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Cancer risk among children conceived by fertility treatment
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Prior studies on the association between fertility treatment and childhood cancer risk have generated inconsistent results. We
performed a systematic review and meta-analysis of observation studies to summarize the evidence regarding the relation of
fertility treatment with childhood cancer risk. A systematic literature search of several databases was conducted through April
2018 to identify relevant studies. The outcomes of interest included overall cancer, haematological malignancies, neural tumours,
other solid tumours, and eight specific cancers. The overall risk estimates and corresponding 95% confidence intervals (Cls) were
pooled using random-effects meta-analysis. Sixteen cohort and thirteen case-control studies were included. Results showed that
children conceived by fertility treatment had significantly higher risk for developing overall cancer (relative risk [RR]: 1.16, 95%
Cl: 1.01, 1.32), haematological malignancies (RR: 1.39, 95% Cl: 1.21, 1.60) and other solid tumours (RR: 1.57, 95% Cl: 1.14,
2.16). For specific cancers, fertility treatment was associated with a significantly increased risk of leukaemia (RR: 1.31, 95% ClI:
1.09, 1.57) and hepatic tumours (RR: 2.26, 95% Cl: 1.32, 3.85). Sensitivity analysis validated evidence of the robustness of the
findings. The results may demonstrate a possible association between fertility treatment and an increased risk of cancer among

the offspring. However, the findings cannot say whether this increased risk is due to the subfertility itself or to the fertility
treatment. Further research is needed to address the underlying mechanisms.

Introduction

As reported, more than 7 million children worldwide have
been conceived by assisted reproductive technology (ART),'
and many more children are presumably born after other
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Abbreviations: ART: assisted reproductive technology; CI: confi-
dence interval; CNS: central nervous system; HR: hazard ratio; NOS:
Newecastle-Ottawa Scale; OR: odds ratio; RR: risk ratio; SIR: standard-
ized incidence ratio.
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types of fertility treatment. Among children born after fertility
treatment, increased risk of short-term outcomes has been
well-recognized, including birth defects, preterm birth, low
birth weight and small for gestational age;> as these children
have grown up, it is very important to monitor their long-
term health effects. Since the first three studies published in
the early 1980s and 1990s suggested the possibility of
increased risks of cancer in children born after ART or hor-
monal treatment,” quite a few studies have focused on the
association between fertility treatment and childhood cancer.
However, the findings were discrepant.

Two meta-analyses have been performed. The meta-
analysis published in 2005 did not find an elevation of cancer
risk in children conceived by fertility treatment.® In the study,
only cohort studies of ART were included, and all types of
cancers were assessed together, which may lead to the poten-
tial disguise of elevated risks of certain types of cancer. In
another meta-analysis published in 2013, a statistically signifi-
cantly increased risk of cancer was detected in children con-
ceived by ART or fertility drugs, as well as the increased risk
of specific cancers including leukaemia, neuroblastoma and
retinoblastoma.” However, this analysis was not exhaustive, as
the specific risk of several rare but important specific cancers
was not reported, such as CNS tumours, lymphoma, germ cell
tumours, etc. In addition, the influence of the difference in the
reference group on the overall risk was not considered. Fur-
thermore, several large, population-based cohort studies with
longer follow-up time have been published which showed no
overall increased risk of childhood cancer in relation to fertil-
ity treatment.® "
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What’s new?

Fertility treatment and childhood cancer

Fertility treatments and assisted reproduction have become increasingly common since the 1970’s. Could these treatments
increase the risk of cancer among children conceived via these technologies? In this meta-analysis, the authors found that the
answer is ‘yes’: a number of positive associations were identified. They emphasize that these results should not deter
potential parents from seeking treatment for infertility. However, parents should be aware that their children may have an
increased risk of several childhood cancers. Further research is needed to address the underlying mechanisms.

Therefore, we thought it was important to perform an
updated meta-analysis regarding the association between fer-
tility treatment and the risk of childhood cancer. The result of
our study may lead to better understanding of cancer risk in
children conceived by fertility treatment, which will help to
guide future management and contribute to guidelines for
clinicians.

Materials and Methods

The present meta-analysis was conducted after the Proposed Sys-
tematic Reviews and Meta-analyses (PRISMA) and Meta-analysis
of Observational Studies in Epidemiology (MOOSE) reporting
guidelines. Prior to the search, a plan regarding the study design,
search strategy and study selection criteria was written and
approved by all authors. The protocol was registered at PROS-
PERO with registration number CRD42018106192 and is avail-
able at https://www.crd.york.ac.uk/PROSPERO/#recordDetails.

Search strategy

Two authors independently identified studies published in
English and Chinese prior to April 2018, and reported data
on cancer risk among children born after fertility treatment.
PubMed, Embase, Web of Science, China Biology Medicine
disc (CBMdisc), Chinese Scientific Journals Fulltext Database
(CQVIP), China National Knowledge Infrastructure (CNKI),
and Wanfang Database were systematically searched. The
search terms used are shown in Supporting Information File
1. Furthermore, the reviewers manually searched the reference
lists of identified articles to identify any relevant studies
missed in the initial search.

Exposures and outcomes

The exposure of interest was any type of fertility treatment
included ART and fertility drugs. ART was defined as artificial
insemination, conventional in-vitro fertilization (IVF), intracy-
toplasmic sperm injection (ICSI) and other forms of treatment.
Fertility drugs included clomiphene, progesterone, gonadrotro-
pins (human menopausal gonadotropin, follicle-stimulating
hormone), gonadotropin-releasing hormone, human chorionic
gonadotropin, and a group of other fertility drugs.

