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Substantial improvements in childhood cancer survival have resulted in a steadily increasing population of childhood cancer

survivors. Whereas somatic late effects have been assessed in many studies, less is known about the impact of childhood

cancer on socioeconomic outcomes in survivors. The aim of this article was to evaluate and summarise the evidence on the

socioeconomic conditions of childhood cancer survivors and to identify survivors at particular risk of adverse socioeconomic

outcomes. An extensive literature search of three electronic databases was conducted. Of 419 articles identified, 52 met the

inclusion criteria. All the selected articles were appraised for quality, and findings were summarised in a narrative synthesis.

Childhood cancer survivors were at higher risk of adverse socioeconomic outcomes with regard to educational achievement,

income and social security benefits than the general population or a sibling comparison group. The risks for unemployment

and a lower occupational position were significantly increased only for survivors of a central nervous system tumour. Notably,

survivors of central nervous system tumours, survivors treated with cranial radiotherapy and those diagnosed at younger age

independent of cancer type were determinants of particular adverse socioeconomic outcomes. Given the increasing population

of childhood cancer survivors, targeted follow-up interventions and support strategies addressing not only the somatic and

psychiatric late effects but also the socioeconomic difficulties that some childhood cancer survivors face is of high importance

to reduce social inequity, and ensure a high quality of life after childhood cancer.

Introduction
Over the past decades, advances in diagnostics, treatment
combinations and techniques, pharmacotherapy and better
tailoring of treatment by risk grouping have led to substantial
improvements in survival from childhood cancer.1–5 As a

result, the number of childhood cancer survivors is increasing
continuously, raising awareness and concern about late effects
of intensive cancer treatment that might affect the survivors
in later life. Whereas there is a large body of evidence on
somatic late effects,6–10 less is known about the impact of
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childhood cancer on socioeconomic outcomes in survivors.
Moreover, there has been no comprehensive and systematic
review of studies of the potential impact of a childhood cancer
diagnosis and its treatment on various socioeconomic out-
comes in long-term survivors.

Previous studies indicated that a childhood cancer diagno-
sis or its treatment may affect school performance,11 educa-
tional achievement,12 obtaining employment13 or social life,
including founding a family.14–16 The current evidence is,
however, inconsistent, with large geographical variations, and
the underlying mechanisms and pathways are still poorly
understood. Identification of groups of survivors who are at
particular risk of adverse socioeconomic conditions is a first
step to understand the pathways leading to differences in
socioeconomic outcomes and could be the basis for future
interventions to reduce such social inequity.17

The aim of this article was to critically evaluate and summa-
rise the evidence from epidemiological studies published
between January 2000 and November 2017 on educational
achievements, working life, income, and uptake of social security
benefits by childhood cancer survivors. The specific objectives
were (i) to investigate adverse socioeconomic outcomes in long-
term survivors of childhood cancer and (ii) to identify survivors
who are at particular risk of adverse socioeconomic outcomes.

Methods
We followed the Preferred Reporting Items for Systematic
review and Meta-Analysis (PRISMA) guidelines.18 A system-
atic review protocol was designed, and the research group
agreed on the search strategy and a priori defined inclusion
and exclusion criteria (protocol not registered).

Search strategy
An extensive literature search of the three electronic databases
MEDLINE (PubMed), EMBASE and PsycINFO was con-
ducted in August 2017 to identify relevant research articles on
the socioeconomic outcomes: Educational achievement, work-
ing life, income and uptake of social security benefits. The def-
initions and availability of social security benefits varies
largely between countries and welfare systems. Our search
strategy comprised social security benefits referring to unem-
ployment, sickness, disability, rehabilitation and permanent
invalidity (early retirement).19

Our search strategy consisted of four individual blocks
combining cancer, survivorship, childhood and socioeconomic

characteristics. The search strategy for the MEDLINE search
is illustrated in Supporting Information Table S1. The refer-
ence lists of the included articles were examined manually to
identify additional relevant articles. The search was updated
in November 2017.

Study selection, inclusion and exclusion criteria
Criteria for inclusion and exclusion were defined a priori
(Supporting Information Table S2). Articles published
between January 2000 and November 2017 and written in
English, Danish, Finnish, French, German, Norwegian or
Swedish were eligible for inclusion. No geographical restric-
tions were applied. Only studies with quantitative methods, a
cohort design and an external or internal comparison group
were included. All studies including patients aged <20 years at
diagnosis were eligible. We included survivors of all cancer
types.

As an additional eligibility criterion for full-text screen-
ing, we restricted the follow-up period to patients who had
survived at least 5 years since diagnosis of childhood can-
cer or patients who had survived at least 1 year after treat-
ment. Use of a minimum length of follow-up avoided
assessment of immediate effects of a childhood cancer diag-
nosis, such as absence from school for treatment requiring
hospitalisation, rather than long-term impact of childhood
cancer.

Relevant articles were selected by independent assessment
of the title and abstract by two investigators (L.F. and F.E.).
Full texts of potentially relevant articles were extracted and
screened by the same investigators according to the eligibility
criteria. Discrepancies between the investigators were resolved
by consensus.

Data extraction
For each included article, we recorded the first author’s name,
year of publication, country, study design, cancer type, sample
size, age at diagnosis, age at follow-up, diagnostic period, type
of comparison group, follow-up period, loss to follow-up, out-
come measurement, whether the study was population- or
institution-based, variables for adjustment or stratification,
main outcomes and results.

Quality assessment
All articles were appraised for quality by two independent
researchers (LF, FE) using the Newcastle-Ottawa Quality

What’s new?
Increasing numbers of patients are surviving childhood cancers nowadays, raising new questions about their long-term health and

socioeconomic life. In the present systematic review, survivors of all childhood cancer types were found to have an increased risk of

various adverse socioeconomic outcomes during their life course. Notably, survivors of a central nervous system tumour, survivors

treated with cranial radiation therapy and those diagnosed at younger age independent of cancer type, were at particular risk of

adverse socioeconomic outcomes. Our findings may be used as the basis for future interventions and supportive strategies targeting

particular vulnerable groups of childhood cancer survivors.
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Assessment Scale (http://www.ohri.ca/programs/clinical_epidemiology/
oxford.asp). The Scale is a tool for assessing risk of bias in obser-
vational studies on a star rating system, with a maximum of nine
stars; it is recommended by the Cochrane Collaboration.20 Risk
for bias was assessed according to three criteria1: selection of
study groups,2 comparability of the study and the control group3

and ascertainment of outcome.20

For the criteria ‘selection of study groups’, representative-
ness of the groups and ascertainment of exposure was
assessed. For the assessment of ‘comparability between
groups’, we defined parental socioeconomic background as a
factor of particular relevance for adjustment, as it might have
a substantial impact on the socioeconomic attainment in off-
spring in adult life. Decades of research on social capital and
reproduction of social inequalities have suggested that paren-
tal socioeconomic background play an important role in the
academic achievement of their children.21 Other confounding
factors that led to higher ratings when taken into consider-
ation were sex, age at diagnosis or attained age at follow-up.
Studies of somatic late effects of childhood cancer have found
differences in effects related to sex and age at diagnosis,6

which may be of importance for later socioeconomic out-
comes. ‘Ascertainment of outcome’ was assessed by outcome
measure, length of follow-up and follow-up rate. We defined
a priori 70% as the threshold follow-up rate of cohorts when
assessing potential selection bias caused by loss to follow-up.
This threshold was based on the recommended threshold
range of 60%–80% for follow-up in cohort studies by Krist-
man et al.22

