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Abstract

Background: The significance of exogenous hormone manipulation as part of fertility treatment and its relationship to the
development of breast cancer remains uncertain. Several historical reviews have been performed with conflicting results. This
study is an updated meta-analysis to determine whether there is a causal relationship between different fertility treatments and
breast cancer.

Methods: The study report is based on the guidelines of PRISMA and Meta-Analysis of Observational Studies in Epidemiology. Studies
published within the last 20 years were included to reflect up to date in vitro fertilization (IVF) practice. This study was prospectively
registered on PROSPERO on 07/04/2021, registration identification CRD42021247706. The primary outcome of the study was to
determine whether there is an increased incidence of breast cancer in women treated with hormonal fertility treatment. The
secondary outcomes were to determine whether fertility treatments were individually associated with excess breast-cancer risk.
Results: Overall, 25 studies, including 617 479 participants, were eligible for inclusion. There was no significant breast-cancer risk
association with fertility treatment (compared with general and subfertility reference groups). Summary odds ratio of all included
studies was 0.97 (95 per cent c.i. 0.90 to 1.04). Women who received six or more IVF cycles did not have an increased risk of breast
cancer. Similarly, there was no excess breast-cancer risk associated with clomiphene, human chorionic gonadotropin,
gonadotropin analogues and progesterone when examined individually. Comparably, there was no significant association between
fertility treatment and excess breast-cancer risk in patients with more than 10 years’ follow-up. Summary odds ratio was 0.97
(95 per cent c.i. 0.85 to 1.12).

Conclusion: This meta-analysis did not find a significant association between fertility treatments and excess breast-cancer risk.
Women considering IVF should be informed that it does not appear to increase breast-cancer risk.

Introduction The significance of exogenous hormone manipulation for fer-
tility treatment is a conflicting area. In contrast to hormone repla-
cement therapy (HRT), fertility treatment induces transient high
levels of circulating oestrogen to initiate ovulation in women
with anovulatory disorders and control hyperstimulation in wo-
men receiving assisted reproductive technology (ART). Such
therapies include ovarian-stimulating agents such as clomi-
phene, human chorionic gonadotropin (HcG) and gonadotropin
analogues. They are administered during the follicular phase
of the menstrual cycle to increase the serum concentration of

Breast cancer is the most common malignancy amongst repro-
ductive women worldwide'. Prolonged oestrogen exposure is an
established risk factor for developing oestrogen-positive breast
cancer?. Since the first in vitro fertilization (IVF) baby was born in
1978, the use of IVF has increased exponentially®. It is estimated
that at least 9 per cent of couples experience some form of infer-
tility and 56 per cent of these couples will seek medical treatment
for this*. In 2010, 1 per cent of all children born in the USA, 2 per
cent of children in the UK and almost 4 per cent in Denmark and
Finland were conceived through IVF®. The steady increase in IVF
use can be attributed to the significant postponement of child-
bearing in the western world®. The mean maternal age at first
birth is trending upwards with the mean age approaching 30 years

gonadotropins, targeting follicle maturation and ovulation®.
Ovulation induction is just one aspect of fertility treatment. To
prevent spontaneous ovulation and hyperstimulation, continu-
ous gonadotropin-releasing hormone (GnRH) analogue therapy
is sometimes administered to suppress pituitary gonadotropin re-

in several European countries and many women are delivering
their first child aged 35 years or older’. As nulliparity and delayed
childbearing are risk factors for developing breast cancer due to
excess endogenous oestrogen exposure, there is significant anx-
iety surrounding the potential confounding risk of IVF®?.

lease. Progesterone therapy is also supplemented to support the
luteal phase of ovulation in the presence of GnRH analogues®**?,
Several reviews have been performed to determine whether
there is a causal association between breast cancer and fertility
treatment. In 2013, Sergentanis and colleagues did not find a
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correlation between overall breast-cancer risk and IVF, however
they reported that women who received IVF aged less than 30
years had marginally adverse outcomes (pooled effect estimate
1.64 (95 per cent ci. 0.96 to 2.80))*. In the same year, another
meta-analysis conducted by Li and co-workers reported a protec-
tive effect of fertility treatment in the subgroup of breast-cancer
patients (risk ratio 0.79 (95 per cent c.i. 0.65 to 0.95))*. A more re-
cent review by Gennari and co-workers in 2015 reported an in-
creased risk of breast cancer with longer follow-up (less than 10
versus greater than 10 years) in patients who had fertility
treatment*©.