The outcomes of interest included overall cancer, haemato-
logical malignancies, neural tumours, other solid tumours,
and eight specific cancers including CNS tumours, neuroblas-
toma, leukaemia, lymphoma, retinoblastoma, hepatic tumours,
bone tumours and extraosseous sarcomas, and germ cell
tumours.

Study selection

At the stage of titles and abstracts screening, we purposely
broadened the inclusion criteria to obtain any relevant study.
First, Chinese or English studies which centered on cancer
among children born after fertility treatment were considered
for inclusion. Then full texts of all selected studies were
reviewed. Studies were included if they 1) were cohort or case-
control in design, and 2) provided sufficient information to
allow for relative risk estimates and their 95% ClIs for cancer in
exposed children to be calculated, including the risk ratio (RR),
hazard ratio (HR), standardized incidence ratios (SIR) and
odds ratio (OR). For cohort studies, the general population,
children not conceived by ART, children conceived naturally,
and children whose mother had a diagnosis of infertility but
conceived naturally could be defined as the unexposed popula-
tion. Only case-control studies that defined children without
cancer as control were eligible for inclusion. Studies using a
diagnosis of subfertility or infertility as the exposure variable
were excluded. Reviews, conference abstracts, comments, case
reports, experimental or qualitative studies, and duplicate pub-
lications were also excluded. The cases of disagreement are pre-
sented in Supporting Information File 2.

Data extraction

Two reviewers independently extracted and evaluated the data
for each included article using a self-designed data abstraction
form. Disagreements were resolved through discussion or con-
sultation with a third reviewer when consensus could not be
achieved. Authors of included studies were contacted if infor-
mation was unclear or missing. The following data were
extracted from cohort studies: the first author and year of
publication, study period, geographic region where the study
was conducted, years of follow-up, type of exposure (fertility
treatment), non-exposed population (including the general
population, children not conceived by ART, children con-
ceived naturally, and children whose mother had a diagnosis
of infertility but conceived naturally), reported cancers, num-
ber of cancers (observed or expected) and study participants
in exposed and unexposed children, adjustments or matches
made, and risk estimates with 95% confidence intervals (CIs)
(if available, the adjusted ones were extracted). For case-
control studies, the following data were extracted: the first
author and year of publication, study period, geographic
region where the study was conducted, type of exposure (fer-
tility treatment), reported cancers, total numbers of cancer
cases and control as well as numbers of exposed children in
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both groups, adjustments or matches made, and risk estimates
with 95% ClIs (if available, the adjusted ones were extracted).

Study quality assessment

Study quality of included studies was assessed using the
Newcastle-Ottawa Scale (NOS) for cohort studies and case—
control studies. This scale was composed of 8 items. It ranged
from 1 to 9 stars and assessed the quality of each study based
on three modules: 1) the selection of exposed and non-exposed
cohorts, or of a case and a control; 2) the comparability of
cohorts, or of the case and control; and 3) the ascertainment
of outcome or exposure. A study can be awarded a maximum
of one star for each numbered item within the first and third
module. A maximum of two stars can be given for the second
module. A final score > 6 (median) was regarded as high

quality.

Statistical analyses

RR was used as the measure of the association between mater-
nal fertility treatment and risk of childhood cancers among
offspring. The HRs, SIRs and ORs were directly considered as
RRs. For studies that reported risk estimates for different types
of specific cancer under the same category separately, we com-
bined these estimates within the same study and calculated
combined RRs by a fixed-effects model for the main analysis.
For example, if a study reported the risk estimates for leukae-
mia and lymphoma separately, the two estimates would be
combined into a single fixed-effect estimate of haematological
malignancies. In addition, for two studies regarded children
born in United Kingdom (1992-2008) after non-donor and
donor ART as exposed population, we combined these two
studies as a single study and calculated a combined RR by a
fixed-effect model for the data analysis phase.*'?

Data of risk estimates and their corresponding 95% Cls
were extracted from each study to calculate log-transformed
estimates and their corresponding standard errors (SEs) which
were used to stabilize the variance and normalize the distribu-
tion. Cochran Q test and the I* statistic were used to assess
the heterogeneity of RRs across studies. The Cochran Q test
was used to evaluate whether the variation across studies was
compatible with chance, and p < 0.1 was considered to indi-
cate significant heterogeneity. The I* statistic was a quantita-
tive indicator used to evaluate the percentage of total variance
in prevalence estimates due to statistical heterogeneity rather
than chance, or sampling error (I* > 75% indicated high
heterogeneity, 51-75% indicated substantial heterogeneity,
26-50% indicated moderate heterogeneity, and < 25% indi-
cated low heterogeneity). The pooled RRs and corresponding
95% ClIs were calculated using random-effects meta-analyses.
Subgroup analyses were performed based on geographic
region (e.g., European countries and non-European countries),
type of study design (e.g., cohort studies and case—control
studies), type of exposure (e.g., ART and fertility drugs) and
non-exposed population (e.g., the general population, children
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not conceived by ART, children conceived naturally, and chil-
dren whose mother had a diagnosis of infertility but conceived
naturally). Given that the proportion of children conceived by
fertility drugs in the background population (children con-
ceived naturally) is negligible,’> we combined children not
conceived by ART into children conceived naturally as a sin-
gle group in the subgroup analysis. Since characteristic of
unexposed population and adjustments or matches made were
not consistent between studies, sensitivity analyses were con-
ducted to examine the influence of different exclusion criteria
on the overall RRs. Furthermore, the influence of individual
studies on the overall RRs was determined by repeating the
meta-analysis after the exclusion of each included study. Con-
cerning about the influence of small-study effects on the
results of our study, we recalculated these pooled estimates
using the fixed-effect meta-analysis, and compared the fixed-
effect and random-effects estimates. Publication bias was
evaluated using Egger’s line regression test (p < 0.05 indicated
statistically significant differences). All analyses were per-
formed using RevMan version 5.3 (Nordic Cochrane Center)
and Comprehensive Meta-Analysis Version 2.2.