Analytical approach
As we assumed that reported socioeconomic outcomes would
differ by study, we decided to extract the definitions of out-
comes reported in the studies. Given the heterogeneity in
study methods, study period, outcomes, social welfare systems
and cultural and societal aspects, a priori no quantitative
meta-analysis was intended. We conducted a narrative synthe-
sis of the study findings, with a focus on findings from studies
including the most common childhood cancers and with
higher quality ratings.

Results
We identified 419 articles published between 1 January 2000
and 15 November 2017 and included 52 articles that met the
inclusion criteria (Fig. 1).

The characteristics of the included studies and their quality
are summarised in Table 1. The studies varied widely by can-
cer type, age at diagnosis, diagnostic period and treatment era,
sample size and study setting. Of the 52 studies included in
this article, 27 (52%) were in European populations, 22 (42%)
in North America and 3 (6%) in Asia (2 in Japan and 1 in
Turkey). Thirty-one (60%) studies were institution-based and
21 (40%) were population-based. Self-reported outcomes were
used in 39 (75%) studies, and outcomes in the remaining

13 (25%) were derived from registry data. The diagnostic
period ranged from 1940 to 2010, but the most common diag-
nostic period was 1970–2000.

Thirty-seven (71%) of the studies explored educational
outcomes, 29 (56%) reported on working life, 9 (17%) focused
on income and 6 (12%) investigated the uptake of social secu-
rity benefits by childhood cancer survivors.

Educational achievements
Table 2a summarises the studies that reported on educational
achievements, including repeating grades, requirement for
special education or learning disability programmes, school
performance and highest attained educational level.

Repeating grades. Four studies investigated the likelihood
that childhood cancer survivors repeated a grade during com-
pulsory schooling, with inconsistent results.23–26 A study of
survivors of all childhood cancers in Canada showed that they
were about twice as likely as the general population (21% vs.
9%, odds ratio (OR): 2.2, 99% confidence interval (CI):
1.4–3.3) to have repeated or failed a grade; the highest risks
were those of survivors of central nervous system (CNS)
tumours or leukaemia and treatment with cranial radiation
therapy (CRT).23 A study in British Columbia, however,
showed no difference in the proportions of survivors and the
general population who repeated a grade (21.5% vs. 22.0%).25

In a study in France, only survivors who were attending high
school at the time of diagnosis were significantly more likely
than their siblings to repeat a grade (51% vs. 30%).24

Special education or learning disability programme. All
studies reporting use of special education or learning disability
programmes showed that survivors were more likely to be
enrolled in these programmes than the general population or
a sibling comparison group.23,25,27–30 A report from the Child-
hood Cancer Survivor Study in North America indicated that
23% of survivors and 8% of siblings required special educa-
tion.30 A study in The Netherlands also reported that survi-
vors were more likely than the general population to be
enrolled in learning disability programmes (9% vs. 3% of boys
and 6% vs. 2% of girls), although the proportions of enrol-
ment were lower than in the North American study.27

The determinants of requiring a special education or learn-
ing disability programme were survival from a CNS tumour
or leukaemia, diagnosis before the age of 6 years, female sex
and higher doses of CRT for all childhood cancers.23,25,30

School performance. Seven of the studies reported on scholas-
tic performance, as assessed from marks obtained during com-
pulsory schooling.11,23,25,26,31–33 Overall, survivors had lower
school performance than the general population or a sibling
comparison group.11,23,31–33 In Denmark, survivors of all child-
hood cancers diagnosed at 0–6 years had lower marks in ninth
grade than their classmates without cancer.11 Lower grades were
associated with a diagnosis of a CNS tumour, lymphoma,
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neuroblastoma or leukaemia; the marks of survivors of other solid
tumours did not differ from those of other schoolchildren.11 Sim-
ilar findings were observed in Finland, where brain tumour
survivors, leukaemia survivors treated with CRT and survivors of
non-Hodgkin lymphoma, all diagnosed before 7 years of age, per-
formed worse in ninth grade than the general population.31–33

Educational level. Most of the studies of attained education
level among survivors of all childhood cancers found that they
had lower educational qualifications than the general popula-
tion or a sibling comparison group,12,27,30,34–36 although some
studies found no difference or even higher educational
achievement among survivors.37–40 In a population-based
study in Great Britain, survivors of all childhood cancers had
lower educational attainment than the general population

(OR: 0.77, 99% CI: 0.68–0.87).36 A population-based study in
Switzerland obtained similar results, but found that when the
population was restricted to survivors over 27 years of age,
the differences largely disappeared, indicating only a delay in
educational achievement.35

Many studies found that survivors of a CNS tumour achieved
a much lower educational level than an external group without a
history of childhood cancer or than survivors of other types of
childhood cancer.35,36,40–45 Additional determinants identified
across the studies included treatment with radiation therapy (most
frequently CRT) and younger age at diagnosis.12,27,36,39–41,46

Working life
Table 2b summarises the findings of 29 studies of the employ-
ment status and occupations of childhood cancer survivors.

