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Abstract

Introduction:

Exposure of women to supra-physiological hormone levels and exposure of early embryos to
artificial environments could increase cancer risks in women who have had assisted reproductive
technology (ART) and children born after ART. This study aims to investigate possible

associations by linking routinely collected data.

Methods:

Records of 255,786 ART treated women and 106, 013 ART conceived children in Great Britain
(1991-2010) were linked to national registries of England & Wales and of Scotland, and the
National Register of Childhood Tumours to obtain cancer outcome status. Observed cancers
were compared against age and sex specific expectation, based on national rates. Analyses were
stratified for potential moderating, mediating and confounding factors; 95% confidence-

intervals, 2-sided P-values and trends were calculated assuming a Poisson distribution.

Results:

In 2,257,789 person-years of observation in ART treated women with an average follow-up of
8.8 years, no increased risk of corpus uteri (SIR-1.12; 95%Cl 0.95-1.30), or invasive breast (SIR-
0.96; 0.2-1.00) cancer was detected. An increased risk of ovarian cancer (SIR-1:39; 1-26-1:53),
both invasive (SIR-1:40; 1-24-1-58) and borderline (SIR-1:36; 1-15-1-60) was limited to women
with endometriosis, nulliparity, or both. There was no increased risk of ovarian tumours in
women treated for only male factor or unexplained infertility. In 700,705 person-years of
observation in ART conceived children with an average follow-up of 6.6 years, no overall
increased risk of childhood cancer was found (SIR-0.98; 0.81-1.19). An excess of hepatoblastoma
(SIR-3.64; 1.34-7.93), was likely mediated by low-birthweight (Birthweight<2500g SIR-10.29;

3.34-24.02).



Conclusion:

Routinely collected national data, linked to investigate cancer outcomes after ART, were largely
reassuring, although some specific increases were detected. There was no convincing evidence
relating increased risks to ART procedures per se. Average follow-up was 8.8 years for women
and 6.6 years for children, therefore longer follow-up is required to confirm impact on lifetime

risks.



Impact Statement:

This thesis has already had a considerable impact. The results regarding cancer in women after
assisted conception were published in the British Medical Journal. In 2019, this paper was on
the required reading list for re-certification in the subspecialty of ‘Reproductive Endocrinology
and Infertility’ by the American Board of Obstetrics & Gynaecology, meaning all assisted
reproduction specialists in USA have read it. Thus, thousands of clinicians, (over 1,700 in the USA
alone), have been able to use our results, (in conjunction with other studies), to council millions

of service users about the potential risks of developing cancer after assisted reproduction.

The results of the childhood cancer section of this thesis were published in the New England
Journal of Medicine. This study was selected by ‘Faculty Opinions’ as a recommended paper,
rated as exceptional. It won awards at two international conferences, and has been presented
at service user engagement events, including by the Progress Educational Trust (February 2021).
Therefore, it was possible to convey these, largely reassuring, results to a very wide audience of
service users, clinicians, and researchers. The results of this study were largely in accordance
with results of two other similar, large studies, published shortly afterwards. In combination,
this work is able to provide relatively strong evidence that the risks of childhood cancer does not
appear to be raised in individuals born after assisted reproduction. Whilst further work is
needed, particularly to look at longer term risks as this population enters adolescence and
adulthood, this represents an important advance in knowledge, which is of significance to

thousands of service users and clinicians.

There have also been unintended impacts of this thesis. The link between endometriosis and
ovarian cancer well was known prior to this thesis. However, as this study was very large, it

provided more evidence to support this association, which has since been quantified further.

This thesis has also led to quality improvements in several datasets. The HFEA database was

extensively cleaned and validated, removing data errors which could have led to inaccurate



future conclusions. Errors in the NHS-Central Registry and National cancer database registries

were also identified and corrected during this study.

This project has also led to advances in the way HFEA, and NHS-Digital datasets are used. Whilst
working with the NHS-Digital team, | discovered a novel way to use maternal data to ‘backfill’
the significant amounts of missing HFEA data relating to offspring, (using maternal datasets in
the NHS-Digital registry, linking these to ONS birth records and then using the original data set
data to identify the offspring of interest). Not only has this improved the HFEA dataset for future
research use, but it has also highlighted a previously unused method for linkage of mother and

child in NHS databases, when child identifiable details are scant.
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Definition of assisted reproductive technology

For the purposes of this thesis, assisted reproductive technology (ART; also referred to as
assisted reproduction and assisted conception) will be defined using the International
Committee for Monitoring Assisted Reproductive Technology (ICMART) and World Health
Organization (WHO) definition as ‘all treatment or procedures that include the in-vitro handling
of both human oocytes and sperm or of embryos, for the purpose of establishing a pregnancy’®
. Therefore, this includes in vitro fertilisation (IVF), intra-cytoplasmic sperm injection (ICSl), and

related micromanipulation techniques but does not include Intrauterine Insemination (1Ul).

Please note much of this work was undertaken between September 2011 and September 2017.
One of the two literature reviews (looking at childhood cancer) was undertaken in 2011 and
2012, before the main body of that part of the thesis was started in 2012/2013. The second
literature review was undertaken in 2014. The references are therefore generally
contemporaneous to this period but have been updated when scientifically appropriate.

Comparison with more recently published work is made in the discussion.
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Introduction

Assisted reproductive technology (ART) is one of the most important medical breakthroughs of
the last century and offers hope to the approximately 10% of couples who struggle to
conceive>®. The number and proportion of children born after assisted reproduction is rising
annually. There have already been over 8 million births after Assisted Reproductive Technologies
(ART) worldwide and with falling fertility rates in some countries, this is likely to rise’. In 1992,
at the start of this study period, one in every 333 children born in the UK was conceived using
assisted reproduction, by the end of our study period in 2010, this figure was one in every 50

children®.

14,000
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8,000 =]
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4,000
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0
e b N2 V‘E?Pl &
& @gb' & 5 qg:"gb S A
Year treatment cycle started
Figure 1. The number of children born after ART in the UK annually in this study period. This figure
is based on data received from the Human Fertilisation & Embryology Authority’.
Assisted reproductive techniques have developed rapidly since the birth of the first in-vitro
fertilised (IVF) conceived infant, Louise Brown, in 1978. Whilst the development and use of
these techniques has progressed rapidly, the same cannot be said for research into the safety

outcomes of such treatments. The reason for this is not clear; however a contributing factor may
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be that ART providers are not usually responsible for providing care after fertility treatment and
often have little direct contact with the family after the initial treatment period. This makes
collection of follow-up data difficult. In addition, some of the potential adverse outcomes are

rare events and therefore very large cohorts are required to comprehensively investigate risk.

Cancer, in both women who have had assisted reproduction and children born after assisted
reproduction, is one such potential outcome not adequately investigated to date. This study
aimed to make use of an unprecedented opportunity to investigate cancer risk in these
populations in Great Britain. A change in the Human Fertilisation & Embryology Authority (HFEA)
act, 2009, allowed researchers limited access, for the first time, to identifiable information on
all assisted conceptions in the UK since 1991. The number of both women and children
developing cancer after ART in Great Britain was ascertained by linking data from the HFEA
registry to:

e NHS-Digital Central Registry & National Records for Scotland (NRS) (recording all
cancers and deaths in the population of England, Wales & Scotland) to identify women
who have had ART and subsequently developed cancer.

e The National Registry of Childhood Tumours (NRCT) (a large population- based
childhood cancer registry covering England, Wales, and Scotland during the study
period) to identify children conceived after ART who have subsequently developed
cancer.

The numbers of cancers recorded in these cohorts has been compared with expected numbers,
based on annual age-specific national incidence rates. Where possible and where data are

available, potential confounding, moderating and mediating variables have been considered.

Findings reported in this thesis and in related publications!? are important to families who have
used assisted reproduction or are considering using assisted reproduction, to clinicians, public

health bodies and the general public.
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Chapter 1- Background
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History of assisted reproduction

The first attempts at in-vitro fertilisation (IVF) of mammalian eggs occurred in 1878 by a
Viennese embryologist named Schenk. It took a complete century of experiment and
investigation into in-vitro techniques before the birth of the first human after /VFin 1978, when
Louise Brown was born in Oldham, UK. Other important developments followed soon after
including the first human pregnancy using a cryopreserved and thawed embryo in 1983, the
first human pregnancy after preimplantation genetic diagnosis (PGD) in 1990 and invention of
intracytoplasmic sperm injection (ICSI) in 199213, These sentinel events and others in the early
history of assisted reproduction are displayed on the timeline in figure 2. Further developments
include the first birth after in-vitro maturation (IVM) of oocytes, followed by IVF, in 1994 and

extended embryo culture (to 5 day blastocysts)**®.
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Figure 2. Timeline of a number of sentinel events in the development of in-vitro fertilisation

(IVF)
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Overview of assisted reproduction treatments

Most women who have assisted reproduction are exposed to a variety of different medications
during their treatment. Simulated cycles, which accounted for 99.1% of all cycles in the UK in
2010Y, generally involve ovarian stimulation with exogenous hormones to promote
multifollicular growth and simultaneous suppression of endogenous follicle-stimulating
hormone (FSH) & luteinizing hormone (LH). Oocytes undergo final maturation, (usually in-vivo,
unless in-vitro maturation is being used), and ovulation is then triggered. Eggs are then surgically
retrieved and fertilised in an in-vitro environment. Standard IVF involves mixing sperm and eggs
in the in-vitro environment; ICSl involves directly injecting a single sperm into a retrieved mature
oocyte. Resulting embryos are then matured for a varying length of time and replaced in the
uterus during embryo transfer (ET). During cleavage embryo transfer, an embryo is transferred
after 2-3 days in the IVF laboratory; blastocyst embryo transfer involves maturing the embryo in
an in-vitro environment, typically for 5 days, until trophoblast (outer cell layer) and embryoblast

(inner cell mass) layers have formed.

Figure 3. Cleavage stage embryo (day 2-3) Left; Blastocyst stage embryo (day 5) Right.

Un-stimulated or ‘natural cycles’ involve collection of a smaller number of oocytes, usually one
or two, which have been stimulated by endogenous hormones as part of the normal menstrual
cycle. Fertilisation, embryo maturation and embryo transfer techniques are equivalent between

stimulated and non-stimulated assisted reproduction cycles.
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Assisted reproduction treatments during study period

This study includes data collected over a period of 19 years from 1991 to 2010. During this period
there were a number of advances in assisted reproduction leading to better success rates. Most
such advances in this period were in assisted reproduction laboratories and include the
development of pre-implantation genetic diagnosis (PGD)*?, ICSI*3, in-vitro maturation [of ova]
(IVM)** and blastocyst culture®. ICSI and blastocyst culture were widely adopted throughout the
UK during the study period. PGD and IVM were also used during the study period, however,
given that they were designed for specific and relatively rare indications; they have been less
widely used, particularly during the study period. Ovarian stimulation regimens as part of

assisted reproduction cycles were relatively constant in the UK throughout the study period.

GnRh analogs - agonists - gonadotopinsf HCG T

DOEREEEEENRNNNNEDDN00ERC0E00ORE0NE0EBA A

e I e i . I e I S I A e e e e

L A A O T T

OPU ET

Figure 4. ‘Standard’ stimulation protocol used in assisted reproduction during study period.
OPU- ovarian pick up or egg retrieval; ET embryo transfer.
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A typical ‘standard’ stimulation protocol during the study period includes: -

e Gonadotropin-releasing hormone (GnRH) agonists (or analogues) used for down-
regulation or suppression of endogenous gonadotrophins (Follicle-Stimulating
Hormone (FSH) and Luteinising Hormone (LH)).

GnRH agonists are typically given from day 21 of the menstrual cycle in order to
suppress endogenous production of FSH & LH and work by down-regulating GnRH
receptors as they have both a greater affinity for GnRH receptors than endogenous
GNRH and a much longer half-life'®. Therefore their sustained use leads to a
reduction and then suppression of the release of FSH & LH*®. Use of GnRH agonists
was standard by 1991 and not replaced by GnRH antagonists as standard treatment
for down-regulating endogenous gonadotrophins until after the study period.

e Gonadotrophin injections used for ovarian stimulation

Exogenous gonadotropins are typically started on day one or two of the next cycle
in order to stimulate follicle development.

Clomiphene citrate was also used for ovarian stimulation in the pioneering years of
assisted reproduction treatment, but this was uncommon in the UK by the start of
the study period.

e Human chorionic gonadotrophin (hCG) used for triggering ovulation

Once an adequate number of mature sized follicles have developed (to 13-20mm),
hCG is given for the final maturation of the developing oocytes. Oocyte retrieval
occurs around 36 hours after the administration of hCG.

Whilst purified, then highly purified urinary preparations of both gonadotrophins
and hCG were initially used, followed by recombinant preparations in later years,
these are essentially equivalent.

e Progesterone support used to thicken endometrial lining and maintain pregnancy.
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Side effects, as recorded by
Class of drug Examples the British National

Formulary®® &/or the HFEA?

Gonadotropins Recombinant FSH LH; Ovarian hyper-stimulation
Follitropin a syndrome (OHSS), allergic
Follintrophin B reactions, skin reactions,
Lutropin a increased risk of multiple
Human menopausal pregnancy and miscarriage,
gonadotrophins; Gl disturbance, head ache,
Menotrophin (FSH & LH), joint pain, fever,
Urofollitrophin (FSH) thromboembolism (rare)
Human Chorionic Recombinant Nausea, vomiting, abdominal
gonadotropin (HCG) Choriogonadotrophin a pain, headache, OHSS
GnRH agonists / analogues Buserelin Headaches, nausea,
Goserelin vomiting, hot flushes, night
Nafarelin sweats, headaches, vaginal

dryness, mood swings,
changes in breast size, acne,

sore muscles.

Progesterone Cyclogest Nausea, vomiting, swollen
Gestone breasts.
Utrogestan
Clomiphene Citrate (not in Hot flushes, mood swings,
standard use during study nausea, breast tenderness,
period) insomnia, increased

urination, heavy periods,

acne, weight gain, multiple

pregnancy
GnRH antagonists (not in Cetrorelix Nausea, headaches, malaise,
standard use during study Ganirelix hypersensitivity reactions
period) (rare)

Table 1. Recorded side effects of drugs commonly used in assisted reproduction and fertility
treatment.
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Known adverse maternal outcomes of assisted reproduction

There are a number of known maternal complications of assisted reproduction, including those
relating to multiple pregnancy, ovarian hyper-stimulation syndrome (OHSS), risk of

thromboembolism, risk of ectopic pregnancy, and side effects of medications (Table 1).

Multiple pregnancy rates are higher in assisted conceptions compared to spontaneous
conceptions; 20.6% of all births after assisted reproduction were multiple births the UK in 2010%
compared to 1.6% in the general population in the same year?2. This is a source of significant
maternal morbidity and mortality as multiple pregnancies are associated with higher rates of
pre-eclampsia, gestational diabetes, preterm delivery, cholestasis, dermatoses of pregnancy,
anaemia, and hyperemesis gravidarum?*?3, Thankfully, rates of multiple pregnancy after
assisted conception have decreased in the years after the study period 2%%4, (from 24% in 2009
to 11% in 2017 in the UK?*), due, at least in part, to the steady increase in the proportion of

elective single embryo transfers in the UK as well as across most parts of Europe?..

Singleton . Triplet Quadruplet
Twin Pregnancy
Pregnancy Pregnancy Pregnancy
Pre-eclampsia 6 10-12 25-60 >60
Gestati |
estationa 3 5-8 7 >10
Diabetes
All Pre-term 15 40 75 595
labour
Delivery <
10 50 92 >95
37/40
Delivery <
2 8 26 >95
32/40

Table 2. Incidence (%) of major maternal complications in pregnancies after assisted conception
by different pluralities, over the study period. %

31
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Mild OHSS is estimated to occur in around 15%-30% of all assisted conception cycles
moderate and severe forms occur in 1-6% of all cycles®>?’. In women considered high risk for
OHSS because of young age, low body mass index, polycystic ovary syndrome (PCOS), and
particularly women with high levels of anti-mullerian hormone, moderate or severe OHSS may
occur in up to 20% of treatment cycles®®. Mild OHSS results in fluid accumulation and weight
gain but more severe forms can result in oliguria, ascites, pulmonary oedema,
thromboembolism and even death?®. As well increased maternal morbidity and mortality, OHSS
can also increases the risk to resulting pregnancies by increased risks of still birth, low birth
weight and pre-term birth?. Therefore, all women undergoing ovarian stimulation, particularly
those at high risk, are closely monitored?®. Prevention strategies such as using GnRH antagonists,
altering the ovulation trigger, (by reducing hCG dose or using GnRH agonists as the trigger), and

increasing use of frozen embryo transfer, are much more common now than they were during

the study period?®.

There is also some evidence that women who have assisted reproduction are at increased risk
of pulmonary and venous thromboembolism compared to age matched controls who deliver
during the same calendar period (aHR 1.77; 95%Cl 1.41-2.23; adjusted for parity, multiple births,
smoking, maternal age)®. This excess risk was particularly prominent in the first trimester (aHR

4.05; 95%Cl 2.54-6.46; additionally adjusted for BMI)*.

Pre-eclampsia is also more common in assisted conception pregnancies (OR 1.63; 95%Cl 1.53-
1.74), as is prolonged rupture of membranes, placental abruption and placenta previa; shown in
singleton and multiple assisted conception pregnancies®!. Pre-eclampsia appears to be
particularly associated with frozen embryo transfers, possibly related to the absence of the
corpus luteum3?, Interventions such as caesarean sections and induction of labour were also

found to be more common in assisted conception pregnancies33,
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Cancer risk in women after assisted conception

In addition to the above recognised maternal risks of assisted reproductive technology
treatments, there are theoretical reasons why women who have assisted reproduction may
have increased risks of specific types of cancer. These relate to both the assisted reproduction
treatments and to the background characteristics of women who choose to have assisted

conception.

In most assisted reproduction cycles, stimulation of multiple follicles by exogenous
gonadotropins results in a significant rise in oestradiol (E2) levels. The mean peak oestradiol
level in a standard stimulated ART cycle is 3000pg/ml (range: 1000- 4000 pg/ml)3*. This is 4 times
larger than the mean peak level in an un-stimulated cycle (750pg/ml, range: 315-1800 pg/ml)3*.
Excess oestradiol exposure has been implicated in the development of ovarian, breast, and
corpus uterine cancer, amongst other cancers®. Oestrogens are both mitogens, increasing the
probability of mutations due to an increased rate of mitosis, and mutagens, directly inducing
DNA damage®. Gonadotrophins have similarly been associated with carcinogenesis, particularly
in relation to ovarian cancer®®%’; these may act directly or through stimulation of ovarian
steroidogenesis®®383%, Recently it has been suggested that gonadotrophins may induce

migration and invasion in ovarian cancer, but not proliferation of ovarian cancer lines®.

Ovarian punctures may also be implicated in ovarian carcinogenesis. Incessant ovulation is
postulated to cause structural changes to the ovary which may stimulate cancer development
either by formation of pre-malignant epithelial inclusion cysts at ovulation or by a proliferation
of epithelial cells to repair the defect in the ovary surface post- ovulation34%41, The correlation
between increasing number of life-time ovulations and higher risk of ovarian cancer supports
this hypothesis®. It is postulated that assisted reproduction, which generally involves multiple

iatrogenic ovarian punctures, could similarly increase risks of ovarian cancer®.
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Women who choose to have assisted conception may be at higher risk of breast, endometrial
and ovarian cancer, irrespective of fertility treatment. For example, women who have assisted
conception are less likely to have children than the generally population, thus also less likely to
have breast fed a child and are more likely to have endometriosis than the general population,

all three are risk factors for ovarian cancer***® (Table 3).

Women with high body mass index (BMI) are more likely to develop ovarian cancer than those
with normal body mass index*. However, it is not completely clear how the average BMI of
women undergoing assisted conception compares to population averages in the UK. High body
mass index is associated with reduced fertility*®, however, in the UK women with BMI over 30
are less likely to be accepted for fertility treatment, and certainly NHS funded fertility
treatment®. In addition, some studies suggest that women who have assisted conception are

more likely to exercise regularly than the general population®Z.

Risk factors for breast cancer associated with infertility are likely to have a more complex effect
(Table 3). Women having assisted reproduction are more likely to give birth to their first child at
an older age, which is known to increase the risk of breast cancer®?, but are less likely to have a
late age at menopause, another risk factor for breast cancer®®. The situation is made more
complex as a number of relevant risk factors for breast cancer have a non-linear relationship
with risk. For example, pregnancy increases the risk of breast cancer transiently postpartum, but
subsequent pregnancies decreases risk®*>°. High body mass index reduces pre-menopausal risk,

but increases post-menopausal risk*®>6,
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Known risk factors related to hormonal exposure/
Cancer References
infertility

Ovarian Low parity 43-48,57

Breastfeeding (reduces risk)

Oral contraceptives (reduces risk)
Hormone replacement therapy
High body mass index

Endometriosis

Breast Cancer Parity- pregnancy increases risk transiently,
subsequent pregnancy reduces risk 48,52-60
Older age at first pregnancy
Breastfeeding (reduces risk)
Hormone replacement therapy
Oral contraceptives

Late age at menopause

Body mass index- postmenopausal

Endometrial/ Hormone replacement therapy (oestrogen only)
Corpus Uterine | Low parity 48,61-67
Early menarche

Late age at menopause

Obesity

Polycystic ovary syndrome (PCOS)

Oral contraceptives (reduces risk)

Endometrial polyps

Table 3. Known hormonally related risk factors for specific cancers.

In recent years, PGD for BRCA mutations has been developed. This may increase the proportion
of women with related mutations undergoing assisted conception and therefore be another
reason why women undergoing assisted conception are at higher risk of breast and ovarian

cancer. However, such PGD techniques were developed after the study period.
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Literature review investigating cancer risk in women after

assisted conception

A literature review was undertaken to assess published evidence investigating the risk of breast,
endometrial/ corpus uteri and ovarian cancer in women who have had assisted conception
before work on this component of the thesis began on 20.11.2014. This was updated on

13.2.2017.

Review question: ‘Are women who have assisted reproduction at higher risk of breast,
endometrial/ corpus uteri and ovarian cancer than the general population and/ or untreated

women diagnosed with fertility problems?’

PICO style inclusion criteria:
Population/ intervention: This review considered studies including women undergoing
assisted reproductive technologies defined as ‘All treatments or procedures that include
the in vitro handling of human oocytes and sperm or embryos for the purpose of
establishing pregnancy®. Studies including women having hormonal stimulation NOT part

of assisted conception not specifically sought, but where found were considered separately.
Comparison: Cohort studies and systematic reviews comparing risk of cancer, (specifically
of the breast, endometrium/ corpus uteri or ovary), in women undergoing assisted

conception to either the general population or specific sub-fertile populations were sought.

Outcome: The outcomes considered will be doctor diagnosed breast, endometrial, corpus

uteri or ovarian cancer (including both invasive and borderline ovarian cancer).
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Review methods: Searches of MEDLINE and EMBASE were carried out using multiple
combinations and variations of keywords ‘Neoplasm’, ‘ Cancer’, ‘Assisted Reproductive
Techniques’, ‘in-vitro fertilization’. No restrictions were used. This search was carried out on
20.11.2014 and updated on 13.2.2017. Full search criteria are available in appendix 1. An
additional hand search of bibliographies of selected studies and review articles was carried out.
All relevant cohort studies and systematic reviews were identified and reviewed independently
by two authors. A meta-analysis was not undertaken as part of this systematic review, given that
several recent, relevant, high quality meta-analyses were identified through the systematic

review.

Results: 6,377 articles were cited by Pubmed, 11,705 by Embase. Article titles were scanned and
primary research articles and systematic reviews in the related study area identified for further
investigation. 372 abstracts were selected for review. Using the above PICO criteria, 13 cohort
studies and three systematic reviews were identified. Repeating this search on 13.2.2017
identified two additional cohort studies and two additional systematic reviews. Details of these
studies, including numbers of exposed women, number of cancers, follow-up details and results

are incorporated in table 4.

Conclusions: Studies investigating breast cancer risks in women who underwent assisted
reproduction are inconsistent*>%7 Although some studies have shown an increased risk of
breast cancer in women after assisted reproduction’, most studies do not suggest an overall
increased risk 6879747678 ' A number of studies have suggested possible increased risk within

978 with multiple cycles™

subgroups of treated women including those treated at younger ages®
and with Progesterone’. Despite the fact that breast cancer is the most common cancer in

women, most studies have relatively few events, largely due to small study size.

Most studies investigating endometrial cancer risk in ART treated populations have not found a

significant increased risk in exposed populations’*737%77 However, most studies provide very
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717377 One study suggested an

imprecise estimates due to small sample size and few events
increased risk of endometrial cancer associated with exposure to Gonadotrophins, commonly
used as part of ART®, Largely, studies comparing risks in ART treated populations to the general
population, without taking into account important confounders such as nulliparity and PCOS

have tended to find higher, all be it non-significant risks, compared to studies which do take into

account such factors.

Early cohort studies investigating fertility drugs used alone suggested an increased risk of
ovarian cancer®!, Recent studies investigating their use as part of assisted reproduction tend to
be more reassuring®>7#828 Recent systematic reviews have suggested that studies which are at
high risk of bias due to lack of adjustment for potentially important confounders, such as
nulliparity and endometriosis, are more likely to show an increased risk of invasive ovarian
cancer than those studies who are able to take these potential confounding variables into
account*?®*, They also note the small size and few events in many studies and call for further
large population based studies, taking potential confounding variables into account**84, Very
few studies have investigated risks of borderline ovarian cancers in women exposed to

ART73838> Some®3%> but not all”® have found an increase in borderline tumours.
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Study Details Cancers in exposed Results
& Exposed cohort Corpus | Ovarian F/U Corpus Ovarian Comments
B B
(n) €3St | Uteri [ 1V | B/L reast Uteri /v | B/L
Venn 19958 ART vs sub- ART & Infertile . . *Short follow-up
Lancet fertile vs Gen Pop AHRBI L e Few cases
? -
AUS 3 ' ° (L15yrs) | aRR 111 SIR 2.84 (822_17";)
N= 5,564 (0.56-2.20) (1.18-6.81) ' '
Venn 19997 e Transient IMBC & CUC 1*
Lancet 143 12 13 7 years SIR0.91 SIR 1.09 SIR 0.95 12mths
AUS (1-21) (0.74-1.13) (0.45-2.61) (0.73-1.23) o 1OC & CUC unexplained
N=20,656 infertility
Dor 2002”7 e Small study
Fert Ster SIR 0.69 SIR 2.25 . e Imprecise estimates
ISR 11 2 1 3.5 years (0.46-1.66) (0.25-8.11) Not significant
N=5026
_ 87
Lemle’:tfe": C:OO?’ SIR 1.91 (1.18-2.91) * I‘Q'Tl!jtufy .
[ )
9y 21 cases of any cancer type | 6.5 years When first 12 month excluded n 'V_I ualcancers no
ISR SIR 1.46 (0.83-2.36) considered
N=1082 ' ' '
31
Kallen 2005 24 OR 0.76 OR 2.08
BJOG SWE 37 - ?12 - (0.54-1.06) - (1.15-3.76) e Parous women
N=12,186 invasive ) ’ ) ’
Kristiansson
2007% HR 24 1 3 ?8 | 6.2vyears aRR 01'9433§0'58_ Too small ® Parous women
SWE N=8716 ’
Jensen 20077° aRR 1.20 (0.82-1.78) Gonadotrophin ® Analysis by drugs used
Can Epi Bio 156 i i 8.8 vears aRR 0.94 (0.73-1.12) hCG i e Comparison to infertile women
DNK <Y aRR 1.28 (0.75-2.19) GnRH mainly treated with other drugs
N=165/395/98/13 aRR 3.36 (1.60-7.07) Progesterone e Small numbers
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Study Details Cancers in exposed Results
& Exposed cohort Corpus | Ovarian F/U Corpus Ovarian Comments
(n) Breast | Uteri | /v | B/L Breast Uteri /v | B/L
Pappo 2008 ® >40yrs 1%t Rx
Ann Surg Onc SIR 1.4 (0.98- SIR 1.9; 0.97-3.30
ISR 3 ; ; 8.1 years 1.96) ; ; o >3 cycles
N=3,375 SIR 2.0; 1.15-3.27
aRR 2.21 ® Analysis by drug
Jenztle\;;:)OQ (1.08-4.50) | aRR0.83 (0.50- |s Comparison to infertile women
Am J Epi® Gonadotrop. 1.37) mainly treated with other drugs
DNK aRR 1.36 Gonadotrop. e Small numbers exposed
N=184 gonada - 55 90 16 years - (0.83-2.23) aRR 0.89 (0.62-
N=413 hCG hCG 1.29) hCG
N=110 GnRH aRR 1.09 aRR 0.80 (0.42-
(0.47-2.52) 1.51) GnRH
GnRH
Kallen 20117* ® Parous women
HR aOR 0.76 aOR 2.09 e First cancers presented here
SWE 95 5 57 8.3 years (0.62-0.94) Too small (1.39-3.12) P
N=24058
- SIR1.35 SIR1.93  |e Considering Ovarian tumours,
(0.91-1.92) (1.31-2.73) Borderline & Invasive
IVF vs IVF vs e Compares to gen pop & sub-
Van Leeuwen 2011% Gen pop Gen pop fertile group
HR e OC Mafter 15 years
NLD - - 30 31 14.7yrs - SIR 1.24 SIR 0.67 SIR-3.54; 1.6-6.7
N=19146 (0.64-2.17) | (0.18-1.71) |e Small numbers in sub-analyses
Sub-fertile | Sub-fertile vs
vs Gen pop Gen pop
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Study Details Cancers in exposed Results
& Exposed cohort Corpus | Ovarian F/U Corpus Ovarian Comments
B B
(n) reast | Uteri | 1I/V | B/L reast Uteri IV B/L
Yli-Kuha 20127 OR OR |e Possible healthy cohort effect
HR OR0.93 OR2.0 2.57 1.68 (breast cancer)
55 4 9 4 7.75
FIN yrs (0.62-1.40) (0.37-10.9) | (0.69— | (0.31— |e Sub-groups and confounders
N=9175 9.63) 9.27) not investigated
Stewart 201278 e Compares to sub-fertile cohort
Fert Ster HR 1.10 o Prisk if 24yrs at 1% Rx
148 - - - 16yrs - -
AUS ¥ (0.88-1.36) aHR 1.56; 1.0-2.4
N=7381
Brinton 201372 e Compared to sub-fertile cohort
Fert Ster aHR 0.90 aHR 1.56 aHR 1.58 e Adjusted for age at entry, BMI,
140 15 21 8.1yrs
ISR y 0.71-1.15) (0.63-3.86) (0.75-3.29) smoking, parity at exit, and
N=67608 socio-economic status.
Stewart 2013 (a)® aHR |e Parous women (HR 0.89; 0.43—
Gyne Oncol 2.46 1.88)
- - - | 17 | 169 - - -
AUS vrs (1.20, |e Endometriosis (HR 0.31; 0.04—
N=7544 5.04) 2.29)
Parous e Investigates invasive ovarian
Stewart 2013 (b)®? women cancer
Gyne Oncol i i 16 i 17 yrs i i HR-1.01 i e Small study, few events
AUS ' (0.35-2.90) e Imprecise estimates
N=7548 All HR-1.36
(0.71-2.62)
e Parous women
Reigstad 20147°
e;iilaofCan aHR1.20 (1.01- i ® Excludes cancer before Rx aHR
NOR 138 - - - 16yrs 1.42) - 1.17 ( 0.98-1.40)
N=16,626 . i/;Jl)>10yrs aHR 1.35 (1.07-
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Study Details Cancers in exposed Results
& Exposed cohort Breast Corpus | Ovarian F/U Breast Corpus Ovarian Comments

(n) Uteri | I/V | B/L Uteri /v | B/L

Luke 20157° e Compares to the general pop

Fert ster SIR0.830.75- | SIR0.760.57- | SIR1.180.87- [ NO change with parity, no.
USA 404 49 48 4.87 yrs. cycles, cumulative dose or cycle
0.91 1.01 1.56
N=113,226 outcome

53859 no prior ART

Table 4. Cohort studies investigating cancer risk in women after assisted conception identified through systematic review. Shaded rows indicate that data
overlaps with subsequent included studies
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Cases Results
Study & e Comments
Exposed Breast Uteri Ovarian Breast Corpus Uteri Ovarian
Siristatidis RR 2.04 RR 1.50 e When confounding effect of infertility removed,
2013% (1.22-3.43) (1.17-1.92) ART does not increase risks of studied cancers
Hum i 18 76 i vs Gen Pop vs Gen Pop
Reprod RR 0.45 RR 1.26
Update (0.18-1.14) (0.62-2.5)
N=109,969 vs Subfertile vs Subfertile
] No convincing evidence of an increase in the risk of invasive ovarian tumours with fertility drug treatment.
Rizzuto . . . . . . .
2013 22 There may be an increased risk of borderline ovarian tumours in sub-fertile women treated with IVF.
Cochrane Studies showing an increase in the risk of ovarian cancer had a high overall risk of bias, due to retrospective study design, lack of
N= 182,972 accounting for potential confounding and estimates based on a small number of cases.
More studies at low risk of bias are needed
Sergentaini Parous women:
2014°° RR 0.91(0.74- RR- 0.86 (0.73-1.01)
Hum 1.11) vs gen pop <30yrs first treatment
576 - - RR 1.02 (0.88- - - Y
Reprod 1.18) vs sub- RR- 1.64 (0.96-2.80)
Update . fertile
N=69,814+
Gennari Breast cancer after fertility treatment
20158 ART treated women were a subgroup
Breast Clomiphene treatment: -
Cancer Res RR 0.96 RR-1.26 (1.06 to 1.50)
Tr 2,347 - - (0.80-1.14) - -
N=207914 ART only
(not all
ART)
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Cases Results

Study & Corpus Comments
Exposed Breast U t:ri Ovarian Breast Corpus Uteri Ovarian
Saso ® Includes ALL uterine cancers inc. cervical
90 .oy
2015 All OR 0.78 e Breast cancer after fertility treatment
EurJ e ART treated women were a subgroup
(0.39-1.57) —e=
Obstet Gyn i 83 IVF i i i e Potential bias as IVF treatment often not started
RB 137 All IVE OR 0.38 until after cervical cancer screening complete.
N=103,758 (0.30-0.47)
(not all had ' '
ART)
Skalkiddou
2017 e Includes all fertility treatments. Includes most important drugs used in ART, but doesn’t specifically state if they were used as part of ART
Cochrane e Concludes that robust conclusions cannot be drawn regarding exposure to gonadotrophins in relation to uterine cancers due to very low

DB syst rev

quality evidence with high risk of bias, and small numbers of studies.

Table 5. Systematic reviews and meta-analyses investigating cancer risk in women after assisted conception.
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Known outcomes of children born after assisted
reproduction

General Health Outcomes

Multiple birth is the most well documented risk of assisted reproduction. The multiple birth rate
in the UK is more than 13 times higher in deliveries after assisted reproduction than after
spontaneous conception?. In recent years the multiple birth rate has declined, due to the
steadily increasing use of elective single embryo transfer in the UK?!. HFEA data suggest that in
2019, only 6% of all births after assisted conception are multiple births; this has decreased from

25% in 2008%.

Multiple pregnancies, regardless of their mode of conception, are known to be associated with
adverse outcomes including preterm birth, low birth weight, neonatal mortality, disability
amongst survivors and congenital malformations (the latter largely related to monozygotic high
order pregnancies)®*98, It remains unclear, however, if peri-natal outcome in multiple birth after
ART, is better or worse compared with similar high order spontaneously conceived

preghancies®-10,

In addition, after adjusting for maternal age and parity, singletons born after ART have been
shown to have significantly higher risks of the following compared to children born after

spontaneous conception (SC):

e Preterm delivery3*102103 104

e Low birth weight3%103

e Very low birth weight3%103

e Being small for gestational age 331

e Peri-natal mortality3*10

105-107

e Congenital malformations

o An approximate 30% increase has been shown
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o Some data suggests a significant increase in children born after ICSI and not
|\VF106
108-110

e Imprinting syndromes

o Such as Beckwith-Wiedemann syndrome (BWS) and Angelman syndrome (AS)

However, the proportion of such adverse outcomes in both singleton and multiple ART births
have declined in recent years'°1%’, Reasons for this are unclear, but include a gradual change in

ART patient characteristics and refinement of clinical and laboratory ART techniques®%1%7,

Uncertainly exists regarding the long-term physical health of children conceived after ART
compared to spontaneously conceived children. Literature suggest that children born after ART
may have minor, yet statistically significant increased blood pressure, and therefore possible

adverse cardio-metabolic outcomes!***13,

Neurodevelopmental outcome in children born after ART has largely been shown to be similar
to children born after spontaneous conception!*?¢ though small differences, unlikely to be of

115

clinical significance have been seen in academic performance®?>, including in children born after

specific types of ARTY,

There is, however, evidence to suggest poorer neurological health. Several large cohort studies
with good follow up periods reported an increased risk of cerebral palsy in singletons born after
ART!8120 A recent systematic review suggested this may be more than two-fold higher than
general population rates!?!. There is also some evidence that children born after ART have an
increased risk of epilepsy, compared to spontaneously conceived children'??124, Both of these
adverse outcomes may be related to multiple births, low birth weight, prematurity, to parental

sub-fertility or other unknown factors'%122,
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Assisted Reproductive Techniques or Sub-Fertility?

Whether adverse outcomes in ART conceived children are caused by assisted reproductive
technologies themselves, underlying sub fertility or by a combination of these, is a key question
in ART outcome research. Romundstad et al. attempted to address this question with regard to
adverse perinatal outcome in singletons by using data from population based registries to
compare children born after ART with their spontaneously conceived siblings (n=2204 per

)1%5. When the groups as a whole were compared (i.e. all children born after assisted

group
conception vs. all spontaneously conceived children), the children born after assisted
conception had significantly lower birth weight, shorter duration of gestation and increased risk
of being small for gestational age. However, when the same comparisons were made using
paired analysis between siblings, these differences disappeared. Average birth weight was only
9 g less in the ART group (95% Cl -18g - +36g), gestational age only 0.6 days shorter (95% Cl -0.5
- +1.7) and the risk of being small for gestation was similar between groups (OR 0.9 (95% ClI
0.62-1.57))*?°. However the study may have been limited as it is possible some of the
spontaneously conceived siblings might have been conceived as an indirect result of fertility

treatments?®, Debate continues to surround the question of causation and further research is

warranted.

It is also unclear if the increased incidence of imprinting disorders in children born after ART is
related to the genetic or epigenetic predisposition of sub fertile couples and/or to the
interference that specific aspects of ART may have on epigenetic reprogramming during
gametogenesis and early embryonic development. Evidence supporting the possibility of an
increase in incidence of epigenetic aberrations in children born after ART has prompted
concerns that these children may be at higher risk of cancer than children born after

spontaneous conception.
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Cancer risk in children born after assisted reproduction

Assisted reproduction involves exposing gametes and embryos to hormonal stimulation in
supra-physiological levels, to culture media and to physical stress. This happens within the same
timeframe as epigenetic reprograming of the pre-implantation embryo, which are extremely
sensitive to stress. Adaptations in foetal epigenetic patterns may occur as a result. Altered
epigenetic patterns have previously been found in human assisted conception embryos!?’128
cord blood and placenta!®%, As noted above, several authors have reported unexpectedly high
numbers of children born after ART with imprinting disorders'®1% This is largely due to

epigenetic defects; specifically, aberrant DNA methylation leading to altered gene

expression®131132 These findings are supported by similar outcomes in animal models3313,

Accumulating evidence suggests an influence on the epigenome of embryo culture, ovarian

hyper-stimulation, embryo transfer and exposure to light, resulting in imprinting disorders,

among other potential effects™**¥’.

Epigenetic mechanisms are known to play a role in human carcinogenesis as part of imprinting

138

disorders®®, and independently of such syndromes®%'%°, Some imprinting disorders, including

subsets of Beckwith-Wiedemann syndrome, are known to be associated with specific childhood

tumors such as Wilms’ tumours, neuroblastoma, hepatoblastoma and rhabdomyosarcoma**

144 However, there is accumulating evidence that global hypomethylation and

hypermethylation of tumor-suppressor genes play significant roles in human tumours in

139,145-147

individuals without imprinting disorders Evidence suggests that epigenetic

abnormalities may play a role in the development of a variety of different types of childhood

148 149

 neuroblastoma'®, sarcoma®*®

cancer including acute lymphoblastic leukaemia , germ cell
tumours® and retinoblastoma*®1°2, |t is therefore possible that processes involved in ART, may

lead to epigenetic modification of DNA, potentially resulting in the development of cancer in the

offspring®®3.
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Literature review investigating cancer risk in children born after

assisted conception®>*

A systematic review was undertaken to evaluate epidemiological evidence investigating this

possible risk. Where appropriate, data has been combined into meta-analyses.

Review question: ‘Are children born after assisted conception at higher risk of cancer than

spontaneously conceived children?’

PICO style inclusion criteria:
Population/ intervention: This review includes studies of children born after assisted
reproductive technologies. This is defined as ‘All treatments or procedures that include the
in-vitro handling of human oocytes and sperm or embryos for the purpose of establishing
pregnancy’® including but not limited to IVF, ICSI, and gamete/embryo cryopreservation. It
does not include assisted/artificial insemination. Studies including children born after
maternal hormonal stimulation but not ART were also sought but not included in the meta-
analysis.
Comparison: Studies comparing cancer risk in children born after ART, to risk in children
born after spontaneous conception were sought. Studies that included a comparison group
of children born after spontaneous conception to previously sub-fertile mothers were
considered to be particularly useful.
Outcome: The outcomes considered were any site-specific cancer or cancer as a whole™.

Cancer must be physician diagnosed

* Cancer defined as an abnormal growth of cells that tend to proliferate in an uncontrolled way
and, in some cases, to metastasize.
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Literature review methods: Searches of MEDLINE and EMBASE were carried out on 21.10.2010,
with a further update at the official start of this study (3.11.2011) using multiple combinations
and variations of keywords ‘Neoplasm’, ‘Cancer’, ‘Assisted Reproductive Techniques’, ‘in-vitro
fertilization’. Full search criteria are available in appendix 1. An additional hand search of
bibliographies of selected studies and review articles was carried out. All relevant identified
studies were reviewed independently by two authors. Studies were classified according to
design. Cohort studies were quality assessed by two reviewers prior to inclusion in the meta-
analysis. High quality studies were those that were population based and identified cases using
validated registries. Pooled odds ratios were calculated for combined data from selected
studies, comparing observed and expected cases of childhood cancer. ‘R’ release 2.11 was used

for statistical analysis.

50



Results: From over 4300 results, 60 relevant primary articles were identified, (21 cohort studies,
11 case-control studies and 28 case reports/ series). Of the 28 case reports, 4 did not included
data on children born after assisted conception®'>’, The remaining 24 reports described

cancers in 28 children born after ART.

Cancer Type No. of cancers reported

Renal Tumours®°&163 6

Retinoblastoma®+168 5

Neuroblastomal®®-172 5

Brain Tumours’3-177 5
Hepatoblastoma'6®-162.178 4
Teratomal’®18? 3
Leukaemia'”® 1

Table 6. Case reports of cancer occurring in children born after assisted conception

Of the 11 case-control studies, 10 included children born after maternal hormonal treatment
and or maternal investigation for infertility but not ART or ART status was not clear’®2°1, One

investigated CNS tumours only and found no increased risk associated with ART*%2,
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Of the 21 cohort studies, 8 contained data which was then included in a subsequent study and

were thus excluded!®%*1% Two were excluded as they related to cancer in children born

exclusively or predominantly after maternal non-ART fertility treatment, and there was no way

to differentiate between such children and children born after ART***2%, The remaining 11

cohort studies were included in the meta-analysis?®?!1. The overall combined Odds ratio was

1.43 (95% Confidence interval 1.14-1.72).

Study Reference

Kallen 2010
Pinborg 2004
Marees 2009

Lerner-Geva 2000
Rufat 1994

Klip 2001
Bruinsma 2000
Doyle 1998
Bradbury 2004
White 1990
Odone- Filho 2002

Summary

0.03 0.10 0.32 1.00 3.16

Odds Ratio

I
31.62

I
316.23

Figure 5. Forrest plot & meta-analysis of cohort studies investigating cancer risk in children
born after ART compared to spontaneously conceived children.

52



When restricted to higher quality, registry based studies?°12°%2!1 (OR= 1.32; 95% Cl 1.09-1.55).

Kallen 2010 [

Pinborg 2004 -

Marees 2009 -
9 Lerner-Geva 2000 -
5 Rufat 1994 -
% Klip 2001 -
o Bruinsma 2000 -
E) Doyle 1998 -
) Bradbury 2004 -

Summary -
T T T T T T T T T T
0.03 0.10 0.32 1.00 3.16 31.62 316.23
Odds Ratio

Figure 6. Forrest plot & meta-analysis including 9 registry-based cohort studies investigating
cancer risk in children born after ART compared to spontaneously conceived children.
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Further analyses restricted to studies including ‘all cancers’ (OR=1.31; 95% Cl 1.05 -1.63).

Kallen 2010 [
Pinborg 2004 -
o Marees 2009 -
e Lerner-Geva 2000 -
S Rufat 1994
y— -
3] Klip 2001
o . -
2 Bruinsma 2000
2 Doyle 1998
n
Summary <&
T T T T T T
0.03 0.10 0.32 1.00 3.16 10.00
Odds Ratio

Figure 7. Forrest plot & meta-analysis of 7 high quality, population & registry-based cohort
studies investigating risk of ‘all cancer’ as a whole, in children born after ART compared to

spontaneously conceived children.
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Publication bias was not deemed to be a large influence on the results of this systematic

review and meta-analysis.
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Figure 8. Funnel plot of cohort studies included in the above meta-analyses.
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Conclusion: The results suggested a small increased risk of childhood cancer after assisted
conception. At the time of undertaking, it was concluded that additional larger population-based
studies were warranted to confirm this and to investigate risk of specific cancers. Should these
further studies have similar findings, underlying mechanisms also warrant investigation.
Comprehensive, reliable data in this area are essential for pre-treatment counseling of couples

wishing to undergo ART, for facilitating early diagnosis and for the broader public health.

Specific Cancers

Specific cancers noted, by the above included epidemiological studies, to occur at increased risk
in children born after ART include, acute lymphoblastic leukemia 2%, tumors of the eye, including
retinoblastoma®®”20%203  nheuroblastoma 2. The Dutch group who originally reported the
possible increase in risk of retinoblastoma in children born after ART*¥’, found no increased risk

in the later study period?®,

Since this literature review was undertaken, there have been several further studies published
investigating cancer risk in children born after assisted conception. As these were largely
published after the linkage and analysis stage of this section of this thesis was undertaken,

(2011-2013), these studies are considered further in Chapter 6; Discussion.
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Study ) Cohort Expected
Details Outcome Design Numbers Calculation Follow Up Outcome Comment
Kallen?0? All cancer & | Retrospective Exposed Swedish cancer Up to 23 All- 53 / 38 (O/E) Increased risk of all cancer
2010 Site Specific | population- 26,692 registry rates years Increased risk haem cancers, mainly ALL
SWE Categories based record applied with OR1.42
linkage using adjustment for year (Cl 1.09-1.87)
registry data Control of birth
2,417,878 Haem-18/12.3 (O/E)
1982- 2005 Further
(Cancer 2006) adjustments made CNS-15/8.1
no difference to Retino-2/1.25
results, thus not LCH-6 /1
done
Pinborg?®? | All & specific | Retrospective Exposed N/A Minimum 9/6.7 Cancers included;
2004b cancers population- 8,602 one year
based record Expected number ALL
DNK linkage calculated by
Raimondi?2 Hepato-blastoma
1995-2000
OR1.34
(Cancer 2001) (Cl 07_258)
Marees?%3 Retino- Retrospective Expected Expected rates 6.1yrs Total study period Increased risk not seen in expanded study
2009 blastoma population- exposed calculated using median 7/2.76 (O/E) period, only in original study period
only based cohort- cases n=162 | population covered by Moll et al*®’
NLD (non-registry estimates RR2.54
linkage) (C11.02-5.23)
Questionnaires 2002-2007

& medical notes

Diagnosis 1995-

2007

2/1.55 (O/E)

RR1.29
(C1 0.16-4.66)
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Stud . Cohort Expected
Detai‘lls Outcome Design Numbers CaI:uIation Follow Up Outcome Comment
Klip20° All cancer Retrospective IVF & Expected rates 6.0 years 6/6.1 (O/E) IVF only
cohort study- related were calculated mean SIR1.0
2001 Questionaries’ | techniques | using Netherland’s (Cl0.4-2.1)
NLD 9484 cancer registry for 4.6 years
1980-1995 the periods 1990- exposed
Parents had 1997 cohort
IVF- 8711
& Eindhoven cancer
spont. ) registry up to 1990
conception
to sub-
fertile
mothers
4214
White?%® All Cancer 1979-1987 614 Not calculated by 3 ART/0.13
1990 study but by
Raimondi 12
AUS
Bruinsma All cancers Retrospective 5249 Applying Victorian 3yr9 6/4.33
206 population- age-specific months
based record population-based SIR1.39
2000 linkage incidence from (C10.62-3.09)
1992-1995
AUS 1979-1995
Doyle?®” All cancers Population 2507 Application of 8.6 yrs. 2/3.5
based registry national cancer (mean)
1998 linkage registration rates SIR0.57
GBR age and year (C1 0.07-2.06)

1978-1991
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Study Cohort Expected
Outcome Design Follow U Comment
Details . Numbers Calculation s Outcome
Bradbury Retino- Registry based 176 Not calculated 0/0
208 blastoma cohort-GP
research
2004 database
GBR
Lerner- All cancers Retrospective 332 Application of 0/1.7
Geva?t! population- general population-
based record based rates of
2000 . . .
linkage same time period
ISR 1981-1994
Odone- All cancers Local 2000 Application of Max 4yrs 4/1
Filho?° population- population-based
based cohort rates
2002
1996-2000
BRA
(Not registry or
linkage based
Rufat204 All cancers Retrospective 1411 Not calculated Min 1 yr. 1/0.7
local cohort
1994 study-
FRA Questionaries’
Bergh®3 All cancer Retrospective Exposed Swedish cancer Up to 13 4/3.6 Data overlaps with
1999 population registry rates years

applied with
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Study Cohort Expected
Outcome Design Follow U Comment
Details s Numbers Calculation s Outcome
SWE based record 5,856 adjustment for year Kallen®! 2010
linkage of birth
Control Gen
1982- 1995 pop
1,505724
Ericson®®* | All cancer Retrospective Exposed9 Swedish cancer Up to 13 11/12.5 Data overlaps with
2002 population- 056 registry rates years Kallen21 2010
based record applied with
S linkage adjustment for
1984-1997 General Pop year of birth,
1,417116
maternal age,
parity, known
period of
involuntary
childlessness
Kallen®®> All cancer & | Retrospective 16 280 Swedish cancer Up to 19 29/21.4 Data overlaps with
2005 SpECIfIC' population- registry rates years Kallen2% 2010
e categories based record applied with

linkage
1982-2001

(Cancer 2002)

adjustment for
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Study Cohort Expected
Outcome Design Follow U Comment
Details s Numbers Calculation s Outcome
Pinborg!® | All cancers & | Retrospective Exposed N/A Minimum 0 Same ART data as Pinborg?®? 2004b
2004a site specific population- Twins one year 11 in control group
based record 3,393 P=0.076
DNK Twin only . .
linkage- Twins
study Twins
only
General pop
1995-2000 10,239
Pinborg!®® | All Cancers Retrospective Exposed FET | Sub-group of 1FET Data likely to overlap significantly with
2010 o population- 957 interest was FET. 5 Non FET Plnborg 2004b, (smaller no. exposed
Considering | | <o cohort 1 Non ART cases), data focussed on FET.
DNK FET as main Exposed
exposure (National Fresh IVF
hospital 10,329
discharge
. Control
register)
4,800
1995-2007
Lidegaard Only Retrospective 6 052 IVF Expected rates not | 4.1 IVF 0/72 Significant overlap with Pinborg 2004b
included population- calculated
i 4472 349 4.5 non- IVF Focus is imprinting diseases therefore
cancers based cohort
. non-IVF cancer case assentation not exhaustive
2005 associated
ith 1995-2001
s (?ICS! etc.
DNK imprinting in the non-
diseases IVF group?)
(NB- national
hospital Singleton
discharge only

register used)
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Study Cohort Expected
Out Desi Foll V) C t
Details utcome — Numbers Calculation el Outcome ommen
Moll*¢7 Retino- Retrospective Expected rates Min one 5/0.69 Data overlaps with
blastoma population- calculated using year
2003 . Marees 2008
only based cohort- population-based
NLD (non-registry estimates
linkage)
1995-2001
(Cancer 2002)
Klip All cancer Retrospective IVF & Expected rates 6.0 years 6/6.1 (O/E) IVF only Data identical to Klip 2001.
cohort study- related were calculated mean SIR1.0 ) o
A2 Questionaries’ | techniques | using Netherland’s (Cl0.4-2.1) st _& Hemriisiizly) o Edidlenszases
. i 4.6 years Obstetrics & Gynecol. (2002) 4, 140 -141
NLD CENIEES 9484 cancer registry for exposed
the periods 1990- P
Reprint in Parentshad | 1495 cohort
Evidence- IVF-8711
based & Eindhoven cancer
Spont. .
Obstetrics ) registry up to 1990
conception
& Gynecol. to sub-
AP fertile
140 -141
mothers
4214
Brinton!® All cancers & | Retrospective 51063 Danish cancer 10.1 years 51/44.7 (O/E) Includes children born after fertility drugs
site-specific | Pop based registry rates (mean) SIR1.14 and not necessarily ART (with no
2 cancer record linkage (1§ e applied adjustment (C10.4-1.6) distinction between them).
DNK 19'63'1996 prior to for age, sex and
Children F)'orn 'mater'rTaI calendar specific Leuk 18/13.9
after fertility infertility) incidence rates Lymph 4/3.6
treatment CNS 12/12
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Study

Cohort

Expected

Out e Desi Follow U Co t
Details dtcom L Numbers Calculation e Outcome mmen
Hargreave | All cancers & | Retrospective 69 391 Danish cancer Overall Includes children born after fertility
200 site-specific ) registry rates SIR 1.22 treatment and not necessarily ART (with
A0 cancer plefp applied (1.07-1.37) no distinction between them).
based record
DNK .
linkage Leuk
SIR 1.49
Lefemllti (C11.15-1.90)
CNS
SIR 1.20
(C10.93-1.53)

Table 7. Cohort studies investigating cancer risk in children born after assisted conception identified through systematic review. Shaded rows indicate that study not included in

meta-analysis
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Chapter Summary & Study Rationale

There are comprehensive theoretical reasons why women who have assisted reproductive
treatments may be at greater risk of specific cancer types, particularly of the breast, ovary, and
endometrium/ corpus uteri. There have been several studies attempting to investigate these
risks, however they have produced somewhat inconsistent results, potentially because of their

small size, few exposed cases and the lack of consideration of potential confounding factors.

