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Abstract
Background: Childhood cancer survivors face various adverse consequences. 
This Nordic register- based cohort study aimed to assess whether survivors of 
childhood cancer are more likely to have low income than their peers.
Methods: We identified 17,392 childhood cancer survivors diagnosed at ages 0 to 
19 between 1971 and 2009 with 83,221 age- , sex- , and country- matched popula-
tion comparisons. Annual disposable income at ages 20 to 50 years was retrieved 
from statistical offices (for 1990– 2017) and categorized into low income and mid-
dle/high income. The number of transitions between income categories were as-
sessed using binomial regression analyses.
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1  |  INTRODUCTION

Childhood cancer survival has remarkably improved 
over the past decades with overall 5- year survival in most 
European countries exceeding 80% already during the pe-
riod 2005– 2007, with however substantial variations in 
survival across cancer types.1 Due to the advances in diag-
nostics and treatment modalities, there is a growing num-
ber of childhood cancer survivors reaching adulthood.2

Childhood cancer survivors are at risk of a wide spec-
trum of late effects including somatic and psychiatric 
conditions.3,4 These are likely to contribute to the socio-
economic challenges that childhood cancer survivors 
have been shown to face later in life.5,6 Previous studies 
have shown that having cancer in childhood might affect 
educational achievements, employment, social life, or 
income.5,6 Low income has shown to be associated with 
health- related behaviors and various adverse health out-
comes, such as higher blood pressure and unfavorable 
cholesterol profile.7

A vast majority of previous studies have measured in-
come data at a single time point and studies from North 
America8 and Europe9 have overall found income levels 
to be lower in childhood cancer survivors compared to 
siblings/population comparisons. Studies from the Nordic 
countries have found lower income among childhood can-
cer survivors in most cancer types in Finland,10 but only 
among CNS tumor survivors in Norway11 and Sweden.12 
To our knowledge, only one previous study has investi-
gated income in childhood cancer survivors using longi-
tudinal income data with a possibility to evaluate changes 
in income over time. This Canadian registry- based study, 

using income data between 1982 and 2010, found that 
young cancer survivors earned significantly less than the 
general population over the entire follow- up period and 
long- term income was particularly pronounced among 
survivors treated with radiation.13 However, due to cul-
tural and societal differences along with differences in 
health care and welfare systems the situation in North 
America may not be comparable to the one in Nordic 
countries.

By evaluating annual income trajectories using the 
longitudinal income data, we sought to determine if 
Nordic childhood cancer survivors are more likely to have 
low income compared to their peers in the long term. We 
approached this by evaluating differences in annual tran-
sitions from low income to middle/high income and vice 
versa, between childhood cancer survivors and popula-
tion comparisons. As a secondary objective we aimed to 
identify childhood cancer survivors at particular risk for 
low income. The novelty of our study is the three- country 
wide longitudinal high quality annual Nordic register- 
based data which allowed us to explore income trends 
over time in childhood cancer survivors from Denmark, 
Finland, and Sweden.

2  |  METHODS

2.1 | Study design, study population, and 
data sources

This study is based on register data from the Nordic re-
search programme Socioeconomic consequences in Adult 

Results: The prevalence of annual low income among childhood cancer survi-
vors was 18.1% and 15.6% among population comparisons (risk ratio [RR] 1.17; 
95% confidence interval [CI] 1.16– 1.18). Compared to population comparisons, 
childhood cancer survivors were 10% (95% CI 8%– 11%) less likely to transition 
from low to middle/high income and 12% (10%– 15%) more likely to transition 
from middle/high to low income during follow- up. Among those initially in the 
low income category, survivors were 7% (95% CI 3%– 11%) more likely to remain 
in the low income category. If the initial category was middle/high income, child-
hood cancer survivors were 10% (95% CI 8%– 11%) less likely to remain in the mid-
dle/high income and 45% (37%– 53%) more likely to transition to the low income 
category permanently.
Conclusions: Childhood cancer survivors are at higher risk for low income in 
adulthood than their peers. These disparities might be reduced by continued ca-
reer counseling along with support in managing within the social security system.