Figure 1. Flow chart of inclusion and exclusion of identified articles. [Color figure can be viewed at wileyonlinelibrary.com]
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Employment status. Studies of the employment status of sur-
vivors of a broad range of childhood cancers in comparison
with the general population or sibling comparisons had incon-
sistent findings.34,37,39–42,47–51 Seven studies observed higher
unemployment rates among survivors,27,38,39,47–50 whereas five
studies found similar unemployment rates.34,37,41,42,51 Studies
with stratification by type of unemployment found that survi-
vors were more likely to be unemployed due to illness or dis-
ability.40,47,49,52 A study in North America reported that
survivors were six times more likely to be unemployed for
health reasons than their siblings (10.4% vs. 1.8%, relative risk
(RR): 6.07, 95% CI. 4.32–8.53).49

Survivors of CNS tumours, especially those who had been
treated with CRT, were at particular risk for a higher unem-
ployment rate than the general population, a sibling compari-
son group or survivors of other types of childhood
cancer.39,40,42,43,45,47,50,53 Two studies found that younger age
at diagnosis increased the risk for unemployment, indepen-
dently of childhood cancer type.37,50

Occupation. Studies on occupation and occupational class in
survivors of many different types of childhood cancer and in
the general population gave conflicting results.38,40,47,53 A
French study indicated that survivors were more likely to be
in higher occupational classes (managerial or professional
jobs) as compared with national statistics (23.1% vs. 15.4%,
p < 0.001),40 whereas a study in Great Britain showed that
survivors were less likely to hold higher skilled managerial or
professional jobs than the general population (RR: 0.93, 95%
CI: 0.89–0.98).47 However, the odds of holding a managerial
or professional occupation were negatively influenced by a
diagnosis of a CNS tumour and by CRT in both studies,40,47

in line with the findings of a North American study.53

Income
Table 2c summarises the findings of studies of the effect of
childhood cancer on income. Most studies found that survi-
vors of various childhood cancers had a lower income than
the general population or a sibling comparison group.41,48,54

CNS tumour survivors in particular had a lower income than
the general population, a sibling comparison group and survi-
vors of other childhood cancers.41–43,45,54 Treatment with
CRT was also associated with a lower income.41,45,54 A study
in Switzerland indicated that survivors were less likely than
their siblings to have a high monthly net income (excluding
social insurance and retirement insurance) (OR: 0.46, 95% CI:
0.33–0.64), even after adjustment for working hours. A CNS
tumour diagnosis, treatment with CRT and a diagnosis at
<5 years of age were related to a lower income.54

The studies varied widely in the definition of source of
income; however, restriction to studies based on work-related
income and studies in which students or income from social
insurance, retirement insurance or other governmentalTa
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economic compensations were excluded did not change the
overall finding.

Social Security Benefits
Table 2d summarises the findings on the uptake of social
security benefits. Every study reported increased uptake of
various social security benefits by survivors of childhood
cancer.41,48,55–57

A Norwegian study observed that 39% of survivors diag-
nosed below 15 years of age, 25.9% of survivors diagnosed
between 15 and 19 years of age and 10.8% of the general pop-
ulation received social security benefits (all combined).55 Sur-
vivors diagnosed below 15 years of age were 5.4 times (95%
CI: 4.9–5.8) more likely to receive social security benefits and
survivors diagnosed between 15–19 years of age were 3.9
times (95% CI: 3.5–4.4) more likely to receive social security
benefits. The highest risk was observed for the uptake of
attendance benefits (age 0–14 at diagnosis: 20.5% (standar-
dised incidence ratio (SIR): 18.3, 95% CI: 16.4–20.5), age
15–19 at diagnosis: 3.3% (SIR: 17.9, 95% CI: 12.4–25.0) vs.
1.1% among the general population), indicating financial com-
pensation for the use of services (e.g., nursing or home care),
but also basic benefits granted as a result of health problems
(e.g., support bandages, transport, guide dog) and disability
pension were significantly higher among survivors.55 Similar
results were reported in Sweden, where CNS tumour survivors
had a 10 times higher risk than the general population for
having received at least one social security benefit (handicap
allowance, disability assistance or sickness pension) (RR: 10.7,
95% CI: 9.3–12.8).56 Factors associated with a particular risk
for receiving any social security benefit included a CNS
tumour diagnosis, younger age at diagnosis and treatment
with CRT.41,55–58

Dissimilarities in findings across studies
Geographical and demographical factors. The findings for
educational achievements, income and use of social security
benefits did not differ notably by region; however, the impact
of a childhood cancer diagnosis on employment status in
adulthood differed in studies in Europe and in North Amer-
ica. Some European studies found no difference in unemploy-
ment rates between survivors and the background
population,34,37,41,42,51 whereas other European studies indi-
cated a slightly elevated risk of unemployment among survi-
vors.27,39,40,47,48 The two studies on employment conducted in
North America on all childhood cancers found that survivors
had substantially elevated risk for unemployment.49,50

Overall, larger proportions of both survivors and the back-
ground population in North American studies were enrolled
in special education or learning disability programmes23,25,30

than in a European study.27 The number of studies in Asia
was considered too small for any meaningful comparison.Ta

bl
e
2b

.
C
on

ti
nu

ed

Re
f.
no

.
Fi
rs
t
au

th
or
,

p
ub

lic
at
io
n
ye
ar

C
ou

nt
ry

C
an

ce
r
ty
pe

(n
)

C
om

p
ar
is
on

s
(n
)

M
ai
n
fi
nd

in
gs

D
et
er
m
in
an

ts
6
0

Fr
ey
co

n,
20

14
Fr
an

ce
Le
uk

ae
m
ia

p
at
ie
nt
s

w
h
o
un

de
rw

en
t

a-
H
S
C
T
w
it
h
fT
B
I

(n
=
59

)

G
en

er
al

p
op

ul
at
io
n
(e
xp

ec
te
d
)

an
d
le
uk

ae
m
ia

p
at
ie
nt
s
w
h
o

un
de

rw
en

t
a-
H
S
C
T
w
it
h

ch
em

ot
h
er
ap

y
(n

=
19
)

Th
e
jo
b
d
is
tr
ib
ut
io
n
of

su
rv
iv
or
s

w
h
o
un

de
rw

en
t
a-
H
S
C
T
w
it
h

fT
B
Io

r
ch

em
ot
h
er
ap

y
d
id

no
t

d
if
fe
r
si
gn

ifi
ca
nt
ly

fr
om

th
at

of
th
e
ge

ne
ra
lp

op
ul
at
io
n.

M
or
e
fe
m
al
e
su

rv
iv
or
s
w
it
h
fT
B
I

w
er
e
em

pl
oy
ed

in
in
te
rm

ed
ia
te
-le

ve
lp

ro
fe
ss
io
na

l
p
os

it
io
ns

su
ch

as
nu

rs
in
g
or

te
ac
h
in
g
th
an

ex
p
ec
te
d
in

th
e

fe
m
al
e
b
ac
kg

ro
un

d
p
op

ul
at
io
n

(O
/E

=
2.
4,

9
5%

C
I:
1.
2–

2.
4)
.

10
2

Yo
ne

m
ot
o,

20
0
8

Ja
p
an

O
st
eo

sa
rc
om

a
(n

=
41
)

In
te
rn
al

co
m
p
ar
is
on

of
am

pu
ta
ti
on

(n
=
18
)
an

d
lim

b
-s
p
ar
in
g

(n
=
9
)

N
o
d
if
fe
re
nc

e
b
et
w
ee

n
th
e
tw
o

gr
ou

ps
.

