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8 General discussion and 
future perspectives



Focus of this thesis

1

-

The research presented in this thesis aimed to assess the incidence of hormone-related can-
-

porating dose-response relationships and follow-up time but also cause of subfertility and 

-

A comparison of OMEGA results with the literature

Overall results: ART and risk of cancer in subfertile women

and melanoma (Tabel 1).2-6 Chapters 2, 3, 4, and 6 add im-

-
gesting that risk of these cancer types is also not increased in women who underwent a larger 
number of ART treatment cycles. 

Chapter 2 -
posed to ART. Although an increased risk of borderline tumors after ART has been reported 
by others  our study showed that risk did not increase after more ART cycles, suggesting that 
there is no dose-response relationship with ART.

women compared with the subfertile comparison group not treated with ART (Chapter 5), 



increased risks of colorectal cancer when compared with the general population.

-
ies included a subfertile comparison group, our result of an increased risk of colorectal can-

treated with ART cannot be compared with their results. 
-

melanomas) were quite comparable to ours. Compared to subfertile women not treated with 

11 12, and 
13 -

-
-

the power in their studies. In addition, women in their cohort generally underwent only a small 

A larger study, also including a subfertile comparison group of women not treated with 
ART, was published by Brinton et al.14 -

-

-
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Chapter Cancer site OMEGA Treatment years Mean/median 
follow-up in 

years

Number of events Risk estimate
ART versus 
non-ART

Risk estimate
ART versus 
gen. pop.

Risk estimate     
non-ART versus  

gen. pop.

ART group Non-ART 
group

ART group Non-ART 
group

2 I-II 24   40

2
tumor

I-II 24   17

2

tumors combined

I-II 24 n.a. n.a.

3 I-II 24 102 1.11 (0.74-1.67)*

4 Breast cancer I 21 220

4 Breast cancer and I 21 242

Colorectal cancer I 21   21

6 Melanoma I 17   72   21

Table 1. Overview of Results based on OMEGA Women’s Cohort

-

as a confounder. The differences in risk could be due to shorter follow-up and lower numbers 
-

6 

No control group of subfertile women not treated with ART was included. Therefore, only a 
comparison with general population rates could be made. Comparable with our results (Table 

-

-

were restricted to women with endometriosis, low parity or both. In our cohort, nulliparity was 



Risk of endometrial cancer compared with the general population was comparable be-

-

An important limitation of the study by Williams et al. is the lack of a subfertile comparison 

endometriosis or a combination of these factors.

ART, dose-response data on ART treatment cycles, long-term and complete follow-up and 
(near) complete information on parity and cause of subfertility.

Follow-up time 

-
ing the risk of cancer in women who underwent ART had a mean or median follow-up of <10 

their inclusion and follow-up from the beginning of an electronic ART registry (usually in the 
-

studies contribute important information on the long-term risk of cancer after ART, indicating 

-

Comparison groups and adjustment for confounding factors

-
16 

17, implying that 

-

confound the associations between ART and cancer risk. In addition, subfertility per se may 

8



also increase risk of certain cancer types. Therefore, when assessing the risk of cancer in sub-
fertile women treated with ART, it is important to include a comparison group of subfertile 
women not treated with ART and to collect information about important possible confounding 

women, one-third due to male factors, and one-third is caused by a combination of male and 
female factors. Women may suffer from blocked fallopian tubes, prohibiting the oocyte to 

disorder that is characterized by ectopic growth of endometrial glands and stroma, can also 
affect fertility. -
ity are failed refertilization (surgical repair of fallopian tubes) and factors related to age (ad-

cancer treatment. 

been reported to increase the risk of endometrial cancer and some studies suggest that it may 

21,22 In addition, subfertility is associated with nulliparity, 
 Also the older age 

-
tion) may increase risk of certain cancers.26,27 The associations of subfertility causes with cancer 
risk imply that cause of subfertility may be a confounder when assessing the relationship be-
tween ART treatment and cancer risk.

