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Background: Earlier evidence, also from high-income countries, suggests that parental socioeconomic status might influence
survival from childhood cancer. This nationwide cohort study aimed to determine whether survival from childhood cancer in
Sweden varies according to parental educational level and household income at the time of the child’s diagnosis.

Methods: All children aged 1-14 years with a first primary diagnosis of cancer during 1991 to 2010 identified from the Swedish
Cancer Register were included. Using Cox regression, the effects of parental educational level and household income on
childhood cancer survival were estimated.

Results: For all diagnoses combined (n=4700), children of parents with compulsory or less education and upper-secondary
education had poorer survival compared with children with parents who had the highest educational level, adjusted hazard ratios
1.28 (95% confidence interval 1.03-1.59) and 1.17 (1.00-1.38). Results for leukaemia and nervous system tumours showed a similar
pattern but were not statistically significant in adjusted analyses. The observed differences began within the first year after
diagnosis. Household income was not associated with survival.

Conclusions: Also in Sweden, with universal health care, there are indications of inequalities in survival after childhood cancer

diagnosis. Further studies are needed to determine which mechanisms explain the association.

In the past decades, survival from childhood cancer have increased
to a great extent in high-income countries (Kaatsch, 2010; Gatta
et al, 2014), including Sweden (Gustafsson et al, 2013). Overall
5-year survival is now around 80% but differs depending on type of
cancer (Kaatsch, 2010; Gustafsson et al, 2013; Pritchard-Jones et al,
2013; Gatta et al, 2014), and some studies indicate that survival
varies across levels of parental socioeconomic status (SES).
A recent systematic review found that even in high-income
countries children from lower socioeconomic groups have poorer
survival after a cancer diagnosis (Gupta et al, 2014).

SES is a wide concept including both economic and social
resources and capabilities (Quaglia et al, 2013). As such, it might
have an effect on cancer survival through several mechanisms:
related to the stage at diagnosis, treatment, and contacts with
health care (Quaglia et al, 2013; Gupta et al, 2014). In Sweden,
health care is free of charge and offered to all inhabitants, and it is
regulated by the Health and Medical Service Act that those in
greatest need of care should be prioritised (The Health and Medical

Service Act, 1982:763). In addition, standardised treatment protocols
are available within childhood oncology. Within this context, one
would expect indicators related to resources to have less impact on
survival than indicators related to ability and knowledge, a
hypothesis that was recently confirmed in a study from Norway
(Syse et al, 2012). A study from the United Kingdom reported
socioeconomic differences in survival from acute lymphoblastic
leukaemia (ALL) that became apparent primarily from the time
when hospital treatment ended and continued therapy was
administered in the child’s home (Lightfoot et al, 2012). The
authors discuss treatment adherence as a potential explanation.
Several different indicators of SES have been measured in earlier
studies, and as they capture different aspects, it is important to
study them in conjunction in order to better understand the
underlying mechanisms. This could help targeting areas where
potential improvements can be made. Our aim was to study
whether survival from childhood cancer varies according to
parental education and income at the time of the child’s diagnosis.
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MATERIAL AND METHODS

This is a nationwide, population-based cohort study performed by
linking information from Swedish national registers using the
unique personal identification number assigned to all Swedish
residents. We identified all children aged 0-14 years with a first
primary diagnosis of cancer registered in the Swedish Cancer
Register between 1991 and 2010, a total of 5331 children.
Reporting to the Swedish Cancer Register is mandatory since
1958, and all diagnoses are coded according to the International
Classification of Diseases (ICD) (The National Board of Health and
Welfare, 2015). Tumours have consistently been coded according
to the ICD-7 version (for all tumours except leukaemia) and the
ICD-8 version (for leukaemia) over the entire time period that the
Swedish Cancer Register has been operating. When newer ICD
versions have been introduced, they were always complemented
with coding from earlier versions (The National Board of Health
and Welfare, 2015). In this study, we used the coding from ICD-7,
and for leukaemia ICD-8, because only these ICD versions were
available for the whole study population. The Swedish Cancer
Register also includes benign tumours and tumours of uncertain
behaviour.

The outcome of interest was overall survival. The children were
followed for a maximum 10 years from the date of their first cancer
diagnosis until death, emigration (that was not followed by
immigration within the follow-up period), or the end of follow-up
31 December 2011, whichever occurred first. Information about
deaths was available from the Cause of Death Register and
migrations from the Total Population Register.