Since publication of these reviews, several large population-
based studies have been conducted. Van den Belt-Dusebout and
colleagues studied a population of 25108 women and reported
that breast-cancer risk amongst IVF-treated women was not sig-
nificantly different from that of women with subfertility who did
not receive IVF, with a median follow-up of 21 years'®. Similarly, a
recent study conducted in the UK of over 250000 women did not
report any excess overall breast-cancer risk with IVF but sug-
gested an increased incidence of breast carcinoma in situ with in-
creasing number of cycles®. In contrast Reigstad and colleagues
studied a cohort of women from the Medical Birth Register in
Norway and found that women exposed to ART had an elevated
risk of breast cancer, which became more apparent with greater
than 10years’ follow-up’®. As a result of the current conflicting
literature, an updated meta-analysis has been performed to de-
termine whether there is a causal association between different
fertility therapies and breast cancer.

Methods

The study report is based on the guidelines of PRISMA and
Meta-Analysis of Observational Studies in Epidemiology®®
(Fig.1). Analysis and results were extracted from previous

ethically approved studies therefore patient consent and ethical
approval were not required. This study was registered prospec-
tively on PROSPERO on 7 April 2021, registration identification
CRD42021247706.

Search strategy

An electronic search was conducted using the Cochrane library,
Sciencedirect, PubMed and Embase. All studies from January
2000 to January 2021 were included. The following search
terms/MESH terms were used: (IVF (Mesh) OR in-vitro fertilisation
OR in vitro fertilisation OR fertility treatment OR assisted repro-
ductive technology OR clomiphene) AND (Breastcancer (Mesh)
OR breast cancer OR breast tumour OR breast carcinoma) AND
(Incidence (Mesh) OR risk). All titles were initially screened, and
appropriate abstracts were reviewed. Each of the publications’
bibliographies and Google Scholar were manually searched for
relevant articles. The last date of search was 31 March 2021.

Outcomes

The primary outcome was to determine whether there is an in-
creased incidence of breast cancer in women treated with hormo-
nal fertility treatment. The secondary outcomes were to
determine whether individual fertility treatments such as clomi-
phene, HcG, gonadotropins and progesterone were associated
with excess breast-cancer risk. Subgroup analysis was performed
to elucidate whether increasing number of IVF cycles (six or more
cycles) and longer duration of follow-up were associated with an
increased incidence of breast cancer. Six cycles or more was the
arbitrary cut-off point due to previous data suggesting an associ-
ation between breast carcinoma in situ and more than five cycles
of IVFY. Subgroup analysis of studies that used subfertility co-
horts as reference groups was also performed to reduce potential
confounding. The quality of the studies included was assessed
using the Newcastle-Ottawa scale®”. The risk of bias was assessed
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using the Risk of Bias in Non-Randomized Studies of Intervention
Tool?!. Publication bias was assessed using visual inspection of
the forest plots.

Inclusion criteria

To be included in the analysis, the studies had to meet the follow-
ing criteria: subjects received fertility treatment and breast-
cancer incidence expressed and publication date within the last
20years to reflect more up-to-date IVF practice.

Exclusion criteria

Studies were excluded from the analysis if published in languages
other than English (for English proficiency reasons), if patients
with genetic mutations increasing individuals’ risk of developing
breast cancer (such as BRCA mutation carrier) were included, and
if they did not present standardized incidence ratio, odds ratios,
risk ratios or hazard ratios estimates (with 95 per cent confidence
intervals, standard errors), or number of events necessary to cal-
culate these for the outcomes of interest. Studies that included
patients with a previous personal history of breast cancer, and
those that included non-hormonal ART only (artificial insemina-
tion, surrogacy) were also excluded.

Data extraction

Two reviewers (C.C., H.G.) independently reviewed the available
literature according to the above predefined strategy and criteria.
Each reviewer extracted the following variables: title and study
details (year, design, country), study population characteristics
(sample size, fertility treatment, number of cycles, follow-up, re-
ference group, ART implantation method).

Statistical analysis

Statistical analysis was performed using Review Manager 5
(The Cochrane Collaboration, The Nordic Cochrane Centre,
Copenhagen, Denmark). Binary outcome data were reported as
risk ratios with 95 per cent confidence intervals using the
Mantel-Haenszel method. Risk ratios or odds ratios reported in
the study publication were used when available; otherwise, they
were extrapolated from the available data. Weighted mean differ-
ences were calculated for the effect size on continuous variables.
Odds ratio greater than 1.00 indicated higher breast-cancer risk
with fertility treatment.

