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STUDY QUESTION: Do women who give birth after assisted reproductive technology (ART) have an increased risk of cancer compared with
women who give birth without ART?

SUMMARY ANSWER: Without correction, the results indicate an increase in overall cancer risk, as well as a 50% increase in risk of CNS cancer
for women giving birth after ART, however the results were not significant after correcting for multiple analyses.

WHAT IS KNOWN ALREADY: Studies regarding the effects of hormonal treatments involved with ART on subsequent cancer risk have
provided inconsistent results, and it has also been suggested that infertility itself could be a contributory factor.

STUDY DESIGN, SIZE, DURATION: A population-based cohort consisting of all women registered in the Medical Birth Registry of Norway
as having given birth between | January 1984 and 3| December 2010 was assembled (n = 812 986). Cancers were identified by linkage to the
Cancer Registry of Norway. Study subjects were followed from start of first pregnancy during the observational period until the first cancer, death,
emigration, or 3| December 2010.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Of the total study population (n = 806 248), 16 525 gave birth to a child fol-
lowing ART. Cox regression analysis computed hazard ratios (HR) and 95% confidence intervals (Cl) comparing cancer risk between ART women
and non-ART women; for overall cancer, and for cervical, ovarian, uterine, central nervous system (CNS), colorectal and thyroid cancers, and for
malignant melanoma.

MAIN RESULTS AND THE ROLE OF CHANCE: A total of 22 282 cohort members were diagnosed with cancer, of which 338 were ART
womenand 2| 944 non-ART women. The results showed an elevated riskin one out of seven sites for ART women. The HR for cancer of the CNS
was 1.50(95% Cl 1.03— 2.18), and among those specifically subjected to IVF (without ICSI) the HR was 1.83 (95% CI 1.22—2.73). Analysis of risk of
overall cancergave an HR of |.16 (95% Cl 1.04—1.29). Among those who had delivered only one child by the end of follow-up, the HR for ovarian
cancerwas 2.00 (95% Cl 1.08—3.65), and for those nulliparous at entry the HR was 1.80 (95% CI 1.04—3.1 |). However, all findings became non-
significant after correcting for multiple analyses.

LIMITATIONS, REASONS FOR CAUTION: The results of elevated risk of overall cancerand CNS cancer lost significance when adjusting
for multiple analyses, implying animportant limitation of the study. The follow-up time was relatively short, especially for ART women. In addition,
as the cohort was relatively young, there were few incident cancers, especially for some rarer cancer forms, such as uterine cancer. Risk assess-
ments according to different causes of infertility could not be done.

WIDER IMPLICATIONS OF THE FINDINGS: In light of the findings in the present study, further studies should be made on risk of CNS
and ovarian cancer, and continued monitoring of all those treated with ART is encouraged. Our findings may only be generalizable to women who
give birth after ART, and the risk for women who remain nulliparous after ART remains to be assessed.
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Introduction

Increasing infertility rates (Slamaetal., 2012; Louis et al., 201 3) and use of
assisted reproductive technology (ART) (Wright et al., 2004; Sunderam
et al., 2013) have raised concern regarding potential effects on subse-
quent cancer risk. The role of endogenous or exogenous sex hormones
in cancer development is well recognized for breast and gynecological
cancers (Key and Pike, 1988a,b; Moodley et al., 2003). However, it has
also been suggested that these hormones are associated with cancers
at other sites, such as central nervous system (CNS) (Wigertz et al.,
2008), and thyroid cancers (Rossing et al., 2000), as well as colorectal
cancer (CRC) (Althuis et al., 2005; Nichols et al., 2005) and cutaneous
malignant melanoma (CMM) (Koomen et al., 2009).

Although some studies have indicated that women treated with fertil-
ity hormones are at an increased risk of ovarian tumors (Whittemore
et al, 1992; Rossing et al, 1994; Lerner-Geva et al., 2003; van
Leeuwen et al., 201 1) or breast cancer (Jensen et al., 2007; Orgeas
et al, 2009; Silva Idos et al., 2009; Brinton et al, 2014), a recent
meta-analysis concluded that controlled ovarian hyperstimulation for
IVF resulted in no increased risks of ovarian, uterine or cervical
cancers, once confounding effects were taken into account (Siristatidis
etal., 2013). Studies have also focused on possible associations of ART
with tumors of the CNS (Kallen et al., 2011; Yli-Kuha et al., 2012),
CRC (Althuis et al., 2005; Kallen et al., 201 |; Yli-Kuha et al., 2012),
thyroid (Althuis et al., 2005; Hannibal et al., 2008b; Pazaitou-Panayiotou
etal., 2014) and CMM (Rossing et al., 1994; Althuis et al., 2005; Hannibal
et al., 2008a; Stewart et al., 2013), with discrepant results.

Many of the aforementioned studies on cancerin women treated with
fertility hormones do not distinguish between ART and other types of
medically assisted reproduction when defining exposure, and only
some have specifically focused on the effects of ART alone. Additionally,
many studies have had short follow-up times, few cancer cases in com-
parison groups, and incomplete information on exposure and cancer
diagnoses. Since pregnancy and childbirth exert a protective effect on
certain cancers (Risch et al., 1994; Althuis et al., 2004; Horn et dl.,
2014), the outcome of fertility treatment can significantly affect risk
differences between treated and untreated women.

