controls
per case allowed the analysis to be manageable, with minimal loss of precision (Breslow NE,

1987).

4.1.3: Exposure Assessment

All cases and controls were evaluated for exposure to either clomiphene or IVF. Medical
and read code lists were generated by searching the CPRD Code Browser with the relevant
search terms. A list of codes used to identify cases of exposure is found in the appendix. As the
CPRD contains primary care records, evaluation of the types and dosages of the drugs used in
IVF treatments was not possible, as this information is restricted to the records of secondary or

tertiary centres. Evaluating IVF exposure on an ‘ever/never’ basis was still feasible as [IVF
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treatments are still likely to be recorded in a patient’s primary care file, either due to the patient
being referred to a fertility clinic by the primary care physician, or the patient reporting these
treatments to their primary care physician. Conversely, it is not uncommon for clomiphene to be
prescribed to patients by primary care physicians in the UK. NICE guidelines published in 2004
and updated in 2013 recommend physicians “offer ultrasound monitoring during at least the first
cycle of treatment to ensure [patients] are taking a dose that minimises the risk of multiple
pregnancy” (National Collaborating Centre for Women’s and Children’s Health, 2013). These
guidelines would certainly dissuade some primary care physicians from providing clomiphene
treatment. Some authors argue ultrasound monitoring for clomiphene treatment is not necessary
as ultrasound monitoring has not been shown to consistently decrease the risk of multiple
pregnancy following clomiphene use (Cahill & Wardle, 2002). Studies have shown that some
physicians in the UK still prescribe clomiphene in the primary care setting (Wilkes, Chinn,
Murdoch, & Rubin, 2009). It should be noted, however, that a sizeable portion of females
undergoing clomiphene treatment would do so in specialized fertility clinics. The use of primary
care data to evaluate exposure to either clomiphene or IVF is therefore an important limitation of

our study.

4.1.4: Statistical Analysis

First, descriptive statistics were used to summarize the characteristics of cases and their
matched controls. Second, multivariate logistic regression was used to estimate RRs and their
95% confidence intervals. As we matched cases and controls on follow-up time, odds ratios
(ORs) computed by the regression model were reliable estimators of the RRs. The regression
model was adjusted for a series of covariates considered to be potential confounders of the

relationship between ovarian-stimulating fertility treatments and breast cancer. These variables
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were body mass index (BMI), smoking, alcohol use, parity, hormonal contraceptives use,
hormone replacement therapy (HRT), and oophorectomy. BMI values were stratified into four
categories in accordance with WHO definitions, that is, Underweight (BMI <18.50 kg/m?),
Normal (BMI 18.50-24.99 kg/m?), Overweight (BMI 25.00-29.99 kg/m?), and Obese (BMI
>30.00 kg/m?) (Nuttall, 2015). Smoking status was stratified into never use, current light use,
current moderate use, current heavy use, and ex-heavy use. Alcohol use was stratified into
similar categories. Both hormonal contraceptive use and HRT use were evaluated on an
‘ever/never’ basis. Hormonal contraceptives included combined oral contraceptives, progestin-
only pills (POPs), and implantable progestin devices. POPs and implantable progestin devices
were included due to the evidence presented in the paper by Morch et al. which found a
significant association between these medications and breast cancer (Morch et al., 2017). Finally,
oophorectomy was evaluated as a binary, ‘yes/no’, variable. Instances of oophorectomy must
have occurred prior to a subject’s index date. Lists of CPRD read codes for these variables can

be found in the appendix.

Our primary analysis consisted of evaluating clomiphene and IVF exposure on an
‘ever/never’ basis. Additionally, cases of breast cancer were stratified on age of diagnosis, that
is, whether the diagnosis occurred before the age of 50 or after the age of 50. This approximates

whether the breast cancer was pre-menopausal or post-menopausal.

Two secondary analyses were performed. The first aimed to determine the possible
relationship between the number of clomiphene pills prescribed and the risk of breast cancer.
This analysis evaluated the potential dose-response relationship between clomiphene usage and
breast cancer. Secondly, as we were unable to adjust for underlying infertility and some of its

associated conditions such as total parity and age of first birth, we aimed to evaluate the potential
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confounding effects of these variables in a different manner. This involved stratifying the study
population on previous diagnoses of polycystic ovary syndrome (PCOS). Subjects were
identified as having PCOS if their clinical records indicated they had been diagnosed with this
syndrome prior to their date of exposure to either clomiphene or IVF. The list of read codes used

to identify subjects diagnosed with PCOS can be found in the appendix of this document.

In order to address the issue of missing data, we used multiple imputation methods that
have been shown to produce valid estimates of effect when the rate of missing data is less than
60% (Barzi & Woodward, 2004). Multiple imputation of missing values was performed using
the SAS function PROC MI on all covariate model variables to produce the values for
imputation. Similar to a study by Delaney et al. which successfully used this technique in a study
using the CPRD, we used mixed chain imputation with 1000 burn-in iterations and the Markov
chain Monte Carlo (MCMC) method in which a Markov chain long enough for the distribution
of the elements to stabilize to a common, stationary distribution (Delaney et al., 2007). By
repeatedly simulating steps of the chain, draws from the distribution of interest are also
simulated. In keeping with the Delaney et al. methodology, time-plots and auto-regression plots
were assessed to determine whether imputation was successful and that there was minimal auto-
regression between iterations of the MCMC algorithm. The results for each imputation were
generated using conditional logistic regression and then combined using PROC MIANALYZE
procedure in SAS. Finally, 10 imputed datasets for this study were produced to ensure that our
effect estimates were not overly inaccurate due to Monte Carlo variability (Schafer, 1999). All
analyses were done with the statistical software package SAS Institute Inc. Enterprise Guide 6.1,
Copyright ©2013. SAS Institute Inc. SAS and all other SAS Institute Inc. product or service

names are registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA.
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4.2: Results

The study population consisted of 27,026 cases of breast cancer and their corresponding
270,260 matched controls. Covariate characteristics for the study population, including
demographic, lifestyle, and clinical variables, are displayed in Table 4.1. Breast cancer cases
were more likely to be underweight (BMI of less than 18.5 kg/m?), to have been prescribed
hormonal contraceptives, to have been prescribed HRT, and be parous. Cases and controls were

similar in terms of smoking status, alcohol use, and rates of previous oophorectomy.

The results from the primary analysis are presented in Table 4.2. In total, 1,717 subjects
were exposed to clomiphene and 1,137 underwent IVF treatment. Following adjustment for the
relevant covariates, exposure to clomiphene was significantly associated with breast cancer, RR
1.32,95% CI [1.23-1.42]. Similarly, exposure to IVF was significantly associated with breast
cancer, RR 1.55, 95% CI [1.42-1.69]. Following stratification based on age of breast cancer
diagnosis, exposure to clomiphene remained significantly associated to pre-menopausal breast
cancers, RR 1.58, 95% CI [1.45-1.72], but not post-menopausal breast malignancies, RR 0.91,
95% CI [0.80-1.03]. IVF remained significantly associated to both pre-menopausal and post-
menopausal breast cancers with RRs of 1.61, 95% CI [1.44-1.79] and 1.43, 95% CI [1.25-1.64],

respectively.

Table 4.3 presents the results of the first secondary analysis exploring the dose-response
relationship between clomiphene and breast cancer. Clomiphene remained associated with breast
cancer regardless of the number of pills prescribed, except in subjects who were prescribed
between 46 and 60 pills, RR 1.13, 95% CI [0.93-1.38]. No apparent trend existed. The second
secondary analysis stratified cases and controls based on prior diagnoses of PCOS. The results of

this analysis are displayed in Table 4.4. A total of 2,264 women were diagnosed with PCOS, 203
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of which were prescribed clomiphene. In women without PCOS, clomiphene exposure remained
significantly associated with breast cancer, RR 1.24, 95% CI [1.16-1.33]. In women who were
diagnosed with PCOS, clomiphene use was not significantly associated with an increased risk of

breast cancer, RR 1.22, 95% CI[0.99-1.50].

4.4: Discussion

Determining whether ovarian-stimulating fertility treatments are linked with breast
cancer is clinically important. Evidence supporting this relationship would potentially modify
treatment protocols for future patients and would justify more robust screening regimens for
patients having already undergone ovarian stimulation. Numerous observational studies have
explored this relationship. The results of these studies have been synthesized in the meta-analysis
presented in Chapter 3. Overall, the current evidence on this topic refutes any relationship
between ovarian stimulation and breast cancer, however, many previous studies suffered from

certain limitations which we aimed to improve upon.