Heterogeneity was assessed by I? statistics, with greater
than 50 per cent being considered significant heterogeneity. A
fixed-effects model was preferred to a random-effects model
when there was no significant heterogeneity and vice versa
when there was significant heterogeneity (I greater than 50 per
cent). Pooled estimates of differences were calculated using
random-effects models, accounting for potential interstudy het-
erogeneity. P <0.050 was considered significant.

Results

Characteristics of the included studies

Overall, 25 studies, including 617479 participants, were
eligible for inclusion for analysis’®'®'#222 (Fig.1, TableS1).
Two studies were prospective cohort studies?®>® and two studies
were case—control studies®=>%, The other 21 studies were historical
cohort studieg!?16718:22:2427,29-37.40-42 ‘g1 dies from Asia, Europe,
Australia and North America were included. Twenty-one studies
reported the incidence of breast cancer amongst women who
received fertility treatment!?16-18:22:24-26.28-37.40-42 " whjlst the
other four studies examined the number of patients with breast

cancer who received fertility treatment using a reverse
causation approach?®?*83°  Study follow-up periods ranged
from 3.6-30years with seven studies including data with over
10years of follow-up!®182429:31.3640 7] 25 studies included mul-
tiple regimens of [VF'216718:22742 Ten studies used women with in-
fertility as a reference group?®*1/:2229-21,36.3741 19 gydies used
the general population as a comparison!®?4-26.28:32-3539.40.42
and the remaining three studies examined a cohort of women
with breast cancer who did or did not have a history of
IVF use®*27:38.

Overall breast-cancer risk associated with all
fertility treatment

Twenty-four studies were eligible for inclusion for analysis of
overall breast-cancer risk associated with all fertility treat-
ment!>16718:227293142 g dies including the general population
and infertile cohorts as reference groups were pooled together.
Date of publication ranged from 2001 to 2020. The odds ratios
for each of these studies and the summary odds ratio are shown
in Fig. 2. There was no significant breast-cancer risk association
with fertility treatment. Summary odds ratio was 0.97 (95 per
cent c.i. 0.90 to 1.04). Heterogeneity testing demonstrated signifi-
cant heterogeneity between the studies (I? = 60 per cent; P < 0.001)

(Fig. 2).

Breast-cancer risk associated with clomiphene
fertility treatment

Nine studies reported the incidence of breast cancer in
women who received the ovulation induction agent clomi-
phene!?227242873037.38 'The odds ratios for each of these studies
and the summary odds ratio are shown in Fig. 2. There was no sig-
nificant association between breast cancer risk and clomiphene
administration, odds ratio 1.07 (95 per cent ci. 0.98 to 1.16).
There was no significant heterogeneity between the studies (I>=
15 per cent; P=0.31) (Fig. 3).

Breast-cancer risk associated with human
chorionic gonadotropin fertility treatment

Five studies were eligible for inclusion in the analysis of breast-
cancer risk associated with HcG fertility treatment®?*%-3°,
Similarly, there was no significant association between breast-
cancer risk and HcG fertility treatment (odds ratio 0.91 (95 per
cent c.i. 0.81 to 1.03)) with no heterogeneity between the studies
(Fig.4). However, one study constituted 48.5 per cent of the
weighted mean.

Breast-cancer risk associated with progesterone
fertility treatment

Four studies examined the association between breast-cancer
incidence and progesterone fertility treatment!?16:29:30,
Breast-cancer risk was not significantly associated with proges-
terone treatment (odds ratio 1.11 (95 per cent c.i. 0.76 to 1.61)).
Significant heterogeneity was observed between the studies (I>=
86 per cent, P<0.001) (Fig. 5).

