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eTable 1. IVF Treatment Characteristics 
 IVF group 

N= 19,158 a 
 No.   (%) 
Total no. of FSH and hMG ampules a   

0  465 (2.4) 
1-40 3,221 (16.8) 
41-80 3,601 (18.8) 
81-120 2,292 (12.0) 
≥121  2,356 (12.3) 
Missing 7,223 (37.7) 

Stimulation protocol  
Gonadotropins without GnRH, with clomiphene 1,433 (7.5) 
Gonadotropins with GnRH, no clomiphene 9,960 (52.0) 
Gonadotropins with GnRH and clomiphene 635 (3.3) 
Missing 7,130 (37.2) 

Response at 1st IVF cycle  
Poor responseb 3,465 (18.1) 
Normal response 9,782 (51.1) 
OHSSc 564 (2.9) 
Missing 
 

5,347 (27.9) 
No. of collected oocytes at 1st IVF cycle  

 

 
<4 3,559 (18.6) 
4-7  4,000 (20.9) 
8-13  3,811 (19.9) 
≥14  2,469 (12.9) 

Missing 5,319 (27.8) 
Total no. of collected oocytes   

Only canceled cycles or no collected oocytes 396 (2.1) 
<11  3,577 (18.7) 
11-20 3,790 (19.8) 
21-40 3,902 (20.4) 
≥41 2,303 (12.0) 
Missing  5,190 (27.1) 

Type of luteal phase support  
No luteal phase support 920 (4.8) 
hCG 7,261 (37.9) 
Progesterone 4,747 (27.8) 
Missing 6,230 (35.5) 

No. = number; IVF = in vitro fertilization; FSH = follicle stimulating hormone; hMG = human menopausal 
gonadotropin; GnRH = gonadotropin releasing hormone; OHSS = ovarian hyperstimulation syndrome. 
a In total, 952 women who were originally selected for the non-IVF group, turned out to have received IVF after all. 
b Poor response; anticipated poor response or <4 collected oocytes at first IVF cycle. 
c Includes women who had had no ovum pick-up because of (anticipated) OHSS. 
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eTable 2. First Invasive Breast Cancer Risk According to IVF Treatment Characteristics by Parity Statusa  
          Nulliparous women   Parous women 

Non-
IVF 

57 1,669 41,938 1 [Reference]  160 4,138 86,671 1 [Reference]  

IVF 207 7,202 155,997 1.00 (0.74-1.35)  412 11,842 220,449 1.03 (0.85-1.24)  
Total no. of IVF cycles 

0 57 1,669 41,938 1 [Reference]  160 4,138 86,671 1 [Reference]  
1-2 45 1,723 44,955 0.88 (0.59-1.30)  183 4,453 87,636 1.24 (1.00-1.54)  
3-4 82 2,715 

1,077 
56,936 1.06 (0.76-1.49)  119 3,551 64,824 1.00 (0.78-1.27)  

5-6 37 656 20,832 1.25 (0.83-1.90)  47 1,523 26,523 0.89 (0.64-1.23)  
≥7 14 1,031 12,424 0.74 (0.41-1.32) 0.94 24 1,043 17,870 0.60 (0.39-0.93) 0.007 

Total no. of IUI 
cycles 

          

0 107 4,054 89,995 1 [Reference]  291 7,725 151,569 1 [Reference]  
1-2  11 321 7,280 1.40 (0.95-2.62)  21 687 12,779 0.88 (0.57-1.38)  
3-4 16 519 11,731 1.26 (0.74-2.14)  46 970 18,113 1.29 (0.94-1.77)  
5-6 24 687 15,814 1.42 (0.91-2.23)  50 1,286 23,277 1.12 (0.83-1.52)  
≥7 33 964 22,057 1.38 (0.93-2.06) 0.09 62 1,765 32,182 1.00 (0.75-1.32) 0.19 