K E Y W O R D S
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Life after Childhood Cancer in Scandinavia (SALiCCS, 
www.salic cs.org).14 The Nordic population- based regis-
tries represent a high quality standard in terms of com-
pleteness and accuracy of the comprehensive annual 
health, socio- demographic, and socioeconomic data.15 
Unique personal identification numbers assigned to all 
residents in the Nordic countries allowed accurate link-
age across the registries.

Our study cohort included childhood cancer survivors 
diagnosed with their first cancer before the age of 20 years. 
Survivors were identified from the national cancer regis-
tries in Denmark, Finland, and Sweden from 1971 to 2009 
(in Denmark to 2008) (Figure S1). For each survivor, five 
age-  and sex- matched population comparisons were iden-
tified from the national population registries in each coun-
try. Childhood cancer survivors who had emigrated before 
the start of follow- up (n = 113) and survivors with no pop-
ulation comparisons (n = 1) were excluded (Figure S1).

Follow- up began at the age of 20 years or the time- 
point from which information on disposable income was 
available from the registries (in Denmark and Sweden 
from 1990, in Finland from 1995), whichever occurred lat-
est (Figure S1). If information on income was missing for 
any given year, the individual with missing income infor-
mation was excluded for income assessment during that 
calendar year. Overall, under 0.4% of the income observa-
tions were missing. Missing data were not related to case- 
comparison status. Follow- up ended at death, emigration, 
the age of 50 years, or at the end of follow- up (August 11, 
2017 in Denmark, December 31, 2014 in Finland, and 
December 31, 2015 in Sweden), whichever occurred first. 
The matched comparisons were censored when follow- up 
ended for the respective survivor. At the beginning of fol-
low- up, all childhood cancer survivors had at least one 
population comparison and the majority (n = 13,908, 80%) 
had all five.

Sociodemographic information was retrieved from the 
national statistical offices. Statistics Denmark,16 Statistics 
Finland,17– 19 and Statistics Sweden20 provided annual in-
formation on income, studying, and education.

2.2 | Outcomes

Using individual annual disposable income, we defined 
two income categories: the low income and the middle/
high income. The cutoff limit for low income was based 
on the at- risk- of- poverty threshold as defined by Eurostat, 
in which the threshold is set at 60% of the national me-
dian disposable income.21 The threshold in this study 
was calculated annually using the disposable income of 
population comparisons as a reference for each country 
separately and applied to childhood cancer survivors by 

age and year of reference. Disposable income in all three 
countries comprised salaries and allowances including 
unemployment benefits and deducting taxes paid.17,20,22

2.3 | Covariates

Information on enrollment in any educational program dur-
ing the calendar year was obtained annually from the na-
tional statistical offices for the entire follow- up period and 
two categories were defined: studying and not studying. 
Based on the annual information, follow- up was constructed 
and analyzed for those studying and not studying separately. 
Parental education the year before cancer diagnosis was re-
trieved from the registries and highest educational level of 
either parent was used as an explanatory variable.

Calendar period during follow- up was divided into six 
categories: 1990– 1994, 1995– 1999, 2000– 2004, 2005– 2009, 
2010– 2014, and 2015– 2017. Attained age during follow- up 
was divided into six categories: 20– 24 years, 25– 29 years, 
30– 34 years, 35– 39 years, 40– 44 years, and 45– 49 years.

For childhood cancer survivors, age at cancer diagnosis 
was divided into four categories: 0– 4 years, 5– 9 years, 10– 
15 years, and 16– 19 years. For population comparisons, 
the index date (i.e., date of start of follow- up) was defined 
as the date of the cancer diagnosis of their matched survi-
vor. Diagnostic period (calendar period of index date for 
population comparisons) was divided into four categories: 
1971– 1979, 1980– 1989, 1990– 1999, and 2000– 2009. Cancer 
diagnoses were categorized according to International 
Classification of Childhood Cancer (ICCC)23 into the 12 
main diagnostic groups for analyses.