Breast-cancer risk associated with gonadotropin
fertility treatment

The associated risk between breast-cancer incidence and
gonadotropin fertility treatment was examined in seven studies,
with one study contributing 82.7 per cent to the overall weight
mean???%28-30.37.38 There was no significant association between
gonadotropin analogues and breast-cancer incidence (odds ratio
1.03 (95 per cent c.i. 0.95 to 1.13)) (Fig. 6).
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Study log (odds ratio) SE Weight (%) Odds ratio Odds ratio
Brinton et al.’? —0.156 0.1008 5.6  0.86(0.70, 1.04) ]
Brinton et al.?? 0.1699 0.1311 4.3 1.19 (0.92, 1.53) T
Burkman et al.?® 0.1823 0.2069 2.3 1.20 (0.80, 1.80) -
Calderon-margalit et al.?* 0.5172 0.1876 2.7 1.68 (1.16, 2.42) -
Dor et al.®® —0.3711 0.2069 2.3 0.69(0.46, 1.04) —
Doyle et al.® 0.1403 0.3394 1.0 1.15 (0.59, 2.24) 1
Fei et al.? —0.1985 0.1345 42  0.82(0.63,1.07) 7
Gauthier et al.® -0.0619 0.0952 5.8 0.94(0.78,1.13) -
Guleria et al.® —0.086 0.1075 5.3 0.92(0.74,1.13) -
Kallen et al.*® —0.2744 0.1039 54  0.76 (0.62, 0.93) -
Katz et al.®' 0.2151 0.0947 5.9 1.24 (1.03, 1.49) -
Kristiansson et al.*? -0.0726 0.2322 1.9 0.93 (0.59, 1.47) -
Lerner-Geva et al.®* 0.0198 0.5758 0.4 1.02 (0.33, 3.15)
Luke et al.*® -0.1863 0.0517 8.2  0.83(0.75,0.92)
Orgeas et al.¥" 0.1484 0.1352 4.1 1.16 (0.89, 1.51) T
Pappo et al.*® 0.3365 0.182 2.8 1.40 (0.98, 2.00) —
Reigstad et al.”® —0.1851 0.0862 6.3  0.83(0.70, 0.98) ]
Stewart et al.*! 0.1506 0.1059 5.3 1.16 (0.94, 1.43) -
Taheripanah et al.®® 0.1222 0.2443 1.8 1.13 (0.70, 1.82) -
Terry et al.® —0.478 0.1867 2.7 0.62(0.43,0.89) -
Tsafrir et al.*° —-0.1686 0.291 1.3 1.18 (0.67, 2.09) -
van den Belt-Dusebout et al.’® —0.0101 0.0421 8.7 0.99 (0.91, 1.08)
Williams et al.'” —0.0484 0.0286 9.3  0.95(0.90, 1.01)
Yli-Kuha et al.*? —0.0726 0.2069 2.3 0.93(0.62, 1.40) -1
Total (95% c.i.) 100.0  0.97 (0.90, 1.04) '
Heterogeneity: 12 = 0.01; %2 = 57.80, 23 d.f., P< 0.001; /> = 60% ! ' ; !
Test for overall effect: Z=10.82, P =0.41 0.01 Decrea%;d risk 1 Incre;s?ad risk 100
Fig. 2 Forest plot of breast-cancer risk with all fertility treatments
Study log (odds ratio) SE Weight (%) Odds ratio Odds ratio
Burkman et al.?® 0.1823  0.3537 2.7 1.20 (0.60, 2.40) —|'—
Gauthier et al.® —-0.0305  0.1381 18.0 0.97(0.74,1.27) -
Guleria et al.?® -0.1496  0.0841 48.5  0.86(0.73, 1.02) L ‘
Jensen et al.* -0.0619  0.129 20.6  0.94 (0.73, 1.21) -
van den Belt-Dusebout et al’®  -0.0408 0.1835 10.2 0.96 (0.67, 1.38) -
Total (95% c.i.) 100.0  0.91 (0.81, 1.03)
Heterogeneity: y2 = 1.40, 4 d.f., P=0.84; 12 = 0% ' : : .
Test for overall effect: Z=1.54, P=0.12 0.01 Decrea%;d risk 1 Increa1soed risk 100
Fig. 3 Forest plot of breast-cancer risk associated with clomiphene
Study log (odds ratio) SE Weight (%) Odds ratio Odds ratio
Burkman et al.?® 0.1823  0.3537 2.7 1.20(0.60, 2.40)
Gauthier et al.® —0.0305  0.1381 18.0 0.97(0.74,1.27)
Guleria et al.®® -0.1496  0.0841 48.5  0.86(0.73, 1.02)
Jensen et al.*® -0.0619  0.129 20.6  0.94 (0.73,1.21)
van den Belt-Dusebout et al.’®  -0.0408  0.1835 10.2  0.96 (0.67, 1.38)
Total (95% c.i.) 100.0  0.91 (0.81, 1.03)
a2 _ .12 _ No L 1 1 J
Heterogeneity: x> =1.40,4 d.f., P=0.84; I>=0% 0.01 0.1 1 10 100