Total no. of IVF and IUI cycles 
0 19 582 14,282 1 [Reference]  81 1,733 36,780 1 [Reference]  
1-2 22 846 22,426 0.93 (0.50-1.73)  95 2,454 49,565 0.98 (0.72-1.33)  
3-4 34 1,496 32,605 0.86 (0.49-1.51)  88 2,271 42,849 0.99 (0.73-1.35)  
5-6 33 965 20,292 1.36 (0.77-2.39)  49 1,477 27,061 0.83 (0.58-1.19)  
7-8 24 683 15,045 1.34 (0.73-2.45)  36 1,171 21,353 0.77 (0.52-1.16)  
9-10 11 519 11,177 0.80 (0.38-1.69)  27 837 14,873 0.84 (0.54-1.31)  
≥11 37 1,081 23,286 1.31 (0.75-2.29) 0.11 67 1,883 33,451 0.87 (0.62-1.21)  

Total no. of ampules FSH 
and hMG in IVF 

0 63 1,838 45,565 1 [Reference]  165 4,432 92,140 1 [Reference]  
1-40 18 874 19,504 0.68 (0.40-1.15)  92 2,343 44,722 1.24 (0.97-1.62)  
41-80 42 1,358 30,495 1.03 (0.69-1.52)  81 2,240 42,180 1.10 (0.88-1.50)  
81-120 33 964 21,165 1.14 (0.75-1.75)  39 1,327 24,813 0.85 (0.64-1.28)  
≥121 28 1,123 24,145 0.83 (0.53-1.29) 0.97 29 1,232 23,208 0.63 (0.46-1.01) 0.01 

Response  
at 1st IVF cyclebc 

Poor 45 1,626 34,424 0.86 (0.60-1.22)  53  1,831 35,183 0.71 (0.52-0.96)  
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response 
Normal 
response 

98 3,365 74,698 1 [Reference]  226 6,406 119,385 1 [Reference]  

OHSS 2 138 3,450 0.50 (0.12-2.04)  13 426 8,003 0.95 (0.54-1.65)  
No. of collected oocytes 
 at 1st IVF cycleb 

<4 47  1,652 35,007 1 [Reference]  55 1,899 36,530 1 [Reference]  
4-7 44 1,526 33,502 1.05 (0.70-1.59)  86 2,467 46,994 1.28 (0.91-1.79)  
8-13 37 1,243 27,653 1.18 (0.74-1.77)  94 2,566 47,721 1.48 (1.06-2.07)  
≥14 18 717 16,604 1.03 (0.60-1.79) 0.91 57 1,750 31,693 1.48 (1.02-2.14) 0.01 

Total no. of collected oocytesb 
<11 44 1,602 35,007 1 [Reference]  87 2,363 45,110 1 [Reference]  
11-20 34 1,359 33,501 0.96 (0.61-1.51)  96 2,425 45,698 1.16 (0.87-1.56)  
21-40 47 1,474 27,653 1.28 (0.85-1.94)  70 2,423 45,043 0.87 (0.63-1.20)  
≥41 23 772 16,604 1.23 (0.74-2.05) 0.63 40 1,531 28,240 0.80 (0.55-1.12) 0.04 

No. = number; HR = hazard ratio; CI = confidence interval; Adj. = adjusted; OHSS = ovarian hyperstimulation syndrome; BC = breast cancer. 
a Cox regression analyses: models with age (in years) as time scale. Number of IVF cycles and number of births are included as time-dependent 
variables, all other variables are included as fixed variables. All analyses among parous women are adjusted for age at first birth and number of 
births, because these were the strongest confounding factors, although they did not always change the HR more than 10%, unless otherwise 
mentioned. Subfertility diagnosis, type of luteal phase support, multiple pregnancies 27, breast feeding, body mass index, family history of BC, 
clomiphene, oral contraceptive use, and hormone replacement therapy have been tested, but are not included in the model because they did not 
change the HR more than 10%. Therefore, for nulliparous women only age-adjusted HRs are presented because age at first birth and number of births 
are not applicable. There was no significant interaction for IVF yes versus no, number of cycles, number of FSH and hMG ampules, and response at 
first IVF cycle with parity, all P values were >0.05. 
b Among 19,158 IVF treated women only; 619 BC cases; 207 among nulliparous women and 412 among parous women. 
c Poor response includes canceled first cycles because of anticipated poor response and less than four oocytes; normal response includes four or more 
oocytes collected in first cycle; OHSS includes women who had had no ovum pick-up because of (anticipated) OHSS. 
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eTable 3. Risk of First Invasive Breast Cancer or Ductal Carcinoma in Situ 
According to Patient Characteristicsa 
 No. of 

breast 
cancers 
and 
DCISa 

No. of 
womena 

No. of 
person-
years 

Adj. HRb 

(95% CI) 

