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Abstract

Objective: The objective of this study is to evaluate the socio-economic outcomes of
survivors of childhood acute lymphoblastic leukaemia (ALL).

Methods: Childhood ALL adult survivors, enrolled in EORTC trials between 1971 and
1998 in France and Belgium, were invited to fill out a questionnaire with information
about their socio-economic situation (living with a partner, having a university
degree, having a job, working part time and history of having a paid job). The out-
comes were compared with two matched control populations.

Results: Among 1418 eligible patients, 507 (35.8%) participated, including 39 (8%)
and 61 (12%) patients who received a haematopoietic stem cell transplantation
(HSCT) and a cranial radiotherapy (CRT), respectively. The median time to follow-up
was 20 years, and median age was 25 years. Survivors showed a socio-economic
level at least as good as controls. HCST and CRT were associated with a higher prob-
ability of not obtaining a bachelor degree (respectively OR = 3.49, 95% Cl: 1.46-
8.35 and OR = 2.31, 95% Cl: 1.04-5.15), HSCT was associated with unemployment
(OR = 2.89, 95% ClI: 1.09-7.65) and having a relapse was associated with a higher
probability of not having a partner (OR = 1.88, 95% Cl: 1.01-3.51) adjusting for
confounders.

Conclusion: Childhood ALL survivors showed a high level of socio-economic partici-

pation. HCST and CRT were associated with poorer functioning.
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1 | INTRODUCTION
Acute lymphoblastic leukaemia (ALL) is the most common childhood
malignancy and accounts for around 30% of all childhood cancers
(Smith et al., 2010). Over the last 50 years, there have been consider-
able improvements in the survival of childhood ALL patients following
the progress in supportive care, the refinement of risk-based stratifica-
tion and the use of intensive treatments, including haematopoietic stern
cell transplantation (HSCT) and cranial radiotherapy (CRT) for specific
subgroups. The 5-year overall survival probabilities progressively raised
from 20% in 1970 to 90% with post-millennial therapy in westernised
countries members of the Children's Oncology Group (COG) (Hunger &
Mullighan, 2015). In this context, major challenges for paediatric oncolo-
gists evolved and currently include the management of late adverse
events, the de-escalation of treatments and, more recently, the imple-
mentation of long-term follow-up programmes and the improvement of
the long-term quality of life and the socio-economic functioning of the
survivors. The long-term socio-economic outcomes after childhood ALL
can be affected by persisting adverse effects, present in up to half of
the survivors (Essig et al., 2014), neurocognitive impairment (especially
for survivors who received CRT; Krull, Zhang, & Santucci, 2013), second
cancer (Schmiegelow et al., 2013) and psychological problems (Massimo
et al., 2005). Increasing awareness is emerging in some paediatric cancer
follow-up cohorts (Gurney et al., 2009; Kirchhoff et al., 2011; Nathan
et al., 2018) with studies which reported more unemployment, less aca-
demic achievement and a lower rate of relationship for cancer survivors
compared to control groups. But literature remain still controversial,
and certain authors described ‘no negative impact’ of ALL on long-term
socio-economic outcome (Essig et al., 2014). In addition, it seems diffi-
cult to clearly identify the risk factors associated with a poorer socio-
economic level after a childhood ALL as CRT or HSCT, and relapse,
young age at diagnosis or female gender still argued despite meta-
analysis (Lund et al., 2011). The conduct of studies evaluating long-term
outcomes is methodologically a challenge and it may explain why the
available data is inconsistent. Indeed, a small sample size (Holmgvist
et al, 2010) can bias results a bit or a short follow-up time (Berbis
et al.,, 2016; Pui et al., 2003) may distort the assessment of the career
development not yet achieved. The inclusion of several childhood can-
cers in one cohort (Dumas et al., 2016; Mader et al., 2017; Wengenroth
et al., 2014) (e.g., brain cancer and leukaemia) and the heterogeneity of
treatments (Jacola et al., 2016) do not allow a robust conclusion by sub-
group. Finally, the use of siblings as controls (Mody et al., 2008) is
debated because illness could impact the whole family (Yang
et al,, 2016) in contrast to a general population control group.