From the Total Population Register, we also identified the
child’s household members. In this register, a household is defined
as individuals living at the same residence who are connected
through marriage, partner registration, co-habitation with com-
mon children, or parenthood (including biological/adoptive/foster
parents and other guardians), and all household members are
assigned a code describing their role in the household (Statistics
Sweden, 2011). This code was used to define the children’s social
family, including parents and the number of siblings aged <18
years living in the household. The register information is updated
annually and the information for the year before the child’s cancer
diagnosis was used. However, many children diagnosed with
cancer during their first year of life were not yet born the calendar
year before their diagnosis and the household linkage could not be
performed. Therefore, we excluded all children diagnosed within
their first year of life from the analysis (n = 545).

Parental educational level and household income were used as
indicators of parental SES. For each child, information about the
attained educational level of one parent (mother if available) and
the household disposable income was obtained from the Long-
itudinal Integration Database for Health Insurance and Labour
Market Studies (Swedish acronym LISA) (Statistics Sweden, 2011).
We decided a priori to primarily focus on maternal educational
level because it is comparable to what earlier studies have used
(Syse et al, 2012; Erdmann et al, 2014). Mothers are also the ones
who receive the majority of the parental benefits from the
government in Sweden (The Swedish Social Insurance Agency,
2011, 2015). Education was categorised as compulsory (9 years) or
less, upper-secondary (additional secondary school, up to 3 years)
and postsecondary education. The household disposable income
represents the sum of all household incomes after taxes and any
monetary social benefits and was categorised into quartiles
according to the annual distribution among the included children,
referred to as Ql (lowest income), Q2, Q3, and Q4 (highest
income). To minimise the impact from the child’s disease on the
socioeconomic indicators, information regarding the calendar year
before the cancer diagnosis was used.

To assess how often the parents defined from the household
differed from the biological parents, information regarding the
biological parents was obtained from the Multi-Generation register
(Statistics Sweden, 2010).

Additional information on characteristics of the child and
parents was obtained from the Swedish Cancer Register and the
Total Population Register.

Statistical analyses. Kaplan-Meier curves were used to visualise
the crude survival proportion of children in the different strata of
parental SES. The effects of parental educational level and
household income on survival were estimated as hazard ratios
(HRs) and 95% confidence intervals (CIs) using Cox regression
models. Crude models and models adjusted for sex, age at
diagnosis (1-4, 5-9, 10-14 years), year of diagnosis (1991-1995,
1996-2000, 2001-2005, 2006-2010), and six health care regions,
that is, the geographical region where the child was living at the
time of diagnosis, were estimated. In addition, parental age (the age
of the parent for whom the educational level was determined,
5-year categories), the number of siblings (0, 1, <2), the number of
parents born outside of Sweden (0, 1, 2) and the number of parents
in household (1, 2) were additionally included in fully adjusted
models. The adjustment variables were selected a priori to assess
whether these factors could explain a potential association between
parental SES and childhood cancer survival. To evaluate whether
the effect of parental educational level on survival within the first
year after diagnosis was different from the effect on survival during
year 1-10 after diagnosis, a Cox regression model with time-
varying coefficients was fitted. Schoenfeld residuals were used to
test the proportional hazards assumption, and the assumption
holds for all the models.

Stratified analyses were conducted for the most common
diagnostic groups; leukaemia (ICD-8: 204-207), tumours of the
nervous system (ICD-7: 193), and lymphoma (ICD-7: 200-202).
Additionally, analyses restricted to ALL (ICD-8: 204.0) and brain
tumours (ICD-7: 193.0) were conducted.

SAS 9.3 (SAS Institute, Cary, NC, USA) was used for the data
linkage and the analyses were performed in STATA 13 (StataCorp
LP, College Station, TX, USA).

Ethical considerations. This study was approved by the Regional
Ethical Review Board in Stockholm.