In our studies, the distribution of causes of subfertility was slightly different between ART 
and non-ART treated women. Therefore, we tested cause of subfertility as a confounder (to 
eliminate increased risks due to the cause of subfertility per se). In addition, risk of cancer ac-

-

were not associated with risks of breast, endometrial and colorectal cancer, and melanoma. 
-

Because of the independently increased risk of some cancer types due to subfertility, com-



and compared cancer risks with either incidence rates from the general population or (a sub-
sample of) women from the general population. Therefore, results from these studies must be 
interpreted as cancer risk estimates that apply to ART-treated women (with all their differences 
according to cause of subfertility, parity etc.) instead of cancer risks due to the ART treatment 

comparison group.  

women not treated with ART. Therefore, we could make a comparison with incidence rates 
in the general population as well as with our subfertile comparison group. Consequently, the 

Chapter 2), endometrial (Chapter 3), and colorectal cancer (Chapter 
5

when compared with subfertile women not treated with ART. In contrast, we showed that the 
risk of colorectal cancer in ART-treated women compared with the general population was 

not treated with ART. By only including a general population comparison group wrong con-

related cancers.
Related to subfertility, the proportion of parous women is lower in ART-treated women 

compared to women in the general population. As parity (i.e. a pregnancy of at least 24 

-
out ART). Furthermore, as the number of births changes during a woman’s life, parity must be 

Chapter 2 we 
-

tion is likely due to nulliparity rather than to ART treatment. This important conclusion could 

Biological explanation of increased cancer risk after ART

combination of fertility drugs used for blocking of a woman’s natural menstrual cycle (de-

8



-

-

-

who were treated with a large number of ART cycles. First, the ART regimens under study may 
not importantly increase the risk of these hormone-related cancers. While increased estro-

-

the lowest risk of breast cancer (Chapter 4

-

-
-

ferentiation.  

31, based on a meta-analysis of 

the Fathalla’s32,33 

 In addition, the 
36,37 



-

-

-

subfertile women not treated with ART. An increased colorectal cancer risk associated with 

 How-

increased colorectal cancer risk.43,44 -

 Because 
insulin-like growth factor-I has been associated with increased colorectal cancer risk 44,46, the 

-
mones may play different roles in colorectal tumorigenesis.47 Another hypothesis is related to 
the estrone content of postmenopausal hormones.

 

-

in characteristics that are associated with colorectal cancer (e.g. diet) between ART-treated 

was comparable between the ART and non-ART groups. 

Investigation of ART treatments according to treatment period

 

8
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ART regimens largely consist of protocols with antagonists and shorter periods of downregula-

(associated with fewer cycles), it is uncertain how study results generalize to more contempo-

years, it is unlikely that current ART protocols increase cancer risk more than the ART protocols 
used in the past. But since other types of drugs are currently used in ART treatment protocols, 
it is still possible that the more recent ART regimens carry a different cancer risk.

Most recently published studies included ART treatment protocols used in more recent 
years (after 2000) , but follow-up in these studies was short. In a study from Norway, a 

women treated with ART between 2003-2010, while risks were not increased in earlier treat-
ment years.  This may indicate that risks are different for treatment protocols used in more 

-

according to treatment years.

Risk of cancer in children and adolescents born after ART

-
ysis concluded that it is not clear whether other factors underlying subfertility rather than the 
ART procedure itself are the most important risk factors for (childhood) cancer in these stud-

Chapter 7). In addition, 

 In contrast to our 

population.
-

most studies, such as a small number of cancer cases, short follow-up and a general popula-
tion control group (including both children born to fertile and infertile couples). 
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-
tion of the embryo.

cases).
times, treatment regimens included in the studies, and the comparison group used (11.2 years 

 

with children born after fresh ART cycles

Biological explanation of cancer risk in ART-conceived offspring

60 -

substantially different from natural conception.61 These processes occur in the same timeframe 
as epigenetic programming.62 Both the periconception period and early embryogenesis are 

63-66

by adulthood.67

or infertility per se. The authors concluded that, additional studies of larger sample size in 

67

Strengths and limitations

Strengths

Important strengths of our studies on risk of hormone-related cancers among women who 
underwent ART include the long-term and complete follow-up of our cohort, the inclusion of 

8
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a subfertile comparison group and detailed information about subfertility treatments, cause of 

couples. Furthermore, our cohorts included ART-treated women and their offspring from the 

Another important strength of our studies is that we obtained detailed data on all subfertility 

-

-

linkage with the Netherlands Cancer Registry (NCR) and The Nationwide Network and Reg-

-
tabase. Cancer incidence was obtained through linkages of the offspring cohort with the NCR, 

-

Another important strength of our studies is that number of ART cycles and number of births 
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cycles that led to the birth of a child (successful cycles) were compared with ART cycles that 

ART cycles.

Limitations

ART treatment data
A limitation of our cohort study concerns the period of ART treatment included. To study 

recent years, it is unlikely that current ART protocols increase cancer risk more than the ART 
protocols used in the past. An important consideration is that, as currently other types of drugs 
are used, it is still possible that they carry a different risk. 