Firstly, several previous observational studies utilized multiple, distinct databases to
compile information. This requires the use of data linkage. For example, studies such as the ones
by van den Belt-Dusebout et al., Brinton et al., and Stewart et al. ascertained exposure
information from the medical records of fertility clinics (Brinton et al., 2014; Stewart et al.,
2012; van den Belt-Dusebout et al., 2016). At follow-up, subjects were linked to national cancer
registries to determine their outcome status. Data linkage is a common tool used in
epidemiological studies, however, it is susceptible to bias. When databases are linked, errors may
occur. These errors are often due to missing data, leading to missed matches, or erroneous patient
identifiers in one of the linked databases, leading to false matches (Harron, Wade, Gilbert,

Muller-Pebody, & Goldstein, 2014). Linkage bias stems from missed or erroneous matching
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occurring more often when linking subjects with certain characteristics. Bohensky et al.
conducted a systematic review of the literature quantitatively evaluating linkage bias, mainly by
comparing the characteristics of correctly matched and falsely matched records (Bohensky et al.,
2010). Of the 13 studies included in the analysis, 11 if them identified instances of bias arising
from data linkage. These biases were primarily the result of disparities in overall health, age,
geographical location, ethnicity, time period of enrollment, and socioeconomic status between
matched and unmatched, or erroneously-matched, subjects. In our study, exposure, outcome, and
covariate information was extracted from a single database which effectively eliminated the risk
of bias arising from data linkage. A second major source of bias in previous studies arose from
the methods of gathering covariate information. Cancer registries and fertility clinic records
often do not record the necessary information required for appropriate control of confounding.
For example, these databases are less likely to include information pertaining to smoking status,
alcohol use, HRT use, and hormonal contraceptive use when compared to primary care records.
Therefore, studies would either fail to include these covariates in their model or gather
information on these variables using patient-filled questionnaires at the time of subject follow-
up. This was the case for studies such as van den Belt-Dusebout et al., Burkman et al., and
Gauthier et al (Burkman et al., 2003; Gauthier et al., 2004; van den Belt-Dusebout et al., 2016).
Gathering covariate information at the time of follow-up causes this information to be
susceptible to recall bias. Recall bias, in this context, stems from subjects being more likely to
report variables associated with breast cancer should they have been diagnosed with breast
cancer in the past. For example, subjects with a history breast cancer would be more likely to
report past HRT use compared with those not diagnosed with breast cancer. Following
adjustment, this would dilute the association, if any, between the exposure of interest and breast

cancer. Our study used information collected by primary care physicians in accordance with
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rigorous quality assurance standards, which somewhat increases the validity of the information
used to evaluate exposure, outcome, and covariate variables. Information was collected
longitudinally, thereby eliminating the possibility of recall bias affecting results. Finally, with
27,026 cases of breast cancer included in the analysis, 211 of whom were exposed to clomiphene
and 152 exposed to IVF, our study was substantially larger and more statistically powerful than
prior case-control studies. The next-largest case-control study was the one conducted by
Burkman et al., which included 61 cases of breast cancer exposed to gonadotropins and 111

cases exposed to clomiphene (Burkman et al., 2003).

Our study had important limitations which warrant further discussion. One such
limitation was our inability to control for the effects of infertility and some of its associated
factors in the regression model. It is postulated that women who experience fertility issues are
inherently at a greater risk of developing breast cancer. Typically, infertile women are more
likely to remain nulliparous and give birth later in life in comparison to women with normal
reproductive functioning. In cases where they succeed in conceiving, they are likely to have, on
average, a lower total parity compared to women without fertility issues. Nulliparity and an older
age of first birth are both considered risk factors for developing breast cancer (Lambe et al.,
1996). A lower total parity is also associated with an increased risk of breast cancer (National
Cancer, 2005). Factors such as alcohol use, smoking, and an elevated BMI are associated with
reduced fecundity. Breast cancer is also strongly linked with alcohol use (McDonald, Goyal, &
Terry, 2013), smoking (Jones, Schoemaker, Wright, Ashworth, & Swerdlow, 2017) and obesity
(Ligibel, 2011), making these factors important confounding variables. In our primary analysis,
we attempted to control for the effects of alcohol use, smoking, BMI, and parity, however, we
were unable to adjust for age of first birth and total number of pregnancies, which was another

important limitation of our study.
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In ideal conditions, the entire study population would have been restricted to women with
a history of fertility issues as to negate the confounding effects of infertility. This was not
feasible as codes for infertility within the CPRD are not standardized and have not been
externally validated. Instead, we decided to perform a secondary analysis which stratified the
study population on a variable which has been validated and used in previous observational
studies using the CPRD, PCOS (Rees, Jenkins-Jones, & Morgan, 2016). This syndrome is a
common cause of infertility and is strongly associated with breast cancer risk factors such as
obesity (Sam, 2007). Women suffering from PCOS are also be more likely to be nulliparous
(Mikola, Hiilesmaa, Halttunen, Suhonen, & Tiitinen, 2001). Within the group of women who
were diagnosed with PCOS, the association between clomiphene and breast cancer was not
significant. In other words, within a population of women affected by fertility issues, clomiphene
was no longer significantly associated with breast cancer. This finding puts into question the
whether the significant association observed in the primary analysis was due to a causal
relationship between ovarian stimulation and breast cancer as it is possible that these results were

confounded by the underlying infertility.

Another limitation of our study was the use of primary care data to evaluate exposure
information. Firstly, IVF is performed in secondary and tertiary care centres specialized in
providing these treatments. Thus, there is a strong possibility that a significant numbers of
exposure events were missed as exposure information was extracted from primary care records.
IVF exposure would only be present in the CPRD if the primary care physician referred their
patient to a specialty clinic, or the patient self-reported their treatment to their doctor. However,
we cannot assume that the misclassification of IVF exposure data was biased in any way. The
evaluation of exposure to IVF would be biased if it was more likely to be reported in women

with breast cancer than in control subjects. In this case, information on IVF exposure could not
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be biased as information contained in the CPRD is collected longitudinally. The use of primary
care data also limited our study by preventing an analysis of the dose-response relationship
between number of IVF cycles and breast cancer. Information the number of IVF cycles given to
each subject would be contained in the records of the fertility clinics these women attended.
Additionally, while it is not uncommon for clomiphene treatment to be prescribed by primary
care physicians, regional guidelines for the UK suggest patient response to the first cycle of
clomiphene treatment be monitored by transvaginal ultrasound (National Collaborating Centre
for Women’s and Children’s Health (UK), 2013). This type of monitoring is often performed in
specialized care centres. Therefore, it is likely that a sizeable portion of clomiphene exposures
were misclassified. However, similar to the case of IVF, it is unlikely that this misclassification

was biased in any way.

Determining whether the observed association between ovarian stimulation and breast
cancer is a causal relationship is of important clinical significance. According to the Bradford-
Hill considerations for causality, evidence of a dose-response relationship is important for stating
a relationship is causal (Hofler, 2005). This was analyzed in the first of the secondary analyses.
No apparent trend was seen between the number of clomiphene pills prescribed and the risk of
breast cancer. This disputes any sort of dose-response relationship between clomiphene and
breast cancer. There is a plausible alternate explanation for this finding. Information on the
number of clomiphene pills administered to each patient was extracted from the primary care
clinic’s prescription records. Stratification was therefore performed based on the number of
clomiphene pills prescribed by the subject’s primary care physician. It is possible that a sizeable
portion of the population was not administered the entire dose of clomiphene prescribed. This
may be especially true for subjects prescribed a large quantity of pills. As a result, the association

between clomiphene and breast cancer may have been diluted in the higher-dosage strata. This
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may have effectively masked a potential dose-response relationship. Nevertheless, these results
cannot support a dose-response relationship between clomiphene and breast cancer, which
further limits our ability to conclude the existence of a causal relationship between ovarian

stimulation and breast cancer.

The possibility that surveillance bias affected results should also be emphasized.
Surveillance bias is a form of non-differential bias caused by a group of subjects being clinically
monitored more closely than the reference group (Hemminki et al., 2017). In this case, women
who require fertility treatments to conceive are be more likely to have co-morbid conditions
which were direct or indirect causes of their infertility. In turn, these conditions would cause a
subject to require more frequent, and more extensive, medical visits. Conditions such as
endocrine dysfunction, endometriosis, PCOS, and sexually transmitted infections may cause a
woman to visit their physician more frequently than the general population. Additionally, several
lifestyle factors such as alcohol use, smoking, and obesity are associated with other co-
morbidities which would necessitate frequent clinical care. Should infertile women visit their
physician more often than the general population, breast cancer may be preferentially detected in
this group of women, which would bias the association between ovarian-stimulating fertility
treatments and breast cancer towards significance.

The disparity is socioeconomic status between the exposed and reference groups may
also contribute to surveillance bias. In the UK, IVF treatments are subsidized by the National
Health Service (NHS), however, a comprehensive evaluation of each patient is performed to
evaluate whether the service will be covered in full. Variables such as age, comorbidities
affecting prognosis, and previous births are considered when deciding coverage. Approximately
40% of IVF cycles performed in the UK are fully funded by the NHS. The remaining cycles are

privately funded, either partially or fully (Human Fertilisation and Embryology Authority, 2016).
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The cost of an IVF cycle may be prohibitively expensive to couples of lower socioeconomic
statuses. Therefore, it may be assumed that a sizeable portion of women undergoing IVF are of
moderate to high socioeconomic status. Although the UK has a single-payer health care system,
low socioeconomic status is still considered to be an important barrier to accessing regular
medical care. Observational studies performed in countries utilizing a single-payer health care
system consistently conclude that low socioeconomic status is associated with a decreased
utilization of clinical services (Filc, Davidovich, Novack, & Balicer, 2014; Olah, Gaisano, &
Hwang, 2013). Women of low socioeconomic status have also been shown to be less likely to
undergo regular mammographic screening in single-payer systems (Hanson, Montgomery,
Bakker, & Conlon, 2009). As it may be assumed that a sizeable portion of women undergoing
IVF are of moderate to high socioeconomic status, breast cancers may be preferentially detected
in this group, which would further bias results towards significance.