Similarly, there are also sound theoretical reasons why children born after assisted conception
may be at higher risk of childhood cancer. Relatively few studies have attempted to investigate
these potential risks and have similarly been limited by small sample size and few events, given

the rarity of childhood cancer.

Despite these potential and largely unquantified risks, the use of assisted reproduction has
increased worldwide. Due to changes in the law regarding the recoding of assisted reproduction
cycles in the UK, (detailed further in chapters 2 and 4), it is now possible for the first time, to
gain access to a large cohort of women who have had ART and to a large cohort children born

after ART, in Britain.

Therefore, this study aims to investigate cancer risks in women who have had, and children born

after ART in Great Britain.

64



Study aims

Primary Aims:

1. To investigate if women treated with hormonal therapies as part of assisted
reproduction are at increased risk of cancer as a whole and site-specific cancers over

the decade after their treatment.

2. Toinvestigate if children, born after assisted reproduction are at increased risk of cancer

as a whole and site-specific cancer, over their early childhood.
Secondary Aims:
Cancer in Women after ART
1. To investigate effect of duration and age at exogenous hormone exposure in women.

2. To investigate if different types of sub fertility are associated with different types of

cancer.
Cancer in Children after ART

1. To investigate if different types of assisted reproduction are associated with differing
childhood cancer risk (for example comparing fresh and cryopreserved embryo

replacement cycles).

2. To investigate if different types of parental sub-fertility are associated with different

types of childhood cancer.
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Hypotheses

At the time these studies were carried out, there was genuine equipoise for all research
guestions this study addressed. The below hypotheses were based on theoretical mechanisms

and relevant studies published to date.

Cancer in women after ART

e Women who have had hormonal treatment as part of assisted reproduction have an
increased risk of cancer compared to women who have not had such treatment.

e Ovarian, breast, and endometrial cancers are the site-specific cancers most likely to be
increased in this population, potentially related to excess oestrogen exposure and
multiple ovarian punctures.

e Increased risks may be accounted for by confounding factors such as parity, anovulation,

and endometriosis.

Cancer in children after ART

® Children born after assisted reproduction have an increased cancer risk compared to

children born after spontaneous conception.

® The site-specific cancers most likely to be increased are Leukaemia, Retinoblastoma, and
cancers associated with imprinting disorders such as Neuroblastoma and Wilms'

tumours.
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Chapter 2 — Cancer risk in women

after assisted reproduction; Data

sources & study methods
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The Human Fertilisation & Embryology Authority (HFEA)

database

The HFEA is an ‘arm’s length body’ of the department of health and acts independently on behalf
the United Kingdom government. It was set up and is governed by UK legislation, initially in
199023, and updated in 20082, Its main purpose is the regulation of assisted reproductive
techniques in the UK (England, Wales, Scotland & Northern Ireland) through licensing,
monitoring, and inspecting fertility clinics. However, as part of its regulatory functions, the HFEA
is legally mandated to collect specific information about all assisted conception cycles in the UK
since 1991, including details of infertility cause, parity (up to completion of an individual’s last
treatment cycle), age at first treatment, some treatment details, and some details of resulting
births. As HFEA registration of all ART cycles carried out within the UK is a mandatory legal

requirement, the resulting HFEA dataset is assumed to be close to 100% complete.

Due to a change in the HFEA legislation Act?'4, effective of 6th April 2010, it is now possible to
have limited access to identifiable records of assisted conceptions in the UK from 1991 onwards,
subject to ethical approval. Specific consent is not needed for the use of HFEA data on treatment
cycles carried out prior to 1% of October 2009 (subject to approval under section 251, UK
National Health Service Legislation Act 20062%°), however patients are able to retrospectively
withdraw their consent for research use of their data. From 1% of October 2009, prospective
consent has been sought for HFEA data to be used for research. Unfortunately, the proportion
of couples giving prospective consent varies nationally and has been as low as 30% in some
regions (Personal communication; Dr Melanie Davies, Consultant in fertility medicine and

external advisor to the HFEA Scientific and Clinical advisory board, from 2009 to present day).
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The HFEA database included 302,487 records of women documented as having had ART in the
United Kingdom between 1°' January 1991 and 31 December 2010 and as having data available

for research.

For the period 1% January 1991 to 30" September 2009, the database population represents
99.9% of the at-risk or source population as 290 of 294,903 (0.1%) women retrospectively

removed consent for their data to be used prior to this study starting.

There are 5,762 women recorded on the HFEA database as having had their first assisted
reproduction cycle in the period 1% January 2010 to 31 December 2010 and as having given
consent for their data to be used for research. Unfortunately, after discussions with the HFEA,
they were not able to provide accurate figures for the at-risk source population for this period,
(i.e. all women who had ART in the UK for the first time between 1% January 2010 and 31
December 2010). However, a reasonable estimate of this population is 25,500 women. This has
been estimated, assuming that the steady annual increase in women having their first ART cycle
which occurred between 2004 and 2009 continued at approximately the same rate (see figure
9 and table 8). Using this rough estimate, the number of records available for research pertaining
to ART cycles performed in 2010 (n=5,762) represents approximately 22.5% of all ART cycles

undertaken that year.
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Year of first treatment cycle

Figure 9. Number of women who had ART 1991-2010, where data available for research (HFEA
data-base population), by year at first treatment. !
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First treatment year Frequency % Cumulative %
1991 6, 145 2.03 2.03
1992 11,472 3.80 5.83
1993 11,294 3.74 9.57
1994 12,096 4.00 13.57
1995 13,780 4.56 18.13
1996 14,797 4.90 23.03
1997 15,106 5.00 28.03
1998 15,502 5.13 33.15
1999 14,926 4.94 38.09
2000 14,413 4.77 42.86
2001 14,581 4.83 47.69
2002 14,646 4.85 52.54
2003 14,071 4.66 57.19
2004 16,431 5.44 62.63
2005 17,360 5.74 68.37
2006 19,511 6.46 74.83
2007 20,662 6.84 81.67
2008 23,037 7.62 89.29
2009 24,783 8.20 97.49
2010 5,762 1.91 99.40

Treatment year 2,112 0.60 100.00
unrecorded
Total 302,487 100

Table 8. Women who had ART 1991-2010, where data was available for research (HFEA data-
base population), by year of first treatment’.

Variables collected by the HFEA during the study period are recorded in the HFEA data capture
sheet, provided by the HFEA in 2009 in appendix 2. As discussed below and in table 10, the
completeness and data quality of each data item varies significantly. Data have been manually
entered onto the HFEA system over the 19 year study period, with regular data audits. Given the
HFEA’s primary regulatory role, data audits and quality assurance procedures have traditionally
been focused on patient identifiable variables. This has resulted in reliable identifiable variables

for our cohort, as can be seen from HFEA reported data in table 9.
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Identifiable Variable % of records with probable valid entry
Mother’s Surname 100%
Mother’s Forename 100%
Mother’s Surname at Birth 46.3%
Mother’s Forename at Birth 3.0%
Mother’s Date of Birth 100%
Mother’s Town or District of Birth 56.5%
Mother’s Country of Birth 58.2%
Treatment Cycle Start Date 100%
Treatment Centre No/ Name 100%

Table 9. Completeness of HFEA cohort identifiable variables, as reported by the HFEA at study
start.

Whilst data audits have not focused on non-identifiable variables, the HFEA database is a
dynamic system, in that it continually receives updated information from fertility clinics, from
cycle outcomes, further cycles and specific corrections. This results in continuous data quality
updates. In addition, the HFEA undertook a large scale record update, in December 2010, prior
to record transfer, to ensure that all treatment cycles each individual woman received were

correctly assigned to that specific woman.

The available HFEA variables are generally either reported by the individual fertility clinics
directly or self-reported and completed forms passed to the HFEA through the treating fertility
clinic. Sources for individual variables are detailed with other HFEA Meta-data for successfully

linked records, table 10.
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HFEA data item

Freq.

Details

Data Source

%

potential Complete
valid data

Date of Birth 255,786 Clinic reported 100
Ethnic group 46,107 30 potential responses Self-reported 18-0
Start date of first 255,786 Year of each treatment Clinic reported 100
treatment cycle cycle recorded. Year mid-
Start date of last 255,786 point used to calculate Clinic reported 100
treatment cycle person-years at risk.
Age at first 255,786 Categorised: - Derived, first 100
treatment <25yrs.- 5,671 treatment cycle date

25-29 yrs.- 39,932 minus date of

30-34 yrs.- 92,788 woman’s birth

35-39 yrs.- 85,868

40-44 yrs.- 28,174

45+yrs — 3,353
Broad Cause of 244,286 Female- 70,293 Clinic reported 95.5
infertility Male- 84,871

Both- 41,365

Unexplained- 47,757
Endometriosis 255,786 Yes- 18,630 Clinic reported 100

No- 237,156
Tubal disease 255,786 Yes- 66,370 Clinic reported 100

No- 189,416
Ovulatory 255,786 Yes- 36,016 Clinic reported 100
disorder No- 219,770
Male factor 255,786 Any: - Clinic reported 100
infertility Yes-126,236

No-129,550

Specific:

Sperm concentration: -

Yes- 18,679, No-237,107

Sperm morphology: -

Yes-10,586, No-245,200

Sperm motility: -

Yes-9,263, No-246,523

Sperm immune issue: -

Yes-2,493, No-253,293
Primary Female 255,576 Yes-113,918 Clinic reported 99-9
infertility No- 141,658
Secondary Female | 255,786 Yes-86,322 Clinic reported 100
Infertility No-169,464
Primary Male 255,786 Yes-117,207 Clinic reported 100
Infertility No-138,579
Secondary Male 255,786 Yes-80,843 Clinic reported 100
Infertility No-174,943
Primary Couple 255,786 Yes-139,272 Clinic reported 100
infertility No-116,514
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HFEA data item

Freq.

Details

Data Source

%

potential Complete
valid data
Secondary Couple | 255,786 Yes-58,584 Clinic reported 100
infertility No-197,202
Duration of 206,304 <2yrs- 17,194 Self-reported 80-6
infertility 2-3yrs- 67,529
4-5yrs- 56,203
6-7yrs- 29,946
8-9yrs - 15,394
>=10yrs -20,038
Number of 255,778 Natural cycle only-9,781 Clinic reported 999
Treatment cycles Stimulated cycles-
1- 131,670
2- 63,842
3-4- 41,224
5+-9,261
Type of ART 255,177 IVF only- 150,700 Clinic reported 99-8
treatment ICSI/ Unspecified
micromanip- 76, 596
IVF & ICSI- 27,881
Treatment centre | 255,786 Treatment centre was the | Clinic reported 100
only geographical
variable available
Number of 255,377 0- 82,747 Derived variable: 99:8
Pregnancies by 1- 94,836 Self -reported
end of last 2-3- 63,821 pregnancies at start of
treatment cycle 4-5-11,246 last treatment cycle*
6+2,727 plus HFEA rec ART
preg from last cycle.
Years since last 121,698 Variable contains a Self-reported 47-6
pregnancy number of values which
are likely to be age at last
pregnancy.
Age at last 121,698 Median- 31-7 yrs. Self-reported 47-6
pregnancy IQR 35-5-27-7 yrs.
Number of live 255,701 0- 129,217 Derived variable: 99-9
births by end of 1- 96,839 Self -reported births at
last treatment 2-3-27,593 start of last treatment
cycle 4+2,052 cycle* plus HFEA rec
ART birth from last
cycle.
Multiple births 255,786 Yes- 29,366 Clinic reported 100
No- 29,366
ART birth 255,786 Yes- 105,183 Clinic reported 100
recorded by HFEA No-150,183

Table 10. HFEA Meta-data relating to women who have had assisted conception in Great Britain
from 1991-2010 and who are included in analysis (chapter 3). *Self-reported previous

pregnancies and births were validated against HFEA recorded previous cycle outcomes.

1
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NHS-Digital Central Registry (medical register information

service; MRIS)

The NHS-Digital medical register, records all individuals who are born in England or Wales, die
in England or Wales or who have registered with an NHS general practitioner in England & Wales.
It holds the following information: -
e Demographics including: -
o Names: forename(s); surname(s); previous name(s)
o Date of Birth
o NHS-number
o Postcode & Previous recorded postcodes
e Exits from the register: -
o Embarkations out of England & Wales
o Deaths:
= It is a legal requirement that deaths are registered within 5 days in
England & Wales.
= ONS death registrations are then updated on the NHS medical register
on a monthly basis. NHS-Digital standard is to include reported deaths
within 21 days of date of death. This is longer when inquests are on-
going.
e Re-entries to the register: -
o If acohort member moves from England/ Wales to Scotland, they appear on the
Scottish NHS central register as a re-entry and provided there is no discrepancy

in dates, are treated as having continuous study follow-up.
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e Cancer related clinical information.
o Foreach individual distinct cancer diagnosis a cohort member may receive from
a registered medical practitioner, data includes: -
= Cancer diagnosis date
= Cancer topography code (ICD9/ ICD10)
= Cancer morphology (ICD-0-2/ICD-0-3)

= Cancer behavior (ICD-0-2/ICD-0-3)

If NHS-Digital are provided with identifying demographic details for cohort members, they can
provide a service whereby cohort members are identified on the medical register and ‘flagged’.
Their current status with regards to cancer and exits from the register can then be reported to
researchers. ‘Flagging’ a patient allows future status to be reported to the researcher as soon

as it is recorded on the register.

Unfortunately, due to legal specification by the HFEA act 2008%4, this study is not permitted to

permanently ‘flag’ cohort members on national medical registries. Instead it permits linkage for

current status, followed by repeated linkage in the future to inform long-term outcomes.
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Cancer registrations on NHS-Digital central registry

Cancer outcomes recorded on the NHS-Digital medical register during the years covered by this
study were collated by the Office for National Statistics (ONS) from multiple sources including:
e National Cancer Registration and Analysis Service (NCRS) in England
o Collating data from all individual cancer registries in England
e  Welsh Cancer Intelligence & Surveillance Unit (WCISU)
e Hospital episode statistics

e National clinical audit data

Data quality and completeness of NHS-digital cancer

registrations

Once cancer registrations are received they are validated using extensive validation procedures
including the compatibility of site and histology data. Registry validation procedures are closely

based on international standards?®.

Cancer registration is described as a ‘dynamic process’’

as data files remain open for
modification, should more accurate information become available later. Occasionally,
completely new incident cases are added to the central registry after ONS have reported
incident cancers to the NHS-Digital central registry. Over a 41-year period (1971-2011) including
the study period (1991-2011), the difference between contemporaneous cancer incidence

(reported within 12 months of diagnosis) and that reported longer than 12 months after

diagnosis was less than 5%2! (Figure 10).

This study uses cancer outcome data for cohort members relating to cancer diagnoses from
cohort entry until 28™ March 2011, as reported by 28™ March 2012. Therefore ‘late’ cancer

registrations relating to 2011 and possibly to 2010 may be a potential source of bias but ‘late’
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registrations relating to early cohort years are highly likely to have been included in the study
outcome data. As of March 2014, the proportion of ‘late’ cancer registrations for diagnoses in
2011 is estimated at 0.47%2Y, all of which will be unrecorded by this study. The proportion of
‘late’ cancer registrations relating to cancer diagnoses in 2010 is estimated as 3.47%, an
unknown proportion of which will be unrecorded by this study (although it would not be
unreasonable to assume that the majority of late registrations would be recorded within 24
months of cancer diagnosis date and therefore included in this study for cancer diagnoses in

2010).

450 Number of registrations (thousands)
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Figure 10. Cancer registrations within & beyond 12 months of cancer diagnosis date (Orange=
cancer registrations received within 12 months of diagnosis; Blue= cancer registrations received
12 months or more after cancer diagnosis; as of March 2014) %%,
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National Records of Scotland (NRS), NHS central register

The Scottish NHS central register is held by National Records of Scotland, the Scottish equivalent
of NHS-Digital and is a similar, smaller, dataset to the NHS-Digital central registry for England &
Wales described above. There are strong links between the two organisations and they worked
in parallel on this linkage project; communicating regularly where cohort members have moved
between England/ Wales and Scotland to provide continuous follow-up for cohort members if
they remain within England, Wales and Scotland.
The Scottish central medical register contains basic demographic details of everyone who was
born in Scotland, died in Scotland and anyone who is (or has been) on the list of a general
medical practitioner in Scotland. It holds: -
e Demographics including: -
o Names: forename(s); surname(s); previous name(s)
o Date of Birth
o NHS-number
o Community health index number (an additional unique identifying variable)
o Postcode & Previous recorded postcodes
e Exits from the register: -
o Embarkations out of Scotland
o Deaths:
= |t is a legal requirement that deaths are registered within 8 days in
Scotland.
= Death registrations are then updated on the Scottish central medical
register on a monthly basis.
e Re-entries to the register
o Ifacohort member moves from Scotland to England/ Wales, they appear on the
NHS-Digital central register as a re-entry and provided there is no discrepancy

in dates, are treated as having continuous study follow-up.
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e Cancer related clinical information. For each individual distinct cancer diagnosis a
cohort member may receive from a registered medical practitioner, data includes: -

o Cancer diagnosis date
o Cancer topography code (ICD9/ ICD10)
o Cancer morphology (ICD-0-2/ICD-0-3)

o Cancer behavior (ICD-0-2/ICD-O-3)

NRS provides a similar ‘flagging’ service to NHS-Digital, providing current status with regards to

cancer and/ or death. Unfortunately, as above, this study does not have permission to

permanently ‘flag’ cohort members, but can undertake linkage to establish current status.
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Cancer registrations on the Scottish NHS central register

Since 1997 cancer outcomes recorded on the Scottish NHS central register have been collated
by the Scottish Cancer Registry via Scottish Open Cancer Registration And Tumour Enumeration
System (SOCRATES)?!8, SOCRATES receives cancer notifications from a variety of sources
including: -
e NHS hospital systems including: -
o Discharges
o Radiotherapy records

Oncology records

0]

o Haematology records
o Pathology records
e Prospective audit datasets
e The General Register Office for Scotland
e Paper records from private hospitals
Prior to the formation of SOCRATES in 1997, the Scottish NHS central register cancer registration

data were collated from 5 individual regional cancer registries in Scotland?8,

Data quality and completeness of Scottish cancer registrations

Cancer registrations are validated using extensive validation procedures including using routine
indicators, computer validation and ad hoc studies of data accuracy and completeness of
ascertainment?!®. Registry validation procedures are closely based on international standards?!®
and also include data exchange with specialist registries. A recent study comparing
ascertainment of incident breast cancer by the Scottish cancer registry system with that
collected by 5 independent breast cancer trials reported 98% ascertainment, although they also

report a 0.3% misclassification of invasive breast cancer as carcinoma in situ®®.
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Linkage methods: Background

Data linkage or record linkage can be defined as “a process of pairing records from two files and
trying to select the pairs that belong to the same entity”??°, Two commonly used methods of
data linkage are: -

e Deterministic linkage

e Probabilistic linkage

Deterministic linkage generates links based on one or a number of identifiers, which are the
identical between datasets and are unique to the particular individual or entity. Deterministic
linkage may be appropriate when a unique identifier is present in both datasets, (for example

NHS number)?%,

Probabilistic linkage is often used when a unique identifier is not available in both data sets. It
involves the matching of a wider range of partially identifying information, which are not
necessarily unique. A weight is assigned (using a standard formula) to each potential match
based on how closely the two variables in question agree between the two databases.
Researchers can then set a threshold below which they will not consider a match?®. Indeed
probabilistic linkage can be used to enhance deterministic record linkage algorithms and has

been shown to reduce error when linking health service data in the UK?%.,

Different data linkage methods were used in the two different sections of this thesis
(investigating cancer in women who have had ART and investigating childhood cancer in
individuals born after ART). This is because of the differing identifying variables available for
each cohort, (as provided by the HFEA), the quality and completeness of those fields and
practical considerations such as standard practices at the different sites where linkages were

undertaken.
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Figure 11. Typical data linkage pathway, illustrating the separation principle. Adapted from

Gilbert et al. ?%.

The linkage pathways used in this study follow the separation principle, whereby identifiable

data and exposure/ outcome data are separated at the start of a project. This ensures that bias

is not introduced in the linkage, as individuals who are undertaking linkage do not have access

to exposure data at that time. It also ensures patient confidentiality as at no point do

researchers, or indeed anyone working on the project, have access to both identifiable and

outcome data.
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However, as recent guidance has suggested???, this could potentially also lead to bias as
information about source data and linkage quality and completeness is often not shared
between individuals undertaking different steps of the linkage pathway. There are two main
types of linkage error??222; -
e False matches
o When individuals are matched to incorrect records which do not relate to
them.
e Missed matches
o When records are not correctly identified as relating to the same individual.
220,222,223
Causes of linkage errors include: -
1) Identifiers entered incorrectly
2) Individuals sharing identifiers
3) Different identifiers used across different data sets or across time for the same person
220,222,223

This study has attempted to address potential sources of linkage error related to each of these

causes.
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Linkage methods: Linkage pathway
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As detailed in figure 12, the separation principle was used for linkage in this section of the thesis.
This was done to comply with data protection principles of handling personal data fairly, safely

and securely according to an individual’s data protection rights.

Linkage methods: Data preparation (Step 1)

The HFEA updated their records just prior to data transfer, ensuring all data (identifiable and
non-identifiable) were up to date according to the information held by the HFEA. This process
was specifically introduced to reduce the risk of linkage errors due to incorrectly entered

identifiable data.

A unique member number (UMN) for each individual woman was then attached to every record
relating to that woman. Identifying data were then separated from background and fertility
data, ensuring that the same UMNs were kept attached to both the identifying data and the

corresponding background fertility data relating to the same women.

NHS Digital and NRS central registries keep identifiable data and cancer registrations up to date
as a matter of routine. As above, cancer registrations are reasonably complete 12 months after
cancer diagnosis. Although identifying data and cancer registrations are kept on the same
database, when viewing identifiable data, cancer registration status is not visible unless
specifically requesting such data. Only separated data (either identifiable data with UMN OR
clinical data with UMN, but never both together) were transferred between organisations in

order to comply with data protection principles.

Identifiable data and corresponding UMNs relating to 302, 487 individual women, treated with
ART in the United Kingdom were then securely transferred from the HFEA, using NHS-Digital’s

‘data depot’ system (the NHS’s secure data transfer system).
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Linkage specification (Step 2)

NHS-Digital (England & Wales)
NHS- Digital initially employed automatic deterministic linkage, using: -

a) Forename

b) Surname

c) 2 of 3 parts of date of birth matching
If more than one match was found, no match was accepted, even if one of the automatic
matches was complete. This was in order to reduce false-match linkage errors due to individuals
sharing identifiers. HFEA records with more than one automatic match to NHS-Digital records
were additionally manually matched. HFEA records where no match was found were also then
manually matched. Manual matching utilised: -

a) Forename (including partial versions)

b) Surname (including partial versions)

c) Date of birth

d) All other recorded names

e) Place of birth

f) Treatment centre & Cycle date
All other recorded names were used in order to reduce linkage errors resulting from individuals
being recorded using different identifiers on different databases. Place of birth and treatment
centre (used in combination with treatment cycle dates) were used as additional validating
variables, allowing further differentiation of two or more potential matches based on broad
geographical location. Unfortunately, more detailed geographical variables were not available

for cohort members.

HFEA records which remained unmatched at the end of the linkage process at NHS-Digital and
records where an HFEA record was linked to an NHS-Digital record, but subsequently recorded

as embarking to Scotland, were then securely transferred to NRS.
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National Records of Scotland (NRS)

NRS initially utilized automatic deterministic linkage using:-

a) Forename

b) Surname

c) 3 of 3 parts of date of birth matching
Again, if more than one automatic match was found, no match was accepted. HFEA records with
more than one match to NRS records were then manually matched along with HFEA records
where no match was found. Manual matching at NRS utilised the same additional variables as

at NHS-Digital.

Linkage quality control

At the request of, and in conjunction with the author of this study, NHS-Digital undertook a
guality assurance exercise to test the specificity of the automatic matching algorithm used.
1) A batch of records was matched using the automatic matching algorithm used by NHS-
Digital (Algorithm A).
2) The same batch of records was then automatically matched using forename, surname
and all three parts of date of birth correct (Algorithm B).
3) A manual operator match was then performed on the same batch of records (Manual,

treated as the gold standard).

The results of the three above matches were then compared. If all three of the above linkage

methods resulted in linkage of the same two records, this was taken as a confirmed match.

If comparison of the three linkage methods resulted in any of the below situations, further

investigation was undertaken, using all available variables from all databases: -
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e Algorithm A and Manual both matched the same HFEA record to the same NHS
digital record, but Algorithm B did not produce a match.

e Algorithm B and Manual both matched the same HFEA records to the same NHS
digital records, but Algorithm A did not produce a match.

e Both Algorithm A and Algorithm B matched the same record to a different NHS

digital record.

The results showed zero false positive matches out of 4239 matches using Algorithm A and nine
false positive matches using Algorithm B.
Algorithm A —0/4239 false positive matches

Algorithm B —9/4239 false positive matches

This gives assurance that automatic linkage at NHS-Digital (which covered the majority of linked
records in this study), resulted in a very low false positive match rate (<0.02%). Although NRS
were not able to use algorithm A, instead using algorithm B, their automatic linkage false
positive rate was also likely to be very low (<0.2%). 7.4% of all records successfully matched

during this study were matched automatically at NRS (n=19,751; see table 11).

Manual matching was undertaken by a small team (4 individuals, all experienced in record
linkage), at NHS-Digital, led by James Grey. Internal daily meetings were held to discuss match
quality and precision. Weekly meetings were held between the study author and NHS-Digital
team to discuss linkage specification and quality, as well as the general linkage progress. More

frequent correspondence by email and phone occurred between weekly meetings.

Manual matching at NRS was also done by a small team, experienced in data linkage (2

individuals). This team was led by Gail Turner and again regular internal quality assurance
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meetings were held alongside fortnightly meetings with the study author. More frequent

correspondence by email and phone occurred between fortnightly meetings.

Once HFEA records were successfully linked, cancer outcomes and details of exits from the
registers relating to linked individuals were then accessed. UMNs and outcome information
were then separated from identifiable data. Pseudo-anonymous outcome data (including UMN)

was then securely transferred to UCL using ‘data depot’.

90



Linkage outcomes (Step 2)

302, 487 HFEA records relating to women treated with ART, 1991-2010, were available
for linkage. These were transferred to NHS-digital & NRS for linkage to the NHS central

registries of England & Wales and Scotland.

13,017 Duplicates identified

e 11,285 records: Two or more distinct UMNs relating to
the same individual

e 1,722 records: Exact duplicate UMNs

e 10 records: Exact duplicate UMN and two distinct UMNs

for one individual

22,683 ‘Not traced’ or not linked
e 8, 854 - HFEA recorded address outside England, Wales
and Scotland (EWS) (thus no possibility of linkage to NHS

central registries)
e 13,829 — Presumed EWS based women which were not

traced

3 records - noted to have possible linkage error after data
quality checks

266,784 of 280,616 eligible records successfully linked.

e Linkage rate = 95.07% *

* Denominator excludes duplicate records and records of women based overseas who had
treatment in the UK. Numerator also excludes these records, untraced records and records with

linkage errors.

Figure 13. Data linkage results for the section of this thesis investigating cancer risk in women after ART *
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Duplicates

As indicated in figure 13, 13,017 HFEA duplicate records were identified by the linkage process

and excluded from the study.

There were 8,660 individuals who were assigned two different UMNs (with HFEA records
containing identical identifying information; thus 8660 duplicate records). There were 986
individuals who were assigned three different UMNs (thus 1972 duplicate records), 167
individuals who were assigned four different UMNs (thus 501 duplicate records), 29 individuals
who were assigned 5 different UMNs (116 duplicate records), 6 individuals who were assigned
6 different UMNs (thus 30 duplicate records) and one individual records with 7 different UMNs

(thus 6 duplicate records).

There were 1,722 circumstances where the same HFEA record, containing the same UMN and
same identifying information was included twice in the data transferred from the HFEA to NHS-
Digital (thus 1,722 duplicate records). There were 5 circumstances were an individual was
assigned two different UMNSs, and one of those records was exactly duplicated (thus 10

duplicate records).

* Initially reported as 13,025 but 8 UMNs were found to have been reported as duplicates in
error- see data cleaning below.
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‘Not traced’- including those residing outside of England, Wales and

Scotland

There were 22,683 HFEA records where neither NHS-Digital nor NRS were able to trace the

individual on their central registries. '

These records were taken back to the HFEA for further investigation. 8, 854 of the 22,683
unmatched records were identified as relating to women who were not likely to appear on
central registries for England & Wales or Scotland. This was based on area level address (country,
region or town) and place of birth, as recorded by the HFEA, both being outside of England,
Wales & Scotland. 3,183 of these women were recorded as both being born and currently

residing in Northern Ireland.

3,796 women whose records were unmatched were recorded as having had assisted
reproductive treatment in a fertility clinic in Northern Ireland. Whilst relatively unlikely, it is still
possible that some of these women could potentially be linked to the NHS central registry, for
example if they had travelled to Northern Ireland from their home in England, Wales or Scotland
for treatment. These records were therefore not excluded on the basis of treatment centre
being in Northern Ireland alone (though many of these were excluded on the basis of being born

in and currently residing in Northern Ireland, as above).

This study does not include linkage to the NHS central registry of Northern Ireland, which would
have been preferable to enable this study to estimate population risks for the whole of the
United Kingdom. This option was explored at the outset of this project, however the linkage
systems for the NHS central registry of Northern Ireland is not well developed and it was felt

that such linkage may have introduced unacceptable linkage errors.

" Initially reported as 22,707 but 24 records were found to have actually been traced- see data
cleaning below.
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Summary of Successful Matches

Matched in Matched in
Total
England & Wales Scotland
Matched by Automatic
172,607 19,751 192,358
Deterministic Linkage
Matched by Manual
72,561 1,868 74,429
Linkage
Total 245,168 21,619 266,787

Table 11. Summary of successful matches by automatic vs. manual matching, including those

matched by NHS-Digital (in England & Wales) and by NRS (In Scotland).

As detailed in figure 13 above, three of these matches, initially considered successful, were

subsequently identified as potential linkage errors during data cleaning processes. Therefore

these three records were subsequently excluded. Circumstances of each linkage error is detailed

in the following subsection.
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Data Cleaning (Step 3)

Merging HFEA/ NHS-Digital/ NRS data

Pseudo-anonymised HFEA data, containing non-identifying demographic and clinical fertility
data plus unique member number (UMN), were securely transferred from the HFEA to UCL. The
HFEA file was constructed with a single line per treatment cycle. Data were initially consolidated
to produce a single line per individual. 1,727 Genuine duplicates, where exact duplicate UMNs
were present and contained exactly replicated background/ fertility data were dropped from
the file leaving 300,760 HFEA records relating to women who had ART 1991-2010 in the UK. This
corresponds to the number of exact duplicates found in the sister file, containing UMN and

identifiable data, during the linkage process.

Pseudo-anonymised outcome data, containing cancer, death and embarkation data plus unique
member number (UMN), were securely transferred from the NHS-Digital and NRS to UCL. Data
were in a variety of different files and were consolidated; ensuring data from multiple sources
(e.g. NHS-Digital vs NRS) relating to a single individual were combined using UMN. This file

contained outcome data relating to 266, 787 women.

All data were received in excel format, and imported into STATA, version 12224, for all but the
most basic data cleaning/ data consolidation. HFEA data and NHS-Digital/ NRS outcome data
were then merged: -

1. 266, 787 records successfully merged

2. 33,973 records contained only HFEA data (‘master data only’)

3. 0 records contained only NHS-Digital/ NRS data (‘using data only’)

22,707 records reported as ‘not traced’ by NHS-Digital/ NRS were then highlighted in the merged

file to ensure that they were genuinely all ‘not traced’. 24 records marked as ‘not traced’

95



appeared to contain both background and outcome data. In 15 cases, records had been reported
as having not been traced by one of NHS-Digital or NRS but had been traced by the other. The
remaining 9 records had been initially reported to UCL as having not been traced by NHS-Digital,
but included outcome data reported by NHS-Digital. All 24 records were manually ‘re-matched’
(using manual matching criteria described above) at NHS-Digital/ NRS, according to where
outcome data was reported from. For all 24 records, data linkages were validated and confirmed
as containing the correct outcome data. Therefore all 24 records were retained in the analysis
file. The 15 records reported as ‘not traced’ by one agency and successfully linked by the other
represent communication errors between NHS-Digital and NRS. The UMNs of the 9 records
initially reported as ‘not traced’ and then whose outcome data were reported by the same

agency were included in the ‘not traced’ file in error.

Two or more UMNSs reported by NHS-Digital and/ or NRS as relating to a single individual were
then investigated in the merged file. In 34 records, where UMNs were reported as duplicates
(and thus should have no outcome data attached), outcome data were observed. These were
investigated: -

e On 26 occasions, outcome data were attached to the duplicate UMNSs reported by NHS-
Digital/ NRS as having no outcome data, and not to the duplicate UMN reported to
contain outcome data.

o These 26 records represent simple errors by NHS-Digital as to which duplicate
record contained the outcome data.

e In 8 cases, different outcome data were contained in reportedly duplicate UMNs.

o NHS-digital manual ‘re-match’ of these cases showed that these 8 records did
in fact relate to different individuals and were included in the duplicate file in
error.

Therefore all 34 records were retained in the analysis file.
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On initial analysis of the merged data file, 241 records were noted as having UMNs assigned by
the HFEA (and thus included in the HFEA data file) and as having NHS-Digital/ NRS outcome data
and thus their records had merged correctly in the step above. However, the HFEA background
and fertility data was completely blank for these 241 records. It was confirmed by the HFEA that
although these women had undergone ART in the UK 1991-2010, no background or fertility data
was held by the HFEA relating to these women. Therefore, in retrospect, these records should
not have been included in the original data transfer from the HFEA to NHS-Digital, and were

excluded from the analysis file.

Cleaning background and fertility variables (HFEA variables)

Date of Birth: Whilst the exact date of birth was available to NHS-Digital/ NRS for linkage
purposes, data of birth of cohort members provided by the HFEA in the analysis dataset was a
date randomised with 3 days of the true date of birth. This was done to comply with data
protection procedures and ethical regulations, whilst ensuring that accurate time at risk was
quantifiable for each cohort member. One record containing an invalid date of birth

(01/01/1900), was considered to have missing date of birth.

Date of first Treatment: The years in which women were recorded as having had ART, as
reported by individual treating clinics to the HFEA, were included in a single variable received
from the HFEA. This was a string variable of all recorded treatment years, (e.g. 1998, 1999, 2001
etc.). These were then separated into multiple variables, the mid-point of the first recorded
treatment year taken as the date of first treatment. Unfortunately the HFEA do not collect any
further detailed information about treatment dates. All records with date of first treatment

available contained dates between 1991-2010.

Date of last treatment: This was the mid-point of the last recorded treatment year. All records

with date of last treatment available contained dates between 1991-2010. A further validation
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of this field was performed comparing year of last treatment to ‘Registration form year’ provided
by the HFEA containing the year of the last HFEA registration. There were no additional

discrepancies identified using this validation.

1,678 records had no treatment dates available and were excluded as time at risk was not

calculable.

Age at first treatment (derived field): Date of first treatment cycle, minus age at first treatment.

e 51 records generated an age at first treatment <16 years of age. For these records date
of birth and date of first treatment were considered missing.
o These records and the above single record with date of birth 01/01/1900 were
excluded as time at risk and/ or age during time at risk was not calculable.
e Age at first treatment was then grouped:
- <25
- 25-29
- 30-34
- 35-39
- 40-44

- 45+

Ethnicity: This self-reported variable contained 30 potential responses. Records marked as
“NULL” or “Not stated” or “” were marked as missing but no further data validation was possible

for this variable. Ethnicity was only 18% complete for linked records (Table 10).

Duration of Infertility: The majority of records with non-missing data in this self-reported field
contained an apparently valid integer relating to the number of years of infertility. However, in

a small number of cases an actual year was recorded (e.g.1997), relating to the year in which an
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infertility diagnosis was made. This was converted to number of years of infertility by subtracting
this year from year of last treatment. For records where the duration of infertility exceeded the
age at first treatment, duration of infertility was considered missing (n=10). More precise
validation was not possible as some women had recorded their duration of infertility as their
age. Itis not possible to decipher an individual women'’s intention behind this; for example some
may have done this as they had never been pregnant, some may have done this if they had a
congenital condition which caused their infertility, and some for other reasons.

e Duration of infertility was then grouped:

<2yrs

- 2-3yrs

- 4-5yrs

- 6-7yrs

- 8-9yrs

- >=10yrs

- Unrecorded

Broad Cause of Infertility/ Endometriosis/ Tubal Disease/ Ovulatory disorder/ Male factor
infertility: These fields are reported directly from the treating ART clinic to the HFEA. These
fields were used to validate each other. All records with endometriosis/ tubal disease/ ovulatory
disorder had either female factor infertility or male and female factor infertility recorded as the
broad cause of infertility and vice versa. All records with a specific male factor (e.g. sperm count
etc.- see table 10) had male factor or male and female factor infertility recorded as the broad
cause of infertility and vice versa. Those who had unexplained infertility recorded as the broad
cause of infertility did not have a specific cause of infertility (e.g. endometriosis or sperm count)

recorded.
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Type of ART treatment: This field was a string variable, reported directly from the treating
clinic to the HFEA detailing the treatment used during each cycle. Therefore each woman may
have multiple different forms of ART recorded within this variable. Each individual was
categorised as having had: -

- IVFonly

- IVF & ICSI/ Unspecified Micromanipulation

- Unknown/ unspecified ART
Number of Cycles: This field, reported by the treating clinic to the HFEA, was recorded as a
string variable in the form of natural vs stimulated cycles (e.g. 1 vs 3 for women who had one
natural cycle and three stimulated cycles). This field was recoded into number of stimulated
cycles. For women who had at least one recorded natural cycle and no stimulated cycles, they
were categorised as having no stimulated cycles. For all women with at least one stimulated

cycle recorded, regardless of the number of natural cycles, this number was categorised as:

- 34
- 5+

- Unrecorded

Numbers of cycles were validated against treatment years. No individuals had more treatment
years recorded than number of cycles (excluding those with 0 stimulated cycles i.e. natural cycle
only). No individuals had three more treatment cycles than the number of treatment years
(assuming that having more than 3 stimulated cycles within a single treatment year is not
possible). In fact most women had one treatment cycle per calendar year, but three was used
as a cut off in this instance as this was treated as the theoretical maximum possible number of

stimulated cycles in a year.
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Number of Pregnancies by end of last treatment cycle (derived field): This variable was derived
using self-reported pregnancies immediately prior to last treatment cycle plus HFEA reported
ART pregnancy resulting from the last treatment cycle. This derived field was validated against
self-reported pregnancies from previous HFEA registration forms and HFEA reported ART

pregnancies from previous treatment cycles.

Number of live births by end of last treatment cycle (derived field): This variable was derived
using self-reported live births immediately prior to last treatment cycle plus any HFEA reported
ART live birth resulting from the last treatment cycle. This derived field was validated against
self-reported live births from previous HFEA registration forms and HFEA reported ART live

births from previous treatment cycles.

Initially, validation of the above two derived variables produced multiple discrepancies, with
whole sections of the dataset presenting inconsistencies between pregnancies/ live births
reported at last treatment cycle registration and those reported at earlier treatment cycle
registrations. Investigation of this uncovered a coding error when data were extracted from the
original dataset in step 1 of the linkage pathway. Further investigation of this error showed this
was limited to the variables number of previous self-reported pregnancies and live births (from
all cycle registrations). No other variables were affected. Once these variables were re-extracted
from the original HFEA dataset, the variables, ‘Number of Pregnancies by end of last treatment
cycle’ & ‘Number of live births by end of last treatment cycle’ were recalculated as detailed

above.

Further difficulties arose when calculating these fields. An old version of the version of the HFEA
data collection form contained two sections for previous pregnancies and two for previous live
births. These sections were designed so that women who were having ART filled in one section

only and women having donor insemination (DI) filled in the other section only. However, many
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women misunderstood this and completed both sections (n=6,384). Where the total
pregnancies and total live births given for both sections were the same, it was assumed that the
information had just been duplicated (i.e. the women had filled in the same information twice
in error). This assumption was validated using the same data from previous registrations. For 56
records, data was different in the ART and DI sections. After discussion with supervisors of this
study, these variables were marked as missing.

Number of pregnancies (at end of last treatment) was grouped as: -

- 0

- Unknown
Very high numbers of pregnancies were reported by 8 women, with a range of ages at first
treatment. After discussion with supervisors of this study, individuals reporting 20 or more

pregnancies were marked as having this field missing (n=8).

Number of live births (at end of last treatment) was grouped as initially: -

- 0

- 23

- 4+
The 2-3 and 4+ groups were later consolidated to improve the power in analyses using this
variable. Very high numbers of live births were reported by 9 women. For all 9, gravida was much
lower. Although these may have represented multiple live births, after discussion with
supervisors of this study, individuals reporting 9 or more live births were marked as having this

field missing (n=9).
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Years since last pregnancy: Self-reported field. This field contained a variety of different
outcomes, some were a number of years and others were an actual year (e.g. 1997). In the latter
situation, the given year was used in conjunction with the last treatment cycle date (a proxy for
when the information was given) to generate a number of years since last pregnancy. Date of
birth was then used to estimate the age at last pregnancy, if this was an invalid figure (for
example if the women was less than 13 years of age at last pregnancy), the field was considered

as having missing data (n=455).

Age at last pregnancy: Self-reported field. Age of less than 13 years at last pregnancy were
marked as missing. For records where this was given in the form of a year, this was used in
conjunction with the last treatment cycle date (a proxy for when the information was given) and

date of birth, to generate age at last pregnancy.
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Cleaning outcome variables (NHS-Digital/ NRS data)

Fact of cancer diagnosis, deaths, record cancellation, embarkation from the UK, embarkation to
another UK region included in the study (e.g. from England/ Wales to Scotland or vice versa) and
embarkation to Northern Ireland were reported by NHS-Digital/ NRS as different types of events.

Thus women had multiple events each with a different date of event recorded.

Event dates were recoded into date format, ensuring each event contained a valid date. A
number of invalid dates were present resulting from outcome data being transferred from NHS-
Digital/ NRS in different formats (e.g. 01.01.1991 and 01/01/1991) these were corrected by

referring back to original NHS-Digital/ NRS data files manually.

For each cancer event, cancer diagnosis date, cancer topography code (ICD9/ ICD10), cancer
morphology (ICD-0-2/ICD-0-3) and cancer behavior (ICD-O-2/I1CD-O-3) were reported, where
data were available. This study did not analyze second cancer events or cancer events occurring

before the date of their first ART cycle.

17,951 first cancer events were identified (this included malignant events/ carcinoma in situ and

carcinoma of uncertain behaviour of any topography).

8,904 cohort members had a cancer diagnosis in years preceding their date of first treatment

and where therefore excluded from further analysis (figure 14).

Individuals who had a cancer diagnosis in the same year as first treatment year were not
excluded as it was not possible to distinguish between those who had ART after their cancer
diagnosis and those who had ART prior to their cancer diagnosis date within that year (n=677);
these individuals were excluded in sensitivity analyses for specific cancers; see below and

chapter 3).
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Cancer topography: For 47 records, a cancer event was reported with a cancer diagnosis date
but no topography, morphology, or behaviour data. All 47 records were re-traced, and their data
scrutinised at NHS-Digital. Unfortunately, no further information was found to aid categorisation
in any of these 47 cancer events. All these records were marked as having had a cancer diagnosis.
Their study exit date /end of time at risk was set as their date at cancer diagnosis (see below for
details). Given the lack of further information, none of these events were included in any

analyses of specific cancers.

In 36 cases the topography site referred to a secondary cancer (ICD10 codes C77%*, C78* and
C79*). Further investigation revealed the topography of the primary cancer site in three cases.
All three of these primary cancers occurred within three months of the secondary cancer
diagnosis (one related to a case of breast cancer, the two others were cases of melanoma).
Therefore, the case of breast cancer was included in breast cancer analyses. The remaining 33
cases were marked as having had a cancer diagnosis, and thus their study end date marked as

their date of cancer diagnosis, but not included in any of the site-specific analyses.

One individual was recorded as having a cancer not compatible with their gender (a testicular
cancer recorded in a woman). This was investigated at NHS-Digital and at the National Cancer
Registration and Analysis Service (NCRAS) where the cancer was originally reported from. This
was identified as a linkage error at NCRAS, the cancer being assigned to the wrong individual on
their system. The linkage made at NHS-Digital was verified as correct. Therefore, the individual
woman was not excluded from the study, but this cancer event was removed from the merged

dataset. The records of NCRAS & NHS-Digital were appropriately amended.
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Study entry/ exit

Study entry date was set as the date of first treatment, estimated as mid-point of first treatment

year as exact dates were not available.

Study end date (point at which individuals were censored from the study) was set as the earliest

of: -

Date of first cancer

Date of death

Date of embarkation from England/ Wales/ Scotland

Study end date (28.03.2011)

Study entry/ exit dates were validated using all recorded event dates.

122 individuals were recorded as embarking from England, Wales, and Scotland before

the date of their first treatment (figure 14).

o These individuals were excluded from the analysis.

O

It is likely that these women had once lived in England, Wales or Scotland and
had returned for fertility treatment but had not re-registered with a general
medical practitioner (and were likely only temporary residents at the time of

ART).

In three cases, validation using event data revealed probable linkage errors.

O

One record reported a death in 2003, but a child born after ART in 2006. This
case was not a straight forward linkage error relating only to the linkage
undertaken for this study, but a linkage error in the NHS-Digital central registry
as a further posting was reported by NHS-Digital in 2008. The case was
excluded from the study and NHS-Digital data amended.

One record reported a death 9 years before the date of first treatment.

One record reported a death 7 years before date of first treatment, (treatment
resulted in a live birth).

All three records were excluded from analysis (figures 13 and 14).
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386 patients had a cancer diagnosis in the first 6 months of their first treatment year.

o As date of first treatment was estimated as mid-point of first treatment year,
this resulted in a cancer being recorded before treatment. As it was not possible
to determine if the cancer occurred immediately before the first orimmediately
after it, study entry date was set to the 1% of January of the first treatment year,
in order to include these patients in the analysis.

26 records had additional discrepancies between study entry and exit dates
o 6 individuals were recorded as having died within the first 6 months of the
same calendar year as first treatment.

=  As date of first treatment was estimated as mid-point of first
treatment year, this resulted in a death being recorded before
treatment.

= However it is possible (and probable) that for these individuals, they
had treatment within the first 6 months of the recorded first
treatment year and died shortly afterwards.

= Therefore these records were retained for analysis and study entry
date altered to the 1°* of January in the year of first treatment.

o 20 individuals embarked from England, Wales and Scotland within the first 6
months of the same calendar year as first treatment.

= As date of first treatment was estimated as mid-point of first
treatment year, this resulted in embarkation being recorded before
treatment.

= However it is possible (and probable) that for these individuals, they
had treatment within the first 6 months of the recorded first
treatment year and embarked shortly afterwards.

= Therefore these records were retained for analysis and study entry

date altered to the 1°* of January in the year of first treatment.
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266,787 records in the merged data file

241 records - contained no clinical fertility data

, >| 52 records — date of birth missing (51 also had treatment
date missing)

1,678 records - treatment date missing

3 records contained inconsistent background and outcome
data-identified as linkage errors

122 records - embarked from EWS before treatment date,
thus no outcome data available

8,904 - Women had a cancer diagnosis prior to the first
calendar year of treatment.

255,786 records available for analysis
e 91.15% of all potential records*

Figure 14. Summary of Records excluded during analysis file construction and data cleaning (step
3). *255,786 records included from 280,616 records eligible for this study. This denominator
excludes duplicate records and individuals recorded by the HFEA as women whose usual

residence is outside of England, Wales and Scotland but who had ART in the UK 1991-2010
(described above).
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Defining specific cancers

Outcome ICD9 codes ICD10 codes
All breast
1740-9, 2330 &2383 C500-9, D050-9 & D486
cancer
In-situ
carcinoma of 2330 D050-9
breast
Invasive
1740-9 C500-9
breast cancer
All ovarian
1830-9, 2362 C56, C570-4, C481, D391
cancer
1830-9
Invasive C56, C570-C574, C481, C482
(excluding morphology codes
ovarian (excluding morphology codes
8442/8451/8462/8472/8473)
cancer 8442/8451/8462/8472/8473)
2362
1830 (with morphology codes
Borderline D391,
8442/8451/8462/8472/8473).
ovarian C56 (with morphology codes
cancer 8442/8451/8462/8472/8473).
Corpus uteri
1820-8 C54

cancer

Table 12. Definition of cancer outcomes by ICD topography codes (some definitions also include
morphology codes).

The definitions in the above table were applied to the outcome data to identify cancers of the
breast, ovary and corpus uteri in the merged, cleaned dataset. These definitions are based on
SEER ICD-0-3 and 0-2 site/ histology validation lists?*, with input from Dr Rupali Arora,

Consultant Pathologist, University College London Hospitals.
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Data Analysis (Step 4)

The total cohort experience was compared to an external standard. Observed cancer outcomes,
as defined in table 12, were compared to expected values. The relative risk was measured by

the ratio of observed/ expected, the Standardised incidence ratio (SIR).

Expected cancers were calculated multiplying person-years at risk by corresponding national
incidence rates (by 5-year age band and individual calendar year) for the general female
population of England & Wales. By using corresponding age and sex specific national rates, this

study accounts for sex and indirectly standardizes for age.

Person-years at risk were calculated from the date an individual women was considered at risk,
(the date of first treatment, estimated as mid-point of first treatment year), until the end of
follow up. Follow-up terminates for each individual on the date of any cancer diagnosis, death,

emigration or study end (28" March 2011), whichever came first.

Ideally, time dependent variables, which change values at the age at which new events occur
(e.g. births, pregnancies, number of treatment cycles), would be analysed in a time dependent
fashion. However, intermediate dates required for time dependent analysis were not available
from the HFEA. Therefore, time at risk for time dependent variables were instead defined at the
time which that variable became static. For this study, this was approximated as date of last
treatment cycle. For example, number of treatment cycles is no longer a time-dependent
variable after the last treatment date. For variables which could still potentially be time
dependent after completion of last treatment cycle, the variable has been defined to express
the fact that it cannot be considered as time dependent. For example, number of births could
potentially change after completion of last treatment cycle. Therefore analyses were instead

expressed in terms of number of live births at completion of last treatment cycle.
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95% confidence intervals, 2-sided P-values and trends were calculated assuming a Poisson
distribution??®. Sensitivity analyses excluded the first 12 months of follow-up. Analyses were

performed using STATA, version 12224,

Example Power Calculations

At the start of this study, an example power calculation was undertaken. For the purposes of
this example power calculation, expected numbers of cancers were calculated, based on English
age-standardized rates per 100,000 women, assuming a cohort of 230,000 (estimated by the
HFEA) and mean follow-up of 10.1 years, power calculations are based on the Poisson

distribution??®.

Minimum
Cancer site
a 1B Expected detectable risk
Breast 0.01 90 3766 1.06
Ovary 0.01 90 375 1.21
Uterus 0.01 90 365 1.25

Table 13. Example power calculation providing minimum detectable risk for cancer of the breast,
ovary and Uterus. Although the cohort was ultimately larger than estimated here, the longer
follow-up predicted accounts for the higher numbers of expected cancers in this power
calculation compared to the main analysis.
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National Rates

As detailed above, expected cancers were calculated by multiplying person-years at risk by
corresponding national incidence rates (by 5-year age band and individual calendar year) for the
general female population of England & Wales. Annual national incidence rates 1991-1998 are
for England and Wales, thereafter national rates refer to England only as rates were not
published for England and Wales combined thereafter. For years 2009, 2010 & 2011, annual
incidence rates were not available at the time of analysis, therefore rates from 2008 were used

as the best available estimate of national rates for these years.

Similarly, national rates for borderline ovarian cancers were not available from 1991-2003. From
available national incidence rates from 2004-2011, incidence rates are highly variable from year
to year and a strong trend is not observable. Therefore, average incidence rate (2004-2011)
were used to approximate annual age-specific incidence from 1991-2003. If annual incidence
rates are in fact rising, using average rates from 2004-2011 to estimate rates from earlier years
will result in over-estimates of expected values and thus bias towards the null hypothesis of no

increased incidence in the study cohort.