-

cohort.

-

Comparison group
-

-

-
ity was slightly different between ART and non-ART treated women, we did include cause of 

8
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subfertility in our analytic models as a potential confounder (to reduce increased or decreased 
risks due to cause of subfertility per se). Although all women in the comparison group were 
subfertile, they differed from the ART group with respect to age and parity (more often older 

small. The only study with enough power to compare ART-treated women with the truly un-

large (Chapter 4
group, the hazard ratio for breast cancer was comparable to the hazard ratio for the compari-

-

in ART-treated women. Although risk estimates were not different for risk of breast cancer, it 

the heterogeneous population included in our comparison group. An important consideration 

drugs before they started with ART, rendering comparison with a non-ART group that also 

-
bers of most cancer types in our cohort were still limited, especially when performing sub-

would increase the number of these cancer types, as cancer rises strongly with age after age 

Missing data

-

chained equations. For most of our studies the total number of ART cycles and the cause of 
subfertility were imputed. Furthermore, important confounders were also imputed based, such 
as birth weight and gestational length in our study on cancer risk in ART offspring (Chapter 7). 



Clinical implications

Implications for women who have undergone fertility treatments
-

ments in the past. In general, our results are reassuring and show that the risk of cancer is not 
increased in women who underwent fertility treatments or ART before 2001. In addition, the 
results in Chapter 2
the general population is more likely due to nulliparity than to the ART treatment itself. Also, 

-
Chapter 5

screening for borderline tumors in ART–treated women is not recommended. Special screen-
ing for the other hormone-related cancers under study (other than in the general population) 
is also not recommended for ART-treated women.

-
clusions. As the age of ART-treated women at end of follow-up was still rather young, ranging 

-

Implications for women who will undergo fertility treatments
Studying the long-term risk of cancer in ART-treated women is only possible in women who 

-
more ART in a natural cycle has become more usual. This may suggest that risk of hormone-
related cancers is unlikely to be increased in women who underwent ART in more recent years. 

the risk of hormone-related cancers is changed in women treated in more recent years. 

8
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treating physicians, may be informed by the generally reassuring results of our studies. With 

found in our cohort but also in other studies, although a causal association has not been 

-
-

woman remains childless) and that this emotional burden can last for many years after the 
treatments.

year after stopping ART treatment would be highly appreciated. 

Implications for children, adolescents and young adults born after ART

-

Also, our study was underpowered to detect risk increases after more recent ART treatment 
-

cedures may induce epi-genetic alterations63,64,66

cancer type (including young adult tumors such as testicular and breast cancer), follow-up time 

Research implications

-
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not be desirable to ask permission because informing the participant about the aim of the 
-

cancer are more likely to participate than parents from healthy children). Furthermore, espe-

in the distant past. To facilitate research on important public health questions, it is therefore 

-
ample, if permission for multiple linkages could be requested from a Central Linkage Facility. 

to write requests for linkages and going through legal procedures would be greatly reduced 

-

-
-

-

Third, studying long-term health effects of ART in women and their offspring would be less 

ART registry in the Netherlands. An ART registry enables collection of data from ART-treated 
-

requires completion of a great many different forms.

-

-

8



This medical record system, designed by fertility doctors, enables to register fertility treat-
ment data in a standardized manner. Currently, this registration system is used by almost all 

-
thermore, it would be best if subfertile couples were asked at the start of their treatment 

Their consent should also be registered into such a system.

Public health implications 

generate more awareness in the younger generation about the female age-related fertility 

too long (if the circumstances for becoming pregnant and caring for a baby are good). The 
current trend to become a parent at a later age will increase the number of people that need 

breast, and endometrial cancer and melanoma will rise if more women become mothers at an 

Recommendations for future research

With regard to future research there are some general recommendations. First, it is important 
-

ber of cancer cases. This will yield more precise risk estimates, especially for subgroup analysis 
-

more recent ART regimens would not only increase statistical power but also add a new com-
parison group, i.e. women who underwent ART in a natural cycle (monofollicular ART without 

gonadotropin stimulation) with ART in a natural cycle (without gonadotropin stimulation). Be-



-

Recommendations for studying ovarian tumor risk after ART
-

-

treated with ART in more recent years is necessary, to increase power in general, but also 

-

differ with respect to histopathological and molecular characteristics from sporadic borderline 
tumors.