In summary, the results of our study contradict many of the previous analyses examining
this relationship, as both clomiphene and IVF was related to an increased risk of breast cancer,
even after adjustment for several important confounders. However, we are hesitant to promote
the presence of a causal association between ovarian-stimulating fertility treatments and breast
cancer. The results our secondary analyses indicate there is a possibility that the results from our
primary analysis may have been confounded by the effects of infertility. These results may also
have been affected by surveillance bias and confounding due to socioeconomic status.
Additionally, a clear dose-response relationship between clomiphene and breast cancer could not
be established which further puts into question the existence of a causal relationship between

ovarian stimulation and breast cancer.
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Table 4.1: Demographic, Clinical, and Lifestyle Characteristics of Breast Cancer Cases and Matched

Controls
Characteristics Breast Cancer Controls
n =27,026 (%) n=270,260
Age (years)
<35 629 (2.33) 6,290 (2.33)
35-49 8,776 (32.47) 87,760 (32.47)
50-64 15,826 (58.56) 158,260 (58.56)
65+ 1,795 (6.64) 17,950 (6.64)
BMI (at index)
<18.50 3,062 (19.23) 51,970 (11.33)
18.50-24.99 10,534 (37.65) 3,062 (38.98)
25.00-29.99 7,378 (24.33) 65,473 (27.3)
30.00+ 6,052 (18.90) 51,074 (22.39)
Smoking

Non-smoker
Light-moderate smoker
Heavy smoker
Ex-heavy smoker
Missing

Alcohol
Non-drinker
Light-moderate drinker
Heavy drinker
Ex-heavy drinker
Missing

Parity
Parous

Nulliparous/Missing

17,584 (57.27)
2,107 (6.82)
710 (2.44)
235 (0.63)
6,390 (32.84)

4,310 (16.17)
10,122 (31.25)
269 (0.82)

8 (0.04)
12,317 (51.72)

11,473 (42.45)
15,553 (57.55)

154,770 (65.06)
18,438 (7.8)
6,592 (2.63)
1,694 (0.87)
88,766 (23.64)

43,690 (15.95)
84,457 (37.45)
2,212 (1.00)
117 (0.03)
139,784 (45.57)

93,390 (34.59)
176,870 (65.41)
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Hormonal Contraceptive Use

Ever

Never

Hormone Replacement Therapy

Use
Ever
Never
Oophorectomy
Yes
No

7,469 (27.64)
19,557 (72.36)

4,551 (16.84)
22,475 (83.16)

69 (0.26)
26,957 (99.74)

60,454 (22.37)
209,806 (77.63)

39,897 (14.76)
230,363 (85.24)

616 (0.23)
269,644 (99.77)
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Table 4.2: Overall Association Between Ovarian-Stimulating Fertility Treatments and Breast Cancer

Variable Cases of Controls Crude RR (95% CI)  Adjusted RR*(95%  Adjusted
E;iii[r (n =270,260) D p-value
(n=27,026)
Overall
Clomiphene 211 1,506 1.41 (1.32-1.51) 1.32 (1.23-1.42) <0.0001
(n=1,717)
IVF 152 985 1.55 (1.43-1.68) 1.55 (1.42-1.69) <0.0001
(n=1,137)

Age of breast cancer
diagnosis - Clomiphene

Diagnosis before 50 154 944 1.65 (1.52-1.79) 1.58 (1.45-1.72) <0.0001
Diagnosis after 50 57 562 1.01 (0.90-1.14) 0.91 (0.80-1.03) 0.1400

Age of breast cancer
diagnosis - IVF

Diagnosis before 50 95 585 1.63 (1.47-1.81) 1.61 (1.44-1.79) <0.0001
Diagnosis after 50 57 400 1.43 (1.26-1.62) 1.43 (1.25-1.64) <0.0001

2 Adjusted for BMI, smoking, alcohol use, parity, hormonal contraceptive use, HRT use and oophorectomy
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Table 4.3: Association between Clomiphene and Breast Cancer - Stratified by Number of Clomiphene Pills

Prescribed
Variable Cases of Controls Crude RR (95% CI) Adjusted RR*(95 % CI)  Adjusted
breast p-value
cancer
Number of Pills
1-15 54 398 1.36 (1.19-1.55) 1.22 (1.07-1.39) 0.0027
16-30 63 462 1.37 (1.21-1.54) 1.27(1.13-1.44) <0.0001
31-45 26 134 1.94 (1.58-2.40) 1.71 (1.39-2.11) <0.0001
46-60 22 175 1.26 (1.03-1.54) 1.13 (0.93-1.38) 0.2214
61+ 46 335 1.38 (1.20-1.58) 1.22 (1.06-1.41) 0.0052

2 Adjusted for BMI, smoking, alcohol use, parity, hormonal contraceptive use, HRT use and oophorectomy
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Table 4.4: Association Between Clomiphene and Breast Cancer — Stratified by Diagnoses of PCOS

Variable Cases of Controls Crude RR (95% Adjusted RR? Adjusted
breast C) (95% CI) p-value
cancer

PCOS status Clomiphene

No (n=295,022) | Exposed 180 1,334 1.36 (1.26-1.45) 1.24 (1.16-1.33) <0.0001
Unexposed 26,576 266,932

Yes (n=2,264) Clomiphene
Exposed 31 172 1.37 (1.13-1.67) 1.22(0.99-1.50)  0.0605
Unexposed 239 1,822

2 Adjusted for BMI, smoking, alcohol use, parity, hormonal contraceptive use, HRT use and oophorectomy
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Chapter 5: General Discussion, Conclusions and Frameworks for
Future Research

5.1: General Discussion

The results of the case-control study were unexpected in the context of the existing
literature on this subject. As discussed in the previous section, the possibility that the case-
control study’s results were confounded by the underlying effects of infertility is significant. Its
results, therefore, should be interpreted with caution. Nevertheless, it is important to explore
lines of evidence which support the postulated association between ovarian stimulation and
breast cancer.

A study by Lundberg et al. compiled a cohort of 43,313 women 40 to 69 years old who
were enrolled in a mammographic screening program (Lundberg et al., 2016). All members of
the study population were never diagnosed with a previous breast cancer nor were they
undergoing further testing for a suspected breast malignancy. Subjects completed questionnaires
assessing for a history of infertility and a history of ovarian-stimulating fertility treatments.
Those with a history of infertility were stratified into three categories based on the type of
previous fertility treatment they received: ovarian stimulation with clomiphene or low-dosage
gonadotropin cycling, ovarian stimulation with high-dose gonadotropins for IVF, and no
previous ovarian stimulation. Breast density was quantitatively assessed by a software program
which computed measures of absolute breast density by integrating the percent density of each
pixel of the mammogram over total breast volume (Garcia et al., 2017). There were 1,576
women with a history high-dose gonadotropin stimulation for IVF. On average, this group had
3.12 cm?, 95% CI[2.22-4.02] higher absolute breast density volume compared to women with a

history of infertility with no previous treatment. Those with a history of ovarian stimulation with
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clomiphene or low-dose gonadotropins did not have a significantly higher than average breast
density when compared to the same reference group. The statistical model was adjusted for
important confounders such as age at menarche, HRT use, BMI, smoking history, alcohol use,
and parity.

Sprague et al. conducted a similar study utilizing a cohort of 1,009 subjects undergoing
mammography screening regimens with no history of breast cancer (Sprague et al., 2008).
Subjects were assessed for exposure to either clomiphene or gonadotropins through pharmacy
records. No stratification based on type of drug used, or drug dosage, was performed. Breast
density was qualitatively evaluated by board-certified radiology specialists. Mammograms were
classified as being of either low or high density. Overall, this study found no association between
ovarian-stimulating therapies and increased breast density, OR 1.06, 95% CI [0.63-1.77],
however, the authors reported an increasing trend between breast density and time since
exposure. Each additional month following drug dispensal was associated with a 13%, 95% CI
[1%-27%] increase in the risk of a subject being classified as having dense breast tissue. Subjects
whose mammogram was performed more than a year following drug dispensal were significantly
more likely to be classified as having high breast density than those whose mammogram
occurred within a year of drug dispensal. Although the study found no overall association, this
could be due to the short follow-up time of the study. Only exposures occurring 2 years prior to
mammography were considered. Additionally, exposures were assessed through pharmacy
records. Therefore, the date of drug dispensal would not correspond with the date of actual
exposure. A lag period, of undetermined length, existed between drug dispensal and drug
administration. The authors of this study suggested that if the follow-up period was lengthened,

the overall association may have approached or entered significance.
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Increased breast density is a validated risk factor for breast cancer. A multi-centre case-
control study published in the New England Journal of Medicine reported that the risk of breast
cancer in women with dense breast tissue is significantly elevated for up to 8 years following
initial mammography (Boyd et al., 2007). The National Cancer Institute presently classifies
dense breast tissue as an independent risk factor for breast cancer (National Cancer Institute,
2018). Breast density is representative of the composition of mammary tissue. Breast tissue of
greater density is associated with greater epithelial cell proliferation, greater collagen levels, and
greater volume of glandular structures, which includes the lactiferous ducts and lobules. In
simpler terms, increased breast density is representative of an increased volume of the breast
composed of epithelial and stromal tissue (Clemons & Goss, 2001). These findings are
compatible with the differing radiography characteristics of tissues composing the mammary
gland. On mammography, adipose tissue is relatively translucent whereas glandular and
connective tissue appear to be of increased radiographic density (Lu et al., 2012). As presented in
Chapter 2, estrogen possesses well-characterized effects on glandular proliferation. Breast
density has been shown to be related with hormonal factors such age of first birth, total parity,
and HRT use (Clemons & Goss, 2001; El-Bastawissi, White, Mandelson, & Taplin, 2000; Hou et
al., 2013). As a result, it may be postulated that the supraphysiologic estrogen levels seen during
ovarian stimulation contribute to increased breast density through its effects on epithelial
proliferation and glandular expansion.