RESULTS

Out of the 4786 children diagnosed with cancer, 63 could not be
linked to at least one parent and were therefore excluded.
Characteristics of the remaining 4723 children in the study
population are shown in Table 1. The 63 excluded children had
similar distribution of sex, and mean age and year at diagnosis, as
well as 5- and 10-year survival as the included children. In total
among the 4723 children, 847 deaths occurred during 32541
person-years. Thirty-two percent of the children, n = 1492, were
diagnosed with leukaemia, among whom 1130 (76%) had ALL.
Among the 1398 children (30%) with a tumour of the nervous
system, 1169 (84%) were diagnosed with brain tumours. Eleven
percent of the children had lymphoma (n=528). Almost 80% of
the children in this study (79%) lived with both their biological
parents; 96% lived with their biological mother and 82% lived with
their biological father. Information about parental educational level
was missing for 23 children (0%), these children were excluded
from all analyses. Parental educational level was based on
information from the mothers in 4548 children (97%).

Figure 1 visualises a pattern of lower survival in children to
parents with lower education. Among all diagnoses combined, 91%
of the children to parents with compulsory or less education
survived the first year after the diagnosis, while the corresponding
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Table 1. Characteristics of children diagnosed with cancer at age 1-14 years, during the years 1991-2010

LAl diagnoses combined, n=4723 I Leukaemia, n=1492 I ' Tumours of the nervous system, n= 1398/
‘ n (%) ‘ Deaths, n Person-years‘ n (%) ‘ Deaths, n Person-years’ n (%) ‘ Deaths, n | Person-years
Sex
Boys 2586 (55) 474 17712 839 (56) 142 5841 768 (55) 192 4966
Girls 2137 (45) 373 14830 653 (44) 108 4532 630 (45) 154 4113
Age at diagnosis (years)
1-4 1882 (40) 344 12792 775 (52) 101 5509 479 (34) 148 2835
5-9 1335 (28) 242 9249 408 (27) 65 2875 471 (34) 123 3091
10-14 1506 (32) 261 10501 309 (21) 84 1989 448 (32) 75 3154
Year of diagnosis®
1991-1995 1175 (25) 237 9851 351 (24) 69 3005 381 (27) 100 2953
1996-2000 1271 (27) 257 10628 406 (27) 72 3505 378 (27) 116 2809
2001-2005 1199 (25) 222 8632 386 (26) 70 2804 348 (25) 83 2383
2006-2010 1078 (23) 131 3430 349 (23) 39 1058 291 (21) 47 934
Health-care region
Stockholm-Gotland 1046 (22) 157 7261 344 (23) 42 2456 286 (20) 73 1795
Uppsala—@rebro 919 (19) 177 6523 302 (20) 53 2169 273 (20) 70 1851
South East 516 (11) 107 3406 169 (11) 36 1095 147 (11) 40 929
South 853 (18) 144 5831 238 (16) 37 1660 271 (19) 64 1673
West 915 (19) 165 6224 292 (20) 53 1995 271 (19) 61 1797
North 474 (10) 97 3297 147 (10) 29 998 150 (11) 38 1036
Parental educational level®
Compulsory or less 696 (15) 142 4957 213 (14) 42 1475 209 (15) 61 1347
Upper secondary 2416 (51) 458 17003 780 (52) 144 5601 709 (51) 172 4795
Postsecondary 1588 (34) 244 10424 492 (33) 64 3256 472 (34) 112 2881
Missing 23 (0) 3 157 7 (0) 0 41 8 (1) 1 56
Household disposable income (quartiles)
Q1 (lowest) 1190 (25) 231 8084 392 (26) 71 2702 348 (25) 97 2176
Q2 1177 (25) 219 8038 389 (26) 66 2704 340 (24) 86 2260
Q3 1188 (25) 194 8351 395 (26) 65 2758 340 (24) 72 2276
Q4 (highest) 1168 (25) 203 8069 316 (21) 48 2208 370 (26) 91 2368
®The children are followed up for a maximum of 10 years, until end of follow-up of 31 December 2011, which implies that these categories have different follow-up time.
Based on maternal educational level if this was available, otherwise based on paternal educational level.

figures for children to parents with upper-secondary education was
93%, and for postsecondary education 94%. Five-year survival, all
diagnoses combined, were 81% (compulsory or less), 82%
(upper secondary) and 85% (postsecondary), and the correspond-
ing numbers for 10-year survival were 78, 80, and 83%,
respectively. No consistent patterns were observed for household
income (not shown).