IVF Treatment 
Non-IVF 242 5,950 131,054 1 [Reference] 
IVF 698 19,158 378,171 1.04 (0.89-1.21) 

Total no. of IVF cycles 
0 242 5,950 131,436 1 [Reference] 
1-2 247 6,193 132,806 1.13 (0.94-1.35) 
3-4 225 6,270 121,552 1.04 (0.86-1.25) 
5-6 96 2,601 47,314 1.05 (0.83-1.33) 
≥7 49 1,699 30,253 0.75 (0.55-1.02) 

Total no. of IVF and IUI cycles 
0 105 2,315 51,023 1 [Reference] 
1-2 128 3,300 71,904 1.02 (0.79-1.32) 
3-4 133 3,767 75,331 0.96 (0.74-1.25) 
5-6 90 2,442 47,315 1.01 (0.76-1.34) 
7-8 75 1,854 36,297 1.09 (0.81-1.48) 
9-10 44 1,356 26,009 0.89 (0.62-1.28) 
≥11 120 2,964 56,637 1.07 (0.82-1.40) 

Response at 1st IVF cyclec,d 
Poor response 114 3,465 69,631 0.79 (0.64-0.98) 
Normal response 362 9,782 194,004 1 [Reference] 
OHSS 15 564 11,491 0.76 (0.45-1.27) 

Subfertility diagnosise 
Male factor 170 4,873 95,853 1 [Reference] 
Tubal factor 269 7,114 147,793 0.94 (0.77-1.15) 
Hormonal factor 
or other 

167 4,020 81,656 1.11 (0.90-1.38) 

Unexplained 173 4,142 83,477 1.06 (0.86-1.31) 
Parity f, g 
Nulliparous 303 8,871 181,732 1 [Reference] 
Parous 633 15,980 336,004 1.29 (1.12-1.48) 

Age at 1st birth (years)h,i 
<25 81 9,128 56,920 1 [Reference]  
25-29 122 3,524 70,036 1.55 (1.16-2.06) 
30-34 190 5,664 107,240 1.38 (1.05-1.80)  
35-39 190 3,427 62,070 1.86 (1.41-2.46) 
≥40  48 557 9,226 2.69 (1.85-3.91) 
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HR = hazard ratio; CI = confidence interval; Adj. = adjusted; No. = number; IVF = in 
vitro fertilization; IUI = intrauterine insemination; OHSS = ovarian hyperstimulation 
syndrome; BC = breast cancer, DCIS = ductal carcinoma in situ. 
a Not all numbers add up to 100%, because of missing values. 
b Cox regression analyses: models using age (in years) as time scale. Number of IVF 
cycles and number of births are included as time-dependent variables, all other variables 
are included as fixed variables. All analyses are adjusted for age at first birth and number 
of births, because they changed  the risk of interest when added to the model more than 
10%. Tested, but not included in the model (because they did not change the HR more 
than 10%): subfertility diagnosis, type of luteal phase support, clomiphene use, family 
history of BC, body mass index, multiple pregnancies, breast feeding, age at menarche, 
use of oral contraceptives and hormonal replacement therapy.  
c Poor response includes canceled first cycles because of anticipated poor response and 
less than four oocytes; normal response includes four or more oocytes collected in first 
cycle; OHSS Includes women who had had no ovum pick-up because of (anticipated) 
OHSS.  
d Among 19,158 IVF treated women only; 698 BC or DCIS cases.  
e Includes the major cause of subfertility, based on information from medical records if 
available and on information from questionnaires if no medical record information was 
available. Hormonal factors include ovulation disorders, polycystic ovary syndrome and 
premature menopause, non-hormonal factors include male factor, tubal factor, 
unexplained and other factors such as endometriosis and cervical factors. 
f Based on the Dutch Municipal Personal Records Database and questionnaires. Includes 
all births up till date of end of follow-up. Adjusted HR includes adjustment for IVF yes 
versus no only. 257 women with unknown parity status including four women with BC or 
DCIS were excluded.  
g Adjusted HR includes adjustment for age at first birth only. 
h Among 15,980 parous women (11,842 IVF and 4,138 non-IVF) only.  
i Adjusted HR includes adjustment for number of births only. Two women with BC or 
DCIS and unknown age at birth were excluded. 
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eTable 4. Risk of First Invasive Breast Cancer According to  
Fertility Treatment and Reproductive Characteristics Among  
Women Starting Fertility Treatments From 1989a  
 No. of 