In a population-based cohort study, we assessed cancer risk among
women in Norway who had given birth over a 27-year period (1984—
2010), which allowed for adjustment for the known alterations of risk fol-
lowing childbirth. The same cohort has been used in a previous study
where we found a significant increase in breast cancer risk among
women who gave birth following ART (Reigstad et al., 2015). In the
present study, the objective was to compare the risk of cancer among
women who gave birth following ART to that of women who had
given birth without the use of ART. Overall cancer risk and site-specific
risks of cancers of the cervix, ovary, uterus, CNS, and thyroid and of CRC
and CMM were examined.

Materials and Methods

The study population

Women registered in the Medical Birth Registry of Norway (MBRN) as having
given birth in Norway between | January 1984 and 31 December 2010
constituted the study cohort (n= 812 986). The study cohort has been
described in detail previously in an article addressing effects on breast
cancer risk (Reigstad et al., 2015). After removal of subjects who delivered
after emigrating from Norway, and those with a cancer prior to the start of
follow-up, 806 248 study subjects were included in the analyses (Fig. 1).

All deliveries (from Week 22) in Norway have been recorded in the MBRN
since its establishment in 1967. The reporting of data on ART pregnancies
started in 1984 (the year the first baby was born after IVF in Norway). For
each child born, the following data were extracted from the MBRN: date of
birth of mother and child, parity, present region of residence, exposure to
ART, the specific method of ART. The MBRN categorizes method of ART
into four groups: (i) conventional IVF, (ii) IVF with ICSI, (iif) a combination of
the two or treatment with a different ART procedure (such as frozen embryo
replacement, gamete donation or ART abroad; the MBRN does not allow
distinction between these latter treatment types), (iv) unknown/unspecified.

Ascertainment of exposure

Women who had at least one pregnancy initiated by ART were classified as
ART women, and women who had no registered ART pregnancies were clas-
sified as non-ART. In this study we did not have information about the type of
medication given during each ART procedure, only that each delivery was a
result of one of the four categories described above. Categories three and
four were treated as one category ‘others’, due to low numbers.

Identification of cancer cases

All women with at least one diagnosis of invasive cancer during the period
| January 1953 through 3| December 2010 were identified through linkage
of the MBRN data to the Cancer Registry of Norway (CRN) using each
woman’s unique personal identification number. The latest update of the
cancer data was 3| December 2010, at the time of merging of the two files.

The information on cancer diagnoses was categorized according to the
International Classification of Diseases version |0 (ICD-10), and information
on cancer diagnoses (C00-96) was extracted from the CRN.

For women who were diagnosed with more than one cancer, only the
first case was counted in the analysis of overall cancer risk. In the site-specific
analyses, the first case of the cancer of interest was counted. Inanalyses of risk
of overall cancer, all women with any cancer before the start of follow-up
were excluded from the analyses. In the site-specific analyses, only those
with a cancer at the index site prior to the start of follow-up were excluded
from the analyses. Analyses were made separately for cervical (invasive
cancers only) (C53), ovarian (excluding borderline tumors) (C56), uterine
(C54-55), CNS (C70-72), colorectal (C18-20) and thyroid (C73)
cancers, as well as CMM (C43). For CNS cancer separate analyses were
undertaken for glioma and meningioma, obtained by ICD-O-3 morphology
(see Supplementary Data).
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Figure I Number of women constituting the study cohort. *Women registered in the MBRN as having given birth between | January 1984 and 3| De-
cember 2010. "Women with a cancer at any site were excluded from the study population in analysis of overall cancer. “The number of subjects in the study
population in the analysis of overall cancer. MBRN: Medical Birth Registry of Norway; ART: assisted reproductive technology; ART women: those with at

least one ART delivery as registered in the MBRN; Non-ART women: those without a registered ART delivery in the MBRN.

Follow-up

All study subjects started follow-up at the starting date of their first pregnancy
registered in the MBRN between | January 1984 and 31 December 2010.
This date was obtained by subtracting the gestational length from the date
of birth of each child born with the aid of ART during the observational

period. Where the gestational length was missing, start of follow-up was
obtained by subtracting the mean length of a pregnancy (282 days), from
the birth date of the first child. All women were followed until the date of
their first cancer diagnosis of interest, the date of death or emigration, or
to 31 December 2010, whichever occurred first. Some study subjects had
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a non-ART pregnancy prior to the first ART pregnancy. These women first
contributed person years to the non-ART group and, after ART exposure,
contributed person years to the ART group. To model this, ART exposure
was treated as a time-varying covariate, and these study subjects switched
group, from the non-ART to the ART group upon exposure (the start of
their first ART pregnancy).

Statistical analyses

Descriptive statistics are presented as median/interquartile range and fre-
quency/percentage where appropriate. Demographic data at baseline are
presented for the whole cohort, as well as for ART women and non-ART
women separately (Table I).