Stratifying by potential confounding factors

Data relating to some potential confounding, moderating & mediating factors were obtained for
each cohort member from the HFEA database, unfortunately data for all potentially important

confounding factors were not available (Table 14).

As these potentially important confounding factors were not available on a population basis,
where they were available for cohort members, analyses were stratified using these variables.
Trend tests for SIRs across different levels of each variable were calculated, where appropriate

using the Poisson distribution?%,
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births, at completion of last ART cycle

e Multiple live birth indicator

Factor HFEA variable possible proxy Variable used in analysis
Type of
Nil — hormonal treatment relatively
hormonal Nil
standard throughout study period.
exposure
Duration of
1. Grouped number of
hormonal Number of stimulated cycles
stimulated cycles
exposure
Age at
2. Grouped age at first
hormonal Age at first treatment cycle
treatment
exposure
e Broad Cause Subfertility
3. Broad Cause Infertility
e Endometriosis
4. Endometriosis
Underlying e Tubal Factors
5. Tubal Disease
subfertility e Ovulation problems (inc. PCOS -
6. Ovulatory Problems
Unfortunately PCOS was not recorded
separately in HFEA database)
e Gravida- Proxy= Grouped number of 7.Grouped Number of
pregnancies at completion of last ART Pregnancies
Gravida & cycle. 8. Grouped number of live
Parity e Parity- Proxy=Grouped number of live births

9. Multiple birth

Maternal age

though high BMl is associated with sub-

fertility.

Nil available Nil
at first birth
Breast feeding | Nil available Nil
Oral
Nil available Nil
contraceptives
Nil available; BMI in women having ART
during the study period is likely to be <30
Body-mass
due to treatment entry regulations, even Nil
index

Table 14. Potentially important confounding, moderating and mediating factors and their
availability or otherwise for analyses of this study.
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Within cohort analysis

Within cohort analyses were performed where specific groups required further investigation in

comparison to other cohort sub-groups. Cox-proportional hazard regression analysis was used

given varying rates with age, and constantly varying risk sets. Hazard ratios and 95% confidence

intervals were calculated assuming proportional hazards %?7, formally tested for each model.

Analyses were performed using STATA, version 1224,

Missing data

Given that most variables had complete data, complete case analysis was used. Where data

are missing, ‘unrecorded’ categories have been generated.

Numerical data

Variable No. with missing data (%) Person-years missing data
Age at first treatment 0 N/A
Number of stimulated cycles 8 (0.003) 57.9
Number of live births 85 (0.03) 414.3
Duration of infertility 49,482 (19.3%) 324,952.9
Categorical data
Infertility cause 11,500 (4.5%) 64,638.0
History of Endometriosis,
Tubal disease, Ovulatory 0 N/A
problems
Multiple birth 0 N/A

Table 15. Missing data for each confounding, moderating or mediating variable.
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Study approval

Ethical approval for this section of the study was obtained from the London Research Ethics
Committee (Appendix 3). Waiver of the requirement for individual consent was obtained under
section 251 of the NHS act 2006%%> from the UK Health Research Authority Confidentiality

Advisory Group and the Privacy Advisory Committee of Scotland (Appendix 3).

Further individual approvals were additionally required and obtained from the Human
Fertilisation & Embryology Authority, NHS- Digital & General Register Office for Scotland.

(Appendix 3)
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Chapter 3- Cancer risk in women

after assisted reproduction; Results

116



Cohort demographics

255 786 women contributed 2 257 789 person years’ follow-up to the analysis. The average
follow-up was 8.8 years with a range from 1 to 19 years. 41% were followed up for at least 10

years (n= 105 436).

Person Years of follow up

200000

180000

160000

140000

120000

100000

80000

60000

40000

20000

Figure 15. Person-years follow-up in women who had assisted conception, by year of first
treatment?.

The average age at first treatment was 34.5 years old. 44% of women included in the cohort
were diagnosed with at least one female factor (n=111 658; diagnoses included endometriosis,
tubal disease and ovulatory disorders (presumed predominantly polycystic ovary disease, based
on previously known national prevalence of various ovulatory disorders)). Infertility was
unexplained in 19% of women (n= 47 757), and was due only to male factors in 33% (n= 84 871).
Average duration of infertility was 4.9 years. On average, women had 1.8 stimulated cycles, with
only 20% of the cohort (n=50 485) having more than two stimulated cycles. Almost half the study

population had at least one live birth at treatment completion (table 16).
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Women who
developed a

Women who did
not develop a

Total
Characteristic cancer of the cancer of the
N=255, 786 breast, ovary or breast, ovary or
corpus uteri corpus uteri
N=3,155 N= 252,631
x;’_a:tzij:: df:fv:;‘:ia::’(esrg)')years 34.54+/-4.8 36.3+/-4.7 34.54+/-4.8
Age at first treatment (years), No. (%)
<25 5,671 (2) 20 (1) 5,651 (2)
25-29 39,932 (16) 259 (8) 39,673 (16)
30-34 92,788 (36) 961 (31) 91,827 (36)
35-39 85,868 (34) 1,244 (39) 84,624 (34)
40-44 28,174 (11) 563 (18) 27,611 (11)
45+ 3,353 (1) 108 (3) 3,245 (1)
Cause of infertility, No. (%)
Any female factor 111,658 (44) 1,626 (52) 110,032 (44)
Male factor only 84,871 (33) 915 (29) 83,956 (33)
Unexplained 47,757 (19) 474  (15) 47,283 (19)
Unrecorded 11,500 (5) 140 (4) 11,360 (5)
History of endometriosis, No. (%) 18,630 (7) 281 (9) 18,349 (7)
History of tubal disease, No. (%) 66,370 (26) 1045 (33) 65,325 (26)
History of ovulatory disorder, No. (%) 36,016 (14) 451 (14) 35,565 (14)
Mean duration of infertility reported
at completion of last cycle, Years (+/- 49+/-3.3 5.6+/-3.9 4.8+/-3.3
SD)
a\;?r:g;a number of stimulated cycles 18+/-1.2 18+/-13 18+/-1.2
?:::feii::n;:gssfcxi ':f/th;;)t 0.64/-0.7 0.6+/-0.7 0.6+4/-07
Number of live births at completion
of last cycle, No. (%)
0 129,217 (51) 1,775 (56) 127,442 (50)
1 96,839 (38) 1,011 (32) 95,828 (38)
2+ 29,645 (12) 368 (12) 29,277 (11)
Unrecorded 85 (0) 1 (0) 84 (0)
Any multiple births recorded at 29,366 (11) 304 (10) 29,062 (12)

completion of last cycle, No. (%)

Table 16; Characteristics of 255,786 women who underwent assisted reproduction in Great

Britain, 1991-2010"
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. Absolute Excess
Standardized
T f P ea Ob ed E ted ikt
cancer | followup | cancers | cancers | MidenceRatio | Rk
(95%C1) (95% Cl)
Including the first year of follow-up
0.98 -2.8
Breast* 2257789 2578 2641.2
(0.94 to 1.01) (-7.1 to 1.8)
1.12 0.8
C
o 2257789 164 146.9
uteri (0.95 to 1.30) (-0.3 to 2.0)
1.39 5.0
Ovary 2257789 405 291.82
(1.26 to 1.53) (3.3t06.9)
Excluding the first year of follow-up
0.95 -5.9
Breast* 2004121 2384 2501.6
(0.92 t0 0.99) (-10.6 to -1.0)
1.11 0.8
Corp‘,’: 2004 121 157 141.79
uteri (0.94 to 1.30) (-0.4 to 2.1)
1.31 4.2
Ovary 2004121 356 271.9
(1.18 to 1.45) (2.44 0 6.10)

Table 17. Relative and absolute excess risks of cancers of breast, ovary, and corpus uteri among
225 786 women who underwent assisted reproduction in Great Britain, 1991-2010, including and
excluding the first year after the start of treatment. tBreast cancer=ICD-9 codes 1740-1749, 2330,
and 2383, ICD-10 codes C500-C509, DO50-D059, and D486. ¥Corpus uteri cancer=ICD-9 codes 1820-1828
and ICD-10 code C54. §Ovarian cancer=ICD-9 codes 1830-1839 and 2362; ICD-10 codes C56, C570-C574,
C481, €482, and D391.1
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Breast cancer

No increased risk of breast cancer was observed within the cohort. 2578 breast cancers were
observed compared to 2641.2 expected (standardised incidence ratio (SIR) 0.98 (95% confidence
interval (Cl) 0.94 to 1.01); absolute excess risk —2.8 cases per 100 000 person years (95% Cl 7.1

to 1.8); Table 17).

More than three quarters (76%) of breast tumours were ductal carcinomas (n=1963), 9% lobular

(n=228), 12% other epithelial tumours (n=319), and 3% non-epithelial or unspecified (n=68).

There were no significantly raised risks or significant trends across categories by grouped age at
first treatment (P=0.13), infertility duration (P=0.20) and number of live births (P=0.56); Table
18. There was a trend towards increasing risk with increasing number of cycles, though this did
not reach statistical significance (P= 0.07; Table 18). Women who had at least one multiple birth
appeared to have a slightly higher risk of breast cancer (SIR 1.10; 95% Cl 0.97 to 1.24) but this
risk was not statistically different from general population rates or from women who did not

have a multiple birth as 95% confidence intervals overlapped significantly.

Significant risk reductions were observed with increasing duration since treatment completion
(P=0.01), and in women with any female factor or only male factor infertility (table 18).

Increased risks were detected in women who had unrecorded cause of infertility (table 18).

No difference was seen between risk of developing breast cancer at premenopausal and
postmenopausal ages. Analysis of attained age at cancer diagnosis revealed 2055 breast cancers
observed in women aged under 50 years, compared to 2101.1 expected (SIR 0.98; 95% Cl 0.94
to 1.02) and 523 cancers observed in women over 50 years of age compared to 540.1 expected

(SIR 0.97 (95% Cl 0.89 to 1.06).
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Person-years

All Breast Cancer’

Factor follow-up | Observed SIR 95%Cl
cancers
Age at first treatment (years)
<25 48,187 14 1.32 0.72t02.21
25-29 381,964 185 0.92 0.79to 1.06
30-34 866,351 774 0.95 0.89to 1.02
35-39 714,056 1033 0.97 0.91t01.03
40-44 218,767 479 1.02 0.93to 1.12
45+ 28,463 93 1.09 0.89to 1.34
Trend across categories P=0.13
Infertility cause
Any female factor 1,109,593 1279 0.95 0.90 to 1.00
Male factor only 757,063 774 0.92 0.86 t0 0.99
Unexplained 326,495 416 1.10 1.00to 1.21
Unrecorded 64,638 109 1.49 1.24t0 1.80
History of endometriosis
Yes 181,279 214 0.98 0.86t01.12
No 2,076,509 2364 0.98 0.94 t0 1.02
History of tubal disease
Yes 710,522 826 0.96 0.90to 1.03
No 1,547,266 1752 0.98 0.94t01.03
History ovulatory problems
Yes 311,523 357 0.92 0.83t01.02
No 1,946,265 2221 0.99 0.95to0 1.03
Duration of infertility at last cycle (years)
<2 133,067 171 0.95 0.82t01.11
2-3 439,560 527 1.05 0.96t01.14
4-5 447,739 520 0.99 0.90 to 1.07
6-7 271,583 316 0.91 0.82t01.02
8-9 151,580 197 0.95 0.83t01.10
10+ 209,751 322 0.95 0.85 to 1.05
Unrecorded 324,953 404 1.07 0.97t01.18
Trend across categories P=0.20
Total number of stimulated cycles
0 — ‘natural cycle’ only 90,973 142 0.88 0.74 t0 1.04
1 1,041,791 1203 0.98 0.92t01.03
2 473,125 585 1.01 0.93t0 1.09
3-4 306,137 420 1.03 0.93t01.13
5+ 66,149 107 1.08 0.89t01.31
Trend across categories P=0.07
Total number of live births at last cycle
completion
0 1,009,134 1299 0.99 0.93t01.04
1 718,998 843 1.03 0.96t0 1.10
2+ 249,685 314 0.92 0.82t01.03
Trend across categories P=0.56
Multiple birth as recorded at last cycle
completion
Yes 232,824 258 1.10 0.97t01.24
No 1,745,409 2199 0.98 0.94 t0 1.02
Time since last treatment (years)
0-3 687,180 525 1.04 0.95t01.13
3-6 486,191 529 1.04 0.95t01.13
6-10 444,324 657 1.00 0.931t01.08
10-15 296,445 590 0.93 0.86to 1.01
15+ 64,091 156 0.86 0.73to 1.01

Trend across categories P=0.01

Table 18. Standardised incidence ratios (SIRs) for breast cancer among 225 786 women who
underwent assisted reproduction in Great Britain, 1991-2010, stratified by various factors.

TBreast cancer=ICD-9 codes 1740-1749, 2330, and 2383; ICD-10 codes C500-C509, DO50-

D059, and D486. *

121



All Breast Cancer- excluding first 12 months of

Person-years follow up
Factor follow-up Observed
SIR 95%Cl
cancers
Overall 2,004,121 2384 0.95 0.92 to 0.99
Age at first treatment (years)
<25 42,574 11 1.05 0.531t01.88
25-29 342,334 171 0.87 0.74t0 1.01
30-34 774,230 723 0.92 0.86 t0 0.99
35-39 628,952 955 0.95 0.89t0 1.02
40-44 190,890 436 1.01 0.92to1.11
45+ 25,142 88 1.13 0.91t01.39
Trend across categories P=0.03
Infertility cause
Any female factor 998,634 1224 0.95 0.90 to 1.00
Male factor only 672,834 727 0.91 0.85t0 0.98
Unexplained 279,249 377 1.08 0.98t0 1.20
Unrecorded 53,406 56 0.87 0.66t01.13
History of endometriosis
Yes 162,795 204 0.98 0.85t01.12
No 1,841,327 2180 0.95 0.91 to 0.99
History of tubal disease
Yes 644,518 800 0.97 0.90to0 1.04
No 1,359,603 1584 0.95 0.90 to 0.99
History ovulatory problems
Yes 275,753 333 0.91 0.82t0 1.02
No 1,728,369 2051 0.96 0.92 to 1.00
Duration of infertility at last cycle (years)
<2 116,371 142 0.84 0.71t0 1.00
2-3 373,788 481 1.04 0.95t01.14
4-5 392,584 498 1.00 0.92t01.10
6-7 242,061 298 0.91 0.81to0 1.02
8-9 136,379 185 0.94 0.81t01.08
10+ 189,948 305 0.94 0.84 t0 1.05
Unrecorded 275,893 360 1.06 0.95t01.17
Trend across categories P=0.47
Total number of stimulated cycles
0 - ‘natural cycle’ only 81,304 136 0.90 0.76 to 1.07
1 912,394 1107 0.96 0.90to0 1.01
2 410,483 545 1.01 0.93t01.10
3-4 265,687 381 1.01 0.91to1.11
5+ 57,107 100 1.10 0.90to 1.34
Trend across categories P=0.13
Total number of live births at last cycle
completion
0 882,844 1166 0.95 0.89 to 1.00
1 623,485 801 1.04 0.97t0 1.12
2+ 220,364 301 0.94 0.84t0 1.05
Unrecorded 332 1 2.13 0.05t0 11.86
Trend across categories P=0.48
Multiple birth as recorded at last cycle
completion
Yes 203,766 253 1.15 1.01t01.30
No 1,523,258 2016 0.96 0.92to0 1.00
Time since last treatment (years)
0-3 435,973 337 0.99 0.88t0 1.10
3-6 486,191 529 1.04 0.95t01.13
6-10 444,324 657 1.00 0.931t01.08
10-15 296,445 590 0.93 0.86t01.01
15+ 64,091 156 0.86 0.73t01.01

Trend across categories P=0.06

Table 19. Sensitivity analysis, excluding the first 12 months of follow up in women who
underwent assisted reproduction in Great Britain, 1991-2010. Standardised incidence
ratios (SIRs) for all breast cancer, stratified by various factors. tBreast cancer=ICD-9

codes 1740-1749, 2330, and 2383; ICD-10 codes C500-C509, DO50-D059, and D486.*
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After exclusion of the first 12 months of follow-up, breast cancer risk was significantly reduced

compared with age standardised expectation (SIR 0.95 (95%Cl 0.92 to 0.99), P=0.02; table 18).

Invasive and in-situ breast cancer

There was no increased risk of invasive breast cancer, in fact there was a non-significantly
reduced risk of developing invasive breast cancer in this cohort compared to age standardised
risks in the general female population (SIR 0.96 (95%Cl 0.92 to 1.00) table 20; absolute risk

reduction 4.4 cases per 100 000 person years (95% Cl 8.5 to 0.2)).

There was no increased risk of invasive breast cancer by increasing grouped age at first
treatment (P=0.30), duration of infertility (P=0.11), number of stimulated cycles (P=0.27) or
number of live births (P=0.37; table 20). Risk was significantly decreased with increasing time
elapsed since completion of last treatment cycle (P=0.005). The only sub-group with increased
risk of invasive breast cancer was women for whom a cause of infertility was unrecorded (table
20). Exclusion of the first 12 months of follow-up reduced the risks of invasive breast cancer
further, making this previously observed tendency to reduced risk, statistically significant (table

21).

A small increased risk of in situ breast cancer was detected compared with age standardised
national rates (291 cancers observed v 253.5 cancers expected; SIR 1.15 (95% Cl 1.02 to 1.29);
absolute excess risk 1.7 cases per 100 000 person years (95% Cl 0.2 to 3.2); table 20). This was

associated with increasing number of treatment cycles (P=0.03).

123



Factor" Person- Invasive Breast Cancer'* In-situ Breast Cancer**
years Obs SR 95%Cl Obs SR 95%Cl
follow-up
Overall 2,257,789 2272 0.96 0.92t0 1.00 291 1.15 1.02to0 1.29
Age at first treatment (yrs)
<25 48,187 14 1.43 0.78 to 2.39 0 0.00 0.00to0 4.34
25-29 381,964 168 0.91 0.78 to 1.06 16 1.10 0.63t0 1.78
30-34 866,351 685 0.92 0.86 to 1.00 85 1.27 1.02 to 1.57
35-39 714,056 925 0.97 0.91t01.04 100 0.94 0.77 to 1.15
40-44 218,767 411 1.00 0.90to0 1.10 66 1.23 0.95to 1.56
45+ 28,463 69 0.94 0.73to 1.19 24 2.12 1.36 to 3.15
Trend across categories P=0.30 | Trend across categories P=0.47
Infertility cause
Any female factor 1,109,593 1118 0.92 0.87 to 0.98 151 1.14 0.97to 1.34
Male factor only 757,063 676 0.89 0.83 t0 0.96 93 1.18 0.95to0 1.44
Unexplained 326,495 374 1.10 0.99to0 1.22 42 1.18 0.85to0 1.59
Unrecorded 64,638 104 1.58 1.30t0 1.92 5 0.73 0.24t01.70
History of endometriosis
Yes 181,279 186 0.95 0.82to0 1.10 26 1.25 0.81t0 1.83
No | 2,076,509 2086 0.96 0.92 to 1.00 265 1.14 1.01to01.28
History of tubal disease
Yes 710,522 725 0.94 0.87to 1.01 92 1.11 0.89to 1.36
No 1,547,266 1547 0.97 0.92to0 1.01 199 1.17 1.01to 1.34
History of ovulatory problems
Yes 311,523 315 0.91 0.81t01.02 41 1.05 0.75t01.42
No 1,946,265 1957 0.97 0.92t01.01 250 1.17 1.03 to 1.32
Duration of infertility at last cycle
(yrs)
<2 133,067 156 0.97 0.83t01.14 15 0.82 0.46to0 1.35
2-3 439,560 464 1.03 0.94101.13 61 1.26 0.97 to 1.62
4-5 447,739 461 0.97 0.89to 1.07 52 1.03 0.77t01.35
6-7 271,583 278 0.90 0.79to0 1.01 35 1.03 0.72to 1.44
8-9 151,580 169 0.92 0.78 to 1.06 27 1.31 0.86to0 1.91
10+ 209,751 279 0.92 0.82t01.04 42 1.15 0.83t0 1.56
Unrecorded 324,953 355 1.05 0.94t01.16 48 1.37 1.01to0 1.82
Trend across categories P=0.11 | Trend across categories P=0.58
Total no. of stimulated cycles
0 - ‘natural cycle’ only 90,973 121 0.85 0.71t0 1.02 21 1.14 0.71to 1.74
1 1,041,791 1073 0.97 0.91t01.03 121 1.02 0.85t01.22
2 473,125 512 0.98 0.90 to 1.07 70 1.25 0.97 t0 1.58
3-4 306,137 371 1.01 0.92to 1.12 47 1.18 0.87to 1.57
5+ 66,149 85 0.96 0.77to 1.91 21 2.11 1.31to03.23
Trend across categories P=0.27 | Trend across categories P=0.03
Total no. of live births after last
treatment
0 1,009,134 1154 0.98 0.92to0 1.04 135 1.04 0.87to0 1.23
1 718,998 732 0.99 0.92to 1.07 107 1.37 1.12to 1.65
2+ 249,685 276 0.90 0.80to 1.02 37 1.07 0.76t0 1.48
Unrecorded 414 <5 # # <5 # #
Trend across categories P=0.37 | Trend across categories P=0.32
Any multiple birth
Yes 232,824 234 1.10 0.97 to 1.25 22 1.05 0.66 to 1.58
No | 1,745,409 1928 0.96 0.92 to 1.00 258 1.16 1.02t01.31
Time since last treatment (yrs)
0-3 687,180 488 1.05 0.96 to 1.15 37 1.06 0.71to0 1.39
3-6 486,191 476 1.03 0.94to01.12 51 1.24 0.93to0 1.63
6-10 444,324 556 0.94 0.87 to 1.02 95 1.52 1.23t0 1.85
10+ 296,445 510 0.93 0.85t01.01 75 0.98 0.77 t0 1.22
15+ 64091 132 0.86 0.72t01.02 22 0.85 0.54t01.29

Trend P=0.005

Trend across categories P=0.29

Table 20. Standardised incidence ratios (SIRs) for invasive and in-situ breast cancer among
225 786 women after ART, Great Britain, 1991-2010. Tt ‘Invasive Breast Cancer’= ICD-9:
1740-9: ICD-10:C500-9. tf ‘In-situ Breast Cancer’= ICD-9: 2330: ICD-10: D050-9. # <5
observations, thus data redacted.?
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Person- Type of Breast Cancer- excluding first 12 months of follow up
Factor years Invasive Breast Cancer'* In-situ Breast Cancer**
follow-up | ops  sIR 95%Cl Obs SIR 95%Cl
Overall | 2,004,121 | 2089 0.93 0.89t0 0.97 280 1.15 1.02t01.29
Age at first treatment (yrs)
<25 42,574 11 1.14 0.57t0 2.04 0 0.00 0.00to 4.41
25-29 342,334 154 0.85 0.72t0 1.00 16 1.12 0.64to 1.81
30-34 774,230 635 0.89 0.82t00.96 84 1.29 1.03to0 1.59
35-39 628,952 850 0.95 0.89t0 1.02 97 0.95 0.77t0 1.16
40-44 190,890 373 0.99 0.89to 1.09 61 1.19 0.91to01.53
45+ 25,142 66 0.99 0.76 t0 1.26 22 2.06 1.29t03.12
Trend P=0.07 Trend P=0.67
Infertility cause
Any female factor | 998,634 1068 0.93 0.87 t0 0.98 146 1.14 0.96t0 1.34
Male factor only 672834 632 0.88 0.81to0 0.95 90 1.18 0.95t0 1.45
Unexplained 279,249 337 1.08 0.97 t0 1.20 <45 #
Unrecorded 53,406 52 0.90 0.67to 1.18 <5 #
History of endometriosis
Yes 162,795 176 0.94 0.81to 1.09 26 1.28 0.84to 1.88
No | 1,841,327 | 1913 0.93 0.89to0 0.97 254 1.13 1.00 to 1.28
History of tubal disease
Yes | 644,518 701 0.95 0.88 to 1.02 90 1.11 0.89to0 1.36
No | 1,359,603 | 1388 0.92 0.87 to 0.97 190 1.17 1.01to1.34
History of ovulatory problems
Yes | 275,753 294 0.90 0.80to 1.01 38 1.01 0.72t0 1.39
No | 1,728,369 | 1795 0.94 0.89to 0.98 242 1.17 1.03to 1.33
Duration of infertility at last cycle
(yrs)
<2 116,371 128 0.85 0.71to0 1.02 14 0.80 0.44t01.34
2-3 373,788 422 1.02 0.92to 1.12 57 1.25 0.95to0 1.63
4-5 392,584 439 0.99 0.90to 1.08 52 1.08 0.80to 1.41
6-7 242,061 260 0.88 0.78 to 1.00 35 1.07 0.75to0 1.49
89 | 136,379 159 0.90 0.77 to 1.06 25 1.25 0.81t0 1.85
10+ | 189,948 262 0.91 0.80to0 1.03 42 119 0.86t01.60
Unrecorded 275,893 311 1.02 0.91to 1.14 48 1.49 1.10to 1.97
Trend P=0.30 Trend P=0.53
Total no. stimulated cycles
0 — ‘natural cycle’ only 81,304 115 0.87 0.72t0 1.04 21 1.20 0.741t01.83
1 912,394 981 0.95 0.89to0 1.01 117 1.03 0.85t0 1.23
2 | 410,483 472 0.97 0.89 to 1.07 70 132 1.03 to 1.66
3-4 | 265,687 334 0.99 0.88t01.10 45 119 0.87to1.60
5+ 57,107 79 0.98 0.77 to 1.22 20 2.14 1.31t03.31
Trend P=0.27 Trend P=0. 03*
Total no. live births after last
treatment
0| 882,844 | 1027 0.94 0.88 t0 0.99 129 1.04 0.87t01.23
1 623,485 691 1.00 0.93to 1.08 106 1.43 1.17 to 1.72
2+ 220,364 263 0.92 0.81to 1.04 37 1.12 0.79to 1.55
Unrecorded 332 <5 # # <5 # #
Trend P=0.71 Trend P=0.21
Any multiple birth
Yes 203,766 230 1.16 1.01to0 1.32 21 1.04 0.65to 1.59
No | 1,523,258 | 1751 0.93 0.89to0 0.98 252 1.19 1.05to0 1.35
Time since last treatment (yrs)
0-3 | 435,973 307 0.98 0.87 to 1.09 30 1.18 0.80to1.69
3-6 486,191 476 1.03 0.94to1.12 51 1.24 0.93to0 1.63
6-10 444,324 556 0.94 0.87 to 1.02 95 1.52 1.23t0 1.85
10+ 296,445 510 0.93 0.85t0 1.01 75 0.98 0.77 to 1.22
15+ 64,091 132 0.86 0.72 to 1.02 22 0.85 0.54 to 1.29
Trend P=0.07 Trend P=0.07

Table 21. Invasive and in-situ breast cancer, sensitivity analysis, excluding first 12 months
follow up in women after ART in Great Britain, 1991-2010. " “Invasive Breast Cancer’= ICD-
‘In-situ Breast Cancer’= ICD-9: 2330: ICD-10: D0O50-9. # <5

9:1740-9: ICD-10:C500-9. *

observations, thus data redacted.’
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Breast Cancer: Within-cohort analysis

Within-cohort proportional hazards regression analysis, considering women who have first ART
treatment aged under 25 as the baseline group and any diagnosis of breast cancer as the
outcome. No significant difference was seen in hazard ratio between baseline age group and
other age groups at first treatment (table 22). Comparing women who have ART aged under 25
years to all other cohort members as a group, again considering the outcome of any type of

breast cancer, does not reveal any significant differences in hazard (table 23).

95% ClI
Age at first treatment Hazard Ratio
Lower Upper

<25 years 1.00 Baseline
25-29 1.16 0.59 2.28
30-34 1.32 0.67 2.60
35-39 1.37 0.69 2.69
40-44 1.45 0.73 2.87
45-49 1.66 0.81 3.39
50+ 0.80 0.24 2.70

Table 22. Cox regression analysis of diagnosis of breast cancer in a cohort of women who
underwent assisted reproduction in Great Britain, 1991-2010, by age at first treatment. ‘Breast
cancer’=ICD-9 codes 1740-1749, 2330, and 2383; ICD-10 codes C500-C509, DO50-D059, and
DA486.

95% CI
Age at first treatment Hazard Ratio
Lower Upper
>=25 years 1.00 Baseline
<25 years 0.57 0.25 ‘ 1.31

Table 23. Cox regression analysis of diagnosis of breast cancer in a cohort of women who
underwent assisted reproduction in Great Britain, 1991-2010, by age at first treatment. ‘Breast
cancer’=ICD-9 codes 1740-1749, 2330, and 2383; ICD-10 codes C500-C509, DO50-D059, and
D486.
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Ovarian cancer

An overall increased risk of ovarian cancer was seen in the study cohort in comparison to general
population rates (SIR 1.39 (95%Cl 1.26 to 1.53); AER 5.0 cases per 100,000 person-years (95%Cl

3.3t06.9); table 17).

Increased risks were observed in most age groups (by age at first treatment). However, a highly
significant trend of increasing risk with decreasing age at first treatment was identified (P<0.001;
table 24). Increased risks were seen in women who had any diagnosis of female factor infertility
(SIR 1.66 (95%Cl 1.46 to 1.88); table 24). Risks were highest in women with a diagnosis of
endometriosis (SIR 2.31 (95%Cl 1.74 to 3.01); table 24) or tubal disease (SIR 1.68 (95%Cl 1.43 to
1.97); table 24). No increased risk was seen where infertility was male factor only (SIR 1.05
(95%CI 0.85 to 1.27)) or unexplained (SIR 0.96 (95%Cl 0.69 to 1.31); table 24). Risks decreased
significantly with increasing number of live births (P=0.001; table 24): highest risks were seen in
women remaining nulliparous after completion of treatment (SIR 1.57 (95%Cl 1.37 to 1.79);
table 24). No association between risk and increasing infertility duration (P=0.15), number of

cycles (P=0.86) or duration since treatment completion (P=0.74) was observed.
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Person-years Ovarian Cancerll

Factor follow-up Observed SIR 95% CI
Age at first treatment (years)

<25 48,187 6 2.21 0.81t04.80
25-29 381,964 64 2.16 1.67 to 2.76
30-34 866,351 142 1.52 1.28 t0 1.80
35-39 714,056 134 1.23 1.03 to 1.45
40-44 218,767 50 1.05 0.78t0 1.38

45+ 28,463 9 0.97 0.45t01.85

Trend across categories P<0.001

Infertility cause

Any female factor 1,109,593 246 1.66 1.46 to 1.88
Male factor only 757,063 98 1.05 0.85t01.27
Unexplained 326,495 40 0.96 0.69to01.31
Unrecorded 64,638 21 2.59 1.60 to 3.95
History of endometriosis
Yes 181,279 55 231 1.74 t0 3.01
No 2,076,509 350 1.31 1.17 to 1.45
History of tubal disease
Yes 710,522 158 1.68 1.43to0 1.97
No 1,547,266 247 1.25 1.10to 1.41
History ovulatory problems
Yes 311,523 55 1.28 0.97 to 1.67
No 1,946,265 350 141 1.26 to 1.56
Duration of infertility at last cycle (years)
<2 133,067 28 1.44 0.96 to 2.09
2-3 439,560 73 1.30 1.02 to 1.64
4-5 447,739 74 1.27 1.00 to 1.60
6-7 271,583 60 1.61 1.23 to 2.07
8-9 151,580 36 1.64 1.15to 2.27
10+ 209,751 57 1.60 1.21 to 2.08
Unrecorded 324,953 42 1.02 0.74t01.38

Trend across categories P=0.15

Total number of stimulated cycles

0 - ‘natural cycle’ only 90,973 17 0.99 0.58 to 1.59
1 1,041,791 196 1.44 1.25to0 1.66

2 473,125 87 1.38 1.10t0 1.70

3-4 306,137 53 1.23 0.92t01.60

5+ 66,149 17 1.67 0.97 to 2.67

Trend across categories P=0.86

Total number of live births at last cycle completion

1,009,134 222 1.57 1.37to 1.79

1 718,998 114 1.25 1.03 to 1.50

2+ 249,685 34 0.93 0.64to 1.30
Unrecorded 414 0 0.00 0.00 to 49.93

Trend across categories P=0.001

Any multiple birth as recorded at last cycle

completion

Yes 232,824 33 1.23 0.85t01.73
No 1,745,409 337 1.39 1.24to0 1.54

Time since last treatment (years)
0-3 687,180 99 1.54 1.25t0 1.88
3-6 486,191 73 1.27 1.00 to 1.60
6-10 444,324 84 1.24 0.99t01.53
10-15 296,445 86 1.39 1.11t01.71
15+ 64,091 28 1.57 1.05 to 2.27

Trend across categories P=0.74

Table 24. Standardised incidence ratios (SIRs) for ovarian cancer among 225 786 women who

underwent assisted reproduction in Great Britain, 1991-2010, stratified by various factors. !

‘Ovarian Cancer’= ICD-9: 1830-1839, 2362; ICD-10: C56, C570-C574, C481, C482, and D391."
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All Ovarian Cancerl - excl first 12m follow-
Factor Person-years up
follow-up
Observed SIR 95% CI
Age at first treatment (years)
<25 42,574 <5 # #
25-29 342,334 55 1.99 1.50 to 2.59
30-34 774,230 124 1.42 1.18 to 1.69
35-39 628,952 118 1.16 0.96 to 1.39
40-44 190,890 47 1.07 0.78 t0 1.42
45+ 25,142 9 1.06 0.49 to 2.02
Trend across categories P=0.001
Infertility cause
Any female factor 998,634 221 1.58 1.38t0 1.81
Male factor only 672,834 88 1.01 0.81to 1.24
Unexplained 279,249 33 0.88 0.60to0 1.23
Unrecorded 53,406 14 1.98 1.08 to 3.33
History of endometriosis
Yes 162,795 49 2.19 1.62 to 2.89
No 1,841,327 307 1.23 1.10to 1.38
History of tubal disease
Yes 644,518 151 1.69 1.44 to 1.69
No 1,359,603 205 1.12 0.97t0 1.29
History ovulatory problems
Yes 275,753 43 1.08 0.78 t0 1.45
No 1,728,369 313 1.35 1.20to 1.51
Duration of infertility at last cycle (years)
<2 116,371 23 1.26 0.82t01.93
2-3 373,788 62 1.23 0.94 to 1.57
4-5 392,584 66 1.23 0.95to 1.57
6-7 242,061 57 1.63 1.24 to0 2.12
8-9 136,379 33 1.60 1.10to 2.24
10+ 189,948 50 1.49 1.10 to 1.96
Unrecorded 275,893 36 0.99 0.69to0 1.37
Trend across categories P=0.13
Total no. of stimulated cycles
0 — ‘natural cycle’ only 81,304 15 0.94 0.53to0 1.55
1 912,394 174 1.39 1.19to 1.61
2 410,483 77 1.33 1.05 to 1.67
3-4 265,687 48 1.22 0.90to 1.16
5+ 57,106 13 1.41 0.75t02.41
Trend across categories P=0.95
Total no. of live births at last cycle completion
0 882,844 189 1.45 1.25to 1.67
1 623,485 109 1.31 1.07 to 1.58
2+ 220,364 29 0.86 0.57t01.23
Unrecorded 332 <5 # #
Trend across categories P=0.01
Any multiple birth
Yes 203,766 31 1.26 0.86t01.79
No 1,523,258 296 1.33 1.18to 1.49
Time since last treatment (years)
0-3 435,973 56 1.32 1.00t0 1.71
3-6 486,191 73 1.27 1.00 to 1.60
6-10 444,324 84 1.24 0.99to 1.53
10-15 296,445 86 1.39 1.11to 1.71
15+ 64,091 28 1.57 1.04 to 2.27
Trend across categories P=0.46

Table 25. Sensitivity analysis, excluding the first 12 months of follow up in women who
underwent assisted reproduction in Great Britain, 1991-2010, stratified by various factors. !
‘Ovarian Cancer’= ICD-9: 1830-1839, 2362; ICD-10: C56, C570-C574, C481, C482, and D391. *
# <5 observations, thus data redacted. 129



Invasive ovarian cancer

A significant excess in invasive ovarian tumours was observed when these were classified
separately (264 observed vs. 188.12 expected; SIR 1.40; 95%Cl 1.24 to 1.58; AER 3.4 cases per

100,000 person years (95%Cl 2.0 to 4.9); table 26).

As noted with all ovarian cancer, a highly significant trend of increasing risk of invasive ovarian
tumour was observed with decreasing age at first treatment (P=0.002; table 26). A diagnosis of
any female factor infertility was associated with increased risk (SIR 1.66; 95%Cl 1.41 to 1.94;
table 26), predominantly endometriosis (SIR 2.47; 95%Cl 1.75 to 3.39; table 26) or tubal disease
(SIR 1.71; 95%CI 1.40 to 2.08; table 26). Importantly risk was not raised in women treated for
either male factor infertility only or for unexplained infertility (SIR 1.09; 95%CI 0.84 to 1.39 and
SIR 0.98; 95%Cl 0.64 to 1.44 respectively; table 26). Increasing parity was associated with
significantly decreased risks (P=0.0001), again women remaining nulliparous after treatment
being at highest risk (SIR 1.67; 95%Cl 1.42 to 1.95; table 26). No significant variation in risk was
noted with number of treatment cycles (P=0.29), duration of infertility (P=0.25) or with duration

since completion of treatment (P=0.44).

A third of invasive ovarian tumours were serous (n=87), a quarter were endometrioid (n=66),
and 8% were mucinous (n=22). The remaining tumours were either unspecified epithelial

tumours (18%; n=45) or non-epithelial or unspecified invasive tumours (17%; n=44).

Sensitivity analysis, excluding the first 12 months of follow-up, did not substantially change

results (table 27).
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Factor Person- Invasive Ovarian Tumours5® Borderline Ovarian Tumoursl!l
years Obs SIR 95% Cl Obs SIR 95% Cl
follow-up
Overall | 2,257,789 264 1.40 1.24 to 1.58 141 136 1.15t01.60
Age at first treatment (years)
<25 48,187 <5 # <5 #
25-29 381,964 35 2.33 1.63t03.25 29 1.98 1.33to02.85
30-34 866,351 81 1.46 1.16t0 1.82 61 1.61 1.23to02.07
35-39 714,056 97 1.32 1.07to 1.61 37 1.04 0.73t01.43
40-44 218,767 40 1.13 0.80to0 1.53 10 0.82 0.39to 1.50
45+ 28,463 <10 # <5 #
Trend P=0.002 Trend P<0.001
Infertility cause
Any female factor | 1,109,593 161 1.66 1.41t01.94 85 1.66 1.33to02.05
Male factor only 757,063 65 1.09 0.84to0 1.39 33 0.96 0.66to1.35
Unexplained 326,495 26 0.98 0.64to0 1.44 14 0.92 0.50to 1.55
Unrecorded 64,638 12 2.35 1.21t04.10 9 3.00 1.37to5.70
History of endometriosis
Yes 181,279 38 2.47 1.75t03.39 17 2.03 1.18t03.25
No | 2,076,509 226 1.31 1.14 to 1.49 124 1.30 1.08to 1.55
History of tubal disease
Yes 710,522 105 1.71 1.40to0 2.08 53 1.62 1.21to2.12
No | 1,547,266 159 1.25 1.07 to 1.46 88 1.24 0.99to 1.53
History of ovulatory problems
Yes 311,523 33 1.16 0.80to0 1.63 22 1.52 0.96t02.31
No | 1,946,265 231 1.45 1.27 to 1.65 119 133 1.11to1.60
Duration of infertility at last
cycle (years)
<2 133,067 16 1.23 0.70to 1.99 12 1.89 0.98t03.30
2-3 439,560 53 1.48 1.11t01.93 20 0.99 0.61to01.53
4-5 447,739 53 1.42 1.06 to 1.85 21 1.02 0.63to1.55
6-7 271,583 40 1.63 1.16to 2.21 20 1.57 0.96to02.42
8-9 151,580 27 1.84 1.21 to 2.67 9 1.24 0.57to 2.36
10+ 209,751 40 1.60 1.14t0 2.18 17 1.61 0.94to02.58
Unrecorded 324,953 25 0.97 0.63t01.43 17 1.12 0.65t01.79
Trend P=0.25 Trend P=0.42
Total no. of stimulated cycles
0 - ‘natural cycle’ only 90,973 13 1.04 0.55t0 1.78 <5 #
1| 1,041,791 129 1.47 1.23t0 1.75 67 1.39 1.08to1.77
2 473,125 56 1.37 1.03t0 1.78 31 140 0.95t01.98
3-4 306,137 42 1.48 1.06 to 1.99 11 0.75 0.37t01.33
5+ 66,149 14 2.04 1.11 to 3.42 <5 #
Trend P=0.29 Trend P=0.18
Total no. of live births after
last treatment
0| 1,009,134 156 1.67 1.42t0 1.95 66 1.38 1.07to1.75
1 718,998 78 1.34 1.06 to 1.67 36 1.09 0.76to1.51
2+ 249,685 20 0.81 0.50to 1.26 14 1.16 0.63to01.95
Unrecorded 414 0 0.00 0to 74.89 0 0.0 0to 149.79
Trend P=0.001 Trend P=0.34
Any multiple birth
Yes 232,824 22 1.34 0.84t0 2.03 11 1.06 0.53t01.90
No | 1,745,409 232 1.45 1.27 to 1.65 105 1.27 1.04to1.54
Time since last treatment
(years)
0-3 687,180 62 1.73 1.33t0 2.22 37 1.30 0.92t01.79
3-6 486,191 45 1.27 0.93to 1.71 28 1.27 0.85t01.84
6-10 444,324 63 1.37 1.05to0 1.75 21 0.96 0.59to1.46
10+ 296,445 63 1.38 1.06 to 1.77 23 1.39 0.88t02.08
15+ 64091 21 1.52 0.94 t0 2.32 7 1.75 0.70to 3.60
Trend P=0.44 Trend P=0.84

Table 26. Standardised incidence ratios (SIRs) for invasive and borderline ovarian cancer among
225 786 women who underwent assisted reproduction in Great Britain, 1991-2010, stratified by
various factors. See overleaf for key.*
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Table 26. Key *° ‘Invasive Ovarian Tumours’= ICD-9: 1830-1839 (excluding morphology codes
8442/8451/8462/8472/8473) 2362, ICD-10: C56, C570-C574, C481, C482 (excluding morphology
codes 8442/8451/8462/8472/8473). I ‘Borderline Ovarian Tumours’=ICD-9 1830 (with
morphology codes 8442/8451/8462/8472/8473); ICD-10 D391, C56 (with morphology codes
8442/8451/8462/8472/8473). # <5 observations, thus data redacted.

Borderline ovarian cancer

There were significantly more borderline ovarian tumours than expected (141 observed vs.
103.7 expected; SIR 1.36 (95%Cl 1.15 to 1.60 respectively); AER 1.7 cases per 100,000 person

years (95%Cl 0.7 to 2.8); table 26).

As with invasive ovarian tumours, significant increased risks of borderline ovarian tumours were
associated with age at first treatment (P<0.001; table 26) and any diagnosis of female factor
infertility (SIR 1.66; 95%Cl 1.33 to 2.05; table 26), particularly endometriosis (SIR 2.03; 95%Cl
1.18 to 3.25; table 26), or tubal disease (SIR 1.62; 95%Cl 1.21 to 2.12; table 26). Women treated
because of male factor only infertility or unexplained infertility were not at increased risk (SIR

0.96; 95%Cl 0.66 to 1.35 and SIR 0.92; 95%CI 0.50 to 1.55 respectively).

Risks did not significantly vary with: number of cycles (P=0.18), parity (P=0.34), infertility
duration (P=0.42), or duration since treatment completion (P=0.84). 45% of borderline tumours
were serous (n=64), 34% mucinous (n=48), <2% endometrioid (n<5), <2% other or unspecified

epithelial tumours (n<5), and 18% non-epithelial or unspecified (n=25).

Sensitivity analysis, excluding the first 12 months follow-up, reduced the risk of borderline
ovarian tumour (SIR 1.19; 95%Cl 0.98 to 1.43; Table 27) and risk in relation to endometriosis (SIR

1.57; 95%CI 0.81 to 2.73; table 27).
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Person- Excluding first 12 months of follow up
Factor years Invasive ovarian cancer Borderline ovarian cancer//
follow-up | Obs SIR 95% Cl Obs SIR 95% Cl
Overall | 2,004,121 | 244 1.37 1.21to 1.56 112 1.19 0.98t01.43
Age at first treatment (years)
<25 42,574 <5 # # <5 # #
25to 29 342,334 32 2.24 1.53 to 3.16 23 1.72 1.09 to 2.58
30-34 774,230 76 1.44 1.13 to 1.80 48 1.39 1.02 t0 1.84
35-39 628,952 87 1.25 1.01 to 1.55 31 0.96 0.65to0 1.37
40-44 190,890 39 1.17 0.83to 1.60 8 0.74 0.32to 1.46
45+ 25,142 <10 # # <5 # #
Trend P=0.01 Trend P=0.01
Infertility cause
Any female factor | 998,634 155 1.67 1.42to01.96 66 1.40 1.09to 1.79
Male factor only | 672,834 60 1.06 0.81to1.37 28 0.90 0.60to 1.30
Unexplained 279,249 20 0.82 0.50to01.27 13 0.98 0.52to 1.67
Unrecorded 53,406 9 1.99 091to3.78 5 1.98 0.64to 4.61
History of endometriosis
Yes 162,795 37 2.51 1.77 to 3.47 12 1.57 0.81t02.73
No | 1,841,327 | 207 1.27 1.10 to 1.45 100 1.16 0.94t01.41
History of tubal disease
Yes 644,518 101 1.72 1.40to 2.09 50 1.65 1.23t0 2.18
No | 1,359,603 | 143 1.20 1.01to 1.42 62 0.97 0.75to0 1.25
History of ovulatory problems
Yes 275,753 32 1.19 0.82to 1.61 11 0.84 0.42to01.51
No | 1,728,369 | 212 1.40 1.22t0 1.61 101 1.25 1.02 to 1.52
Duration of infertility at last cycle
(years)
<2 116,371 15 1.23 0.69to 2.02 8 1.41 0.61to02.79
2-3 373,788 a7 1.43 1.05to 1.90 15 0.85 0.48t01.41
4-5 392,584 49 1.40 1.03 to 1.85 17 0.92 0.54to 1.47
6-7 242,061 39 1.67 1.19to 2.29 18 1.55 0.92to 2.45
8-9 136,379 25 1.78 1.15to 2.63 8 1.21 0.52to0 2.37
10+ 189,948 35 1.46 1.02 to 2.03 15 1.55 0.87 to 2.55
Unrecorded 275,893 21 0.90 0.56to0 1.38 15 1.13 0.63to 1.87
Trend P=0.39 Trend P=0.17
Total no. of stimulated cycles
0 - ‘natural cycle’ only 81,304 13 1.11  0.59to01.90 <5 # #
1| 912,394 118 143 1.19t01.72 56 1.30 0.98 to 1.69
2 | 410,483 50 132 0.98t01.73 27 1.37 0.90to 1.99
3-4 | 265,687 39 1.48 1.05to2.02 9 0.69 0.32t01.31
5+ 57,107 11 1.74 0.87t03.11 <5 # #
Trend P=0.48 Trend P=0.30
Total no. of live births at last cycle
0 | 882,844 136 1.55 1.30t01.84 53 1.24 0.93t0 1.62
1 623,485 77 1.42 1.12t0 1.78 32 1.09 0.75t0 1.54
2+ 220,364 18 0.78 0.46t01.23 11 1.01 0.51t01.81
Unrecorded 332 0 0.00 0.0to099.86 0 0.00 0.0to 149.8
Trend P=0.01 Trend P=0.46
Multiple birth
Yes | 203,766 21 137 0.85t02.09 10 1.08 0.52t0 1.99
No | 1,523,258 | 210 1.41 1.22to1.61 86 1.17 0.93t0 1.44
Time since last treatment (years)
0-3 | 435,973 39 1.62 1.15to2.21 17 0.93 0.54101.48
3-6 | 486,191 45 127 0.93tol.71 28 1.27 0.85t01.84
6-10 | 444,324 63 137 1.05t01.75 21 0.96 0.59to 1.46
10-15 | 296,445 63 138 1.06to1.77 23 1.39 0.88 t0 2.08
15+ 64,091 21 152 0.94t02.32 7 1.75 0.70to 3.60
Trend P=0.85 Trend P=0.21

Table 27. Sensitivity analysis, excluding the first 12 months of follow up in women who underwent

assisted reproduction in Great Britain, 1991-2010. See overleaf for full Key.
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Table 27. Sensitivity analysis, excluding the first 12 months of follow up in women who
underwent assisted reproduction in Great Britain, 1991-2010. Standardised incidence ratios
(SIRs) for all, invasive and borderline ovarian cancer, stratified by various factors. ¥ ‘Invasive
Ovarian Tumours’= ICD-9: 1830-1839 (excluding morphology codes
8442/8451/8462/8472/8473) 2362; ICD-10: C56, C570-C574, C481, C482 (excluding morphology
codes 8442/8451/8462/8472/8473). I ‘Borderline Ovarian Tumours’=ICD-9 1830 (with
morphology codes 8442/8451/8462/8472/8473); ICD-10 D391, C56 (with morphology codes

8442/8451/8462/8472/8473). # <5 observations, thus data redacted.
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Ovarian cancer and association with risk factors

Women who were recorded as having had at least one birth by the end of treatment and who
did not have a diagnosis of endometriosis, did not have an increased risk of ovarian cancer
overall (SIR 1.03; 95%CI 0.86 to 1.22; table 28), invasive (SIR 1.03; 95%Cl 0.82 to 1.27; table 28,

or borderline tumours (SIR 1.02; 95%CI 0.75 to 1.35; table 28).

Nulliparous women (who did not have any birth recorded at completion of treatment), who did
not have a diagnosis of endometriosis were at higher risks of all types of ovarian cancer
compared to age standardised population based rates (table 28). Risks were higher in parous
women diagnosed with endometriosis (table 28). Women who were nulliparous with a diagnosis
of endometriosis had greater risk of invasive ovarian tumour (SIR 2.64; 95%Cl 1.69 to 3.93; table
28) than women with just one of these risk factors. However, in contrast, nulliparous women
with endometriosis did not have significantly raised risks of being diagnosed with a borderline
tumour (SIR 1.47; 95%Cl 0.59 to 3.04; table 28), though nulliparity and endometriosis were each

separately associated with increased risk (table 28).
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Type of ovarian cancer

Person- All ovarian cancerll Invasive cancers$ Borderline tumourslli
Factor years
follow-up SIR SIR SIR
Obs Obs Obs
(95%C1) (95%Cl) (95%C1)
No diagnosis of
endometriosis and 103 103 102
at least one birth 1,036,996 133 85 48
recorded by (0.86 to 1.22) (0.82 to0 1.27) (0.75 to 1.35)
treatment
completion

No diagnosis of | 1,039,514

endometriosis and 1.57 1.56 1.57
no births recorded 217 141 76
by treatment (1.37t0 1.79) (1.32t0 1.84) (1.24 t0 1.97)
completion

Diagnosis of 79,870
endometriosis and

at least one birth 24 241 14 2.22 10 2.76
recorded by (1.55 to 3.59) (1.21t03.72) (1.33 t0 5.08)
treatment
completion
Diagnosis of 101,368
endometriosis and 2.24 2.64 1.47
no birth recorded 31 24 7
by treatment (1.52t0 3.18) (1.69 to 3.93) (0.59 to 3.04)

completion

Table 28. Standardized incidence ratios for all ovarian cancers, invasive and borderline ovarian
tumours among 225,786 women who underwent assisted reproduction in Great Britain, 1991—
2010, by presence or absence of known risk factors endometriosis and nulliparity. lovarian
Cancer’= ICD-9: 1830-1839, 2362; ICD-10: C56, C570-C574, C481, C482, and D391. % ‘Invasive
Ovarian Tumours’= ICD-9: 1830-1839 (excluding morphology codes
8442/8451/8462/8472/8473) 2362; ICD-10: C56, C570-C574, C481, C482 (excluding morphology
codes 8442/8451/8462/8472/8473). M ‘Borderline Ovarian Tumours’=ICD-9 1830 (with
morphology codes 8442/8451/8462/8472/8473); ICD-10 D391, C56 (with morphology codes
8442/8451/8462/8472/8473).1

136



The significant association noted between decreasing age at first treatment and increasing risk
of invasive ovarian tumour was observed in women with at least one of endometriosis or

nulliparity (P<0.001), but not in those who had neither risk factor (P=0.62;table 29).

