
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

A Life Less Ordinary
Socio-economic aspects of adult congenital heart disease
Sluman, M.A.

Publication date
2017
Document Version
Other version
License
Other

Link to publication

Citation for published version (APA):
Sluman, M. A. (2017). A Life Less Ordinary: Socio-economic aspects of adult congenital heart
disease. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/a-life-less-ordinary(404d1ec6-2021-487e-82a4-bc1a3bc655c4).html


 Chapter 9



1

2

3

4

5

6

7

8

9

10

11

1

2

3

4

5

6

7

8

9

10

11

Cancer, another threat for 
adults with congenital heart 
disease?
Submitted

M.A. Sluman
I. Vaartjes

N.C. Onland-Moret
M. Schaapveld
M. Hauptmann

B.J. Bouma
F.E. van Leeuwen

E. van der Wall
B.J.M. Mulder



Chapter 9

138

AbSTRACT

background
Increasing attention for long term outcomes of congenital heart disease (CHD) suggests 
that cancer incidence may be increased in children and adults with CHD. The objective 
of this study was to investigate cancer incidence in adults with CHD in comparison with 
the general population.

Methods
Adult CHD patients (N = 16,010, median age 33, IQR 22–47) included in the nationwide 
Dutch CONCOR registry between 2002 and 2016 were linked to the Netherlands Cancer 
Registry. Standardized Incidence Ratios (SIRs) were calculated comparing observed can-
cer incidence in adult CHD patients to cancer incidence rates in the general population.

Results
With 272 prior cancer diagnoses, 15,738 patients were cancer free at inclusion in CON-
COR. During a median follow-up of 8.4 (5.5–11.7) years, 426 patients developed cancer. 
Cancer was most seen in the breast and digestive organs. Overall cancer incidence was 
comparable to the general population (SIR 0.93, 95% CI 0.84–1.02). There were no dif-
ferences in cancer incidence compared to the general population with regards to sex, 
age category or type of cancer except for lung cancer incidence which was lower than 
expected (SIR 0.59, 95% CI 0.40–0.83). Also in severe CHD, often exposed to more medi-
cal radiation, cancer incidence was not increased.

Conclusions
Overall cancer incidence among adult survivors of CHD was not increased compared 
to the general population. Lung cancer incidence was decreased, possibly due to less 
smoking in the CHD population. Further research including cancer risk factors and longer 
follow-up needs to define cancer risk in specific groups.
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InTRODuCTIOn

Advances in diagnostic and therapeutic options for patients with congenital heart dis-
ease (CHD) have greatly improved long term prognosis with generally good quality of 
life 1, 2. Adults with CHD now live longer and are consequently at risk for other diseases 
3, 4. Clinical observations from daily adult CHD practice as well as previous studies sug-
gest a possible relation between CHD and the occurrence of cancer 5-8. However, lower 
cancer screening rates among adult women with CHD have been shown 9. Since most 
adults with CHD primarily rely on cardiologists for their medical care, often starting early 
and lasting a lifetime, more evidence on cancer incidence in CHD and awareness of the 
importance of screening is essential.

An increased cancer incidence in CHD could be expected given the presence of cer-
tain specific circumstances of CHD patients. Advanced investigations, procedures and 
treatment options in cardiology are often accompanied by an increased exposure to 
ionizing radiation, which is carcinogenic 10-15. Radiation exposure among CHD patients 
is often received (more than once) during childhood or puberty, the most sensitive 
time for harmful effects and often administered near sensitive localisations of the body 
11, 16. A recent review showed that there is no clear evidence that doses to organs in 
the field are yet decreasing due to technical advances or improved radiological protec-
tion 17. Haematological malignancies are the most well-known cancer type to be related 
to radiation and CHD 18. We also considered an increased breast cancer incidence due 
to the radiation exposure in this field and the fact that low parity, a known risk factor 
for breast cancer, is seen more often in CHD patients 19, 20. Other possible contributing 
factors besides radiation could be the long lasting use of medication or other harmful 
long term effects of treatment or the disease itself 21. Another mechanism could be an 
unfavourable genetic susceptibility. More and more is known on the genetic background 
of CHD 22, 23. Several well-known oncogenes like KRAS and BRAF are also found to be 
associated with syndromes that often involve CHD, for example Noonan syndrome, car-
diofaciocutaneous syndrome and Costello syndrome 23, 24. Patients with Down syndrome 
are known to have a predisposition to especially leukaemia 25. In contrast with all these 
risk factors are general healthier lifestyles that are seen among CHD patients compared 
to general population controls 19, 26 .