The objectives of this study were to evaluate the socio-economic
outcomes of adult survivors of childhood ALL, to investigate the
effect of patient's characteristics and treatment modalities on the

socio-economic outcomes and to describe the perception of the

impact of cancer on work and education. This study is part of the
larger EORTC 58LAE (Late Adverse Effect) study.

2 | PATIENTS AND METHODS

2.1 | Patient population and treatment protocol

All childhood ALL and lymphoblastic lymphoma (LBL) patients eligible
to be treated between 1971 and 1998 in the BFM-based EORTC
studies 58741, 58831/2 and 58881 conducted in Belgium and France
(see Figure S1 and Table S1), younger than 18 years of age at diagno-
sis, alive and at least 18 years of age at the time of the follow-up were
eligible for this socio-economic evaluation (Figure 1).

2.2 | Data collection

Between September 2011 and August 2017, eligible survivors were
invited to fill out the ‘Questionnaire on long-term outcome after leu-
kemia’, derived from the ‘Life Situation Questionnaire’ of the EORTC
Lymphoma group (Van der Kaaij et al., 2012) and including informa-
tion about the socio-economic situation of the survivors and their per-
ception of the impact of the disease on their work and education.
Additionally, treating institutions provided medical updates based on
cancer registry data or medical records. Patients were considered as
‘lost to follow-up’ in case patient could not be reached (after at least
two attempts to contact a patient). They were considered as ‘refusing

to take part’ in case they stated their refusal by mail or by phone.

2.3 | Ethics

At the time of the enrolment in studies 58741, 58831/2 and 58881,
informed consent was sought according to local practice of each par-
ticipating centre and in accordance with the Declaration of Helsinki.
The 58LAE study was approved by the Ethical Committees of the par-
ticipating institutions and informed consent was obtained from all

patients, in accordance with the applicable national legislation.

24 | Control groups
241 | European Union Labour Force Survey (LFS)
controls

The LFS was used as the first source of general population controls.

The LFS is a major source of information for European statistics about
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FIGURE 1

Flow chart
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Not eligible for participation in EORTC
trials n=68

Older than 18y at diagnosis n=15

Dead n=458

Younger than 18y at follow-up n=25

Not participating institution n=1244

Patient lost to follow-up n=729 (51,4%)
(no current address or phone available
or did no sent back the consent form)

.................... > Patient refused to participate n=182
(12,8%)
Respondent n=507 (35,8%)
the labour market. It is conducted by the national statistical institutes 2.4.2 | Panel controls

all over Europe and is centrally processed by Eurostat (2019), the sta-
tistical office of the European Union. It provides detailed information
on topics including employment and education. The sampling is
designed in order to ensure representativeness for the overall popula-
tion. The data is collected based on individual interviews (see https://
ec.europa.eu/eurostat for details). Specific items used in this study are
listed in the Supporting Information. Individual participant LFS data
from the countries and the period of time corresponding to the LSQ
survey was made available by Eurostat for this project. Each survivor
was matched by age, sex, country and exact year of survey with
93 LFS controls. This was the maximum number of controls with the
desired values of matching factors that was available for all survivors.
In case more than 93 matched LFS controls were available, those
included in the analyses were randomly selected. Only survivors aged
more than 20 years were compared to the LFS controls because LFS
provided information about age in five-year intervals (e.g., 20-25). In
order to ensure a comparable socio-economic status between cancer
survivors and controls, a second sample was obtained that, in addition
to the factors previously used for matching, was also matched by the

level of education.