A Cox proportional hazards model was used to compare risk between
ART and non-ART women, first for overall cancer and subsequently for
the seven cancer sites. To assess the risk of cancer after exposure to ART,
the datawere splitat the time of exposure to ART for exposed study subjects.
The assumption of proportional hazards was tested using Schoenfeld resi-
duals (Schoenfeld, 1982). To adjust for the age difference between ART
women and non-ART women, we used the age of study subjects as the time-
scale (Commenges etal., 1998). Confounder adjustment was made for age at
start of follow-up, calendar period, region of residence in Norway and parity
as a time-varying covariate, as previously described (Reigstad et al., 2015).

Stratified analyses were performed by age at follow-up, parity at inclusion,
parity at end of follow-up, method of ART and time from inclusion to end of
follow-up, as previously described (Reigstad et al., 2015).

Sensitivity analyses were performed after excluding those with cancers
diagnosed within the first year after inclusion to remove the possibility
that a pre-existing cancer was diagnosed after inclusion. Analyses by specific
cancer sites were also conducted by excluding all study subjects with cancers
at any site (as well as the index cancer) prior to inclusion.

To adjust for multiple testing, a Benjamini-Hochberg correction was made
for all analyses at the final stage of analysis, where the P-value was set at 0.0
(Benjamini et al., 2001).

All analyses were conducted using the software package STATA version
13.0 (StataCorp. Stata Statistical Software: Release 3. College Station,
TX, USA).

Ethical approval

The study was approved by the Committee for Medical and Health Research
Ethics, South Eastern Health region of Norway.

Results

Of the total study population (n = 806 248), 16 525 gave birth to a child
following ART, and 789 723 gave birth without ART. A total of 338 ART
womenand 2| 944 non-ART women were registered with a cancer diag-
nosis during the study period, | January 1984 and 31 December 2010
(Fig. 1).

The total follow-up time was 12 301 922 person years; 139 776 for
ART women, and |2 162 146 for non-ART women. Median follow-up
time for ART women was 7.3 years and for non-ART women 16.0
years (Table I). Non-ART women were younger at start of follow-up
and older at the end of follow-up. Of those with at least one cancer diag-
nosis, the age at diagnosis of overall cancer was slightly lower for ART
women compared with non-ART women. Of those not diagnosed
with cancer, 765 889 women were followed until the end of the obser-
vational period and of these 3663 died (I | ART women) and 14414
were censored due to emigration (10l ART women) (data not
shown). Among the ART women, the majority (44%) started follow-up

during the last decade of the study period (2003—-2010), whereas the
majority (46%) of non-ART women started follow-up during the first
decade of the study period (1983—1992) (data not shown).

The risk of overall cancer for ART women compared with non-ART
women is shownin Table Il. Afteradjustment for age at start of follow-up,
parity, region of residence and calendar year at follow-up, the HR for
overall cancer in ART women compared with non-ART women was
.16 (95% ClI 1.04—1.29). Sensitivity analyses excluding those with
cancer within the first year of inclusion did not alter this estimate (HR
[.16, 95% Cl 1.04—1.30). Significantly elevated risks were seen for
ART women compared with non-ART women among those nulliparous
at start of follow-up (1.17,95% CI 1.04—1.32) and in ART women com-
pared with non-ART women among those who were exposed to IVF
alone (1.22,95% Cl 1.07—-1.38) (Table II).

The adjusted HR for cervical cancer was 0.86 (95% CI 0.57—1.29) in
ART women compared with non-ART women (Table lIl), whilst for
ovarian cancer the HR was 1.56 (95% ClI 0.94—2.60). Among those
who had delivered only one child by the end of follow-up, the HR for
ovarian cancer was 2.00 (95% CI 1.08—3.65), and for those nulliparous
atentry the HR was 1.80 (95% CI 1.04—3.11) (Table Ill) in ART women
compared with non-ART women.

The crude HR of uterine cancers in ART women compared with
non-ART women was 0.73 (95% Cl 0.30—1.77), and adjusted HR was
0.69 (95% CI 0.28—1.68) (data not shown). Removing those with
uterine cancer within the first year gave an HR of 0.69 (95% ClI
0.28—1.68) in ART women compared with non-ART women (data
not shown). These estimates were based on only five cases in the ART
group, and stratified analyses are therefore precluded.

The HR for cancer of the CNS was 1.50 (95% CI 1.03—2.18) compar-
ing women treated with ART to non-ART women. Restricting analyses
to those who were parous at inclusion gave an HR of 2.78 (95% ClI
[.14—6.76), and restricting to those who were treated specifically
with [VF gave an HR of 1.83 (95% CI 1.22-2.73) (Table V). Removing
study subjects with a CNS cancer diagnosis within the first year
after ART, did not alter the risk of CNS cancer (HR 1.57, 95% CI
[.08—2.28) (Table IV).