Preliminary analyses in cancer prevalence in CHD compared to the general population 
from our group did not reveal an increased 5-or 10-year cancer prevalence in the years 
2003 to 2015. The primary aim of this study was to establish the incidence of cancer in 
adult patients with CHD compared to the general population. Secondary aims were to 
investigate the distribution of the specific types of cancer that were seen and which CHD 
patients would be most at risk.



Chapter 9

140

METHODS

Study design and population
All CHD patients originated from CONCOR (CONgenital CORvitia), the ongoing Dutch 
national CHD registry database and DNA bank. This registry facilitates research into the 
aetiology and outcome of CHD in the Netherlands 27. Patients with CHD aged 18 years 
or older are recruited in tertiary and secondary medical centres and through national 
media. After obtaining informed consent, clinical data such as type of CHD, clinical events 
and procedures as well as patient and family history are obtained from medical records. 
Diagnosis are classified as mild, moderate or severe according to a pre-specified hierar-
chical scheme founded on a consensus-based classification of severity of diagnoses (28). 
CONCOR has previously been described in more detail 27. Inclusion started in January 
2002 and is still ongoing. Currently, over 16000 patients (aged 18–92 years at enrolment, 
median age 33, interquartile range (IQR) 22–47) are included from 107 Dutch hospitals, 
including all 8 tertiary referral centres from which the largest part of patients originate. 
The ethics review boards of all participating medical centres have approved CONCOR 
which complies with the Declaration of Helsinki.

Data from all patients included in CONCOR between January 1, 2002 and July 1, 2016 
(N=16010) were linked with the Netherlands Cancer Registry (NCR). The NCR has com-
plete data on the occurrence of cancer in the Dutch population, which currently counts 
approximately 17 million inhabitants. The NCR documents all newly diagnosed patients 
with cancer since 1989 and has incomplete data from before. The completeness of the 
NCR is estimated to be at least 95%. The NCR is notified about new cancer patients by the 
nationwide network and registry of histo- and cytopathology in the Netherlands (PALGA), 
to which all pathology departments submit all their reports on histological, cytological 
and autopsy examinations 29. Reporting is completed by yearly linkage with the Dutch 
registry of Hospital Discharge Diagnoses. Topography and morphology are coded ac-
cording to the International Classification of Diseases (ICD-10) for Oncology (ICD-O). In 
this study, cancer was defined as all ICD-O codes except for all C44 codes that were 
non-melanoma skin cancer (N=129 diagnoses in 58 patients), since these diagnoses were 
not completely obtained and clinical relevance is not clear. In situ malignancies (N=108 
in 104 patients, mainly breast, bladder and skin) were also excluded. Patients with an 
invasive cancer diagnosis prior to inclusion in CONCOR were excluded from all incidence 
analysis.

Statistical analyses
Continuous variables were presented as median with interquartile range (IQR) when not 
normally distributed. Accumulation of person time started from the date of inclusion in 
CONCOR and ended at the date of first invasive cancer diagnosis or the date of death and 
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otherwise at the end of follow up on July 1, 2016. We compared the observed number of 
cancer cases in the CHD population with the expected number of cancers based on sex-, 
age- and calendar period- specific cancer incidence rates in the Dutch general popula-
tion, accounting for person years of observation 30. Standardized Incidence Ratios (SIRs) 
were calculated by gender and severity of CHD with (attained) age as the timescale, using 
standard methods 31. 95% Confidence intervals (95% CI) were presented when appropri-
ate. Using age as the timescale, a patient under the age of 40 years added person-years 
during follow-up to the attained age category “<40 years”, to the attained age category 
“40–49 years” until reaching age 50 years, and to the attained age category “≥50 years” 
thereafter until patients were either censored (died or reached date of study closure) 
or developed cancer. Age categories were based on the available cohort and the cancer 
age distribution that was expected. Tests for homogeneity and trend in SIRs by attained 
age were performed within collapsed person-time Poisson regression models. The level 
of statistical significance was set at P≤0.05 and all reported p-values were two-tailed. All 
statistical analyses were performed using SPSS statistical software for Windows (SPSS 
Inc., version 23, Chicago, IL, USA) and STATA statistical software (STATA 13, StataCorp LP, 
College Station, Texas, USA).