2.4 | Statistical methods

First, we calculated the prevalence of low and middle/
high income for childhood cancer survivors and popula-
tion comparisons during the entire follow- up period and 
by the age of 35. Analyses by the age of 35 were strati-
fied by diagnostic group. The cutoff age was chosen as 
35 years based on the assumption that if a person was to 
rise up from the low income trap, they would have done 
so by that age. Progression of income was described by 
transitions between two consecutive years, starting from 
the initial category of income, which was defined at the 
start of follow- up as low or middle/high income. We com-
pared annual transitions from low income to middle/high 
income and from middle/high income to low income be-
tween childhood cancer survivors and population com-
parisons. Each individual contributed one observation per 
year to the aforementioned analyses. The analyses includ-
ing the overall number of transitions from low income to 

http://www.saliccs.org
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middle/high income, and vice versa were stratified by sex, 
attained age during follow- up, calendar period of follow-
 up, student status, age at diagnosis, diagnostic group, di-
agnostic period, and country. For pairwise differences of 
the prevalence in low and middle/high income categories 
and transitions between the two income categories be-
tween survivors and comparisons, we estimated risk ratios 
(RRs) with 95% confidence intervals (CIs) using binomial 
regression modeling. All relative risks were obtained from 
standard generalized linear model with log- link function 
and likelihood based statistical inference. Analyses were 
adjusted for attained age during follow- up, calendar pe-
riod of follow- up, sex, and country, when applicable. 
Additional adjustment included highest parental educa-
tion. Statistical method applied in our analysis has been 
published by Whalen, et al.24

To explore if childhood cancer survivors were more 
likely to permanently remain in the low income category 
than population comparisons, we studied trajectories of 
low and middle/high income based on annual individual 
transitions and initial category of income. We identified 
differences in variation dynamics between cancer survi-
vors and their comparisons by estimating four summary 
statistics by initial category.24 If the initial category was low 
income, the categories were as follows: (1) remaining in 
low income category (no transitions), (2) permanent tran-
sition to middle/high income (one transition), (3) transi-
tion to middle/high income and permanently back to low 
income (two transitions), or (4) multiple transitions. If the 
initial category was middle/high income, the categories 
were as follows: (1) remaining in the middle/high income 
category, (2) permanent transition to low income, (3) tran-
sition to low income and permanently back to middle/high 
income, or (4) multiple transitions. Differences of individ-
ual transitions were compared between survivors and pop-
ulation comparisons and RRs with 95% CIs were calculated 
using binomial regression modeling adjusted for sex, coun-
try, and additional analyses including the highest parental 
education. All of the aforementioned trajectory analyses 
were stratified by diagnostic group with four main groups: 
leukemias, lymphomas, CNS tumors, and other solid tu-
mors (ICCC- 3 groups IV- XII combined) and the stratified 
analyses were corrected for multiple comparisons using 
the Benjamini & Hochberg procedure.25

We performed sensitivity analyses using only 5- year sur-
vivors of childhood cancer to control for the possible effect of 
ongoing cancer treatment. An analysis with follow- up start-
ing at the age of 30 years and ending at the age of 40 years 
was also performed to include only individuals who most 
likely had attained a stable socioeconomic position.

Statistical analyses were conducted with R software 
version 4.1.0 (R project for Statistical Analysis) and pack-
ages data.table (version 1.14.0) and Epi (version 2.44).

3  |  RESULTS

3.1 | Characteristics of the study 
population

A total of 17,392 childhood cancer survivors and 83,221 
matched population comparisons were included in the 
study (Table 1). The median follow- up time was 18 years 
for survivors and 17 years for population comparisons 
(interquartile range [IQR] 10). Median age at the end of 
follow- up was 33 years for survivors and 32 years for com-
parisons (IQR 16).