There were 12 cases of meningioma in the ART group and 585 in
the non-ART group; similarly there were 12 cases of glioma in the
ART group and 498 in the non-ART group. Risk of meningioma in
ART women versus non-ART women was [.49 (95% Cl 0.83-2.68)
and risk of glioma was 2.21 (95% CI 1.23-3.98) (data not shown). For
those exposed to IVF the HRs were 1.88 (95% Cl 1.02-3.45) and
2.87 (95% ClI 1.56—5.29) for meningioma and glioma, respectively
(data not shown).

The HR for CMM in ART women was 1.24 (95% Cl 0.91-1.70)
(Table V), and risk of colorectal cancer was .31 (95% Cl 0.85-2.01)
(Table V). There was no difference in risk of thyroid cancer between
ART women and non-ART women, HR [.15 (95% Cl 0.66—2.00)
(Table V).

The main HR estimates for all cancer sites are also demonstrated
graphically (Fig. 2). Removing all those with a previous cancer at any
site did not alter the main HR estimates in the site-specific analyses
(data not shown). Removing breast and CNS cancers from the main es-
timate gave an HR of 1.10 (95% Cl 0.94—1.27), for ART women com-
pared with non-ART women (data not shown).

Once corrections for multiple analyses were made, all HRs that initially
were significant lost statistical significance (data not shown).
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Table I Demographic data of the study cohort* at baseline, by method of conception, as registered in the Medical Birth

Non-ART women Total cohort*

Registry of Norway.

Characteristics of study population ART women** N
n

Number of study subjects 16525

Numbers of study subjects with cancer 338

31.2(28.0-343)
417 (37.3-46.0)
40.5 (36.0—45.5)

Age at start follow-up, years (median, IQR)
Age at diagnosis, years (median, IQR)
Age at end, years (median, IQR)

Follow-up time, person years (median, IQR) 7.3 (3.7-123)
Total follow-up time, person years 139776
Age at start follow-up (years)
Less than 25 1896
25-29 4674
30-34 6629
35-39 3111
40-44 209
45 and older 6
Total 16525
Parity at entry
Nulliparous 15589
One child 807
More than one child 129
Total 16525
Parity at exit
One 5572
Two 7208
Three 2956
Four or more 789
Total 16525
Method of ART
IVF 10057
ICSI 4933
Other 1535
Total 16525

1%
28%
40%

19%

19%
0%

100%

94%
5%
19

100%

34%
44%
18%

5%

100%

61%
30%
9%

100%

n % n %
789723 806 248
21944 22282

26.3 (22.9-29.9)
435 (37.1-49.4)
42.0 (35.0-49.0)

26.4 (22.9-30.0)
435 (37.1-49.3)
42.0 (35.1-48.9)

16.0 (8.0-22.9) 15.9 (7.8-22.8)
12162 146 12301922
315820 40% 317716 39%
281274 36% 285 948 35%
14051 | 18% 147 140 18%
44865 6% 47976 6%
6989 1% 7198 1%
264 0% 270 0%
789723 100% 806 248 100%
628959 80% 644548 80%
94943 12% 95750 12%
65821 8% 65950 8%
789723 100% 806 248 100%
172773 22% 178 354 22%
338957 43% 346 165 43%
200 475 25% 203 431 25%
77518 10% 78307 10%
789723 100% 806 257 100%

IQR, inter quartile range.

*This constitutes the cohort used in analysis of risk of total cancer, i.e. excluding all those with a cancer at any site prior to inclusion (n =2522).
#3233 ART women also contributed person years to the non-ART group, due to one or more non-ART deliveries before the ART delivery.

Discussion

This study used a population-based cohort design to compare the risk of
cancer in women who gave birth following ART to that in women who
gave birth without ART. Without correction, the results indicate an in-
crease in overall cancer risk, as well as a 50% increase in risk of CNS
cancer for women giving birth after ART, however the results were
not significant once correction for multiple analyses was made.

In a previous paper we have demonstrated a 20% increase in risk of
breast cancer for ART women (Reigstad et al., 2015) using the same
population-based cohort. In the present study we found no excess risk
of overall cancer when excluding breast and CNS cancer cases, implying

that the elevated overall cancer risk is due to the increased risk of these
two specific cancers.

CNS cancer

Before correction for multiple analyses, we found an elevated risk of CNS
cancer in ART women, and in analyses by histologic subtype found the
risk highest for gliomas. A Swedish population-based study of parous
women found a significant increase in CNS cancer risk in women
treated with IVF before they underwent treatment, compared with the
general population, but the risk increase was not significant after IVF
(Kallen et al., 2011). Our finding is in contrast to a Finnish study that
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Table Il Hazard ratios (HR) with 95% confidence intervals (Cl) of overall cancer for ART women compared with non-ART
women. All women with a cancer at any site prior to inclusion were omitted from analyses.

ART women Non-ART women HR Lower CI Upper CI
N .............. pyrs . N ................. pyrs ......