breast 
cancersa 

No. of 
womena 

No. of 
person-
years 

Adj. HRb 

(95% CI) 

IVF Treatment 
IVF 570 17,646 343,599 1.14 (0.91-1.42) 
Total no. of IVF cycles 
0 94 3,189 66,432 1 [Reference] 
1-2 216 5,788 122,747 1.28 (1.00-1.63) 
3-4 188 5,816 110,964 1.15 (0.89-1.47) 
5-6 68 2,294 40,658 1.03 (0.75-1.42) 
≥7 31 1,390 23,835 0.72 (0.48-1.08) 

Total no. of IVF and IUI cycles 
0 33 1,044 21,642 1 [Reference] 
1-2 105 2,946 63,107 1.14 (0.77-1.68) 
3-4 110 3,373 65,911 1.09 (0.74-1.61) 
5-6 71 2,113 39,787 1.12 (0.73-1.69) 
7-8 54 1,641 31,686 1.07 (0.69-1.65) 
9-10 34 1,237 23,418 0.90 (0.55-1.45) 
≥11 98 2,736 51,611 1.13 (0.76-1.69) 

Response at 1st IVF cyclec,d 
Poor response 80 2,889 56,409 0.84 (0.65-1.07) 
Normal response 299 9,036 176,950 1 [Reference] 
OHSS 14 503 10,035 0.82 (0.48-1.40)   

Subfertility diagnosise 
Male factor 140 4,542 88,089 1 [Reference] 
Tubal factor 165 5,139 102,097 1.03 (0.82-1.29)  
Hormonal factor 
or other 

119 3,380 66,671  1.11 (0.87-1.42)  

Unexplained 138 3,691 73,073 1.15 (0.91-1.46) 
Parity f, g 
Nulliparous 209 7,445 162,696 1 [Reference] 
Parous 453 13,195 243,455 1. 29 (1.10-1.53) 

Age at 1st birth (years)h,i 
<25 59  2,0262 39,933 1 [Reference]  
25-29 82 2,865 54,640 1.02 (0.73-1.43) 
30-34 138 4,832 88,463 1.04 (0.76-1.43) 
35-39 136 2,938 51,520 1.78 (1.29-2.46) 
≥40  36 495 8,068 3.02 (1.96-4.65) 

HR = hazard ratio; CI = confidence interval; Adj. = adjusted; No. = number; IVF = in 
vitro fertilization; IUI = intrauterine insemination; OHSS = ovarian hyperstimulation 
syndrome; BC = breast cancer. 
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a Not all numbers add up to 100%, because of missing values. 
b Cox regression analyses: models using age (in years) as time scale. Number of IVF 
cycles and number of births are included as time-dependent variables, all other variables 
are included as fixed variables. All analyses are adjusted for age at first birth and number 
of births, because these were the strongest confounding factors, although they did not 
always change the HR more than 10%, unless otherwise mentioned. Tested, but not 
included in the model (because they did not change the HR more than 10%): subfertility 
diagnosis, type of luteal phase support, clomiphene use, family history of BC, body mass 
index, multiple pregnancies, breast feeding, age at menarche, use of oral contraceptives 
and hormonal replacement therapy.  
c Poor response includes canceled first cycles because of anticipated poor response and 
less than four oocytes; normal response includes four or more oocytes collected in first 
cycle; OHSS Includes women who had had no ovum pick-up because of (anticipated) 
OHSS.  
d Among 17,646 IVF treated women only; 570 BC cases.  
e Includes the major cause of subfertility, based on information from medical records if 
available and on information from questionnaires if no medical record information was 
available. Hormonal factors include ovulation disorders, polycystic ovary syndrome and 
premature menopause, non-hormonal factors include male factor, tubal factor, 
unexplained and other factors such as endometriosis and cervical factors. 
f Based on the Dutch Municipal Personal Records Database and questionnaires. Includes 
all births up till date of end of follow-up. Adjusted HR includes adjustment for IVF yes 
versus no only. 257 women with unknown parity status including three women with BC 
were excluded.  
g Adjusted HR includes adjustment for age at first birth only. 
h Among 15,980 parous women (11,842 IVF and 4,138 non-IVF) only.  
i Adjusted HR includes adjustment for number of births only. Two women with BC and 
unknown age at birth were excluded. 
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eTable 5. Invasive Breast Cancer Risk According to Subfertility Diagnosis and 
Treatment; Cox Regression Analyses Using Multiple Imputationa  
 Adj. HR (95% CI)b P trend 
Subfertility diagnosisc   