The poorer survival after cancer diagnosis among children to
parents in the two lower educational groups was also observed in
the Cox regression models (Table 2). The crude HRs were 1.32
(95% CI 1.07-1.62) and 1.21 (95% CI 1.04-1.41) for compulsory or
less and upper-secondary education, respectively. The estimates
changed only slightly when adjusting for other covariates both in
the adjusted (Table 2) and fully adjusted model (Supplementary
Table S1). Household income did not affect survival (Table 2).
There was no strong correlation between parental educational level
and household income; the Spearman’s rho for all diagnoses
combined was 0.26.

For leukaemia, the effect of parental educational level on
children’s survival was broadly similar to that observed for all
diagnoses combined (Table 3), although not statistically significant
in the adjusted model (compulsory or less: HR 1.39, 95% CI 0.93-
2.08; upper secondary: HR 1.28, 95% CI 0.95-1.74). For children
with ALL, the HR was close to unity among children whose parents
had compulsory or less education, whereas a slightly elevated,
although not statistically significant, HR was observed among
children whose parents had upper-secondary education. For
children with tumours of the nervous system, elevated HRs were
found for the lowest parental education compared with the highest,
although not statistically significant. Somewhat stronger associa-
tions were seen when restricting the analysis to children with brain

tumours, but also these were not statistically significant. Adjust-
ments for additional covariates in the fully adjusted models had
small impact on the effect estimates (Supplementary Table S2).

Among the 523 analysed cases of lymphoma, no statistically
significant associations between survival and parental educational
level or household income were found (not shown). In the adjusted
model the HR (95%CI) for compulsory or less education was 1.13
(0.46-2.77) and for upper-secondary education 1.35 (0.69-2.64),
compared with postsecondary. Adjusted HRs (95% CI) for
household income were Q1, 1.37 (0.62-3.02); Q2, 1.36 (0.63—
2.94); and Q3, 0.67 (0.28-1.56), all compared with Q4.

There was no statistically significant difference in the effect of
parental educational level on survival when comparing the first
year after diagnosis with the following 9 years (Table 4). Moreover,
the poorer survival in the group of children whose parents had
compulsory or less education was seen already in the first year.
However, the point estimates indicated a different pattern among
the two main diagnostic groups. Although not statistically
significant, the results give an indication that, among cases of
leukaemia, the relative differences continue after the first year,
while for tumours of the nervous system the potential survival
disadvantage for the group with low educated parents seems more
pronounced within the first year after diagnosis.

DISCUSSION

In this study, we found that children whose parents have lower
education experienced poorer cancer survival compared with
children of parents with higher education. The association was
statistically significant for all cancer diagnoses combined, and
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Figure 1. Overall survival after childhood cancer diagnosis according to parental educational level, estimated with the Kaplan-Meier method, and

5- and 10-year survival proportion with 95% CI.

similar effects, although not statistically significant, were found for
leukaemia and nervous system tumours. Household income was
not associated with survival. Moreover, we also found that the
survival differences were present already during the first year after
diagnosis.

Findings from earlier studies assessing the role of SES on
childhood cancer survival from high-income countries similar to
Sweden have shown inconsistent results. The majority of studies
are confined to leukaemia (Gupta et al, 2014). Two studies from
the United Kingdom found poorer survival in leukaemia (Njoku
et al, 2013) and ALL (Lightfoot et al, 2012; Njoku et al, 2013) for
children to parents with lower SES, measured by paternal
occupational social class at birth (Lightfoot et al, 2012; Njoku
et al, 2013) and area-based deprivation (Lightfoot et al, 2012),
whereas a recent German study of ALL reported no associations
(Erdmann et al, 2014). Few studies have investigated the role of
SES in survival from childhood cancer diagnoses other than
leukaemia. Two studies of survival among children with tumours
in the nervous system reported no association with parental SES

(Tseng et al, 2006; Walsh et al, 2011), contrary to our results.
A Canadian study observed no socioeconomic differences in
survival from childhood lymphoma (Darmawikarta et al, 2013),
similar to our findings.

Explanations of inconsistencies between studies may be related
to the use of different SES indicators and by differences in the
social structure, for example, how the health care is organised. Both
the SES indicators and the social structure underlying this study
are similar to a Norwegian study where children to mothers with
higher educational level had better survival in childhood cancer,
while parental earnings had no effect on survival (Syse et al, 2012),
which are in line with our findings.