–

A
b
b
re
vi
at
io
ns

:
C
N
S
,
ce
nt
ra
l
ne

rv
ou

s
sy
st
em

;
RR

,
re
la
ti
ve

ri
sk
;
C
I,
co

nfi
d
en

ce
in
te
rv
al
;
O
R,

od
d
s
ra
ti
o;

S
C
T,

st
em

ce
ll
tr
an

sp
la
nt
at
io
n;

RT
,
ra
d
ia
ti
on

th
er
ap

y;
C
RT

,
cr
an

ia
l
ra
d
ia
ti
on

th
er
ap

y;
N
H
L,

no
n-
H
od

gk
in

ly
m
p
h
om

a;
O
/E
,
ob

se
rv
ed

vs
.
ex
p
ec
te
d
;
A
LL
,
ac
ut
e
ly
m
p
h
ob

la
st
ic

le
uk

ae
m
ia
;
A
M
L,

ac
ut
e
m
ye
lo
id

le
uk

ae
m
ia
;
FI
,
fo
ca
l
ir
ra
d
ia
ti
on

;
C
S
I,
cr
an

io
sp

in
al

ir
ra
d
ia
ti
on

;
a-
H
S
C
T,

al
lo
ge

ne
ic

h
ae

-
m
at
op

oi
et
ic

st
em

ce
ll
tr
an

sp
la
nt
at
io
n;

fT
B
I,
fr
ac
ti
on

at
ed

to
ta
lb

od
y
ir
ra
d
ia
ti
on

.

1816 Socioeconomic life after childhood cancer

Int. J. Cancer: 144, 1796–1823 (2019) © 2018 UICC

C
an

ce
r
E
pi
de
m
io
lo
gy



Ta
bl
e
2c

M
ai
n
fi
nd

in
gs

fo
r
so

ci
oe

co
no

m
ic

ou
tc
om

es
of

ch
ild

h
oo

d
ca
nc

er
su

rv
iv
or
s:

in
co

m
e,

b
y
ca
nc

er
ty
pe

Re
f.
no

.
Fi
rs
t
au

th
or
,

p
ub

lic
at
io
n
ye
ar

C
ou

nt
ry

C
an

ce
r
ty
pe

(n
)

C
om

p
ar
is
on

s
(n
)

M
ai
n
fi
nd

in
gs

D
et
er
m
in
an

ts
4
2

B
om

an
,
20

10
S
w
ed

en
A
ll
ca
nc

er
s
(n

=
1,
71
6
)

G
en

er
al

p
op

ul
at
io
n

(n
=
1,
45

6
,0
8
9
)

In
co
m
e
of

no
n-
C
N
S
tu
m
ou

r
su

rv
iv
or
s
w
as

si
m
ila

r
to

th
at

of
th
e
ge

ne
ra
lp

op
ul
at
io
n

(e
xc
lu
d
in
g
st
ud

en
ts

an
d

in
d
iv
id
ua

ls
re
ce
iv
in
g
ec
on

om
ic

co
m
p
en

sa
ti
on

fo
r
d
is
ab

ili
ty
).

C
N
S
tu
m
ou

r
su

rv
iv
or
s
h
ad

a
lo
w
er

ne
t
sa
la
ry

(R
R:

0
.8
5,

9
5%

C
I:
0
.7
7–

0
.9
4)
.

4
8

G
un

ne
s,

20
16

N
or
w
ay

A
ll
ca
nc

er
s
(n

=
1,
0
49

)
G
en

er
al

p
op

ul
at
io
n

(n
=
1,
0
52

,0
76

)
S
ur
vi
vo

rs
of

ca
nc

er
s
d
ia
gn

os
ed

at
<1
5
ye
ar
s
w
er
e
at

m
ar
gi
na

lly
in
cr
ea

se
d
ri
sk

fo
r
a
lo
w
sa
la
ry

(m
en

RR
:
1.
19
,
9
5%

C
I:

1.
03

–
1.
38

,
an

d
w
om

en
RR

:
1.
18
,

9
5%

C
I:
1.
0
0
–
1.
39

).

Fe
m
al
e
su

rv
iv
or
s
of

al
lc

an
ce
r

ty
p
es

w
er
e
le
ss

lik
el
y
to

ac
h
ie
ve

a
h
ig
h
in
co

m
e
w
h
en

co
m
p
ar
ed

w
it
h
fe
m
al
es

in
th
e

ge
ne

ra
lp

op
ul
at
io
n
(R
R:

0
.7
6
,

9
5%

C
I:
0
.6
2–

0
.9
4)
.

3
8

Is
h
id
a,

20
11

Ja
pa

n
A
ll
ca
nc

er
s
(n

=
18
4)

S
ib
lin

gs
(n

=
72

)
S
ur
vi
vo

rs
h
ad

a
si
m
ila

r
an

nu
al

in
co

m
e
le
ve
lt
o
si
b
lin

gs
(s
tu
d
en

ts
in
cl
ud

ed
).

S
ur
vi
vo

rs
re
ce
iv
in
g
RT

.

4
1

A
h
om

ak
i,
20

16
Fi
nl
an

d
B
ra
in

tu
m
ou

rs
,
so

lid
tu
m
ou

rs
,
le
uk

ae
m
ia

an
d
N
H
L
(n

=
2,
13
2)

G
en

er
al

p
op

ul
at
io
n

(n
=
16
,2
15
)

A
nn

ua
li
nc

om
e
of

su
rv
iv
or
s
of

al
l

th
re
e
ty
pe

s
of

ca
nc

er
w
as

si
gn

ifi
ca
nt
ly

lo
w
er

th
an

th
at

of
th
e
ge

ne
ra
lp

op
ul
at
io
n.

S
ur
vi
vo

rs
of

b
ra
in

tu
m
ou

rs
,

es
p
ec
ia
lly

th
os

e
w
h
o
re
ce
iv
ed

ir
ra
d
ia
ti
on

.

5
4

W
en

ge
nr
ot
h
,
20

16
S
w
it
ze
rl
an

d
Le
uk

ae
m
ia
,
ly
m
p
h
om

a,
C
N
S
tu
m
ou

rs
,

m
al
ig
na

nt
so

lid
tu
m
ou

rs
,
La
ng

er
h
al
s

ce
ll
h
is
ti
oc

yt
os

is
(n

=
1,
50

6
)

S
ib
lin

gs
(n

=
59

8
)

S
ur
vi
vo

rs
w
er
e
le
ss

lik
el
y
to

h
av
e

a
h
ig
h
m
on

th
ly

ne
t
in
co

m
e

(e
xc
lu
d
in
g
so

ci
al

in
su

ra
nc

e
an

d
re
ti
re
m
en

t
in
su

ra
nc

e)
(O
R:

0
.4
6
,

9
5%

C
I:
0
.3
3–

0
.6
4)

th
an

si
bl
in
gs
,
al
so

af
te
r
co

nt
ro
lf
or

w
or
ki
ng

h
ou

rs
.