Test for overall effect: Z=1.54, P=0.12

Fig. 4 Forest plot of breast-cancer risk associated with human chorionic gonadotropin

Decreased risk
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Study log (odds ratio) SE Weight (%) Odds ratio Odds ratio
Jensen et al.*° 1.2119 0.3785 146  3.36(1.60, 7.06) I —
van den Belt-Dusebout et al.’®  —-0.1985 0.2038 241 0.82 (0.55, 1.22) -
Brinton et al.?? —-0.2628 0.1054 30.0 0.77(0.63, 0.95) -
Guleria et al.?® 0.1599 0.0734 314 117 (1.02,1.35) ’
Total (95% c.i.) 100.0  1.11(0.76, 1.61)
Heterogeneity: 12 = 0.11; 2 = 21.86, 3 d.f., P< 0.001; /2 = 86% ! ! ; !
R _ 0.01 0.1 1 10 100
Test for overall effect: Z=0.52, P=0.61 Decreased risk Increased risk
Fig. 5 Forest plot of breast-cancer risk associated with progesterone
Study log (odds ratio)) SE Weight (%) Odds ratio Odds ratio
Brinton et al.?? 0.178 0.2621 2.7 1.19(0.71, 2.00) —
Brukman et al.?® 0.4055 0.2606 2.8 1.50(0.90, 2.50) —
Gauthier et al.?® —0.0101 0.2147 41 0.99 (0.65, 1.51) i
Guleria et al.®® 0.01 0.0476 82.7 1.01 (0.92, 1.11)
Jensen et al.*® 0.1823 0.1943 5.0 1.20 (0.82, 1.76) -
Orgeas et al®” —0.462 0.3299 1.7  0.63(0.33, 1.20) —
Taheripanah et al.®® 0.8109 0.4137 1.1 2.25 (1.00, 5.06) S
Total (95% c.i.) 100.0  1.03 (0.95,1.13)
e A2 _ L2 0, L 1 1 J
Heterogeneity: ¥ = 9.00, 6 d.f., P=0.17; /2 =33% 0.01 0.1 1 10 100

Test for overall effect: Z=0.78, P=0.43

Fig. 6 Forest plot of breast-cancer risk associated with gonadotropins

Breast-cancer risk associated with six or more
cycles of IVF

To determine whether an increasing number of cycles of [IVF were
associated with excess breast-cancer risk, an analysis of six eli-
gible studies was performed!>'¢17:?223.38 An increased incidence
of breast cancer in women who received six or more cycles of fer-
tility treatment was not observed (odds ratio 0.92 (95 per cent c.i.
0.73 to 1.16)). There was significant heterogeneity between the
studies (I =77%, P=0.005) (Fig. 7).

Long-term breast-cancer risk associated with
fertility treatment

Seven studies included patients with greater than 10years’
follow-up!®182429:31.36.40 There was no significant association be-
tween fertility treatment and excess breast-cancer risk in pa-
tients with greater than 10years’ follow-up (OR 0.97 (95 per cent
c.i. 0.85 to 1.12)) with significant heterogeneity between the stu-
dies (I =79%, P=<0.001) (Fig. 8).

Breast-cancer risk associated with IVF compared
with subfertility reference group

Ten studies included women with subfertility as a reference
group when analysing breast cancer rigk!?16:17:22:29-31.36.37.41 " pg
Jensen and colleagues did not report overall breast-cancer risk as-
sociated with all fertility treatment, the most commonly used re-
gime described (clomiphene and gonadotropins) was included in
this analysis®®. There was no excess breast-cancer risk observed
in this subgroup (odds ratio 0.99 (95 per cent ci. 0.92 to 1.08);
> =64%, P=0.003) (Fig. 9).

Decreased risk Increased risk

Discussion

This is the largest meta-analysis in the past 20 years on the inci-
dence of breast cancer associated with fertility treatment. There
was no significant association demonstrated between fertility
treatments and excess breast-cancer risk. The null hypothesis
remained consistent when fertility treatment options such as
clomiphene, gonadotropins, HcG and progesterone were exam-
ined individually.