To be able to conduct interventions to raise the level of survival
among children to parents with lower SES, the intermediate
mechanisms must be identified (Quaglia et al, 2013; Gupta et al,
2014). This study conveys an important message showing that,
also in the Swedish context with universal health care, socio-
economic differences in childhood cancer survival seem to be
present. Similar differences are known among Swedish adults
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(Lagerlund et al, 2005; Cavalli-Bjorkman et al, 2011; Eriksson et al,
2013), although the mechanisms behind the association are
probably different for children compared with adults. The
association with parental education but not income suggests that
other mechanisms than those related purely to economic resources
are driving the differences in survival, as also discussed by Syse et al
(2012). Such factors could be knowledge about where, how,
and when to seek health care and how to navigate through the
health-care sector and a better ability to understand and follow
treatment protocols. It should be noted that the income variable
used in our study consisted of the combined disposable income of all
household members, including social benefits. This could potentially
explain why income was not associated with survival, if such benefits

Table 2. Mortality after childhood cancer diagnosis accordin

to parental educational level and household income, hazar
ratios (HRs) and 95% confidence intervals (95% Cls)

Crude models | Adjusted model®

Deaths, n®) HR (95% Cl) HR (95% Cl)
Parental educational level®
Postsecondary 244 1 1
Upper secondary 458 1.21 (1.04-1.417) 1.17 (1.00-1.38)
Compulsory or less 142 1.32 (1.07-1.62) 1.28 (1.03-1.59)

Household disposable income (quartiles)

Q4 (highest) 203 1 1

Q3 194 0.92 (0.76-1.12) 0.85 (0.69-1.04)
Q2 218 1.08 (0.89-1.30) 0.96 (0.79-1.18)
Q1 (lowest) 229 1.14 (0.94-1.37) 1.03 (0.85-1.26)

educational level.

values on parental educational level are included here.

Children diagnosed at age 1-14 years, all diagnoses combined, n=4700.
Differs from the number of deaths in Table 1, because only children with non-missing

bAdjusted for sex, year of diagnosis, age at diagnosis, and region. Parental educational
level and household income are included in the same model.
“Based on maternal educational level if this was available, otherwise based on paternal

would even out discrepancies that would otherwise have been
present. On the other hand, the social benefits ensure only a
minimum level of income and income differences were still present.

We did not have information about tumour stage at diagnosis,
which could have given an indication of patient’s or doctor’s delay
of diagnosis. However, among adults it is suggested that there is an
effect of SES on cancer survival also beyond stage (Quaglia et al,
2013). Among children, a study from northern England showed
that white blood cell count in children with leukaemia was not
associated with SES (Njoku et al, 2013), and in Norway, adjusting
for stage had no noticeable effect on the association between
maternal education and cancer survival (Syse et al, 2012).

Another suggested mechanism linking parental SES to child-
hood cancer survival is treatment adherence. Low treatment
adherence was shown to be associated with a higher risk of relapse
in children with ALL (Bhatia et al, 2014, 2015). In addition, low
SES has been reported to be associated with lower treatment
adherence (Mancini et al, 2012; Bhatia et al, 2014). The role of
treatment adherence has been highlighted in a study from the
United Kingdom where the authors report that socioeconomic
differences in survival from ALL start to occur after the hospital
stay, when the treatment continues in the child’s home and the
parents have a greater responsibility (Lightfoot et al, 2012). In the
present study, the Kaplan-Meier curves show a widening of the
absolute survival differences among leukaemia cases; these
differences are more pronounced after about 1 year, speaking in
favour of the adherence hypothesis. However, our analyses of the
relative differences (expressed as HRs) revealed that, already in the
first year after diagnosis, children whose parents had a low
educational level had a poorer survival compared with children
whose parents were highly educated. If the relative differences are
stable during the study period, the absolute differences will increase
over time.