Observations in low and middle/high income catego-
ries showed that among survivors, 18.1% of the follow- up 
time was spent in the low income category versus 15.6% 
among population comparisons (RR 1.17 [95% CI 1.16– 
1.18]), respectively (Table  2). By the age of 35 years, the 
prevalence in low income was 18.6% among survivors and 
16.6% among population comparisons (RR 1.17 [95% CI 
1.16– 1.18]). Survivors of any childhood cancer type except 
survivors of other and unspecified neoplasms were more 
likely to spend more time in the low income category by 
the age of 35 years compared to population comparisons 
(Table 2).

3.2 | Transitions between low and 
middle/high income

Compared to population comparisons, childhood cancer 
survivors had overall less transitions from the low to the 
middle/high income category (RR 0.90 [95% CI 0.89– 0.92]) 
(Table  3) and more transitions from the middle/high to 
the low income category (RR 1.12 [1.10– 1.14]) (Table 4) 
during the follow- up period. This pattern was evident dur-
ing all calendar periods and in all age groups with the dif-
ferences even increasing by age (Figure 1, Tables 3 and 4).

We found that childhood cancer survivors both study-
ing and not studying had less transitions from low income 
to middle/high income (studying RR 0.94 [95% CI 0.91– 
0.98]; not studying RR 0.89 [0.88– 0.91]) compared to pop-
ulation comparisons (Table 3). There were no differences 
in the number of transitions from middle/high income 
to low income between survivors and comparisons who 
were studying (RR 1.01 [95% CI 1.97– 1.04]), but in the 
group not studying the risk of transitioning to low income 
was increased among survivors (RR 1.16 [1.13– 1.19]) 
(Table 4).

Survivors of leukemias, CNS tumors, neuroblastomas, 
retinoblastomas, and soft tissue sarcomas had less transi-
tions from low income to middle/high income compared 
to population comparisons (Table  3). The difference be-
tween survivors and population comparisons was seen 
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in all diagnostic age groups and periods, except in the 
transitions from low to middle/high income among the 
group 16 to 19 years of age at diagnosis and in the most re-
cent diagnostic period between 2000 and 2009, where the 
number of transitions were similar between survivors and 

comparisons. Survivors of leukemias, lymphomas, CNS 
tumors, renal tumors, and carcinomas had more transi-
tions from middle/high income to low income compared 
to population comparisons independent of age or period 
of diagnosis (Table 4).

At the beginning of follow- up, about 1/5 of survivors 
and population comparisons were in the low income cat-
egory (Table 5). Among those with low income at begin-
ning of follow- up, a similar proportion of survivors and 
population comparisons had no transitions and remained 
in low income for the rest of follow- up. Conversely, child-
hood cancer survivors starting from low income were 
less likely to have a permanent transition to middle/high 
income (RR 0.93 [95% CI 0.89– 0.97]), and more likely to 
have a permanent transition from middle/high income 
back to low income (RR 1.18 [1.08– 1.30]). Survivors of 
leukemia were less likely to have a permanent transition 
from low to middle/high income compared to population 
comparisons (Table S1).

If the initial income category was middle/high income, 
childhood cancer survivors were less likely to stay in the 
middle/high income category for the remaining follow- up 
(RR 0.90 [95% CI 0.89– 0.92]), and more likely to have a 
permanent transition to low income (RR 1.45 [1.37– 1.53]) 
(Table  5). Survivors of leukemias, lymphomas, CNS tu-
mors, and other solid tumors were less likely to remain in 
the middle/high income category compared to population 
comparisons and survivors of leukemias, CNS tumors, 
and other solid tumors were more likely to have a perma-
nent transition to the low income category compared to 
population comparisons (Table S1).