Another result from the case-control study worthy of further discussion is the finding that
clomiphene use was only associated with pre-menopausal breast cancers, whereas IVF was
associated with both pre and post-menopausal malignancies. For the sake of simplicity, pre-

menopausal malignancies, that is, those diagnosed between 18 to 49 years of age, will be referred

102



to as early-onset (EO). Post-menopausal malignancies, or those diagnosed after 50 years of age,
will be referred to as late-onset (LO).

Breast cancer incidence rates in the general population follow a bimodal pattern.
Incidence rates peak both at the perimenopausal period and at 70 years of age, “representing the
central tendencies for early-onset and late-onset breast cancers (Anderson, Rosenberg, Prat,
Perou, & Sherman, 2014).” The majority of EO and LO breast cancers are distinct in their
incidence rates and tumor characteristics. According to the Surveillance, Epidemiology and End
Results’ Cancer Statistics Review, a quarter (25.3%) of breast cancers diagnosed in the United
States are EO, with the remaining three quarters being LO (Howlader N, 2017). EO breast
cancers are typically more invasive, have a faster growth rate, and are more likely to be resistant
to hormonal therapies such as tamoxifen as they are less likely to express the estrogen receptor
than their LO counterparts (Anders, Johnson, Litton, Phillips, & Bleyer, 2009; Benz, 2008).

The distinct differences between EO and LO breast malignancies suggest that they have
differing etiologies. The initiation stages of EO tumours occur earlier in a woman’s life, and they
are strongly related to hereditary genetic factors. For example, women with at least one first-
degree relative with breast cancer are also at an increased risk of developing EO breast cancer
(Lynch, Watson, Conway, Fitzsimmons, & Lynch, 1988). The average age of diagnosis in
women with a BRCA1 mutation is also relatively young, with estimates ranging from 40-45
years of age (Brose et al., 2002; Eerola et al., 2005). Conversely, the initial transformation stages
of LO tumours occur later in life, during the mid-reproductive years (Benz, 2008).

The relationship between hormonal factors and age of breast cancer diagnosis is not well
characterized. As discussed previously, estrogen-receptor signalling may act to promote both the
initiation and progression phases of breast tumorigenesis. Therefore, an increase in the exposure

of breast tissue to estrogen can theoretically play a role in both EO and LO breast cancer
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development. This would occur as the hormone can promote the progression of EO tumours or
promote the initiation and progression of LO tumours.

When studied observationally, the association between hormonal factors and age of
breast cancer diagnosis is less clear. Certain hormonal factors such as age of menarche, age of
first birth, and parity are associated with both EO and LO cancers (Dartois et al., 2016).
Conversely, increased BMI has been shown to be more strongly associated with LO
malignancies (Lauby-Secretan et al., 2016). Combined oral contraceptive use is associated with
only a transient increase in breast cancer risk during their use, and for up to ten years following
the cessation of use (Collaborative Group on Hormonal Factors in Breast, 1996). For women
using HRT, breast cancer risk is transiently increased during its use and for a 5-year period
following cessation of use. (Collaborative Group on Hormonal Factors in Breast Cancer, 1997).

The nebulous relationship between hormonal factors and the age of breast cancer
diagnosis makes the interpretation of our results difficult. A possible explanation may lie in three
main concepts: ovarian stimulation is only offered to patients of reproductive ages, serum
estrogen levels are increased only transiently during treatment, and serum estrogen levels during
ovarian stimulation for IVF are significantly higher than estrogen concentrations during ovarian
stimulation using clomiphene. When a woman of reproductive age undergoes ovarian
stimulation, her risk of breast cancer may be transiently increased as the increased serum
estrogen levels may promote the progression of pre-existing breast lesions. This phenomenon
would be similar to the transient increase in breast cancer risk seen with oral contraceptives use
and HRT use (Collaborative Group on Hormonal Factors in Breast, 1996; Collaborative Group
on Hormonal Factors in Breast Cancer, 1997). As ovarian stimulation is only offered to women
of reproductive ages, a transient increase in breast cancer risk would lead to an increase in the

incidence of EO breast malignancies. An explanation as to why IVF is associated with LO breast
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cancers whereas clomiphene is not may be due to the difference in peak estrogen levels seen
between the two treatments. As discussed in Chapter 2, ovarian stimulation for IVF results in
serum estrogen concentrations which are 2-3 times higher than the levels seen during ovarian
stimulation using clomiphene. In a purely speculative capacity, it is possible that the estrogen
levels seen during IVF are high enough to have a genotoxic effect on breast tissue which would
fundamentally alter its composition. To recall, Lundberg et al.’s study found prior ovarian
stimulation for IVF was significantly associated with increased breast density whereas
stimulation protocols using clomiphene or low-dose gonadotropins were not (Lundberg et al.,
2016). The estrogen levels caused by IVF may act as an initiator of breast tumorigenesis which

would alter breast cancer risk over a longer period of time.

5.2: Conclusion

The safety of ovarian-stimulating fertility treatments is an important clinical question.
This association was explored in depth by discussing its biological plausibility, overviewing the
current observational evidence on the topic, and conducting a novel study which aimed to
improve upon many of the limitations affecting previous analyses. For example, our study used
longitudinal, validated, prospectively-collected information to evaluate exposure, outcome, and
covariate variables. The study also had high statistical power owing to its large study population.
Nevertheless, the possibility that its results were confounded by the underlying effects of
infertility in addition to the possibility that surveillance bias skewed results necessitates the need
to interpret our study with caution. Furthermore, the current literature on this topic generally
refutes the notion that these fertility treatments are associated with an increased risk of breast
cancer. While this relationship has a strong biological plausibility, in addition to certain lines of
evidence linking ovarian stimulation to an increased breast density, there is no definitive
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observational evidence of a causal link between ovarian-stimulating fertility treatments and
breast cancer. Nevertheless, it is imperative that the safety of these fertility treatments continues
to be monitored as they are becoming increasingly prevalent. Additionally, it should be
emphasized that while, presently, there is no definitive link between ovarian stimulation and
breast cancer, the population of women suffering from fertility-related issues may be inherently
at an increased risk of developing breast cancer. Health care professionals should be aware of

this phenomenon and offer appropriate guidance and monitoring to this group of patients.

5.3: Framework for Future Research

Monitoring the relationship between ovarian-stimulating fertility treatments and breast
cancer is challenging. Firstly, there are several important variables which may confound this
relationship of interest. Women affected by infertility are at an inherently higher risk of
developing breast cancer as they are more likely to be of lower parity and have a later age of first
birth. Additionally, infertility is commonly associated with comorbid conditions and lifestyle
factors which predispose a woman to developing breast cancer, such as increased BMI, alcohol
us, and a history of tobacco use. Women undergoing treatments such as IVF may also, on
average, be of higher socioeconomic status, which is associated with increased health-seeking
behaviour. Breast cancer may therefore be preferentially detected in this group of women which
contributes to surveillance bias. Secondly, many previous studies have relied on retrospectively
collected data to assess exposure. They additionally often performed database linkages.
Together, these factors have caused many previous studies to be susceptible to both recall and
linkage biases. It is strongly suggested that future research initiatives ensure a robust control of
confounding due to the underlying effects of infertility and its associated conditions. Ideally, the
study population should be restricted to women affected by infertility. Further adjustment for
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socioeconomic status should be strongly considered. The use of prospectively collected data
compiled in a single longitudinal database to assess exposure, outcome, and covariate

information is also strongly recommended.
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Appendix
Search algorithm used to search the EMBED and MEDLINE databases

breast cancer.mp.
breast carcinoma.mp.
breast neoplasm.mp.
breast tumor.mp.
ductal carcinoma*.mp.
lobular carcinoma*.mp.
tubullary carcinoma*.mp.
medullary carcinoma*.mp.
papillary carcinoma*.mp.
. cribiform carcinoma*.mp.
. Paget’s disease®.mp.
. mammary tum*.mp.
. mammary cancer®.mp.
. 1/or 2/or 3/or 4/or S/or 6/or 7/or 8/or 9/or 10/or 11/or 12/or 13
. ovulation ind*.mp.
. ovulation stim*.mp.
. ovulatory stim*.mp.
. ovarian stim*.mp.
. controlled ovarian stim*.mp.
. fertility treat®.mp.
. infertility treat™.mp.
. fertility drug™® .mp.
. clomifene.mp.
. clomifene citrate.mp.
. clomiph*.mp.
. fertility promoting agent.mp.
. fertilization in vitro.mp.
. IVF*.mp.
. ICSI*.mp.
. gonadotropin®.mp.
. human menopausal gonadotropin.mp.
. human chorionic gonadotropin.mp.
. 15/or 16/or 17/or 18/or 19/or 20/or 21/or 22/or 23/or 24/or 25/or 26/or 27/or 28/or
29/or 30/or 31/or 32
. 35, restricted to Jan 1, 1995 to Jan 1, 2017, article, full-text available, English language
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Exposure Codes

Table A.1: Codes used to identify exposure to clomiphene within the CPRD

Product Code Product Name

1775 Clomid 50mg tablets (Sanofi)

50064 Clomid 50mg tablets (Necessity Supplies Ltd)

22264 Serophene 50mg tablet (Serono Ltd)

37046 Clomiphene 50mg tablet

19128 Clomifene citrate 50mg tablet (C P Pharmaceuticals)
1271 Clomifene 50mg tablet

18962 Clomifene 50 mg tablets (Wockhardt UK Ltd)

34862 Clomifene citrate 50mg tablet (IVAX Pharmaceuticals)
4415 Clomid 100mg tablet

Table A.2: Codes used to identify exposure to IVF within the CPRD

Medical Code | Read Term
52626 In vitro fertilisation (IVF)
89966 IVF with donor sperm
91910 In vitro fertilisation with donor sperm
64063 IVF with donor eggs
94632 IVF with intracytoplasmic sperm injections (ICSI)
57000 In vitro fertilisation with ICSI
86010 In vitro fertilisation with intra-cytoplasmic sperm injection
97981 IVF intracytoplasmic sperm injection (ICSI) and donor egg
97044 In vitro fertilis intra-cytoplasmic sperm inj and donor egg
90936 IVF NOS
11473 In vitro fertilisation procedure
10238 IVF
1938 In-vitro fertilisation
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Outcome Codes