Two control samples were obtained, one matched and one not
matched by the level of education. In the first step, for each survivor a
population control was sampled with the same age category (18-19,
20-21, ..., 38-39, 40-44, 45-52 years), province and level of urbani-
sation (urban vs. rural area). The level of urbanisation was based on
the postal codes of residential addresses. The controls were sampled
from a panel of 110,000 individuals in Belgium and 390,000 individ-
uals in France, registered in the database of SurveyEngine, a company
specialised in the conduct of surveys (https://surveyengine.com). In
case more than one panel member matched a cancer survivor, one
panel member was randomly selected to be invited to participate in
the study. Between April 2019 and February 2020, the controls were
provided with a computer- and mobile-device-based survey through
an anonymous link, so that the General Data Protection Regulation
was guaranteed. The questionnaire they filled in (‘Global question-
naire for general population’) was identical to the one completed by
the survivors (except for questions related to ALL). One to one
matched controls could be identified for 503 survivors. These

503 controls constituted the sample of controls matched by age
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category, province and level of urbanisation but not the level of
education.

The sample of controls matched additionally by the level of edu-
cation was created as follows. Using the 503 controls, 348 survivors
could be matched one to one by region (Flanders vs. Wallonia
vs. Brussels, vs. France), level of urbanisation, sex and level of educa-
tion (no secondary school diploma vs. secondary school diploma and
no university degree vs. university degree) with the population con-
trols. In case several of the 503 controls matched one survivor, one
control was randomly selected to be used in the analysis. Controls
matched one to one by region, level of urbanisation, sex and the level

of education were then sampled for the remaining cancer survivors.

2.5 | Statistical analysis
For all estimated parameters, point estimates and two-sided 95% con-
fidence intervals are presented. All tests were performed at a two-
sided significance level of 0.05. The analysis was performed in SAS,
version 9.4. The confidence intervals for proportions were estimated
using the exact method of Clopper and Pearson (1934). The differ-
ence between proportions was tested using the chi-square test.
Logistic regression was used to investigate the associations
between CRT (yes vs. no), HSCT (yes vs. no), relapse status (yes vs. no),
age at diagnosis (<6 vs. 6-9 vs. 10-17 years) and NCl risk group at diag-
nosis (high risk vs. standard risk) and socio-economic outcomes adjust-
ing for confounders. For CRT and HSCT, the models were adjusted for
the other treatment (yes vs. no), sex, age at diagnosis (<6 vs. 6-9
vs. 10-17 years), relapse status/type (CNS relapse vs. other relapse
without CNS relapses vs. no relapse), country (France vs. Belgium) and
age at follow-up. For relapse, the models were adjusted for sex, age at
diagnosis, country and age at follow-up. For age at diagnosis and risk
group at diagnosis, the models were adjusted for protocol, sex, country
and age at follow-up. To allow for non-linear effects, age at follow-up
was modelled using restricted cubic splines with four knots located at
the 5th, 25th, 75th and 95th percentiles (Harrell, 2001). The inference
was based on the Wald tests and confidence intervals.

3 | RESULTS

3.1 | Study population

Among 1418 eligible survivors, more than a third (N = 507) provided
information about socio-economic outcomes and were included in the
analysis (Figure 1).

Females were overrepresented among the study participants.
Patients lost to follow-up, those who refused to participate and
respondents were comparable in terms of treatment protocol, age at
diagnosis, white blood cells at diagnosis, NCI risk group,
CNS involvement and early relapse rate (see Table S2).

The median age at socio-economic follow-up was 25 years (range

18-53). The median time between the diagnosis and the current study

was 20 years (range 13-42). Among study participants, 149 (29%)
were high risk at diagnosis according to the NCI classification
(Table 1). CRT was used in 61 (12%) patients (37 in first line treat-
ment), and 39 (8%) patients received stem cell transplantation (nine in
first line treatment).