RESuLTS

Prior cancer diagnosis
In total, 272 CHD patients were excluded due to a cancer diagnosis prior to inclusion in 
CONCOR, resulting in a study cohort of 15,738 patients. The excluded patients with prev-
alent cancer were significantly younger at the time of cancer diagnosis than the incident 
cases (52 years, IQR 38–63 versus 59 years, IQR 47–68, P<0.001). Patients with a history 
of cancer were also significantly older when included in CONCOR (prevalent cancer cases 
aged 61 years (IQR 46–69) versus incident cases aged 54 years (IQR 41–62) at CONCOR 
inclusion, P<0.001). Time between cancer diagnosis and inclusion in CONCOR for these 
patients ranged from 0 to 35 years (median 6 years, IQR 2–11). Most excluded patients 
(69%) were diagnosed with cancer in the 10 years prior to inclusion in CONCOR. Breast 
(25%) and haematological (16%) cancer were most frequent. Clinical characteristics of 
the excluded patients with prior cancer diagnoses are shown online in e-Table 1.

Patient characteristics and cancer incidence
Table 1 shows the clinical characteristics of the study cohort (N=15738). Median age at 
inclusion in CONCOR was 33 (IQR 22–47) years and 51% was female. During a median 
follow-up period of 8.4 (5.5–11.7) years, 426 patients were diagnosed with cancer. Me-
dian age at cancer diagnosis was 59 (47–68) years and median time from inclusion in 
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CONCOR to cancer diagnosis was 4.7 (2.5–7.5) years. Breast cancer occurred most often 
(43% of all cancer in women and 22% of all cancers), followed by cancer of the digestive 
organs in 18% of all cancers (22% of all cancer in men and 16% of all cancer in women). 
In men the digestive organs and prostate were most affected.

Table 1. Characteristics of the CHD cohort at baseline and of the incident cases.

baseline cohort incident cancer cases

Patients (N) 15738 426

Female sex, N. (%) 8009 (51%) 219 (51%)

Age at CONCOR inclusion, median (IQR), y 33 (22–47) 54 (41–62)

Follow-up time, median (IQR), years 8.4 (5.5–11.7) 4.7 (2.5–7.5)

Total follow-up time, years 130673

CHD severity (N, %)

mild 9072 (57) 266 (62)

moderate 5155 (33) 143 (34)

severe 1511 (10) 17 (4)

Distribution of cancer type (N, %)

breast – 94 (22)

digestive organs – 77 (18)

male genital – 55 (13)

skin (melanoma) – 38 (9)

haematological – 33 (8)

lung – 33 (8)

urinary tract – 24 (6)

female genital – 22 (5)

brain and central nervous system – 12 (2)

other – 38 (9)

Down syndrome (N, %) 496 (3) 5 (1)

In all patients with cancer below the age of 40 years (prevalent as well as incident cases), 
haematological malignancies were most common (21%), followed by breast (19%), skin 
(17%) and testicular cancer (10%). Among CHD patients who developed cancer at a 
relatively young age (below 40 years), more severe CHD (12% severe, 33% moderate, 
55% mild CHD) was seen compared to the older patients with cancer (only 3% severe, 
29% moderate, 68% mild CHD).

Overall cancer incidence was comparable to the general population (SIR 0.93, 95% CI 
0.84–1.02, Table 2). There were no differences in cancer incidence compared to the gen-
eral population with regard to sex or age category. In mild CHD, SIR was decreased (SIR 
0.87, 95% CI 0.77–0.98). Table 3 shows the different SIRs by cancer location according 
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to ICD-O codes and attained age. There were no increased or decreased SIRs except for 
lung cancer (N=33, SIR 0.59, 95%CI 0.40–0.83) and urinary tract cancer in the youngest 
age group where the total number of cancer cases was only 5 (N=5, SIR 5.68, 95% CI 
1.84–13.26). We found a similar cancer distribution as in the general population (32): 
breast, colorectal, prostate and lung cancer together accounted for exactly 50% of all 
cancer cases (N=213).

Table 2. Standardized cancer incidence ratios (SIRs) for all malignancies and solid tumours in CHD.

incident cases (N) SIR 95% CI p-trend

all malignant (C00-C96*) 426 0.93 0.84–1.02

men 207 0.96 0.83–1.09

women 219 0.90 0.79–1.03

CHD severity

mild 266 0.87 0.77–0.98 0.393

moderate 143 1.01 0.85–1.19

severe 17 0.81 0.47–1.30

attained age:

<40 y 51 0.96 0.72–1.27 0.161

40 – 49 y 78 1.11 0.88–1.39

≥50 y 297 0.86 0.77–0.97

solid tumours (C00-C80) 393 (92%) 0.92 0.83–1.01

men 189 0.94 0.81–1.09

women 204 0.89 0.77–1.02

attained age:

<40 y 46 1.01 0.74–1.35 0.820

40–49 y 73 1.13 0.89–1.42

≥ 50 y 274 0.86 0.76–0.97

* according to ICD-O codes
Abbreviations: SIR = standardized incidence ratio; CHD = congenital heart disease; CI = confidence in-
terval
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Table 3. Standardized cancer incidence ratios (SIRs) in CHD by cancer location according to ICD-O codes 
and attained age.

new cases (N) SIR 95% CI p-trend

Breast (C50) 94 1.03 0.83–1.26

<40 y 12 1.16 0.60–2.03 0.528

40 – 49 y 28 1.09 0.73–1.58

≥50 y 54 0.98 0.74–1.28

Digestive organs (C15-C26) 76 0.82 0.64–1.02

<40 y 4 1.11 0.30–2.85 0.094

40 – 49 y 12 1.36 0.70–2.37

≥50 y 60 0.74 0.57–0.96

Male genital (C60-C63) 55 0.99 0.75–1.29

<40 y 3 0.41 0.08–1.20 0.767

40 – 49 y 7 3.33 1.34–6.85

≥50 y 45 0.98 0.71–1.31

Skin - melanoma (C43) 39 1.23 0.88–1.69

<40 y 8 0.82 0.35–1.61 0.277

40 – 49 y 12 1.52 0.79–2.66

≥50 y 19 1.36 0.82–2.13

Haematological (C81-C96)* 33 0.87 0.60–1.23

<40 y 5 0.67 0.22–1.55 0.514

40 – 49 y 5 0.90 0.29–2.09

≥50 y 23 0.93 0.59–1.40

Lung and bronchus (C34) 33 0.59 0.40–0.83

<40 y 2 1.87 0.23–6.74 0.832

40 – 49 y - - -

≥50 y 31 0.63 0.43–0.89

Urinary tract (C64-C68) 23 0.92 0.59–1.39

<40 y 5 5.68 1.84–13.26 0.002

40 – 49 y 1 0.41 0.01–2.30

≥50 y 17 0.79 0.46–1.26

Female genital (C51-C58) 22 0.83 0.52–1.26

<40 y 4 0.93 0.25–2.39 0.767

40 – 49 y 4 0.88 0.24–2.24

≥50 y 14 0.80 0.44–1.34

Brain and CNS (C69-C72) 12 1.34 0.69–2.35

<40 y 1 0.44 0.01–2.45 0.155

40 – 49 y 2 1.19 0.14–4.29

≥50 y 9 1.81 0.83–3.43

Abbreviations: SIR = standardized incidence ratio; CHD = congenital heart disease; CI = confidence in-
terval
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DISCuSSIOn

The present study showed no increased cancer incidence in adult CHD patients compared 
to the general Dutch population. On the contrary, for lung cancer we found a decreased 
cancer incidence.

To date, as far as we know, only three other large clinical cohorts have investigated 
cancer in adult CHD and they all report increased cancer rates. Olsen et al reported an 
increased cancer incidence in a large Danish population-based CHD cohort of patients 
aged 0 to 31 years. They observed 53 cancer cases in 15,905 patients while 33 were 
expected (SIR 1.63, 95% CI 1.22–2.13) 7. However, the results were highly driven by the 
patients with Down syndrome. When they were excluded, cancer incidence was similar 
to the general population. In our study only 5 patients with Down syndrome (1.2%) devel-
oped cancer (breast, digestive and testicular), which did not influence the results. Similar 
to our study, the results of the Danish study showed no overall increased incidence of 
cancer in young CHD patients without Down syndrome.

In a nationwide population-based cohort study in Taiwan among mostly children with 
CHD (median age 3.5 years, IQR 0.2–19.7), Lee et al found an increased cancer incidence 
(SIR 1.45, 95% CI 1.25–1.67) 6. Risk factors for cancer in their cohort were a history of 
catheterization and CT scan. In our adult CHD cohort, we did not find this increased 
cancer incidence. These contrasting findings suggest that either the damage from the 
increased radiation exposure had already happened or the increased radiation exposure 
might be outweighed by a healthier lifestyle in our adult CHD population 19.