Table A.3: Codes used to identify diagnoses of breast cancer within the CPRD

Medical Code | Read Term
348 Ca female breast

3968 Malignant neoplasm of female breast
20685 Malignant neoplasm of axillary tail of female breast
23380 Malignant neoplasm of nipple of female breast
23399 Malignant neoplasm of upper-outer quadrant of female breast
26853 Malignant neoplasm of nipple and areola of female breast
29826 Malignant neoplasm of upper-inner quadrant of female breast
31546 Malignant neoplasm of central part of female breast
38475 Malignant neoplasm of other site of female breast NOS
42070 Malignant neoplasm of lower-outer quadrant of female breast
45222 Malignant neoplasm of lower-inner quadrant of female breast
56715 Malignant neoplasm of other site of female breast
59831 Malignant neoplasm of nipple or areola of female breast NOS
64686 Malignant neoplasm of areola of female breast
95057 Malignant neoplasm of ectopic site of female breast
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Covariate Codes

A.4: BMI

Information on subject weight (in kilograms) and height (in metres) were extracted. BMI was
calculated using the formula: BMI = weight/(height?). The weight and height values inputted

closest to the index date were used.

Subjects were categorized into 4 categories (underweight, normal weight, overweight, obese)
according to the WHO’s standards ("World Health Organization Global Database on Body Mass

Index ").

Table A.4: BMI categories

BMI Value Category

<18.50 kg/m? Underweight

18.50-24.99 kg/m? Normal Weight

25.00-29.99 kg/m? Overweight

>30.00 kg/m? Obese

Table A.S: Codes used to evaluate smoking status within the CPRD

Medical Code Read Term
33,60, 11788 Non-smoker
1878, 12944, 12958, 12961 | Light-moderate smoker
3568, 1822 Heavy smoker
12956, 12959 Ex-heavy smoker
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Table A.6: Codes used to evaluate alcohol use within the CPRD

Medical Code Read Term
12949, 12970, 4447 Non-drinker
385, 749, 26472, 12980, 12972 Light-moderate drinker

12982, 8999, 1618, 19494, 1399, 12977, 12984 | Heavy drinker

12983, 19493 Ex-heavy drinker

Table A.7: Codes used to evaluate parity status within the CPRD

Medical Code Read Term
167 Normal delivery
239 Spontaneous vaginal delivery
4780 Normal delivery in a completely normal case
13352 Trauma to perineum and vulva during delivery
720 Caesarean delivery
5868 Spontaneous vertex delivery
740 Elective caesarean delivery
6452 Forceps delivery
15480 Born by normal vaginal delivery
17492 FTND - Full term normal delivery
12118 Emergency caesarean section
364 Lower uterine segment caesarean section (LSCS) NEC
8122 Outcome of delivery
1279 Forceps cephalic delivery
618 Delivery by emergency caesarean section
9791 ND - Normal delivery
863 Caesarean section - pregnancy at term
4638 Other caesarean delivery
14686 Forceps cephalic delivery NOS
10049 Elective lower uterine segment caesarean section (LSCS)
6141 Ventouse delivery
688 Ventouse delivery
13315 Born by caesarean section
4182 H/O: delivery no details
463 Breech delivery
2458 Vacuum delivery
13316 Born by emergency caesarean section
6078 H/O: normal delivery
9800 Delivery by elective caesarean section
17744 Lower uterine segment caesarean delivery NEC
8967 Normal delivery NOS
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43563 [X]Delivery

6619 H/O: caesarean section

24039 H/O: full term delivery

15361 Born by elective caesarean section

9383 Normal delivery

14727 Born by forceps delivery

3085 Elective caesarean delivery NOS

15675 Born by ventouse delivery

3108 Episiotomy to facilitate delivery

11530 Vaginal delivery

14892 Vacuum delivery NOS

9668 Elective lower uterine segment caesarean delivery
19600 Second degree perineal tear during delivery
25681 SVD - Spontaneous vaginal delivery

12014 [V]Outcome of delivery

58721 Normal delivery in completely normal case NOS
25223 Vacuum extractor delivery

12052 Delivery normal

9160 Spontaneous vertex delivery

11829 H/O: premature delivery

11194 Spontaneous vaginal delivery

20425 Neville - Barnes forceps delivery

11532 Breech extraction delivery

7670 Caesarean delivery NOS

5213 Low forceps cephalic delivery

3365 Premature delivery

19356 Delivery - sex of baby

5522 Complications of labour and delivery NOS
35190 Other caesarean delivery NOS

19599 First degree perineal tear during delivery

11650 Third degree perineal tear during delivery

7916 Delivered by caesarean section - pregnancy at term
15828 Born by breech delivery

5866 Induction and delivery operations
40710 Forceps delivery NOS

30274 Low forceps delivery

15167 Early onset of delivery

17684 Kielland forceps delivery
23394 Mid forceps cephalic delivery NEC
23994 Assisted breech delivery

15256 Unspecified perineal laceration during delivery
2943 Assisted breech delivery
21554 Kielland forceps cephalic delivery with rotation
28726 Water birth delivery

31743 Normal delivery but ante- or post- natal conditions present

113




7377 [X]Infection of caesarean section wound following delivery
19609 Vaginal tear during delivery

33477 Caesarean delivery - delivered

42275 Mid-cavity forceps delivery

49446 Vacuum extractor delivery - delivered

50675 Forceps delivery - delivered

43959 Outcome of delivery NOS

28100 Caesarean wound disruption

53937 Forceps delivery unspecified

28903 Delivered by low forceps delivery

29885 Complications occurring during labour and delivery
26712 Labial tear during delivery

19605 Second degree perineal tear during delivery NOS
17078 H/O: previous forceps delivery

34411 Delivered by mid-cavity forceps delivery

52875 Caesarean delivery unspecified

19602 Second degree perineal tear during delivery, unspecified
5721 Urinary tract infection following delivery

33773 Other specified normal delivery

22491 Spontaneous breech delivery

4786 Multiple delivery, all by caesarean section

5033 High forceps cephalic delivery NEC

37699 Vacuum extractor delivery NOS

20738 Manually assisted vaginal delivery

33480 Other specified forceps cephalic delivery

25157 Early onset of delivery - delivered

29070 Spontaneous breech delivery

19608 First degree perineal tear during delivery NOS

19603 First degree perineal tear during delivery, unspecified
15926 Other specified other breech delivery

20002 High forceps cephalic delivery with rotation

33378 Other breech delivery

36037 [X]Vaginitis following delivery

17704 Simpson's forceps delivery

32590 Delivery problem

33915 Multiple delivery

29155 Caesarean hysterectomy

56310 Delivery observations

40876 Third degree perineal tear during delivery NOS
31954 Number of caesarean sections

39576 Fourth degree perineal tear during delivery

37054 Second degree perineal tear during delivery - delivered
18287 Normal delivery of placenta

19604 Third degree perineal tear during delivery, unspecified
50293 Induction and delivery operations NOS
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43760 Other method of delivery NOS

15514 Upper uterine segment caesarean delivery NEC

47546 Other specified elective caesarean delivery

37878 Multiple birth delivery

40706 Unspecified perineal laceration during delivery NOS
32380 Vulval delivery trauma

39168 Third degree perineal tear during delivery - delivered
40744 Abnormal delivery

15073 Other specified other caesarean delivery

31280 Vulval tear during delivery

83535 [X]Other single spontaneous delivery

29872 History of past delivery

34628 Failed forceps delivery

31254 First degree perineal tear during delivery - delivered
54591 Breech extraction delivery NOS

42324 Vulval/perineal trauma during delivery NOS

55543 Other operations to facilitate delivery

34399 [X]Cervicitis following delivery

44235 Vaginal delivery following previous caesarean section
44494 Caesarean wound disruption NOS

43918 Fourchette tear during delivery

47508 Other methods of delivery

57789 Delivery by combination of forceps and vacuum extractor
36137 Early onset of delivery NOS

36703 Vulval and perineal haematoma during delivery

50847 Caesarean delivery following previous Caesarean delivery
31780 Spontaneous breech delivery

9625 Labour and delivery complicated by fetal heart rate anomaly
64464 Other breech delivery NOS

61259 Elective upper uterine segment caesarean delivery

27731 Vulval and perineal haematoma during delivery

60953 Precipitate delivery

58844 Vacuum extractor delivery unspecified

48230 Deliveries by spontaneous breech delivery

69920 Complications of labour and delivery NOS

61212 Other vulval and perineal trauma during delivery

33884 Multiple delivery, all spontaneous

53572 Other specified complications of labour or delivery
61077 Mid forceps cephalic delivery with rotation

52151 [X]Labour+delivery complications/other evidence of fetal distress
34102 Incomplete placenta at delivery

60538 Multiple delivery, all by forceps and vacuum extractor
19607 Unspecified perineal laceration during delivery, unspecified
28861 Delivery by caesarean hysterectomy