IVF is a complex process involving several phases, treatment
schedules and multiple drug regimens. Typically, in the first
phase of controlled ovarian stimulation, a woman’s natural men-
strual cycle is downregulated via administration of GnRH, fol-
lowed by ovarian stimulation with gonadotropins causing a
surge of oestrogen and progesterone levels*?. If follicular develop-
ment has occurred, HcG is administered 36 h prior to oocyte re-
trieval and progestogens or HcG are administered as luteal
phase support for embryo implantation’®. Clomiphene is the
most commonly used agent to induce ovulation induction for
women with anovulatory infertility and is often administered
alone in the minimal ovarian-stimulation protocol for IVF***°,
Clomiphene is similar to tamoxifen as they are both selective
oestrogen-receptor modulators. Selective oestrogen-receptor
modulators are thought to act primarily by binding with oestro-
gen receptors in the hypothalamus and this competitive inhibi-
tion results in a perceived drop in endogenous oestrogen levels,
eventually leading to increased gonadotrophin secretion and sub-
sequent induction of ovulation®”.

In contrast to the effects of tamoxifen, an elevated incidence of
breast cancer treated with clomiphene was reported by Orgeas
and colleagues in a cohort of 824 patients*’. However, after ad-
justing for important confounding reproductive factors of age at
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log (odds ratio) SE Weight (%)

Odds ratio Odds ratio

Study

Brinton et al.’? 0.0374
Brinton et al.?? 0.1252
Burkman et al.® 0.6931
Taheripanah et al.®® 0.5306
van den Belt-Dusebout et al’®  -0.5978
Williams et al.'” -0.0101

Total (95% c.i.)

Heterogeneity: 12 = 0.04; x> = 16.65, 5 d.f., P=

0.1995 16.2
0.1069  24.5
0.7073 2.5
0.3245 9.1
0.1754 18.2
0.043 29.6

100.0

0.005; /2 =70%

1.04 (0.70, 1.53)
1.13 (0.92, 1.40) -
2.00 (0.50, 8.00)

1.70 (0.90, 3.21)

0.55 (0.39, 0.78) —-—
0.99 (0.91, 1.08)

0.99 (0.79, 1.24)

1 ]
10 100

Test for overall effect: Z=0.08, P=0.94 0.01 0.1 ) 1 )
Decreased risk Increased risk
Fig. 7 Forest plot of breast-cancer risk associated with six or more cycles of in vitro fertilization
Study log (odds ratio) SE Weight (%) Odds ratio Odds ratio
Calderon-Margalit et al.?* 0.5172 0.1876 8.4 1.68 (1.16, 2.42) i
Guleria et al.?® —0.086 0.1075 14.0 0.92 (0.74, 1.13) -
Katz et al.®! 0.2151 0.0947 15.1 1.24 (1.03, 1.49) -
Luke et al.®® -0.1863 0.0517 18.7 0.83 (0.75, 0.92)
Reigstad et al.”® 0.1851 0.0862 15.8 0.83 (0.70, 0.98)
Tsafrir et al.*° -0.2744 0.1839 8.6 0.76 (0.53, 1.09) -
van den Belt-Dusebout et al.’® —0.0101 0.0421 19.3 0.99 (0.91, 1.08)
Total (95% c.i.) 100.0 0.97 (0.85, 1.12) 4
Heterogeneity: 12 = 0.02; 32 = 28.80, 6 d.f., P<0.001; I2=79% L . L !
Lo _ 0.01 0.1 1 10 100
Test for overall effect: Z=0.37, P=0.71 Decreased risk Increased risk
Fig. 8 Forest plot of long-term breast-cancer risk associated with fertility treatment
Study log (odds ratio) SE Weight (%) Odds ratio Odds ratio
Brinton et al.'? -0.158 0.1008 8.8 0.86 (0.70, 1.04) -
Brinton et al.?? 0.1699 0.1311 6.4 1.19 (0.92, 1.53) -
Guleria et al.?® —0.086 0.1075 8.2 0.92 (0.74, 1.13) T
Jensen et al.*® 0 0.182 3.9 1.00 (0.70, 1.43) -
Katz et al.®! 0.2151 0.0947 9.4 1.24 (1.03, 1.49) -
Luke et al.®® —-0.1863 0.0517 148 0.83 (0.75, 0.92)
Orgeas et al.*” 0.1484 0.1352 6.1 1.16 (0.89, 1.51) T
Stewart et al.*! 0.1506 0.1059 8.3 1.16 (0.94, 1.43) -
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Fig. 9 Forest plot of breast-cancer risk associated with in vitro fertilization using patients with subfertility as a reference group

first birth and total parity, the excess risk was only observed in
women referred for infertility due to non-ovulatory factors who
received four or more cycles of clomiphene (6 patients, standar-
dised incidence ratio 1.90 (95 per cent c.i. 1.08 to 3.35))%.
Findings from the present meta-analysis, however, did not find
a significant association between clomiphene use and excess
breast-cancer risk.