Analyses stratified by country revealed similar findings 
(Tables S2- S4). The sensitivity analyses including only 5- 
year survivors of childhood cancer (Tables S5 and S6) and 
survivors with follow- up starting at the age of 30 years and 
ending at the age of 40 years (Table S7) mainly yielded sim-
ilar results. In the analyses at ages 30– 40 years the initial 
income category was more likely to be low income among 
survivors than comparisons (16% vs. 13.7%). Adjusting for 
parental education showed similar results in all analyses 
and there was no difference in the results by sex.

4  |  DISCUSSION

We found that childhood cancer survivors had overall 
higher prevalence of low income compared to population 
comparisons. Survivors were overall less likely to transi-
tion from low income to middle/high income and more 
likely to transition from middle/high income to low in-
come than population comparisons. Childhood cancer 
survivors were also more likely to have a permanent shift 
from middle/high income to low income compared to 

T A B L E  1  Characteristics of childhood cancer survivors 
(diagnosed with cancer at the age of 0 to 19 years between 1971 and 
2009) and their population comparisons (matched by birth year, 
sex, and country).

Survivors
Population 
comparisons

N (%) N (%)

Total 17,392 (100) 83,221 (100)

Sex

Male 9211 (53.0) 44,211 (53.1)

Female 8181 (47.0) 39,010 (46.9)

Country

Denmark 4721 (27.1) 21,745 (26.1)

Finland 4565 (26.2) 22,345 (26.9)

Sweden 8106 (46.6) 39,131 (47.0)

Diagnostic group (by ICCC)

Leukemias 3423 (19.7) NA

Lymphomas 2805 (16.1) NA

CNS tumorsa 4255 (24.5) NA

Neuroblastomas 344 (2.0) NA

Retinoblastomas 343 (2.0) NA

Renal tumors 698 (4.0) NA

Hepatic tumors 85 (0.5) NA

Bone tumors 712 (4.1) NA

Soft tissue sarcomas 878 (5.0) NA

Germ- cell tumors 1281 (7.4) NA

Carcinomas 2157 (12.4) NA

Other and unspecified 
neoplasms

411 (2.4) NA

Age at diagnosis/age at index dateb

0– 4 years 3972 (22.8) 18,628 (22.3)

5– 9 years 2863 (16.5) 13,673 (16.4)

10– 15 years 4824 (27.7) 23,316 (28.0)

16– 19 years 5733 (32.0) 27,754 (33.3)

Diagnostic period/calendar period of index dateb

1971– 1979 2804 (16.1) 13,071 (15.7)

1980– 1989 4833 (27.8) 23,154 (27.8)

1990– 1999 5988 (34.4) 28,845 (34.6)

2000– 2009 3767 (21.7) 18,272 (21.9)

Note: From 1971 to 2008 in Denmark.
Abbreviation: ICCC, International Classification of Childhood Cancer.
aCentral nervous system tumors.
bFor population comparisons.
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population comparisons, and it appeared to be less likely 
for childhood cancer survivors to permanently transition 
from low to middle/high income. The pattern was evident 
across different calendar periods and age groups with the 
difference increasing by age.

We used the at- risk- of- poverty threshold by Eurostat21 
to explore whether childhood cancer survivors were at 
risk for possible income deprivation. Our longitudinal 
data with repeated measurement also enabled us to ex-
plore whether the income deprivation was persistent over 
time. We showed that childhood cancer survivors had a 
persistently higher risk for low income compared to pop-
ulation comparisons and the difference was even increas-
ing by attained age during follow- up. This finding is in 
line with the Canadian longitudinal study, where attained 
age was negatively associated with income.13 Our study, 
however, differs from the Canadian study where they 

investigated absolute income differences, not the risk for 
income deprivation. In previous studies, childhood can-
cer survivors have been shown to have lower educational 
qualifications than the general population or siblings7 or 
to be at an increased risk for unemployment,7,10 which 
along with early retirement are probable explanatory fac-
tors underlying low income. Inability to work for example, 
due to disability may contribute to this, as seen in another 
SALiCCS study that showed childhood cancer survivors 
having higher odds of health- related unemployment than 
population comparisons.5 Thus, there is a need to improve 
career guidance for childhood cancer survivors to help 
them select areas of work in which they can employ their 
competences and compensate potential physical or cogni-
tive deficiencies related to their former cancer disease.