47157 Vulval/perineal trauma during delivery NOS

115



23866 Symphysiotomy to facilitate delivery

34333 Incomplete delivery of placenta

57652 Fourth degree perineal tear during delivery NOS

59941 Early onset of delivery unspecified

61578 Caesarean wound disruption unspecified

72022 Fourth degree perineal tear during delivery, unspecified
86399 Other specified vacuum delivery

40875 Second degree perineal tear during delivery with p/n prob
44472 Other complications of labour and delivery

48742 Face delivery

47863 [X]Other single delivery by caesarean section

51736 Low vacuum delivery

66074 Other complications of labour and delivery with p/n problem
67052 Unspecified perineal laceration during delivery - delivered
104873 Premature labour and delivery

50236 Other specified induction or delivery operations

62862 Third degree perineal tear during delivery with p/n problem
67333 [V]Unspecified delivery outcome

24243 Labour and delivery complications by meconium in amniotic fluid
49485 Labour+delivery complicated by biochem evidence/fetal stress
104872 Premature labour with premature delivery

62406 Delayed delivery second twin unspecified

62508 [ V]Examination immediately after delivery

96089 Rapid rate of delivery

57957 Other specified other method of delivery

61226 [V]Other specified outcome of delivery

72021 Fourth degree perineal tear during delivery - delivered
73048 Other specified breech extraction delivery

27963 Delayed delivery of second twin, triplet etc.

66219 [X]Other infection of genital tract following delivery
69971 Slow rate of delivery

95780 Complete placenta at delivery

37245 Vulval and perineal haematoma during delivery, unspecified
50924 First degree perineal tear during delivery with p/n problem
66315 [X]Other specified assisted single delivery

69780 [X]Other and unspecified forceps delivery

30805 Other vulval/perineal trauma during delivery, unspecified
39573 Umbilical cord not around baby's neck at delivery

55124 Other complications of labour and delivery NOS

62318 Trial of vacuum delivery

65940 Trial of forceps delivery

30806 Other vulval/perineal trauma during delivery NOS

47036 Problem of pelvis for delivery

54623 Caesarean wound disruption with postnatal complication
57945 Vacuum delivery before full dilation of cervix
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60256 Brow delivery

60924 No progress with delivery

66501 Complications of labour and delivery NOS

66843 Unspecified perineal laceration during delivery + p/n prob
67489 Vulval/perineal trauma during delivery NOS unspec

72513 Extraperitoneal caesarean section

93273 Complications of labour and delivery NOS - delivered
100675 [X]Assisted single delivery, unspecified

61597 Fourth degree perineal tear during delivery with p/n problem
70242 Barton forceps cephalic delivery with rotation

70615 Vulval and perineal haematoma during delivery NOS

71057 Vulval and perineal haematoma during delivery - delivered
90497 Complications of labour and delivery NOS with p/n problem
99608 Other operation to facilitate delivery NOS

100597 Other complications of labour and delivery - delivered
105032 Premature labour without delivery

22498 Rate of delivery

42572 Delayed delivery second twin - delivered

42885 Observation of pattern of delivery

57488 Vulval/perineal trauma during delivery NOS - delivered
65331 Other vulval/perineal trauma during delivery + p/n problem
67410 [X]Other genitourinary tract infections following delivery
68752 Normal rate of delivery

71862 Delayed delivery second twin with antenatal problem

90885 [X]Labour+delivery complicated by other cord entanglement
95858 Other vulval/perineal trauma during delivery- delivered
98059 [X]Other manipulation-assisted delivery

98749 Incision of cervix to facilitate delivery

99361 Vulval and perineal haematoma during delivery + p/n problem
101229 Observation of delivery push in labour

103319 [X]Complications of labour and delivery

105276 Breech extraction delivery with version

105419 High vacuum delivery

106001 Destructive operation for delivery

106113 [X]Multiple delivery, unspecified

106808 Vulval/perineal trauma during delivery NOS with p/n problem
40729 Gravida 1

54604 Gravida 2

25612 Gravida 3

54572 Gravida 4

54597 Gravida 5

58003 Gravida 6

61894 Gravida 7

46527 Primigravida

86753 Gravida 8
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94244 Gravida 9
63196 Multigravida

8776 [X] Stillbirth
23330 GP unit birth

1825 Twin birth

6184 [V]Normal pregnancy
5709 Pregnancy care
29662 Multiparous

Table A.8: Codes used to evaluate hormonal contraceptive use within the CPRD

Product Codes | Product Term
65068 Yacella 0.03mg/3mg tablets (Morningside Healthcare Ltd)
65312 Eloine 0.02mg/3mg tablets (Bayer Plc)
68515 Teragezza 2000microgram/35microgram tablets (Morningside Healthcare
65475 Generic Femodene ED tablets
37073 Sunya 20/75 tablets (Stragen UK Ltd)
44229 Millinette 20microgram/75microgram tablets (Consilient Health Ltd
2265 Etynodiol 500microgram tablets
61088 Generic Logynon tablets
8176 Ethinylestradiol 20microgram / Norethisterone acetate 1mg tablets
3436 Ortho-novin 1/50 Tablet (Janssen-Cilag Ltd)
15987 Ethinylestradiol with norethisterone - triphasic 7 x 35+500mcg; 7 x
18569 Gestodene with ethinylestradiol 75Smicrogramwith20microgram Tablet
65786 Ethinylestradiol 30microgram / Desogestrel 150microgram tablets (AM
14670 Ethinylestradiol with norethisterone - biphasic 7 x 35mcg+500mcg; 14 x
63725 Dretine 0.03mg/3mg tablets (Teva UK Ltd)
13209 Etonogestrel 68mg implant
81w03 Conova 30 Tablet (Pharmacia Ltd)
54527 Cerelle 75microgram tablets (Consilient Health Ltd)
45059 Ethinylestradiol with levonorgestrel 30micrograms + 50micrograms Tablet
2061 Norethisterone 350microgram tablets
3693 Triadene tablets (Bayer Plc)
36829 Katya 30/75 tablets (Stragen UK Ltd)
19131 Ethinylestradiol with gestodene 30micrograms+75micrograms Tablet
57181 Lizinna 250microgram/35microgram tablets (Morningside Healthcare Ltd)
23211 Desogestrel with ethinylestradiol 150micrograms with 30micrograms tablets
239 Micronor 350microgram tablets (Janssen-Cilag Ltd)
47132 Co-cyprindiol 2mg+35microgram Tablet (Sandoz Ltd)
1720 Levonorgestrel 30microgram tablets
49214 Cilest 35microgram/250microgram tablets (Mawdsley-Brooks & Company
40650 Ethinylestradiol with norethisterone 35micrograms + 750micrograms Tablet
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61190 Co-cyprindiol 2000microgram/35microgram tablets (A A H Pharmaceuticals

41 Microgynon 30 tablets (Bayer Plc)
16624 Levonorgestrel 228mg Implant
44046 Rigevidon tablets (Consilient Health Ltd)
14459 Gynovlar 21 Tablet
11910 Ethinylestradiol 20microgram / Gestodene 75microgram tablets

5862 Norinyl-1 tablets (Pfizer Ltd) Norethisterone/Mestranol
14601 Ethinylestradiol 35microgram / Norgestimate 250microgram tablets
68352 Aidulan 30microgram/75microgram tablets (Lupin (Europe) Ltd)

4964 Femodette tablets (Bayer Plc) Gestodene/Ethinylestradiol
25124 Acnocin 2000microgram/35microgram tablets (Sandoz Ltd)

1601 Trinovum tablets
29499 Ethinylestradiol 33.9micrograms/24hours / Norelgestromin

4608 Dianette tablets (Mylan Ltd) Cyproterone acetate/Ethinylestradiol 2mg +

35microgram

2856 Norimin 1mg/35microgram tablets (Pfizer Ltd)

8482 Ethinylestradiol 35microgram / Norethisterone 1 mg tablets
59503 Lucette 0.03mg/3mg tablets (Consilient Health Ltd)
44278 TriRegol tablets (Consilient Health Ltd)

936 Femodene tablets (Bayer Plc)

1613 Microval 30microgram tablets (Wyeth Pharmaceuticals) Levonorgestrel
56483 Generic Tri-Minulet tablets
56103 Cerelle 75microgram tablets (Consilient Health Ltd)
62968 Maexeni 150microgram/30microgram tablets (Lupin (Europe) Ltd)
44336 Gedarel 30microgram/150microgram tablets (Consilient Health Ltd)

443 Desogestrel with ethinylestradiol 150micrograms with 20micrograms tablets

977 Minulet tablets (Wyeth Pharmaceuticals)

6431 Co-cyprindiol 2000microgram/35microgram tablets
47057 Yasminelle 3mg+20microgram Tablet (Bayer Plc)
31528 Ethinylestradiol with norethisterone - triphasic 7x35+500mcg;
10201 Desogestrel 75microgram tablets
53201 Dianette tablets (Lexon (UK) Ltd)
44994 Millinette 30microgram/75microgram tablets (Consilient Health Ltd)
3472 Trinovum ed ED tablets (Janssen-Cilag Ltd)

9592 Implanon 68mg implant (Organon Laboratories Ltd)
64918 Aidulan 20microgram/75microgram tablets (Lupin (Europe) Ltd)
56732 Aizea 75microgram tablets (Besins Healthcare (UK) Ltd)
13248 Ethinylestradiol 30microgram / Desogestrel 150microgram tablets

7814 Ethinylestradiol 35microgram / Norethisterone 500microgram tablets
43003 Levest 150/30 tablets (Morningside Healthcare Ltd)
14977 Ethinylestradiol with gestodene - triphasic 6 x 30+50mcg; 5 x 40+70mcg; 10
1062 Ovranette 150microgram/30microgram tablets (Pfizer Ltd)