Type of ovarian tumour
Person- ; " " "
. I Invasive ovarian Borderline ovarian
Factor years All ovarian tumours tumourSs tumourlll
follow-
Obs SIR Obs SIR SIR
up Obs
(95%Cl) (95%ClI) (95%ClI)
Age at first treatment if
at least one risk factor
(endometriosis,
nulliparity) recorded
<25 years 25,787 <5 # <5 # <5 #
25-29 years | 197,309 44 2.84 26 3.28 18 2.37
’ (2.06 to 3.81) (2.14 to 4.80) (1.40 to 3.74)
30-34 years | 448,040 97 1.97 55 1.86 42 2.13
’ (1.60 to 2.40) (1.40 to 2.43) (1.54 to 2.88)
35-39 years | 399,110 93 1.50 70 1.67 23 1.15
’ (1.21to 1.84) (1.30t0 2.11) (0.73t0 1.72)
40-44 years 137,314 33 111 24 1.09 9 1.17
’ (0.76 to 1.56) (0.70t0 1.61) (0.54 to0 2.23)
45+ years 13,233 <5 # <5 # <5 #
Trend P<0.001 Trend P<0.001 Trend P=0.01
Age at first treatment if
no risk factors recorded
<25 years 22,400 <5 # <5 # <5 #
25-29 years | 184,655 20 1.42 <10 # 11 1.57
’ (0.87 to 2.19) (0.78 to0 2.80)
1.02 1.01 1.05
30-34years | 418312\ 45 5oci0137) | 2® (0e6to148) | T (0.63t01.63)
0.87 0.86 0.89
35-39years | 314946 |\ 41 et0118) | 27 (057t0125) | 4 (0.49t01.50)
40-44 years | 81,453 17 0.94 16 1.19 <5 #
’ (0.55t0 1.51) (0.68 to0 1.93)
45+ years | 15,231 <10 # 5 1.21 <5 #
’ (0.39 to 2.82)
Trend P=0.07 Trend P=0.62 Trend P=0.02

Table 29. Risk of any ovarian cancer, invasive and borderline ovarian tumours in women with
and without endometriosis and or nulliparity, stratified by age at first treatment. lovarian
Cancer’= ICD-9: 1830-1839, 2362; ICD-10: C56, C570-C574, C481, C482, and D391. *° ‘Invasive
Ovarian Tumours’= ICD-9: 1830-1839 (excluding morphology codes
8442/8451/8462/8472/8473) 2362; ICD-10: C56, C570-C574, C481, C482 (excluding morphology
codes 8442/8451/8462/8472/8473). I ‘Borderline Ovarian Tumours’=ICD-9 1830 (with
morphology codes 8442/8451/8462/8472/8473); ICD-10 D391, C56 (with morphology codes
8442/8451/8462/8472/8473).1
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Ovarian Cancer: within- cohort analysis

Association with endometriosis

In a univariate analysis, considering time to diagnosis of any type of ovarian cancer as the
outcome variable and history of endometriosis as the covariate, women with a diagnosis of
endometriosis have a significantly higher hazard ratio compared to the baseline group of women
without endometriosis (Hazard ratio (HR) 1.86; 95%Cl 1.40 to 2.48; table 30). This significant
risk remains after controlling for parity (HR 1.76; 95%CI 1.30 to 2.39; table 29), history of cervical
problems (HR 1.86; 95%Cl 1.40 to 2.48; table 30), history of tubal problems (HR 1.91; 95%Cl 1.43
to 2.55; table 30), history of ovulatory problems (predominantly polycystic ovary syndrome; HR
1.86; 95% Cl 1.39 to 2.48; table 30) and controlling for all of these co-variates simultaneously

(HR 1.82; 95% Cl 1.34 to 2.46; table 30).

95% Confidence
No. cohort Hazard
Covariates included Interval
members Ratio
Lower Upper
History of Endometriosis 255,786 1.86 1.40 2.48
History of Endometriosis; Parity 254,756 1.76 1.30 2.39
History of Endometriosis; History of Cervical
255,786 1.86 1.40 2.48
problems
History of Endometriosis; History of tubal problems 255,786 1.91 1.43 2.55
History of Endometriosis; History of ovulatory
255,786 1.86 1.39 2.48
problems
History of Endometriosis; Parity; History of Cervical
problems; History of tubal problems; History of 254,756 1.82 1.34 2.46
ovulatory problems

Table 30. Uni and multi variate Cox Proportional Hazard Regression models investigating the
association between time to ovarian cancer diagnosis and endometriosis in women who had
ART in Great Britain 1991-2010. Ovarian Cancer’= ICD-9: 1830-1839, 2362; ICD-10: C56, C570-
C574, C481, C482, and D391.
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Association with Parity (Number of live births recorded at end of

treatment)

In a univariate analysis, considering time to diagnosis of any type of ovarian cancer as the
outcome variable and number of live birth as the predictor variable, women with one and two
to three and live births had significantly lower hazard ratios than women who did not have a live
birth recorded at end of treatment (table 31). Women with four or more birth had a lower
hazard ratio, however this group contained fewer women and 95% confidence interval was not
significant (HR 0.43; 95%Cl 0.11 to 1.73; table 31). Test for trend across groups, after controlling
for endometriosis indicated reduced hazard ratio with increasing parity (n= 254,671; HR 0.80;
95%Cl 0.68 to 0.93). These findings remained essentially unchanged after controlling for history
of endometriosis, history of cervical problems, history of tubal problems and history of ovulatory

problems (table 31).
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No. live births 95% Confidence
No. cohort Hazard
Covariates included at treatment Interval
members Ratio
end Lower Upper
0 1.00 Baseline
1 0.76 0.60 0.96
Parity only 254,756
2-3 0.66 0.46 0.96
4+ 0.43 0.11 1.73
0 1.00 Baseline
1 0.76 0.60 0.97
Parity; History of Endometriosis; 254,756
2-3 0.68 0.47 0.99
4+ 0.46 0.11 1.84
0 1.00 Baseline
1 0.76 0.60 0.96
Parity; History of Cervical problems 254,756
2-3 0.66 0.45 0.96
4+ 0.43 0.11 1.73
0 1.00 Baseline
1 0.76 0.60 0.96
Parity; History of tubal problems 254,756
2-3 0.63 0.43 0.92
4+ 0.38 0.10 1.55
0 1.00 Baseline
1 0.76 0.60 0.96
Parity; History of ovulatory problems 254,756
2-3 0.66 0.45 0.96
4+ 0.43 0.11 1.73
0 1.00 Baseline
Parity; History of Endometriosis; History of
1 0.77 0.61 0.97
Cervical problems; History of tubal 254,756
. 2-3 0.65 0.45 0.94
problems; History of ovulatory problems
4+ 0.41 0.10 1.64

Table 31. Uni and multi variate Cox Proportional Hazard regression models investigating the
association between time to ovarian cancer diagnosis and parity in women who had ART in Great
Britain 1991-2010. Ovarian Cancer’= ICD-9: 1830-1839, 2362; ICD-10: C56, C570-C574, C481,
C482, and D391.
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Association with broad cause of infertility

Women within the study cohort with unexplained infertility did not have significantly different

risk of ovarian cancer compared to women with male factor only infertility (HR 0.94; 95%Cl 0.64

to 1.37; table 32). Women with unrecorded cause of infertility had a significantly higher hazard

ratio (HR 2.61; 95%Cl 1.62 to 4.18).

These findings remained essentially unchanged after

controlling for parity, history of endometriosis, history of cervical problems, history of tubal

problems and history of ovulatory problems (table 32).

Infertility Cause 95% Confidence
No. cohort
Covariates included Hazard Ratio Interval
members
Lower Upper

Any female factor 1.59 1.25 2.02

N Male factor Only 1.00 Baseline

Infertility cause (broad) only 255,786

Unexplained 0.94 0.64 1.37
Unrecorded 2.61 1.62 4.18
Any female factor 1.45 1.13 1.87

Infertility cause; History of Male factor Only R 1.00 Baseline
Endometriosis Unexplained ’ 0.94 0.64 1.37
Unrecorded 2.61 1.62 4.18
Any female factor 1.60 1.25 2.05

Male factor Only 1.00 Baseline

Infertility cause; Parity 254,756

Unexplained 0.90 0.61 1.35
Unrecorded 2.49 1.48 4.19
Any female factor 1.48 1.14 1.92

Infertility cause; Parity; History Male factor Only . 1.00 Baseline
of Endometriosis Unexplained ’ 0.90 0.61 1.35
Unrecorded 2.48 1.47 4.18
Infertility cause; Parity; History | Any female factor 1.66 0.95 2.89

of Endometriosis; History of Male factor Only 1.00 Baseline
Cervical problems; History of Unexplained 254,756 0.90 0.61 1.35

tubal problems; History of Unrecorded

2.48 1.47 4.18

ovulatory problems

Table 32. Uni and multi variate Cox Proportional Hazard regression models investigating the

association between time to ovarian cancer diagnosis and broad cause of infertility in women

who had ART in Great Britain 1991-2010. Ovarian Cancer’= ICD-9: 1830-1839, 2362, ICD-10: C586,

C570-C574, C481, €482, and D391.
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Women with female factor cause of infertility, other than endometriosis, had a significantly

lower hazard ratio compared to women with a diagnosis of endometriosis and no other female

factor of infertility (HR 0.62; 95%CI 0.43 to 0.89; table 32). Women with a diagnosis of

endometriosis plus another cause of female factor infertility had a similar hazard ratio to

women with endometriosis only (HR 0.86; 95%Cl 0.46 to 1.60; table 33).

without endometriosis

Infertility Cause: Female 95% Cl
Hazard Ratio
factors only Lower Upper

Endometriosis only 1.00 Baseline
Endometriosis plus

0.86 0.46 1.60
another female factor
Other female factor

0.62 0.43 0.89

Table 33. Uni and multi variate Cox Proportional Hazard regression models investigating the

association between time to ovarian cancer diagnosis and causes of female factor infertility in

women who had ART in Great Britain 1991-2010, n=111,199. Ovarian Cancer’= ICD-9: 1830-

1839, 2362; ICD-10: C56, C570-C574, C481, C482, and D391.
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Association with age at first treatment

No significant difference in hazard ratio was seen between women by age group at first
treatment (table 34). Controlling for history of endometriosis, parity, history of cervical
problems, history of tubal problems, and history of ovulatory problems did not materially affect
results (table 34). Test for trend across groups was also non-significant (HR 0.89; 95% Cl 0.77 to

1.03; n=254,756).

Age group at 95% Confidence
Covariates included first No- cohort Haza.rd Interval
treatment members Ratio Lower Upper
<25 years 0.44 0.13 1.45
25-29 years 1.07 0.76 1.52
Age at first treatment only 30-34 years 255,786 1.00 Baseline
35-39 years 0.85 0.65 1.11
40-44 years 0.74 0.50 1.08
45+ years 0.65 0.29 1.46
<25 years 0.45 0.13 1.49
25-29 years 1.08 0.76 1.53
Age at first treatment; History of 30-34 years 255,786 1.00 Baseline
Endometriosis 35-39 years 0.86 0.66 1.12
40-44 years 0.76 0.53 1.11
45+ years 0.70 0.31 1.58
<25 years 0.55 0.16 1.96
25-29 years 1.15 0.80 1.64
Age at first treatment; History of 30-34 years 254,756 1.00 Baseline
Endometriosis; Parity 35-39 years 0.81 0.62 1.07
40-44 years 0.78 0.53 1.14
45+ years 0.77 0.34 1.74
<25 years 0.53 0.15 1.88
Age at first treatment; History of 25-29 years 1.11 0.78 1.60
Endometriosis; Parity; History of Cervical 30-34 years 254,756 1.00 Baseline
problems; History of tubal problems; History 35-39 years 0.83 0.63 1.09
of ovulatory problems 40-44 years 0.82 0.56 1.21
45+ years 0.88 0.38 2.03

Table 34. Uni and multi variate Cox Proportional Hazard regression models investigating the
association between time to ovarian cancer diagnosis and grouped age at first treatment in
women who had ART in Great Britain 1991-2010. Ovarian Cancer’= ICD-9: 1830-1839, 2362; ICD-
10: C56, C570-C574, €481, C482, and D391.

143



Association with number of stimulated cycles

No significant difference in hazard ratio was observed between cohort members who had no
stimulated cycles (natural cycle ART only) and women who had one, two, three to four, five to
six or seven or more stimulated cycles (table 35). Controlling for parity, history of endometriosis,
history of cervical problems, history of tubal problems and history of ovulatory problems did not
materially affect these results (table 35). Test for trend across groups showed no overall trend
(HR 1.02; 95%CI 0.91 to 1.13; n=254,663). Excluding women who had natural cycle ART only did
not change this result (HR 1.01; 95%Cl 0.90 to 1.14; n=244,914). Comparing women who only
had natural cycle ART to those who received any stimulated cycles also showed no significant
difference in hazard ratio, both using univariate analysis (HR 1.23; 95%Cl 0.75 to 2.04; table 36)

and when controlling for endometriosis and parity (HR 1.18; 95%Cl 0.72 to 1.95; table 36).
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No. of 95% Confidence
. No. cohort Hazard
Covariates included stimulated Interval
members Ratio
cycles Lower  Upper
0 1.00 Baseline
1 1.25 0.75 2.08
2 1.20 0.70 2.05
No. of stimulated cycles only 254,756
3-4 1.14 0.65 1.99
5-6 1.76 0.86 3.59
7+ 1.33 0.39 4.56
0 1.00 Baseline
1.22 0.73 2.03
No. of stimulated cycles; History of 2 1.18 0.69 2.01
254,748
Endometriosis 3-4 1.11 0.63 1.94
5-6 1.72 0.84 3.53
7+ 1.31 0.38 4.50
0 1.00 Baseline
1.23 0.74 2.04
2 1.17 0.68 2.00
No. of stimulated cycles; Parity 254,663
3-4 1.09 0.62 1.92
5-6 1.70 0.83 3.47
7+ 1.31 0.38 4.49
0 1.00 Baseline
1.20 0.72 2.00
No. of stimulated cycles; History of 2 1.15 0.67 1.96
254,663
Endometriosis; Parity; 3-4 1.07 0.61 1.88
5-6 1.67 0.82 3.42
7+ 1.29 0.38 4.44
0 1.00 Baseline
No. of stimulated cycles; History of 1.12 0.66 1.88
Endometriosis; Parity; ; History of Cervical 2 254 663 1.07 0.62 1.84
problems; History of tubal problems; History of 3-4 ’ 0.99 0.56 1.75
ovulatory problems 5-6 1.53 0.74 3.16
7+ 1.18 0.34 4.06

Table 35. Uni and multi variate Cox Proportional Hazard regression models investigating the

association between time to ovarian cancer diagnosis and number of stimulated cycles in women

who had ART in Great Britain 1991-2010. Ovarian Cancer’= ICD-9: 1830-1839, 2362, ICD-10: C56,

C570-C574, C481, €482, and D391.
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Natural cycle only vs. 95% Confidence
. No. cohort Hazard
Covariates included Stimulated cycles Interval
members Ratio
Lower Upper
Natural cycle only 1.00 Baseline
Natural cycle vs. Stimulated cycles )
Any no. of stimulated 254, 663
only 1.23 0.75 2.04
cycles
Natural cycle only 1.00 Baseline
Natural cycle vs. Stimulated cycles; L
History of Endometriosis; Parity Any no. of stimulated ’ 1.18 0.72 1.95
cycles

Table 36. Uni and multi variate Cox Proportional Hazard regression models investigating the

association between time to ovarian cancer diagnosis and natural vs. stimulated cycles in women

who had ART in Great Britain 1991-2010. Ovarian Cancer’= ICD-9: 1830-1839, 2362, ICD-10: C56,

C570-C574, C481, C482, and D391.
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Corpus uteri cancer

The overall risk of corpus uteri cancer was not significantly raised in the cohort in comparison to
age standardised general population rates (SIR 1.12; 95%Cl 0.95 to 1.30; AER 0.8 cases per
100,000 (95%Cl -0.3 to 2.0); table 17). Over 92% (n=152) of corpus uteri tumours were epithelial,
70% (n=107) of which were endometrioid. 8% were non-epithelial or unspecified (n=12).
Women diagnosed with an ovulatory disorder were observed to have significantly increased risk
(SIR 1.59; 95%CI 1.13 to 2.17; table 36). A highly significant trend of increasing risk with
decreased parity (P<0.001) was also found. Having a multiple birth significantly decreased risk
(SIR 0.42; 95%CI 0.14 to 0.99; table 37). There was no significant variation in risk with number
of cycles (P=0.19), age at first treatment (P=0.28) or duration since treatment completion
(P=0.12). Sensitivity analysis, excluding the first 12 months follow-up did not substantially

change results (table 38).
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Person-years

Corpus Uteri Cancer$

Factor follow-up Obs SIR 95% CI
Age at first treatment (years)
<25 48,187 0 0.00 0.00 to 6.97
25-29 381,964 10 1.24 0.60to 2.29
30-34 866,351 43 1.19 0.86 to 1.60
35-39 714,056 72 1.22 0.96 to 1.54
40-44 218,767 33 0.96 0.66 to 1.35
45+ 28,463 6 0.68 0.25t01.48
Trend across categories P=0.28
Infertility cause
Any female factor 1,109,593 97 1.25 1.02to 1.53
Male factor only 757,063 41 0.91 0.65t01.24
Unexplained 326,495 16 0.78 0.45t01.27
Unrecorded 64,638 10 2.53 1.21t0 4.66
History of endometriosis
Yes 181,279 9 0.75 0.35t01.43
No 2,076,509 155 1.15 0.98to 1.34
History of tubal disease
Yes 710,522 59 1.23 0.93 to 1.58
No 1,547,266 105 1.06 0.87t01.29
History ovulatory problems
Yes 311,523 39 1.59 1.13 to 2.17
No 1,946,265 125 1.02 0.85t01.21
Duration of infertility at last cycle (years)
<2 133,067 6 0.55 0.20t0 1.20
2-3 439,560 23 0.82 0.52t01.23
4-5 447,739 30 1.03 0.70to 1.47
6-7 271,583 27 1.38 0.91to0 2.01
8-9 151,580 16 1.34 0.77t0 2.18
10+ 209,751 37 1.68 1.18 to 2.31
Unrecorded 324,953 18 0.92 0.54t0 1.45
Trend across categories P<0.001
Total number of stimulated cycles
0 - ‘natural cycle’ only 90,973 8 0.66 0.28to 1.29
1 1,041,791 89 1.29 1.04 to 1.59
2 473,125 29 0.91 0.61to01.30
3-4 306,137 24 1.06 0.68 to 1.58
5+ 66,149 7 1.24 0.50 to 2.55
Trend across categories P=0.19
Total number of live births at last cycle
completion
0 1,009,134 122 1.61 1.34 t0 1.92
1 718,998 24 0.53 0.34t00.79
2+ 249,685 11 0.54 0.27 t0 0.96
Unrecorded 414 0 0.00 0.00 to 99.86
Trend across categories P<0.001
Any multiple birth as recorded at last cycle
completion
Yes 232,824 5 0.42 0.14t0 0.99
No 1,745,409 152 1.17 1.00to 1.38
Time since last treatment (years)
0-3 687,180 28 1.39 0.92 to 2.00
3-6 486,191 29 1.28 0.85t01.83
6-10 444,324 38 1.07 0.76 to 1.47
10-15 296,445 45 0.99 0.72t01.33
15+ 64,091 17 0.98 0.57to 1.57

Trend across categories P=0.12

Table 37. Standardised incidence ratios (SIRs) for corpus uteri cancer among 225 786 women who

underwent assisted reproduction in Great Britain, 1991-2010, stratified by various factors.§ ‘Corpus Uteri

Cancer’= ICD-9: 1820-8; ICD-10: C54.%
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Corpus Uteri Cancer- excluding first 12 months
S P*:;slﬁ:w_fﬁars follow- up
= Observed cancers SIR 95%ClI
Overall 2,004,121 157 1.12 0.94to0 1.30
Age at first treatment (years)
<25 42,574 0 0.00 0.00t0 7.13
25-29 342,334 8 1.01 0.44 t0 2.00
30-34 774,230 41 1.16 0.83to 1.58
35-39 628,952 70 1.23 0.96 to 1.55
40-44 190,890 32 0.97 0.67 to 1.37
45+ 25,142 6 0.71 0.26 to 1.56
Trend across categories P=0.54
Infertility cause
Any female factor 998,634 95 1.26 1.02to 1.54
Male factor only 672,834 40 0.92 0.66 to 1.25
Unexplained 279,249 16 0.83 0.47t01.35
Unrecorded 53,406 6 1.67 0.61to 3.64
History of endometriosis
Yes 162,795 9 0.78 0.35to0 1.47
No 1,841,327 148 1.14 0.96to 1.34
History of tubal disease
Yes 644,518 57 1.21 0.92t0 1.57
No 1,359,603 100 1.06 0.86 t0 1.28
History ovulatory problems
Yes 275,753 38 1.65 1.17 to 2.27
No 1,728,369 119 1.00 0.83to0 1.20
Duration of infertility at last cycle (years)
<2 116,371 <5 #it * #it *
2-3 373,788 22 0.83 0.52t01.26
4-5 392,584 30 1.07 0.73t0 1.54
6-7 242,061 27 1.43 0.94 to 2.07
8-9 136,379 16 1.38 0.79t0 2.24
10+ 189,948 37 1.72 1.21 to0 2.38
Unrecorded 275,893 <20 # #
Trend across categories P<0.001
Total number of stimulated cycles
0 - ‘natural cycle’ only 81,304 8 0.68 0.30to 1.35
1 912,394 85 1.29 1.03 to 1.59
2 410,483 29 0.95 0.64 to 1.37
3-4 265,687 24 1.12 0.72to 1.66
5+ 57,107 5 0.94 0.31to0 2.19
Trend across categories P=0.81
Total number of live births at last cycle
completion
0 882,844 116 1.60 1.32t01.92
1 623,485 24 0.56 0.36t0 0.83
2+ 220,364 11 0.56 0.28 to 1.00
Unrecorded 332 0 0.00 0.0 t0 99.86
Trend across categories P<0.001
Multiple birth as recorded at last cycle
completion
Yes 203,766 5 0.44 0.14t0 1.03
No 1,523,258 146 1.18 1.00to 1.39
Time since last treatment (years)
0-3 435,973 22 1.58 0.99to 2.39
3-6 486,191 29 1.28 0.85t01.83
6-10 444,324 38 1.07 0.76 to 1.47
10-15 296,445 45 0.99 0.72t0 1.33
15+ 64,091 17 0.98 0.57to 1.57
Trend across categories P=0.06

Table 38. Sensitivity analysis, excluding the first 12 months of follow up in women who
underwent assisted reproduction in Great Britain, 1991-2010. Standardised incidence ratios
(SIRs) for corpus uteri cancer, stratified by various factors. § ‘Corpus Uteri Cancer’= ICD-9:
1820-8; ICD-10: C54* 149



Further investigation of & relationships between covariates

Age distribution

Age distribution is skewed within age bands (for almost every age band); for younger age bands,
there is skewing towards the top of each age band; for older age bands, there is skewing towards
the bottom of each age band. Whilst this bias is present, it is minimised by the fact that many
study participants have a duration of follow-up of 10 years (n=105 436; 41%) and the average

duration of follow up was close to 10 years, (8.8 years).
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Age at first treatment (whole year)

Figure 16. Age distribution at first treatment in whole years in 255,786 women who had ART in
Great Britain between 1991 and 2010.

The mean time from first to last treatment was 1.1 years (SD 1.8, range-0-19).
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Characteristics by grouped age at first treatment

A greater proportion of women who are younger at first treatment are treated because of male

factor only infertility compared to women who were older at first treatment and to the cohort

as a whole (table 39). A smaller proportion of women who were younger at first treatment had

unexplained infertility, compared to the cohort as a whole (table 39).

Broad infertility cause (%)
Grouped age at
Any female
first treatment Male only Unexplained Unrecorded Total
factor
<25 2637 (46.5) 2290 (40.4) 497 (8.8) 247 (4.4) 5671 (2.2)
25-29 19228 (48.2) 14808 (37.1) 4717 (11.8) 1182 (3.0) 39932 (15.4)
30-34 41402 (44.6) 32751 (35.3) 15590 (16.8) 3045 (3.3) 92788 (36.3)
35-39 34789 (40.5) 27390 (31.9) 19659 (22.9) 4030 (4.7) 85868 (33.6)
40-44 11568 (41.1) 7198 (25.5) 6858 (24.3) 2550 (9.1) 28174 (11.1)
45-49 1852 (59.7) 418 (13.5) 424 (13.7) 410 (13.2) 3104 (1.2)
50+ 182 (73.1) 16 (6.4) 15 (6.0) 36 (14.5) 249 (0.1)
Total 111658 (43.7) 84871i(33.2) 47757 (18.7) 11500 (4.5) 255786

Table 39. Grouped age at first treatment by broad cause of infertility in women treated with
ART in Great Britain 1991-2010.

A smaller proportion of women who are younger at first treatment have endometriosis

compared to the whole cohort (3.9% vs. 7.3%; table 40).

Grouped age at first History of endometriosis (%)
treatment No Yes Total

<25 5452 (96.1) 219 (3.9) 5671 (2.2)

25-29 37273 (93.3) 2659 (6.7) 39932 (15.4)

30-34 85099 (91.7) 7689 (8.3) 92788 (36.3)

35-39 79258 (92.3) 6610 (7.7) 85868 (33.6)

40-44 26784 (95.1) 1390 (4.9) 28174 (11.1)

45-49 3043 (98.0) 61 (2.0) 3104 (1.2)
50+ 247 (99.2) <5 249 (0.1)
Total 237156 (92.7) 18630 (7.3) 255786

Table 40. Grouped age at first treatment by history of endometriosis in women treated with
ART in Great Britain 1991-2010.
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A slightly greater proportion of women who had treatment at a younger age had a diagnosis of

tubal disease compared to the group as a whole (28.7% vs. 25.9%; table 41)

Grouped age at first Tubal Disease (%)
treatment No Yes Total

<25 4043 (71.3) 1628 (28.7) 5671 (2.2)

25-29 28065 (70.3) 11867 (29.7) 39932 (15.4)

30-34 67553 (72.8) 25235 (27.2) 92788 (36.3)

35-39 64383 (75.0) 21485 (25.0) 85868 (33.6)

40-44 22431 (79.6) 5743 (20.4) 28174 (11.1)

45-49 2710 (87.3) 394 (12.7) 3104 (1.2)
50+ 231(92.8) 18(7.2) 249 (0.1)
Total 189416 (74.1) 66370 (25.9) 255786

Table 41. Grouped age at first treatment by history of tubal disease in women treated with ART

in Great Britain 1991-2010.

A slightly greater proportion of women who had treatment at a younger age had a diagnosis of

ovulatory problems compared to the group as a whole (18% vs. 14.1%; table 42). A much

larger proportion of women who are older at first treatment had ovulatory disorders (table

42).

Grouped age at first Ovulatory Problems (%)
treatment No Yes Total

<25 4649 (82.0) 1022 (18.0) 5671 (2.2)

25-29 33572 (84.1) 6360 (15.9) 39932 (15.4)

30-34 80729 (87.0) 12059 (13.0) 92788 (36.3)

35-39 76431 (89.0) 9437 (11.0) 85868 (33.6)

40-44 22744 (80.7) 5430 (19.3) 28174 (11.1)

45-49 1568 (50.5) 1536 (49.5) 3104 (1.2)
50+ 77 (30.9) 172 (69.1) 249 (0.1)
Total 219770 (85.9) 36016 (14.1) 255786

Table 42. Grouped age at first treatment by history of ovulatory problems in women treated
with ART in Great Britain 1991-2010.
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Women with ovulatory disorders

Women with an ovulatory disorder had a similar duration of infertility to the cohort as a

whole.
No recorded ovulatory
Duration of Infertility | Ovulatory disorders (%) Total (%)
disorders (%)

<2 years 1947 (5.4) 15247 (6.9) 17194 (6.7)
2-3yrs 8893 (24.7) 58636 (26.7) 67529 (26.4)
4-5yrs 7881 (21.9) 48322 (22.0) 56203 (22.0)
6-7yrs 4377 (12.2) 25569 (11.6) 29946 (11.7)
8-9yrs 2228 (6.2) 13166 (6.0) 15394 (6.0)
>=10yrs 3084 (8.6) 16954 (7.7) 20038 (7.8)
Unrecorded 7606 (21.1) 41876 (19.1) 49482 (19.4)

Total 36016 219770 255786

Table 43. Duration of infertility at last treatment by history of ovulatory problems in women

treated with ART in Great Britain 1991-2010.

Women who had an ovulatory disorder tended to have fewer cycles than the cohort as a whole

and a higher proportion had unstimulated cycles compared to the cohort in general (Tables 44

& 45).
Number of
No recorded ovulatory
stimulated treatment | Ovulatory disorders (%) Total (%)
disorders (%)
cycles
0 4414 (12.3) 5367 (2.4) 9781 (3.8)
1 17398 (48.3) 114272 (52.0) 131670 (51.5)
2 8014 (22.3) 55828 (25.4) 63842 (25.0)
3-4 4995 (13.9) 36229 (16.5) 41224 (16.1)
5-6 911 (2.5) 6379 (2.9) 7290 (2.9)
7+ 282 (0.8) 1689 (0.8) 1971 (0.8)
Unrecorded 2(0.01) 6 (0) 8 (0)
Total 36016 219770 255786

Table 44. Number of stimulated cycles at end of last treatment by history of ovulatory
problems in women treated with ART in Great Britain 1991-2010.
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Women who had ovulatory disorders had a similar number of live births compared to the

cohort as a whole (table 45).

No of live births recorded

by the end of treatment

Ovulatory

disorders (%)

No recorded
ovulatory disorders

(%)

Total (%)

0 18312 (50.84) 110905 (50.46) 129217 (50.52)
1 13782 (38.27) 83057 (37.79) 96839 (37.86)
2-3 3697 (10.26) 23896 (10.87) 27593 (10.79)
4+ 213 (0.59) 1839 (0.84) 2052 (0.80)
Unrecorded 12 (0.03) 73 (0.03) 85 (0.03)
total 36016 219770 255786

Table 45. Number of live births at end of last treatment by history of ovulatory problems in
women treated with ART in Great Britain 1991-2010.

Women who remained nulliparous at completion of last treatment cycle

Just over half of the cohort remained nulliparous at the completion of their last treatment
cycle (n=129,217; 50.5%). The age at which this sub-group had their first treatment was similar

to the cohort as a whole (table 46).

Grouped age at first Nulliparous
Parous women (%) Total (%)
treatment women (%)
<25 2899 (2.24) 2772 (2.19) 5671 (2.22)
25-29 18828 (14.57) 21104 (16.67) 39932 (15.61)
30-34 42454 (32.85) 50334 (39.77) 92788 (36.28)
35-39 45253 (35.02) 40615 (32.09) 85868 (33.57)
40-44 18092 (14.00) 10082 (7.97) 28174 (11.01)
45-49 1605 (1.24) 1499 (1.18) 3104 (1.21)
50+ 86 (0.07) 163 (0.13) 249 (0.1)
total 129217 126569 255786

Table 46. Grouped age at first treatment by parity at completion of last treatment in women
treated with ART in Great Britain 1991-2010.
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Women who remained nulliparous at the end of last treatment had similar broad cause of

infertility compared to the cohort as a whole (table 47) although a slightly higher proportion of

this cohort had a history of endometriosis (table 48). They also had a slightly longer duration of

infertility than the rest of the cohort (as recorded at last treatment; table 49).

Infertility Cause

Nulliparous women

(%)

Parous women (%)

Total (%)

Any Female factor

56086 (43.40)

55572 (43.91)

11658 (43.65)

Male only Factor

42847 (33.16)

42024 (33.20)

84871 (33.18)

Unexplained 23975 (18.55) 23782 (18.79) 47757 (18.67)
Unrecorded 6309 (4.88) 5191 (4.1) 11500 (4.50)
Total 129217 126569 255786

Table 47. Broad cause of infertility by parity at completion of last treatment in women treated
with ART in Great Britain 1991-2010.

History of Endometriosis

Nulliparous women (%)

Parous women (%)

Total (%)

No 118978 (92.08) 118178 (93.37) 237156 (92.72)
Yes 10239 (7.92) 8391 (6.63) 18630(7.28)
Total 129217 126569 255786

Table 48. History of Endometriosis by parity at completion of last treatment in women treated
with ART in Great Britain 1991-2010.

Nulliparous women

Duration of Infertility %) Parous women (%) Total (%)
b
<2 years 8175 (6.33) 9019 (7.13) 17194 (6.72)
2-3yrs 33570 (25.98) 33959 (26.83) 67529 (26.40)
4-5yrs 30564 (23.65) 25639 (20.26) 56203 (21.97)
6-7yrs 17180 (13.30) 12766 (10.09) 29946 (11.71)
8-9yrs 9117 (7.06) 6277 (4.96) 15394 (6.02)
>=10yrs 12782 (9.89) 7256 (5.73) 20038 (7.83)
Unrecorded 17829 (13.80) 31653 (25.01) 49482 (19.35)
Total 129217 126569 255786

Table 49. Duration of infertility by parity at completion of last treatment in women treated
with ART in Great Britain 1991-2010.
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Women who remained nulliparous at completion of last treatment had slightly more treatment

cycles than the rest of the cohort (table 50).

Number of

Nulliparous women

stimulated treatment . Parous women (%) Total (%)
cycles i
0 4790 (3.71) 4991(3.94) 9781 (3.82)
1 63165 (48.88) 68505(54.12) 131670 (51.48)
2 33518 (25.94) 30324(23.96) 63842(24.96)
3-4 22748 (17.60) 18476(14.60) 41224(16.12)
5-6 3960 (3.06) 3330(2.63) 7290 (2.85)
7+ 1033 (0.80) 938(0.74) 1971(0.77)
Unrecorded 3(0) 5(0) 8(0)
total 129217 126569 255786

Table 50. Number of stimulated treatment cycles by parity at completion of last treatment in

women treated with ART in Great Britain 1991-2010.
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Unrecorded Cause of Infertility

Women with unrecorded cause of infertility, (n=11,500) had significantly increased rates of
breast, ovarian and corpus uteri cancer. Those with unrecorded cause of infertility had treatment
more recently, at older ages, with fewer cycles, shorter duration of infertility, more ‘freeze-all’
cycles (data for “freeze-all’ cycles are available for only a sub-set of our cohort; women who had
children after assisted conception between 1992 and 2008; table 51). Women with unrecorded

cause of infertility had a higher cancer incidence within the first 12 months.

Unrecorded cause of
Whole cohort
Variable infertility cohort Test statistic
average (95%Cl)
average (95%Cl)
2002.0 2005.5
First treatment year P<0.001
(2002.0 to 2002.1) (2005.4 to 2005.5)
Age at first 34.4 36.3
P<0.001
treatment (years) (34.4to 34.4) (36.2to 36.4)
Number of 1.77 1.51
P<0.001
treatment cycles (1.76 t01.77) (1.49 to 1.53)
Duration of infertility 4.90
3.69
at last treatment (4.89 t0 4.92) P<0.001
(3.62t0 3.77)
cycle
11.9% 13.2%
‘Freeze -all’ cycle -
(11.7 to 12.1) (12.1 to 14.8)
Proportion of
cancers diagnosed 6.2% 45.7%
P<0.001
within 12months of (5.3t07.0) (37.5 to 54.0)
first treatment.

Table 51. Selected demographics by recorded vs unrecorded cause of infertility in women treated
with ART in Great Britain 1991-2010.1
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Chapter 4- Cancer risk in children
born after assisted reproduction;

data sources & study methods
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National registry of childhood tumours (NRCT)

The NRCT is one of the largest national population-based childhood cancer registry in the world,
collecting reliable information on all children under 15 years diagnosed with cancer in the UK. It
ascertains & amalgamates cases of childhood cancer from: -

e UK regional and national cancer registries

o At the time of the study, there were 10 regional cancer registries in England,
Wales & Scotland (plus one in Northern Ireland- outside this study region), each
regularly & routinely providing data to the NRCT.

e The Children's Cancer and Leukaemia Group (CCLG)

o This is the organization that co-ordinates paediatric oncology in the UK and
Ireland. Amongst its many roles, it collects information about all patients seen
by any Paediatric oncologists in the UK and Ireland. The CCLG database also
regularly and routinely provides data to the NRCT.

e (linical trials

o All MRC funded leukemia trials share their data with the NRCT at trial

completion.
e Death certificates

o NRCT routinely receives copies of death certificates from ONS relating to
individuals under the age of 20 years where a neoplasm is recorded as the
underlying cause of death.

o Death certificates for all individuals recorded on the NRCT are also routinely
received, through NHS-Digital systems, and are used to supplement and
validate existing case data.

e ONS/ HES detailed clinical information relating to cancer diagnoses & co-morbidity
information.
e ONS birth records for over 90% of children recorded on the NRCT
o Details include parental details and birth event details.
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o The majority of children for whom the NRCT does not hold ONS birth
registrations are either born outside of the UK, or have been legally adopted,

both factors making them unlikely to be part of the study cohort. 228

Data Completeness & Quality

The NRCT is a highly reliable validated database, consistently collecting data for over 99% of
eligible cases, as appraised in a capture-recapture estimate published immediately prior to the
start of this study??®. Ascertainment was slightly lower in one region (Thames 98-99%) and for

two diagnostic subgroups (Germ-cell and Gonadal cancer 98-99%; Melanoma 97-98%)%%.

Case information is verified and updated through a series of follow-up enquires through the
CCLG network. Diagnostic codes received are verified against written descriptions by medically
gualified personnel and coding systems are standardised and periodically updated. International

Classification of Diseases for Oncology 3™ edition was used during this study period??%2?°,

HFEA data base

The HFEA purpose, access to the HFEA database, HFEA data collection and data entry are
discussed in Chapter 2. The HFEA dataset recorded 110, 886 births after assisted conception
during the study period, 1992-2008. However 290 records were not available for use due to

retrospectively removed consent and were not included in this study.
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Linkage methods: Data linkage pathway:

Step 1- Data preparation

Step 2- Data linkage

Step 3- Preparation of linked
data

Step 4
Analysis

Key
UMN- Unique member number

Identifying data & clinical data separated

1‘ Identifiable data, external transfer
1 Identifiable data, internal transfer
1
1

Pseudo-identifiable data — (using UMN) transfer

Figure 17; Overview of data linkage pathway for investigation of cancer risk in children born
after ART
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Feasibility/ Pilot study

Given that the study aimed to investigate cancer in children born after ART using a novel dataset
(HFEA database) which has not previously been used in such linkage studies, a feasibility pilot
study was initially undertaken and evaluated. Births in the year from 1% January to 31

December 1998 formed the basis of this pilot.

Pilot Data preparation (Step 1)
NRCT data: 1042 records of UK children born in 1998, who developed cancer under 15 years of
age and had a birth certificate available, were identified on the NRCT database. 169 further 1998
births were registered on NRCT but without birth registration details. Most of these 169
individuals were either born outside of the UK or have been legally adopted. Of the 1042 NRCT
records available for the pilot study”:

e 84 had no birth weight (as Scottish birth certificates did not record birth weight)

e 10 had two separate cancer diagnoses

e 870 had no recorded co-morbidities

e 125 had a single recorded co-morbidity

e 31 had 2 recorded co-morbidities

e 10 had 3 recorded co-morbidities

e 5 had 4 recorded co-morbidities

e 1 had 6 recorded co-morbidities (max. of 10 co-morbidities recordable in the NRCT

database)

All 1042 records were assigned NRCT unique member numbers (UMNs). Cancer registration
details and all other clinical data were separated from identifiable data, ensuring that both

clinical and identifiable parts of each record were attached to the same UMN. This was manually

* By the time of the main linkage project, birth registrations were available for 1087 children in this year.
These additional 45 birth certificates were acquired during the data preparation phase of this study; the
study team worked with the ONS to ensure all birth certificates were available when a child had been
born within England, Scotland & Wales and had not been legally adopted.
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validated on a random sample of 20 cases prior to separation. Identifiable details for these 1042
records of children born in the year 1998, recorded as having subsequently developed cancer

(by the NRCT), were then securely exported to the HFEA using ‘data depot’ transfer.

HFEA data: 5,564 individuals were identified by the HFEA as having been born after ART in 1998
and being available for linkage™. However, as this HFEA identifiable data had never been used
for research previously, there were concerns about the validity of the data fields. In order to
ensure that this pilot did not miss a genuine match because of an error in the HFEA recorded
date of birth, the whole of the HFEA database of children born after assisted conception
between 1992 and 2008, those with recorded dates of birth in the future (e.g. >2011, when the
pilot was undertaken), and those with Null dates of birth were all included in the pilot matching
process. All records were assigned an HFEA uniqgue member number (UMN) and clinical/
background details were separated from identifiable data, ensuring that both clinical and
identifiable parts of each record were attached to the same UMN. A random sample of these
were manually validated from correct UMN'’s prior to identifiable and clinical data being

separated.

* This number is again smaller than the eventual total available for the main project. The larger
numbers eventually available were the result of extensive HFEA data preparation, ensuring all
eligible records were identified and ready for the main linkage project.
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HFEA Data Validation:

In order to develop the linkage protocol, all variables available for matching and validating were
assessed for their completeness across all years to be included in the main linkage (1992-2008,
see table 51: HFEA meta-data). Variables were also assessed for their validity. Each field was
assessed as either containing: i) Valid data ii) the word “NULL” or equivalent iii) being completely
blank or iv) “Effectively Null”, that is data which is so far from the norm that we can consider it
highly likely to be the result of a data collection or more likely data input error. For example, 534
the HFEA records had no recorded birth weight (recorded as “NULL”). However, 905 records
had a birth weight recorded as under 600g. Examples of these include many birth weights
recorded as being 1g and the majority of others recorded as ending in a zero (250g, 300g, etc.).
By chance one would expect approximately 90% of birth weights not to end in a zero. Few
appeared to be a genuine extremely low birth weight. Therefore, given concerns that most birth
weights recorded as being <600g were the result of input errors, a decision was made to treat
all birth weights under 600g as being null values for the purposes of deterministic matching, (but
not for analysis; see below). Thus 1439 records, (534 “Null” records, plus 905 records <600g),

were treated as being null for birth weight.
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Pilot Data linkage strategy (Step 2)
Matching was done with SQL®, using exact matching (designed to be inclusive of all potential
matches), followed by probabilistic matching using Jaro Winkler® software.
Initial broad deterministic match criteria:
i) Birth weights matching within 100g OR Birth weight = Null OR Birth weight <600g
AND
ii) Date of Birth matching within 3 days OR Date of Birth matching in 2 out of 3 parts
(i.e. day, month and year- to compensate for potential input errors) OR Date of Birth
Null
This very broad criteria produced 222, 539 potential matches. Jaro Winkler software was then
applied to these potential matches using:
i) Father’s Surname
ii) Father’s Forename

iii) Mother’s Forename

For each of these variables, a probability of match between HFEA details and NRCT details was

produced (max = 1, min=0) for each of the 222,539 potential matches.

For each potential match, these three scores were added together, producing a potential
maximum score of 3. All potential matches with a score greater than 2, 989 potential matches,
were viewed independently by the author of this study and by Mrs Kathryn Bunch. These 989
potential matches were manually validated using:

i) Child forename

ii) Child Surname

iii) Twin Status

iv) Mothers Surname

v) Mothers Forename at birth
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vi) Mothers Surname at birth
vii) Mothers place of birth

viii) Fathers place of birth

In addition, the following variables used in the deterministic linkage stage were viewed:

ix) Date of birth

X) Birth weight
Xi) Mothers Forename
Xii) Fathers Forename

xiii) Fathers Surname

A clash was defined as a complete incompatibility of information between the HFEA and NRCT
data for a particular variable. For example:

Mothers Forename: Helen compared with Beverly*

Date of Birth: 03/04/1998 compared with 03/04/2007

Both of which are unlikely to have occurred by input error.

- If no clashes occurred, the case was deemed to be a match
- If more than one clash occurred, the cases were not deemed to be a match

- If exactly one clash occurred, the HFEA were asked for further variables on this record

The study team were not allowed to view further HFEA variables, (UK ethical approvals
process dictated that only pre-specified variables were permitted for use in the pilot; for the
main linkage, permission for use of these additional variables had been granted). Thus, HFEA
staff reviewed these additional variables and considered if these cases were potential

matches. This was then discussed with the study team, using pseudo anonymization; For

* Names and dates have been altered for patient confidentiality.
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example, the HFEA staff would say sex does/ does not match, day/ month/ year of birth

does/ doesn’t match, year of birth is out by 1 digit, digit reversal likely etc.

Results of pilot linkage: 4 matches were confirmed as no clashes of data occurred. 6 other
potential matches were explored further using additional HFEA identifiable variables not used
in matching. The further variables used to confirm/ deny these 6 potential matches included:

a) Sex of Child

b) Mothers Date of Birth

c) Fathers Date of Birth

d) Treatment Cycle Date

e) Treatment Centre

One of these 6 other potential matches was considered a match. Therefore, these variables were

included in the main linkage protocol after further approvals were granted.
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No. records where | No. records Ne- No. records % Apparently
Variable records
field is valid “NULL” ‘effectively NULL” * Valid data
blank
Date of birth 110,204 374 0 18 99.6%
Sex of Child Male- 56,265 112 0 0 99.9%
Female-54,219
Birth weight 109, 157 534 0 Total of 905 records 98.7%
with BW <600g
Child’s Surname 12,332 97,671 0 593 11.2%
Child’s Forename 11,402 97,670 0 1524 10.3%
Child’s Town of 70,738 39,689 61 108 64.0%
Birth
Child’s District of 18,833 91,452 298 13 17.0%
Birth
Child’s Town or 71,650 38,787 51 108 64.8%
District of Birth
Country of Birth ‘England’- 20,520 38,861 0 4181 cases born 61.1%
‘Scotland’- 2,100 outside of Great
‘Wales’- 1,048 Britain
‘UK’- 43,886
Mother’s Surname 110,596 0 0 0 100%
Mother’s 110,588 0 8 0 100.0%
Forename
Mother’s Surname 51,237 58,714 209 436 46.3%
at Birth
Mother’s 3,323 106,895 377 1 3.0%
Forename at Birth
Mother’s Date of 110,569 1 0 26 100.0%
Birth
Father’s Surname 110,450 138 8 0 99.9%
Father’s Forename 110,384 202 8 2 99.8%
Father’s Date of 110,282 257 0 57 99.7%
Birth

* See above for details
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No. records where | No. records Ne- No. records % Apparently
Variable records
field is valid “NULL” ‘effectively NULL” * Valid data
blank
Mother’s Town or 62,505 47,045 0 1046 56.5%
District of Birth
Mother’s Country 64,396 46,190 0 10 58.2%
of Birth
Father’s Town or 61,143 48,354 0 1099 55.3%
District of Birth
Father’s Country of 63,100 47,485 0 11 57.1%
Birth
Treatment Cycle 110,596 0 0 0 100%
Start Date
Treatment Centre 110,594 0 0 2 100.0%
No/ Name

Table 52: HFEA meta-data for all identifiable variables in all 110,596 HFEA records included in
the main linkage®

169



Main linkage: Data preparation (step 1)

HFEA: 110,596 HFEA records detailing individuals born 1992-2008 or with a null date of birth
were available for linkage in the main project. This included 4,181 recorded as being born
outside of England, Wales or Scotland by the HFEA. It also included 34 records where the date
of birth was actually recorded as being outside of the study period, but the HFEA provided their
records for linkage in error. These records 4,215 records, whilst not included in the analysis
stage, were included in the linkage stage in order that potential matches not be excluded where
HFEA had recorded place or date of birth incorrectly*. Given the HFEA’s statutory role in

collecting this data, it is considered almost complete population data®'4.

All 110,596 records were assighed HFEA unigue member numbers (UMNs). Clinical/ background
details were separated from identifiable data, ensuring that both clinical and identifiable parts
of each record were attached to the same UMN. A random sample of these were manually

validated prior to data separation to ensure UMN were assigned correctly.

Further HFEA Identifiable data validation prior to linkage:
In addition to the validation of variables completed as part of the pilot study (see above),

further validation of identifiable variables was undertaken prior to main linkage.

1. Time-lapse between HFEA Treatment Cycle Date and HFEA Date of Birth
Of the 110,204 records with valid date of birth > 1992 & <2008 (excluding those with NULL or
effectively NULL date of birth):
e 262 records had a delivery date on or before cycle date (15 were on treatment
cycle date)

o All were considered as having a missing date of birth for linkage purposes.

* No such potential matches were found for those records; Table 52.
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e 1306 records had a delivery date < 5.5 months after cycle date (equating to 22
weeks gestational age at birth, and thus not compatible with life).
o All were considered as having a missing date of birth for linkage purposes.
e 108,636 records had a delivery date 2 5.5 months after cycle date
o 563 of which had a delivery date 210 months after treatment cycle date,
one being 5 years and 7 months after treatment cycle date. All of these
were considered valid and are likely to represent cryopreserved treatment

cycles®.

2. Recorded multiple births compared to number of individuals at each birth event
e There were 23 cases where a birth had been recorded as a multiple birth, but with
only one individual recorded as being born at that birth event.

o All of these records were included in the linkage using the values for these
variables as originally recorded by the HFEA because they could represent
multiple birth events where a still born infant has not been recorded by the
HFEA in error (still birth events should be included by the HFEA but are not
validated using birth records).

NRCT: 14,896 records of UK children born, 1992-2008, who developed cancer under 15 years
of age were identified on the NRCT database. All 14,896 records were assigned NRCT unique
member numbers (UMNSs). Cancer registration details and all other clinical data were separated
from identifiable data, manually validating a random sample to ensure that both clinical and
identifiable parts of each record were attached to the same UMN. Identifiable details for these

14,896 records were securely exported to the HFEA using ‘data depot’ transfer.

* Unfortunately, this could not be verified given separation of identifiable and clinical data had
occurred by the time these variables were validated.
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Main linkage: Linkage specification (step 2)

Multiple linkages were undertaken in order to make sure that linkage results included all

potential matches. Each linkage consisted of three steps:

1.

Broad, deterministic matching performed using SQL®. Deterministic matching was

designed to be inclusive of all potential matches.

Probabilistic matching using Jaro Winkler® software. The aim of this step was to sort

results of deterministic matching in order of most to least likely to be a true match.

Manual validation of each likely match. Potential matches were then manually reviewed

by two researchers individually (the study author and Mrs Kathryn Bunch). The following

variables were manually viewed to decide the validity of each potential match:

Child Date of Birth

Birth Weight

Sex

Multiple Birth Status

Child Forename

Child Surname

Child Place of Birth

Treatment centre (compared to mother address at time of birth from NRCT-
using very broad limits as we are aware some people travel to other regions
for ART treatment).

Mothers Surname

Mothers Forename

Mothers Surname at birth

Mothers Date of Birth

Mothers Place of Birth

Fathers Surname
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e Fathers Forename
e Fathers Date of Birth

e Fathers Place of Birth

If a potential match contained two or more variables where the information from the HFEA and

NRCT clashed, the potential match was discounted. A clash was defined as ‘actual conflicting

data’.

Examples of clashes™:

Mothers Forename: HFEA: Louise NRCT: Tracey Jane
Place of Birth: HFEA: Southampton NRCT: London
Fathers Surname: HFEA: Ward NRCT: Walker

Examples of differing information not considered as a ‘clash’*:

Mothers Forenames:  HFEA: Lynda  NRCT: Lynda Margaret

Place of Birth: HFEA: London NRCT: UCLH

Fathers Surname: HFEA: Williams NRCT: Williams- Jones

If the two researchers, did not agree on the status of a potential match or both researchers felt

there was insufficient data to confirm or refute a potential match, a third researcher (thesis

* Names and dates have been altered for patient confidentiality.
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secondary supervisor, Dr Beverley Botting), acted as final adjudicator. There were a total of 9
cases referred to Dr Botting. Three of these 9 cases were accepted as a match, 6 were not and

were thus included in the analyses as non-cases.