Our data showed an increased risk for low income 
for survivors in all diagnostic groups except for survivors 

T A B L E  2  The prevalence of low and middle/high income and adjusted RRs with 95% CIs for low income in childhood cancer survivors 
compared to population comparisons (matched by birth year, sex, and country).

Survivors Population comparisons

Low income
Middle/high 
income Low income

Middle/high 
income

N (%) N (%) N (%) N (%)
Adjusteda RR 
(95% CI)

Adjustedb RR 
(95% CI)

During the entire study 
period

41,321 (18.1) 187,055 (81.9) 164,812 (15.6) 890,253 (84.4) 1.17 (1.16– 1.18) 1.15 (1.14– 1.16)

By the age of 35 31,583 (18.6) 138,056 (81.4) 131,973 (16.6) 661,636 (83.4) 1.17 (1.16– 1.18) 1.15 (1.14– 1.16)

By the age of 35 by diagnostic group

Leukemias 7681 (19.8) 31,147 (80.2) 29,644 (16.6) 148,862 (83.4) 1.20 (1.17– 1.23) 1.17 (1.14– 1.20)

Lymphomas 6632 (17.5) 31,352 (82.5) 28,298 (15.9) 149,292 (84.1) 1.10 (1.08– 1.13) 1.09 (1.06– 1.12)

CNS tumorsc 11,391 (20.5) 44,212 (79.5) 39,376 (15.3) 217,940 (84.7) 1.35 (1.33– 1.38) 1.32 (1.29– 1.34)

Neuroblastomas 740 (21.1) 2774 (78.9) 2693 (16.9) 13,222 (83.1) 1.26 (1.17– 1.35) 1.23 (1.12– 1.34)

Retinoblastomas 823 (18.3) 3674 (81.7) 3165 (15.9) 16,708 (84.1) 1.18 (1.10– 1.26) 1.19 (1.10– 1.29)

Renal tumors 1463 (16.7) 7323 (83.3) 6136 (15.6) 33,193 (84.4) 1.08 (1.03– 1.14) 1.07 (1.00– 1.13)

Hepatic tumors 147 (22.2) 514 (77.8) 628 (19.9) 2533 (80.1) 1.15 (0.99– 1.34) NAd

Bone tumors 1552 (16.9) 7615 (83.1) 6654 (15.5) 36,290 (84.5) 1.10 (1.04– 1.15) 1.07 (1.01– 1.13)

Soft tissue sarcomas 1920 (17.6) 9016 (82.4) 8154 (16.1) 42,451 (83.9) 1.10 (1.05– 1.15) 1.10 (1.05– 1.16)

Germ- cell tumors 2982 (15.9) 15,742 (84.1) 13,162 (15.3) 72,666 (84.7) 1.04 (1.01– 1.08) 1.06 (1.02– 1.10)

Carcinomas 5051 (15.2) 28,255 (84.8) 22,525 (14.6) 131,674 (85.4) 1.04 (1.02– 1.08) 1.03 (1.00– 1.07)

Other and unspecified 
neoplasms

938 (14.7) 5431 (85.3) 4377 (14.7) 25,422 (85.3) 1.01 (0.95– 1.08) 0.98 (0.91– 1.05)