Crude risk 338 139776 21944 12162 146 *1.23 [.11 1.37

Adjusted risk? 338 139776 21944 12162 146 *1.16 1.04 1.29

Excl. cancer during the first year® 329 139770 21610 12161963 *1.16 1.04 1.30

Age at follow-up, years
30-40 133 86928 7868 8273366 *1.25 1.05 1.49
40-50 173 46773 9075 3074518 *1.21 1.04 1.42
>50 32 6074 5001 814262 0.84 0.59 1.20
Total 338 139775 21944 12162 146

Parity at entry
PO 302 128 250 13024 8827019 *1.17 1.04 1.32
Pl+ 36 11527 8920 3335126 .19 0.85 .65
Total 338 139777 21944 12162 145

Parity at exit
One 163 78480 4133 3673723 1.07 0.91 1.26
Two 138 49014 9233 4842584 *1.23 1.04 |.46
Three or more 37 12282 8578 3645839 1.37 0.99 1.90
Total 338 139776 21 944 12162 146

Calendar year at follow-up
1983-1992 6 3778 1561 1 972460 1.51 0.68 3.39
1993-2002 71 40 547 6723 4777423 1.06 0.83 .34
2003-2010 261 95451 13660 5412262 *1.18 1.05 .34
Total 338 139776 21 944 12162145

Method of ART
IVF 257 96017 21 944 12162 146 *1.22 1.07 1.38
ICSI 45 28632 21944 12162 146 0.98 0.73 1.32
Other 36 15127 21944 12162 146 1.03 0.75 |.43
Total 338 139776

Duration of follow-up, years
< year I 13240 349 791255 0.84 0.59 1.20
-5 63 444 2221 2903417 I.14 0.86 |.44
>5-10 102 39949 3821 3033330 *1.23 1.0l [.51
>10 162 42176 15553 5434144 I.14 0.97 1.33
Total 338 139776 21944 12162 146

Hazard ratios are adjusted for attained age, age at start of follow-up, parity, region of residence and calendar period.
®Those with cancer diagnosed within the first year of follow-up were omitted from this analysis.

Number of cancers in each group (n), person years (p.yrs).

*Hazard rates which were statistically significant between ART and non-ART women, lost statistical significance once corrections were made for multiple analyses, using the

Benjamini-Hochberg method.

did not find an increased risk of CNS cancer for women who were regis-
tered in a prescription database as having purchased fertility drugs for
ART, but the analysis was based on only |6 cases of CNS cancer
(Yli-Kuhaetal., 2012). Neither of the aforementioned studies subdivided
their tumors according to histology.

Inanalyses restricted to women exposed to conventional [IVF treatment
(without ICSI), there was elevated risk of CNS cancer. Itis possible that itis
not the hormone treatment itself, but some other association between
women selected for IVF and risk of CNS cancer. Caution should be

taken in interpreting this result; however, as almost all the cases were in
the IVF group, and as mentioned under limitations below, the indications
for treating couples with ICS| have widened in recent years.
Apartfromionizing radiation and some rare hereditary conditions, the
risk factors for the development of CNS cancers are largely unknown
(Wrensch et al., 2002). Findings of an increased risk of CNS tumors
related to use of menopausal hormone therapy (Benson et al., 2010;
Andersen etal., 2013) have prompted an interest in the role of other ex-
ogenous hormones. In line with this, a recent study from Denmark found
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Table Il Risk of cervical and ovarian cancer for ART women compared with non-ART women, stratified analyses.

Cervical cancer (C53)

ART Non-ART HR Lower
n n bound
Number of cancers during the 24 2156
observational period
Crude risk 24 2156 0.83 0.55
Adjusted risk? 24 2156 0.86 0.57
Excl. cancer during the first 23 2102 0.87 0.8
year®
Parity at entry
PO 19 1459 0.78 0.50
Pl 5 697 203 0.84
Total 24 2156
Parity at exit
One I5 498 099 0.59
Two 9 910 085 044
Three or more 0 748 NA -
Total 24 2156
Method of ART
IVF 17 2156 0.88 0.55
ICSI 4 2156 0.70 026
Other 3 2156 .04 033
Total 24
Duration of follow-up, years
<l year 2 56 .08 0.25
-5 Il 317 .70 09I
>5-10 9 608 .10 057
>10 2 1175 020 0.05
Total 24 2156

Ovarian cancer (C56)

Upper ART Non-ART HR Lower Upper
bound n n bound bound
16 800
1.24 16 800 .67 1.02 2.74
1.29 16 800 .56 0.94 2.60
1.32 14 781 .43 0.83 2.45
1.24 14 402 *1.80 1.04 301
4.93 2 398 .60 0.40 6.45
16 800
1.67 12 172 *2.00 1.08 3.65
I.64 3 305 0.95 0.30 2.98
- I 323 .22 0.17 8.71
16 800
.43 Il 800 .45 0.79 2.65
1.88 2 800 .51 037 6.11
322 3 800 233 075 7.28
16
4.54 2 19 *5.59  L.12 28.0
3.15 3 73 201 0.60 6.67
2.15 6 133 1.98 0.85 4.64
0.8l 5 575 0.96 0.39 2.33
16 800

