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Abstract

Background

Aim
-

ogy (ART) treatment.

Methods

and 2001 (non-ART group). Information was collected on subfertility diagnosis and treatment 
-

the Netherlands Cancer Registry. Risk of endometrial cancer in the ART group was compared 
with risks in the general population and the subfertile non-ART group.

Results 
After a median follow-up duration of 24 years, 137 endometrial cancers were diagnosed, 

Conclusions 
ART treatment does not appear to increase long-term risk of endometrial cancer. Women 
who remained nulliparous despite fertility treatments or had obesity had an increased risk of 
endometrial cancer.
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Introduction

1, implying that it is a 
-

2 

gonadal hormones, and consequently increase the chances of multiple folliculogenesis and 

may lead to a long-term increase of the risk of hormone-related cancers.3-6 So far, most stud-
-

ian cancer, because these cancers are more frequent than endometrial cancer during young 
adulthood and middle age.

term effects of ART on endometrial cancer risk are of great public health importance. The few 

from these studies. Because nulliparity is an established risk factor for endometrial cancer11-13 
-

endometrial cancer risk14-16, it is crucial to account for parity as well as subfertility diagnosis 
when assessing the effect of ART on endometrial cancer risk.

Therefore, the aim of the current study was to determine the long-term risk of endometrial 

not treated with ART.
 
Methods

Study population 
-

-

insemination, hormonal treatments (e.g. clomiphene), or withdrew from the waiting list for 
-

scribed.  
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Risk factor questionnaire 

factor questionnaire and informed consent for future linkages with disease registries (Fig-

Data from medical records and population-based registries 

cohort, treatment data were obtained electronically from 13 centers and (partly) collected 

based Netherlands Cancer Registry (NCR)
refused linkage.21 Information on each malignancy included date of diagnosis, topography, 

-
triosis from data of The Nationwide Network and Registry of Histo- and Cytopathology in the 

22

Statistical analysis 

who completed the questionnaire but refused future linkage with disease-registries, follow-
up ended at date of questionnaire completion. 
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one endometrial cancer). 
First, endometrial cancer incidence in the cohort was compared with incidence in the 

general population. Standardized incidence ratios (SIRs) were calculated as the ratio of the 

23 -

-
portional hazards assumption. 

-
-

for ART by 10% or more in a model including the potential confounder(s) and ART.
-

able.24

 

Results

Population characteristics

-

mean number of ART cycles in the ART-group was 3.3. ART-treated women more often re-

Risk of Endometrial Cancer 
In total, 137 endometrial cancers (including sarcomas) occurred, 103 in the ART group and 
34 in the non-ART group (See Supplementary Table 1). Three endometrial cancers occurred 

3
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or foreign address 

a 

after calendar year 2000

264 refused to participate

with ART with ART with ART with ART

OMEGA-I OMEGA-II

342 emigration or incomplete 
or foreign address

a 

40 oophorectomy 

after calendar year 2000

1204 refused participating

questionnaire (2010-2013)

in ART group non-ART group in ART group non-ART group

40 613 women 
included in total

a
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Table 1. Population Characteristics by ART Exposure Status

ART group 
N= 30 625

Non-ART group 
N= 9988

Total 
N= 40 613

No. (%) No. (%) No.

Year of birth

2617 (26.2)

13 227

2367 (23.7)

Subfertility diagnosisa

 Male factor

 Tubal factor
b 10 147 (33.1)

 Missing 4377 (14.3) 7231

Subfertility diagnosis, OMEGA Ia

 Male factor

 Tubal factor 7114

 Hormonal factor or otherb 4020

4142

 Missing

Age at 1st ART treatment or 1st visit
to the gynecologist (years)c

 <27 

7077

 30-32 10 236

Year of 1st ART treatment or 1st visit 
to the gynecologistc

3040 (30.4)

14 106

Total no. of ART cyclesd

 0  0   (0.0)

 1-2 0     (0.0)

 3-4 0     (0.0)

3733 (12.2) 0     (0.0) 3733

0     (0.0)

 Missing 0     (0.0)

Total no. of IUI and ART cyclesd

 0 0   (0.0)

 1-2 

 3-4 736   (7.4)

 Missing
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Time since 1st treatment (years)c,e

 <10    620   (6.2)   3244

 10-14

 1337 (13.4)   7122

 20-24 14 146

1021   (3.3)   3067

Age at end of follow-up (years)

1064 (10.7)

3021 (30.3) 10 017

No. of birthsf

 0

 1

 Missing 114   (0.4) 141   (1.4)

Age at 1st birth (years)f,g

 <30 

 30-34

1410 (14.1) 7130

 Missing 43   (0.1) 61

BMI

722   (2.4)

1166 (11.7)

 Missing

Table 1. Population Characteristics by ART Exposure Status (continued)