Details of each linkage, and the different criteria used in each are included in table 52. All
matches were applied to:
e The 110, 596 HFEA records of children, born after ART, with year of birth between 1992
and 2008 (as reported by the HFEA), or Null year of birth or ‘effectively’ null year of birth
AND
e The 14,896 records of children documented by the NRCT as having being born between
1992 and 2008 and having developed cancer in England, Wales or Scotland, before their

15 birthday, before 01.01.2009 AND who have birth record details available.
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M;:h SQL Broad Linkage Criteria Jaro Winkler Probabilistic matching I:;Ie:‘:::l:;f
M1 i) Birth weights matching within 100g Probabilistic matching then applied to all Number of
(OR null or effective null) 4,674,445 potential matches: matches-
AND for 4,674,445
ii) Date of Birth matching within 3 days | i) Father’s Surname
OR Date of Birth matching in 2 out of 3 i) Father’s Forename Number viewed
parts OR Date of Birth Null iii) Mother’s Forename manually-
507
For each of variable, a probability (max = (JW score> 2.35)
1, min=0) was generated for each
potential matches. Scores combined (JW Numbers of new
score) - Max total of 3, min total of 0. matches found-
102
M2 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW score < | matches-
AND 2.35). 244
ii) Date of Birth matching within 3 days
OR Date of Birth matching in 2 out of 3 Number viewed
parts OR Date of Birth Null manually-
AND 244
iii) Mothers date of birth exact match
Numbers of New
matches found-
1
M3 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW total | matches-
AND score < 2.35). 212
ii) Date of Birth matching within 3 days Number viewed
OR Date of Birth matching in 2 out of 3 manually-
parts OR Date of Birth Null 212
AND
i) Fathers date of birth exact match Numbers of New
matches found-
0
M4 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW total | matches-
AND score < 2.35).
ii) Date of Birth matching within 3 days 27
OR Date of Birth matching in 2 out of 3
parts OR Date of Birth Null Number viewed
AND manually-
iii) Mothers forename perfect or partial
match 27
AND
iv) Mothers surname (any) perfect Numbers of New
match matches found-
1
M5 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW total | matches-
AND score < 2.35).
ii) Date of Birth matching within 3 days 20

OR Date of Birth matching in 2 out of 3
parts OR Date of Birth Null

AND

iii) Fathers forename perfect or partial
match

AND

iv) Fathers surname (any) or mothers
surname at birth perfect match

Number viewed
manually-

20

Numbers of New
matches found-

2
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M;:h SQL Broad Linkage Criteria Jaro Winkler Probabilistic matching I:;Ie:‘:::l:;f
M6 Abandoned Search
M7 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW total | matches-
AND score < 2.35). 15
ii) Date of Birth matching within 3 days
OR Date of Birth matching in 2 out of 3 Number viewed
parts OR Date of Birth Null manually-
AND 15
iii) Mothers forename ‘reverse’ partial
match (i.e. HFEA: Louisa matches NRCT: Numbers of New
Claire Louisa) matches found-0
M8 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW total | matches-
AND score < 2.35).
ii) Date of Birth matching within 3 days 10
OR Date of Birth matching in 2 out of 3
parts OR Date of Birth Null Number viewed
AND manually-
iii) Fathers forename ‘reverse’ partial
match (i.e. HFEA: James matches to 10
NRCT: Peter James)
Numbers of New
matches found-
0
M9 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW total | matches-
AND score < 2.35). 0
ii) Date of Birth matching within 3 days
OR Date of Birth matching in 2 out of 3 Number viewed
parts OR Date of Birth Null manually-
AND N/A
iii) Mothers HFEA forename perfect or
partial match Numbers of new
AND matches found-
iv) Mothers surname (any) perfect
match N/A
M10 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW total | matches-
AND score < 2.35). 378- but all based
ii) Date of Birth matching within 3 days on blank HFEA
OR Date of Birth matching in 2 out of 3 forename at birth
parts OR Date of Birth Null (all effectively
AND NULL).
iii) HFEA mothers forename at birth
perfect or partial match NRCT mothers Number viewed
forename manually-
AND N/A
iv) Mothers surname (any) perfect
match Numbers of new
matches found-
N/A
M11 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW total | matches-
AND score < 2.35). 0

ii) Date of Birth matching within 3 days
OR Date of Birth matching in 2 out of 3
parts OR Date of Birth Null

AND

iii) HFEA mothers forename at birth
perfect or partial match to NRCT
mothers alternative forename

Number viewed
manually-
N/A

Numbers of new
matches found-
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M;:h SQL Broad Linkage Criteria Jaro Winkler Probabilistic matching I:;Ie:‘:::l:;f
AND N/A
iv) Mothers surname (any) perfect
match
M12 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW total | matches-
AND score < 2.35). 0
ii) Date of Birth matching within 3 days
OR Date of Birth matching in 2 out of 3 Number viewed
parts OR Date of Birth Null manually-
AND N/A
iii) HFEA Fathers forename perfect or
partial match to NRCT Fathers Numbers of new
alternative forename matches found-
AND N/A
iv) Fathers surname or mothers
surname at birth as recorded by the
HFEA, perfect match to of NRCT father’s
surname
M13 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW total | matches-
AND score < 2.35). 10
ii) Date of Birth matching within 3 days
OR Date of Birth matching in 2 out of 3 Number viewed
parts OR Date of Birth Null manually-
AND 10
iii) Mothers forename perfect or partial
match (using NRCT ‘Mothers Forename’ Numbers of new
recorded at diagnosis not on Birth matches found-
record) 0
AND
iv) Mothers surname or mothers
surname at birth as recorded by the
HFEA, perfect match to any of NRCT
mother’s surname
M14 i) Birth weights matching within 100g As M1, but only those not previously | Number of
(OR null or effective null) viewed were considered (i.e. JW total | matches-
AND score < 2.35). 6
ii) Date of Birth matching within 3 days
OR Date of Birth matching in 2 out of 3 Number viewed
parts OR Date of Birth Null manually-
AND 6
iii) Fathers forename perfect or partial
match (using NRCT ‘Fathers Forename’ Numbers of new
recorded at diagnosis not as appears on matches found-
birth record) 0
AND
iv) Fathers surname or mothers
surname at birth as recorded by the
HFEA, perfect match to any of NRCT
Fathers surname
M15 i)  Mothers forename full or partial | No JW criteria applied to this match Number of
match matches-
AND 147
ii) Mothers surname (HFEA) full match Number viewed
to any NRCT mother surname manually-
AND 147
iii) Birth-weight NOT NULL or Numbers of new
‘effectively’ NULL matches found-
11
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M;:h SQL Broad Linkage Criteria Jaro Winkler Probabilistic matching I:;Ie:‘:::l:;f
M16 i) Mothers forename full or partial Number of
match matches-
AND 4
ii) Mothers surname (HFEA) full match
to any NRCT mother surname Number viewed
AND manually-
iii) Birth-weight NOT NULL or 4
‘effectively’ NULL
AND Numbers of new
iv) Date of Birth exact match matches found-
0
M17 i) Birth weights matching within 100g JW Total score (for mothers forename, | Number of
AND fathers forename, fathers surname scores | matches-
ii) Mothers forename perfect or partial | combined as in M1) less than 2.35 2384
match (using any recorded NRCT
‘Mothers Forename’) recorded on birth Number viewed
record) manually-
AND 2384
iii) Mothers surname or mothers
surname at birth as recorded by the Numbers of new
HFEA, perfect match to any of NRCT matches found-
mother’s surname 0
AND
iv) Date of birth is NOT NULL
M18 i) Date of Birth matching within 3 days Number of
OR Date of Birth matching in 2 out of 3 matches-
parts OR Date of Birth Null 69
AND
ii) Mother forename partial reverse Number viewed
match (e.g. ‘Sarah Jane’ on the NRCT manually-
birth record matches to ‘Jane’ on the 69
HFEA record)
AND Numbers of new
iii) Mothers surname or mothers matches found-
surname at birth as recorded by the 0
HFEA, perfect match to any of NRCT
mother’s surname
M19 i) Birth weights matching within 100g JW Total score (for mothers forename, | Number of
AND fathers forename, fathers surname scores | matches-
ii) Mothers forename perfect or partial | combined as in M1) less than 2.35
match (using any recorded NRCT 294

‘Mothers Forename’) recorded on birth
record)

AND

iii) Mothers surname or mothers
surname at birth as recorded by the
HFEA, perfect match to any of NRCT
mother’s surname

AND

iv) Date of birth is NOT NULL

Number viewed
manually-

294

Numbers of new
matches found-

0

Table 53: Linkage protocol to identify numbers of children born in England, Wales or Scotland after ART,
1992-2008, as recorded by the HFEA, who subsequently develop childhood cancer, as recorded by the NRCT
before their 15 birthday and before 01.01.2009°.
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Data cleaning (step 3)

Merging HFEA/ NRCT data

HFEA background and parental fertility data and HFEA assigned UMN for all cohort members
was securely transferred to the University of Oxford (without identifiable data). Oxford
University holds the NRCT. The thesis author carried out data cleaning and data analysis for this

section of the study at Oxford University.

Using the NRCT assigned UMN’s, clinical data relating to cancer diagnoses (as recorded by the
NRCT) were merged with HFEA background data, such that individuals who were born after ART
and developed cancer had both HFEA background data and NRCT clinical data available for

analysis.

All children identified as having been born outside of England, Wales or Scotland using HFEA
recorded ‘Place of birth’ were removed manually (n=4,181). A further 34 cases recorded by the
HFEA as born in 2009 and included by the HFEA in the cohort in error were also removed
manually. These processes were validated by manual review of 30 records, selected at random,
comparing the main file, (including cases marked for removal), to a list of HFEA UMN’s that

required removal.

Cleaning of HFEA variables

Data cleaning was undertaken using STATA, version 1123, Initially, all ‘/NULL’ entries were

removed and thus converted into missing data. Variables were renamed appropriately.

Date of birth of child: All dates were converted into STATA® format. For 8 records, the date of
birth was recorded as 01.01.1900. Date of birth for these records was marked as missing data.

In one case a twin birth was recorded as being in April 1966. From the embryo transfer date, it
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was deduced that this should be 1996, and a transposition of parental/ child date of birth was
ruled out. Therefore this record was corrected and considered a keystroke error in the HFEA
database. A singleton, recorded as born in 1963, was investigated and most probably a
transposition of maternal and child date of birth. This value was marked as missing and was
regarded as a data error rather than a simple keystroke error. Investigation of a singleton born
2060 revealed a simple keystroke error when the expected date of delivery was calculated using
embryo transfer date, (should have been 2006 and did not resemble either parental date of
birth). This was corrected to 2006. Investigation of a singleton born 2077 revealed a simple
keystroke error, the expected date of delivery was in 2007 when calculated using embryo

transfer date, (2077 did not resemble either parental date of birth). This was corrected to 2007.

Birth weight: Birth weight was treated as ‘effectively null’ for the matching stage when a birth
weight was recorded as being under 600g. This was done, despite birth weights between 300g
and 600g being compatible with life, because the data for birthweights under 600g were, most
frequently ‘round numbers’ that were considered by the research team as being potential
keystroke errors. Had this not been done, and if some of these birthweights between 300g and
600g were in fact keystroke errors, potential matches may not have been identified as birth
weight was used as in the deterministic linkage stage (though not in all linkages; See table 52).
For the analysis stage, though the research team were still suspicious that many of the birth
weights between 300g to 600g could have been keystroke errors, it is still possible that they did
actually represent real birthweights. Therefore, birthweights less than 300g and greater than
6000g were treated as being effectively null as these were considered generally incompatible
with life or extremely unlikely to be genuine birthweights (n=378). The relationship between

birthweight and gestation is considered in figure 22.
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Gestation: Weeks between embryo transfer and birth dates were used as a proxy for gestation.
It was decided that 19 weeks would be the minimum acceptable time between embryo transfer
and birth.

This equates to a gestation (defined as weeks between last menstrual period and birth) of 22
weeks; 2 weeks between last menstrual period and egg collection/ embryo formation, 1 week
(at the very maximum) of in-vitro embryo development (usually no more than 5-6 days), and 19
weeks between embryo transfer and birth. Gestations of less than 22 weeks at birth are not
compatible with life. 373 records with gestations below 22 weeks were considered to have

missing data for this variable.

The maximum possible time between embryo transfer and birth is 41 weeks. This equates to a
gestation (defined as weeks between last menstrual period and birth) of 43 weeks; 2 weeks
between last menstrual period and egg collection/ embryo formation, minimum of 1-2 days of
in-vitro embryo development, and 41 weeks between embryo transfer and birth. Gestations of
more than 43 weeks at birth are not compatible with life. 693 records with gestations above 43

weeks were considered to have missing data for this variable.

Type of assisted conception: This variable originally included 18 different responses. This was
mainly because identical treatments were recorded in different ways, (such as ICSI being
referred to as IVF plus ICSI), but also included specific details of practices used alongside ART
(such as blastocyst transfer or assisted hatching). Type of ART was re-classified as being either:
o |VF
e ICSI (also including rarer types of micromanipulation)

e Unrecorded.
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Stage at embryo transfer: This variable was derived using number of days between gamete
mixing and embryo transfer. Records stating 1,2 or 3 days between embryo mixing and
gamete transfer were classed as cleavage embryo transfers , those with 4,5 or 6 days were
considered as blastocyst transfers. 43,190 records either had a value for this variable of more

than 6 days (considered to be a missing value), or had missing data originally.

Days at embryo transfer Cleavage vs Blastocyst transfer Number of cases
1 Cleavage 312
2 Cleavage 37401
3 Cleavage 15635
4 Blastocyst 404
5 Blastocyst 4289
6 Blastocyst 237

Table 54: Calculation of cleavage/ blastocyst transfer from days at embryo transfer.

Maternal year of birth: All mothers recorded as being born after 1988 (n= 26) had children
recorded as being born less than 2 years after maternal year of birth. Therefore all maternal
dates of birth after 1988 were considered missing. There are no mothers recorded as being born

earlier than 1946.

Paternal year of birth: 47 fathers were recorded as being born after 1988. Of these 47, 3 were
over 16 at the time of their child’s birth; all others were under the age of 16 and therefore were

considered missing. Father’s date of birth recorded as 1900 were also considered missing.

Maternal/ parental age at birth of child: These were calculated by subtracting child year of birth
from parental year of birth. Thus value maybe +/- one year from the true value as only year of
birth of parents were available. Minimum and maximum values were plausible and means were

consistent with expected values.
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Infertility duration: 178 records had minus values for years of infertility duration. Values for
all of these records were considered missing. 3 records had values of infertility duration
greater than the woman'’s age at childbirth, again, values for these records were considered as

missing data.

Years since last pregnancy: 359 records had minus values for years since last pregnancy. These
were considered to be missing. 44 records had values of years since last pregnancy equating to
the women being less than 13 years of age at last pregnancy, therefore these values were

considered as missing.

Previous maternal live births: 857 records had invalid values and were considered to have

missing data.

Study entry & exit: Study entry date or start of time at risk was considered to be date of birth.
Study exit date was considered to be the earlier of: -

e Date at cancer diagnosis

e Studyend (31.12.2008)

e Child’s 15" birthday

e 368 records were excluded as date of birth was missing and therefore it was not possible

to calculate person-years at risk.
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110,596 children recorded by the Human Fertilization &
Embryology Authority (HFEA) as having been born, after
assisted conception treatment in the UK, from 1992-2008

4215 were excluded
- 4181 born outside of Great Britain
- 34 born outside of study period

106,381 records eligible for data linkage

368 excluded
- Time at risk could not be determined

106,013 records included in cohort analysis

Figure 18: Overview of included/ excluded records?®
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Data Analysis: (Step 4)

The numbers of cases in the cohort were compared with the number expected, based on annual
age-specific incidence rates in Britain for childhood cancer 1992-2008, as recorded by the NRCT.
Analyses were in terms of the Standardised Incidence Ratio (SIR), measured by the ratio of

observed/expected.

Person-years at risk were calculated from date of birth until the earliest of cancer diagnosis date,
child’s 15" birthday or December 31, 2008. Person-years at risk were stratified by age at
diagnosis (0, 1-4, 5-9 and 10-14 years), gestation, birth weight, sex, multiple births, maternal and
paternal age, assisted conception type, fresh or cryopreserved embryos, maternal parity, and

parental infertility cause.

Calculated Person-years at risk were used in conjunction with NRCT cancer incidence rates for
the general population of Britain of the same age and time period, to determine the expected
numbers of cases in the cohort, if their risk was the same as that in the general population%,
Frequency of observed cancers was assumed to follow a Poisson distribution. For each SIR, 95%
confidence intervals (Cl) based on the Poisson distribution were calculated. Tests of the
hypothesis that an SIR is equal to one are based on 2-sided p-values and calculated based on x?
test??, The Absolute Excess Risk (AER) corresponding to each SIR was also calculated. The units
per million person-years are used as these are the units usually used in childhood cancer

registration data. Analyses were performed using STATA, Version 11 software?®.
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Analyses: ICCC3 Groups ICCC3
codes?®
All cancers (as a group) I-X 11-122
A prior selected cancers
a. Leukaemia I 11-15
b. Neuroblastoma 1% 41
c. Retinoblastoma \Y 51
All cancers as diagnostic subgroups
d. Leukaemia I 11-15
e. Central Nervous System tumours 11 31-36
f. Neuroblastoma and peripheral v 41-42
nerve tumours
g. Retinoblastoma \Y 51
h. Renal tumours \ 61-63
i. Hepatic tumours W 71
j- Bone Tumours and extra osseous VI & IX 81-95
sarcomas
i. Osteosarcomas Vlllia
ii. Ewing’s sarcoma Vllic & IXd (divisions 1,2)
iii. Rhabdomyosarcoma IXa
iv. Other sarcomas VIlib; VIIId; Vllle; IXb; IXc; IXd
(divisions 3-11); IXe
k. Germ Cell Tumours X 101-105

Table 55; Summary of analyses for childhood cancer study.
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As potential mediating/ moderating factors cannot be controlled for with conventional analyses
(due to lack of a suitable comparator group), analyses were stratified for the following potential

mediating factors:
e Sex
o Age
e Birthweight
e Gestation
e Multiple births
And the following potential moderating factors: -
e Maternal parity
e Type of assisted reproduction
e Fresh vs. cryopreserved cycles
And by: -

e Cause of parental infertility

It was not possible to take into account death and emigration in the cohort of children born after

assisted conception. However, such events are rare and not likely to differ substantially between

the ART cohort and the national birth cohort.
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Cancer in children born after donor assisted reproduction

Once the investigation into cancer risk in children born after non-donor ART was complete, a
very similar process was undertaken investigating cancer risk in children born after donor
assisted conception. The main difference being that HFEA regulations stipulate those persons
not employed by the HFEA are not permitted to view donor assisted conception identifying data.
Therefore data linkage was undertaken by HFEA staff, under direct supervisions of the study

author; communication about linkage details being pseudo-anonymised.

Donor linkage: Data preparation (step 1)

HFEA data: 12,223 records were identified by the HFEA as being born 1992-2008 inclusive in
England, Scotland or Wales, after donor assisted conception. This was defined as ‘all treatments
or procedures, including in-vitro handling of both human oocytes and sperm or embryos, for the
purpose of establishing a pregnancy’ using donor oocytes, sperm or embryos*. Records where
the birth was recorded as being outside of England, Scotland or Wales were excluded”. As with
the main data linkage, given the HFEA’s statutory role in collecting this data for regulatory
purposes, this data is considered almost complete population data. 37 records, (0.3% of total
cohort), were excluded as the families had removed their consent to use these records

retrospectively. Therefore 12,186 records were available for linkage.

* As this linkage occurred after the main childhood linkage, the HFEA team were aware that records, where
a birth had occurred outside of England, Scotland and Wales, had been included in the linkage file

previously, and ensured such cases were not included in the donor linkage dataset.
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HFEA staff undertook pre-linkage data validation processes identical to those completed prior
to the main linkage project. This included ensuring delivery dates which were not compatible

with cycle treatment dates were treated as effectively null; for the purposes of linkage.

NRCT data: The exact NRCT dataset as used in the main childhood linkage was also used in this

linkage; see above.

Donor linkage: Linkage specification (step 2)

As above, HFEA regulations stipulate that persons not employed by the HFEA are not permitted
to view identifiable data pertaining to donor assisted conception treatment cycles, including
that related to children born as a result. Therefore data linkage was undertaken by two different
members of HFEA staff, independently from each other. The linkage protocol was identical to
that used in the main linkage and described in detail in table 53. All potential matches were
reviewed pseudo-anonymously by the study author and by Mrs K Bunch. HFEA staff recorded
the degree to which the data on HFEA and NRCT records matched; For example birthweight
matched within 10g or 100g etc., Maternal forename full match, maternal second name
matched but double barrelled when recorded on NRCT etc. In two cases, though it was felt that
a match was very unlikely by both the study author and Mrs Bunch, very minor doubts remained.
Thus these two cases were additionally reviewed by the thesis second supervisor, Dr Botting.

Both cases were unanimously rejected as being matches.
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Data cleaning (step 3)

Merging donor HFEA/ NRCT data

HFEA background and parental fertility data and HFEA assigned UMN for all donor cohort
members were securely transferred to the University of Oxford (who hold the NRCT data),
without identifiable data. The author carried out data cleaning and analysis for this section of

the study at Oxford University.

Using the NRCT assigned UMN’s, clinical data relating to cancer diagnoses were merged with
HFEA background data. Therefore, as with the main study, individuals who were born after
donor ART and developed cancer had both HFEA background data and NRCT clinical data

available for analysis.

Cleaning of HFEA variables

Data cleaning was undertaken using STATA, version 112%°, Variables were renamed

appropriately and ‘NULL’ entries were removed and thus converted into missing data.

Date of birth of child/ Study Entry/ Study Exit dates: All dates were converted into STATAZ®
format. Study entry date/ start of time at risk was considered to be date of birth. Study exit date
was considered to be the earlier of: -

e Date at cancer diagnosis

e Study end (31.12.2008).

e Child’s 15" birthday

e 49 records were excluded as it was not possible to calculate person-years at risk,

because of missing/ invalid date of birth.
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HFEA variables were cleaned and validated using the same data cleaning protocols as for the

main childhood linkage process. These are described above.

Data Analysis: (Step 4)

Person-years at risk were stratified by sex, age at diagnosis (0, 1-4, 5-9 and 10-14 years), birth
weight, gestation, multiple birth, maternal parity, maternal and paternal age, assisted

conception type, fresh or cryopreserved embryos, and parental infertility cause.

Calculated Person-years at risk were used in conjunction with NRCT cancer incidence rates for
the general population of Britain of the same age and time period, to determine the expected

numbers of cases in the cohort, if their risk was the same as that in the general population??®,

The numbers of cases were then compared with expected numbers. Analyses were in terms of

the Standardised Incidence Ratio (SIR), measured by the ratio of observed/expected.

The number of observed cancers was assumed to follow a Poisson distribution. For each SIR,
95% confidence intervals (Cl) based on the Poisson distribution were calculated. Tests of the
hypothesis that an SIR is equal to one are based on 2-sided p-values and calculated based on x?

test??. The Absolute Excess Risk (AER) corresponding to each SIR were also calculated.
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Study approval

Ethical approval for this section of the study was obtained from the London Research Ethics
Committee (appendix 3). Waiver of the requirement for individual consent was obtained under
section 251 of the NHS act 2006%%> from the UK Health Research Authority Confidentiality

Advisory Group (appendix 3).

Further individual approvals were additionally required and obtained from the Human

Fertilisation & Embryology Authority, and NRCT Caldecott guardian.
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Chapter 5- Cancer risk in children
born after assisted reproduction;

Results
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Children born after non-donor assisted conception

Characteristics of the study population

The final cohort included 106,013 children born in Britain between 1992 and 2008, from 83,697
non-donor assisted conception pregnancies. These 106,013 children contributed a total of
700,705 person-years at risk to the analysis. Children born towards the end of the study period
contributed relatively fewer person-years of follow-up than children born in earlier years despite
the larger numbers of children born in later years. This is due to the relatively short period of

follow-up for later birth year cohorts. The average duration of follow-up was 6.6 years.

Person Years of Follow up

70000
60000
50000
40000
30000
20000
10000

19921993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

m Person Years of Follow up

Figure 19; Cohort of children born after non-donor assisted reproduction; contribution of each

birth year cohort to total person years of follow up.?
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No of Children born after Cumulative % | Person Years | Person Years
Year of Birth % of cohort
assisted conception of Cohort of follow up | as % of total
1992 1768 1.7 1.7 26491 3.7
1993 2676 2.5 4.2 40108 5.7
1994 3185 3.0 7.2 46154 6.6
1995 3925 3.7 10.9 52830 7.5
1996 4818 4.5 15.4 60124 8.6
1997 5723 5.4 20.8 65733 9.4
1998 5756 5.4 26.2 60275 8.6
1999 6371 6.0 32.2 60414 8.6
2000 6108 5.7 37.9 51747 7.4
2001 6538 6.2 44.1 48780 7.0
2002 6792 6.4 50.4 43915 6.3
2003 7332 6.9 57.3 40171 5.7
2004 7563 7.1 64.4 34020 4.9
2005 7789 7.3 71.8 27164 3.9
2006 9061 8.5 80.3 22592 3.2
2007 10005 9.4 89.7 14958 2.1
2008 10603 10.0 99.7 5228 0.7
Missing Values
368 0.3 100.0 N/A N/A
(Excluded)

Totals 106,381 100 100 700,704 100

Table 56; Cohort of Children born after non-donor assisted reproduction by year of birth,

including person years contributed to analysis by each birth year cohort.?

Baseline demographics were similar for all cohort members, regardless of their outcome status

(table 57). The mean age at diagnosis was 4.2 years old (+3.3, SD).
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Total cohort
. Cohort members Cohort members
of children
who have not who have
Variable born after
. developed developed
assisted
. cancer cancer
conception
No. of cases 106,381 106,273 108
Male 54,143 (51) 54,079 (51) 60 (56)
Sex (%)
Female 52,134 (49) 52,082 (49) 48 (44)
Singletons 62,195 (58) 62,127 (59) 65(60)
Multiple births (%) ) )
Any Multiple Births 44,154 (42) 62,127 (41) 43 (40)
Mean birth weight 2863 2854 2919
SD g, Range 792, 300- 791, 301-
g (SDe geg) ( ( (782, 680- >4300)
>6000) >5900)
<2500g 31,294 (30) 31,263 (30) 31(29)
Birth weight group
(%) 2500g- 3999¢g 68,189 (65) 68,121 (65) 68 (63)
(1)
>4000g 5,986 (6) 5,977 (6) 9(8)
Gestational age at
X Weeks (SD) 37.4(3.2) 37.5 (3.2) 37.5(3.2)
birth
IVF 61,521 (58) 61,455 (58) 63 (58)
Type of ART (%) ICSI* 42,719 (40) 42,679 (40) 40 (37)
Not recorded 2,141 (2) 2,136 (2) 5(5)
Fresh/ frozen Fresh Cycle 93,689 (88) 93,588 (88) 93 (86)
cycles (%) Cryopreserved Cycle 12,554 (12) 12,539 (12) 15 (14)
Blastocyst 5,773 (5) 5,769-5,773 (5) 5(0-4)
Stage at embryo
Cleavage 57,418 (54) 57,372 (54) 41 (38)
transfer (%)
Not recorded 43,190 (41) 43,191 (41) 65 (60)
Maternal age at 34.3 34.3 33.9
. ; Years (SD)
birth of child (4.0) (4.0) (4.0)
Paternal age at 37.2 37.2 37.6 years
. . Years (SD)
birth of child (5.8) (5.8) (6.6)
Both Male & Female 18,063 (17) 18,034 (17) 28 (26)
Female Factor only 27,681 (26) 27,650 (26) 29 (27)
Infertility cause
(%) Male Factor only 24,427 (23) 24,407 (23) 16 (15)
(1)
Unexplained 33,840 (32) 33,807 (32) 32 (30)
Not recorded 2,370 (2) 2,366-2,370 (2) <5 (0-4)
Duration of 4.9 4.9 5.3
. - Years (SD, Range)
infertility (2.9, 0->30) (2.9, 0- >30) (3.2, 0->15)
Previous ART
Mode (Range) 0; 51% (0->20) 0; 51% (0->20) 0; 49% (0- >5)
cycles
0 94,696 (90) 94,589 (90) 100 (94)
Previous live
. 9,923 (9.5) 9,915 (9.5) 7 (6)
births (%)
>1 421 (0.5) 421 (0.5) 0

Table 57; Demographics comparing all children born after non-donor ART to children born after
non-donor ART who did and did not develop cancer. *ICSI (intracytoplasmic sperm injection) plus
other micromanipulation. 3
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Birthweight
Birthweight distribution is skewed slightly. Birthweight usually follows a normal distribution.
This skewed distribution is likely to represent more babies born at lower birthweights and born

prematurely in this cohort in comparison to the general population.
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Figure 20; Distribution of birthweight (g), within the cohort of children born after assisted conception in

Great Britain, 1992-2008
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No difference was observed in birthweight between children born after different types of
assisted conception.

8,000

6,000
@

Birth Weight
4,000

2,000

IVF ICSI Unspecified Micromanipulatic

Figure 21; Birthweights by different types of assisted conception within the cohort of children

born after assisted conception in Great Britain, 1992-2008
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As expected, birthweight has a generally linear association with gestation. There were a number
of children with gestations above 35 weeks who had recorded birthweights between 300g and

600g, suggesting treating these as effectively null for the linkage process was appropriate.
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Figure 22; Birthweight by recorded gestation within the cohort of children born after assisted

conception in Great Britain, 1992-2008

199



2 e o ®
g e ® e @
o * ® 0@ o0 W@ o
=] ® &6 @ S0 O o o
Ty ® & 0P B G006 @

B 0

B Y W e o

© WO VD W 0 @

; e o o ® *

= . * e ® I

‘g & &

mg- *

e

£ e

= @ @

£ *

Q

2

u—g' ¢

o

L

[eb)

L0

E ®

=

=

o

o~

1 1 ] 1 1
1000 2000 ) 3000 4000 5000

Birth Weight

Figure 23; Birthweight by recorded gestation in children born after assisted conception and

diagnosed with cancer under the age of 15 years in Great Britain, 1992-2008
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Overall cancer risk

The records of 108 children were successfully linked to NRCT records and therefore these
individuals were identified as having been diagnosed with cancer between birth and the sooner
of age fifteen years or 1/1/2009. 109.7 cancers were expected, based on age and sex specific
national cancer incidence rates. Therefore the standardised incidence ratio was 0.98 (95% ClI

0.81to 1.19; P=0.871; table 58).

There was no material difference in results when stratified by sex, age, birth weight, gestational
age at birth, singleton vs multiple birth, maternal parity, maternal and paternal age, type of
assisted conception, fresh versus cryopreserved embryos and cause of parental infertility (table

59).

Co-morbidities were identified in 21 children born after non-donor assisted conception and
subsequently diagnosed with cancer. Three children were known to have a coexisting
respiratory conditions. Three children, all of whom developed a hepatoblastoma, had co-
morbidities relating to premature birth. Three cases of leukaemia were diagnosed in children
with trisomy 21 (Downs syndrome; compared to 1.5 expected based on NRCT data; post hoc
analysis). Other co-morbidities included developmental disorders, eczema and a number of
minor or unspecified congenital anomalies. No child, other than those with trisomy 21, had a
diagnosis known to be associated with the development of cancer, including no children

recorded as having an imprinting disorder. All retinoblastomas were unilateral.
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Person

Standardized 95%
years of
Cancer Type * Observed Expected Incidence Confidence
follow
- Ratio Interval
up
All cancers 700, 705 108 109.7 0.98 0.81to01.19
Leukaemia 701,047 34 37.53 0.91 0.63to0 1.27
CNS tumors 701,138 22 25.78 0.85 0.54t01.29
Neuroblastoma 701,165 9 10.20 0.88 0.40to0 1.68
Retinoblastoma 701,193 # # 0.59 0.12to0 1.73
Renal tumors 701,162 8 8.5 0.94 0.41t0 1.86
1.20 to
Hepatic tumors 701,165 6 1.83 3.27
7.12%
Bone tumors and extra 1.34to
701,134 20 8.56 2.34
osseous sarcomas 3.61%
Osteosarcoma 701,206 # # 2.95 0.61t0 8.62
Ewing’s Sarcoma 701,202 # # 2.47 0.67 t0 6.32
1.26 to
Rhabdomyosarcoma 701,162 # # 2.62
4.82+
Other Sarcomas 701,205 # # 1.42 0.29to 4.15
Germ cell tumors 701,203 # # 0.56 0.07 to 2.03

Table 58; Observed vs. expected numbers for all cancers and site specific cancer groups. *Cancer

type classified according to ICCC3 coding?’,

see Table 54 for further details of cancer

classification. “"Slightly more total person years at risk are included in analyses considering rarer
cancers than when considering all cancers as a whole or more common cancers. This is because,
in order to maximize the number of person-years available for analysis, individuals were
censored from further analysis once they developed the specific cancer being considered and
were not censored when they developed any other cancer type. Therefore, by definition, more
individuals develop more common cancers and thus contribute fewer person years at risk as they
are censored from analyses at the date of diagnosis. # Cells containing <5 observations censored
as per ethics regulations.> t P<0.05, # P<0.01
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All cancers

Factor Person years **
follow up Obs Exp SIR 95% ClI
Overall 700,705 108 109.70 0.98 0.81t01.19
Male 358,853 60 59.73 1.00 0.77 t0 1.29
Sex Female 341,852 48 49.97 0.96 0.71to0 1.27
0 100,532 17 19.93 0.85 0.50to 1.37
Age at
1-4 307,932 54 58.22 0.93 0.70to0 1.21
Diagnosis
5-9 218,839 29 23.74 1.22 0.82t01.75
(years)
10-14 73,401 8 7.80 1.03 0.44 to 2.02
<2500g 218,117 31 34.49 0.90 0.61t01.28
Birth Weight 2500-3999g 440,171 68 69.27 0.98 0.76t0 1.24
>4000g 36,617 9 5.94 1.52 0.69 to 2.88
< 31 weeks 43,418 7 6.67 1.05 0.42 to 2.16
Gestation 32-36 weeks 161,139 27 24.94 1.08 0.71t0 1.58
> 37 weeks 487,974 73 76.83 0.95 0.75to0 1.20
Singleton/ Singleton 396,569 65 62.54 1.04 0.80to 1.33
multiple birth Multiple 304,136 43 45.46 0.95 0.69 to 1.27
Maternal 0 644,270 100 100.20 1.00 0.81to1.21
previous live
1 or more 52,457 7 8.77 0.80 0.32to0 1.65
births
Maternal age <30 years 92,325 14 14.22 0.98 0.54to 1.65
at birth of 30-39 years 553,694 87 86.71 1.00 0.80to 1.24
child 40+ years 54,423 7 8.74 0.80 0.32t0 1.65
Paternal age <30 years 49,606 6 7.56 0.79 0.29t0 1.73
at birth of 30-39 years 466,258 66 72.65 0.91 0.70to 1.16
child 40+ years 183,571 35 29.27 1.20 0.83to 1.66
Both Male & Female 166,862 28 24.39 1.15 0.76 to 1.66
Parental Female factor only 176,555 29 27.85 1.04 0.70to 1.50
infertility Male factor only 96,536 16 17.43 0.92 0.53t01.49
cause Unexplained 250,328 32 38.18 0.84 0.57t01.18
Not recorded 10,423 # # 1.62 0.34t04.75
Type of IVF 469,686 63 70.92 0.89 0.68to0 1.14
Assisted ICSI* 220,540 40 36.93 1.08 0.77 t0 1.48
conception Not recorded 10,478 5 1.85 2.70 0.88t0 6.31
Fresh/ Fresh 623,485 93 97.42 0.95 0.77to 1.17
Cryopreserved Cryopreserved 76,149 15 12.11 1.24 0.69 to 2.04
cycle Not recorded 1,071 # # 0.00 0.00to 18.34

Table 59; Observed vs. expected for ‘all cancers’, stratified by potential mediating and moderating
factors. *ICSI (intracytoplasmic sperm injection) plus other micromanipulation. ** Observed
cases presented by specific variable do not always add up to the total number of cases as the
outcome ‘not recorded’ is only presented where there were 1,000 or more person years at risk

available. # Cells containing <5 observations censored as per ethics requlations.?
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Risk according to cancer type

No excess risk of most cancer types was observed in children born after non-donor assisted
conception during this study. This includes leukaemia, neuroblastoma, retinoblastoma, central

nervous system tumours, renal and germ-cell tumours (table 58).

Hepatoblastoma

6 cases of hepatic tumours were noted compared to 1.8 cases expected, (SIR 3.27; 95%Cl 1.20
to 7.12; P=0.03; table 58). All of these were hepatoblastomas and for this subgroup the SIR was
3.64, (95%Cl 1.34 to 7.93; P=0.02; absolute excess risk 6.21 cases per million person-years;
95%Cl 0.79 to 16.27). When stratified by various mediating and modifying factors, this increased
risk of hepatoblastoma was associated with low birth weight, (SIR in children with birth weight
<2500g is 10.29; 95%CI 3.34- 24.02; P= 0.003; table 60). Infants who had a birth weight of less
than 1000g were at greatest risk, (SIR 51.31; 95%Cl 6.2-185.3; P=0.015). There also appeared to
be an association between development of hepatoblastoma in this cohort and higher order
births, (SIR 5.80; 95%CI 1.58 to 14.84), gestation <31 weeks, (SIR 30.00; 95%CI 6.19 to 87.67).
Hepatoblastomas were almost all diagnosed in children aged 1-4 years old, (5 cases; SIR 6.21
95%Cl 2.02 to 14.49; table 60). An excess of hepatoblastomas were also observed in those who
had fresh embryo transfer, (SIR 3.44; 95%Cl 1.12 to 8.02), IVF, (SIR 5.18; 95%Cl 1.68 to 12.1),
maternal age 30-39 years at time of birth, (SIR 3.85; 95%Cl 1.25 to 8.98), zero previous maternal
live births, (SIR 4.06; 95%Cl 1.49 to 8.83) and unexplained cause of parental infertility, (SIR 5.56;

95%Cl 1.16 to 16.5).
3 of the 6 cohort members who subsequently developed hepatoblastoma had co-morbidities

recorded by the NRCT. All three were related to prematurity and none to conditions known to

be related to cancer development, including imprinting disorders.
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Hepatoblastoma
Factor Person years
SIR 95% CI
follow up
Overall 701,165 3.64 1.34 to 7.93%
Male 359,108 3.19 0.66 t0 9.32
Sex
Female 342,058 4.24 0.88to 12.4
0 100,541 1.28 0.03to 7.16
1-4 308,062 6.21 2.02 to 14.49%
Age at Diagnosis (years)
5-9 219,070 0.00 0to 54.22
10-14 73,491 0.00 0to 354.53
<2500g 218,240 10.20 3.31t023.81%
Birth Weight 2500-3999g 440,482 0.95 0.02t05.28
>4000g 36,645 0.00 0.00to 32.0
<31 weeks 43,442 30.00 6.19 to 87.67%
Gestation 32-36 weeks 161,264 5.51 0.67 to 19.92
>37 weeks 488,281 0.86 0.02to0 4.76
Singleton 396,834 2.09 0.25to0 7.55
Singleton/ multiple birth
Multiple 304,332 5.80 1.58 to 14.84+
Maternal previous live 0 644,688 4.06 1.49 to 8.83%
births 1 or more 52,495 0.00 0.00to 19.97
<30 years 92,374 4.90 0.12to0 27.3
Maternal age at birth of
30-39 years 554,074 3.85 1.25 to 8.98+
child !
40+ years 54,454 0.00 0.00 to 20.84
<30 years 49,629 0.00 0.00 to 28.61
Paternal age at birth of
30-39 years 466577 3.70 1.01 t0 9.48
child !
40+ years 183,689 4.31 0.52to0 15.58
Both Male & Female 167,006 3.39 0.09to 18.9
Female factor only 176,683 4.66 0.57 t0 16.85
Parental infertility cause Male factor only 96,578 0.00 0.00 to 8.39
Unexplained 250,456 5.65 1.16 to 16.5t
Not recorded 10,443 0.00 0.00 to 84.58
IVF 469,995 5.18 1.68to 12.1t
Type of Assisted
ICSI* 220,674 1.56 0.04t08.71
conception
Not recorded 10,496 0.00 0to 85.57
Fresh 623,876 3.44 1.12 to 8.02t
Fresh/ Cryopreserved cycle Cryopreserved 76,218 5.24 0.13to 29.21
Not recorded 1,071 0.00 0.00 to 1381

Table 60; Observed vs. expected cases of Hepatoblastoma stratified by potential mediating factors.
*ICSI (intracytoplasmic sperm injection) plus other micromanipulation. # Cells containing <5
observations censored as per ethics regulations. t P<0.05,  P<0.01 3
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Sarcomas including Rhabdomyosarcoma

Cohort members developed bone and extra-osseous sarcomas in significantly greater numbers
than expected, (20 observed vs 8.6 expected cases; SIR 2.34; 95%Cl 1.43 to 3.61; P=0.002; table
58). This was predominantly, but not exclusively due to an excess of rhabdomyosarcomas, 10
cases were observed in the cohort compared to an expected 3.8 cases, (SIR 2.62; 95% Cl 1.26 to
4.82; P=0.02; table 58). There were also non-significant excess observed cases of osteosarcoma,
(SIR 2.95; 95% Cl 0.61 to 8.62; table 58), Ewing’s sarcoma, (SIR 2.47; 95%Cl 0.67 to 6.32; table

58), and to a lesser extent other sarcoma’s, (SIR 1.42; 95%Cl 0.29 to 4.15; table 58).

The absolute excess risk of rhabdomyosarcoma was small, 8.82 cases per million person-years
at risk. Risks did not differ significantly according to birthweight, gestation or age at diagnosis.
Excess risks were seen higher order births (SIR 3.66; 95%Cl 1.34 to 7.96; table 61), in girls, (SIR
3.82; 95%Cl 1.40 to 8.31; table 61), and in children born to older fathers, (SIR 5.93; 95% Cl 2.18
to 12.90; table 61). Other subgroups with apparent excess risks included those born to mothers
who had no previous live births, (SIR 2.87; 95%Cl 1.38 to 5.27; table 61), born to mothers aged
30-39 years old at the time of birth, (SIR 2.98; 1.36 to 5.66; table 61), those born after ICSI, (SIR
3.97; 1.29 t0 9.26; table 61), and those whose parental cause of infertility was not recorded, (SIR

31.78; 95%Cl 3.85 to 114.8; table 61).

There were 5 cases of embryonal rhabdomyosarcoma compared to 2.16 cases expected (SIR
2.16; 95%Cl 0.75 to 5.41). There were also 5 cases of non-embryonal rhabdomyosarcoma

compared to 1.66 expected cases (SIR 3.02; 95%Cl| 0.98 to 7.04).
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Rhabdomyosarcoma
Factor Person years
SIR 95% CI
follow up
Overall 701,162 2.26 1.26 t0 4.82
Male 359,107 1.78 0.49to0 4.57
Sex
Female 342,055 3.82 1.40t0 8.31
0 100,541 0.00 0to 6.55
1-4 308,068 2.68 0.98t05.83
Age at Diagnosis (years)
5-9 219,062 3.21 0.66 t0 9.38
10-14 73,491 5.54 0.03to0 5.96
<2500g 218,257 2.59 0.53t0 7.56
Birth Weight 2500-3999g 440,462 2.49 0.91t05.42
>4000g 36,644 4.75 0.12 to 26.49
<31 weeks 43,462 4.38 0.11to 24.23
Gestation 32-36 weeks 161,260 3.46 0.71t010.11
>37 weeks 488266.96 1.87 0.61to04.37
Singleton 396,840 1.83 0.50to0 4.72
Singleton/ multiple birth
Multiple 304322.57 3.66 1.34t0 7.96
Maternal previous live 0 644,685 2.87 1.38 to 5.27
births 1 or more 52,495 0.00 0.00t09.99
<30 years 92,382 2.02 0.05to 11.25
Maternal age at birth of
30-39 years 554,063 2.98 1.36 t0 5.66
child
40+ years 54,454 0.00 0.00t09.97
<30 years 49,621 7.57 0.92 to 27.36
Paternal age at birth of
30-39 years 466,585 0.79 0.10to0 2.84
child
40+ years 183,685 5.93 2.18t012.90
Both Male & Female 167,008 2.34 0.28 to 8.45
Female factor only 176,678 2.06 0.25t0 7.43
Parental infertility cause Male factor only 96,578 0.00 0to 5.05
Unexplained 250,466 3.01 0.82t0 7.70
Not recorded 10,431 31.78 3.85t0114.8
IVF 470,000 2.01 0.65t04.70
Type of Assisted
ICSI* 220,665 3.97 1.29t09.26
conception
Not recorded 10,496 3.65 0.75to0 10.67
Fresh 623,865 2.95 0.28 to 8.45
Fresh/ Cryopreserved
Cryopreserved 76,227 0.00 Oto7.11
cycle
Not recorded 1,071 0.00 0 to 545

Table 61; Observed vs. expected cases of rhabdomyosarcoma stratified by potential mediating
factors. * ICSI plus other micromanipulation. **Observed cases presented by outcome of specific
variable do not always add up to the total number of cases as the variable outcome ‘not
recorded’ is only presented where 1,000 or more person years at risk are available. # Cells
containing <5 observations censored as per ethics regulations. t P<0.05, ¥ P<0.01 3
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Donor results

12,137 children contributed 95,389 person years follow-up to the analysis of cancer risk in
children born after assisted conception involving donor gametes or donor embryos?. The
average duration of follow-up was 7.86 years. Records of 12 children were successfully linked to
NRCT records and thus identified as having developed cancer before the earliest of either their
15 birthday or study endpoint (01/01/2009). This was slightly, but not significantly less than
expected (12 cases observed compared to 14.4 cases expected; SIR 0.83; 95% Cl 0.43-1.45;

P=0.502). The median age at diagnosis was 2.6 years (inter quartile range 1.2-5.2 years).

During linkage, two other cases were considered as potential matches, but discounted as being
successful matches by all three members of the linkage team independently (Dr C Williams, Mrs
K Bunch & Dr B Botting). Including these two discounted ‘cases’ in a sensitivity analysis did not
substantially alter results (SIR 0.97; 95% Cl 0.53-1.63; P=0.915). Cohort members who
developed cancer had broadly similar demographics to those who did not develop cancer (table

62).

Results were also broadly unchanged when stratified by potential modifying & mediating factors
such as sex, age at diagnosis, birthweight, multiple births, maternal parity, type of ART and fresh
vs. frozen cycle (table 63). However, the small number of events in some strata have resulted in

widened confidence intervals and thus provide less precise risk estimates.
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Children who Children who
. have not have
Variable Whole cohort T e
Cancer Cancer
No. of cases 12,186 12,174 12
Sex (%) Male 6,326 (52) 6,317 (52) 3(25)
Female 5,851 (48) 5,848 (48) 9 (75)
Singletons 6,697 (55) 6,690 (55) 7 (58)
Multiple births (%)
Multiple Births 5,489 (45) 5,484 (45) 5(42)
Birth weight Mean (SD) g 2,790 (842) 2790 (842) 2719 (703)
<2499g 3,980 (33) 3,976 (33) 4(33)
Birth weight group (%) 2500g-3999g 7,379 (61) 7,371 (61) 8 (67)
>4000g 679 (6) 679 (6) 0(0)
Gestation at birth Mean (SD) 37.1(3.3) 37.1(3.3) 37.1(3.4)
IVF 9,764 (80) 9,753 (80) 11 (92)
Type of Assisted ICSI* 2,110 (17) 2,110 (17) 0
conception (%)
Not recorded 310 (3) 309 (3) 1(8)
Fresh Cycle 10,207 (84) 10,197 (84) 10 (83)
Fresh/ frozen cycles (%)
Cryopreserved Cycle 1,949 (16) 1,947 (16) 2(17)
Blastocyst 5,402 (44) 5,398 (44) 4(33)
St t b t f
agea e"(’(y;‘m ranster Cleavage 370 (3) 370 (3) 0
0
Not recorded 6,414 (53) 6,406 (53) 8(67)
JEIIEY :ﬁﬁdat S Mean (SD) years 37.8(6.2) 37.8(6.2) 38.5(7.0)
Paternal iﬁ:;t birth of Mean (SD) Years 403 (7.4) 403 (7.4) 41.8(11.7)
Both Male & Female 2,734 (22) 2,729 (22) 5(42)
Female Factor only 2,847 (23) 2,844 (23) 3(25)
Infertility cause (%) Male Factor only 4,706 (39) 4,703 (39) 3(25)
Unexplained 740 (6) 740 (6) 0(0)
Not recorded 1,159 (10) 1,158 (10) 1(8)
Duration of infertility Mean (SD) years 6.1(4.1) 6.1(4.1) 8.6 (6.1)
Previous Maternal 0 4,799 (39) 4,793 (39) 6 (50)
assisted conception
Cycles (%)
1 or more 7,385 (61) 7,379 (61) 6 (50)
0 2,546 (21) 2,543 (21) 3(25)
Previous Maternal
1 or more 2,535 (21) 2,533 (21) 2(17)
Live Births (%)
Unknown 7,105 (58) 7,098 (58) 7 (58)

Table 62; Demographics comparing all children born after non-donor ART to children born after
non-donor ART who did and did not develop cancer *ICSI (Intracytoplasmic sperm injection) plus
other micromanipulation.?
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All Cancer
Mediating/ Moderating Factor EEEETEE
Rl SIR 95% ClI
Overall 95,389 0.83 0.43-1.45
Sex
Male 49,418 1.13 0.52-2.14
Female 45,970 0.47 0.10-1.36
Age group at diagnosis (years)
0 11,734 1.29 0.27-3.78
1-4 38,917 0.82 0.30-1.79
5-9 31,688 0.82 0.18-2.57
10-14 13,051 0.00 0.00-2.14
Birth weight (g)
<2500 33,048 0.80 0.22-2.05
2500g-3999 56,398 0.93 0.40-1.84
24000 4,776 0.00 0.00-4.00
Multiple Births
Singletons 50,331 0.91 0.37-1.87
Multiple Births 45,058 0.74 0.24-1.73
Previous maternal live births
0 18,940 1.04 0.21-3.03
1 or more 21,165 0.62 0.08-2.25
Type of ART
IVF 83,548 0.89 0.44-1.58
ICSI* 10,083 0.00 0.00-1.76
Not recorded 1,734 3.26 0.08-18.2
Fresh/
Cryopreserved cycle
Fresh 80,153 0.83 0.40-1.52
Cryopreserved 14,830 0.88 0.11-3.18
Not recorded 406 0.00 0.00-55.7

Table 63; Risk of any childhood cancer in children born after donor assisted conception, stratified
by potential mediating/ moderating factors. *1CSI (Intracytoplasmic sperm injection) plus other
micromanipulation.?
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. Person years Standardized 95% Confidence
*
STIETR LT S B of follow up Incidence Ratio Interval
All cancers
95,389 0.83 0.43-1.45
ICCC-3 groups | to X11
Leukemia
95,445 0.61 0.13-1.78
ICCC-3 group |
CNS tumors
95,435 1.17 0.32-2.99
ICCC-3 group Il
Neuroblastoma
95,464 0 0.00-2.30
ICCC-3 group IV
Retinoblastoma
95,452 3.29 0.40-11.87
ICCC-3 group V
Renal tumors
95,460 0.94 0.02-5.25
ICCC-3 group VI
Hepatic tumors
95,454 9.12 1.11-32.95
ICCC-3 group VII
Bone tumors and extra osseous sarcomas
95,464 0 0.00-2.50
ICCC-3 groups VIl and IX
Osteosarcoma
95,464 0 0.00-18.38
ICCC-3 group Vllla
Ewing’s Sarcoma
ICCC-3 group Vllic, 95,464 0 0.00-12.41
IXd division 1& 2
Rhabdomyosarcoma
95,464 0 0.00-5.91
ICCC-3 group IXa
Other Sarcomas
ICCC-3 groups Viiib, Villd, Ville IXb, IXc, 95,464 0 0.00-10.45
IXd divisions 3 to 11, IXe
Germ cell tumors
95,464 0.00 0.00-6.59
ICCC-3 group X

Table 64; Observed vs. expected numbers for all cancers and site specific cancer groups.? *Cancer
type classified according to ICCC3 coding?’

Significantly more hepatic tumours were identified compared to expected numbers (2 observed
vs 0.22 expected; SIR 9.12; 95%Cl 1.11-32.95; P=0.058). Both of these tumours were
hepatoblastomas (2 vs. 0.19; SIR 10.28; 95%Cl 1.25-37.14; P=0.052; Absolute excess risk 18.66
cases per million person-years at risk). Excess risk was only observed in babies with a birth

weight under 2500g (2 observed vs. 0.06 expected; SIR 31.64; 95%Cl 3.83-114.30; P=0.02).
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Hepatoblastoma
Mediating/ Moderating Factor Person years of follow up SIR 95% ClI
Overall 95,454 10.28 1.25-37.14
Male 49,471 8.76 0.22-48.83
Sex
Female 45,983 12.43 0.32-69.27
0 11,735 11.49 0.29-64.04
1-4 38,934 10.10 0.25-56.26
Age Group at Diagnosis (years)
5-9 31,719 0 0-410.37
10-14 13,066 0 0-2475.81
<2500g 33,060 31.64 3.83-114.30
Birth Weight 2500g-3999¢g 56,450 0 0-262.55
24000g 4,776 0 0-182.22
Singletons 50,369 9.37 0.24-25.18
Multiple Births -
Multiple Births 45,085 11.40 0.29-63.49
0 18,963 0 0-74.95
Maternal Previous Live Births
1 or more 21,172 0 0-70.27
IVF 83,609 12.71 1.54-45.93
Type of assisted conception ICS| * 10,083 0 0-95.01
Not recorded 1,739 0 0-530.22
Fresh 80,210 12.27 1.49-44.33
Fresh/
Cryopreserved 14,838 0 0-95.38
Cryopreserved cycle
Not recorded 406 0 0-6966.82

Table 65; Risk of Hepatoblastoma in children born after donor assisted conception, stratified by
potential mediating/ moderating factors. *ICSI (Intracytoplasmic sperm injection) plus other
micromanipulation. 2
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Chapter 6-

Discussion and Conclusions
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Long-term safety of assisted reproductive therapy is increasingly important in the context of the
growing use of such techniques worldwide, with more than 8 million children born as a result to
date’. Follow-up studies have been difficult in the past due to a variety of factors. Clinicians who
undertake ART are rarely involved in longer term care of women, nor are they often involved in
resulting births or paediatric care. Due to this, early long-term outcome studies tended to be
small, based on few exposed cases, and often case series or case-control studies. Long-term
cancer risk has been even more challenging to investigate systematically, as the outcome of
interest is often relatively rare, particularly for childhood cancers and some cancers in women.
Therefore studies investigating cancer after assisted conception need to be large, preferably
using datasets covering whole populations, with robust means of identifying outcomes of

interest and including consideration of various moderating, mediating and confounding factors.

In the UK, access to such a population based ART registry, the Human Fertility & Embryology
Authority dataset, was made possible in 2009/2010. It is in this context, this thesis was planned;
incorporating analysis of both cancer in women after assisted conception and their ART
conceived children. The aim of undertaking both studies in parallel was to provide families and

clinicians with full information surrounding cancer risks related to assisted conception.

Over the last 10 years, other research groups around the globe have attempted to undertake
relatively similar studies. Results from this thesis are considered alongside those more recent
studies, as well as those published previously, scrutinising consistency, or lack thereof, between

them.
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Cancer in women after assisted reproductive therapy

Breast cancer

There was no overall increased risk of breast cancer in this cohort of over a quarter of a million
women who has assisted reproduction in the UK between 1991 and 2010, when followed-up for
an average of 8.8 years (range 1 year to 19 years). This is consistent with the findings of most
published studies®® 7475, One of the few previously published studies to have suggested an
increased risk of breast cancer found only a marginal increases in risk, just reaching statistical

significance.