Cancer prevalence was investigated in the Québec CHD database. In 34965 CHD pa-
tients aged 20 years or older, 1156 patients were diagnosed with cancer between 1995 
and 2005, resulting in a 1.6 to 2 times higher cancer prevalence compared to cancer 
population data from other provinces5. These results are in line with the results of the 
study from Taiwan, although cancer prevalence instead of incidence was shown. Several 
factors could explain our different results. First, part of the cancer diagnoses they found 
were diagnosed in childhood. Second, the use of administrative data for the cancer case 
finding in the Québec CHD database is likely to be less accurate than the cancer cases 
based on histopathological diagnoses through our PALGRA system. With the linkage of 
the clinical CHD data in CONCOR to the complete and accurate histopathological PALGRA-
registry with precise data, it is unlikely that cancer cases in our study have been missed 
or over- or underdiagnosed.

Unfortunately, data on cancer risk factors (such as smoking, use of alcohol, obesity, 
diet, pregnancy, breastfeeding and parity) nor radiation exposure were available. How-
ever, in previous studies from our cohort, a healthier life style including less smoking 
and alcohol consumption in CHD patients compared to the general Dutch population 
was found 19. Other studies showed similar behaviour patterns among patients with CHD 
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26, 33. Less smoking among CHD patients could also explain the decreased lung cancer 
incidence in our study. Although there is a risk of lung cancer from thoracic radiation, this 
effect is outweighed by less smoking 34. A healthier lifestyle might also be the explanation 
for our finding of a slight decreased cancer incidence in CHD patients with mild disease. 
Increased surveillance of CHD patients may also lead to more early pre-cancer diagnoses.

Unexpectedly, we did not find an increased risk for haematological and breast cancer. 
However, in the Taiwanese cohort of mainly children, there was an increased risk of hae-
matological cancers. Haematological cancers, which are relatively frequent in childhood 
may already occur up to 5 years after radiation exposure and may have been missed 
in this adult cohort. Since CONCOR is an adult registry, most ‘childhood cancer’ (i.e. 
leukaemias, brain and central nervous system and testicular cancers) occurred before 
inclusion. Those patients were excluded from this study or this may have even prevented 
them from inclusion in CONCOR at all. However, as far as we know, there are no data 
suggesting a higher cancer related mortality in children with CHD. From previous studies 
we know that the main cause of death in children as well as in adults with CHD remains 
cardiovascular 35.

STREnGTHS AnD LIMITATIOnS

In this study cancer incidence was obtained for a relatively large cohort of adult CHD 
patients through linkage with the long-standing high-quality Netherlands Cancer Regis-
try. Accurate case finding through histopathological diagnoses identified a total of 426 
cancer cases. Since data on radiation exposure were not available, sub analyses on CHD 
type may have provided more insight into the relation between radiation and cancer 
incidence in adults with CHD. However, because cancer incidence at the relatively young 
age when most CHD patients are included in CONCOR is still low, number of cancer cases 
were insufficient to investigate cancer rates per CHD type.

CONCOR is an overall representation of adults with CHD in the Netherlands and there-
fore suffers from selection or survival bias. Patients are only included in CONCOR from 
the age of 18 years or older. However, most missing patients are those with mild disease 
and limited treatment and follow-up 36. The older CONCOR participants may reflect the 
relatively healthiest part of CHD patients in this age group. This could have led to an 
underestimation of cancer. The lower incidence of lung cancer we observed could also at 
least partly be due to this survival bias or left truncation.
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COnCLuSIOn

In this real time adult CHD population, our findings suggest an overall cancer incidence 
similar to the general population. The incidence of lung cancer was even lower than ex-
pected. Whereas our findings in adults are reassuring, we believe further research in this 
field is needed. Paediatric CHD patients, patients with CHD as part of certain syndromes 
and patients with (often severe) CHD who have undergone frequent diagnostic and 
therapeutic procedures may be at risk for the development of cancer. Even though new 
techniques will hopefully further reduce radiation exposure, awareness of its clinically 
relevance and initiatives to investigate long term effects are necessary and growing 37.
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SuPPLEMEnTAL DATA

Online Table 1. Characteristics of the CHD patients with cancer diagnosis before inclusion in CONCOR.

N = 272

Female sex, N. (%) 147 (54)

Age at CONCOR inclusion, median (IQR), y 61 (46–69)

Age at cancer diagnosis, median (IQR), y 52 (38–63)

Severe CHD, N. (%) 14 (5)

Distribution of cancer type (N, %)

breast 68 (25)

haematological 43 (16)

digestive organs 36 (13)

prostate 32 (12)

skin (melanoma) 31 (11)

gynaecological 13 (5)

urinary tract 10 (4)

male genital 10 (4)

lung 5 (2)

other 24 (8)

Down syndrome (N, %) 6 (2)

Abbreviations: CHD = congenital heart disease; IQR = interquartile range.