ART group 
N= 30 625

Non-ART group 
N= 9988

Total 
N= 40 613

No. (%) No. (%) No.

  
a -

-

diagnosis.
  
b

  
c

 
d

  
e

23

  
f 

 
g
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Comparisons with External Reference Rates 
In the entire cohort, the risk of endometrial cancer (including sarcomas) was not increased 

Women with hormonal subfertility and ART-treated women with endometriosis were at in-

While nulliparous ART-treated women had an increased risk of endometrial cancer com-

-

Comparisons within the cohort
The crude hazard ratio of endometrial cancer (including sarcomas) associated with ART (com-

hormones, hormonal subfertility, or endometriosis) were confounding factors in the associa-

-
-

 (Table 3).  
-

ated with increased risk of endometrial cancer in subgroups according to follow-up dura-
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Table 2. Incidence of Endometrial Cancer compared with the General Population, Excluding the First Year of Follow-upa

                        ART                    Non-ART

     Person-
years

Observed/
Expectedb

SIR (95% CI) P-valuec Person-
years

 Observed/
Expectedb

SIR (95% CI)   P-valuec
  

Entire cohort

ART exposure

 Non-ART NA NA NA 237 344

 ART 0.21 NA NA NA

  Number of ART cyclesd,e

 1-2 

 3-4 NA NA NA

 144 616 0.42

      Age at 1st ART cycle or 1st visit to the 
gynecologist (years)          

 <30

    30-32  

  44 444

162 631

  Time since 1st ART cycle or 1st visit to the 
gynecologist (years)e,f             

 1-10 411 046

1.30 (1.01-1.64)

   22 434        1.06 (0.76-1.46) 0.44

Parityg 

 Nulliparous

   1 birth

213 622 <0.001
p-trend <000,1

0.40

 Subfertility diagnosise,h

           Male factor 

 Tubal factor

     0.44  0.07

  OHSSe

NA NA NA

BMIi         

 Missing 1.00 (0.67-1.44) <0.001
p-trend <0.001

0.76 (0.43-1.26)

  Endometriosisj              

 No 222 177

 Yes   66 036 0.11
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3

a

b

c

d

e

f

-
23

 
g

h -
-

diagnosis.
        
i  Based on information from questionnaires. BMI at date of questionnaire completion.     

   
-



Table 3. Endometrial Cancer Risk according to Fertility Treatment Characteristics and Lifestyle Risk Factors,

No. of endometrial
cancers

No. of women Crude HR
(95% CI)a

Adj. HR 
(95% CI)a

ART exposure

 Non-ART   33

 ART 101 1.11 (0.74-1.67)

Total no. of ART cyclesb

 0 33

 1-2 40

 3-4 42

Total no. of ART and IUI cyclesb

 0 17

 1-2 24

 3-4 30

 Missing 20

Response at 1st ART cyclesc,d

 Normal response 44

 Poor response 20 4341

 Missing 37 1.13 (0.73-1.76)

OHSSce

 No

 Yes 3 1.30 (0.41-4.13)

Subfertility diagnosisf,g

 Male factor

 Tubal factor 37 0.70 (0.44-1.11)

62 16 016 1.10 (0.73-1.67)

Subfertility diagnosis OmegaIf,g

 Male factor

 Tubal factor 0.74 (0.40-1.36) 0.77 (0.42-1.42)

 Hormonal factor 27 4132

Clomiphene usec,g

23

27

 Missing

Endometriosisg,h 

 No 116

 Yes

Endometriosisg,i

 No 33 702

 Yes

Parity, number of birthsh

 Nulliparous 77 13 307

 Parous, 1 birth 33 12 237

 Parous, 2 or more births 24
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BMIjk

41

2

23 6024

24 2663

 Missing 44

Menopausal hormone usej,l

 No 62

 Yes 6

 Missing 2

Oral Contraceptive usej,m

 None 30 4160

30 6366

 6 or more years 23

 Missing 17 462 0.42 (0.27-0.66) 0.42 (0.27-0.66)

Table 3. Endometrial Cancer Risk according to Fertility Treatment Characteristics and Lifestyle Risk Factors,
(continued)

No. of endometrial
cancers

No. of women Crude HR
(95% CI)a

Adj. HR 
(95% CI)a

a

b

c

d

e

f -
-

diagnosis.

g

h -

I

k BMI at date of questionnaire completion. 

l

m Total life-time duration until date of questionnaire completion.
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Table 4. Endometrial Cancer Risk for ART versus non-ART Treatment within Risk Factor Subgroupsa

    ART group       Non-ART group

Endometrial cancer risk factors No. of 
endometrial 

cancers

No. of 
women

No. of 
endometrial 

cancers

No. of 
women

Adjusted HR for ART vs 
non-ART (95% CI)