A number of studies have suggested an association between age at first treatment and risk of
breast cancer®®7%78, Pappo et al found age over 40 years at first treatment was associated with
a borderline significant increased risk of breast cancer’®. A borderline increased risk of breast
cancer was also found by Sergentanis et al in a large systematic review of eight cohort studies
in women over 30 years at first treatment®. In contrast, Stewart et al found an increased risk
of breast cancer in women who were aged under 24 years’®. This thesis found no association

between age at first treatment and risk (P=0.13) and no significant increased risk in any age

group.

Significant reductions in risk of breast cancer was found in some sub-group analyses. For
example, women who had assisted reproduction because of male factor only were found to
have significantly reduced risks of developing breast cancer than the age-standardised
population in general (SIR 0.92; 95% Cl 0.86 to 0.99). The reasons behind such risk reductions
are not clear. This may possibly be because of beneficial lifestyle changes most women make
before going through assisted reproduction, for example, most do not smoke®! and exercise

regularly®l. During the study period, women had a BMI of more than 30 did not qualify for NHS
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funding of their treatment in the UK. Thus cohort members may have been less likely to be obese
than the age-standardised general population, though data on BMI were not available to this
study. These factors are known to be protective in the development of breast cancer®?. It is
possible that such beneficial lifestyles may counteract other possible confounders such as older
age at first birth. Unfortunately data on these possible confounders were not available for

further analysis of this.

A significant trend towards decreasing risk with increasing time since last treatment was also
found. Reasons behind this finding are unclear. Analyses of attained age at cancer diagnosis
found no significant difference in risks, compared to the general age standardised population,
in either women over 50 years of age, most of whom will be postmenopausal, nor in women
aged under 50 years at diagnosis, most of whom will be pre or peri-menopausal. Therefore

menopausal status is unlikely to be influencing this observed trend.

It is postulated that having ART, may mean that cancers might be detected at an earlier stage
than they might otherwise have been in individuals having this treatment. This is not only
because of the multiple medical examinations and investigations that would not have otherwise
happened in apparently healthy young women, but also because the women going through this
treatment themselves may be more health conscious during a period of treatment. They may
pick up on more subtle cancer signs/ symptoms earlier than they might have done otherwise. If
this was true, a peak in cancer diagnoses should be observed within the first 12 months of
follow-up. In order to mitigate this potential source of bias, sensitivity analyses, (excluding the
first 12 months of treatment) were also undertaken for most of the analyses in the woman’s
cancer section of this thesis. This type of sensitivity analysis would also reduce the possibility of
increased risks due to reverse causation; women who have assisted reproduction due to a very

recently diagnosed cancer, rather than developing a cancer as a result of assisted conception.
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A significant reduction in the risk of developing any type of breast cancer was observed when
the first 12 months of follow-up were excluded. This risk reduction was seen predominately in

invasive breast cancers, and not in in-situ breast cancers.

Invasive breast cancer

Fortunately, no increased risk of invasive breast cancer was found in this cohort of 255, 786
women who has assisted reproduction in the UK between 1991 and 2010, when followed-up for
an average of 8.8 years (range 1 year to 19 years). In fact, a slight reduction in risk, compared
to age standardised population rates, which was not quite significant, was observed. The most
likely explanation for this is the beneficial lifestyles of many women in this cohort in terms of
risk factors for developing invasive breast cancer, such as reduced levels of smoking and possibly

51231 As above,

obesity, when compared to the general age standardised female population
excluding the first 12 months of follow-up meant that this trend towards a reduction in risk of
invasive breast cancer in this population became significant. Given how long an invasive breast
cancer usually takes to develop, this observation is mostly likely to represent lead time bias;
invasive breast cancers which would have occurred anyway, being detected at a slightly earlier
time due to the medical contacts and improved health-conscious attitudes which occur because
of assisted reproductive treatments. It is also possible that this significant reduction may

represent exclusion of breast cancer cases which were diagnosed immediately before ART and

therefore reduction in bias due to reverse causation.

Excluding the first 12 months of follow-up is unlikely to exclude cancers caused by assisted
reproduction. Breast cancer doubling time does vary with cancer sub-type, however, a recent
prospective study showed a fastest doubling time of 77 days and an average doubling time of
174 days®?, meaning cancers caused or induced by assisted reproduction itself are unlikely to

present in the first 12 months after treatment.
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The only sub-group in this cohort who had increased risks of invasive breast cancer were those
who had unrecorded cause of infertility. As this sub-group were observed to have increased risks

of many types of cancer, this is discussed separately below.

In-Situ Breast Cancer

A small but significantly increased risk of in-situ breast cancer was observed in this cohort,
compared to age-standardised population rates. The absolute excess risk was small (1.7 cases
per 100,000 person years at risk (95% Cl 0.2 to 3.2). A causal association, between risk of in-
situ breast cancer and assisted reproduction is suggested by the ‘does-response’ type of
association observed (increasing risk associated with increasing number of treatment cycles).
However, if this relationship was truly causal, one would expect the overall risk of breast cancer

to be increased in this cohort.

Other potential explanations for this increased risk of developing in-situ breast cancer include
‘over diagnosis’ (a form of surveillance bias); cancers that may never have become symptomatic
during a woman'’s lifetime, being detected because of increased medical contact due to assisted
reproduction. This may also potentially explain the apparent dose response relationship. It is
possible that a woman’s own perception, and indeed their clinicians’ perception, of the health
risks associated with assisted reproduction may increase with the number of treatment cycles.
Therefore, women who have had more treatment cycles may be more likely to undergo

surveillance for breast cancer, (both through formal screening programs and informally).

The observed increased risk of in-situ breast cancer and its association with increasing number
of treatment cycles may also potentially be as a result of confounding by socio-economic status.

As most of the cycles included in our dataset were privately funded, those who had more cycles
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might be of higher socio-economic status. Taylor and Cheng’s relatively small cohort study of
women with a breast cancer diagnosis found women of lower socio-economic status were more
likely to have invasive disease, and women of higher socio-economic status more likely to have
in-situ disease 233, Whilst this type of confounding could conceivably be playing a role in this
observed association, it seems relatively unlikely and this observed association remains largely

unexplained.

No other studies in women after assisted conception examining invasive and in-situ breast
cancers separately were identified. Therefore there are no other data with which to compare

this finding.

A within cohort analysis looking at the risk of developing any breast cancer was undertaken to
examine how age at first treatment affected the within cohort experience. No differences
between women who had first treatment aged under 25 years and any other age group, nor

with all other cohort members as a whole were observed.
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Ovarian Cancer

More ovarian cancers were observed in this cohort of over a quarter of a million women who
has assisted reproduction in the UK between 1991 and 2010, compared to age-standardised
expectations, when followed-up for an average of 8.8 years (range 1 year to 19 years). This was
both for invasive and for borderline ovarian tumours. Excess risks remained after sensitivity
analysis, excluding the first 12 months of follow-up, though the increased risk of borderline

ovarian tumours became non-significant.

The absence of an association between increasing number of cycles, time since last treatment
and increasing risks is evidence against a causal relationship between ovarian cancer and
assisted conception. The lack of increased risks in women who had assisted conception because
of male factors only and those who had unexplained infertility is also evidence to dispute
causation. In contrast, the highly significant trend towards increasing risk of ovarian cancer in

individuals who were younger at first treatment does support a causal association.

As is the case with most of the other studied site-specific cancers, women with unrecorded cause

of infertility have a significant excess of ovarian cancer. This is discussed below.

Invasive Ovarian Cancer and associations with known risk factors

The observed associations between female causes of infertility, particularly endometriosis and
tubal disease, and all ovarian cancer risks were more pronounced when considering invasive
ovarian cancer. Those who had assisted conception only due to male factor infertility, had no

increased risk of invasive ovarian cancer. There was also a significant trend towards decreasing
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risks of invasive ovarian cancer and increasing parity, those who remained nulliparous after

completion of the last treatment cycle having the highest risk.

Endometriosis is a known risk factor for invasive ovarian cancer, particularly endometrioid and
clear cell tumours**#*. Nulliparity is also a known risk factor for ovarian cancer, a significant

inverse association existing between parity and risk*344,

As this study was not able to control for these known risk factors, and because initial results
suggested that they were influencing multiple different analyses, results were stratified
specifically for endometriosis, for the presence/ absence of at least one recorded birth and both

of these factors combined.

Women who had no recorded birth at the end of treatment but did not have a diagnosis of
endometriosis, had significant risk of invasive ovarian cancer. Women who had a diagnosis of
endometriosis but had at least one birth recorded by the end of treatment had an even higher
risk of ovarian cancer. The effect of these two risk factors combined appeared to be additive as
the group of women who had both endometriosis and no recorded birth by the end of treatment

had even higher risks of developing invasive ovarian cancer.

Importantly, women who had at least one recorded birth by the end of treatment and who did
not have a diagnosis of endometriosis, did not have an increased risk of invasive ovarian cancer.

Nor did they have an increased risk of any ovarian tumour.
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Within cohort analysis further supports the association between ovarian cancer and
endometriosis, more so as this increased risk was essentially unchanged when other causes of

female factor infertility and parity are controlled for.

Within cohort analysis, investigating parity also supports a reduction in risk with an increase in
parity, again this relationship remained when endometriosis, and other causes of female factor

infertility were controlled for.

Within cohort analysis showed no association between risk of ovarian cancer and number of
stimulated cycles. Again this is essentially unchanged when endometriosis, other causes of

female factor infertility and parity are controlled for.

This combined evidence supports the theory that the main factor involved in the association
between assisted reproduction and invasive ovarian cancer development is related to the
existing characteristics of service users, and not the assisted reproductive treatments

themselves.

Indeed, studies that were able to control for known confounders have tended to not observe

increase risks of ovarian cancer*>7%7284

, but when theses known confounders were not
accounted for, significant associations have been observed®*. A large, more recently published
study investigating cancer outcomes in a cohort of 30,625 women who have had assisted
reproductive treatments, in comparison to both the general population and to a cohort of sub-
fertile women who were not treated, found an increased risk of invasive ovarian cancer (SIR -

1.43; 95% Cl 1.18 to 1.71). However, once results were adjusted for the effect of parity, no

increased risks were observed (aHR- 1.02; 95% Cl 0.70 to 1.50)%*.
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Unfortunately, this thesis did not have access to a sufficiently large comparable cohort of
women, who did not have assisted reproduction in whom confounding variables were available,
(with or without subfertility). Thus it was not possible to control for known risk factors. However,
the considerable size of our cohort and the data available meant that it was possible to

investigate confounding factors by stratification.

The significant association between decreasing age at first treatment and increasing risk was
only seen in invasive ovarian cancer in women who had either or both known risk factors of
endometriosis and nulliparity. This potentially represents a previously found association

between development of endometriosis at an early age with increased risks of ovarian cancer

235

Borderline Ovarian Tumours and associations with known risk factors

An excess of borderline ovarian tumours was observed compared to age-standardised
expectation. This is in keeping with results from three other cohort studies from the
Netherlands®®?3** and Australia®®. Van Leeuwen et al. found the risk of borderline ovarian
tumours significantly increased in a cohort of 19,146 women who received assisted reproductive
treatments compared to 6,006 sub-fertile women who did not have such treatment (SIR 1.76;
95%Cl 1.16 to 2.56)%. This increased risk remained when age, parity and subfertility cause were

234 "and have observed a

adjusted for®®. The same group have recently published a larger study
larger increased risk in borderline ovarian tumours when compared with both the general

population (SIR 2.20; 95%CI 1.66 to 2.86) and to a cohort of sub-fertile women who were not

treated (HR 1.84; 95% Cl 1.08 to 3.14)%4,

Stewart et al.’s population cohort study in the state of Western Australia found an increased

rate of borderline ovarian tumours (HR 2.46; 95%CI 1.20 to 4.37). However this study did not
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find that the rate was increased in women with endometriosis and they did not observe the
protective effect of birth®. These results are in slight contrast to some of results observed in this

current cohort.

This thesis founds increased risks of borderline ovarian tumours associated with a diagnosis of
endometriosis (in parous women) and to a lesser, but still significant extent, with nulliparity (in
women without endometriosis). The effects of these potential risk factors were not additive; the
risk of borderline ovarian cancer in women with both nulliparity and endometriosis was not
raised in comparison to age-standardised expectation. Additionally, the association between
development of borderline ovarian cancer and decreasing age at first treatment was present in
both women who had endometriosis and/or nulliparity and in women with neither of these
factors. These results suggest that whilst endometriosis and nulliparity might be influencing the
development of borderline ovarian cancers to some degree, there are also other factors

influencing this association.

The increased risks of borderline ovarian cancer may be the result of a causative association with
ART. However the lack of dose response provides evidence against this. The lack of a dose
response relationship was also a feature of the increased risks of borderline ovarian tumours

found by the recently published cohort from the Netherlands?3*,

Other explanations for this observed excess risk may be related to surveillance bias. Ultrasound
screening has been shown to increase the frequency of borderline ovarian tumour diagnhosis?3°.
Women who have undergone assisted reproduction are likely to have pelvic ultrasounds more
frequently than the age-standardised general female population. Such surveillance bias causing

excess borderline ovarian tumours is suggested, to some degree, by a reduction in risk, such that
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risk became non-significant after the first 12 months of follow-up were excluded. However,
sensitivity analyses in other studies suggest surveillance bias as an unlikely explanation for
observed increased risks®¥®. It was not possible to further differentiate a genuine increase from

surveillance bias as a cause for the increased risk of borderline ovarian tumours in this cohort.

Corpus Uteri Cancer

The overall risk of corpus uteri cancer was not increased in this cohort of over a quarter of a
million women who has assisted reproduction in the UK between 1991 and 2010, when
followed-up for an average of 8.8 years (range 1 year to 19 years). There have been a few
previous studies specifically investigating the association between assisted reproduction and
uterine cancers. Most of these studies recorded only a handful of cancer events’*”*7#4 Two of
the largest studies published have recorded 497¢ and 1572 endometrial cancers occurring in
women who have had assisted conception. Both of these studies suggested no increase in
overall risk of endometrial cancer in this cohort. This thesis included 164 cases of uterine cancer

in exposed women.

Women who had any female factor cause of infertility had an increased risk of uterine cancer.
This appears to be largely driven by an increased risk in women who were diagnosed with an
ovulatory disorder. This is likely due to the fact that the majority of women who have assisted
reproduction and have a diagnosis of an ovulatory disorder are likely to have polycystic ovary
disease (PCOD). PCOD is a known risk factor for corpus uterine cancer, specifically endometrial

cancer® (65% of all corpus uteri cancers in the cohort were endometrioid).

A significant excess of uterine cancer cases were found in women who did not have a live birth

recorded by the end of the last treatment cycle, compared to age-standardised expectation.
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Women who had one or more live births recorded by the end of the last treatment cycle had a
significant reduction in the risk of corpus uteri cancer. These findings are in line with previous
research; nulliparity is a known risk factor for corpus uteri cancer and conversely, parity is a

known protective factor®2%,

A highly significant trend was observed between increasing duration of infertility and increasing
risk of corpus uteri cancer. Interpreting this result is challenging. Duration of infertility does not
appear to be acting as a proxy for increasing age (a known risk factor®’); there is no observed
association between age at first treatment and risk, nor between time since last treatment and

risk.

Obesity is also a known risk factor for endometrial cancer®’. Unfortunately we were not able to
control for this. As mentioned above, although obesity is associated with infertility and indeed
can often be associated with PCOS, most women who undergo assisted reproduction exercise
regularly®! and in the UK at the time of this study, women had to have a BMI of less than 30 to
qualify for NHS funding of their treatment. Therefore it is likely, but not certain, that not
controlling for body mass index may have caused an underestimation of results, (however if this
cohort has a higher average BMI than the UK age-standardised female population, not

controlling for BMI would cause an overestimation of results).

Other known risk factors for corpus uteri cancer, and particularly for endometrial cancer include
age at menopause and age at last birth®”. As women in our cohort are likely to be both younger
at age of menopause and older at age of first birth, not controlling for these factors is likely to

mean our results may be an underestimation of the true risks.

As is the case with most of the other cancers investigated, women with unrecorded cause of

infertility have a significant excess of corpus uteri cancer.
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Unrecorded cause of Infertility

Women who had an unrecorded cause of infertility in this cohort, were found to have increased
risk of breast, ovarian and uterine cancers. As this appeared unusual, further analysis of this
group was undertaken. Compared with the average experience of the study cohort as a whole,
these women had assisted reproduction more recently, were older at first treatment, had a
shorter duration of infertility, fewer treatment cycles and had more ‘freeze all’ cycles (though

data on ‘freeze-all’ cycles was limited).

This sub-group also had vastly increased risks of having a cancer diagnosed within the first 12
months of treatment; the proportion of women with a cancer diagnosed in the first 12 months
of follow-up in this sub-group was 45.7%, compared to 6.7% in the total cohort). Thus excess
cancer risks observed in this sub-group may in fact represent bias due to reverse causation; that
is women in whom cancer or its treatment results in the need for assisted reproduction, rather
than cancer arising as a result of assisted reproductive treatment. The fact that significantly
increased risks of breast cancer, specifically invasive cancer, were not observed after exclusion
of the first 12 months of follow-up suggests a significant degree of reverse causation in this sub-
group. HFEA data collection forms during the study period did not include cancer or cancer
treatment as a recordable cause of infertility. Thus, it is likely that most women who had ART

due to cancer treatment did not have a cause of infertility recorded.

This study aimed to reduce possible bias due to reverse causation by excluding women in who a
cancer diagnosis was recorded in years prior to the year of first treatment. However, the lack of
precise treatment dates meant that it was not possible to exclude women who had cancer in
the same calendar year as, but in the months before, their first assisted reproductive treatment.

The fact that some results, such as the risk of developing any type of ovarian cancer, remained
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significant even after excluding the first 12 months of follow-up, means that there may also be

further unknown causes for observed increased risks in this small subgroup.

Strengths of this study

Most previously published studies investigating risks of breast, ovarian and corpus uteri cancer

[7073 and/or have short

in women who have had assisted reproduction are relatively smal
duration of follow-up’®, with relatively few cancer events’>’*. Two of the largest previously
published studies were undertaken by Luke et al’® and Brinton et al’?. Luke et al investigated
cancer outcomes in 113,226 women after assisted reproduction treatments across three US
states. However results were concentrated on a sub-population of 53,859 in whom data relating
to their first assisted conception status was recorded’®. Follow up in this study was for an
average of 4.87 years’®. Brinton et al investigated cancer outcomes in a cohort of 87,403 women,
67,608 of whom had had some kind of fertility treatment”2. Whilst the follow up for this study
was longer (8.1 years on average), the study included 41, 45 and 522 cases of ovarian,

endometrial and breast cancers respectively. This compares to 405", 164 and 2,578 cases

respectively in this thesis.

The large size of the current study, including 255,786 women who have had assisted conception,
not only means that risk estimates can be given more precisely but also that the risk of type 2
errors is minimised. This is particularly important as some of the outcomes being investigated
are relatively rare. Therefore relatively large cohorts are needed to ensure that the number of

events are large enough to produce robust risk estimates.

* This includes 264 cases of invasive ovarian cancer and 141 borderline ovarian tumours.
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The large sample size also means that this study is able to investigate results in some subgroups;
for example risk of ovarian cancer in sub-cohorts of women with and without endometriosis,
nulliparity and both.

Whilst the average follow-up in this cohort was 8.8 years, 105,436 women were followed up for
at least 10 years and 65,000 person-years of follow-up was at least 15 years beyond the date of

last treatment.

This study also had a very high % of successfully linked records, over 95% of all eligible records.
Linkage validation exercises estimated linkage error in this study to be low (<0.02%). Extensive
data validation processes in the final linked cohort additionally identified 3 linkage errors and
these records were excluded. Thus whilst potential linkage errors may have occurred, this study

can confidently report the rate of such potential errors is likely to be very low.

Limitations and potential sources of bias

Whilst the follow-up period was reasonable compared to many other published studies, the
average age at the end of follow-up was 43.3 years old. This means that most of the cohort have

5767238 Therefore the

not yet reached the age when most reproductive cancers usually occur
possibility of different risk profiles for any of the cancers studied cannot be excluded. This is a
significant limitation as the peak incidence of all cancer studies occur beyond the age of 43 years.

Therefore it is important that further studies investigate the risk profile of similarly exposed

women through and beyond the ages where the peak incidence of these cancers occur.

Whilst there is a lot of information about the reproductive demographics of this cohort, not all
relevant information is available. For example, this study was not able to investigate or separate
some known risk factors for ovarian cancer from other potential effects. These known risk
factors include age at menarche, age at menopause and use of oral contraception. Increasing

age at menopause increases invasive ovarian cancer risk*. This cohort is likely to have, on
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average, a lower age of menopause than the general female population. Therefore not
controlling for this confounder is likely to underestimate results. Itis slightly harder to speculate
what the effect oral contraceptive use might have on ovarian cancer risk in this cohort. Oral
contraceptive use decreases the risk of developing invasive ovarian cancer*. Women who
intentionally delay conception, many of whom do so using oral contraception, may make up a
substantial proportion of this cohort. However, infertility by its very definition means that these
women are not currently using contraception and are not likely to have used this for some time.
If the first situation is predominant within the cohort, not controlling for oral contraceptive use
would produce an underestimation of true risk. If the second situation is predominant, not
controlling for oral contraceptive use would result in an overestimation of true risk.
Unfortunately it is not possible to disentangle the effects of such potential confounding factors

further.

Other potentially important demographics such as smoking status, body mass Index and socio-
economic status are also not available. Therefore it is not possible to investigate the potential

effect of these factors.

Some cohort studies have been able to compare the cohort experience to that of an external
cohort of women who have a degree of sub-fertility, but who have not been treated with
assisted reproductive therapies 7283234, These comparisons have the advantage of controlling for
some known and potentially unknown confounding factors, as the populations being compared
are more likely to have similar demographics and background characteristics than exposed
women with the general age-standardised female population. This kind of comparison has
advantages, however, it is not without its own inherent selection bias, particularly related to the
factors which influence which women with subfertility go on to have assisted conception and

which women do not.
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The large sample size of this study enabled stratification by certain confounders. In this way, it
was possible to further investigate observed associations and draw some conclusions from this.
Indeed, the conclusions reached about the cause of increased risks of invasive ovarian cancer
were very similar to those reached by a subsequently published study which did include a cohort

of untreated infertile women?3*,

Another potential limitation related to the use of the general population as a comparator, is that
comparison rates also include the exposed cohort, in this case, women who have had assisted
reproduction within the study timeframe in the UK. Jones and Swerdlow have previously
modelled this effect to estimate the degree of bias in different circumstances?*. They estimate
that this type of bias only results in substantial underestimation of risk when the prevalence of
exposure in the population as a whole is large, or the incidence ratios are large, or both?°, As
ratios tended to be less than 2.0 in this study, and less than 5% of the general female population
had assisted reproductive treatment during the study period, this type of bias is likely to have

been minimal®®°.

Overall, the available HFEA database population for the entire study period represents
approximately 93.7% of the at-risk source population. The vast majority of the ‘missing’
population had ART in 2010, immediately after prospective consent was brought in (It is
estimated that at few as 22.5% of treated women during this year are included in this study. As
this cohort accounts for less than 1% of person-years of follow up, this is not considered a large
source of bias. However, in retrospect it might have been better to exclude this year completely

from this study.

The lack of intermediate dates to allow time dependent analysis of certain factors is a limitation
of this study. Therefore we are not able to properly identify any non-linear time dependent

associations in our data. In order to continue to use variables that would ideally be analysed as
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time-dependent, this study uses such variables at the point at which they cease to change. For
example, number of live births becomes a static variable when number of pregnancies at date
of last treatment is used; Number of stimulated cycles becomes static when total number of
stimulated cycles are used. Expressing these variables in a such a static manner means that for
analyses to be correct, time at risk for each cohort member has be started from the date when

the variable became static (in this case, end of last recorded cycle).

Additionally, some of these time dependent variables, for example number of live births also
have the potential to change post-treatment. Therefore this study is limited by the fact that it
was not possible to account for this. Future studies, for example linking to all birth records,

should consider if it is feasible to try to take this into account.

Women who had a diagnosis of cancer in years prior to the year of first treatment were
excluded. However, the lack of precise treatment dates meant that dates of treatment are
considered to be the midpoint of first treatment year. This mainly caused problems relating to
the cohort of women who had a cancer diagnosis prior to, but in the same year as their first
assisted conception cycle. Whilst it was not possible to exclude this cohort, undertaking a
sensitivity analysis, excluding the first 12 months of follow-up showed that this generally was
not a big issue, except within the cohort of women with an unrecorded cause of infertility.

Further information about infertility diagnoses may have been beneficial in this study. For
example, in order to interpret risks relating to uterine cancer in women with ovulatory disorders,
it has been assumed that most women in this sub-cohort had a diagnosis of PCOS (suggested by
Dr Melanie Davis (study collaborator, HFEA advisory board member and assisted conception
specialist)). However, it would have been useful to have reliable data about this. Additionally,
data relating to types of ovarian stimulation used would have been valuable. However ovarian
stimulation regimens used in assisted reproduction did not change substantially over the study

19 year study period. Gonadotrophins and human chorionic gonadotropins were generally used
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for ovarian stimulation and to trigger ovulation respectively throughout the study period. New,
recombinant and highly purified versions were used in the latter years of the study period, but
these are essentially equivalent. Other treatments have been used in the years before and the
years after the study period; Clomiphene citrate was no longer routinely used for ovarian
stimulation in assisted conception by 1991 and gonadotrophin releasing hormone agonists, used
in down-regulation cycles were not generally replaced by antagonists until after the end of the

study period. Progesterone support has been used throughout the study period.

Information about the number of eggs collected per cycle, and thus by proxy the number of
ovarian punctures per cycle may also have been very useful to further investigate mechanisms
that may, or may not, lead to the development of ovarian tumours. Unfortunately this data was

not available.

Limited data relating to pre-implantation genetic diagnosis (PGD) was available. However the
indication for this procedure was not. Therefore it was not possible to exclude women who had
PGD because of genetic pre-disposition to reproductive cancers (for example due to the BRCA
gene). Whilst there may have been a few cases in this cohort, this is unlikely to have been a

significant cause of bias.

The Human Fertility & Embryology Authority started collecting data about assisted conception
cycles in 1991 for regulatory purposes. The initial intention was not to use this data for research.
Therefore data was not always collected and aggregated in ways that benefit research. For
example, no information was collected about how infertility diagnoses were made. In some
instances data collection sheets were quite misleading. This was definitely the case relating to
data about pregnancies and births for certain years. Extensive data cleaning of all study variables

identified this problem and data which appeared inconsistent were treated as missing (see
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chapter 2). Errors like these were hopefully all identified during the data cleaning process,

however we cannot be certain that this is the case for all such data collection errors.

Finally, missing data was a limitation in this study. Missing data relating to participant or
treatment characterises were deal with by creating ‘unrecorded’ categories which were also
analysed. Duration of infertility and infertility cause are the only main variables with a significant
proportion of missing data (see table 15). Missing or incomplete outcome data was relatively
rare in this cohort and was dealt with on a case by case basis (see Chapter 2). There were also
problems relating to missing comparator rates. For example at the time of analysis, national
rates for breast, uterine and ovarian cancers were not available for 2009, 2010 and 2011.
Therefore trends for surrounding years were considered and, in the example given above, rates
for 2008 were used as a proxy. Now that these rates have been published, it can be seen that

rates did not change substantially for any analysed cancer from 2008 to 2011 °7:67:238,
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Cancer in children born after non-donor assisted conception

This study, the largest of its kind at the time of publication?, showed no overall increased risk of
cancer in 106,013 children born after assisted conception in Great Britain (1991-2010), when
followed up for an average of 6.6 years, (SIR 0.98; 95%Cl 0.81 to 1.19). No significant excess or
reduced risks were observed when results were stratified by available mediating and
moderating factors such as birth weight, gestation, multiple birth, fresh vs cryopreserved

embryo transfer, maternal parity, parental age at birth and cause of parental infertility.

These results contrast, to some degree, with previous studies. For example, a previous
systematic review and meta-analysis showed a small significant increased risk in the overall risk
of cancer in children born after assisted conception (RR 1.33; 95%Cl 1.02 to 1.98) particularly
leukaemia and neuroblastoma?¥®. This is very similar to the meta-analysis in chapter 1, (SIR 1.32;
95%Cl 1.09 to 1.55). The difference in results between these meta-analyses and this study may
be because a number of smaller studies, (and even some case-control studies), are included in
the meta-analyses and thus they could include systematic bias. Even a relatively large single
study, published before these results, which also showed a small significant increased risk of
cancer, (OR 1.34; 95%Cl 1.02 to 1.76), still included few exposed cases?*!. However, despite not
showing an increase in overall cancer risk, the results of this current study may not be in

complete contrast to previous studies as the confidence intervals all overlap.

Two large population based studies, with somewhat similar methodology and published shortly
after this study, have similar results?*+2*2, The committee of Nordic ART and safety (CONARTaS;
a collaboration of Nordic researchers, studying long-term safety outcomes of assisted
reproduction in Denmark, Sweden, Norway and Finland), included 91,796 children born after
assisted conception in a record linkage study comparing rates of childhood cancer to that
observed in a matched control group, (4:1, controls to exposed cohort members)?!. They found

no significant difference in cancer risk between the two cohorts (aHR 1.08; 95%Cl 0.91 to 1.27;

235



adjusted for country, maternal age, parity, sex, gestational age and birth defects)?*!. Whilst our
study includes more children born after assisted conception, the CoNARTaS study had an
average follow-up of 9.5 years and was conducted over a 25 year period, compared to 6.6 years
average follow-up, with a maximum of 15 years follow-up, over a 17 year time period in this

current study>?41,

Spector et al published another similar population based cohort study of 275,686 children born
after IVF in 5 US states, comparing observed rates of cancer to that seen in a control group (10:1
controls to each child born after IVF)?*2. They too found no significant difference in overall cancer
rates between exposed and control groups (aHR 1.17; 95%Cl 1.00 to 1.36), though their results
were closer to an overall significantly increased risk than either our study or the CoNARTaS
study>**242 This borderline overall increase was largely driven by an increase in hepatic cancer,
(HR 2.46; 95%CI 1.29 to 4.70; mainly hepatoblastoma)?*?. They included a larger cohort of
children born after assisted conception than this thesis, but had a shorter duration of follow-up

(between 4.5 and 4.7 years on average)**2.

In addition to these two large population-based studies, a number of smaller studies have also
been subsequently published?*2*, Hargreave et al. undertook a retrospective cohort study
investigating cancer in children born after maternal fertility treatment, including 37,156 children
born after assisted conception, comparing cancer incidence to that occurring in a cohort of
children whose mothers did not have fertility treatment, adjusting for year of birth. The study
concluded an increased risk of cancer overall in children born after frozen embryo transfer,
(n=14 cases in a cohort of 3,356 children; HR 2.43; 95%Cl 1.44 to 4.11)*3. This compares to no
increased risk of cancer seen in our cohort of 12,554 children born after frozen embryo transfer
(15 cancers observed, vs 12.22 expected; SIR 1.24; 95% Cl 0.69-2.04). Spector et al considered
cancer rates in children born after frozen embryo transfer and did not find any excess of cancer

overall in this group (HR 1.06; 95%CI 0.79 to 1.42)?*2, Sundh et al also included a larger cohort of
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children born after frozen embryo transfer than Hargreave et al, (n=8,042)?*1. Though they did
not compare rates of cancer in children born after frozen embryo transfer to those born after
spontaneous conception, specifically they found no significant association between the mode of

conception (fresh IVF, fresh ICSI or frozen embryo transfer) and cancer (P=0.62)%.

Spaan et al compared cancer risk in 24,269 children born after assisted conception to that
observed in 13,761 children born after spontaneous conception, 4,181 children born after non-
ART fertility treatment and another cohort of 5,479 (non-ART conceived, but unclear if born
after spontaneous conception or other fertility treatments)?**. No increase in overall cancer
rates were found in children born after assisted conception compared with either children born
to after spontaneous conception to infertile parents, (HR 1.00; 95% Cl 0.72 to 1.38) and with the
general population, (SIR 1.11; 95%Cl 0.90 to 1.36) after a median follow-up period of 21 years.
They found a non-significantly increased risk of cancer in cryopreserved embryos, (aHR 1.08;

95%CI 0.65 to 4.95), but this was based on four events®4,

There are a number of possible causes for the differences in findings between these five studies.
Firstly, the larger three studies?*?%?, (including those from this thesis®), have results based on

243

higher numbers of cases in much larger cohorts than the studies by Hargreave?*® and Spaan?**,

This suggests the possibility that findings of increased cancer risk in children born after frozen

embryo transfer may be chance findings, particularly as results from Spaan?**

are non-
significantly raised. However, the studies by Hargreave and Spaan have longer duration of
follow-up than those of Sundh, Spector and this current study, (21years®® & 11.3years?* vs.
9.5years?, 4.5 years**? and 6.6 years® respectively). It is at least possible that increased risks,

including those relating to frozen embryo transfer, may only become evident into adolescence

and young adulthood.
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Hepatoblastoma

242 mirrors results

Spector et al.’s observation of a significant excess of hepatoblastoma cases
from this thesis, (SIR- 3.64; 95%Cl 1.34 to 7.93)3. A previous, case-control study, including 58
affected children, suggested an association between parental infertility and the development of
hepatoblastoma (relative risk (RR) 9.2; 95%Cl 2.1 to 31.5)**. However, only one of the 58
children were confirmed, and 5 more suspected, to have been born after assisted conception®®,
Data from this case-control study was subsequently re-examined, using further telephone
interviews?*®, and by combining this data with that from similar US case-control studies?*’. Both

re-evaluations provided evidence that this apparent association may be mediated by the known

risk factor of low birth weight4¢24,

Spector et al did not adjust their results for low birthweight as they argue that birthweight and
gestational age could be on the causal pathway between assisted conception and increased
cancer risk?*. Indeed, in our current study, low-birth weight appeared to be a strong mediating
factor between assisted conception and the development of hepatoblastoma. An excess of
hepatoblastoma was observed in children with a birthweight <2500g, (SIR 10.20; 95% 3.31 to
23.81), but not in children with birthweights >2500g, (SIR 0.95; 95%Cl 0.02 to 5.28 for children
with birthweights >2500g to <4000g and SIR 0.00; 95%CI 0.00 to 32.00 in children with
birthweights >4000g). Infants with extremely low birth weight had the greatest risk of
developing hepatoblastoma (SIR 51.31; 95%Cl 6.2 to 185.3). Children born after assisted
conception have consistently been shown to be at higher risk of having both low birthweight

and lower gestational age at birth compared to children born after spontaneous conception331%,

The CoNARTaS study did not observe a significant increased risk in hepatic cancer, though they

found a non-significant increased risk (HR 2.16; 95% Cl 0.74 to 9.26). They did not adjust for

birthweight, but did adjust for gestation, (largely collinear variables). However adjustment for
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gestation (as well as maternal age & parity, country of birth, birth & chromosomal defects),

made no material difference to this result®**.

The apparent increased hepatoblastoma risk associated with high order births and low
gestational age in this thesis are likely to represent collinearity with low birthweight. Association
between hepatoblastoma and fresh embryo transfer, maternal age 30-39 years and no previous
live births are also not particularly surprising; they are likely to represent the overall increased
risk, as these categories contribute a greater percentage of person-years at risk than other sub-
categories. The age at diagnosis seen in this thesis was perhaps slightly higher than expected as
most cases of hepatoblastoma present within the first year of life?*°, It is hard to explain why
children whose parents had unexplained fertility should have an increased risk of

hepatoblastoma. This may be a chance finding.

Importantly for families, the absolute excess risk of hepatoblastoma detected by this thesis was

very small (AER 6.21 cases per million person-years at risk).
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Sarcoma’s including Rhabdomyosarcoma

Cohort members developed bone and extra-osseous sarcomas in significantly greater numbers
than expected. This was predominantly, but not exclusively, due to an excess of
rhabdomyosarcoma; non-significant excess risks of osteosarcoma, Ewing’s sarcoma, and other

sarcoma’s, were observed.

The absolute excess risk of Rhabdomyosarcoma was small, 8.82 cases per million person-years
at risk. Risks did not differ significantly according to birthweight, gestation or age at diagnosis.
Excess risks in children whose mothers had no previous live births and those whose mothers
were aged 30-39 years at the time of birth are likely to represent the overall increased risk as
these sub-categories contributed the largest proportion of person-years at risk compared to

other sub-categories.

Increased risks of rhabdomyosarcoma in higher order births are difficult to explain as twins have
been shown to be less likely to develop cancer overall than singletons and other factors
associated with high order births such as low birthweight are not known to be risk factors for

the development of rhabdomyosarcoma?*”2>*,

An excess of rhabdomyosarcoma was observed in children born to older fathers. Increased
morbidity and mortality has been associated with advanced paternal age by previous studies®*2,
This includes a number of studies suggesting an increased risk of leukaemia in children born to
older fathers, and a potential increase in retinoblastoma risk?>%#253, There is no previous evidence

linking rhabdomyosarcoma to older paternal age at birth to the knowledge of this author.

It is also difficult the provide explanation for those whose parental cause of infertility was not

recorded. This may be a chance finding.
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A non-significant excess of soft tissue sarcoma’s (mainly rhabdomyosarcomas) was also

detected by Spector et al (HR 1.50; 95%Cl 0.81 to 2.84)%*2,

Previous studies have reported an excess of imprinting disorders in children born after assisted
conception, caused by epigenetic anomalies, (most commonly loss of methylation at the
KvDMR1 locus within the region KCNQ1)!10131.254257 1mprinting disorders in general are known
to be associated with the development of specific types of cancer, including Wilms’ tumour,
hepatoblastoma and rhabdomyosarcoma®®. Aberrations of KCNQ1 causing Beckwith-
Wiedemann syndrome, has specifically been linked to increased risks of developing both
hepatoblastoma and rhabdomyosarcoma, but not to developing Wilms’ tumour (often more
commonly associated with Beckwith-Wiedemann’s syndrome caused by either uniparental

disomy or hyper-methylation of a different region of the same gene)'*2,

None of the 16 children who developed a rhabdomyosarcoma or a hepatoblastoma in this
current study had a diagnosis of an imprinting disorder, or even of a co-morbidity which might
be consistent with a diagnosis of an imprinting disorder. Therefore, if the association between
rhabdomyosarcoma and/ or hepatoblastoma and being born after assisted conception noted in
this thesis is being mediated by imprinting disorders, then either these imprinting disorders are
undiagnosed subclinical presentations, or they were not reported by their treating physicians,

which seems unlikely given the known high quality of the NRCT data??® .
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Other types of childhood cancer

This thesis found no significant excess risk of all other types of childhood cancer, including
leukaemia, CNS tumours and retinoblastoma in 106,013 children born after assisted conception

in Great Britain (1991-2010), when followed up for an average of 6.6 years.

A number of studies have reported an increased risk of Leukaemia201:240:243.259.260 ' A systematic
review of 25 cohort and case-control studies published before September 2012 found a
significant raised risk of any haematological cancer in children born after medically assisted
reproduction, (RR 1.59; 95%Cl 1.32-1.91; medically assisted reproduction also includes children
born after non- ART fertility treatment such as ovulation induction; results remained significant
when restricted to children born after assisted reproduction only) 2%°. The largest cohort study
to be included in this review found 18 cases, compared to 12.3 expected in a cohort of 26,692
exposed children (RR 1.46; 95%Cl 0.87 to 2.13)?°, Whilst this study was population-based and
used reliable registry data, other cohort studies included in the systematic review used
hypothetical cohorts and were not strictly population based?°. The largest case control study to
be included in this review to consider leukaemia as an outcome included 24 exposed cases®®.
Their results included some overlapping data with the above study; excluding overlapping data
they found non-significantly raised risks (RR 1.66; 95%Cl 0.82 to 3.37)%°. The controls for this
study were hospitalised children with non-cancer diagnoses. This control group may not be
representative of the general population. The bias this may cause, in addition to the effect of

consent bias, may lead to less reliable results.

A number of recent moderate sized cohort studies, have also found increases in leukaemia in
children born after assisted conception. Reigstad et al, found an increased risk of Leukaemia in

a registry based population cohort study, including 25,782 children born after assisted
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conception in Norway (HR 1.67; 95%Cl 1.02 to 2.73)%!. Spaan et al found a non-significantly
raised risk of acute lymphoblastic leukaemia in their long-term cohort of children born after
assisted conception (HR 2.44; 95%Cl 0.81 to 7.37; based on 17 exposed cases; see above for full
study description)?**. Hargreave et al found a significantly increased risk of leukaemia in children
born after frozen embryo transfer, based on 5 cases in a cohort of 3,356 exposed children (HR
2.87; 95%CI 1.19 to 6.93)?*. This thesis did not find an increased risk in this group (SIR 0.48;
95%Cl 0.06 to 1.74). However this is based on only two exposed cases compared to 4.14

expected.

Conversely, this thesis found no excess of leukaemia (SIR 0.91; 95%Cl 0.63 to 1.27; based on 34
exposed cases, vs. 37.5 expected)®. Similarly, other very large population based cohort studies
also found no increased risk (Spector et al., HR 0.93; 95%CI 0.70 to 1.22; based on 93 cases?*;

Sundh et al., HR 1.06; 95% CI 0.80 to 1.41; based on 61 cases®*!).

The studies which suggested an increased risk of leukaemia were either relatively smaller good

201,243,244,261

quality population based cohort studies , or included potentially biased data from

243,259 - studies which did not find increased risks,

case-control studies or hypothetical cohorts
including this thesis, tended to be based on more exposed cases from much larger population
based cohorts®?*242, theoretically resulting in more robust risk estimates. As discussed above,
these larger population based cohorts tended to have a slightly shorter duration of follow-up
than the slightly smaller cohort studies. However, it would be difficult to imagine that duration
of follow-up would have a significant effect on leukaemia risk as the peak incidence for

leukaemia is 0-4 years of age, and all studies had a longer average duration of follow-up than 4

years??,
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The CoNARTaS collaboration found a significantly increased risk of cancer of the central nervous
system (aHR 1.44; 95%Cl 1.01 to 2.05; based on 42 exposed cases)?*! . This excess was also seen
in an earlier cohort study in Sweden (15 CNS tumours compared to 8 expected; RR 1.85; 95%Cl
1.04 to 3.05)%1. Most, if not all, cases reported by the earlier study are likely to be included in
the latter study. A systematic review also reported an excess of CNS tumours that just reached
significance, (RR 1.88; 95% Cl 1.02 to 3.46), but again this conclusion is largely based on the same

data?*°.

This thesis did not observe increased risks of central nervous system tumours (SIR 0.85; 95% Cl
0.54 to 1.29; based on 22 exposed cases). No significant excess was seen in the largest similar
study to date (HR 1.26; 95%Cl 0.89 to 1.79; based on 59 exposed cases®*). Other slightly smaller
cohort studies similarly did not find an excess of this type of tumour (aHR 0.29; 95%Cl 0.47 to

1.79°%%; SIR 0.97; 95% C1 0.57 to 1.53%*; HR 1.22; 95%Cl 0.79 to 1.89%%).
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Strengths of study

The main strength of this study are similar to the strengths of the women’s section of this thesis,
namely is its large sample size and its use of high quality data from two population based
databases. The HFEA have a legal duty to collect data relating to assisted conception cycles,
including relating to offspring born as a result. Thus population coverage throughout the study
population was assumed to be almost complete, though the amount of missing data did
significant increase from 2010 onwards when patients were asked prospectively for consent to
use their data for research, (both identifying data and anonymous data). The NRCT is also a high

quality database and is considered virtually complete??,

Whilst there were difficulties posed linking these two datasets, (namely the lack of a unique
identifier common to both datasets), the linkage protocol used was robust and exhaustive,
designed to be inclusive, particularly where data was missing or there was any suspicious of data

errors.

Therefore, the author is confident that any child born after assisted conception in England,
Scotland or Wales between 1992 and 2008, and whom developed cancer before the sooner of
their 15" birthday or 31 December 2008, is extremely likely to have been identified by this

study.

Robust risk estimates with high levels of precision were possible given the large sample size of
this study. Risk estimates were also broadly similar to those published by two equally large

population based studies, which is reassuring?*1-242,
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Limitations and potential sources of bias

The lack of a suitable control group with data on mediating, moderating and confounding factors
was a significant limitation to this study, as was the case with the woman’s cancer section of this
thesis. This meant that it was not possible to adjust analyses for these variables. In some cases
this may be a significant limitation. However some previous studies, investigating cancer in
children after assisted reproduction, have shown that adjusting analyses for a number of

potential confounding factors did not significantly affect results; these include maternal

201,243 201,243

age , paternal age?®, maternal smoking , maternal body mass index?®!, maternal

1*** and previous maternal cancer?®® . Whilst is was not possible to adjust

educational leve
analyses, it was possible to investigate a variety of moderating and mediating factors by
stratification, given the large cohort size. For example this study was able to investigate the

effect of singleton verses multiple births, birth weight and premature delivery, all of which are

known or suspected to affect cancer risk in this population 245248251,

This study did not have data about other potential confounding factors such as respiratory
diagnoses, previously shown to have a possible effect on cancer development among a previous
cohort?®?, However, only three of the 108 children who developed cancer in this cohort had a
respiratory diagnosis, and thus it is unlikely adjusting for this factor will have had any material

effect on results.

This study also did not include a cohort of children born to parents with similar characteristics
but who were spontaneously conceived; for example born to parents with infertility/ subfertility
diagnoses but whose children were born after assisted conception. The benefit of this type of
comparison cohort would be to control for unknown, subtle or complex confounding factors,

particularly relating to parental characteristics.
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This study was not able to censor for the competing risks of death and emigration in this cohort,
which are likely to be small. An estimated 600 members of the cohort, (0.6%), would have died
during the study period, under normal circumstances, (extrapolating from national data for
survival to 15 years of age)?®3. Estimating of the numbers lost to follow-up due to emigration is
slightly more difficult. It would be reasonable to assume that not more than 2% of this cohort
emigrated during the study period. There is no specific reason, nor any evidence, to suggest that
these competing risks occur at a greater frequency in children born after assisted conception

than in spontaneously conceived children.

This study used NRCT cancer registrations to calculate expected incidence of cancer in the
cohort. Therefore, comparison rates also include children in the exposed cohort. It was not
possible to calculate comparator rates for spontaneously conceived children alone, as there
were no information about emigration and deaths. As this cohort represents less than 5% of the
general population over the study time period, (children born after assisted conception
accounted for approximately 0.5% of births in 1992 and 1.8% in 2008), and incidence ratios
tended relatively low, in most, but not all comparisons, bias resulting from this is likely to be

minimal®3°.

This study had a follow-up of only 6.6 years on average, shorter than the CONARTaS study?. As
the peak age at diagnosis for multiple types of childhood cancer occur before 6.6 years of age,
this study is able to provide good evidence that risks of these types of childhood tumour are not
increased in children born after assisted conception compared to the general population of
Britain. This includes leukaemia and several types of embryonal tumours. However, for tumours
which have a peak incidence beyond 6.6 years of age, (including Hodgkin’s lymphoma and bone

tumours), this study provides less certain risk estimates.
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In addition, the shorter duration of follow-up for children born towards the end of the study
period means that if there were to be a trend related to later study years, this might have been

overlooked or misinterpreted.

Cancer in children born after donor assisted conception

No increase in overall cancer risk was found in this, the largest study, to the best of the author’s
knowledge, investigating cancer risk in children born after assisted conception involving donor
gametes or donor embryos. Children born after donor assisted conception who subsequently
developed cancer had broadly similar demographics to those who did not develop cancer.
Stratifying for potential modifying and mediating factors such as sex, age at diagnosis,
birthweight, multiple births, maternal parity, type of ART and fresh vs. frozen cycle, did not

significantly alter results.

More hepatoblastomas were observed than expected, (SIR 10.28; 95%Cl 1.25 to 37.14), and as
with the cohort of children born after non-donor assisted conception, there is evidence to
suggest that this increased risk is mediated by low birth weight. Low birth weight is a known risk
factor in the development of hepatoblastoma?*’?*® and has been a consistent finding in children

born after assisted conception33193,

Strengths, limitations and potential sources of bias

This, novel study, is relatively large, given the fact that donor assisted conception is less common
than non-donor assisted conception. It utilises the same virtually complete and high quality
databases as the study investigating cancer risk in children born after non-donor assisted
conception. Whilst the study author was not able to undertake the linkage directly, it was
possible to oversee the process anonymously (study author was present throughout the linkage

phase). As with the main childhood cancer linkage, the author is confident that the
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completeness of the databases and the robust and exhaustive linkage protocol has resulted in
the vast majority, if not all, potential cases being identified. A sensitivity analysis, including two
records which were unanimously rejected as being exposed cases by the study authors, showed

no difference in results and is an additional strength of this study.

Results for this study reflected those observed in the main study, however, the smaller numbers
of events resulted in wider confidence intervals and a lesser degree of precision and certainty
surrounding risk estimates. Smaller numbers also meant that stratification by potential
mediating and moderating factors was significantly less robust and resulted in very wide

confidence intervals in some sub-analyses.

What | have learnt from this thesis

Undertaking these studies has been a very big challenge for the author and for the wider team.
| have obviously furthered my knowledge substantially about assisted reproduction techniques,
and about the specific cancers studied, including aetiology & disease courses, risk factors, and

disease classification.

| have also learnt a great deal about linkage methods, including that very high and reliable match
rates can be achieved when several different linkage methods are combined, even when
identifiable variables available are not always ideal. Additionally | have also learnt also about the

HFEA dataset, and that identifiable variables are largely missing for children.

| also learnt a lot about the other datasets | used. During my many visits to NHS-Digital’s linkage
office | was able to identify other potential linkages routes/ methods that could but were not
being used by NHS-Digital. For example | was able to identify how, using maternal records
combined with birth records, it is possible to identify all children born to women who have had

ART in the UK. Not only would this be incredibly useful for studying cancer and indeed other
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outcomes in children born after ART, this method could also be used to better estimate parity
in women who have had ART. Indeed NHS-Digital could, and | believe now are using this method
for multiple other studies where a mother- child link could be useful. | only able to identify this

method because | undertake both projects included in this thesis side by side.

Potential for Further Studies

Follow-up studies, looking at all considered types of cancer in women after assisted conception
are necessary. These studies should include follow-up to, and past, average ages when cancers

of interest most commonly occur.

The observed association between in-situ breast cancer and assisted conception has not been
reported previously, to our knowledge. It is particularly important to investigate this further as
some observations are slightly conflicting; there appears to be a dose response relationship,
however the overall risk of breast cancer is not increased. It would be important to design
further studies to allow differentiation between a causal relationship and surveillance/ over

diagnosis bias.

Further studies investigating the potential association between ovarian cancer and assisted
reproduction are indicated. Whilst this study provided quite strong evidence that the increased
risks of ovarian cancer in this cohort were mediated by nulliparity, endometriosis or both of

these factors, studies which are able to control for these factors could further clarify this finding.

Studies investigating the association between borderline ovarian cancer and assisted conception

are undoubtedly warranted. Evidence from this thesis could not differentiate between a
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causative association and potential surveillance bias. Future studies should be designed to

mitigate, or identify, the effect of surveillance bias where possible.

Studies investigating uterine cancer risk are also needed. Those that are able to control for or
investigate factors such BMI, age at menopause and age at last birth would be particularly useful
as this thesis was not able to do this. Diagnosis of polycystic ovary disease was suspected, but
not confirmed, to be the cause of an increased risk of uterine cancer in women with ovulatory
disorder in this thesis. Studies confirming this and excluding any other cause for this might also

be helpful.

Whilst results from this thesis are generally reassuring, and concur with other large population
based studies, further studies investigating childhood cancer risk after ART are warranted.
Specific types of cancer which should be investigated, include hepatoblastoma,
rhabdomyosarcoma and other types of sarcoma, (as indicated by the findings of this thesis).
Further studies considering leukaemia and CNS tumours are also indicated. Children born after
frozen embryo transfer should also be analysed separately if possible, as was the case in this

thesis.

Further studies investigating cancer in children born after assisted conception should be large
and population based. Where possible, including a cohort of children not born after assisted
conception would be helpful, particularly cohorts born to sub-fertile mothers after spontaneous
conception. As childhood cancer is thankfully rare, only in large population based studies, such
as included in this thesis, is it possible to include enough exposed cases to ensure risk estimates

are robust and chance findings are minimised. Longer follow-up studies, including of this study
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cohort, are indicated. This is to ensure that risk estimates for cancers with a peak incidence

beyond 6.6 years of age are robust.

Whilst results related to cancer outcomes in children born after donor assisted conception from
this thesis are generally reassuring, small numbers of exposed cases and corresponding wide

confidence intervals mean that further, larger population based studies are necessary.

It is also important that future studies, including in the UK, build upon linkage methods to
investigate other health outcomes in children born after assisted conception. Examples of such
outcomes include epilepsy and other neurological as well as neurodevelopmental conditions
and hypertension and cardiovascular outcomes. Many of these outcomes are, like childhood
cancer, relatively rare and thus lessons learnt from this thesis and similar studies about follow-
up may be pertinent for such studies. In the UK, these studies could and indeed in some cases

are being carried out using this linkage method outlined above.
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Conclusions

This thesis represents three very large population-based linkage cohort studies, investigating
various aspects of cancer occurring after assisted conception. Cancer outcomes in women who
have had assisted conception in Britain between 1991 and 2010 and cancer outcomes in children
born after assisted conception, both donor and non-donor, in Britain between 1992 and 2008

were investigated.

No overall increased risk of invasive breast cancer was observed in women after assisted
conception, which is reassuring. Some significant decreases in risks were found in a variety of
sub-analyses. It is likely, but not certain, that this represents the beneficial effect of a
predominance of healthy lifestyles in this cohort. Conversely, an increase risk of in-situ breast
cancer was found. This result was slightly perplexing as there was some evidence to suggest a
causative relationship, including a dose-response relationship, but also some evidence against

this, including no overall increased risk of breast cancer.