Results
Identification and characteristics of studies
In total, 11,525 unique citations were identified after an initial
search. Of these, 11,476 were excluded after screening titles
and abstracts, mainly because they were duplicates, reviews or
not related to our study (Fig. 1). Then, the full text of 47 arti-
cles were reviewed, 18 of which were excluded (details see
Supporting Information Table S1). Finally, a total of 29 studies
were considered to be eligible and included in the systematic
review and meta-analysis.®>°

Of the 29 observation studies included here, 16 were
cohort in  design®'>*"*1?* and 13 were case-
control,'6720-2272232333536 The characteristics of the 16 cohort
studies are shown in Table 1. A total of 327,884 children born
after fertility treatment were included, in which 578 were
diagnosed with cancer. The age range of these affected chil-
dren was 0 to 27 years. All studies were published between
1998 and 2018. Eleven studies (68.8%; 530 cancer
cases/299,458 children born after fertility treatment) were
conducted in Europe,®!071122126-28:34 three (18.6%; 35 cancer
cases/13,698 children born after fertility treatment) in
Asia,”'?! and two (12.5%; 13 cancer cases/14,728 children
born after fertility treatment) in Oceania.**** Two studies
(12.5%; 21 cancer cases/13,803 children born after fertility
treatment) assessed the association between fertility treatment
(ART or fertility drugs) and childhood cancer,'*** one (6.3%;
88 cancer cases/1,017 children born after fertility treatment)
regarded children conceived after the use of fertility drugs as
the exposed cohort,’® while the others (81.3%; 469 cancer
cases/313,064 children born after fertility treatment) targeted
on children born after ART.®'321:26728:3031L34 1y 17 gtudies,

cancer risk during childhood in individuals conceived by fertility
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Fertility treatment and childhood cancer

Records identified through Additional records identified
g database searching through other sources
i (n=11,523) (n=2)
&
L
c
a
° L
L J Records after duplicates removed
(n =7,459)
1
s .
§ Records screened A Records excluded
5 (n=17,459) (n=7,412)
wv
S
Full-text articles excluded,
() Full-text articles assessed with reasons (n = 18)
for eligibility » Review papers, case reports,
(n=47) and comments (n = 6)
E: Irrelevant to the topic of the
a study (n=3),
%” With duplicate data (n = 3),
: Without control (n = 2),
Studies included in Hypothetical cohort (n = 3),
qualitative synthesis With no systematic follow-up
(n=29) of the cohort (n = 1),
o
k=] A
@
3 Studies included in
E quantitative synthesis
(meta-analysis)
(n=29)

Figure 1. Flow chart of study selection. [Color figure can be viewed at wileyonlinelibrary.com]

treatment was compared to the risk in those not conceived by ART
(in eight studies;”™'"">!**"28 326 cancer cases/175,150 children
born after fertility treatment), or those whose mother had a diag-
nosis of infertility but conceived naturally (in two studies;'>*
95 cancer cases/10,496 children born after fertility treatment); in
the other six studies (157 cancer cases/142,238 children born after
fertility treatment), cancer rates were compared to population-
based rates in the same country over the same period.®'>¢**3!3
Thirteen studies (75%; 437 cancer cases/299,999 children born
after fertility treatment) stated the average follow-up time with the
range of 3.8 to 10.55 years,®'*2%?7273134 hile the rest did not
provide any relevant information."*"** Only three studies (16.7%;
2 cancer cases/8,735 children born after fertility treatment) did not
adjust for any confounder when estimating the risk of childhood
cancer associated with maternal fertility treatment,”**** whereas
remaining studies (81.3%; 576 cancer cases/319,149 children born
after fertility treatment) adjusted or matched for age, gender or
other potential confounders ®1>21-262%31

The characteristics of the 13 case-control studies, which
included 54,220 participants (cancer: 7,014; no cancer: 47,206) and
were published between 1996 and 2013, are shown in Table 2. Six

studies (46.2%; 148 individuals exposed to fertility treatment/4,045
cancer cases) were conducted in Europe'®®****> and seven
(53.8%; 139 individuals exposed to fertility treatment/1,962 cancer
cases) in North America.!®?%?%?425323 gix studies (46.2%;
148 individuals exposed to fertility treatment/3,864 cancer cases)
reported the proportion of fertility drugs use in mothers whose
children were diagnosed with cancer,”****>?*%>% a5 two studies
(15.4%; 37 individuals exposed to fertility treatment/1,300 cancer
cases) reported the proportion of ART application'®* and five
studies (38.5%; 161 individuals exposed to fertility treatment/1,607
cancer cases) reported the proportion of fertility treat-
ment'®'”1%2*2 of which four reported the proportion of fertility
drugs use and ART application separately.'®'”'*** Adjustments
and matches were made in all studies.