C
N
S
tu
m
ou

r
su

rv
iv
or
s,

su
rv
iv
or
s

ex
p
os

ed
to

C
RT

,
an

d
th
os

e
of

ca
nc

er
s
d
ia
gn

os
ed

at
<5

ye
ar
s

of
ag

e.

4
5

A
rm

st
ro
ng

,
20

0
9

N
or
th

A
m
er
ic
a

C
N
S
tu
m
ou

rs
(n

=
1,
8
77
)

S
ib
lin

gs
(n

=
3,
8
9
9
)

S
ib
lin

gs
w
er
e
m
or
e
lik

el
y
to

h
av
e

an
an

nu
al

h
ou

se
h
ol
d
in
co

m
e
>

U
S
$
20

,0
0
0
th
an

su
rv
iv
or
s
(R
R:

1.
2,

9
5%

C
I:
1.
1–

1.
3)
.

RT
of

≥
30

G
y
to

th
e
te
m
po

ra
l

lo
b
e,

RT
at

≥
50

G
y
to

th
e

p
os

te
ri
or

fo
ss
a
an

d
RT

of
<3
0
G
y
an

d
30

–
49

G
y
to

th
e

fr
on

ta
ll
ob

e.
4
3

El
le
nb

er
g,

20
0
9

N
or
th

A
m
er
ic
a

C
N
S
tu
m
ou

rs
(n

=
8
0
2)

S
ib
lin

gs
(n

=
38

2)
an

d
no

n-
C
N
S
tu
m
ou

rs
(n

=
5,
9
37

)

C
N
S
tu
m
ou

r
su

rv
iv
or
s
h
ad

lo
w
er

h
ou

se
h
ol
d
in
co

m
e
th
an

b
ot
h

si
bl
in
gs

an
d
no

n-
C
N
S
tu
m
ou

r
su

rv
iv
or
s
(p

<
0
.0
0
1)
.

Im
p
ai
re
d
ta
sk

ef
fi
ci
en

cy
,

em
ot
io
na

lr
eg

ul
at
io
n,

or
ga

ni
sa
ti
on

an
d
m
em

or
y.

9
9

d
e
B
la
nk

,
20

16
N
or
th

A
m
er
ic
a

A
st
ro
gl
ia
lt
um

ou
rs

(n
=
58

7)
In
te
rn
al

co
m
p
ar
is
on

of
vi
si
on

im
p
ai
rm

en
t

N
o
d
if
fe
re
nc

e
in

an
nu

al
in
co
m
e

b
et
w
ee

n
su

rv
iv
or
s
w
it
h
vi
si
on

im
p
ai
rm

en
t
an

d
th
os

e
w
it
h
ou

t.

-

10
1

O
tt
av
ia
ni
,
20

13
U
S
A

O
st
eo

sa
rc
om

a
(n

=
38

)
In
te
rn
al

co
m
p
ar
is
on

of
lim

b
sa
lv
ag

e
(n

=
19
)
or

am
pu

ta
ti
on

(n
=
19
)

N
o
si
gn

ifi
ca
nt

d
if
fe
re
nc

e
in

an
nu

al
in
co

m
e
b
et
w
ee

n
th
e
tw
o
gr
ou

ps
of

os
te
os

ar
co
m
a
su

rv
iv
or
s.

-

10
4

Te
rm

uh
le
n,

20
11

N
or
th

A
m
er
ic
a

W
ilm

s
tu
m
ou

r
(n

=
1,
25

6
)

S
ib
lin

gs
(n

=
4,
0
23

)
N
o
d
if
fe
re
nc

e
in

p
er
so

na
lo

r
h
ou

se
h
ol
d
in
co

m
e
(p

=
0
.4
8

an
d
p
=
0
.7
8
,
re
sp

ec
ti
ve
ly
).

A
b
b
re
vi
at
io
ns

:
C
N
S
,
ce
nt
ra
ln

er
vo

us
sy
st
em

;
RR

,
re
la
ti
ve

ri
sk
;
C
I,
co
nfi

d
en

ce
in
te
rv
al
;
RT

,
ra
d
ia
ti
on

th
er
ap

y;
N
H
L,

no
n-
H
od

gk
in

ly
m
p
h
om

a;
O
R,

od
d
s
ra
ti
o;

C
RT

,
cr
an

ia
l
ra
d
ia
ti
on

th
er
ap

y.

Frederiksen et al. 1817

Int. J. Cancer: 144, 1796–1823 (2019) © 2018 UICC

C
an

ce
r
E
pi
de
m
io
lo
gy



Ta
bl
e
2d

M
ai
n
fi
nd

in
gs

fo
r
so

ci
oe

co
no

m
ic

ou
tc
om

es
of

ch
ild

h
oo

d
ca
nc

er
su

rv
iv
or
s:

so
ci
al

se
cu

ri
ty

b
en

efi
ts
,
b
y
ca
nc

er
ty
pe

Re
f.
no

.
Fi
rs
t
au

th
or
,

p
ub

lic
at
io
n
ye
ar

C
ou

nt
ry

C
an

ce
r
ty
pe

(n
)

C
om

p
ar
is
on

s
(n
)

M
ai
n
fi
nd

in
gs

D
et
er
m
in
an

ts
5
5

G
h
ad

er
i,
20

13
N
or
w
ay

A
ll
ca
nc

er
s
(n

=
4,
03

1)
G
en

er
al

p
op

ul
at
io
n

(n
=
1,
19
4,
19
8
)

S
ur
vi
vo

rs
d
ia
gn

os
ed

b
el
ow

15
ye
ar
s
of

ag
e
w
er
e
5.
4
ti
m
es

(9
5%

C
I:
4.
9
–
5.
8
)

m
or
e
lik

el
y
to

re
ce
iv
e
so

ci
al

se
cu

ri
ty

b
en

efi
ts
.
S
ur
vi
vo

rs
d
ia
gn

os
ed

b
et
w
ee

n
15

an
d
19

ye
ar
s
of

ag
e
w
er
e

3.
9
ti
m
es

(9
5%

C
I:
3.
5–

4.
4)

m
or
e

lik
el
y
to

re
ce
iv
e
so

ci
al

se
cu

ri
ty

b
en

efi
ts
..

Yo
un

ge
r
ag

e
at

d
ia
gn

os
is

(<
15

ye
ar
s)
,

m
or
e
re
ce
nt

ca
le
nd

ar
ye
ar

of
d
ia
gn

os
is

(1
9
9
5–

20
0
4:

S
IR
:
10
.2
,

9
5%

C
I:
9
.2
–
11
.3
)
an

d
su

rv
iv
or
s
of

b
on

e
tu
m
ou

rs
an

d
co
nn

ec
ti
ve

ti
ss
ue

,
C
N
S
tu
m
ou

rs
an

d
h
ae

m
at
ol
og

ic
al

m
al
ig
na

nc
ie
s.