Male factor 1 [Reference]  
Tubal factor 0.96 (0.76-1.21)  
Hormonal factor or other 1.13 (0.87-1.47)  
Unexplained 1.05 (0.18-1.35)  

Total no. of IVF cyclesd   
1-2 1 [Reference]  
3-4 0.91 (0.73-1.14)  
5-6 0.90 (0.67-1.20)  
≥7 0.59 (0.40-0.87) 0.026 

Total no. of IVF and IUI cyclesde   
1-2 1 [Reference]  
3-4 0.97 (0.73-1.30)  
5-6 1.01 (0.74-1.38)  
7-8 0.96 (0.69-1.35)  
9-10 0.87 (0.57-1.33)  
>10 1.03 (0.77-1.37) 0.58 

HR = hazard ratio; CI = confidence interval; Adj. = adjusted; No. = number; IVF = in 
vitro fertilization; IUI = intrauterine insemination. 
a For sensitivity analysis, the total number of IVF and IUI cycles and the subfertility 
diagnosis were imputed with multivariate imputation by chained equations (MICE). The 
imputation model was a negative binomial regression for numbers of IVF and IUI cycles 
and a nominal logistic regression for subfertility diagnosis. The model included the 
following variables: year of 1st IVF treatment or 1st visit to gynecologist, age at 1st IVF 
treatment or 1st visit to gynecologist, age at menarche, age at 1st birth, parity, number of 
births, body mass index, IVF clinic, total number of IUI cycles, subfertility diagnosis, 
plus the outcome represented by whether or not breast cancer occurred and the 
cumulative hazard of breast cancer calculated from a Cox proportional hazards model. 
For women with missing number of cycles, the total number of cycles was imputed and 
time since entry for each cycle was assigned based on the average times among women 
with observed number of cycles, stratified by the number of births (0, 1, or >1). The 
imputation process was repeated 10 times to create 10 full data sets. Rubin's rule was 
used to combine results of the models fitted to these 10 data sets.  
b Cox regression analyses: models using age (in years) as time scale. Number of IVF 
cycles and number of births are included as time-dependent variables, all other variables 
are included as fixed variables. All analyses are adjusted for age at first birth and number 
of births.  
c Includes the major cause of subfertility, based on information from medical records if 
available and on information from questionnaires if no medical record information was 
available. Hormonal factors include ovulation disorders, polycystic ovary syndrome and 
premature menopause, non-hormonal factors include male factor, tubal factor, 
unexplained and other factors such as endometriosis and cervical factors. If several 
diagnoses had been registered, without mention of the main diagnosis, we applied the 
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following order: male factor, tubal factor, hormonal factor other factor, or unexplained for 
main diagnosis. 
d Among 19,158 IVF treated women only; 619 breast cancer cases.  
e Total no. of IUI and IVF cycles is the time-dependent sum of IUI cycles and IVF cycles a 
woman received, based on information from medical records if available and on information 
from questionnaires if no medical record information was available. Includes both mildly 
stimulated and unstimulated IUI cycles. Medical records information indicates that over 
80% of IUI cycles were stimulated. Women of the non-IVF group with missing IUI cycles 
are most likely to not have undergone IUI, since 80% of the women in the non-IVF group 
for whom information was available did not undergo IUI. In standard IVF and IUI 
treatments mostly 10,000 IU of human chorionic gonadotropin is given.  