Note: Prevalence– Each individual contributed one observation per year to the analyses.Income– Annual disposable income at ages 20 to 50 years was retrieved 
between 1990 and 2017 for Denmark, 1990 and 2015 for Sweden, and 1995 and 2014 for Finland, and dichotomized to low income and middle/high income 
based on the at- risk- of- poverty threshold defined by Eurostat.
Survivors– Diagnosed with cancer at the age of 0 to 19 years from 1971 to 2009 for Finland and Sweden, and from 1971 to 2008 for Denmark.
Abbreviation: ICCC, International Classification of Childhood Cancer.
aAdjusted for attained age during follow- up, calendar period, sex, and country.
bAdjusted for attained age during follow- up, calendar period, sex, country, and highest parental education.
cCentral nervous system tumors.
dCould not bet counted due to the low number of observations.
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of other and unspecified neoplasms. We also found that 
patients diagnosed with leukemia or a CNS tumor were 
at particular risk for having low income, which has also 

been shown in the Canadian longitudinal study13 and 
other previous studies, mainly using cross- sectional in-
come data.9,12,26 Cancer- related cognitive deficits have 

F I G U R E  1  Proportion of transitions from low income to middle/high income and from middle/high income to low income, by age and 
survivorship, and follow- up period and survivorship among childhood cancer survivors (diagnosed with cancer at the age of 0 to 19 years 
from 1971 to 2009 in Finland and Sweden, and from 1971 to 2008 in Denmark) and their population comparisons (matched by birth year, 
sex, and country).
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T A B L E  5  Number of individuals in different states of income among childhood cancer survivors (diagnosed with cancer at the age of 0 
to 19 years from 1971 to 2009) and their population comparisons (matched by birth year, sex, and country) by initial state of income.

Survivors
Population 
comparisons

N (%) N (%)
Adjusteda RR 
(95% CI)

Adjustedb RR 
(95% CI)

Initial category low income 3508 (21.3) 16,647 (20.9)
Remaining in low income during the entire follow- up 461 (13.1) 2236 (13.4) 0.98 (0.89– 1.08) 1.00 (0.90– 1.11)
Permanent transition to middle/high income 1380 (39.3) 7160 (43.0) 0.93 (0.89– 0.97) 0.94 (0.89– 0.98)
Transition to middle/high income and permanently back to 

low income
472 (13.5) 1863 (11.2) 1.18 (1.08– 1.30) 1.29 (1.07– 1.32)

Multiple transitions 1195 (34.1) 5388 (32.4) 1.04 (0.99– 1.09) 1.03 (0.97– 1.08)
Initial category middle/high income 12,987 (78.7) 62,920 (79.1)
Remaining in middle/high income during the entire 

follow- up
6826 (52.6) 36,483 (58.0) 0.90 (0.89– 0.92) 0.91 (0.89– 0.93)

Permanent transition to low income 1508 (11.6) 5054 (8.0) 1.45 (1.37– 1.53) 1.42 (1.34– 1.51)
Transition to low income and permanently back to middle/

high income
2346 (18.1) 11,559 (18.4) 0.99 (0.95– 1.03) 0.99 (0.95– 1.03)

Multiple transitions 2307 (17.8) 9824 (15.6) 1.14 (1.09– 1.19) 1.13 (1.08– 1.18)

Note: From 1971 to 2008 in Denmark.
aAdjusted for sex, and country.
bAdjusted for sex, country, and highest parental education.
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been shown to be most common in survivors of CNS tu-
mors or survivors of ALL.27 A systematic review and meta- 
analysis from the Children's Oncology Group showed that 
CNS tumor survivors are at elevated risk for poor social 
attainment outcomes, such as being more likely to have 
completed compulsory education only and more likely 
to be unemployed compared to cancer- free peers.28 Such 
underlying mechanism could offer an explanation for the 
observed lower income in our study. Leukemia patients in 
turn receive extended treatment (up to 2– 2.5 years), which 
along with treatment- related toxicity may require longer 
absence from school and social contacts in comparison 
with most other cancer types.