After combination of the two studies from United King-
dom (1992-2008) and treatment of duplicate data (details
were shown in Supporting Information File 3), among all
studies included here, 12 studies reported on overall cancer,
13 studies on haematological malignancies, 10 studies on neu-
ral tumours and 13 studies on other solid tumours. For spe-
cific types of cancers, the number of studies reported on each
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type were as follows: 8 studies on CNS tumours, 7 studies on
neuroblastoma, 13 studies on leukaemia, 6 studies on lym-
phoma, 8 studies on retinoblastoma, 7 studies on hepatic
tumours, 6 studies on renal tumours, 5 studies on bone
tumours and extraosseous sarcomas, and 5 studies on germ
cell tumours.

The quality of 16 cohort studies as well as 13 case—control
studies was evaluated using the NOS as shown in Supporting
Information Table S2 and Supporting Information Table S3.
The quality of those studies was generally good as all studies
got 6 to 9 stars.

Fertility treatment and risk of overall cancer, haematological
malignancies, neural tumours and other solid tumours
Figure 2 shows the result from the random-effects model
combining the RRs for overall cancer in children conceived by
fertility treatment. Among the 12 cohort studies, 10 showed
no statistically significant association between fertility treat-
ment and risk of overall cancer®'>!%26:27:297313437.38 e
RRs for the association varied from 0.23 to 2.55. Overall, chil-
dren conceived by fertility treatment compared to the refer-
ence group had a significantly higher risk for developing
cancer (RR: 1.16 [95% CI: 1.01, 1.32]). There was low hetero-
geneity across studies (I* = 24%, p = 0.21). No potential publi-
cation bias was found by Egger’s regression test (t = 0.431,
p =0.676).

The risk estimates of haematological malignancies, neural
tumours and other solid tumours associated with fertility
treatment are shown in Figure 3. Meta-analyses showed signif-
icant increased risks for haematological malignancies (RR:
1.39 [95% CI: 1.21, 1.60]) and other solid tumours (RR: 1.57
[95% CI: 1.14, 2.16]) in children conceived by fertility treat-
ment, but not for neural tumours (RR: 1.12 [95% CI: 0.91,
1.37]). Significant heterogeneity was only detected across stud-
ies regarding the risk estimate of other solid tumours
(PP = 69%, p < 0.01). No potential publication bias was found
by Egger’s regression test (haematological malignancies:
t = 0.088, p = 0.932; neural tumours: t = 1.172, p = 0.275;
other solid tumours: ¢ = 0.762, p = 0.462).

Fertility treatment and risk of specific cancers

The relationships between fertility treatment and risk of spe-
cific cancers are summarized in Table 3. The overall combined
RRs in relation to fertility treatment were 1.01 (95% CI: 0.76,
1.32) for CNS tumours, 1.20 (95% CI: 0.86, 1.67) for neuro-
blastoma, 1.31 (95% CI: 1.09, 1.57) for leukaemia, 1.09 (95%
CIL: 0.74, 1.61) for lymphoma, 1.98 (95% CI: 0.85, 4.63) for
retinoblastoma, 2.26 (95% CI: 1.32, 3.85) for hepatic tumours,
1.25 (95% CI: 0.68, 2.30) for renal tumours, 1.27 (95% CI:
0.73, 2.19) for bone tumours and extraosseous sarcomas, and
0.81 (95% CI: 0.37, 1.80) for germ cell tumours. Significant
heterogeneity was detected across studies regarding the risk
estimates of retinoblastoma, renal tumours, and bone tumours
and extraosseous sarcomas (I* range: 60-68%; all p < 0.1),

Fertility treatment and childhood cancer

while no significant heterogeneity was found for other out-
comes (I” range: 0-41%; all p > 0.1). No evidence of publica-
tion bias was detected by using the Egger’s regression tests
(t range: 0.080-1.485; all p > 0.05).

Subgroup analyses

Subgroup analyses for risk of overall cancer, haematological
malignancies, neural tumours and other solid tumours among
children conceived by fertility treatment are shown in Sup-
porting Information Table S4. When stratified by geographic
region, the risk estimates of haematological malignancies
(1.43, 95% CI: 1.23, 1.67) associated with fertility treatment
were still significant in studies conducted in European coun-
tries, as the risk of overall cancer (1.47, 95% CI: 1.05, 2.03)
and other solid tumours (2.27, 95% CI: 1.28, 4.03) further
increased in studies conducted in non-European countries.
The risk estimates of overall cancer (1.16, 95% CI: 1.01, 1.32),
haematological malignancies (1.25, 95% CI: 1.02, 1.51) and
other solid tumours (1.73, 95% CI: 1.28, 4.03) was significantly
increased when data were restricted to studies with a cohort
design, as only an increased risk of haematological malignan-
cies was found in case-control studies (1.56, 95% CI: 1.27,
1.92). Compared to the reference group, the risk estimates of
overall cancer (1.16, 95% CIL: 1.01, 1.34), haematological
malignancies (1.30, 95% CI: 1.07, 1.58) and other solid
tumours (1.75, 95% CI: 1.23, 2.48) were significant higher
among children born after ART, as only risk of haematologi-
cal malignancies was higher among children conceived by fer-
tility drugs (1.61, 95% CI: 1.24, 2.11). Additionally, the risk of
overall cancer (1.24, 95% CI: 1.09, 1.41; p < 0.01), haematolo-
gical malignancies (1.53, 95% CI: 1.30, 1.80) and other solid
tumours (1.64, 95% CI: 1.10, 2.44) among children conceived
by fertility treatment was significantly higher when compared
to children conceived naturally, while no increased risk was
found when compared to the general population or children
whose mother had a diagnosis of infertility but conceived nat-
urally (all p > 0.05).