4
8

G
un

ne
s,

20
16

N
or
w
ay

A
ll
ca
nc

er
s
(n

=
31
0
)

G
en

er
al

p
op

ul
at
io
n

(n
=
23

9
,9
9
6
)

M
ar
gi
na

lly
b
ut

st
at
is
ti
ca
lly

si
gn

ifi
ca
nt
ly

h
ig
h
er

up
ta
ke

of
go

ve
rn
m
en

t
fi
na

nc
ia
l

as
si
st
an

ce
b
y
su

rv
iv
or
s
vs
.

ge
nd

er
-m

at
ch

ed
co
nt
ro
ls

(m
en

:
H
R:

1.
16
,
9
5%

C
I:
1.
0
0
–
1.
36

an
d
w
om

en
:

H
R:

1.
23

,
9
5%

C
I:
1.
0
5–

1.
45

),
in
cl
ud

in
g
th
os

e
re
ce
iv
in
g
d
is
ab

ili
ty

p
en

si
on

.
N
o
d
if
fe
re
nc

e
af
te
r
ex
cl
us

io
n

of
th
os

e
re
ce
iv
in
g
a
d
is
ab

ili
ty

p
en

si
on

(m
en

:
H
R:

0
.9
8
,
9
5%

C
I:

0
.8
1–

1.
18

an
d
w
om

en
H
R:

1.
0
9
,
9
5%

C
I:
0
.9
0
–
1.
32

)

-

5
6

H
je
rn
,
20

0
7

S
w
ed

en
A
ll
ca
nc

er
s
(n

=
2,
50

3)
G
en

er
al

p
op

ul
at
io
n

(n
=
1,
9
0
5,
0
13
)

S
ur
vi
vo

rs
w
er
e
m
or
e
lik

el
y
to

re
ly

on
so

ci
al

se
cu

ri
ty

b
en

efi
ts

(h
an

d
ic
ap

al
lo
w
an

ce
,
d
is
ab

ili
ty

as
si
st
an

ce
or

si
ck
ne

ss
p
en

si
on

).
13
.8
%

of
su

rv
iv
or
s

an
d
2.
7%

of
th
e
ge

ne
ra
lp

op
ul
at
io
n

h
ad

at
le
as
t
on

e
d
is
ab

ili
ty
.

C
N
S
tu
m
ou

r
su

rv
iv
or
s
(R
R:

10
.7
,
9
5%

C
I:
9
.3
–
12
.8
)
an

d
yo
un

ge
r
ag

e
at

d
ia
gn

os
is

(<
7
ye
ar
s)

fo
r
su

rv
iv
or
s
of

le
uk

ae
m
ia
,
ly
m
p
ho

m
a
an

d
so

lid
tu
m
ou

rs
.

5
7

Ki
rc
h
h
of
f,
20

15
N
or
th A
m
er
ic
a

A
ll
ca
nc

er
s
ex
ce
p
t

re
ti
no

b
la
st
om

a,
ge

rm
-c
el
lt
um

ou
rs
,

ot
h
er

an
d

un
sp

ec
ifi
ed

ca
nc

er
s

(n
=
6
9
8
)

S
ib
lin

gs
(n

=
21
0
)

S
ur
vi
vo

rs
m
or
e
fr
eq

ue
nt
ly

re
ce
iv
ed

su
p
pl
em

en
ta
ls

ec
ur
it
y
in
co

m
e
an

d
d
is
ab

ili
ty

in
su

ra
nc

e
(p

<
0
.0
0
1
an

d
p
=
0
.0
5,

re
sp

ec
ti
ve
ly
).

C
RT

at
>2
5
G
y
(s
up

p
le
m
en

ta
ls

ec
ur
it
y

in
co
m
e:

RR
3.
9
3,

9
5%

C
I:
2.
0
5–

7.
56

;
d
is
ab

ili
ty

in
su

ra
nc

e:
RR

3.
6
5,

9
5%

C
I:
1.
6
5–

8
.0
6
)
an

d
ag

e
<
5
ye
ar
s
at

d
ia
gn

os
is

(s
up

p
le
m
en

ta
ls

ec
ur
it
y

in
co
m
e:

RR
:
7.
56

,
9
5%

C
I:

1.
0
2–

56
.1
6
).

4
1

A
h
om

ak
i,
20

16
Fi
nl
an

d
B
ra
in

tu
m
ou

rs
,
so

lid
tu
m
ou

rs
,
le
uk

ae
m
ia

an
d
N
H
L
(n

=
2,
13
2)

G
en

er
al

p
op

ul
at
io
n

(n
=
16
,2
15
)

S
ur
vi
vo

rs
of

al
lc

an
ce
r
ty
p
es

h
ad

a
st
at
is
ti
ca
lly

si
gn

ifi
ca
nt
ly

h
ig
h
er

p
ro
b
ab

ili
ty

of
ea

rl
y
re
ti
re
m
en

t.

B
ra
in

tu
m
ou

r
su

rv
iv
or
s
(O
R:

14
.8
,
9
5%

C
I:
10
.4
–
21
.0
),
es
p
ec
ia
lly

th
os

e
w
h
o

w
er
e
ir
ra
d
ia
te
d
an

d
d
ia
gn

os
ed

at
a

yo
un

ge
r
ag

e
an

d
in

an
ea

rl
ie
r

tr
ea

tm
en

t
er
a.

5
8

Jo
h
an

ne
se
n,

20
0
7

N
or
w
ay

C
N
S
tu
m
ou

rs
(n

=
45

4)
an

d
h
ae

m
at
ol
og

ic
al

m
al
ig
na

nc
ie
s

(n
=
57
5)

In
te
rn
al

co
m
p
ar
is
on

of
th
e
tw
o
ca
nc

er
gr
ou

ps

M
or
e
C
N
S
tu
m
ou

r
su

rv
iv
or
s
th
an

h
ae

m
at
ol
og

ic
al

m
al
ig
na

nc
y
su

rv
iv
or
s

re
ce
iv
ed

b
as
ic

b
en

efi
t,
at
te
nd

an
ce

b
en

efi
t
or

d
is
ab

ili
ty

p
en

si
on

(p
<
0
.0
0
1)
.

Ir
ra
d
ia
te
d
su

rv
iv
or
s
th
an

no
n-
ir
ra
d
ia
te
d

su
rv
iv
or
s
(p

<
0
.0
0
1)
.