?Hazard ratios are adjusted for attained age, age at start of follow-up, parity, region of residence and calendar period.
Those with an index cancer diagnosed within the first year of follow-up were omitted from this analysis.
*Hazard rates which were statistically significant between ART and non-ART women, lost statistical significance once corrections were made for multiple analyses, using the

Benjamini-Hochberg method.

an association between glioma and the use of oral contraceptives, with a
nearly 2-fold increase in risk (Andersen et al., 2015). Estrogen has been
shown to exert a protective effect on glial cells in vitro (Shy et al., 2000),
and it could be that infertile women, or some subgroups thereof, harbor
an altered steroid hormone profile, in some way associated with elevated
risk of CNS tumors. A group of researchers from the USA found a 50%
lower risk of glioma in women who were younger at first childbirth
(below 20 years), and suggested that long-term alterations in steroid hor-
mones may play a role (Hatch et al., 2005). ART women are known to be
older than non-ART women at their first birth, also in line with findings
in the present study.

Gynaecological cancers

Several authors have suggested decreased risks of cervical cancerininfer-
tile women or women treated with fertility drugs. Both a Finnish study
(Yli-Kuha et al., 2012), and a study in Israel (Brinton et al., 2013) found
reductions in the risk of cervical cancer among women who had received

IVF, and in the latter study there was a significant reduction in the risk of
insitu cervical cancers. Decreased risks of cervical cancer were observed
inwomen assessed forinfertility in the UK, in two different studies (Doyle
etal., 2002; Silva Idos et al., 2009), as well as in a meta-analysis including
many of the above studies, which found reduced cervical cancer risk in
women treated with IVF (Siristatidis et al., 2013). These findings might
be due to observation bias, as women seeking fertility treatment possibly
have gynecological examinations with cervical cytology more frequently,
which is known to reduce the risk of development of cervical cancers
through a screening effect (Scarinci et al., 2010). A British study did
indeed find that women assessed for infertility were ‘healthier’, i.e. had
a lower mortality rate, than the general population (Silva Idos et dl.,
2009). We found a tendency of lower, although not significant, risk of
invasive cervical cancerin ART women compared with non-ART women.

No significantly elevated risk of ovarian cancer was observed among
ART women in our study. This is in accordance with a recent
meta-analysis regarding ovarian cancer, which concluded no increased
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Table IV Risk of cancer of the central nervous system and cutaneous malignant melanoma for ART women compared with

non-ART women, stratified analyses.

Cancer of the central nervous system (C70-73)

ART Non-ART HR Lower
n n bound
Number of cancers during the 29 1489
observational period
Crude risk 29 1489 *1.55 1.07
Adjusted risk? 29 1489 *1.50 1.03
Excl. cancer during the first 29 1461 *1.57  1.08
year®
Parity at entry
PO 24 945 .32 0.87
Pl+ 5 544 *2.78 1.14
Total 29 1489
Parity at exit
One I3 278 1.30  0.73
Two I3 634 1.66 0.95
Three 3 577 1.58  0.51
Total 29 1489
Method of ART
IVF 25 1487 *1.83  1.22
ICSI 4 1487 I.16 043
Other 0 1487 NA
Total 29 4461
Duration of follow-up, years
<lI year 0 29 NA -
-5 8 175 1.83 0.88
>5-10 8 284 148 0.72
>10 I3 1001 1.54 0.88
Total 29 1489

Cutaneous malignant melanoma (C43)

Upper ART Non-ART HR Lower Upper

bound n n bound bound
41 2509

2.24 41 2509 128 0.94 1.74

2.18 41 2509 124 09I 1.70

2.28 39 2419 125 09I 1.73

1.99 38 1745 1.25  0.90 1.74

6.76 3 762 120 038 3.75
41 2507

2.30 20 588 .12 0.71 1.78

2.90 I5 1052 120 0.72 2.0l

4.92 6 869 209 093 4.67
41 2509

2.73 29 2509 125 0.86 1.8l

3.12 8 2509 1.30 0.64 2.60

2509 1.08 0.40 2.87

41

- 2 96 094 022 3.90

3.8l 9 383 1.00 05l 1.96

3.04 I5 524 1.54 09I 2.6l

2.67 I5 1506 121 0.72 2.02
41 2509

*Hazard ratios are adjusted for attained age, age at start of follow-up, parity, region of residence and calendar period.
®Those with an index cancer diagnosed within the first year of follow-up were omitted from this analysis.
*Hazard rates which were statistically significant between ART and non-ART women, lost statistical significance once corrections were made for multiple analyses, using the

Benjamini-Hochberg method.

risk after fertility treatment (Siristatidis et al., 2013). Others have sug-
gested elevated risks following fertility treatment, associated with the
use of clomiphene citrate and/or other types of fertility medications
(Rossing et al., 1994; Calderon-Margalit et al., 2009; van Leeuwen
et al, 2011), as well as progesterone, which in a Danish study from
2015 was associated with an elevated risk of borderline ovarian
tumors (Bjornholt et al., 2015). Parity is an important protective factor
in the development of ovarian cancer (Adami et al., 1994) and thus
one might conclude that in our study of namely parous women our find-
ings of no increased risk of ovarian cancer reflect the protective effect of
childbirth. In stratified analyses, we observed elevated risk of ovarian
cancer in women who remained uniparous throughout the study, as
well as in women who were nulliparous when receiving ART treatment.
Although this risk estimate lost statistical significance after correction for
multiple analyses, it is noteworthy that several other authors have sug-
gested that those with resistant infertility may represent a subgroup of

infertile women that harbors a higher risk (Ness et al., 2002; Rossing
et al.,, 2004; Trabert et al., 2013), which could explain our finding.