1378 Mercilon 150microgram/20microgram tablets (Merck Sharp & Dohme Ltd)
12631 Ethinylestradiol with levonorgestrel and placebo 30micrograms +

6596 Norelgestromin with ethinylestradiol 203micrograms +
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61890 Desogestrel 75microgram tablets (A A H Pharmaceuticals Ltd)

1352 Loestrin 30 tablets (Galen Ltd)
25263 Norgestimate with ethinylestradiol 250micrograms + 35micrograms Tablet
18823 Ethinylestradiol 30microgram / Norethisterone acetate 1.5mg tablets

5986 Cerazette 75microgram tablets (Merck Sharp & Dohme Ltd)

1354 Brevinor 500microgram/35microgram tablets (Pfizer Ltd)

15886 Ethinylestradiol with levonorgestrel - triphasic 6x30+50mcg; 5x40+75mcg;
52443 Microgynon 30 tablets (Mawdsley-Brooks & Company Ltd)
44196 Nexplanon 68mg implant (Merck Sharp & Dohme Ltd)

19551 Controvlar Tablet (Schering Health Care Ltd)

697 Yasmin tablets (Bayer Plc)

38500 Co-cyprindiol 2000microgram/35microgram tablets (Fannin UK Ltd)
7776 Ethinylestradiol 30microgram / Gestodene 75microgram tablets
6686 Ethinylestradiol 30microgram / Levonorgestrel 150microgram tablets

58642 Cimizt 30microgram/150microgram tablets

55819 Nacrez 75microgram tablets (Teva UK Ltd)

45557 Levest 150/30 tablets (Actavis UK Ltd)

2026 Logynon ED tablets (Bayer Plc)

42510 Ethinylestradiol with levonorgestrel Tablet

57264 Estradiol 1.5mg / Nomegestrol 2.5mg tablets

60739 Yaz tablets (Imported (United States))

44457 Gedarel 20microgram/150microgram tablets (Consilient Health Ltd)

59414 Desogestrel 75microgram tablets (Actavis UK Ltd)

47281 Elevin 150microgram/30microgram tablets (MedRx Licences Ltd)
2769 Cyproterone acetate with ethinylestradiol 2mg with 35micrograms tablets
6166 Evra transdermal patches (Janssen-Cilag Ltd)

67248 Dianette tablets (Waymade Healthcare Plc)

65711 Daylette 0.02mg/3mg tablets (Consilient Health Ltd)

2084 Ovran 30 Tablet (Wyeth Pharmaceuticals)

68841 Ethinylestradiol 30microgram / Drospirenone 3mg tablets (Colorama
2553 Norgeston 30microgram tablets (Bayer Plc)

66154 Cilique 250microgram/35microgram tablets (Consilient Health Ltd)
1466 Femulen 500microgram tablets (Pfizer Ltd)

935 Marvelon tablets (Merck Sharp & Dohme Ltd)

67318 Evra transdermal patches (Dowelhurst Ltd)

40618 Estradiol valerate (estradiol valerate with dienogest) tablets

63258 Munalea 150microgram/30microgram tablets (Lupin (Europe) Ltd)

21343 Minovlar ed Tablet (Schering Health Care Ltd)

2354 Ovysmen 500microgram/35microgram tablets (Janssen-Cilag Ltd)
1988 Binovum tablets (Janssen-Cilag Ltd)

125 Dianette tablets (Bayer Plc) Cyproterone acetate/Ethinylestradiol 2mg +
21733 Gestodene with ethinylestradiol 75microgramwith30microgram Tablet
23218 Ethinylestradiol with cyproterone acetate 35Smicrogram with 2mg tablets

2819 Norplant 228mg Implant (Hoechst Marion Roussel)

61465 Feanolla 75microgram tablets (Lupin (Europe) Ltd)
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56539 Zoely 2.5mg/1.5mg tablets (Merck Sharp & Dohme Ltd)
67274 Dianette tablets (Sigma Pharmaceuticals Plc) Cyproterone
5576 Synphase tablets (Pfizer Ltd)
16110 Ethinylestradiol 20microgram / Desogestrel 150microgram tablets
6716 Ethinylestradiol 30microgram / Drospirenone 3mg tablets
3471 Femodene ED tablets (Bayer Plc)
58485 Zelleta 75microgram tablets (Morningside Healthcare Ltd)
17756 Mestranol S0microgram / Norethisterone 1mg tablets
4917 Microgynon 30 ED tablets (Bayer Plc)
9119 Minilyn Tablet (Organon Laboratories Ltd)
1427 Loestrin 20 tablets (Galen Ltd)
65005 Ethinylestradiol 20microgram / Drospirenone 3mg tablets
1071 Cilest 35microgram/250microgram tablets (Janssen-Cilag Ltd)
978 Logynon tablets (Bayer Plc)

Table A.9: Codes used to evaluate usage of hormone replacement therapy within the CPRD

Product code

Product name

206 Estraderm TTS 100 patches (Novartis Pharmaceuticals UK Ltd)

986 Estraderm TTS 50 patches (Novartis Pharmaceuticals UK Ltd)

988 Estraderm TTS 25 patches (Novartis Pharmaceuticals UK Ltd)

1488 Evorel -50 50microgram/24hr (3.2mg/unit) Transdermal patch (Janssen-Cilag
1489 Evorel -75 75microgram/24 hr(4.8mg/unit) Transdermal patch (Janssen-Cilag
1797 Oestrogel 0.06% Gel (Aventis Pharma)

2140 FemSeven 50 patches (Teva UK Ltd)

2141 Evorel -25 25microgram/24hr (1.6mg/unit) Transdermal patch (Janssen-Cilag
2397 Evorel -100 100microgram/24 hr (6.4mg/unit) Transdermal patch (Janssen-
2977 Estradiol 50mg implant

3040 Estraderm MX 50 patches (Novartis Pharmaceuticals UK Ltd)

3387 Estraderm MX 25 patches (Novartis Pharmaceuticals UK Ltd)

3433 Sandrena 0.10% Gel (Organon Laboratories Ltd)

4328 Elleste Solo 1mg tablets (Meda Pharmaceuticals Ltd)

4466 Progynova TS 50microgram/24hr (3.8mg/unit) Transdermal patch (Schering
4467 Progynova TS 100microgram/24 hr (7.6mg/unit) Transdermal patch

4511 Estradiol 100mg implant

4721 Estradiol 75micrograms/24hr twice weekly patch

4882 Estraderm MX 100 patches (Novartis Pharmaceuticals UK Ltd)

4909 Elleste Solo 2mg tablets (Meda Pharmaceuticals Ltd)

4956 Estradiol 1mg tablets

4977 Estraderm MX 75 patches (Novartis Pharmaceuticals UK Ltd)

5005 Estradiol 50micrograms/24hr twice weekly patch

5100 Estradiol 25micrograms/24hr twice weekly patch

5292 Fematrix 40 patches (Abbott Healthcare Products Ltd)

121




5343 Estradiol 25micrograms/24hr twice weekly patch

5755 Elleste Solo MX 40 transdermal patches (Meda Pharmaceuticals Ltd)
5759 Estradiol 100micrograms/24hr twice weekly patch

6041 Estradiol 0.06% gel

6059 Estradiol 100micrograms/24hr twice weekly patch

6082 FemSeven 75 patches (Teva UK Ltd)

6177 FemSeven 100 patches (Teva UK Ltd)

6563 Estradiol 75micrograms/24hr once weekly patch

6601 Estradiol 25micrograms/24hr twice weekly patch

6622 Zumenon 2mg tablets (Abbott Healthcare Products Ltd)

6793 Estradiol 40micrograms/24hours transdermal patches

7242 Estradiol 0.1% gel

7381 Estradiol 2mg tablets

7388 Zumenon 1mg tablets (Abbott Healthcare Products Ltd)

8837 Estradiol 25mg implant

9047 Fematrix 80 patches (Abbott Healthcare Products Ltd)

9268 Estradiol 50micrograms/24hr twice weekly patch

9649 Elleste Solo MX 80 transdermal patches (Meda Pharmaceuticals Ltd)
9901 Progynova TS 100micrograms/24hours transdermal patches (Bayer Plc)
10052 Progynova TS 50micrograms/24hours transdermal patches (Bayer Plc)
10076 Estradot 75micrograms/24hours patches (Novartis Pharmaceuticals UK Ltd)
10096 Estradot 100micrograms/24hours patches (Novartis Pharmaceuticals UK Ltd)
10126 Estradot 25micrograms/24hours patches (Novartis Pharmaceuticals UK Ltd)
10180 Estradot S0micrograms/24hours patches (Novartis Pharmaceuticals UK Ltd)
10946 Menorest 50 patches (Novartis Pharmaceuticals UK Ltd)

10967 Menorest 37.5 patches (Novartis Pharmaceuticals UK Ltd)

11375 Estradiol 50micrograms/24hr once weekly patch

11430 Estradiol 25micrograms/24hr once weekly patch

11672 Estradiol 25micrograms/24hr twice weekly patch

11882 Estradiol 50micrograms/24hr twice weekly patch

12773 Estradiol 100micrograms/24hr twice weekly patch

13582 Menorest 75 patches (Novartis Pharmaceuticals UK Ltd)

14234 Estradiol 37.5micrograms/24hours transdermal patches

14580 Dermestril 25 patches (ProStrakan Ltd)

14792 Estradiol 50micrograms/24hr twice weekly patch

15100 Estradiol 37.5micrograms/24hr twice weekly patch

15194 Dermestril 100 patches (ProStrakan Ltd)

15298 Estradiol 25micrograms/24hr twice weekly patch

15328 Estradiol 25micrograms/24hr twice weekly patch

15869 Dermestril 50 patches (ProStrakan Ltd)

15880 Dermestril - Septem 75 patches (ProStrakan Ltd)

16437 Estradiol 100micrograms/24hr once weekly patch

18009 Estradiol 50micrograms/24hr once weekly patch

18218 Estradiol 100micrograms/24hr twice weekly patch

18383 Estradiol 80micrograms/24hours transdermal patches
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18437 Estradiol 75micrograms/24hr twice weekly patch