A
b
b
re
vi
at
io
ns

:
C
I,
co
nfi

d
en

ce
in
te
rv
al
;
S
IR
,
st
an

d
ar
d
is
ed

in
ci
d
en

ce
ra
ti
o;

C
N
S
,
ce
nt
ra
l
ne

rv
ou

s
sy
st
em

;
H
R,

h
az
ar
d
ra
ti
o;

RR
,
re
la
ti
ve

ri
sk
;
C
RT

,
cr
an

ia
l
ra
d
ia
ti
on

th
er
ap

y;
N
H
L,

no
n-
H
od

gk
in

ly
m
p
h
om

a;
O
R,

od
d
s
ra
ti
o.

1818 Socioeconomic life after childhood cancer

Int. J. Cancer: 144, 1796–1823 (2019) © 2018 UICC

C
an

ce
r
E
pi
de
m
io
lo
gy



Some studies have carried out gender-stratified analyses
and suggested that female survivors might be at a particular
increased risk of adverse socioeconomic outcomes compared
with female controls.25,27,30–33,40,46,48,53,59 Three studies with
gender-stratified analyses suggested male survivors to be at an
increased risk of some adverse socioeconomic outcomes com-
pared to female survivors.27,40,60 Finally, Dumas et al.
observed both female and male survivors being equally likely
to have professional and manager occupations compared to
their gender-matched peers (male: observed/expected: 1.5,
95% CI: 1.3–1.7, female: observed/expected: 1.5, 95% CI:
1.3–1.7). Additionally, male survivors were more likely to be
college graduates than the gender-matched comparisons
(observed/expected: 1.3, 95% CI: 1.1–1.4).40

Quality assessment. On a quality scale with a maximum score
of 9, the average for the 52 studies was 7.15. When the studies were
divided into those of low quality (<7, n = 16, 30.8%) and high qual-
ity (>7, n = 18, 34.6%), no major difference was observed in the
reported findings; including the intermediate quality category
(7, n = 18, 34.6%) in this evaluation did not change the conclusion.

Overall, the quality ratings among studies of educational
outcomes were similar and overall findings did not differ by
quality ratings. Remarkably, 14 (39%) of the studies of work
life had a quality rating of <7, and only seven (19%) were
rated as of high quality (>7). However, the reported results on
both employment and occupation did not differ by quality
ratings. Three of the studies of income (30%) were of high
quality and four (40%) of low quality; however, the findings
were similar. All but one of the six studies of uptake of social
security benefits were rated as of high quality, but the findings
were similar to those of the study of lower quality.

Most of the high-quality studies were conducted in Europe
(16 vs. 2 in North America). The three studies in Asia were all
rated of low quality.

Discussion
Our systematic review of 52 published, peer-reviewed articles
indicates that some childhood cancer survivors are at
increased risk of adverse socioeconomic outcomes, requiring
attendance at special education or learning disability pro-
grammes, poor school performance, lower attained educa-
tional level, lower income and greater uptake of social security
benefits. The findings of studies including survivors of various
types of childhood cancer with regard to repeating grades,
employment status and occupation were inconsistent; how-
ever, survivors of CNS tumours, those who had been treated
with CRT and those diagnosed at a younger age, independent
of cancer type, were at particularly high risk for such adverse
socioeconomic outcomes.

Determinants and underlying mechanisms
The identification of subgroups of childhood cancer survivors
who are at particular risk for adverse socioeconomic outcomes

is essential for elucidating the underlying mechanisms and
pathways and for planning support strategies along the trajec-
tory of cancer survivorship. Our systematic review points to
tumour-, treatment- and patient-related determinants of
socioeconomic outcomes: survivors of CNS tumours, treat-
ment with CRT and diagnosis at a younger age were at partic-
ular risk for poor socioeconomic outcomes.

Radiation therapy plays an essential role in the treatment
of children with CNS tumours.61 Cranial irradiation has been
associated with many, diverse late effects, including long-term
neurocognitive impairment, such as fatigue, vision or hearing
deficit, and problems in concentrating, learning and memory
function.62–66 Furthermore, cancer treatment at a younger age
may profoundly influence growing tissues and development,
with deformation of bones, development of tissue fibrosis and
impaired organ function, which may result in a wide variety
of morbidities and cognitive impairment.62,66,67 Such somatic
impairment may also cause educational and occupational dif-
ficulties and thereby constitute the underlying mechanism of
the adverse socioeconomic outcomes we observed in some
groups of childhood cancer survivors. As adverse socioeco-
nomic outcomes were observed not only in survivors of a
CNS tumour who were treated with CRT or diagnosed at a
young age but also among other childhood cancer survivors,
other pathways are also likely to play a role in the develop-
ment of socioeconomic difficulties.

The role of treatment as a specific underlying mechanism
of later socioeconomic difficulties is unclear, as treatment pro-
tocols and their toxicity have changed considerably during the
past few decades.68 While radiation therapy was used widely
in earlier treatment eras, followed by incorporation of chemo-
therapy in the 1960s and 1970s, the main components of
modern curative treatment are various chemotherapeutic
agents, improved surgical techniques, direction of radiation
only to target tissues to avoid damage to surrounding healthy
tissue and personalised therapy.69,70 A study in the USA, how-
ever, found that self-reported health status among survivors
had not changed by treatment decade, indicating that survi-
vors treated in the modern era may still have late effects.71

When assessing the included studies, the findings generally
did not show any changing pattern in survivors’ socioeco-
nomic attainment over time, and diagnostic period was there-
fore not considered a risk factor of specific adverse
socioeconomic outcomes.

Another plausible underlying mechanism might be related
not to childhood cancer treatment but to the psychosocial
effects of a diagnosis of childhood cancer. This devastating
experience, with management of the child’s disease and treat-
ment and everyday responsibilities, including work-related
obligations, is highly challenging for caregivers and relatives
and may have a substantial psychosocial impact on the child
and the entire family, resulting in later socioeconomic difficul-
ties. Such possible mechanisms are, however, poorly under-
stood. Studies have shown that survivors are at increased risk
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for mental disorders manifesting several years after a cancer
diagnosis.72,73 Further, the ability of survivors and their fami-
lies to cope with a stressor such as a childhood cancer diagno-
sis and the availability of both internal and external resistance
resources, such as cognitive skills, management of emotional
distress and social support, may affect long-term socioeco-
nomic outcomes.74,75

Finally, absence from school because of cancer and its
treatment is likely to delay education or make it difficult for
survivors to attain a similar educational level as their peers.76

Both late effects and poor educational attainment may limit
the ability to work or to attain a higher occupational position,
and, as measures of income reflect employment and occupa-
tion, the possibility of earning a certain income or being inde-
pendent of social security benefits may also be affected.
Further research is needed to gain a deeper understanding of
potential pathways of adverse socioeconomic outcomes in
childhood cancer survivors.