We found that survivors diagnosed at older age (16– 
19 years) were more likely to have middle/high income 
than those diagnosed at a younger age. Our results are 
in line with the Canadian longitudinal study where they 
found age at diagnosis to be a significant positive pre-
dictor of income.13 Also, in the Swiss Childhood Cancer 
Survivor Study survivors diagnosed from 15 to 20 years of 
age had higher income than survivors diagnosed at age 
of 0 to 5 years.9 In our study, some survivors diagnosed at 
15 to 20 years of age may still undergo cancer treatment 
in the beginning of follow- up which might interfere with 
their income situation. However, a similar pattern was 
observed in our sensitivity analysis including 5- year survi-
vors only. Younger age at cancer diagnosis is shown to be 
a risk factor for cancer- related cognitive dysfunction, due 
to treatments coinciding with critical periods of brain de-
velopment with the risk varying between cancer types.27

We found that the risk for low income was highest in 
the earlier diagnostic periods from 1971 to 1999 with the 
gap partially disappearing in the most recent diagnostic 
period from 2000 to 2009. Past and ongoing clinical efforts 
to develop less toxic cancer treatment regimens may pro-
vide an explanation and suggest a possible decrease in the 
treatment burden of some childhood cancers.30 One can 
also presume that better social support for patients and 
families may have also contributed to this development.

To consider the impact of childhood cancer on income 
in the low earning student population, we performed a 
separate analysis for groups studying and not studying. 
Despite students receiving benefits from the Nordic gov-
ernments, our data showed that when studying, child-
hood cancer survivors are at increased risk of remaining 
in low income compared to their peers.

Childhood cancer survivors had overall 10% less transi-
tions from low income to non- low income, and 12% more 
transitions from non- low income to low income than 
population comparisons. Childhood cancer diagnosis is 
a rare event, but in the childhood cancer survivor popu-
lation of 500,000 in the European Union, these numbers 
are likely to be significant.29 However, the overall risk 

may also reflect earlier diagnostic periods with more toxic 
treatment and therefore it is likely to be reduced in the 
future. On the contrary, as the childhood cancer survival 
increases, the survivor population needing support is also 
growing.

Strengths of our study include nation- wide registry 
data pooled from three Nordic countries, with similar 
welfare systems and population registries. The use of 
registry- based information minimizes the risk of report-
ing or selection bias. Disposable income was retrieved 
from registries based on the information collected from 
the administration of taxes reducing the risk of informa-
tion bias and ensuring virtually complete information. 
Our longitudinal income data offered us the opportunity 
to explore the effects of age and follow- up time to the risk 
for low income. To account for the impact of parental so-
cioeconomic status on income, we adjusted the analyses 
for highest parental education which, however, did not 
notably impact the results. With the sensitivity analyses 
including only 5- years survivors of childhood cancer we 
controlled for the possible effect of ongoing cancer treat-
ment among survivors diagnosed with cancer at older age.

Our study also had some limitations. We used the at- 
risk- of- poverty threshold in our outcome definition, thus 
we do not report the absolute income differences. As a re-
sult, there are likely to be persons with somewhat similar 
income near the threshold but in different income catego-
ries. Separation of the source of income was not possible 
using the information available. Our main outcome (tran-
sition) is based on individual annual income over time in 
a matched setting.

In conclusion, our findings show higher risk of 
childhood cancer survivors to have a low income. 
The Children's Oncology Group releases “Long- Term 
Follow- Up Guidelines for Survivors of Childhood, 
Adolescent, and Young Adult Cancers”, where adverse 
psychosocial/quality of life effects are mentioned as po-
tential late effects to be followed.31 Targeted supportive 
measures, such as career counseling and support and 
guidance in managing within the social security system 
may help to reduce these socioeconomic disparities. 
Vulnerable survivors may also need enhanced financial 
support and benefits. Follow- up and support could be 
centralized in specialized late effect outpatient clinics 
with expertise on childhood cancer survivors and the 
possible somatic and socioeconomic challenges that can 
follow the survivors into adulthood.
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