In 2007, Jensen and co-workers reported a four-fold increased
risk of ductal breast cancer after use of progesterone®, however
this was not reproducible in other studies’®'*?°. Progesterone is
mainly used as a routine treatment in most IVF/intracytoplasmic
sperm injection protocols to enhance implantation of the ferti-
lized eggs since it increases thickening of the endometrial lining®®.

As progesterone is often included as part of a regimen of multiple
fertility drugs, the independent effect of progesterone on excess
breast-cancer risk is difficult to establish. Jensen and co-workers
also reported on the confounding potential of multiple adminis-
tration of fertility drugs and concluded that the excess breast-
cancer risk associated with progesterone use could be attributed
to other types of fertility drugs and their combined effects®. The
combined effects of progesterone with other fertility drugs did not
appear to convey an increased risk of breast cancer in the present
analysis.

HcG exerts its effect by triggering ovulation after induction of
follicular growth and development with administration of gona-
dotropins. The role of HcG in breast cancer is paradoxical.
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Placental HcG acts as a protective agent of the mammary gland by
determining a refractory condition to malignant transformation
which is characterized by cellular differentiation, apoptosis and
growth inhibition. Conversely, ectopic expression of -HcG in var-
ious cancer entities is associated with a poor prognosis due to its
tumour-promoting function®. Schiiler-Toprak and colleagues
suggest that mimicking pregnancy by treatment with HcG is a po-
tential strategy for breast-cancer prevention®®. There was no such
protective association between breast-cancer risk and HcG noted
in subgroup analyses of the included studies. Similarly, an ad-
verse effect of gonadotropins on breast-cancer risk was reported
by Burkman and co-workers?® and Taheripanah and colleagues™,
Whilst gonadotropins do not directly affect breast tissue, they
may increase circulating oestrogen levels during the follicular
phase of ovulation-induction cycles and have an indirect influ-
ence on breast tissue®®. Both Jensen and co-workers®® and
Brinton and colleagues®’ reported a higher breast-cancer risk as-
sociated with use of gonadotropin analogues among women who
remain nulliparous but the lack of parity could be attributing to
this excess risk.

One of the major challenges with studying the influence of fer-
tility treatment on breast-cancer risk is the confounding asso-
ciated with underlying causes of fertility. Nulliparity and
infertility are associated with an increased risk of breast cancer,
therefore comparisons with the general population may lead to
inaccurate effect estimates*®. Subgroup analysis of the 10 studies
that used women with infertility problems as a reference group
was performed to combat confounding from infertility and there
was no excess risk observed. All studies used a retrospective
study design to collect data and are therefore subject to informa-
tion bias, as patients with infertility may have been exposed to al-
ternative hormonal treatments outside of the remit of
conventional IVF. The impact of such treatments on breast-
cancer risk cannot be estimated due to study methodology
limitations.

Breast-cancer incidence and associated death increase propor-
tionally with age. Throughout the world, this disease peaks
around age 60years, with a sharp incline beginning at age 40%°.
Katz and colleagues studied a cohort of women who received a si-
milar IVF regimen and compared breast-cancer incidence be-
tween those that did and did not develop breast cancer to
identify women who are at increased risk of developing breast
cancer after IVF*". Being aged over 30 at first IVF cycle was asso-
ciated with a significantly elevated risk of developing breast can-
cer even after controlling for age at first pregnancy. Similarly
Pappo and co-workers reported an increased incidence of breast
cancer among women with hormonal infertility who were 40 or
older and who underwent four or more IVF cycles®. They did
not adjust for age at first pregnancy or address the fact that wo-
men over 40 having multiple cycles of IVF are likely to be nullipar-
ous which could be contributing to their increased cancer risk. To
determine whether there is a significant increased risk of cancer
in women treated with IVF at an advanced age, Tsafrir and collea-
gues studied a cohort of 501 patients with a mean age at first IVF
cycle of 42.3 years and greater than 10years’ follow-up*°. The in-
cidence of breast cancer in women who received IVF was not as-
sociated with an excess risk at long-term follow-up. In contrast
Stewart and colleagues compared breast-cancer incidence in a
cohort of women undergoing treatment for infertility, comparing
the rate in women who had IVF and those who did not and re-
ported an increased rate of breast cancer in women who com-
menced IVF at a young age*’. The authors highlighted the fact
that information on other important risk factors for developing