Risk of uterine cancer was not elevated for ART women. There were,
however, only five cases of uterine cancer in the ART group, so this
prompts further observation as the population of ART women ages.
The Siristatidis meta-analysis identified an increased risk of endometrial
cancers, based on five studies and a total of 18 cancer cases in the IVF
group, but when adjusting for the effect of infertility, no elevated risk
was found (based on only 2 studies and | | cancer cases) (Siristatidis
etal., 2013).

Other cancers

We also had the opportunity to evaluate the risk of several other cancers.
The risk of CRC was not elevated among ART women, which was in ac-
cordance with study results from Finland (Yli-Kuha et al., 2012) and
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Table V Risk of colorectal and thyroid cancer for ART women compared with non-ART women, stratified analyses.

Colorectal cancer (C18-20)

ART Non-ART HR Lower
n n bound
Number of cancers during the 25 1364
observational period
Crude risk 22 1364 .36 0.89
Adjusted risk? 22 1364 .31 085
Excl. cancer during the first 22 1354 .34 0.87
year®
Parity at entry
PO 20 659 .43 091
Pl+ 2 705 090 0.22
Total 22 1364
Parity at exit
One 9 183 .13 057
Two 10 572 .41 0.75
Three or more 3 609 .81 058
Total 22 1364
Method of ART
IVF 16 1364 .27 077
ICSI 2 1364 095 0.24
Other 4 1364 .86 0.69
Total 22
Duration of follow-up, years
<l year 0 10 NA -
-5 6 8l 227 096
>5-10 5 158 .13 046
>10 Il 1115 .16 0.64
Total 22 1364

Thyroid cancer (C73)
Upper ART Non-ART HR Lower Upper
bound n n bound bound
I3 919
2.07 I3 919 .14 0.66 1.97
2.0l I3 919 1.I15  0.66 2.00
2.06 I3 894 1.18  0.68 2.06
2.25 12 640 1.07 0.60 1.91
3.60 | 279 097 0.13 6.93
13 919
2.23 3 201 0.50 0.15 1.55
2.65 7 403 1.59  0.75 3.39
5.64 3 315 260 0.83 8.15
I3 919
2.10 9 919 1.15  0.59 2.23
3.80 2 919 0.87 022 3.51
4.98 2 919 1.59  0.40 6.40
I3
- 0 26 NA - -
541 3 186 0.82 026 2.6l
2.82 3 238 0.81 026 2.58
2.12 7 469 1.84 0.87 393
I3 919

?Hazard ratios are adjusted for attained age, age at start of follow-up, parity, region of residence and calendar period.
Those with an index cancer diagnosed within the first year of follow-up were omitted from this analysis.

Sweden (Kallen et al., 201 ). However, Althuis and colleagues reported
on use of clomiphene citrate, and found that infertile women had an
increased risk of colon cancer compared with the general population,
and also found increased risk following more than six cycles of treatment
with clomiphene citrate (Althuis et al., 2005).

Our results for thyroid cancer were in line with a pooled risk analysis
which, based on |3 studies, observed no definite association between
use of exogenous hormones and thyroid cancer (La Vecchia et dl.,
1999). On the other hand, Hannibal and colleagues in 2008 found that
CC and possibly progesterone increased the risk of thyroid cancer in
parous women, but found no association with gonadotrophins, hCG
or GnRH analogues (Hannibal et al., 2008b).

In our study, no elevated risk of CMM was observed following ART, in
agreement with previous studies on fertility treatment (Hannibal et al.,
2008a), and treatment with clomiphene citrate (Rossing et al., 1995).
Althuis however, reported increased risk after treatment with clomi-
phene citrate, but not gonadotrophins (Althuis et al., 2005). In a recent
paper Stewart and colleagues reported no overall risk increase from a

study of 21 604 women treated with IVF or ICS| (Stewart et al., 2013).
However, they did note that those who ended up giving birth had
higher risks of CMM associated with ART compared with those who
remained nulliparous, a difference we could not analyze in our data set
consisting of parous women only. Results were also reassuring in a
Dutch study from 2015, which found no overall increased risk of CMM
in the period 1989 through 2009, although in subgroup analyses the
risk of CMM was found to be increased among women who were
older at first child birth (Spaan et al., 2015).