Subgroup analyses for the risk estimates of specific cancers
associated with fertility treatment are summarized in Support-
ing Information Table S5. Overall, risk estimates of the follow-
ing cancer outcomes increased further: leukaemia (1.37, 95%
CI: 1.13, 1.66) and hepatic tumours (2.43, 95% CI: 1.11, 5.33)
when data were restricted to studies conducted in European
countries; retinoblastoma (7.80, 95% CI: 1.72, 35.41) and renal
tumours (4.44, 95% CI: 1.78, 11.09) when data were restricted
to studies conducted in non-European countries; hepatic
tumours (2.53, 95% CI: 1.22, 5.26) when data were restricted
to cohort studies; leukaemia (1.58, 95% CI: 1.27, 1.96) when
data were restricted to case-control studies; hepatic tumours
(2.22, 95% CI: 1.42, 3.48) when data were restricted to studies
having the use of ART as the exposure of interest; leukaemia
(1.68, 95% CI: 1.27, 2.21) when data were restricted to studies
having the use of fertility treatment as the exposure of interest;
bone tumours and extraosseous sarcomas (2.27, 95% CI: 1.01,
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Risk Ratio Risk Ratio
Study or Subgroup __log[Risk Ratio] __ SE_Weight IV, Random, 95% CI IV, Random, 95% ClI
Bruinsma 2000 0.3293 0.4098 2.6% 1,39 [0.62, 3.10] —
Doyle 1998 05596 0.886 0.6% 0.57 [0.10, 3.24]
Hargreave 2015 0.0619 0.2269 7.4% 0.94 [0.60, 1.47] i
Kallen 2010 0.3716 0.1408 14.9% 1.45[1.10, 1.91] =
Klip 2001 02231 05196 1.6% 0.80 [0.29, 2.22] —
Lerner-Geva 2000 -1.4816 15648 0.2% 0.23[0.01,4.88] ¢
Lerner-Geva 2017 0.3507 0.2616 5.8% 1.42[0.85, 2.37] S
Pinborg 2010 09368 108 04%  255[0.31,21.19]
Reigstad 2016 0.1906 0.1515 13.5% 1.21[0.90, 1.63] T
Sundh 2014 0.077 0.085 25.0% 1.08 [0.91, 1.28] Nl
Wainstock 2017 06729 0275 5.3% 1.96 [1.14, 3.36] ——
Williams 201382018 -0.0305 0.0956 22.7% 0.97 [0.80, 1.17] ==
Total (95% Cl) 100.0% 1.16 [1.01, 1.32] >

Heterogeneity: Tau® = 0.01; Chi* = 14.51, df = 11 (P = 0.21); I* = 24%
Test for overall effect: Z = 2.17 (P = 0.03)

0.05 0.2 1 5 20
Favours [Fertility treatment] Favours [No fertility treatment]

Figure 2. Risk of overall cancer among children conceived by fertility treatment. (Cl = confidence interval; IV = inverse variance; SE = standard

error). [Color figure can be viewed at wileyonlinelibrary.com]

Table 3. Meta-analyses of risk estimates for specific cancers among children conceived by fertility treatment

Test of heterogeneity Test of publication bias

No. of
Outcome studies RR (95% CI) p value I (%) p value t p value
CNS tumours 8 1.01 (0.76, 1.32) 0.96 41 0.11 1.342 0.228
Neuroblastoma 7 1.20 (0.86, 1.67) 0.27 10 0.35 0.080 0.938
Leukemia 13 1.31 (1.09, 1.57) <0.001 25 0.19 0.551 0.592
Lymphoma 6 1.09 (0.74, 1.61) 0.65 0 0.57 0.169 0.874
Retinoblastoma 8 1.98 (0.85, 4.63) 0.12 68 < 0.001 0.795 0.457
Hepatic tumours 7 2.26 (1.32, 3.85) <0.001 35 0.16 1.485 0.198
Renal tumours 6 1.25 (0.68, 2.30) 0.47 60 0.03 0.229 0.830
Bone tumors and extraosseous 5 1.27 (0.73, 2.19) 0.40 66 0.02 0.571 0.608
sarcomas
Germ cell tumours 5 0.81 (0.37, 1.80) 0.61 19 0.29 0.643 0.566

Abbreviations: Cl, confidence interval; CNS, central nervous system; RR, risk ratio.

5.08) when data were restricted to studies having the general
population as the non-exposed population; leukaemia (1.38,
95% CI: 1.14, 1.66) and hepatic tumours (2.22, 95% CI: 1.10,
4.52) when data were restricted to studies having children con-
ceived naturally as the non-exposed population.

Sensitivity analyses

Sensitivity analyses were performed to examine the influence
of different exclusion criteria on the overall risk estimate for
childhood cancers associated with fertility treatment
(Supporting Information Table S6). Results showed that exclu-
sion of three studies with children whose mother had an infer-
tility/subfertility diagnosis but conceived naturally as control,
three studies without adjustment/match, or 14 studies without
any adjustment or adjusted only for age and/or gender yielded
similar estimates. Further exclusion of any single study did
not materially alter the risk estimates for overall cancer as well
as other types of cancer (Supporting Information Table S7).

In addition, to identify the influence of small-study effects on
the outcomes, fixed-effect estimates of cancer risk were calcu-
lated and compared to the random-effects estimates; results
showed that the estimates based on the two methods were
similar (Supporting Information Table S8).