The sample of LFS controls included 42,036 subjects matched
one to one by age, sex, country and year of survey with the survi-
vors (each survivor was matched with 93 LFS controls with the
same values for all matching factors). The response rate for panel
controls was 25%. We identified 503 panel controls individually
matched with cancer survivors by age, province, level of urbanisa-
tion and sex. Due to concerns about data quality (large number of
missing values and inconsistent answers), 12 panel controls were
excluded from the analysis. The final sample used in the analysis
included 491 survivors and 491 matched one to one panel con-
trols. Data for 480 panel controls matched one to one by region,
level of urbanisation, sex and the level of education were available
for a sensitivity analysis correcting for this indicator of the socio-
economic status. Characteristics of patients and controls are avail-
able in Tables S3 and S4.

3.2 | Socio-economic outcomes among childhood
ALL survivors compared to population controls

Among childhood ALL survivors, 38% were married or lived with a
partner, 52% had a bachelor degree (or equivalent or higher) and
64% worked at the time of the follow-up (Table 2). Among those
working, 79% worked full time. More than 70% of survivors had
ever had a paid job. Survivors were similar to both LFS and panel
controls in terms of having a partner and full-time employment
among those working and had a higher level of education and a
much higher employment rate compared to LFS controls (Table 3).
In the analysis matched by the level of education, we did not
observe any differences in the socio-economic endpoints between
survivors and LFS or panel controls (see Tables S5 and Sé). Ever
having a paid job was not compared between survivors and panel
controls due to the large number of missing data for panel

controls.

3.3 | Associations between treatment exposures
and patient's characteristics and socio-economic
outcomes

Both HSCT and CRT were significantly associated with a higher prob-
ability of not obtaining a bachelor degree (OR = 3.49, 95% Cl: 1.46-
8.35 for HCST and OR = 2.31, 95% CI: 1.04-5.15 for CRT, respec-
tively), and HSCT was associated with not having a job (OR = 2.89,
95% Cl: 1.09-7.65), adjusting for possible confounders (Figure 2). We
found no evidence of associations between treatment exposures and
having a partner. The associations between age at diagnosis and NCI

risk group at diagnosis and the socio-economic outcomes were not
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TABLE 1 Characteristics of childhood ALL/LBL survivors
HSCT
No (N = 468) Yes (N = 39)
N (%) N (%)
EORTC study
58741 25(5.3) 0(0.0)
58831/2 100 (21.3) 9(23.1)
58881 343(73.3) 30(76.9)
Sex
Male 208 (44.4) 22 (56.4)
Female 260 (55.6) 17 (43.6)
Age at diagnosis, years
<6 307 (65.6) 25 (64.1)
6-9 95(20.3) 10 (25.6)
10-17 66 (14.1) 4(10.3)
NCI risk group
Standard risk 340 (72.6) 18 (46.2)
High risk 128 (27.4) 21(53.8)
Disease (N = 506)
ALL 460 (98.5) 38(97.4)
LBL 7 (1.5) 1(2.6)
CRT
No 412 (88.0) 34 (87.2)
Yes 56 (12.0) 5(12.8)
HSCT
No 468 (100) 0(0.0)
Yes 0(0.0) 39 (100)
Relapse status/type
No relapse 430 (91.9) 10 (25.6)
Non-CNS relapse 27 (5.8) 19 (48.7)
CNS relapse 11 (2.3) 10 (25.6)
Age at follow-up, years
18-24 225 (48.1) 16 (41.0)
25-34 198 (42.3) 22 (56.4)
35 or older 45 (9.6) 1(2.6)

_Wl LEYJL”I

CRT
No (N = 446) Yes (N = 61) Total (N = 507)
N (%) N (%) N (%)
0(0.0) 25 (41.0) 25 (4.9)
89 (20.0) 20 (32.8) 109 (21.5)
357 (80.0) 16 (26.2) 373(73.6)
203 (45.5) 27 (44.3) 230 (45.4)
243 (54.5) 34 (55.7) 277 (54.6)
296 (66.4) 36 (59.0) 332 (65.5)
91(20.4) 14 (23.0) 105 (20.7)
59 (13.2) 11 (18.0) 70(13.8)
317 (71.1) 41 (67.2) 358 (70.6)
129 (28.9) 20 (32.8) 149 (29.4)
439 (98.4) 59 (98.3) 498 (98.4)
7 (1.6) 1(1.7) 8(1.6)
446 (100.0) 0(0.0) 446 (88.0)
0(0.0) 61 (100.0) 61(12.0)
412 (92.4) 56 (91.8) 468 (92.3)
34(7.6) 5(8.2) 39(7.7)
402 (90.1) 38 (62.3) 440 (86.8)
36(8.1) 10 (16.4) 46 (9.1)
8(1.8) 13(21.3) 21(4.1)
232 (52.0) 9(14.8) 241 (47.5)
198 (44.4) 22(36.1) 220 (43.4)
16 (3.6) 30 (49.2) 46(9.1)