Age at 1st ART treatment or 1st visit 
to the gynecologist (years)          

 <32 12 610 13 1.24 (0.64-2.41)

73 20 1.03 (0.62-1.72)

Age at 1st ART treatment or 1st visit 
to the gynecologist (years)c

 <10   7 0.12 (0.01-1.01)

  6

41 22

Attained age (years)d

64 13

37 20

Subfertility diagnosise

 Male   7 2221

 Tubal

12 072 17

Parityf

 Nulliparous 64 13

 Parous 37 20 7324

Endometriosisg

 No 30 1.10 (0.72-1.70)

 Yes   3     621

BMIh

  4 1164 1.27 (0.43-3.76)

  2103   6

     
a

     
b

    
c

d

-

23

e -

f

g -

h
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Discussion

-
dometrial cancer risk after ART treatment comparing with the general population as well as a 
subfertile non-ART group. Additionally, we were able to account for the effects of other risk 

show that, after a median follow-up of 24 years, ART was not associated with an increased risk 
of endometrial cancer, neither when compared with the general population nor when com-

ART cycles or after longer follow-up. Independent of ART, endometrial cancer risk was about 
2-fold increased in nulliparous women, about 4-fold in obese women, 1.7-fold in women with 

women with hormonal subfertility.  

largest study to date on endometrial cancer risk after ART, published by Williams and col-

26 Based on 164 en-
dometrial cancers in their cohort, the risk of endometrial cancer was not increased compared 

et al. did not include a subfertile comparison group and could not account for differences in 

Two recent meta-analyses by Siristatidis et al. and by Skalkidou et al. were also incon-
 Skalkidou et al. con-

cluded that there is a need for register-based studies with long-term follow-up, with fertility 

ART treatment and subfertility causes. They stated that detailed analyses concerning histo-

-

 The median follow-up duration was 16.0 

-
cally after follicle-stimulating hormone and human menopausal gonadotropin, primarily after 

human chorionic gonadotropin.  The authors concluded that gonadotropins, and possibly 
clomiphene and human chorionic gonadotropin, may increase the risk of endometrial cancer, 
with higher doses and longer follow-up leading to greater risk. A limitation of this study is 

-
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-
cer, but results were rather inconsistent. Three- to nine-fold increased risks of endometrial 

6,14,16 

30

and BMI did not appear to confound an association between ART treatment and endometrial 

group. In other words, the absence of an association between ART and risk of endometrial 

non-ART groups. 
-
-

the medical records and women’s questionnaires, the risk was not increased, probably because 

reported no increased risk of endometrial cancer in women with endometriosis.31,32

on endometrial cancer risk, without mention of whether these drugs were administered for 

33 -
-
-

tropin releasing hormone analogues and gonadotropins within two months, with or without 

in ART-treated women, likely due to short follow-up (median, 11 years) and young age of the 

and other confounders was lacking.

tumors, especially serous adenocarcinomas and carcinosarcomas.  In the current study, clo-
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3
al. were comparable with that in the 
like effect of clomiphene on endometrial cancer pathogenesis.36 Risk factors for endometrial 

factors confounded the association between ART treatment and risk of endometrial cancer.
Strengths of the current study include the long-term and complete follow-up regarding 

-
dition to population-based reference data, detailed fertility treatment data, complete infor-
mation on hysterectomy and endometriosis, and near complete information on important 
confounders such as number of births and cause of subfertility. A subfertile comparison group 

 

different sources, i.e. registries, medical records and self-reported data which enables col-
-

able. The ascertainment of endometrial cancer in the entire cohort through the Netherlands 

resulted from self-reported diagnoses. 
A limitation of this study is that despite our large cohort and a median follow-up of 24 

23 Consequently, 
the number of endometrial cancers was especially small in subgroups, e.g. of women with 

-

women and menopausal hormone users at time of questionnaire completion were similar 
in the ART group and the non-ART group. Therefore, confounding by BMI or menopausal 
hormone use is unlikely. 

-
-

ing, it must be considered that the median age of the women at end of follow-up was still 

subfertile women with obesity, those who remained nulliparous and those diagnosed with 
endometriosis or hormonal subfertility were at increased risk of endometrial cancer. 
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Supplementary Table 1. Description of Endometrial Cancers by ART exposure

Morfology non-ART ART

(ICD-O) n % n                        %

Total 34 100 103 100

Adenocarcinomas 27

  4   10  

  2     1   1.0

20   74

  1     2

 Adenosquamous carcinoma   0     2

 Adenocarcinoma with squamous cell metaplasia   0     4

Sarcomas   3      6

  2     6

 Stromal endometrial sarcoma, low grade   1     0

Other   4     4

  2    2

  2     1   1.0

  0     1   1.0