Discussion

In our study, by combining the results of all available cohort and
case-control studies with the conventional method of meta-anal-
ysis, we provided evidence that fertility treatment is associated
with an increased risk of overall cancer, haematological malig-
nancies, and other solid tumours among the offspring, with a rel-
ative risk estimate of 1.16, 1.39 and 1.57, respectively. The risks
increased further when data were restricted to studies with
cohort design, studies having the use of ART as the exposure of
interest, as well as studies having children conceived naturally as
the non-exposed population. For specific types of cancer, signifi-
cantly increased risks were found only for leukaemia and hepatic

Int. ). Cancer: 144, 3001-3013 (2019) © 2018 The Authors. International Journal of Cancer published by John Wiley & Sons Ltd on behalf

of UICC

?
p—
=]
o
g
%}
o
B
=
i
5
9
=
-]
©)



http://wileyonlinelibrary.com

3010 Fertility treatment and childhood cancer

(a) Haematological malignancies

Risk Ratio Risk Ratio

__Study or Subgroup __log[Risk Ratio] SE Weight IV, Random, 95% ClI 1V, Random, 95% CI
Hargreave 2015 0.2927 0.3099 5.4% 1.34 [0.73, 2.46] ]
Kallen 2010 0.3808 0.3698 3.8% 1.46 [0.71, 3.02] ]
Lerner-Geva 2017 0.174 0.3621 4.0% 1.19[0.59, 2.42] — =
Lidegaard 2005 0.4414 14291  0.3% 1.55 [0.09, 25.59] ’
Petridou 2012 04383 0.2391 91% 1.55[0.97, 2.48] i
Puumala 2007 0.1398 0.3084 5.5% 1.15[0.63, 2.10] —
Puumala 2010 0.01 0.3801 3.6% 1.01[0.48, 2.13] —
Reigstad 2016 0.5247 0.2257 10.2% 1.69[1.09, 2.63] S —
Roman 1997 0.9933 0.7621  0.9% 2.70[0.61, 12.03]
Rudant 2013 0.5878 0.166 18.9% 1.80 [1.30, 2.49] -
Schuz 1999 047 02338 95% 1.60 [1.01, 2.53] -
Sundh 2014 0.3221 0.2014 12.9% 1.38 [0.93, 2.05] T
Williams 201382018 -0.1165 0.1814 15.8% 0.89 [0.62, 1.27] T
Total (95% Cl) 100.0% 1.39 [1.21, 1.60] L 2

e 2 = i 2 = = = - 12 = NY +
Heterogeneity: Tau? = 0.00; Chiz = 11.85, df = 12 (P = 0.46); I = 0% 0.05 0.2

e 1 5 20
? flestianovernlleffact 284 o4 (2.0.00001) Favours [Fertility treatment] Favours [No fertility treatment]
p—
=
= (b) Neural tumours
% Risk Ratio Risk Ratio
o —Study or Subgroup __log[Risk Ratio] __SE Weight IV, Random, 95% Cl IV, Random, 95% Cl
L%‘ Hargreave 2015 -0.478 0.3738 6.7% 0.62 [0.30, 1.29] [
» Kallen 2010 0.6162 0.4359 5.1% 1.85[0.79, 4.35] ]
5] Lerner-Geva 2017 0.1906 0.3641 7.1% 1.21[0.59, 2.47] -
é Mallol-Mesnard 2008 0.0953 0.3093 9.3% 1.10 [0.60, 2.02] =
< Michalek 1996 2.3418 1.1014 0.9% 10.40 [1.20, 90.06] *
o Olshan 1999 0.1823 0.3093 9.3% 1.20 [0.65, 2.20] ~
Reigstad 2016 0.1133 0.2855 10.7% 1.12 [0.64, 1.96] =
Schuz 1999 0.0953 0.4002 6.0% 1.10 [0.50, 2.41] =
Sundh 2014 0.27 0.1621 24.0% 1.31[0.95, 1.80] i
Williams 201382018 -0.1393 0.1808 20.9% 0.87 [0.61, 1.24] 7 [
Total (95% CI) 100.0% 1.12 [0.91, 1.37]
oo 2 i 2= = = .12 =189 F t t t J
Heterogeneity: Tau® = 0.02; Chi* = 10.91, df = 9 (P = 0.28); 18% 0.05 02 1 5 20

ilestfaroveralleftect 2N R0 028} Favours [Fertility treatment] Favours [No fertility treatment]

(c) Other solid tumours

Risk Ratio Risk Ratio
Study or Subgroup __log[Risk Ratio] _ SE_Weight IV, Random, 95% Cl IV, Random, 95% Cl
Bradbury 2004 3.7206 14266 1.2% 41.29[2.52, 676.33] >
Foix-LHelias 2012 0.3075 0.2313 11.5% 1.36 [0.86, 2.14] S
Hargreave 2015 -0.3147 05511  56% 0.73[0.25, 2.15]
Kallen 2010 0.47 1.1401 1.8%  1.60[0.17, 14.95]
Lerner-Geva 2017 15326 0.2886 10.2% 4.63[2.63,8.15] =
Lidegaard 2005 -0.3036 14213 1.2%  0.74[0.05,11.97] *
McLaughlin 2006 22192 07537 36%  9.20[2.10, 40.30] ’
Puumala 2011 -0.1744 05665 5.4% 0.84 [0.28, 2.55]
Puumala 2012 0.1906 0.2558 11.0% 1.21[0.73, 2.00] =
Reigstad 2016 027 02711 10.6% 1.31[0.77, 2.23] B
Schuz 1999 0.0953 0253 11.0% 1.10[0.67, 1.81] 1
Sundh 2014 0.0953 0.1479 13.4% 1.10[0.82, 1.47] =
Williams 2013&2018 0.6098 0.1461 13.4% 1.84 [1.38, 2.45] T
Total (95% Cl) 100.0% 1.57 [1.14, 2.16] o
Heterogeneity: Tau® = 0.18; Chi? = 38.41, df = 12 (P = 0.0001); I = 69% :0 = 0’2 : 5 20’