Abbreviations: ALL, acute lymphoblastic leukaemia; CNS, central nervous system; CRT, cranial radiotherapy; HSCT, haematopoietic stem cell

transplantation; LBL, lymphoblastic lymphoma; NCI, National Cancer Institute.

statistically significant (see Tables S7 and S8). Having a relapse was
associated with a higher probability of not having a partner
(OR = 1.88, 95% Cl: 1.01-3.51, see Table S9).

3.4 | Perception of the impact cancer on work and
education

Among survivors who were at school at diagnosis, 60% had the feel-
ing that ALL or its treatment had impact on their education and 22%
retook 1year at school due to ALL or its treatment (Table 4).

Interestingly, 21% of survivors reported they had more education
ambitions due to ALL or its treatment. Among survivors who had ever
had a paid job, 23% felt that ALL or its treatment had impact on their

work and 2% were unable to work due to ALL or its treatment.

4 | DISCUSSION
Overall, childhood ALL and LBL survivors showed socio-economic
outcomes comparable to the general population controls. The level of

education in our sample of patients appeared much higher than
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TABLE 2 Socio-economic outcomes of childhood ALL/LBL survivors by treatment exposures
HSCT CRT
No (N = 468) Yes (N = 39) No (N = 446) Yes (N = 61) Total (N = 507)

Endpoint N (%) N (%) N (%) N (%) N (%)
Being married or living with a partner (N = 503)

No 283 (61.0) 29 (74.4) 279 (63.1) 33(54.1) 312 (62.0)

Yes 181 (39.0) 10 (25.6) 163 (36.9) 28 (45.9) 191 (38.0)
Level of education (N = 499)

No secondary school diploma 18 (3.9) 2(5.1) 12 (2.7) 8(13.6) 20 (4.0)

Secondary school diploma, no bachelor degree 196 (42.6) 24 (61.5) 188 (42.7) 32(54.2) 220 (44.1)

Bachelor degree/or equivalent or higher 246 (53.5) 13(33.3) 240 (54.5) 19 (32.2) 259 (51.9)
Currently working (N = 503)

No 162 (34.9) 19 (48.7) 166 (37.5) 15 (25.0) 181 (36.0)

Yes 302 (65.1) 20(51.3) 277 (62.5) 45 (75.0) 322 (64.0)
Employment time among working (N = 320)

Part time 60 (19.9) 6(31.6) 55 (20.0) 11 (24.4) 66 (20.6)

Full time 241 (80.1) 13 (68.4) 220 (80.0) 34 (75.6) 254 (79.4)
Ever having a paid job (N = 501)

No 127 (27.5) 11(28.2) 132(29.9) 6(10.2) 138 (27.5)

Yes 335(72.5) 28 (71.8) 310 (70.1) 53(89.8) 363 (72.5)

Abbreviations: CRT, cranial radiotherapy; HSCT, haematopoietic stem cell transplantation.

expected based on data from the EU-LFS, a major source of informa-
tion for European statistics. This observation can possibly be
explained by an over-representation of patients with a high socio-
economic status among study participants. Adjusting for differences
in the level of education, marital status, employment status, working
time and history of having a paid job were similar between survivors
and population controls. Although 60% of survivors who were at
school at diagnosis felt that leukaemia or its treatment had impact on
their education, only 4% reported they were unable to finish educa-
tion due to leukaemia or its treatment. Only 3% of those working at
the time of the study felt lack of correspondence between their work
and qualifications due to leukaemia. However, HSCT and CRT were
associated with poorer socio-economic outcomes and having a
relapse was associated with a higher probability of not having a
partner.