breast cancer, such as family history, germline mutation status
and age of menarche, were not available and could have resulted
in confounding of the results.

Burkmann and colleagues®® and Taheripanah and co-workers?®
both reported an increased incidence of breast cancer with multi-
ple IVF cycles (more than six cycles) and/or greater than 6 months
of IVF treatment. However, it is worth noting that both studies col-
lated data using non-specific patient questionnaires without med-
ical record verification, which raises the possibility of recall bias. In
the present meta-analysis, to elucidate whether there is a causa-
tive relationship between multiple IVF cycles and breast-cancer in-
cidence, a subgroup analysis was performed which did not show a
significant association between breast-cancer risk and six or more
IVF cycles. Due to the growing evidence base in reproductive med-
icine, seven out of the 25 studies had greater than 10years’ follow-
up. Subgroup analyses of the studies with long-term follow-up did
not demonstrate an association between excess breast-cancer risk
and IVF use.

The potential risk of IVF treatment in the setting of germline
mutations, such as breast cancer gene (BRCA1 and BRCA2), was
not analysed, however the evidence suggests that IVF is safe in
patients with such mutations. A recent study performed by
Derks-Smeets and colleagues on a cohort of 2514 women with
BRCA mutations reported that no evidence was found for an asso-
ciation between ovarian stimulation for IVF and breast-cancer
risk in BRCA1/2-mutation carriers*®. Similarly, Kotsopoulos and
colleagues performed a matched case-control study on 1380 pairs
of women with BRCA mutations to determine if IVF was asso-
ciated with an increased risk of breast cancer; no such association
was found®°. Provisional data from these studies suggest ovarian
stimulation and IVF for fertility preservation due to
BRCA-mutation status is safe. Similarly, studies which included
patients with a previous history of breast cancer were not in-
cluded in the present meta-analysis. Fertility preservation prior
to commencement of chemotherapy is an option for women
who wish to consider future pregnancies. Oocyte/embryo cryo-
preservation is the most well established and successful option
for fertility preservation; it is, therefore, the recommended option
for women with sufficient ovarian reserve who are medically
stable to undergo controlled ovarian stimulation®!. Ovarian sti-
mulation causes an increase in the level of circulating oestrogen,
and accordingly, many fertility-preservation programmes admin-
ister an aromatase inhibitor concurrently®!. Due to the variability
in regimes administered to women with a previous history of
breast cancer, this cohort was omitted from the present
meta-analysis.

There are several limitations to this study. Many of the studies
included were retrospective cohort studies derived from national
databases and therefore subject to recall and information bias.
Data collated from the databases were often deficient of import-
antinformation such as family history, HRT exposure, BMI, smok-
ing, alcohol use and age of menarche, all of which are important
risk factors for developing breast cancer and potential confoun-
ders. Twelve of the studies used the general population as a refer-
ence group. Women treated with IVF are likely to differ from the
general population due to parity, age of first birth, age of me-
narche and age of menopause and these factors should be ad-
justed for when considering excess breast-cancer risk. Several
large population-based studies with greater than 10years’ follow-
up were included in the analyses. One of the challenges with
these studies is that during the study period, IVF regimens and
strategies changed significantly as the number of ampoules of go-
nadotropins used increased until 1990 and decreased
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thereafter'®. More recent IVF strategies largely consist of proto-
cols with antagonists and shorter periods of downregulation,
and improved success rates and therefore it is uncertain whether
the results of this study can be generalizable to newer regimens.

This meta-analysis of 25 studies published in the past 20 years

did not find a significant association between fertility treatments
and excess breast-cancer risk. The same remained consistent
when fertility treatment options such as clomiphene, gonadotro-
pins, HcG and progesterone were examined individually. Women
considering IVF should be informed that IVF does not appear to
increase breast-cancer risk.
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