Testioroverallsffect: 2= 2.7 (= 10.006) Favours [Fertility treatment] Favours [No fertility treatment]

Figure 3. Risk of haematological malignancies, neural tumours and other solid tumours among children conceived by fertility treatment.
(CI = confidence interval; IV = inverse variance; SE = standard error). [Color figure can be viewed at wileyonlinelibrary.com]

tumours while no increase in risk was detected for the other sub-
types of childhood cancer. Given that different types of specific
cancers may have different aetiologies, it may be conceivable that
the risk for developing each specific cancer is inconsistent. To
the best of our knowledge, our study is the most comprehensive
meta-analysis assessing the association between fertility

treatment and risk of childhood cancer, which can supply helpful
information to both clinicians and couples who intend to receive
fertility treatment, and help to guide further clinical management
for children born after fertility treatment.

To date, there are two existing meta-analyses of the child-
hood cancer risk in relation to fertility treatment. The meta-
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analysis of 11 cohort studies published in 2005 found a slightly
higher but non-significant risk in children conceived by ART
(RR = 1.33).° It is worth noting that, however, given the smaller
number of cancer cases (47 cases) in the study, we cannot rule
out the possibility that the potential significance of the elevation
in risk cannot be detected due to the limited statistical power.
In contrast, the meta-analysis published in 2013 by Hargreave
et al., which based on 332 cancer cases in individuals conceived
by fertility treatment, detected significant higher risks in rela-
tion to fertility treatment for overall cancer, haematological
malignancies, neural tumours as well as other solid tumours,
with risk estimates of 1.33, 1.59, 1.88 and 2.19, respectively.”
Furthermore, increased risks for specific cancers including leu-
kaemia (RR = 1.65), neuroblastoma (RR = 4.04) and retinoblas-
toma (RR = 1.62) were also reported in the study. Consistent
with the meta-analysis published in 2013, our study found sig-
nificant elevation in risks of overall cancer (RR = 1.16), haema-
tological cancers (RR = 1.39), other solid tumours (RR = 1.57)
as well as leukaemia (RR = 1.31). By comparison, our estimates
were slightly lower than those in the meta-analysis published in
2013, which may be due to the inconsistencies in included
studies. On the one hand, the meta-analysis published in 2013
included three studies using hypothetical cohorts or without
systematic follow-up of the cohort, which are not included in
the present meta-analysis due to the use of stricter selection cri-
teria.>*** Notably, after excluding studies with a different
study design, all risk estimates in the meta-analysis published
in 2013 decreased; among them, the elevations in risk for neu-
ral tumours as well as for specific cancers including neuroblas-
toma and retinoblastoma become non-significant. On the other
hand, the meta-analysis was published earlier than five large
cohort studies from United Kingdom,*'*> Denmark,'> Norway"°
and four Nordic countries,'" all of which were included in our
study and showed relatively lower risk estimates for overall can-
cer than the estimate in the meta-analysis published in 2013,
with HRs or SIRs of 0.83, 0.98, 0.94, 1.21 and 1.08, respectively.
Furthermore, the risk estimates of leukaemia, neuroblastoma
and retinoblastoma in most of the five studies were also lower
than those in the meta-analysis published in 2013. These five
cohort studies were large with a total of 440 cancer cases identi-
fied in 236,745 children conceived by fertility treatment, and
their cohort design rendered little risk of recall bias; it means
they could add important data to the knowledge base and
increase the power of our results.

An important limitation, which must be noted and existed in
the 2013 meta-analysis” as well as in our study, was the inability
to account for underlying parental infertility. Due to the limitation
in included studies, the relative excess observed risk between fertil-
ity treatment and the development of these tumours are not evi-
dence of causation. Both of the two meta-analyses cannot
distinguish whether the elevated cancer risk in offspring born after
fertility treatment is associated with underlying parental infertility,
or the procedure itself. Evidence suggested that epigenetic alter-
ations could be an important cause of infertility, rather than an

3011

outcome of the procedure used to treat it.*"**> Thus, infertile cou-
ples using fertility treatment could have a higher risk of epigenetic
defects in their gametes, which fertility treatment is simply unco-
vering.”” In addition, males with fertility problems may have
DNA defects in their sperm, since abnormalities such as loosely
packed chromatin and DNA damage have already been reported
in semen sample with poor quality.**"** In our study, we assessed
the effect of fertility treatment on childhood cancer by using sub-
group analysis based on two studies regarded children whose
mother had a diagnosis of infertility but conceived naturally as
control, and no elevation in risk of cancer was found. Although
the two studies were designed to adequately consider the underly-
ing infertility, they involved only 95 cancer cases which might
have limited statistical power to detect potential elevations in risk.
Therefore, further studies are needed to clarify the relation among
parental infertility, fertility treatment and cancer in offspring. For
that, it is crucial to ascertain in any study design the underlying
cause of infertility. If, for example, epigenetic alterations are found
only among those couples with sperm maturational defects or
ovarian failure but not among those with mechanical problems
(e.g., tubal disease), then these alterations are unlikely to be caused
by the procedure.