Most previous studies reported a worse socio-economic status
for cancer survivors compared to peers, but they considered all pae-
diatric cancers (Mader et al., 2017; Wengenroth et al., 2014) includ-
ing brain tumours (Dumas et al., 2016). Comparable or even better
outcomes of leukaemia survivors were reported by the French
cohort study ‘LEA’ (Berbis et al., 2016) regarding employment and
by Zynda et al. (2012) regarding education. Apart from the possibil-
ity of selection bias, the improved socio-economic outcome could
be explained by some resilience (Cho et al., 2016). Indeed, in our
study, more than 20% of survivors reported having more educa-
tional ambitions due to leukaemia or its treatment. The high level of
socio-economic participation can also be explained by the social

welfare system in France and Belgium, which aims to reduce

inequalities through social reintegration and special education pro-
grams for most vulnerable people. This could also explain the differ-
ences between results of survivorship evaluations conducted in
Europe and the United States (de Boer et al., 2006) added with the
fact that CRT has been used in ALL first line treatment longer in
United States than in Europe (Vilmer & Suciu, 2000). Mody et al.
(2008) reported, in a large multicentre North American long-term
follow-up study, a lower rate of marriage and university degree in
childhood ALL survivors compared to siblings.

Our study confirms the negative impact of CRT on educational
achievement of survivors, as already described (Harila-Saari
et al., 2007). The likely explanation of this result is the occurrence of
neurocognitive sequelae (Krull, Brinkman, & Li, 2013). We previously
evaluated the long-term outcomes of the randomised question com-
paring No CRT versus CRT in medium/high-risk ALL patients included
in study 58832 and reported cognitive disturbance in 18.8% of the
patients in the No CRT arm versus 42.1% in the CRT arm (Piette
et al., 2020).

HSCT was associated with a higher probability of not obtaining a
bachelor degree and not having a job. Due to its recent use and lim-
ited indications, the impact of HSCT on the long-term socio-economic
outcomes and quality of life has not been thoroughly studied to date.
Two studies, with small sample size, reported a negative impact of
HSCT on physical functioning, but not on social functioning (Freycon
et al., 2014; Sundberg et al., 2013). The largest cohort of childhood
ALL survivors who received HSCT (‘LEA’) reported poorer socio-
economic outcomes as compared to the French reference population
(Bernard et al., 2014; Visentin et al., 2016). The social impact of HSCT
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Hematopoietic stem cell transplantation

Cranial radiotherapy

OR (95% Cl) : OR (95% CI) :

No partner 1.63 (0.61, 4.31) + 1.26 (0.54, 2.91) +

No university degree  3.49 (1.46, 8.35) — 2.31(1.04,5.15) +

Not working 2.89 (1.09, 7.65) — 1.32 (0.50, 3.44) ——

Working part-time 1.80 (0.40, 8.14) S 3 0.84 (0.27, 2.60) —0—

Never working 0.86 (0.25, 2.99) —Q— 0.88 (0.20, 3.83) —0—
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FIGURE 2 Associations between haematopoietic stem cell transplantation, cranial radiotherapy and socio-economic endpoints. Estimated
odds ratios (OR) and the 95% confidence interval (Cl) from the logistic regression models are provided. For each endpoint, a separate model was
fitted including the following covariates: sex, age at diagnosis, country, relapse, age at follow-up, CRT and HSCT. For the endpoint working part

time, only survivors currently working were included in the analysis.