An overall increased risk of ovarian cancer was observed in women who had assisted conception.
This was seen for both invasive and borderline ovarian tumours. This excess of ovarian tumours
was, reassuringly, not observed in women who had assisted conception for male factor only
infertility, nor in those with unexplained infertility and no association with number of cycles was
seen. This provides evidence against a causal relationship. Additionally, this thesis was able to
show that women who did not have the known risk factors of endometriosis and/ or nulliparity
did not have an increased risk of developing an invasive ovarian tumour. This includes women
who contributed just under half of all person-years at risk. These two known risk factors were
shown have an approximately additive effect on the risk of developing an invasive ovarian

tumour.
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An excess of borderline ovarian tumours was also observed. As with invasive ovarian tumours,
there was an observed association between nulliparity and endometriosis, but this relationship
was less clear; women with both endometriosis and nulliparity did not have a significant
increased risk. The nature of the observed association between assisted conception and
borderline ovarian cancer is not clear and may be causative or may be due to various forms of

bias, including surveillance bias.

There was no significant overall increased risk of corpus uteri cancer observed. Women with
ovulatory disorders were observed to have a significantly increased risk. This is likely to

represent the known association between poly-cystic ovary disease and endometrial cancer.

Children born after assisted conception were not shown to have an increased risk of cancer
overall, up to an average follow-up age of 6.6 years. An increased risk of hepatoblastoma was
observed, and was highly associated with low birthweight, a known risk factor likely to be
mediating this association. Importantly, absolute excess risk, of developing a hepatoblastoma
was very low in this cohort. An excess of sarcoma, particularly Rhabdomyosarcoma was
observed in this cohort. The cause of this is unclear. Again, importantly, absolute excess risk,

was very low.

The results of this study were largely in accordance with results of two other similar, large
studies, investigating childhood cancer, published shortly afterwards. In combination, this work
is able to provide some evidence that the risks of childhood cancer does not appear to be raised

in individuals born after assisted reproduction.

Overall cancer risk in children born after donor assisted conception were also not significantly
raised. Again an increased risk of hepatoblastoma, related to low birth weight, was observed.

Absolute risks were thankfully very low.
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At the time of publication, all three studies produced by this thesis represented the largest such
study in their specific areas. All have been published in high impact journals, two in very high

impact journals.

This thesis can, and hopefully has already had a direct impact on assisted conception service
users. This thesis could provide reliable information for treating clinicians, both reproductive
specialists and oncology specialists, who may be asked about potential associations by patients
and their families. Results from this thesis may also possibly be used by public health specialists,

particularly when planning future oncology services.

Results can be used to provide reliable information with which to council couples who are
thinking of undergoing assisted reproductive treatment. These results may also be useful to
women who have already had assisted conception, both those who have and have not
developed cancer. For women with background characteristics known to be associated with
cancer, such as those who do not have children, this study may provide further awareness of
those cancer risks. To women without such factors, this study will hopefully provide at least

some reassurance.

Families who already have children born after assisted conception will also hopefully find the
results from this thesis useful. Whilst it should be stressed that additional research is
warranted to further quantify and explore various risks, results from this thesis are generally

reassuring.
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Appendix 1; Search terms for systematic reviews

Women:

MEDLINE & EMBASE were searched on 20.11.2014 & repeated 13.02.2017

MEDLINE

‘Cancer’ OR ‘Carcinoma’ OR ‘Tumour’ OR ‘ Tumor’ OR ‘Neoplasm’ (MeSH term)

AND

‘ART’ OR ‘Assisted Reproductive Technique*’ OR ‘Assisted Reproductive Technolog*’ OR ‘IVF’
OR ‘Reproductive Techniques, Assisted’ (MeSH term) OR ‘Reproduction techniques’ (Previous
MeSH term) OR ‘Fertilization in Vitro’ (previous MeSH term)

Restricted to under 18 year olds. No other restrictions used.

EMBASE

‘Cancer’ OR ‘Carcinoma’ OR ‘Tumour’ OR ‘Tumor’ OR ‘Neoplasm’ (Subject heading)

AND

‘ART’ OR ‘Assisted Reproductive Technique*’ OR ‘Assisted Reproductive Technolog*’ OR ‘IVF’
OR ‘infertility therapy’ (subject heading) OR ‘fertilization in vitro’ (subject heading) OR

‘intracytoplasmic sperm injection’ (subject heading).
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Children:

MEDLINE & EMBASE were searched on 21.10.2010 & repeated on 03.11.2011

MEDLINE

‘Cancer’ OR ‘Carcinoma’ OR ‘Tumour’ OR ‘Tumor’ OR ‘Neoplasm’ (MeSH term)

AND

‘ART’ OR ‘Assisted Reproductive Technique*’ OR ‘Assisted Reproductive Technolog*’ OR ‘IVF’
OR ‘Reproductive Techniques, Assisted’ (MeSH term) OR ‘Reproduction techniques’ (Previous
MeSH term) OR ‘Fertilization in Vitro’ (previous MeSH term)

Restricted to under 18 year olds. No other restrictions used.

EMBASE

‘Cancer’ OR ‘Carcinoma’ OR ‘Tumour’ OR ‘Tumor’ OR ‘Neoplasm’ (Subject heading)

AND

‘ART’ OR ‘Assisted Reproductive Technique*’ OR ‘Assisted Reproductive Technolog*’ OR ‘IVF’
OR ‘infertility therapy’ (subject heading) OR ‘fertilization in vitro’ (subject heading) OR

‘intracytoplasmic sperm injection’ (subject heading).
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Appendix 2; HFEA data capture sheet, provided by HFEA 2009
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Appendix 3; Study Approvals

a) Women’s study research ethics committee approval

INHS

National Research Ethics Service

Royal Frae Hospital & Medical Schoo! Resaarch Ethics Commities
Royal Free Hospital NHS Trus!

Royal Free Hospital

South House, Block A

Pond Street

London

NW3 2QG

Telephone: 0207 794 0581
Facsimile: 0207 794 0714
23 March 2010

Dr Alastair Sutchffe

Senior Lecturer and Consultant in Paedialncs
UCL, Inslitute uf Child Heallly

Institute of Chikd Health

30 Guilford Street

Londoen

WC1N 1CH

Dear Dr Sutcliffe

Study Title: Do hormanal treatments for assisted reproduction
increase risks of cancer or mortality in women? A
national cohort study

REC reference number: 10/H0720/18

Protocol number: 1

The Research Ethics Committee reviewed the above application at the meeting held on 17
March 2010. Thank you for attending to discuss the study.

Ethical opinion

The researcher explained that the principal research cbjective is 1o assess anc evaluate the
polennal nsk of cancer, especialy reproauciive relaied cancers (ovarian, breast and
encometrial), In relation 10 the type of treatment and length of hormonal medicines
treatments in women undergoing fertility treatment.

The Chalrman has found a document on the web that enables the Secretary of State to
make provisions, in regulations requiring or regulating the disclosure of information falling
within section 31(2) for research purposes it states that

"Information can be discicsed for the purposes of medical research where the Secretary of
State considers it necessary or expedient in the public interest or in the interest of improving
patient care............., * A copy of the documents is with the application

The members of the Commillee present gave a favourable ethical opinion of the above
research on the basis described in the application form, pretocel and supporting
documentation, subject to the conditions specified below.

Ethical review of research sites

The favourabie opinion applies to all NHS sites taking partin the study, subject to
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management permission being obtained from the NHS/HSC R&D office pnor to the stan of
the study (see “Conditions of the favourable opinicn” balow).

Conditions of the favourable opinion

The favourable opinion is subject to the following conditions being met prior 1o the start of
the study.

For NHS research sites only, management permission for research ("R80D approval’) should
be obtained from the reievant care organisation(s) in accordance with NHS research
governance arrangements, Guidance on applying for NHS permission for research is
avallable in the Integrated Research Application Systam or at http.//wwwe.rdforum.nhs.uk.
Where the anly involvement of the NHS organisation is as a Participant Idenfification
Cenlre, meanayement permission for research ts nof reguired but the R&D office should be
nofified of the study. Guidance should be sought from the R&D office where necessary.

Sponsars are not required to notify the Committee of approvals from host organisations.

It is responsibility of the sponsor to ensure that all the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).

Approved documents
The documents reviewed and approved at the meeting were:

Document Version Date

Covering Letter 02 February 2010
REC application

Protocel 1 25 November 2009
Investigator CV

Evidence of Insurance or indemnity 1 02 February 2010
Lelier from Funder 1 14 December 2009
Memborship of the CGemmittee

The members of the Ethics Committee who were present at the meeting are listed on the
attached shest.

Statement of compliance

The Committae is constituted in accordance with the Governance Arrangsments for
Research Ethics Committees (July 2001} and complies fully with the Standard Operating
Procedures for Research Ethics Commiltees in the UK.

After ethical review

Now that you have completed the application process please visit the Natonal Research
Ethics Service websile > After Review

You are invited to give your view of the service that you have received from the National

Research Ethics Service and the application procedure. If you wish to make your views
known please use the feedback form available on the website.
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b) Women'’s study, section 251 approval

NIGB

Ethics and Confidentiality Commitiee

NIGE Office,
Dr Alastair Sutclifie New Kings Beam e
General and Adolescent Pasdiatric Unit 22 Upper Growund,
Institute of Child Health London,
30 Guilford Strest SE1 38w,
WC1IN 1EH Tel: (D20 733 7052

Emaii: eccapplicationsnhs.net

03 February 2011

Dear Dr Suteliffe

ECC 5-04 (b)f2010 - Do hormonal treatments for assisted reproduction increase risks of
cancer or mortality in women? A national cohort study

Thank you for applying for support under section 251 of the NHS Act 2006 to process patient
identifiable information without consent.

Background

It has been agreed that the HFEA will delegate the handling and assesament of all applications,
with @ medical purpose, under the Human Fertilisation and Embryclogy (HFE) Act 1990 to the
MNational Information Governance Board Ethics and Confidentiality Committee (ECC). Under this
delegated authonty, the ECC considers and recommends to the HFEA whether to grant or refuse
pemission to use identifiable register information, or to impose conditions upon its use. As data
controller of the Register, the HFEA will take a final decision based upon this recommendation, and
then if disclosure is permitted will work with the applicant to enable use of the dataset. In terms of
dizclosure of patient information not contained in the HFEA register, the ECC will take the final
decision under section 251 of the NHS Act 2006.

Context

This application from University College London aimed to link data from the Human Ferilisation
and Embryology Authorty to the Mational Health Service Central Register in order to assess the
risk of cancer and death in women who have undergone hormonal therapy as part of assisted
reproduction therapy. In parficular, flagging would ke applied to the cohort and the team would
request to be notified of fulure cancers and deaths. The exposed cohort would consist of all
women aged 18-35 who had fertility treatment between the period of 1991 — 2007, and the non-
exposed cohort would be all other women in the UK over the same time pericd. The following
identifiers were requested to permit the linkage activity: place of birth, name and sumame, date of
birth and town/district of birth.

Outcome

Memibers agreed this to be a clear application and that the large numbers involved in the cohort
rendered consent impracticable. It was understood that the linkage activity would be cammied out by

National Information Governance Board for Health and Social Care
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NIGB

Ethics and Confidentiality Commitiee

the NHS Information Centre, and therefore the researcher would not be in receipt of any
identifiable data, therefore minimising any potential breaches of confidentiality. Members also
commended the extent of user involvement and welcomed the efforts that had been made in this
aspect.
As a whole, Members considerad this to be a clearly ariculated application with a high public
interest in the outcomes, and therefore recommended support under section 251, subject to the
following specific and standard conditions of approval.
Conditions of approval
This provisional approval was subject to the following conditions:

1. A favourable opinion to be received from a REC. (This has been received)

2. A data sharing agreement to be in place between all parties (This has been received)

3. Formal confirmation from the HFEA that they approve access to the HFEA Register datasst
{Thi= confirmation has been received)

4. Confirmation of satisfactory security arrangements (the arrangements have been confirmed
as satisfactory)

Following satisfactory resclution of the conditions of approval, | am pleased to confirm that this

study has received final approval under section 251. Our Register of approved applications will
shortly e updated to include this approval.

Annual Review

Please note that your approval is subject to submizsion of an annual review report to show how
you have met the conditions or report plans, and action towards meeting them. It is also your
responsibility to submit this report on the anniversary of your final approval and to report any
changes such as to the purpose or design of the proposed activity, or to security and confidentiality
amangements. You will need to supply an annual review by 03 February 2012, Please ensure that
this is received approximately 8 weeks prior to this submission deadline so as to ensure that any
potential queries can be resolved 20 as to ensure seamless approval coverage.

| would also like to take this opportunity to wish you every success in this study.

Yours sincerely

Matasha Dunkley
HIGE Approvals Manager

Mational Information Governance Board for Health and Social Care
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Ethics and Confidentiality Committee

Ethics and Confidentiality Committee
Standard Conditions of Approval

The support provided under section 251 is subject to the following standard conditions.
The applicant will ensure that:
1. The reguested patient identifiable informiation is only used for the purpose{s) set out in the
application.
2. Confidentiality is preserved and that there is no disclosure of informiation in aggregate or
patient level form that may inferentially identify a person, nor will any attempt be made to
identify individuals, households or organisations in the data.

3. Reguirements of the Statistics and Registration Services Act 2007 are adhered to regarding
publication when relevant.

4. All staff with access to patient identifiable information have contractual cbligations of
confidentiality, enforceable through disciplinary procedures.

5. All =taff with accesas to patient identifiable information have received appropriate ongoing
training to ensure they are aware of their responsibilities.

6. Activibes are conzistent with the Data Protection Act 1938,

T. Audit of data processing by a designated agent of the Secretary of State is facilitated and
supported.

8. The wishes of people who have withheld or withdrawn their consent are respected.

9. The MIGB Office iz notified of any significant changes which impact on the approval of the
application.

Mational Information Governance Board for Health and Social Care
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c) Women’s study, Human Fertilisation & Embryology Authority
Approval

HUMAN
FERTILISATION
ENERYOLOGY
AUTHORITY

Dr Alastair Sutcliffe

Senior Lecturer and Consultant in Pasdiatrics
UCL, Institute of Child Health

30 Guildford Street

London

WCIN 1EH

15 October 2010

Dear Dr Sutcliffe,

Study title: Do hormonal treatments for assisted reproduction increase risks of cancer or
martality in women? A national cohort study.
Your ref; 08GP13 NIGE ref: ECC (HFEA) 5-04 (b) 2010

and

Study title: Are children born after assisted reproduction at increased risk of cancer? A
population based linkage study.
Your ref: D9GP1T NIGE ref: ECC (HFEA) 5-04 (&) /2010

You have previously been informed by the NIGB ECC that both your planned studies have
heen approved in principle after consideration by both the ECC and the HFEA Register
Research Panel. However, there were remaining issues to do with data linkage that still
needed to be resolved for the ‘cancer in women' study. We are now in the position to
confirm that, based on the documentation you provided and after further consideration by
the HFEA Register Research Panel we can grant final approval for both studies.

The decision to grant access is based on the documents submitied as follows:

Cancer in women after ART

Protocol

MIGE Application Fom

HFEA Data Capture Sheet

UCL Systems Level Securty Policy

Updated NHS IC document explaining why linkage cannot be performed at the HFEA,
received 7™ October 2010

Childhood cancer after ART
Details of Research Project
MIGE Application Form
HFEA Data Capture Shest
Proposed data flow

Human Fertilisation and Embryology Authority

21 Bloomsbury Street London WC1B 3HF

Telephone: 020 7281 5200

Fax: 020 7281 8201

Website: waw_hfea.gov.uk

Chair: Professor Lisa Jardine CBE

Chief Executive: Alan Doran CB
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Initial reguest email from Cammie Williams, dated 21/04/2010
Minutes of meeting 01/127200% HFEA

Both
Caldicott Guardian's Letter, dated 21/04/2010

Conditions
The agreement to grant access to the identifying information from the HFEA Register is

hased on the following conditions:

— The NHS IC SLSP should be supplied as soon as possible.

— Mo prospective linkage (flagging) can be done, i.e. ferility treatment status must not
be flagged on the MHS IC dataset. The linkage must be performed once and then
results kept separately. Further approval should be sought to update the linkage
again in the future.

— The Panel was happy for the research team to keep the results of the linkage itself
(encrypted unique study number, patignt 10, but in this case the HFEA will keep the
encryption key.

Fees
Fees for the identification, extraction and preparation of data will be levied at a rate of

£250 per half day, up to a maximum of £5000. An estimate of the cost can be provided
ance your requirements are confirmed. The invoice for the full amount will be issued at the
time the data is provided.

We look forward fo working with you and your team on these interesting and important
projects.

Yours sincerely,

Peter Thompson
Director of Strategy and Information

o Matasha Dunkley, Approvals Manager, Mational Infommation Govemnance Board

uman Fertilisation and Embryology Authority

H
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Data Sharing Agreement

1.Parties
This Data Sharing Agreement is made between:

1.1 The Health & Social Care Information Centre (the HSCIC), a body corporate established pursuant to section
252 of the Health and Social Care Act 2012 whose address is 1 Trevelyan Square, Boar Lane, Leeds L51 6AE; and

12 The party whose details are s2t out in Annex A: section 1b of this document (the Data Recipient):

2.5tatus of this Agresment

21 This Data Sharing Agreement |DS4&) comprises the details set out in this document, the Data Sharing Framework
Contract made between H5CIC and the Data Recipient and referred to in Annex &: section 1b of this documeant, the
terms and conditions of which are expressly incorporated into this DSA.

22 In the event of any conflict between the elements of this DSA, the Special Conditions in Annex &: section & of
this document shall prevail, followed by the Data Sharing Framewark Contract (including its Schedules), followed by
the rernainder of this documsnt.

23 Capitalised terms used in this D54A shall bear the meanings given to them in the Data Sharing Framework
Contract, unless defined elsewhere in this DSA.
3.Term of this DSA

31 This D54 shall commence on the Start Date specified in Annex A: section 1a of this dooument and shall continue,
unless terminated earlier in accordance with the terms of this DSA or the Data Sharing Framework Contract, until the
End Date specified in Annex A: section 1a of this document

4.0ata Details

41 The detailed specification shown below, sets out details of the data that will be provided by the HSCIC to the
[:ata Recipient under this DA (the Data).

42  The HSCIC shall supply the Data to the Data Recipient or its nominated Data Processor in accordance with the
method s=t out in Annex B of this document .

4.3 Where the information below states that the Data Recipient is entitled to sub-licence the Data, the Data
Recipient shall comply with the sub-licensing conditions set out in Annex A: section 10

5Data Processor

5.1 The Data Recipient wishes 1o engage the party whose details are set out in Annex A: section 1c [the Data
Processor| to act as its data processor to carry out the processing activities set out in the same section in respect of
the Data.

5.2  The H3CIC consants to the appointrment by the Data Recipient of the Data Processor for the processing activities
zat put in Annex A: section 5. The Data Recipient shall be responsible for all acts and omissions of the Data Processor
as if they were acts and omissions of the Data Recipient under this DA

6.Charges

6.1 The Data Recipient shall pay the charges set gut in Annex A: section 11 [where applicable), in accordance with
the payment terms contained in the Data Sharing Framework Contract.

7.Terms and Conditions

7.1 The Data Sharing Framework Comtract sets out the legal terms and conditions which apply to the transfer and
use of Data supplied to the Data Recipient under this D54 Some of the key terms are reproduced below for the Data
Recipient’s information purposas

ige 1 of 17 Report 2.6.8 (Terms E Conditions 1.@)
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711 Where Non-ldentifiable Data has been supplied by the HSCIC and then it becomes Personal Data in the hands
of the Data Recipient, the Data Recipient shall become a Data Controller and shall be responsible for ensuring that the
Ciata is processed in accordance with the DPA

712  Useof the Data is for the sole purpose set out in Anmex A: section 5 (the Purpose).

713  Personnel processing the Data must be suitably trained and made aware of their responsibilities in handling
the Data.

7.1.4  The Data must not be shared with amy other organisation or named individual not explicitly referred to
within this DSA.

745  [f the Data is subject to a request under the Freedom of Information Act, then the H5CIC must be consulted
befora a response is provided.

716  Use of the Data must comply with all applicable legislation in relation to the Data (such as the Statistics and
Registration Services Act 2007).

747 The Data must be accessed, processad and usad within the European Economic Area anly, unless parmission
has been granted by the HSCIC.

7418  Information tools derived from this Data must not be provided to other organisations without the specific
consent of the HSCIC.

715  The HSCIC retains copyright of the Data, unless otherwise instructed and this must be cited correctly as
follows:
Copyright @ 2017, re-used with the permission of The Health & Social Care information Centre.
All rights reserved.

7.1.10 The Data Recipient shall ensure that any publication derived from the Data by any party complies with the
following guidance:
(a] Anonymisation Standard for Publishing Health and Social Care Data:
hittp:/fwnana. ish.nhis ubklibrany/standard/1 28; and
[B)  Anomymisation: managing data protection risk code of practice:
http:/fico.org uk/for orzanisations/data protection/topic guides/ancmymisation.

7111 Where the Data derives from the Office for National Statistics, the Data Recipient must also comply with the
following guidance:
(3] 0OmNsGuidance for Health Statistics: http://wwow ons gov.uk/ons/Euide-
st-practice/disclosure-controd-of-health-statistics/index. htrnl; and
[b) ©OMNS policy on protecting confidentiality within birth and death statistics and the
Code of Practice for Official Statistics: http:/Swww . ons. govuk/ons suide-
metho st-practice/disclosure-controd-policy-for-birth-and-death-

statistics imdex hitml.

7112 Before undertaking any Pulblishing activity using the Data or any derived information, the Data Redpient
must undertake an organisational risk assessment exercise to ensure compliance with the above guidelines.

7.1.13  The HSCIC reserves the right to undertake an audit with respect to the use and storage of the Data to ensure
that the terms of this DSA are being abided by.

7114 i the Data Recipient wishes to retain the Data beyond the expiration date of this D54, it must contact the
HSCIC not less than one month prior to the expiration date to request an extension to this D54, Under no
circurnstances shall the Data Recipient retain the Data without an extant DSA in place.

E.Data Access

£1  Under the terms of this D54, the Data Redpient must ensure that access to the Data is managed, auditable
and restricted to those individuals who need to process the Data for the specific purpose//s outlined in this Dsa.

o.Data Security Requirements
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01  The Data Recipient undertakes to comply with all of the information security provisions set out in the Data
sharing Framework Contract. Some of the key terms are reproduced at paragraph 9.2 below for the Data Recipient's
informiation purposes only.

9.2  The Data Recipient must:

021 implemant and maintain security standards, processes, procedures, practice and controls appropriate to the
nature of the Data received and the harm that would be caused by its loss or disclosure;

022  process Personal Data and/or sensitive data only for health and social care purposes, and only for purposes
described in this DSA which are consistent with the purposes recorded in the Data Recipient's data protection
registration with the iInformation Commissioner's Office;

023 process the minimurn data necessary (e.g. using age range rather than age if sufficient);

924  ensure that access to the Data is limited to those employees who need access to the Data for the purpose
stated in this Dsa;

025  ensure that the Data supplied is stored on a secure system password protected and that all computer
terminals and other means of access are maintained securely in secure premises;

026 ensure the rights of mdividuals are met, such as satisfying subject access requests received, ensuring data
arccuracy and correcting errors, and handling objections and complaints;

927 permanently destroy/delete or erase the Data once it is no longer required for the purpose for which it was
collected and confirming destruction to the HSCIC in accordance with this D5a;

o028 ensure that all employees with aocess to the Data understand the confidential nature of the Data and their
respansibilities;

929  report immediately to the HSCIC any security incidents relating to use of the Data, and amy breaches of the
terms of this DSA.

8.3 The named person must not share their password with any other person at any time. Once the Data has been
transmitted by the H5CIC, the Data Recipient shall be responsible for the security of the Data.

Charges

10.Principles of charging

101 The HSCIC operates on a cost recovery basis, where the costs of data provision under this DSA are not fully
coverad by those statutory duties which are covered by its central organisational funding. The HSCIC does not seek to
make an operating profit from providing services under this DA

10.2 The following chargas shall be recouped via the Service Production Fee specified in Annex A: section 11
10.2.1  all design or implementation specific senices required to generate bespoke datasets or extracts; and
10.2.2  all administration services associated with providing access to the same.

10.3 The following charges shall b2 recouped via the Licence Fee specified in Annex A section 11

10.3.1  delivery and maintenance services to support the ongoing provision of bespoke datasets or extracts;
10.3.2  security and audit services in support of HSCIC stewardship of sensitive data.

10.4 The audit fees in Annax A: section 11 represent the approximate expected cost to the Data Recipient where
the HSCIC undertakes am audit which reveals that the Dat Recipient either has not compliad, or is not complying,
with any of its oblizations under the Data Sharing Framewaork Contract and/or this D54

11.5ub-licensing conditions

111 The Data Redpient may only sub-licence the Data in accordance with the conditions set out in Annex A:

section 10

112 any breach of these sub-licensing conditions by the Data Recipient or the sub-licensee shall ntitle the
HSCIC ta terminate this D5A.
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Annex A: Application Summary

1a: General
Request Number

Request Title:

D54 Start Date

D5A End Date

DARS-MIC-29553-L0P4F-v1.5

MIR1208 - Do hormonal treatments for assisted reproduction increase
risk of cancer or martality?

1271172016

29/12/2017

1h: Data Controller(s)

«  University College London (UCL)
Data Controller

Organisation Type:
Data Controller Type:
HECIC Framework Contract Reference:
Contract Expiry Date:
Security Assurances for Data Controller
Typ=:
Version:
Date Completed:
Comments:
Org Code: EE133002-5LMS-DSH

IGT Soora:

IGT Reviewed Date:

Date Checked by HSCIC:
DPA Registration

DPA Registration Mumbser:

DPA Organisation Mame:

Expiry Date:

DPA Checked On :

Activity Recorded:

Description of processing

University College London (WICL)

Gower Strest
Londan
WCI1E 66T
England

Academic
Sole Data Controller
CiON-321538-850EE6

G Toolkit
version 13 (2015-16)

1B8/04,/2016

71% Reviewed  Satisfactory
18/04/2016
27/10/2016

ZE3E41DE

University College London
28/01/2017

27,/10/2016

The following is a broad description of the way this organisation/data controller processes personal information. To
understand how your own personal information is processed you may need to refer to any personal
communications you have received, chadk any privacy notices the organisation has provided or contact the
organisation to ask about your personal ciroumstances.

Page 4 of 17

Report 2.6.8 (Terms B Comditions 1.8)

282



Data Sharing Agreement final with customer approval m

DARS-NIC-29554-L0PAF-vL.5 Dlgltal

Page 5 of 17

Reasons/ purposes for processing information

‘W process personal information to enable us to provide education and support senvices to our students and staff;
advertising and promoting the university and the services we offer; publication of the university magazine and
alumni relations, undertaking research and fundraising; managing our accounts and records and providing
commercial activities to our clients. We also process personal information for the use of CCTV systems to monitor
and collect visual images for the purposes of security and the prevention and detection of crime. To provide
healthcare services for patients of NHS partner hospitals

Type/classes of information processed

‘We process information relevant to the above reasons/purposes. This may include:
=personal details

sfamily details

=lifestyle and social circumstances

=education details and student records

=aducation and employrment details

=financial details

=dizciplinary and attendance records

syetting checks;

=zpods or services provided

=yisual images, personal appearance and behaviour
sinformation held in order to pulblish university publications

W also process sensitive classes of information that may include:
sracial or ethnic origin

=trade union membership

=religious or other similar beliefs

#physical or mental health details

=sawual life

=offences and alleged offences

scriminal proceedings, outcomes and sentences

whao the information is processed about

‘We process personal information about:
=students

=employees, contracted personnel
=suppliers, professional advisers and consultants
=husiness contacts

slandlords, tenants

=complainants, enguirers

=donors and friends of the University
=authors, publishers and other creators
=persons who may be the subject of enquiry
=third parties participating in course work
#health, welfare and social organisations
»friends of the University

sindividuals captured by CCTV images
*patients of NHS partner hospitals

‘who the information may be shared with
We sometimes need to share the personal information we process with the individual themself and also with other
organisations. Where this i necessary we are required to comply with all aspects of the Data Protection Act [DPA].

‘what follows is a description of the types of organisations we may need to share some of the personal information
we process with for one or more reasons.

Report 2.6.8 (Terms & Conditions 1.8)
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where nacassary or required we share information with:
=family, associates and representatives of the person whose personal data we are processing
sCurrent, past or prospective employers
shealthcare, social and walfare arganisations
=educators and examining bodies

=suppliers and service providers

=student union

=financial organisations

=debt collection and tracing agences
=guditors

=police forces, security organisations

=courts and tribunals

=prizon and probation servicas

=lezal representatives

slocal and central government

=gonsultants and professional advisers
=trade union and staff associations

=suryay and research organisations

=press and the media

syoluntary and charitable organisations
=landlords

Undertaking Research

Personal information is alzo processed in order to undertake research, induding research relating to health and for
the diagnosis of patients. For this reason the information processed may include name, contact details, family
details, lifestyle and social ciroumstances, financial details, good and services. The sensitive types of information
may include physical or mental health details, racal or ethnic origin and religious or other beliefs and offences and
alleged offences ariminal proceedings, cutcomes and sentences. This information may be about surey respondents.
where nacassary or required this information may be shared with customers and clients, agents, service providers,
suryey and research crganisations.

Transfers
It may sometimas be necessary to transfer personal information oversezs. When this is needed information may be

transferred to countries or territories arcund the world. &ny transfers made will be in full compliance with all
aspects of the data protection act.

ic: Data Processor(s)

«  University College London {WEL)

Data Processor Area: EnglandWales
organisation Address: GOWeT Streat
London
WCI1E 6BT
England
Security Assurances for Data Processor
Type: ¥s Toolkit
Wersion: wersion 13 [2015-15)
Date Completed: 13/04/2016
Comments:

Org Code: EE133502-5LM5-D5H
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IGT Score: 71% Reviewed, Satisfactory
IGT Reviewed Date: 18/04/2016
Date Checked by HSCIC: 27/10,/2016
DPA Registration
DPA Registration Murmbser: 26364106
DP& Organisation Mame: University College London
Expiry Date: 28/01/2017
DP& Checked On: 27/10/2016

Activity Recorded:
As per data controller details

2. Locations

2a. Processing Location(s)

Ll GREAT ORMOMIY STREET INSTITUTE OF CHILD HEALTH

Location Area: England & wales

Organisation Address: General and Adolescent Paediatric Unit
30 Guildford Strest
London
WC1N 1EH

2b. storage Location(s)
UCL- GREAT ORMOND STREET INSTITUTE OF CHILD HEALTH

Location Area: England & Wales

Organisation Address: General and Adolescent Paediatric Unit
30 Guildford Street
London
WCIN 1EH

2c. Territory of use
England/wWalas

3. Datasets Held/Requested
3a. Data Access Already Given

Dtaset Extract Type  ldentifiability | Sensitivity  Periods Legnl Basis Tor Dissemination  Dats Minimisation

Page 7 of 17 Report 2.6.8 (Terms & Comditions 1.8)
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WRIS - Flgging  Extrac
Current Status
Report

MRIS - Couse of | Ewbract
Deaih Report

Page & of 17

kderriifiabde Sensitree HiA Hetiorel Henlth Service Act Cohort
[Desth] Entry | Event Dotz ZWE-:Hi-'Ehl'mlﬂpu'ﬁel't
Mumber OR information’.
Cancer Type

[Death]

Register

Humber OR

Caner Site

[Death]

Registration

Diskrict OR

CanCer

Registration

Wumber

Supplied

Memrioer

Humber

[Demth]

Registration

Sub District OR

Cancer

ARpiversary

Waar

Identitiakde Tanzifve Hfa National Hesith Service Act Cohort
Cause of Death | K0S Muitipls 2006 - 5251 - "Conkral of patient
et Cause Code information’.
Couse of Death | 5,

TRt A OO M uitipie

Third Cause Code

Forename of | 3,

Decmmsed Lkl

Other Multizk

Forenama of | Csuse Code

Deceased iz

Also loniown Bs | KOS Multipis

Surname of Caurse Code

Darsared 11,

Deske of Birth Laeils]

Sacond Multink

Forename of | Cause Code

Dacsssed 13,

Couse of Death | KDA0

et E Muitioe

Couse of Death | Cause Code

et B 1,

Maiden Name | KD muRiple
Cmuse of Death | cause code

taxt D s,

Supoiied KD M uitiple
Memiber Canse Code
Mumber 1%,

Adress of DS M it
Deceased Cause Code
Surname of iz,

decEnsed MO0 it

Event Details | Cause Code
Cate of Desth | 7,

First Forename | KO0 Muitipls
of Derassed Caupse Code

Report 2.6.8 (Terms E Conditions 1.8)
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3b. Additional Data Access Requested

Page 9 of 17 Report 2.6.8 (Terms E Conditions 1.8)
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Dataset Exiract Type Idenfifisbility Sensitivity  Periods Legal Basis for Dissemination  Data Minimisation

3c. Patient objections

Patient Objections applied? Was

4. Fair processing

1. Transparency- This project is open and transparent. This project has section 251 support. It also has Human
Fertilization & Embryology Authority (HFEA) approval. It is published on the HFEA website and through HFEA netwaorks.
| httpc/Swww. hfea. gov.uk/docs/ 201 0-09-

14 Lay summary_of_Cancer_in_women_after ART_Study Sutcliffe_Register_Research_Panel_Final PDF)

2. Mot detrimental to data subjects- No study subjects have or are expected to come to harm through this project.
subjects are not contacted directly and LCL only hold anomymous data.

3. Data handled reasonably- As above UCL only hold anonymous data for this project. without receiving the list of UMM
and identifiable data held at NHS digital (which will not be allowed to happen), UCL will never be able to identify any
data subject from information held. Never the less the data is held securaly, encrypted and password protected. in
October 2016, UCL is moving this anonymous data to their Data Safe Haven (as part of a general move towards
improving information governance within the crganization).

288



Data Sharing Agreement final with customer approval m

DARS-NIC-29554-LOPAF-v1.5 Di gItEll

5.
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Purpose/Methods/Outputs

5a. Objective for processing:
The objectives of this research project are: -

1. Toinvestigate the relationship between hormaonal treatrment and site specific risks of @noer incidence, especially
reproductive related cancers, in relation to type of treatment, especially type, duration and age of exogenous hormone
SNPOSUrE.

2. Toestablish if there is any link between cause-specific mortality and Assisted Reproductive Techmology [ART) exposure.

Baoth of these objectives relate to long standing clinical questions to which answers are unclear (thers is genuine dinical
equipoise in this case). Data received from MHS digital are being analyzed to directly answer these research questions.

The assisted reproduction authority (HFEA) has approved and supports this research. The research is being undertaken by
University College London. Outputs will relate to a similar but unrelated project (MR1318).

Sh. Processing activities:

Mo further data dissemination i= being requested. This request is for an extension to the data sharing agreement for the
data already held.

Data processing for this project has been desizned to ensure that identifiable data are seen by the fewest number of
people at sacure locations in secure methods as possible.

Identifiable data held by the Human Fertilization and Embryology Authority (HFEA) has been encrypted and securely sent
to MHS Digital (file 1 on attached data flow) who linked this data to MRIS. File 3 in the data flow was no required and thus
was not sent. Cancer and Death cutcomes were then securely transported to UCL along with unique member number (file
5 in data flow). This was then linked to HFE dlinical data (minus identified data) and resulted in file 8 which is still securehy
held at WCL and currently in the final stages of analysis. File 8 is largely ancnymous as UCL staff members have never had
(and will never have) the key file 9 which details unigue member against corresponding identifiable data. The only
identifiable data held by UCL is date of death.

Thus file 8 is held encrypted and securely at UCL. As mentioned further on in this application, this data is currently being
transferred [within unit} to WCL's data safe haven in October 2016 as part of UCL's move to improved data security. Copies
uzad for transfer will be securely deleted.

As mentioned further on, this data is currently being used to produce the first scientific paper which will be submitted to a
broad medical journal [Mew England Joumnal of Medicing] to help inform IVF practitioners about cancer risks after assisted
concaption. & further paper regarding mortality risk in this cohort is at an earlier stage of analysis.

Sc. Specific Outputs Expected, Including Target Date:

The main paper "Risk of Ovarian, Breast and Endornetrizl Carcinoma in Women after assisted conception; 2.2 millian
person years of observation in Great Britain’ is currently being drafted (along side final analysis]. UCL expect this to
submitted to a peer-reviewed journal (the New England Journal of Medicing) by the end of 2016. The main paper
imvestizating martality in this cohort is expected to be submitted to a peer-reviewed journal by mid 2017.

These journals are likely to be subscription only, however abstracts of this work will be open access. The main audience for
these papers will be a broad scientific/ dinical audience, in order that clinicians disseminate results to their service users.

additionally LCL will produce a report for the HFEA to publish open access on their website and disseminate via their
networks (by end of 2017).

outputs will contain only aggregate level data with small numbers suppressed in line with analysis guidance. This has been
the case in published related work http:/ Swenw nejm.org/doi/full /10.1056/NEINM0a1 3016754 =article

Sd. Expected Measurable Benefits to Health and/or Social Care Including Target Dates

Report 2.6.8 (Terms E Conditions 1.8)
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The benefits of this data sharing are not specifically measurable but are very important to assisted conception senice
users. The main benafit of this project is that it will provide assisted conception clinicians and service users with safety
data regarding carcinoma risk. These risk estimates be the most robust aver produced, given the cohort size and strengthe
This is impartant given the high degree of uncertainty which surrounds cancer after assisted conception.

kaost of these risk estimates are currently being finalized and therefore the main benefits of this study will be realized
within the next 6-12 months, once scientific papers are published (2017) and the HFEA report is disseminated (before the

end of 2017).

Howewer preliminary cancer risks (breast, ovarian and endometrial) after assisted conception have already been
presented at an international conference for assisted conception clinicians and were given widespread coverage
(https:/Sesw asrmoorg/For_Women_Having_NF_Infertility_Status_and_Diagnosis_Determine_Ovarian_cancer_Risk/).

Related work on this cohort has provided reassurance that children born after assisted conception are not at overall
greater risk of cancer than the general population.  (hitp:/ferww nejmoorg/doi/full/10. 1056/MEMMOa1301675)
(http:/ferersi_hfea gov_uk/7813 htmi).

5, Is the Purpose of this Application in Anyway Commercial?

Mo

6. Special Conditions

7. Approval Considerations

Materislz Reviewed Wersion Date of Document Date of Approwal Expiry / Rewi Co ]
Frotocod i 008y B 04087 2040 03,0220 7 S
Section 231 Support i [z Rarlpia. L} 030272041 03,0220 7 Original section 234
approval

Section 234 Support 1 17/04 22 0302f208L 03/ 20e7 First anmusl review
Section 231 Support i 1E/melpd3 1E/oei2043 0302 20dT S=cond annual revisw
8. Period and Funding

8a. Data Retention

Indicative Data Retention Pericd: 29/12/2007

Page 12 of 17
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Reason fior this Period:

UCL expect to complete analysis involving date of death by the end of
2017. Therefore this data will be deleted by 29/12/2017.

8b. Funding Sources

Type of Funding Source:

awarding Institution:
EU/Internaticonal programme:
Reference and title of project/activity:
Year of submission/award:

Applicant or Partner:

Funding evidence WRL:

Type of Funding Source:
Awarding Institution:
EU/Internaticonal programme:

Public
Mational Institute for Health Reserach

DRF-305526

Applicant

Public
Cancer Resaarch UK

Reference and title of project/activity: CIG0IE/A11704.
Year of submission/award: 13/04/2011
applicant or Partner: Applicant
Funding evidence URL:

9. ONS Users

10. Sub-licencing
Does sub-licensing apply? Mo

11. Charges
set up and first year service charge £500.00
annual Service Charge £0.00

In the event that an audit by MHS Digital reveals that the data recipient either hasn't complied with, or is not complying
with, any of its obligations under the Data Sharing Framework Contract or Data Sharing Agreement, the audit fees of
£15, 000.00 will be chargeable to the data controller named in this agreement.

Page 13 of 17
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Annex B: Additional technical infermation

1. Data to be received by HSCIC under this agreement

Linkage already carried out to MHS central register through MRIS system.

2. HSCIC data covered by this agreement

A summary of the datasets covered by this agreement are shown in section 3 above.

2a. Data already held

= MRIS - Flagging Current 5tatus Report
Periods
N/A

Sensitive fialds
[Event Cate] Event Date

Identifiable fields

[[eath] Entry Number OR Cancer Type] [Death] Entry Mumber OR Cancer Type,

[[eath] Register Number OR Cancer Site] [Death] Register Numbser OR Cancer Site,

[[reath] Registration District OR Cancer Registration Number] [Death] Registration District OR Cancer Registration Number,
[supplied Member Number] Supplied Member Number,

[[eath] Registration Sulr District OR Cancer Anniversary Year] [Death] Registration Sub District OR Cancer Anniversary Year

other fields

[Cancelled Event / Amended Event / Duplicated Patient Notification] Cancelled Event / Amended Event / Duplicated Patient
Notification,

[Event Type] Ewvent Type,

[Latest Posting] Latest Posting,

[Date of Latest Posting] Date of Latest Posting,

[[Blank] OR Cancer Behaviour] [Blank] OR Cancer Behaviour

Filters/minimisation efforts
Cohort
Data Transfer Method
MR products
MR reference number MR1208
Bespoke/other
Recommendad method Automated
Output
Cutput File description -]
De-identified details Mo
Data delivery

= MRI5 - Cause of Death Report

Pare 14 of 17 Report 2.6.8 (Terms & Conditions 1.8@)
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Periods
A

Sensitive fields

[ICD% Multiple Cause Code 5] D9 Multiple Cause Code 5,
[ICC® Multiple Cause Code 3] ICD2 Multiple Cause Code 3,
[1E010 Multiple Cause Code 14] ICD10 Multiple Causs Code 14,
[ICs Multiple Cause Code 11] ICD9 Multple Cause Code 11,
[1E010 Multiple Cause Code 13] ICD10 Multiple Cause Code 13,
[IC0L0 Multiple Cause Code 1] 1CD10 Multiple Cause Code 1,
[1cDs multiple cause code 14] 1IC09 multiple cause code 14,
[ICD% Multiple Cause Code 15] 1CDS9 Multple Cause Code 15,
[ICC® Multiple Cause Code 13] 1CD9 Multiple Cause Code 13,
[Ic0e Multiple Cause Code 7] ICD2 Multiple Cause Code 7,
[ICDs Multiple Cause Code 8] CD9 Multiple Cause Code B,
[Event Date] Event Date,

[lcCe Underlying Cause] DS Underlying Causa,

[ICDs Multiple Cause Code 1] CD9 Multiple Cause Code 1,
[ICDL0 Multiple Cause Code 5] ICD10 Multiple Cause Code 5,
[ICC® Multiple Cause Code 8] ICD2 Multiple Cause Code 9,
[IC0® Multiple Cause Code 6] ICD2 Multiple Cause Code 6,
[ICDs Multiple Cause Code 4] ICD9 Multiple Cause Code 4,
[IC0L0 Multiple Cause Code 3] 1CDA0 Multiple Cause Code 3,
[ICoL0 Multiple Cause Code 8] 1CD10 Multiple Cause Code 8,
[ICDL0 Multiple Cause Code 4] 1CD10 Multiple Cause Code 4,
[ICDL0 Multiple Cause Code 6] ICD10 Multiple Cause Code &,
[1E010 Multiple Cause Code 12] ICD10 Multiple Cause Code 12,
[lcoyo underlying Cause] ICDA0 Underlying Cause,

[ICDL0 Multiple Cause Code 3] 1CD10 Multiple Cause Code 9,
[IcC® Muitiple Cause Code 12] 1CD9 Multiple Cause Code 12,
[IE010 Multiple Cause Code 11] ICD10 Multiple Cause Code 11,
[ICD% Multiple Cause Code 2] KOO Multiple Cause Code 2,
[IC0L0 Multiple Cause Code 2] 1CD10 Multiple Cause Code 2,
[lE010 Multiple Cause Code 15] ICD10 Multiple Causs Code 15,
[ICDL0 Multiple Cause Code 7] ICD10 Multiple Cause Code 7,
[1E010 Multiple Cause Code 10] ICD10 Multiple Cause Code 10,
[lcCe Muitiple Cause Code 10] 1CD9 Multiple Cause Code 10,
[Place of Death] Place of Death

Identifiable fislds

[Cause of Death text €] Cause of Death text C,

[Cause of Death text A] Cause of Death text A,

[Third Forename of Deceased] Third Forename of Deceased,
[other Forename of Deceased] Other Forename of Deceased,
[also known as Surname of Deceased] Also known as Sumame of Deceased,
[Date of Birth] Cate of Birth,

[second Forename of Deceased] Second Forename of Deceased,
[Cause of Death text E] Cause of Death text E,

[Cause of Death text B] Cause of Death text B,

[Maiden Name] Maiden Mame,

[Cause of Death text D] Cause of Death text D,

[Supplied Member Number] Supplied Mamber Numbser,
[address of Deceased] Address of Deceased,
[surname of daceased] Surname of deceased,

[Event Details] Event Details,

[Date of Death] Date of Death,

[First Forename of Deczasad] First Forename of Deceased

Other fields

Page 15 of 17 Report 2.6.8 (Terms & Conditions 1.8}
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[Cancelled Event / Amended Event / Duplicated Patient Notification] Cancelled Event [ Amended Event / Duplicated Patiant
Maotification,

[Date of Inquest] Date of Inguest,

[Place of Birth text] Place of Birth text,

[Ewent Type] Ewvent Type,
[ender of Deceased] Gender of Deceased,
[Latest Posting] Latest Posting,

[Date of Latest Posting] Date of Latest Posting,
[Date of Registration] Date of Registration,
[Oocupation] Occupation
Filters/minimisation efforts

Cohort

Data Transfer Method

?h. Additional data provided under this agreement

3. Additional Information

Recommended product{s)

List Clean No
Patient Status s
Patient Tracking No

Additicnal Technical Detail

Extension Only to HOLD data already received - no future dissemination of data
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Annex C: Approval Information

.Signed for and on behalf of the Information Asset Chaner:

MName:

Electronic approval reference:
Organisation Mame:

Role:

Date/time:

Earry Coleman
51150DCE-4B03-CC44A-3994-BDF6ESFFTBAE
The Health and Social Care Information Centre
Head of Business and Operational Delivery
27/01/2007

Signed for and on behalf of the Health and Social Care Information Centre:

MName:

Electronic approval reference:
Rivle:

Date/time:

Signed for and on behalf of the Data Recipient:
Organisatien Mame:

Electronic approval reference:
Mame:
Position in organisation:
Date:

Page 17 of 17

Terry Hill
SABITETA-5CIF-587D-DAEZ-6711229D42ER
Business and Operational Delivery Director
30/01,/2017

Unpeersity College London (LICL)

253f4dET-3F0E-4C TE-04F1-c0acfalb0ead D3 02/2017
13:22:18

Alastair sutcliffe

03022017

Report 2.6.8 (Terms & Conditions 1.8)
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e) Scottish Approval- women’s study

General Register Office for Scotland
Cairnsmore House, Crichton Business Park., Dumfries,
DG1 4GW

Drirect lina 01387 238813 Intermaticmal 4 1387 250823
Facsimile D137 47958

Email dezaf-uhb WHECE-Sootland - Madical-FassarchSinhs not
Amy.reply shosld be addressed toNHSCR
Y our
Or A D Sutcliffe reference
Senior Lecturer in Child Health/Consultant
Paediatrician.
General Adolescent Paediatric Unit Our
Institute of Child Health reference MR 1208
30 Guildford Street
London Date 13 January 2011
WC1IN 1EH
Dear Dr Sutcliffe

O Hormonal Treatments for Assisted Reproduction Increase Risk of Cancer or Mortality? A Mational
Cophyert

The Privacy Advisory Committee has considered and approved your request to flag records in NHSCR to be
informned of deaths, cancers, exits and postings in support of the above study. Information will be sent o you
attached to study number onby.

Condifions sppled: Maone

Time period: As specified

Poirtz hightighted: Mone

The approval of the Committee is for a period of 5§ years from the date of this letter.  Any change to the
termns of youwr application, including changes in data user(s), additional data fields or extension of the time

pericd approved must be requested through Susan Kerr, PAC Administrator on 0131 275 6455 or
susan. kerr2i@nhs. net

Pleas= note that the fiollowing details about your application will be published under the following headings
an the PAC website at http:wewawisdscotland. org/isd 3048 himil later this year:

Application  Date Title Summary  PAC M55 Date
Mumber Received Recommendation Decision Completed

If you hawve any gquestions on how to progress your study im Scotland, please contact |scbel Wilsaon om 01387
250824 for advice.

“fours sincersly,

Dr Janet Murray
Consultant in Public Health Medicine
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f) Children’s study research ethics committee approval

National Research Ethics Service

North West London REC 2
Reyal Free Hospital NHS Trust

Rayal Free Hospital

Scuth House, Block A

Pond Straet

Londan

NW3 206

Talephane: 0207 78« 0581
Facsimile: D207 794 0714
23 June 2010

Dr Alastalr Sutclifte

Senior Lacturer in Child Health
Instilute of Child Health

30 Guilford Street

London

30 Guilford Street, London
WC1N 1EH

Dear Dr Sutcliffe

Study Title: Are children born after assisted raproduction at
increased risk of cancer? A population based linkage
study.

REC referance number: 10/HO720/45

The Research Ethics Committee reviewed the abave appiication at the meeting held on 16
June 2010. Thank you for attending to discuss the study.

Ethical opinion

The background to this study is to establish if children born after assisted reproductive
therapies ((ART) such as IVF), are at increased risk of developing childhood cancer
compared 1o spontaneously concsived children. The committee recently approved a sludy
similar to this one. This group of researcher have got permission from the Assisted
Reproduction Database and the Childhood Cancer database to (00K at in formation on their
database for researcher purposes.

The researcher gave copies of approval from these Groups to the committee

The study was approved

The members of the Commitiee present gave a favourable ethical opimon of the above
research on the basis described in the application form, protocol and supporting
documentation, subjact to the conditions specified below.

Ethical review of research sites

The favourable opinion applies to all NHS sites taking part in the study. subject to
management permission being obtained from the NHS/HSC R&D office prior to the start of
the study (see “Conditions of the favourable opinion” below).

Conditions of the favourable opinion
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tTh': favourable opinion is subject ta the following conditions being met prior to the start of
study.

For NHS research sites only, management permission for research ("R&D approval’) should
be obtained from the relevant care organisation(s) in accordance with NHS research
governance amrangements. Guidance on applying for NHS permission for research is
aveilable in the Integrated Research Application System or at http:/Awww.rdforum.nhs.uk.
Whers the only invoivement of the NHS organisation Is as a Participant ldentification
Centre, managemen! permission for research is not requirsd but the R&D office should be
notified of the study. Guidance should be sought from the R&D office where necsssary.

Sponsors are not required fo notify the Committee of approvals from host organisations.

Itis responsibility of the sponsor to ansure that all the conditions are complied with
bafore the start of the study or its initiation at a particular site (ac applicable).

Approved documents

The dacuments reviewed and approved at the meeting were:

A RS : L [Mersion " vilgatet T T
26 Apr! 2010

26 22 December 2008
REC application
Summary/Synopsis 20 April 2070
D¢ Carrie Williams CV 26 April 2010
Picture by ARY Conceived Cancer Sufferer
Evidence of insurance or indemnity 01 August 2008
Letter of Support - Infertility UK 18 Oecember 2009
Letter of Support - ACEBABES 22 December 2009
Letter of Support - CCLG Mr Mark Gaze
Whtten Questions from ART Parents
Latter from Parantof ART Child who died of Cancer |

Membership of the Committee

The members of the Ethics Committee who were presant at the meeting are listed on the
attached sheet

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for
Research Ethics Committees (July 2001) and complies fully with the Standard Operating
Procedures for Research Efhics Committees in the UK.

After ethical review

Now that you have completed the application process please visit the National Research
Ethics Service website > Aftar Review
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You are invited to give your view of the service that you have received from the National
Reasearch Ethics Service and the application procedure. If you wish to make your views
known please use the fesdback form availabie on the website

The attached document “After ethical review - guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

* Notifying substantial amendments
* Adding new sites and investigators
» Progress and safety reports

« Notifying the end of the study

The NRES website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures,

We would also like to inform you that we consult regularly with stakenolders to improve our
service. If you would like to join our Reference Group please email

referencegroup@nres. npsa nhs uk

| 10/HD720/45 Please quote this number on all correspon denco_'

With the Committee’s best wishes for the success of this project

f n Dr Michael Pegg

Chair
Enclosures: List of names and professions of members who were presant at the

meeling and those who submitted writtsn comments
"After ethical review - guldance for researchers® [SL-ART for CTIMPs,
SL-AR2 for other studies]

Copy to: Ms Sabine Klager
{R&D office for NHS care organisation at lead site]
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g) Children’s study, section 251 approval

NIGB

Ethics and Confidentiality Committee

Dr Alastair Sutclifie WIGE Dffice
General and Adolescent Paediatric LUnit New Kings Beam House,
Institute of Child Health 22 Upper Ground,
30 Guilford Street London,
London SE1 38W.
'WC1N 1EH Tel (020) FE33 Foa2

Emaii: eceapplicationsi@nhs.met

03 May 2011

Dear Dr Sutcliffe

ECC (HFEA) 5-04 (a) /2010 - Are children bom after assisted reproduction at increaszed rizk
of cancer? A population based linkage study.