In addition, significant unmeasured confounding factors
except for parental infertility may have contributed to the
observed association between fertility treatment and childhood
cancer in this meta-analysis. Although none of them have ade-
quately controlled all potential confounding factors, such as age,
gender, maternal age at birth, socioeconomic status, maternal
smoking, low birth weight, congenital malformations, and
imprinting disorders,212>47-53 nearly 90% of the studies (26/29
studies) included have controlled for more than one potential con-
founding factors. Here, 23 studies adjusted or matched for age
and/or gender of children, 13 studies for maternal age at birth,
8 studies for parental socioeconomic status, 5 studies for birth
order/parity, 8 studies for birthweight and gestational age, 4 studies
for maternal smoking during pregnancy, and 3 studies for mater-
nal pregnancy complication, congenital malformations or chro-
mosomal aberrations. Unique to our study, we conducted
sensitivity analyses to consider the effects of those potential con-
founding factors. Results showed that exclusion of studies without
any adjustment or match yielded similar results for all estimates,
as exclusion of studies adjusted/matched only for age and/or gen-
der of children did. It is worth noting that, some factors that could
not be controlled within included studies including country-
specific differential medical practices, epigenetic/environmental
factors, and changes in treatment of infertility over time, may also
have an influence on the results of our study. If data allow, an
effort could be made to present the role of those potential con-
founding factors in the association between fertility treatment and
childhood cancer through meta-regression or subgroup analysis
processes. However, we were unable to obtain adequate data on
these factors.

A further limitation of the current meta-analysis was that about
45% of the studies (13/29 studies) were performed with a case—
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control design, with inherent limitations regarding inaccurate data
of exposure as well as the risk of recall bias.* However, the
Motherisk Program in Toronto found that underreporting of
exposure information related to clinic visits was less likely™; it
means that recall bias is not a problem in studies concerning chil-
dren conceived by fertility treatment, as mothers may remember
the treatment they received through a clinic. Moreover, Petridou
et al. pointed out that case—control studies may offer advantages
over cohort studies since inappropriate cohorts might constitute
the lack of evidence rather than the evidence of no effect of assisted
reproduction.'®

In addition, although a series of subgroup and sensitivity ana-
lyses were performed, novelty of our findings seems to be
restricted by the availability of data on various types of fertility
treatment, changes in treatment of infertility over time, and spec-
ification of childhood cancer due to the paucity of relevant data.
Further studies with large sample size, and detailed data on types
of fertility treatment and childhood cancer and changes in treat-
ment of infertility are needed. Even though a total of 29 studies
were included, part of outcomes reported relied on a limited
number of studies. More relevant studies should be included in
future systematic reviews to provide further support for our
results. Finally, although an attempt was made to minimize the
possible bias in the process of document retrieving with specific
searches in major English-Chinese databases (including master
and doctoral theses), there may still be some unidentified papers.
Fortunately, as the results of Egger’s test showed, there was no
publication bias found in all estimates.

The strength of our study is the large sample size from all
available studies with a total of 578 cancer cases in individuals
conceived by fertility treatment which helps to enhance statis-
tical power to provide more reliable and precise risk estimates.
Risk estimates for most of the common and rare childhood
cancers were calculated, most of which were homogenous.
Results of subgroup analysis could answer specific questions
about study design, exposure and control, as results of the
sensitivity analyses based on various exclusion criteria sup-
ported the robustness of the observed association between fer-
tility treatment and childhood cancer. At the beginning of the
study, a comprehensive search strategy was used to identify
relevant studies which were later screened by a series of stric-
ter selection criteria. Furthermore, the inclusion of more
recent studies means that the findings are more likely to be
related and more applicable to current practice.

References

Fertility treatment and childhood cancer

Two questions that were previously raised but not resolved
are again presented here. Firstly, is the association between fer-
tility treatment and childhood cancer causal? To answer this
question, several issues should be taken into account, including
parental age, genetic, epigenetic, and environment confounders.
If the answer to the question is yes, what is the exact mecha-
nism behind the increase of childhood cancer risk? Epigenetic
alterations may offer insights. Further well-designed studies
with large sample and longer follow-up time, which adequately
considered the potential confounding factors, are warranted to
address the two questions for a better understanding of the
association between fertility treatment and childhood cancer,
and to provide convincing evidences for clinical management
of children conceived by fertility treatment.

Finally, to better obtain meaningful data, as suggested, the
national registry reporting outcomes after ART (fertility drugs as
well, if available) should be cross-linked to the cancer registry.”®
A specific set of variables associated with increased cancer risk
should be collected to build solid database, such as age of cou-
ples, years of unwanted childlessness, type of infertility, smoking,
body mass index, genetic familiarity for cancer and others.

Conclusions

Our results may demonstrate a possible association between fer-
tility treatment and increased risks of overall cancer, haematolo-
gical malignancies, other solid tumours, leukaemia and hepatic
tumours among the offspring. However, the findings cannot say
whether this increased risk is due to the subfertility itself or to
the fertility treatment. These findings should not prevent parents
from seeking treatment of infertility, but they should be aware of
the possible increased risk of cancer among their offspring.
Moreover, guidelines of clinical monitoring for children con-
ceived by fertility treatment are welcome, but should be based
on valid data. Further research is needed to address the question
whether fertility treatment itself or underlying parental infertility
or a combination of these bring about increased risks of cancers
in offspring among the pregnancies receiving fertility treatment.
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