Dissimilarities among studies and methodological
heterogeneity
Differences in social welfare systems, including access to
health care, family support and education, sociocultural
aspects of a society and the availability of rehabilitation and
follow-up interventions across studies make an international
comparison challenging. The findings for educational achieve-
ments, income and use of social security benefits did not differ
notably by region, indicating that survivors face difficulties
independently of their welfare system. However, differences in
coverage and access to health care and educational and occu-
pational possibilities might have contributed to the geographi-
cal differences we observed in studies of employment, use of
special education or learning disability programmes in Europe
and in North America. Employer-sponsored health insurance
coverage in the USA may play a role in the employment rejec-
tion rate of adult survivors of childhood cancer, because of
the risk of late effects and thereby inability to work.77,78 This
might explain the difficulty of obtaining and maintaining
employment seen in the studies in the USA.49,50

Societal tendencies often suggest that females are more
likely to achieve higher grades and educational achievements
than males,79 whereas unemployment rates in the general
population are higher among females compared to males.80

Such general gender differences may also be expected among
childhood cancer survivors. The included studies evaluated
gender differences with inconsistent methodology. Studies
analysing gender differences only among survivors are there-
fore considered less meaningful given the already existing dif-
ference in the background population, and those results have
not been taken into account for our evaluation on determi-
nants of adverse socioeconomic outcomes. Evidence from the
studies reporting on gender differences in a meaningful way
indicated a tendency of female survivors being at particular
increased risk of adverse socioeconomic outcomes compared

to gender-matched peers, suggesting that female survivors
may be a more vulnerable group of survivors.

We included studies with wide methodological heterogene-
ity, with differences in cancer types, comparison groups, sample
size, factors adjusted for, outcome of interest, measurement of
outcome and whether the study was population-based or based
on a selected group of survivors. This makes a meaningful
comparison of effect estimates across studies challenging. More-
over, differences in attained age and length of follow-up in the
studies allowed dissimilar assessment of socioeconomic achieve-
ments to occur, or important endpoints could potentially have
been missed due to a delayed achievement rather than lack of
achievement.

Strengths and limitations
To our knowledge, this is the first comprehensive systematic
review of studies on long-term socioeconomic outcomes in
childhood cancer survivors, being interested in survivors of all
types of childhood cancers and understanding socioeconomic
outcomes in a wide-ranging way including educational attain-
ments and difficulties, employment and working life, income
and the uptake of social security benefits. A major strength of
this article is the scientifically rigorous methodological
approach. Specifically, we searched three health-related, scien-
tifically relevant databases, hand-searched the reference lists of
the articles included and updated our search before drafting
the manuscript so as not to miss any recently published arti-
cle. We included articles from a broad range of languages
published since 2000 to reduce any publication bias. Two
researchers independently screened the articles and systemati-
cally assessed the quality of all the studies included. The effect
size and statistical significance of the findings of each study
are reported in this article, providing a comprehensive over-
view of the available evidence.

A major limitation of this article is the wide methodologi-
cal heterogeneity of the studies, which limited meaningful
comparison of effect estimates in our narrative synthesis.
Moreover, in view of substantial improvements in treatment
and survival after childhood cancer during the past few
decades, studies of survivors of cancers diagnosed in earlier
decades might have included less severe cases who survived
even with the less effective treatment available at that time,
whereas studies of children treated more recently presumably
also included severe cases. Bearing in mind potential differ-
ences in cancer severity according to diagnostic period and
treatment era among studies, the findings of this article should
be interpreted with caution.

Further limitations are associated with specific studies. In a
large number of studies, outcomes were self-reported, and
they are thus prone to recall bias or reporting bias. A substan-
tial loss to follow-up in several studies in North America
could also have biased the results.

We found that a CNS tumour in childhood is a particular
determinant of adverse socioeconomic outcomes. CNS
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tumours are, however, some of the most common types of
cancer in children, and a larger study population increases the
chance of finding even small statistically significant effects.
Many solid tumour types are very rare in childhood, and for
solid tumours, there are often too few cases to draw meaning-
ful conclusions.81

Another limitation of this article is that we had only one
study from a middle-income country44 and none from any
low-income country. This limits the generalisability of the
findings to high-income countries, for which late effects and
adverse socioeconomic outcomes may also be of higher con-
cern and public health relevance due to higher survival
rates.82

The Newcastle-Ottawa Scale for appraising the quality of
studies has some limitations, and it might be questioned how
well the ranking reflects and differentiates the quality of the
studies. First, the tool does not take into account sample size,
which might affect the precision of the reported estimates, nor
does it take into account the external generalisability of study
findings. Additionally, by rewarding studies that accounted
for parental socioeconomic background, matched siblings
were unintentionally considered to be the ideal comparison
group. The siblings of childhood cancer survivors may, how-
ever, also be affected psychosocially by the cancer diagnosis of
their sibling, which could influence their socioeconomic
achievement, thereby resulting in underestimation of any
reported association.83,84

Conclusion, research implications and perspectives
This article indicates that late effects attributable to childhood
cancer or its treatment are not limited to somatic and mental
disorders, but that subgroups of survivors also face various
socioeconomic difficulties in their life course. Particular risk
factors for socioeconomic difficulties in later life appear to be
survivors of a CNS tumour, treatment with cranial radiation
therapy and diagnosis of cancer at a young age. Future

research should address the underlying mechanisms of the
socioeconomic difficulties observed in some childhood cancer
survivors.

The methodological limitations of the studies included in
this article indicate that registry-based cohort studies should
be conducted, with adequate sample size, detailed clinical and
treatment information, information on other potential risk
factors to allow risk-stratified or adjusted analyses, and long
follow-up and repeated measurements for assessment of socio-
economic conditions throughout the life course. Such a study
design could eliminate bias due to selection, participation, loss
to follow-up, reporting and recall.

The findings of this article could be used as a basis for
future interventions and supportive strategies targeting vul-
nerable groups of survivors. A previous systematic review
showed that long-term follow-up care for survivors resulted
in better health and educational outcomes.85 Given our find-
ings, some vulnerable groups of survivors might therefore
benefit from more careful follow-up to identify early signs of
adverse educational or occupational progress, so that appro-
priate support strategies can be initiated, in line with guide-
lines for psychosocial care of children with cancer.86

Increased awareness of survivors with particular adverse
socioeconomic conditions is essential, as an unhealthy life-
style and deleterious working conditions are usually more
prevalent in such groups, making them even more vulnerable
to comorbid conditions.87–92 Thus, differences in the socio-
economic impact of childhood cancer, especially for CNS
tumour survivors, may contribute to long-term social
inequalities in health. Given the increasing population of sur-
vivors of childhood cancer, long-term follow-up and support
strategies to address not only somatic and psychiatric late
effects but also the socioeconomic difficulties of vulnerable
groups of survivors will be of increasing importance to
reduce social inequity, and ensure a high quality of life after
childhood cancer.
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