TABLE 4
education

Perception of the impact of cancer on work and

Survivors who were at school at diagnosis (N = 331)

Impact on education (N = 3297) N % (95% Cl)

Feeling that leukaemia or its treatment 198  60.2 (54.7-65.5)

had impact on education

More educational ambitions 68 20.7 (16.4-25.5)

Less education ambitions 34 10.3(7.3-14.1)

Retaking 1 year 71  21.6(17.3-26.4)

Retaking 2 or more years 18 5(3.3-8.5)

Changing education plans 33 10.0(7.0-13.8)

Unable to finish education due to 14 .3(2.3-7.0)
leukaemia or its treatment

Survivors who had ever had a paid job (N = 363)

Impact on work (N = 354?) N % (95% Cl)

Feeling that leukaemia or its treatment had 82 23.2(18.9-27.9)

impact on work

More professional ambitions due to 39 11.0(8.0-14.8)

leukaemia or its treatment

Less professional ambitions due to 8 2.3(1.0-4.4)
leukaemia or its treatment

Disabled/unable to work due to leukaemia 6 7 (0.6-3.7)
or its treatment

Reduced the number of hours worked due 6 1.7 (0.6-3.7)

to leukaemia or its treatment

Survivors who had a job at the time of the follow-up (N = 322)

Impact on work (N = 313?) N % (95% Cl)

Feeling that work corresponds to 260 83.1(78.4-87.1)

qualifications

Feeling of lack of correspondence 10 3.2(1.5-5.8)
between work and qualifications due to

leukaemia (N = 3127)

Abbreviation: Cl, confidence interval.
Number of subjects with available information.

can be explained by a break in the academic career (Sodergren
et al., 2018), as observed in more than a quarter of the survivors in
our study. This can be linked to prolonged hospitalisations and late
back-to-school time due to immunodeficiency. Furthermore, survivors
with a lower level of education have less access to employment. In
addition, HSCT can induce chronic graft-versus-host disease and
other physical sequelae that have been shown to decrease social qual-
ity of life scores (Ishida et al., 2011).

Concerning relapses, supported by our results, it would seem that
experiencing the relapse of leukaemia exposes survivors to a higher
risk of celibacy as explained by Howard et al. (2014) who summarised
the different psychosocial mechanisms of social and affective isolation
lived by cancer survivors.

The main limitation of our study is the possibility of an over-
representation of survivors with a high socio-economic status due to
possible recruitment bias. However, the respondents and non-
respondents showed comparable disease characteristics. The interpre-
tation of socio-economic outcomes of cancer survivors requires data
for a reference population, which is typically difficult to collect. In this
study, two reference populations were used: one based on LFS, the
major source of European statistics about the labour market, and one
based on a panel of survey respondents. The response rate of panel
controls was only 25%. This could have resulted in a selection bias.
Indeed, the level of education of panel controls appeared much higher
as compared to LFS controls suggesting a selection bias. In order to
deal with the risk of a selection bias, we performed a sensitivity analy-
sis matched by the level of education. However, there may be factors
not related to ALL or its treatment other than the matching factors
used with a different distribution among ALL survivors and population
controls. The drawback of LFS controls is that the LFS data was col-
lected using a different questionnaire than the one filled out by the
ALL survivors. However, the fact that the analyses with both control
samples provided the same conclusion of similar socio-economic out-
comes of ALL survivors and population controls adds credibility to our

findings.



BARBATI ET AL.

This is the largest study in Europe that addressed the socio-
economic outcomes of childhood ALL survivors. Besides the large
sample size, the study has several other strengths, including the long
follow-up time and the use of two individually matched control
groups.

In conclusion, childhood ALL survivors in Belgium and France
showed socio-economic outcomes comparable to the population con-
trols. HSCT and CRT were associated with poorer socio-economic
outcomes. Further refinement of risk-based stratification and de-
escalation of treatments at risk of long-term sequelae (e.g., CRT-free
treatment or reduced-intensity HSCT conditioning) is warranted (Pui
et al., 2009; Sirvent et al., 2011; Sison & Silverman, 2014). Psychoso-
cial and educational support should continue to be easily accessible
for childhood ALL survivors.
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