Recommendations for studying endometrial cancer risk after ART

will yield more precise risk estimates, especially for subgroup analysis (i.e. according to num-

-

Recommendation for studying breast cancer risk after ART

-

8
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Furthermore, combining the cohorts will enable to study the risk of ductal carcinoma in situ 

and parous women an increased risk of breast cancer in our cohort, or that in the long run a 

Recommendations for studying colorectal cancer after ART

cohorts will result in more colorectal cancer cases in both the ART and non-ART group. Since 
the decreased risk of colorectal cancer in non-ART women compared to the general popula-

to number of ART cycles, cause of subfertility and follow-up duration will identify the women 

Recommendations for studying melanoma risk after ART

in ART-treated women were due to chance or true risk increases due to ART. 

Recommendations for studying cancer risk in ART offspring
The results of our study on cancer risk in ART offspring showed that much longer follow-up 

-
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-

-

Overall conclusions

-

and colorectal cancer, and melanoma. The studies in this thesis show that the risk of hormone-
related cancers is generally not increased in women who underwent ART treatments in the 

-

been long enough and age at end of follow-up too young. In addition, the studies in this thesis 
did not include ART treatments used in more recent periods. Therefore, further follow–up of 

-

 and 
63,64,66

8



212

References

-

-

-

society-of-human-reproduction-and-embryol-

Frontiers 

3. Rizzuto I, Behrens RF, Smith LA. Risk of 

-

ian stimulating drugs for infertility. The Co

meta-analysis. Human reproduction update. 

meta-analysis. Human reproduction update. 

cancer in women treated with assisted re-

7. Reigstad MM, Storeng R, Myklebust TA, et al. 

Cancer Risk in Women Treated with Fertility 

based Cohort Study. 

markers Prev. 

-

mours. 

fertilization. Hum Reprod. 

risk. 

Fertil Steril. 

-

tion, birth and melanoma. Melanoma Res. 

Fertil Steril. 

-

ian stimulating drugs for infertility. The Co

-

ity and Fertility Care, 2017. Hum Reprod. 

National, regional, 



213

-

-

dometriosis. 

Steroids. 

Human 

reproduction update. 

21. Pearce CL, Templeman C, Rossing MA, et al. 

Association between endometriosis and risk 

pooled analysis of case-control studies. The 

-

with endometriosis. Hum Reprod. 2013.

-

with parity and breastfeeding in the prospec-

-

-

feeding, and breast cancer risk by hormone 

-

sults from the Nurses’ Health Studies. 

Breast cancer risk by age at birth, time since 

-

cer risk in Swedish women. 

-

a concentration-dependent manner. Fertil 

Steril. 

Russo IH. Breast differentiation and its impli-

Clinical cancer 

Association for Cancer Research. 

-

-

-

ian surface epithelium are cells-of-origin for 

communications. 

-

8



214

distinct histological features and molecular 

genetics. 

Walentowicz-Sadlecka M. KRAS mutation 

integrated molecular diagnostic system. Tu

Medicine. 

-

colorectal cancer in postmenopausal women. 

-

-

cer in women. 

646.

-

-

-

-

rectal cancer. 

Prev. 

-

Cancer. 

-

and risk of colorectal cancer. 

insulin-like growth factor-I, endogenous 

estradiol, and risk of colorectal cancer in 

postmenopausal women. Cancer research. 

-

ing effects of oral and transdermal routes of 

estrogen replacement therapy on 24-hour 

postmenopausal women. 

Plasma insulin-like growth factor 1, insulin-

like growth factor binding protein 3, and risk 

northern Sweden. Gut. 

-

-

cer in postmenopausal women. 

-

J Clin 

-

growth. Cancer research. 

-

study. 

et al. Risk of breast cancer following fertil-Risk of breast cancer following fertil-

ity treatment--a registry based cohort study 



of parous women in Norway. 

-

-

ulation-based cohort study. Hum Reprod. 

-

Fertil Steril. 2013.

-

Cancer 

al. Association Between Fertility Treat-

ment and Cancer Risk in Children. Jama. 

risk among children born after assisted con-

ception. 

-

-

JAMA pe

diatrics. 

Hum Reprod. 

-

nol Assess Health Care. 

-

epigenetic control of transposable elements 

and imprinted genes in newborns is affected 

-

taneous conception without underlying infer-

tility. Hum Reprod. 

Hum 

Mol Genet. 

-

twins. Journal of developmental origins of 

health and disease. 

-

mal. 

-

munications. 

-

child-wish and mental health in women 11-17 

years after fertility treatment. Hum Reprod. 

-

haak CM. 

17 years later. Hum Reprod.

-

Predicting 

emotional response to unsuccessful fertility 

havioral medicine. 

8