Correction for multiple analyses

The results of elevated risk of overall cancer and CNS cancer lost
significance when adjusting for multiple analyses, demonstrating the
risk of a type | error and implying an important limitation of the study.
However, with the amount of data available to us, it was important
in the planning phase to address the most common cancer forms for
women in this cohort, and to do so in the most comprehensive
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Figure 2 Hazard ratios for cancer by site for ART women compared with non-ART women. The right column displays numerically hazard ratios (HR) and
95% confidence intervals (Cl). Adjustments have been made for attained age, age at start of follow-up, parity, region of residence and calendar period.
N denotes the number of cancers occurring after the start of follow-up in the non-ART group. N* denotes the number of cancers in the ART group.
CMM: cutaneous malignant melanoma; CNS: cancer of the central nervous system; CRC, colorectal cancer. Hazard rates which were statistically significant
between ART and non-ART women, lost statistical significance after adjustments for multiple analyses using the Benjamini-Hochberg method.

manner. The present findings, including the slightly elevated overall
cancer risk and the magnitude of the main estimate of CNS cancer,
should still be alerting to clinicians and researchers in the field of ART
and cancer. Additionally, although subgroup analyses of ovarian cancer
lost statistical significance when correcting for multiple analyses, it
must be pointed out that several other researchers in the field find
slight elevations of ovarian cancer risk. Our results should prompt
other researchers to looking at risks in infertile women, specifically for
CNS cancer but also for ovarian cancer. With longer follow-up time,
reassessment of the current cohort will be essential.

Strengths

The registry-based design of this cohort study allowed for unbiased
collection of exposure data, regardless of the outcome. By focusing on
women who had given birth we were able to address the effects of
primary infertility and by adjusting for the number of births could
account for effects of secondary infertility (Brinton et al., 2004). The
completeness of the CRN enabled accurate ascertainment of cancer,
with negligible losses to follow-up (Larsen et al., 2009). The time-
dependent analysis using the Cox proportional hazards model provided
the opportunity to take into account changes in cancer incidence
observed since the early 1980s, as well as increases in the use of ART
over the last three decades. To our knowledge, no other study has
made separate analyses by IVF with and without ICSI. This is important
because whena male factor of infertility exists, a couple is always selected
for ICSI (Practice Committees of the American Society for Reproductive
Medicine, 2012). Thus, in the ICSI group there may be a higher propor-
tion of couples suffering from male infertility. This distinction may be used
as amarker of the type of infertility the couple suffers from, although with
some limitations. As mentioned, it is known that the indication for ICSI
has become much wider in recent years, for example in cases of unex-
plained infertility and when few eggs are collected at oocyte retrieval
(Andersen et al., 2008), and therefore selection to ICSI may be a some-
what inaccurate measure of female/male infertility.

Limitations

Despite the many strengths of the study, it also has the following limita-
tions. Notably, the follow-up time was still relatively short, especially for
women who received ART. As the cohort was relatively young, there
were few incident cancers, especially for some rarer tumors, such as
uterine cancer, which could have led to type Il errors. Information on
potential confounders, such as BMI, socioeconomic level and earlier
use of oral contraceptives and menopausal hormone therapy, was also
unavailable. As mentioned previously, there are indications that ART
women may have better health. This healthy cohort effect may cause
selection bias, especially for cervical cancer, giving rise to the slightly
reduced risk of cervical cancer observed for ART women. Risk assess-
ments according to different causes of infertility could not be done,
and indeed different risk profiles have been shown within different infer-
tility categories (Venn et al., 1999). Some research has pointed out that
women exposed to many ART cycles may be at increased risk. In this
study, we were unable to determine how many treatment cycles a
woman was exposed to in order to become pregnant with a child. We
did not have data on which specific types of hormone treatments ART
women received, and consequently could not assess whether certain
medications were associated with elevated cancer risk, as has been
described by other investigators. Non-ART women may have been
exposed to ART later during their follow-up period, but without a follow-
ing pregnancy, thus misclassified as unexposed. However, one would
expect these to be very few, as only 20% of women receiving ART are
parous, and approximately 40% of those exposed to ART do not con-
ceive (R. Storeng, personal communication).

To conclude, our population-based study indicates a possible eleva-
tion of risk of CNS cancer as well as a slightly increased risk of overall
cancer for women who give birth following ART, although the risk esti-
mates were not statistically significant after adjusting for multiple ana-
lyses. Results were largely reassuring for all other cancers, although the
number of cancer cases was low for some sites, e.g. uterine cancer.
Additionally, stratified analyses suggested that subgroups of ART
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women may have increased risk of ovarian cancer. The follow-up time is
indeed still short for the ART group (median 7.3 years) and the popula-
tion is still young (median 42 years at end of follow-up). Thus, the
increasing use of ART should encourage patients and health care person-
nel to remain vigilant regarding cancer risk in these women, as they age
into a period of life where cancer is more common.

Hopefully, this cohort can be updated and reanalyzed later, to allow for
longer follow-up time, and continued monitoring of cancer risk in ART
women, especially for CNS and ovarian cancer. Additional large cohort
studies on infertile women and women exposed to ART need to be per-
formed to confirm a possible association between infertility or ART and
CNS cancer. Furthermore, cancer risk among women who remain child-
less after ART treatment in Norway remains to be assessed.

Supplementary data

Supplementary data are available at http://humrep.oxfordjournals.org.
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