18502 Estradiol 75micrograms/24hr twice weekly patch

18600 Estradiol 75micrograms/24hr twice weekly patch

18901 Estradiol 5S0micrograms/24hr twice weekly patch

19135 Estradiol 50mg implant (Merck Sharp & Dohme Ltd)

19145 Estradiol 50micrograms/24hr twice weekly patch

19487 Estradot 37.5micrograms/24hours patches (Novartis Pharmaceuticals UK
20135 Estradiol 75micrograms/24hr twice weekly patch
20155 Estradiol 50micrograms/24hr once weekly patch
20888 Adgyn Estro 2mg tablets (ProStrakan Ltd)
20895 Dermestril - Septem 50 patches (ProStrakan Ltd)
21757 Estradiol 100mg implant (Organon Laboratories Ltd)
22335 Estradiol 100micrograms/24hr once weekly patch
26049 Estradiol 100micrograms/24hr twice weekly patch
32930 Dermestril septem 25microgram/24hr Transdermal patch (Strakan Ltd)
35091 Oestrogel Pump-Pack 0.06% gel (Marlborough Pharmaceuticals Ltd)
35742 Estradiol 100micrograms/24hr once weekly patch
35958 Bedol 2mg tablets (ReSource Medical UK Ltd)
37033 Estradiol 75micrograms/24hours transdermal patches
37037 Estradiol 100micrograms/24hours transdermal patches
37692 Estradiol 25micrograms/24hours transdermal patches
37697 Estradiol 50micrograms/24hours transdermal patches
38932 Evorel 50 patches (Janssen-Cilag Ltd)
38935 Evorel 25 patches (Janssen-Cilag Ltd)
38940 Evorel 75 patches (Janssen-Cilag Ltd)
38965 Evorel 100 patches (Janssen-Cilag Ltd)
42515 Estradiol 40micrograms/24 hourspatch
49694 Estraderm TTS 25 patches (Doncaster Pharmaceuticals Ltd)
51201 Estradot 5S0micrograms/24hours patches (Necessity Supplies Ltd)
51978 Estraderm MX 25 patches (Stephar (U.K.) Ltd)
52174 Estradot 50micrograms/24hours patches (Sigma Pharmaceuticals Plc)
52480 Estraderm MX 25 patches (Lexon (UK) Ltd)
52813 Nuvelle TS Phase I patches (Bayer Plc)
54425 Oestrogel Pump-Pack 0.06% gel (Doncaster Pharmaceuticals Ltd)
56468 Oestrogel Pump-Pack 0.06% gel (Waymade Healthcare Plc)

8465 Ovestin 1mg tablets (Organon Laboratories Ltd)

10593 Estriol Img tablets

18311 Estriol 250micrograms tablets

774 Premarin 1.25mg tablets (Pfizer Ltd)

1331 Premarin 0.625mg tablets (Pfizer Ltd)

2433 Premarin 2.5mg tablets (Wyeth Pharmaceuticals)
35198 Premarin 0.3mg tablets (Pfizer Ltd)

3423 Conjugated oestrogens 625microgram tablets

3960 Conjugated oestrogens 1.25mg tablets
35718 Conjugated oestrogens 300microgram tablets
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12138 Conjugated oestrogens 2.5mg tablets
37004 Progesterone micronised 100mg capsules
36623 Progesterone micronised 200mg capsules

5569 Pro-gest Cream (Higher Nature Ltd)
33162 Phyto progesterone 1.5% cream
33501 Phyto progesterone cream
41349 Phyto progesterone 3% cream

6235 Pro-Juven cream (Imported (United States))
15984 Pro-Juven 1.5% cream (Imported (United States))
21079 Gestone 10mg/ml Injection (Ferring Pharmaceuticals Ltd)
10761 Progesterone 25mg/1ml solution for injection ampoules
11167 Gestone 25mg/1ml solution for injection ampoules (Ferring Pharmaceuticals
35502 Progesterone 50mg/1ml solution for injection ampoules
35547 Gestone 50mg/1ml solution for injection ampoules (Nordic Pharma Ltd)
36056 Progesterone 100mg/2ml solution for injection ampoules
37004 Progesterone micronised 100mg capsules

3982 Medroxyprogesterone acetate contraceptive 150mg/ml Injection
19391 Depo-provera 500mg (150mg/ml) Injection (Pharmacia Ltd)

3892 Depo-provera 50mg/ml Injection (Pharmacia Ltd)
13811 Medroxyprogesterone acetate 500mg (150mg/ml) Injection
24432 Depo-provera oncology 500mg (150mg/ml) Injection (Pharmacia Ltd)
3445 Medroxyprogesterone acetate contraceptive 50mg/ml Injection
24839 Provera 80mg/ml Liquid (Pharmacia Ltd)
13623 Medroxyprogesterone acetate 80mg/ml Oral suspension

967 Depo-Provera 150mg/1ml suspension for injection vials (Pfizer Ltd)
35001 Depo-Provera 150mg/1ml suspension for injection pre-filled syringes (Pfizer
35075 Medroxyprogesterone 150mg/1ml suspension for injection pre-filled syringes
18059 Medroxyprogesterone 500mg/2.5ml suspension for injection vials
27815 Farlutal 500 suspension for injection 2.5ml vials (Pfizer Ltd)
49518 Depo-Provera 150mg/1ml suspension for injection pre-filled syringes
49666 Depo-Provera 150mg/1ml suspension for injection pre-filled syringes
51351 Depo-Provera 150mg/1ml suspension for injection pre-filled syringes
57037 Sayana Press 104mg/0.65 ml suspension for injection pre-filled disposable
3174 Medroxyprogesterone 10mg tablets

2420 Provera 10mg tablets (Pfizer Ltd)

2421 Medroxyprogesterone Smg tablets

1266 Provera 5Smg tablets (Pfizer Ltd)

2549 Medroxyprogesterone 100mg tablets

3884 Provera 100mg tablets (Pfizer Ltd)

2882 Medroxyprogesterone 200mg tablets

9051 Provera 200mg tablets (Pfizer Ltd)

8750 Provera 400mg tablets (Pfizer Ltd)
11214 Medroxyprogesterone 2.5mg tablets

9058 Provera 2.5mg tablets (Pfizer Ltd)

8761 Medroxyprogesterone 400mg tablets
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12230 Medroxyprogesterone 500mg tablets
11439 Farlutal 100 tablets (Pfizer Ltd)
17293 Improvera 1.5mg+10mg Tablet (Pharmacia Ltd)
9078 Farlutal 500 tablets (Pfizer Ltd)
36409 Climanor 5mg tablets (ReSource Medical UK Ltd)
15544 Medroxyprogesterone 250mg tablets
23783 Farlutal 250 tablets (Pfizer Ltd)
30671 Adgyn Medro Smg tablets (ProStrakan Ltd)
49841 Provera 10mg tablets (Waymade Healthcare Plc)
32248 Piperazine oestrone sulphate 1.5mg with medroxyprogesterone 10mg tablet
339 Premique 0.625mg/5mg tablets (Pfizer Ltd)
6492 Premique Low Dose 0.3mg/1.5mg modified-release tablets (Pfizer Ltd)
6861 Indivina 1mg/5mg tablets (Orion Pharma (UK) Ltd)
7175 Indivina 1mg/2.5mg tablets (Orion Pharma (UK) Ltd)
9671 Indivina 2mg/5mg tablets (Orion Pharma (UK) Ltd)
11859 Conjugated oestrogens 625microgram / Medroxyprogesterone Smg tablets
11934 Conjugated oestrogens 300microgram / Medroxyprogesterone 1.5mg
16367 Estradiol valerate Img / Medroxyprogesterone 2.5mg tablets
16392 Estradiol valerate 2mg / Medroxyprogesterone Smg tablets
19432 Estradiol valerate 1mg / Medroxyprogesterone Smg tablets
52101 Premique 0.625mg/5mg tablets (Lexon (UK) Ltd)
34174 Conjugated oestrogens equine with medroxyprogesterone acetate
19429 Conjugat oestrogen equi and (conjugat oestrogen equi with
9235 Norgestrel and conjugated oestrogens (equine) 150micrograms + 1.25mg
9224 Norgestrel and conjugated oestrogens (equine) 150micrograms +
22741 Conjugated oestrogens 625microgram tablets and Norgestrel 150microgram
12970 Conjugated oestrogens 1.25mg tablets and Norgestrel 150microgram tablets
7917 CONJUGATED OESTROGENS 625/NORGESTREL 500 MCG TAB

Table A.10: Codes used to identify oophorectomies within the CPRD

Medical Read Term
46003 Oophorectomy of remaining solitary ovary
1454 Oophorectomy NEC
Table A11: Codes used to identify diagnoses of polycystic ovary syndrome within the
CPRD
Read Code | Read Term

C165.00 Polycystic ovary syndrome

Cl64.12 Stein-Leventhal syndrome

C164.00 Polycystic ovaries
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