Thank you for applying for support under section 251 of the NHS Act 2006 and Health senvice
(Control of Patient Information) Regulations 2002 to process patient identifiable information without
consent.

This application has been processed in line with a memorandum of understanding developed
between the Human Ferilization and Embryology Authority (HFEA) and the MIGE Ethics and
Confidentiality Committes (ECC). This application was onginally considered by the Committee at
its meating on 02 June 2010.

Background

It has been agreed that the HFEA will delegate the handling and assessment of all applicaticns
with @ medical purpose under the Human Fedilisation and Embryology (HFE) Act 1930 to the NIGB
Ethics and Confidentiality Commitiee (ECC). Under this delegated authority, the ECC will consider
and recommend to the HFEA whether to grant or refuse permizssion to use identifiable register
information {or to impose conditions upon its use). As data controller of the Register, the HFEA will
take a final decision based upon this recommendation, and then if disclosure is permitted will work
with the applicant to enable use of the dataset. In terms of disclosure of patient information not
contained in the HFEA reqgister, the ECC will take the final decision under section 251 of the NHS
Act 2006

Outcome

Further to the update letter dated 28 June 2010, this confirmed that the Committee provided
provigional approval under section 251 to access patient idenfifiable information from the UK
Registry of Childhood Tumours (MRCT), and provided a recommendation of support to the HFEA
to pemit thiz linkage of data from the LUK Registry of Childhood Tumours (MRCT) and the Human
Fertilization and Embryclogy Authority Register in order to assess the nisk of cancer in children
bom after assisted reproduction. It is also understand that the HFEA accepled this

Mational Information Governance Board for Health and Social Care

h) Caldicott Guardian Approval NRCT
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DEFPARTMENT OF PAEDIATRICS
CHILDHOOD CAMCER RESEARCH GROUP

Richards Building, University of Cford, Old Road Campus, Headington, Osxdford 0X3 TLG

Tel: +44{0)1885 617800 Fax: +44(0)1385 617801
WWW.CCIg.0.ac. uk INIVERSITY OF

26 October 2021

Mational Information Governance Board Office
Floor 7

New Kings Beam House

22 Upper Ground

London

SE1 9BW

Dear Sir,

Are children born after assisted reproduction at increased risk of cancer? A population
based linkage study.

The above study has been designed by Dr Alastarr Sutcliffe and colleagues and will mvolve data
exiracted from the National Registry of Chuldhood Tumours (NE.CT) mamtained by the
Childhood Cancer Eesearch Group (CCERG) i Oxford.

The NECT is affiliated to the National Association of Cancer Registnies and has section 231
support under the NES Act 2006 for its routine registry functions. The CCRG has adeguate
facilities and security procedures in place to ensure the safe handling of the patient identifiable
mformation Ifqm.red by the study. Further details can be found in the relevant parts of the NIGB
applhication form.

Yours fathfully.

Kathryn Bunch

Caldicott Guardian
Childhood Cancer Fesearch Group
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i) Caldicott Guardian Approval Great Ormond Street Institute of
Child Health

Great Ormond Street m
Hospital for Children

NHS Trust

Great Ormond Street
London WCIN 3JH

Date 21/4/10
Tel: 020 7405 9200

Dear representatives of the Ethics and Confidentiality Committee,

1. 'Are children born after assisted reproduction at increased risk of cancer? A
population based linkage study.” A. Sutdliffe et al. Intitute of Child Health R&D Ref.
08GP17, UCL Data protection registration number Z6364106/2010/04/54.

2. 'Be hermenal treatments for assisted reproduction increase risks of cancer or
mortality in women? A national cohort study’. A. Sutcliffe et al. Institute of Child
Health R&D ref, 09GP13, UCL Data protection registration number
26364106/2010/03/21.

I have been asked to review these studies in my capacity as Caldicott Guardian for Great
Ormond Street Hospital NHS Trust. | am happy with the proposals from a “Caldicott”
perspective,

Yours sincerely,

Mr Robert D Evans [MScD FDSRCS (Eng) FDSRCS (Ed) M.Orth RCS (Ed))
Co-Medical Director/Caldicott Guardian
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Appendix 4; Women'’s cancer selected Stata logs

a) Breast Cancer

PDF

All Breast Cancer.pdf

b) Ovarian Cancer

PDF

All ovarian cancer.pdf

c) Corpus Uteri Cancer

PDF

All Corpus Uteri
cancer.pdf
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Appendix 5; Children’s cancer selected Stata logs

a) Childhood cancer, data cleaning logs

PDF

Childhood cancer
data cleaning.pdf

b) Childhood cancer analysis

PDF PDF PDF

Childhood cancer Childhood cancer Childhood cancer
Analysis part 1.pdf analysis part 2.pdf analysis part 3.pdf

c) Childhood cancer, donor data

PDF

Childhood cancer,
donor.pdf
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Appendix 6; Study Publications; a) Women'’s Study

Bl orenacoess Risks of ovarian, breast, and corpus uteri cancer in women
treated with assisted reproductive technology in Great Britain,
1991-2010: data linkage study including 2.2 million person years

TUCL Great Drmond Street

| r=stute af Thild Health,
Lomdan, UK

Tinstitute of Cancer Ressarch,
Lomdan, UK

Tinstitute far'Women's Health,
Universigy College Lendan
Hozpitals, Londan, UK
University of New South Wales,
Sydneg. NS, Australia
“Mational Perinatal
Epidemiology Linit, University of
Oxford, Oxfoed, LE

“Nuffield Department of
Obstetrics and Gynaeoolog
University of Dxfoed, Owford, UK
Comespondence o

Prof& G Sutdifie,

Policy, Practics and Population
Linig, L Great Oemaond Street
Institute of Child Hesits,
Univesky College London,
Lomdon WELN 1EH, LK
asuiclifiegucl.ac ok

(iow g Lt Soncl  on TwRter;
OROD o00-000 -S54 F-£155)
(Ot this as: B0 20183262 k3644
hepebe. oo 1001 136/ b ks

Accepted: & june 2018

of observation

Carrie L Williams," Michael E Jones,” Anthony | Swerdlow.” Beverley | Botting,”
Melanie C Davies,” 1an Jacobs,™ Kathryn | Bunch,® Michael F G Murphy.® Alastair G Sutcliffe’

ABSTRACT

OBJECTIVE

To investigate the risks of ovarian, breast, and
corpus uteri cancer in women who have had assisted
reproduction.

DESIGH

Large, population based, data linkage cohaort study.
SETTIMG AND PARTICIPANTS

Allwomen whao had assisted reproduction in Great
Britain, 1991-2010, as recorded by the Human
Fartilization and Embryology Autharity (HFEA).
INTERVENTIONS

HFEA fertility records for cohort members were linked
to national cancer registrations.

MAIN QUTCOME MEASURES

Oserved first dizgnosis of ovarian, breast, and
corpus uteri cancer in cohort members were compared
with age, sex, and peried specific expectation.
Standardised incidence ratios (SIRs) were calculated
[y use of age, sex, and period specific national
incidence rates.

RESUILTS

2557 B& women contributed 2 257 789 person years'
follow-up. Mo significant increased risk of corpus
uteri cancer {164 cancers observed v 14 6.9 cancers
expecied; SIR 1.12, 95% confidence interval 0.95

to 1. 300 was found during an average of 8.E years'

WHAT IS ALREADY KNOWMN ON THIS TOPIC

Risks of reproductive cancers In women whao have undergone assisted
reproduction procedures are uncertain

Some previous studies have suggested a possible increased risk of breast cancer
nwomen treated at younger ages and with multiple cycles; previous studles
mvestigating endometrial cancer risk are underpowered

Early studies suggested Increased risks of ovaran cancer in these women, while
more recent studies are more reassuring, although Inconsistent, regarding any
ncrease In borderine ovarian tumowrs

WHAT THIS STUDY ADDS

nvestigation

n this large population based study, endometrial cancerwas not Increased
nwomen who had assisted reproduction In Great Britain In 1991-2010when
compared with the general populatien

The risk of breast cancer overall and of Invasive breast cancer was not increased,
but there was a small Increased risk of in situ breast cancer

ncreased risks of ovarian cancer, both invasive and borderline, wene obseved
but limited to women with other known risk factors; these findings require further

che i) | BT 200836252544 | dai: 100136/ ben k3644

follow- up. This study found no significantly increased
risks of breast cancer owerall (257 B v 2641.3; SIR
0.98, 0.94 to 1.01) or invasive breast cancer (2272

v 237 1.4; SIR 096, 092 to 1.00). An increased risk
of in situ breast cancer (201 v 253.5; SIR 1.15, 1.02
fto 1.2%; absolute excess risk (AER) 1.7 cases per

100 000 person years, 95% confidence interval 0.2

to 3.3 was detected, associated with an increasing
number of treatment cycles (P=0.03). Therewas an
increased risk of ovarian cancer (505 v 291.82; SIR
1.3, 1.26 to 1.53; AER 5.0 cases per 100 000 parson
years, 3.3 to &.9), both invasive (264 v 1BE.1; SIR
1.40, 1.24 to 1.58; AER 3.4 cases per 100 000 person
years, 2.0 to 4. 8) and borderline (141 v 103.7; 5IR
1.36, 1.15 to 1.60; AER 1.7 cases per 100 000 parson
wears, 0.7 bo 2.8). Increased risks of ovarian tumours
were limited to women with endometriosis, low parity,
ar both. This study found no increased risk of amy
awarian tumour in women treated because of onlky
male factor or unex plained infertility.

CONCLUSIONS

Mo increased risk of corpus uteri or invasive breast
cancerwas detected in'women whao had had assisted
repraduction, but increased nsks of in situ breast
cancer and invasive and borderline ovarian tumaours
were found in this study. Our results suggest

that ovarian tumaour risks could be due to patient
characteristics, ather than assisted reproduction
itsalf, although bath surveillance bias and the

effect of treatment are also possibilities. Ongoing
manitoring of this population is essential.

Imitrodhusction

Asststed reproduction cycles usually immolve exposura
to supraphysiological levels of oestradiol, exogenous
gonadotropins, and multiple ovaran punciares, all
potentially carcnogenic.’ * Most concern surmounds
the risks of breast, endometrial, and ovarian cancers
after such exposures. **

Smdies  imvestigating breast cancer msks im
women who underwent assisted meproduction are
inconsistent. ™ '* Although some studies have shown an
increasad risk,” most studies do not show an overall
increase of breast cancer in exposad women ™ '®
However, some suggest a possible increased riskwithin
subgroups,” ? including women treated at younger ages®
and with multipls cycles.” Most studies investigating
endometrial cancer risk in exposed populations have
not found = significant increzsed nisk ' * 71 However,
most studies have provided very imprecise estmates
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due to small sample size and few event="** " Ona
stady supgested an increased sk of endometrial
rancer assocated with exposure to gonadotrophins,
commonly used as part of assisted reproductive
technology.™ Some early studies investigating fartiliny
drugs used alone, such as single agent oral clomifens,
suggested increased risks of ovarian cancer® Others
found no assodation between fertility drugs and
ovarian cancer nsk.™ Recent investigations into thetr
u=e as part of assisted reproduction have genarally
besn more reass but remain mconsistent and
at risk of bias.* * ' Some'" ** but not all studies® have
found an increase in borderline tumours.

Given previous inconsistent resulis, small study siza,
and lack of information on potential confounders, we
undertook a population basad linkage study in Britain
o provide nsk estmates for ovanan, breast, and
Corpus wier cancer, in a cohort of over 266 000 women
undergoing assisted reproduction, with information
on potenttal confounders such as panty and infertihng
diagnosis.

Methods
Study population
Wea defined assisted reproduction as “imeatments
or procedures that include m witro handling of
both human oooytes and sperm or embryos, for the
purpose of reproducton.”® Records for all women
undergoing assisted reproduction from January 1991
o September 2009, and those undergoing the same
from October 200% to Decsmber 2010 who gave their
prospective consent, tn England, Wales, and Scotland
were obtained from the Homan Fertbisaton and
Embryology Authonny (HFEAD

UE l=w mandates reporting of all =assisted
reproduction cycles to the HFEA. For cycles performed
before October 2009, ressarch wse of these data
was permitied, but consent could be withdrawn
retrospectively. Fewer than 300 women had done
s0 before this stody began (based on the level of
reportimg detall provided by the HFEA) The stady
cohort, January 1991 @0 September 2009, therefore
represants ahout #9.7% of the at-risk populaton. For
oycles performed October 20059 omwards, prospective
consent was requited Owverall consent was not
prowided for an estimated 7% of women undergoing
assisted reproducton i 1991-2010 (about 20 000
women, based on reports fom the HFEA), who ware
therefore not included in this study, representing a loss
of less than 1% of person years follow-up (Rgure 51,
supplementary appendix .

Dutcome data

HFEA records were linked to the MNatonal Health
Service Central Registers of England, Wales, and
Scotland (from which emigrations, deaths, and cancer
registrations are reported to aothorsed medical
researchears) in a one off linkage. Completensass and
accuracy of these registers have been described =%
Ovarall, records of 266 787 (95 1%:) eligible women
were linked (box 51 and fipure 51, supplementary

appendix). Cancer diagnosis daie, topograply code
(ICD-9/ICD- 10 (imternationzl classificatton of diseases,
ath and 10th revisionsl), morphology (ICD-0-2/
ICO-0-3 (imtermational classification of diseases for
oncology, sacond and thind revisions)), and behariour
(IC0-0- 2/ TCD- 0 3) were avatlable where an incldent
cancer was diagnosed. Women with cancer diagnosss
{tnchading non-melanoma skin cancer) recorded befora
the first treatment year were excladed from analyses.
We ohizined data relating to potential confounding
factors such as infertility diagnosis, parity (as recorded
at last treatment cycle completion), and treamment
datails (including mumber of stimulated cycles and
age at Arst reatment) for each cohort member from
the HFEA database These data are a combination of
patient reported and clinic reportad information (table
510 Information regarding infertlity diagnosss are
reparted io the HFEA by assisted reproduction clinics,
based on imvestigations undertaken by that clinic; by
the refarmng chimioan; or occastomally by patient self
rapart.

Statistical analyses
Follow-up was calculated from date of first treatment
(estimated as the mid-point of the fArst treatment
year) untl the date of any cancer diagnosis, death,
emigration, of study end (March 2011), whichever
came first. For analyses imvolving mumber of cycles,
tnfertility duration, and lwve and muoltipls births,
parsan years at risk were calculated from date of last
treatment (estimated as mid-point of the last treament
year), because the HFEA did not recond intermediate
dates tequired for tme dependsnt analysts. To
calculate expected cancers, we multiphed the person
years at risk by comesponding nationzl incidence rates
(b 5 year age band and indidual calendar year) for
the ganeral famale population of England and Wales.
Sandardised incidence ratios were caloulated by
the comparison of observed walues with expected
values. We calculated 9500 confidence intervals,
mwo sided P values, and trends assuming a Potsson
distribution.®™ Sensitivity analyses excleded the
first 12 months of follow-up, o imvastgate potential
survelllance bias in the penod immediately following
assisted reproductive treatment (which could arise as
a result of treatment and or after-cars; supplemantary
appendm). Absolute excess risks represent an estimata
of the increased risk in the siudy group as compared
with the genaral population and gives a direct measurs
of excass risk. They are presanted per 100 000 parson
years, with commesponding 95% confidence intenvals,
based onex art confidence intervals for Polsson counts.
Analyses were parformed using Stata, version 12,

Patient imvohvement and study approval

Representatives from patient support groups wers
consulted on the cnginal research question, design,
and planning of this stdy. Approval of the smdy
and watver of the requirement for inderidual consent
were ohtained from the UK Health Research Authority
Confidentahty Advisory Group and London Research
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Ethics Committes (references 5.040b)/ 10 and 10/
Ho7 204 18, respectively ). Given the anomymous nature
of the final dataset, 1t i5 not possible to disseminate
results to indvidual study participants; instead results
will ke shared with fertlity practitioners and clinics
through the Human Fertility and Embryology Authority
networks

Results

Characteristics of study participants

Intotal 255 7E6women coniributed 2 257 7 &9 person
years' follow-up. Average follow-up was BE years
(range 1-1% years), with 105436 (41%) followed
for at least 10 years. Average age at frst ireatment
was 34.5 years. [nfartility causa involvad at least one
female factor tn 111 65%E women (44%; incleding
endometriosis, ovulatory disorders (predomimanthy
polyoystic  ovary  disease), and tubal  disease).
Infertlity was unexplained tn 47 757 (199 women,
and was due only o male factors in B4ET1 (33%4)
Average infertility duraton was &9 years. Women
had 1.8 stimulated cycles on averaga, with only 2094
(n=50485) having more than two stmulated cycles,
About half the study population had at least ona lve
birth after treatment completion (table 1).

Breast cancer
There was no overall increased risk of breast
cancer (2578 observed v 2641.2 expected cancers;

standardised tncidence ratio 0098 (9506 confidence
interval 0.94 to 101} absolute excess rsk -2.8 cases
par 100000 person years (350 confidence intenval
-7.1 to LE) table 2). More than three quarters
(7 &6%%) of mmours were ductal cardnomas (n=1963),
9%, lobular (n=228), 12% other epithelial tumours
(=319, and 3% non-epithelial or unspecified (=68 ).
There ware no significantly ratsed risks in groups by
age at first treatment, infertility duratson, number of
stimulated cycles, number of Ive births, and number
of multiple births (table 3).

Wie found significant risk reductions with increasing
duration since treatment completton (P=0.01; tahla
14, and tn women with any female factor or only mala
factor infertility (fable 3), but no difference between
risks at premenopausal and postmenopansal ages
separataly (age <50 years, standardised incidence
ratio 0.98 (95% confidence imterval 0.%4 o 102}
250 years, 0.97 (0.8 to 1.06) data not shown). After
excluston of the first 12 months of follow-up, breast
cancer risk was significanily reduced compared with
ape standandised expectation (standardised incidenca
ratio 095 (0,92 to 0.99), P=0.02; supplementary
appendix . There was no mcreased sk of invaswea
breast cancer (standardised incidence rato 0,26
(.92 to 1.00); absolute excess nsk -4.48 cases per
1000000 parson years (2506 confidence interval -85
to —0.2); table 4), but a small tncreased risk of 1n st
hreast cancer (291 cancers obsarved v 253.5 cancers

Tabée 1 | Characteristics of 2257 &6 women who unders ent assisted reproduction In Great Britain, 1991-2010

‘Women whe devsloped ovarian, breast,

‘Woman wha did not dewslop owarian, broast,

Charctariziic Total cohart (n=2557 86} and corpus wiarl cancar {n=3155) and corpus wlarl cancer (A=252631)
Aeze at first eatment §rears; mesn (S0 4.5 [4.8) BT [T 345 [§.8)
Aoz at first eatment (Mo (D
<35 years 5671 (2} 2001} 5451 (3)
579 years 39932 (14) 259 () IET 3 (1)
F0-34 years o7 TER (34) 26131} S1BZT (34
1539 years 5 EEE [14) 1744 (39) BB (34)
4044 yearT 22174 (11) L3 (18] ITELL (11}
L85 years 3353 (1) 108 (3) 32485 (1)
Cause of Infertility Mo (KD
Any Fzmale factor 111658 (44} 1626 (520 1100337 (48]
Male factor anly B&ET1(33) 215 (5] B3954 (33)
Linexpluned &7 757 (19) 474 (15) &7 283 (19)
Unrecorded 11500 5] 150 (&) 11360 (5)
Histosy of endometriasts (Mo () Tl ] 781 (%) 18343 [r]
Histosy of tubal dsease Mo (E)) EE& 370 [(24) 1065 (330 B5 325 (38)
Histoey of ovulatory disorder Mo (ET 35014 [14) 451 (14] 35565 [14)
c}fl:’:‘:{:’lrt';r:aﬂ"‘r'n':ff%‘[‘fn" wmpletian o 3 5.6 (39) 4233
Mo of stmulated gpcles {mean (501 1.8 (1.3} 1.8(1.3) 1.8 (1.3
;:LL"EQEJ;;": at ompletion of kst opcle 06 ) Qg7 06 @)
Mo of Ive bisths at pompletion of kst opcle (Mo FED
o 179 217 (5L} 1775 (SE) 127 &4 (500
1 54839 (38) 1011 (37} o5 878 (38)
e} 19545 (13) 368 (13} 29777 (11}
Unrecorded BS 100 B4 (D)
Aevy mulSiple birsh reconded at completion of 19366 (1] 304 (10) 19062 (17)

st oycle (Mo (£

SO=sandard devission.
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Tabie 2 | Relative and absolute expecs foks of cancers of breast, ovary. and corpus uterl among 225 78S women who undersent zscisted reproduction
In Great Britain, 1%91-2010, including and excluding the first year afier the start of treatment

Type of cancar m?_ﬂ‘;“‘ Mo of obsarvad cancars N of expectad cancars Standardised incidance mba (95% CT "l‘;n“;::_;:r’::“:'r‘h? pan
Including firstyear of fellow-up

Hreast” 2357 7RI 2578 HALT 0.9 {0.54 to 1.01) -2.8{-7.1to L8]

Cospus utertt 2357 7AI 164 146.5 1.17 {095 to 1.30) 0.8 {-0.3 1o 2.0)

[ 2357 7RI 405 518 1.35 {176 %0 1.53) 5003310 &5

Excluding first year of follow-up

Hreast” 2004121 2384 B[OLE 0.95 {0.97 to 0:55) -5.% {1006 80 - 1.0)

Coapus utert 2008121 157 14175 1.11 {024 1o 1.30) 0.8 [-0.4 10 2.1)

Orvanyk 2004121 354 7L 1.31{1.18 1o 1.45) 4.7 (2ah bo 6105

"Enaas @ nogi= -9 codes 140 1749, 2330, and 33E7; IC0- 10 mdes CRO0LCH09, D050 D059, and D4BE.
“Hilior purs e cancer=100-9 codes 15733 1838 and HD-10 code C54
$0varian canoa=100-2 codes 1830 1B3%9and 23632, 100-10 codas C56, C570-C57A, C4RL, CRA3, and D391,

expected, standardised incidence ratio 1.15 (1.02 to
1. 29} ahsolute excessrisk 1.7 cases per 100/ 000 person
yaars (0.2 to 3.2); table &), which was assoctated with
the number of treatmeant cycles (P=0.03). Becluston of
the first 12 months of follow-up did not substanoaly
change results for i situ breast cancer risk (table 55,
supplamentary appendic).

Carcinoma of the corpus uteri

Risk of corpus uterl cancar was not signifcantly raised
(standardised tncidence ratio 112 (95% confidence
tnterval 0095 to 1.30); absolute excess nsk OB casss
per 100000 person years (95% confidence interval
-0.% to 2.0} table 20 Ower 9206 (n=152) of corpus
uterl tumours were epithelal, 70% (n=107) of
which wers endometrioid; B% ware non-epithalial or
unspecified (n=12). We found a significantly increased
risk of corpus wter cancer in women with an ovulatory
disorder (standardizsed incidence ratio 159 (L13 to
217} table 3). There was a highly significant trend
of increasing sk with decreased party (Po0o001),
and a significantly decreased nisk with women having
a multiple birth (standardised incidence rato 0,42
(1% to 0.28); table 3. Mo significant vanaton in
risk was noted with number of cycles (P=0.93), age at
first treamment (P=0.28) or duration since tragtment
complation (P=0.12). Exclusion of the first 12 months
af follow-up did mot substantially changes results (table
53, supplementary appendix).

Owarian camcer

An overall increased nsk of ovaran cancer was
observed tn our study population (standardised
tncidence rato 1.39 (9506 confidence interval 1.26
to 1.53% sheolute exwcess nisk 5.0 cases per 10:0 000
person years (9504 confidance interval 3.3 o 6.9); tahle
2). Incraasad risks wers seen acToss Mast Age groups at
first treatment, but there was a highly stgmificant trend
of increastng risk with decreasing age at first treatment
{(P<0.001; table 7). Significantly increasad risks werne
found in women who had any diagnosts of female
factor imfertility (standardised inctdence ratio 166
(L.&6 to 1.6EN, particularly endometriosts (2,31 (174
10 3.01]) or tubal disease (1.68 (143 to 1.97); whle 3).
Mo increased risk was seen where infertility was male

farctor only (standardized incidence ratio 1.05 (0.85 to
1.27 4 or unexplained (0,96 (369 to 1.31); table 3k
There was a significant trend of decreasing nsk with
tncreasing number of lve births (P=0.001), andwomen
rematning nulltparons after treatment completion
confarred the highest sk (standardised incidence
ratio 1.57 {1.37 to 1.79); table 3). Mo increased risk
was seen with increasing mfertility duration (P=0. 15),
number of cycles (P=0.86), or duration since treatment
completion (P=0.74). Exclusion of the first 12 months
of follow-up did not substantally change results (tabla
53, supplementary appendix).

When tumours were classified as imvaste or
borderline, significant excesses of both were noted
(264 ohservad v 1EB. lexpected cancers, standardized
incidence ratie 1.40 (95% confidence interval 1.24
to 1.58), sheolute excess nisk 3.4 cases per 100000
parsan years (95% confidence nterval 2.0 o 4.9) and
141 v 103.7, 1.36 (115 to 1.60), 1.7 casas per 100300
parsan years (0.7 ta 2.8), respectively; able &)

Irvasive ovarian tumours

There was a stgnificant trend of increasing sk
of invastve ovaran tumours with decreasing age
at first treatment (P=0.0Z; table &), Sigmificanthy
tncreasad rsks were detectad tn women who had amy
diagnosis of female factor infernlity (standardised
tncidence ratte 166 (95% confidence tnterval 1.41
w 1.94)), particularly endometniosis (247 (L75
3.39)) or tubal disease (1.71 {1.40 to 2.08}); table 4).
Risk =significantly decreased with tncreasing parity
(P=0.001), and women nulliparous after treatment
completion ware at greatest risk (1.67 (1.2 o L25);
table &) We saw no sipmificant varaton ino nisk
with number of cyclas (P=0.2%), infertihty duration
(P=0.25), or duration since treatment completion
(P=0.4&), nor was risk raised m women oeated for
male factor onby infertliny (1.09 (084 to 1.39)% table
&), A third of imvastve ovaran tumoUrs Were Serous
(n=E7), 25% endometriold (n=66), B% mucinous
(n=22), 17% other or unspectfed epithabal tumours
(n=45), and 17% non-apithelial or unspectfed (n=&4).
Exclusion of the first 12 months of follow-up did not
substantially change results (table 54, supplementary
appendix).
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Tabie 2 | 5tandardisad inckdence ratios (SIRs) far owarian, breast, and Conpas uter cancer among 225 785 women who undersent 2ssisted reproduction

In Great Britain, 1991- 2010, stratifled by various factors®

Follow-up Breast cancort Corpus wiar cancert Owarian cancar§

(Ko of parson Mo of obsarrad Mo of ohssread Mo of obsserad
[Fackor yRars) CANCAS SIR {95% {0 CANCErS SIR{s% CN CANCETS SIR (es% L)
Hge at first ireatmient fpears)
<75 48 187 14 13207210271} © oo {000 Iné57) & 2.71 (0.B1 o 4.80)
75 79 11564 18% 08279 ID10E 10 17408010 2.79) &4 2.16 (LET to 2.76)
334 BESI51 T 0.95 {029 1o 1.03F) &3 1.19 {025 1o 1.50) 142 152 (128 o 1.80)
35 35 714055 1033 0.57 {0.51 1o 1.03) 2 1.72 {095 1o 1.54) L34 1.23 (1.0% ko 1.45)
& &4 218TET ire L0253 10 1.13) 33 0.9 {0UES 1o 1.35) 50 105 (0.7t 1.38)
=45 2B 463 93 L.09 {029 1o 1.3:4) & 0,68 (025 1o 1. 48] 5 097 (0.45 b 1.85)
Teend acmss calegonies P=0.13 R=i.28 P00
Infestility cause
Eewy female factor 11095393 1xra 0.9°5 §0.50 to 1.0} Erl 1.25 (102 1o 1.53) 246 156 (146 o 1.88)
Male factor only FLFOE3 T4 0.92 {025 1o 0.99) 51 0.91 (DUES 1o 1. 24) 58 105 (0.85% ko 1.37)
Unexplained 176 495 A16 L1a{lodte 171} 14 O7E (04510 1.37) &0 096 (06910 1.31)
Unrecoeded 54638 102 143 {1 74 o 1.80) 10 2.53 (121 to 4. 65) 21 2558 (LED D 3.95)
History of endometriosis
Yo 181273 714 0SEMEEID1.1T] @ 075 (035 10 1.43) &5 231 (1.7 &0 3.01)
Mo 20TE509 2364 098 09410 1.07} 155 115 [OD9E 0 1.34) 350 1.31 (L.17 o 1L.&5)
History of tubal disease
Vs F10532 B 0.5 0,50 1o 1.03) 53 1.73 (053 1o 1.58) 158 148 (La3 o 1.57)
No 1547 2o 1r52 0.98 {0.54% 1o 1.0i3) 105 1.0 (DEF to 1. 75) 2ar 1.25 (L.10hs 1.41)
History of ovulatory problems
Yes 311533 EET 0.52 {083 1o 1.03F) 33 1.59 (11310 2.17) 5% 1.28 (057 o 1.67)
Yo 1546365 2131 0.59 {0,595 1o 1.03) 135 1.02 (085 1o 1.21) %0 L4l (1260 1.56)
Duratien of infertility at last cycle fyears)
=2 133067 1Tl 0.95 .22 10 1.11) & 0.55% (020 to 1.20) 28 144 (0596 ko 2.09)
3 439 560 5IF 105 0.9 1o 1. 14) I3 082 (052 o 1.73) r3 1.30 (107 o 1.54)
&5 G4F T3 530 0.59 {0.50 1o 1.07) 30 1.03 (07 0 to 1.47) & 127 (100 1.50)
&7 ar 1583 3L 0.91 {022 1o 1.03) Fr 1.38 (.91 1o 2.01) E0 1AL (L2323 b 2.07)
59 151580 157 0.95 {0.23 1o 1.10) 15 134 [0F 7 io 2.18) £l 154 (115 2.37)
=10 TS 127 0.95 (085 10 1.05) 37 1L.ER (L1810 2.31) &7 140 (1.21 to 2.08)
Unracceded 174553 i LoF (05T n1.15} 1% 097 (054 10 1.45) &2 102 (0.7 &t 1.38)
Teend across categooies P=0.20 P-n.001 P15
Total Mo of stimulated cycles
O nawmloyde” only] 30973 147 DEE(DF4ln 108 B 0E& [DTE 1D 138 17 099 (058 o 1.55]
1 1041781 1203 058 {09710 1.03) =9 1.79 (106 10 1.59) 196 Lt (1.2% bo 1.56)
2 4T 3135 585 1.01 {053 1o 1.05) 3 0.51 (D61 to 1.30) Br 138 (110 1.70)
R 306137 430 1.03 {053 10 1.13) T4 1.0 (LS 1o 1.58) 53 230,57 o 1.50)
=5 GE 149 17 LOE(DEI I 1.31) T 1.74 (050 1o 2.55) 17 L&7 (0.597 to 267)
Trend across categonies P=l.OF R=091 P=iBE
Total number of liwe births at last oycle completion
] 1005134 1353 3 {053 to 1.048) 1323 1.61 (134 1o 1.57) 231 L57 (137 ko 1.7%)
1 rlegses 843 {095 1o 1. 10} 24 0.53 (034 o 0T 9) L14 1.25 (L0% bo 1.50)
=2 4P EES 14 D22 1o 1.03) 11 054 (D27 tod.545) ) 093 (.64 o 1.30)
Unrecoeded 414 1 D05 ip 10170 O 0.0 (000 to 59.86) O 000 (0,00 fo 45.53)
Trend acmss calegories P=il. 56 P00 Fa=0.001
Ay multiple birth as recorded at last oycle completion
Vs 2312834 258 1. 10 {097 1o 1.24) 5 0432 (0U14 to0.99) 33 1.23 (0.85% o 1.73)
Mo 1745 409 7199 058 {050 1.07) 152 117 (100t 1.38) 337 1,35 (1.2& io 1.54)
Time since last treatment (years)
-3 SET 120 525 1.0 {095 1o 1.13) 8 1.32 (092 to 2.00) =3 1.54 (1.25 to 1.88)
& 585 191 532 1.0 {095 1o 1. 13) 3 1.78 (025 1o 1.83) ri 127 (1.00 o 1.50)
& 10 B4 174 57 L.o0{093 10 1.08 38 107 D7 G0 1.47) B4 1.24 (0.99 o 1.51)
1015 756 445 580 093{085 10 1.01) &% 059 (07710133 =4 139 (11160 1.71)
=15 54051 156 0.25 {07 3 1o 1.01) 17 0598 (D57 o 1.57) 8 157 (1050 2.37)
Trend across categonies P=0.01 R-0.12 P74
"Sox supplemanay appandh for res 112 mamths of folow. up
tEngam @noar=100-3 codes L7 40 ; ICD- 1 0 vmodes CR00-C5 09, D050 D055, and D4BS
$Corpus uied cancer- 100-9 cokes 1 5
Flvaran = D9 codes 123015
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Tabie & | Standardised incidence ratios (SIRs) for Inwaske and In situ breast cancer and Invasie and borderline tumours of the ovary among 2557 86
women who undersent assisted reproduction in Great Britain, 1991-2010, stratifled by various factors®

I twa breast cancert In situ breast camcurd I tva owarlan lumours§ Bardarling oearian tumcurs?
Fallow. up Mo of MNoof Noof Ko of
(Mo of person  obsaried obsarred olbsarmad ohesrrad
Fasctosr yoars) cancars  SIR{os% O) cancers  SIR (ps% ) cancars  SIR (ps%ChH ancers SR (ps% O
Ovazall Z25T TES IIT 3 096 (097 1o 1.00) 291 1.15 (10780 1.29) 264 L&D (1248 1L.58) 141 1.3E(1.15 ta 1.E0)
Age at first reatment (yrrs)
<25 &B1ET 14 1430780239 a Q.00 (00 fo 4.38) <5 . <5 e
25-13 I8 5G4 158 .91 {078 1o 1.04) 16 35 2330163 3.25) 2% 1.98(1.33 o 2.B5]
A0-34 BhEI51 &85 0.92 {085 io 1.00) 85 g1 1a6 (1160 1.83) &1 161123 fo 2.4F)
35-39 T 1405E 525 0.597 {091 o 1.04) 100 o7 1320107 bs 1.61) 37 104073 8n 1.43)
4044 21BTET £11 100050 110 S 50 113 (0.B0 b 1.57) 1D Q.8700.39 80 1.50)
=85 IB 463 &3 054 07310 1.19) 2 <10 - <5 -
Trend acrosms P30 AT oz Palnal
cabegoies
Inferslity case
Any femals fackes 1109553 1118 .92 {057 in 058 151 114 (057 io 1L.34) 141 166 (1410 134) B85 16611.33 fo 2.05]
Mals Iacl.l:r-c-'n,- TETF D43 ETE 0.B9 {023 o 0uoh) 93 L1E(0.5% o 144 &5 108 (084 1.3%) 33 096 (066 D 1.3%)
Lz ks ned 126495 T4 1.10§0.991m 1.73) 42 L1E(0.85 10 155 4 098 (064 b Lad) 14 Q970(0.50 80 1.5%)
LUsweconded B4 6318 104 1.58{1. 300 1537 5 3 (0.24 o 1.70) 3 7350 oal1l 9 1000137 o 570
History of endometricsis
Yes 181 3TY 18E .95 {082 1o 1.10) 26 1.25(0.B1 1837 38 TAT (1750339 17 203118 i 3.25]
[ 2AFE509 Fual-T 0.9 {052 10 1.00) 265 114{101 0 1.28] 36 1300116 145 134 1300108 b 1.55]
History of tubal disease
Yes T 10533 s .94 {057 o 1.01)} 92 1.11 ([0.B% 6o 1.3&) 105 1711400 208} 53 1620(1.21 0 2.137)
] I B4T 286 1547 0.57 {0.92 10 1.01) 1599 117 (10180 1.34) 159 1.25 (107 bo 1.46) EB 1.24 (059 @ 1.53)
Hestory of cvulatory peoblems
Yes 311523 315 .91 {021 10 1.07) 41 1050750 14 33 116080 143} 2 152 (096 b 2.31)
™) 1946 265 1957 0.57 {0.52 10 1.01) 3250 117 (1030 137 231 145 (127 to 1.65) 119 1370111 fo 160
Dessation of infertilRy at kst oycle (years)
<3 133 047 156 .97 {05310 1.14) 15 Q82 (04660 1.35) 14 1230700 195 13 1.8% (098 v 3.300
23 430550 54 107 .94 10 1.13) &1 1.26 (057 o 142) 53 1481110197} 20 299 (0.61 0 1.53)
i 44T T IS 41 .97 {0.29 6o 107} 52 1073 {077 o 1.35) 53 142 (106 1.85) 21 102 (063 bo 1.55]
&7 T 1587 ITH 090 {07980 1.01) 35 107 (0770 L&) &0 1631 (116221} 20 157 (0.56 bo 2.47)
B3 151 580 1455 007 (D780 1.0&) 2 1.31 ([0.B& b 191) 27 18AMIIE2LT) 9 1.24 (057 b= 2.36)
=10 05T 51 Iry .97 {022 to 1.04) 43 1.15 (0830 1L.56) &3 1400114 o718} 17 151 (0.54& bo 2.58]
Ureecorded 134957 155 105 {054 %0 1.16] &8 137 (1010 L8] 25 097 06T 14T} 17 1.12 (065 to 1.75)
Trend across R-.11 P-0.58 R-a.2 P=0.42
categones
Total number of stimulated oycles
:nfr__r"“'"r"l ¥ onars 121 1.5 {07180 102) 21 L14 {0710 174) 13 104 (055 o L7E) <5 -
1 LD41 751 Lar3 0.597 {09180 1.03) 121 107 (0E%bo 1.23) 128 14T [1.73 b3 1.75) &7 135 (1.08 ba 1.77)
2 4T3 135 512 0.92 {0.90 4 1.07) 0 25 (097 o 1.58) 54 L3IF (103178} 31 140 (095 b 1.98]
) 04 137 ari 101 {09200 1.17) &7 1.18 (087 o 157} &2 148 (1060195 11 075 (0,37 bo 1.33)
=g £ 149 BS assfrTi0 151) 71 7.11(1.310 273} 14 704111 14T} <5 =
Trend across P37 P=0.03 P-0.3g P=0.18
ratepnnes
Total number of lwe births after last treatment
0 L1005 134 L15& Q58 {05780 10K 135 104 (087 o 1.27)  1%6 1E7 (162 o 195) &E 1.38 {1.07 bo 1.75)
1 T18538 FAT 059 {53w 10F) ¥ 137 (1.17o 1.45) 78 134 (106 o 1L&7) 36 108 (07Fé ba 1.51)
=32 243 &BY T E 050 {B0M 1.07) 7 107 (076 1aB) 30 DEL D50 b 1.26) 14 1.1& (053 bo 1.35)
Unrzcarded 414 0 0.00 1 ey o ?.,'::;]D pom ] 0.0 0.0 50 159.75)
Trend across Ra=n. 37 Peik 32 Ra=.001 Pal iy
cabegories
Aoy musitiple birth recorded
Yex IITE1% I 1.10 {057 1o 1.75) 22 105 (0BG Ro 1.58) 22 1.34 ([0.B4 b 203) 11 106 (0,57 to 1.50)
[ 1745 409 1938 0.9 (092 to 1.00) 258 11610780 1.31) 37 145 (137 to 1.85] 106 1.27 (104 o 1.54&]
Thssz since |ast treatment fpzars)
3 BET 180 488 105 03 in 1.15) 37 106007180 135 &2 1730133 2323) 7 1300097 fo 1.7
14 KBE1T1 ATE 10305410 1.17) 51 1.24 (0597380 LET) 4% LI (053 171) I8 1.27 (0.8% to 1.B4)
& 10 A4 T4 356 .94 {057 1p 1.02] 95 (1.23 80 1.B5] &3 137 (105 175) 21 Q96 1(0.59 o L4E)
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Table 4 | Continued

lrwastea breast cancart In s#tu brest cancar: lrias twa rearian tumoursg Bordarling ovarian tumours]
Follow-up Moof Na of Mo of N off
(Ho of person  obsareed obssrred obsarred obsermd
Factor yoars] cancars  SIR {os% CI) cancars  SIR {os% O cancars SR (ps% OO ancers  SIR (0s% O
=10 TP LA 510 093 (08510 101} 75 098 {07 Tho 1.37) 43 1.32(10ém177) I3 1.3% {0.E8 fo 2.08)
15 G 091 132 08s(0Tr2n 103} 37 0.85 {15480 1.79) 21 1570040237 7 175 {070 %0 1.60)
Trend acress - P=0.00%5 P 75 P P= B4
cafegnies

"5 upplemensay 2 ppandis for nesulis exccuding the firs 12 months of folow-up
timasva braass @nog= 029 codes 140 149 and 1D 10 codes CS00-C500.
#in she bieeen con coe=JC0- O mde 2330 ad ICD- 10 mde D050-0059.

Simvazive ovarian mours-100-9 oodes 1230 1239 [mocuding morpholngy oo Ba s 205451 /BAE 2N BAT 2R84 T 5 and J367; ICD L oodes C54, C5F O:CHI4, C4E1, and CRET (mcuding
morphology codes B4 30845 LI BLE 2REATIIBAT T).
Y8orderling oraran wmours=- 1009 coda 1530 with mophology codes BAAT NS4 517 B46 27 BAT3E4T T) and 10D- 10 codes D321 and C56 iwhh momphology mdas

BA4TFBAS1FERETBAT IFBAT T)
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Borderline owarian tumours

Sigmificantly increzased nsks of borderhine ovaran
mmour was assoctated with decreasing age at first
treatment (P<0.001) and any diagnosis of female
factor imfertibty (standardized incidence ratio 1.66
{95% confidence interval 1.33 to 2.05)), particularly
endometriosis (207 (1.18 to 3.25)) or tubal diseass
{L&2 {1.21 o 2.12); table &) Fisk did not change
stgnificantly with mumber of cycles (P=0.1E), panty
{P=0.34), infertility duration (P=0.42), or duration
since  reatment completion (P=0E4), nor  was
risk raized in women treated for male factor only
infertility (.96 (0.66 to 1.35) table 4). Close to half
of horderline tumours were serous (N=64&), 34%
mucinous (n=4E), less than 2% endometnioid (n<s),
less than 2% other or unspecified epithelial tumours
(m<5), and 18% non-epithelial or unspecifed (n=25)
Excluston of the first 12 months of follow-up reduced
the risk of borderline ovanan tomours (119 (028 to
La&3) table 54, supplementary appendix) and risk in
relaton to endometriosis (1.57 (0.1 to 2.73); @hle
54, supplementary appendi.

Owarian cancer risk stratified by risk factors

Paropus women who did not hawve a diagnosis of
endometrioss did not have an increased nsk of ovanan
cancar overall (standardised incidence ratio 103 (959
confidence interval &6 to 1.22)), Invashe tumours
{1.03 (B2 to 1.27)), or borderline mmours (102
(075 to 1.35)% table 5). Risks of all types of ovaran
cancar ware ralsad in nulliparous women who did not
have a diagnosts of endometriceis but to a lesser extent
than In parouws women with endometriosis (ahle 5h.
Women who weare nulbiparous with a diagnosis of
endometriosis had greater risk of invastve ovaran
tumour (2,64 {1.69 to 3.93); table 5) than women with
just one of these nisk factors. By contrast, nulliparous
women with endometriosis had no significant risk of
a borderhine tumour (1.47 (0.5% to 3.04)), although
nulliparity and endometriosis ware each separately
associated with increased nsk (table 5). The sigmficant
assoClation betwesn decreasing age at first treatment
and increasing risk of imvasve ovarian tomour was
present in women with at least one of endometriosts or
nulliparity (P<0.001), but not in those without either

Table 5 | Standardised inchdence ratios (SIRs) for all, Invasive, and borderline ovarian cancers among 225 766 women who unders ent assisted
reproguction in Grezt Britain, 1991-2010, by presende or absence of Knewn risk factors endometriosis and nullipanty

Typw of owarian cancar
&ll cearian canoar® Imasia ancert Bordarling umourst
Follow-up (Hoof Mo of obsarvad Mo of obsarrad Ko of sbsarvsed

Fasctar pnr:n-l:-s:l Cancars SRR cancars SR EREAE ancers sHEsL
Mo diagnosks of endometricsis
and at kst ome birth recordedd. 1036 956 133 1030860127 85 103 BT %0 1.77) 48 107 [0.7% to 1.35)
by eatment compleSion
N diagnosts of endometricsis 1035514
and no birtte recorded by 207 157 (137 0 1751 141 1.56(1.17%0 1.55) Té 157 (1.24 i 1.97)
beatment completion
Diagnosk of endometriss and = 79870
at It ane birth recoeded by 74 241015501551 14 2.22(1.210 177 10 276 (1.3 I S.08)
breafmeent completion
Diagnosk of endometriosts and 101 &8
no birth recorded by teatment 31 22501520318 24 1641698 353) T 14T (0.5 & 3.04)

Coemplation

"varian @noa=0WF codes 1870 1839 and 2367 KD-10 mdes C56, C5N0-C57 4, C481, C&B2.and DATL.
Timasia ovar DR emours= C0-9 codes 1830 1839 {mcuding morphoiogy oodes S44.7 84 5 L/ B&6 2747 3 BAT 7) and 2362; 100-10 codes C56, CHP0-CETS, CABL, and CABT [ocCinding
morphology odes BAA T EAS L BAG /8T IBAT 7).
$Somderiine ovarian mmows=-ICD- 9 code 1830 (wkh morphology codes BA4 27 B4 5 1FE0ET AT 27 BAT T) and WD 10 codes 0391 and C54 fwith mophology codes

BAATFBAS]FERET FBAT 2FBAT )
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(P=0.62); however, these analyses ware based on small
numbers (table 56, supplementary appendix).

Diis cussion

Assisted reproducton 1= practiced worldwide, and
mare than five milhon children have been bom as a
result.™ [t is tmportant o estzblish related diseass
risks for affected indbriduals, public health sy=tems,
and for counsslling of potential patients. In this
large population based cohort, we found no overall
tncraasad risk of breast cancer associated with assisted
reproduction, consistent with most*'™ but not all™
published studies. We found no significant association
betwesn the risk of breast cancer and age at first
treatment, in contrast to a small nuomber of earlier
studies.*? ¥ Reasons for significant decreasss in breast
cancer risk seen n some subanalyses—such &as women
who had assisted reproduction for female Factor
infertility—are unclear, but could meflect beneficial
levals of lifestyls related risk factors for breast cancer ™
" However, details of these risk factors and also age at
first birth weare not @railable.

Menopausal status did not seem to account for the
stgnificant reduction in risk with increasing follow-up.
De=pite no increased sk of imrastve breast tomours,
there was a significant increase in in sito fumours
which was significantly assocfated with increasing
number of sttmulated cyrles. Interpratation of thess
findings 15 challenging: the significant association
with Increasing number of oycles sugpests 3 causal
assoClation, yet there was no ovarall increasad nsk of
breast cancer. Other potential explanations include
survedllance bias, chance, and potential confounding
Iy Factors such as socloeconomic status, gven that
miost cycles within our cohort were privately fundad
To our knowledge, this study 1= the first to analyse risks
of in sttu and invasive breast cancers after assisted
reproduction separately, so there are no previouws data
with which to compara.

Rizk of corpus utert cancer owerall was not ralsed
in our stwdy. Women with the known risk factor of
nulliparity’® and those with a history of ovulatory
problems (mainly the known risk factor polyoystic
ovary dissasa’) were found fo have an increased nsk
af corpus uten cancer. Most stmilar studies contatned
few events. ¥ * The largest studiss incleded 15* and 42
cases’ of endometrial cancer in women after assisted
reproduction, and neither suggested an inceased risk

‘Wefound an excass of ovarian cancer compared with
ape standardized expectation. Stgmificant increases
wereobearyad for both trvastre and borderline tumowrs,
but were not seen 10 women without the known sk
factors of endometriosis™ ™ and nullipansy. ™ Ovarian
cancer risks were not assoclated with number of
treatment cycles, Hme since treatment completion,
ar male fctor or unexplamed infertibiny, which
argues against a causal role for assisted reproduction
proceduras. Howevar, we did And a stgmificant
assoClation batween age at first treatment and nsk of
all, ivastve, and borderline ovarian cancers. Previous
siudies investigating imvasive ovanian tumour risk

after assisted reproduction™ " ™ ¥ have generally
found increased risks in compartson with the general
population when potential confounding effects of
infertility have not been considered,™ but not when
such factors were taken imto account.” * ™ ' Whila
our study compared cancer incidence with that in the
genaral population (standardised for age and calendar
year), it had sufficient size to stratify by potential
confounding factors and  thereby to imvestigate
charactarisiies of assecations. We found an increased
risk of borderline mrarian tomour in women having
assisted reproduction compared with the general
population. As with imvasive ovaran tumours, this
tncreasad risk was not sesn in parous women without
endometrioss. Few studies have imvestigated the risk
of bordarline ovaran cancer 1n women after assisted
repmoduction,” '’ ™ but mcreased risks have been
found in studies in the Netherlands' and Ausiralia **

Although the increased nisk in borderline ovarian
cancar in women with assisted reproducton could
be panuine, 1t could also be due to survelllance bias.
The frequency of borderline tamour dagnosis is
tncrezsad in ovarnan cancer scresning studies wsing
ulirasound, * and women who have undargone assisted
reproduction might have more frequent ulirasound
scans aftar treatment than the genaral population. This
potential bias s supportad by the reduction in overall
nisk after we axcluded the first 12 months of follow
up. Howeves, sensttivity analyses looking at tme to
dizgnosis, age at diagnosis, diagnosis in women of
high socioeconomic status, and chinical presentation
tn other studies sugpestad survatllance bias an unlikaby
cause of increased rsks."" ™ We are not able to further
differentiate survelllance bias from a genuins incraass
in borderline tumours. Women with unrecorded
cause of infertlity had significantly increased rates of
breast, ovartan, and corpus wterl cancers. Reasons are
unclear but might include reverse causality (bax 52,

supplamantary appendn.

Strengths and limitations of the study
Most studies tnvestigating risks of cancer in women
after assisted reproduction have been small** with
fow events and short follow-up*” Two of the largast
studies published so far include 67 608* and 113 2267
women traated with assisted reproduction. Systematic
raviews have inchuded at most 70753 treated women
for analyses of breast cancer misk,™ 79143 for
ovarian cancer risk, ™ and 118 320 for analysis of all
gymascological cancer rsk.™ Our study comprised
ovar 250000 treated women, incloding  almost
65 00 person years of follow-up for at keast 15 years
beyond last treatmant with an average follow-up of
BB years and a maximum folloaw-up of 19 years (tabla
52, supplementary appendix]. Howsver, we cannot
exclude the possibality of differant nsk profiles for amy
studied cancer on lomger follow-wp, at ages when most
raproductve related cancers oocur,™

Women treated with assisted reproduction are
likaly to differ from the general population in thelr
parity, age at first hirth, age at menopause, and

doi- 101136/ mj k2634 | BT 2018, 36342644 | theTwm
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the incidence of predisposing conditions such as
endometriosis. More information on these and other
factors {eg, socioeconomic status, oral contraceptive
u=a, body mass index, and breastfesding] would
be useful. Comparizom to women with untreated
infertility problems might have been bensficial,
although interpratational problems would remain
because of potential selection factors for treatment.
Although our study was not able to compare with
such a group as some smaller studies have done,”
% large smdy sze enabled us o straofy for
some important potential confounders and drew
inferences despite using general population rates as
our comparator. While comparator rates do include
cohort participants, less than 5% of the populaton
of reproductive age women underwent assisted
raproduction, and our standardised incidence ratios
were generally lowsar than 2.0 therefore, resuling
bias will have baen minimal. ™

Infartility diagnoseswera reported by treating farthing
chmics to the HFEA. Mo data were aratlable about hiow
such diagnoses weare made Parther details of spedfic
treatments could have enabled detailed analysts of sk
by treament type. However, over our 1% year study
period, ovarian stimulation regimeans as part of assisted
reproductive cycles have been relativaly constant, with
the majortty of advances leading to better success rates
having occourred in assistad reproduction laboratories.
Gonadotrophin injections have bean usad for ovaran
stimulation and human chormonic gonadotropin for
triggering ovulation throwghout the study period,
and while new highly purified and recombinant
varsions have been wsad in more recant years, they
are eszentally equivalent. Clomifene citrate was used
as additional cvaran stmulation in the pionesrdng
years of assisted reproduction reatment, but this was
uncommon by 1991, Downregulated opcles using
GnRH (gonadotrophin releasing hormone) agonists
were standard by 1991 and not replaced by GnEH
antaponists a5 standard unol after the stdy penod
Progesterone support was used throughout the study
period. The number of ovarian punciures paroycle and
information about fertility treatment bafore assisted
reproducion wers not avallabla,

Conclusions and implications

In this largs, nattonal population based study of
Entish women after assisted reproductive technology
treatment, no increased risk of corpus uter or invasive
breast cancer was detected. There was an increased
risk of tn situ breast cancer associated with increasing
number of treatment cycles. We also observed an
exress of all types of ovaran cancar. However, our
results suggest that this Anding is more likely dus o
underlying patient characteristics, rather than assisted
reproduction tiself. We were not able to distinguish
betwean a genuine increase in sk of borderline ovaran
tumours and other explanations including survedllance
bia=s. Further mvestigation of this and longer follow-up
is warranied o combimue monitonng thess impoTtant
outcomes in this ever growing population.
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