Strengths and limitations. This study is based on data from
nationwide registries to which registration is mandatory. This

Table 3. Mortality after childhood leukaemia and tumours of the nervous system according to parental educational level and

household income, hazard ratios (HRs) and 95% confidence intervals (95% Cls)

Crude models Adjusted models® Crude models Adjusted models®
Deaths, n* HR (95% CI) HR (95% CI) Deaths, n* HR (95% CI) HR (95% CI)
Leukaemia, n=1485 ALL, n=1125
Parental educational level®
Postsecondary 64 1 1 40 1 1
Upper secondary 144 1.38 (1.03-1.86) 1.28 (0.95-1.74) 87 1.36 (0.94-1.98) 1.26 (0.86-1.87)
Compulsory or less 42 1.52 (1.03-2.24) 1.39 (0.93-2.08) 18 1.11 (0.64-1.94) 0.98 (0.55-1.74)
Household disposable income (quartiles)
Q4 (highest) 48 1 1 29 1 1
Q3 65 1.09 (0.75-1.58) 1.05 (0.72-1.53) 42 1.22 (0.76-1.96) 1.20 (0.74-1.94)
Q2 66 1.13 (0.78-1.64) 1.06 (0.72-1.56) 35 0.99 (0.61-1.62) 0.95 (0.57-1.59)
Q1 (lowest) 71 1.23 (0.85-1.78) 1.22 (0.83-1.78) 39 1.15(0.71-1.86) 1.24 (0.76-2.04)
Tumours of the nervous system, n=1390 Brain tumours, n=1163

Parental educational level®
Postsecondary 112 1 1 83 1 1
Upper secondary 172 0.99 (0.78-1.25) 0.99 (0.77-1.26) 143 1.09 (0.83-1.43) 1.14 (0.86-1.51)
Compulsory or less 61 1.25 (0.91-1.71) 1.25 (0.90-1.73) 50 1.33 (0.93-1.88) 1.39 (0.96-2.01)
Household disposable income (quartiles)
Q4 (highest) 91 1 1 77 1 1
Qa3 72 0.82 (0.60-1.12) 0.78 (0.57-1.07) 58 0.77 (0.55-1.09) 0.71 (0.50-1.01)
Q2 85 1.00 (0.75-1.35) 0.87 (0.64-1.19) 68 1.01 (0.73-1.40) 0.88 (0.63-1.24)
Q1 (lowest) 97 1.16 (0.87-1.55) 1.07 (0.79-1.43) 73 1.01 (0.74-1.39) 0.91 (0.65-1.26)
Abbreviation: ALL=acute lymphoblastic leukaemia. Children diagnosed at age 1-14 years.
Differs from the number of deaths in Table 1, because only children with non-missing values on parental educational level are included here.
bAdjusted for sex, year of diagnosis, age at diagnosis, and region. Parental educational level and household income are included in the same model.
“Based on maternal educational level if this was available, otherwise based on paternal educational level.
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Table 4. Mortality after childhood cancer diagnosis according to parental educational level; comparison of the effect during the

first year after diagnosis and the effect during the following 9 years (conditioned on surviving the first year)

n=4700
HR (95% ClI)

All diagnoses combined,

Tumours of the nervous
system, n=1390
HR (95% ClI)

Leukaemia, n= 1485
HR (95% ClI)

The first year after diagnosis

Parental educational level®
Postsecondary 1
Upper secondary 1.21 (0.94-1.56)
Compulsory or less 1.53 (1.11-2.11)

1 1
1.21 (0.74-1.98) 1.07 (0.74-1.55)
1.44 (0.76-2.73) 1.44 (0.90-2.30)

>1 year after diagnosis

Parental educational level®
Postsecondary 1
Upper secondary 1.14 (0.93-1.40)
Compulsory or less 1.12 (0.85-1.49)

1 1
1.33 (0.91-1.94) 0.92 (0.67-1.28)
1.36 (0.82-2.26) 1.10 (0.71-1.77)

Test of the difference in effect between the two time periods

P-value ‘ 0.33

0.90 0.68

Abbreviations: Cl= confidence interval; HR =hazard ratios. All models are adjusted for sex, year of diagnosis, age at diagnosis, region, and household income.
?Based on maternal educational level if this was available, otherwise based on paternal educational level.

implies very precise calculations of the follow-up time for each
child and accurate classification of parental SES as the information
is individually and objectively measured. We believe it is a strength
that the income variable was not solely based on earnings of the
parents but also includes social benefits as it reflects the
households’ actual material resources. Our approach minimises
the risk of misclassification of SES. Non-differential misclassifica-
tion of SES and thereby diluted effect estimates might be a problem
in studies using area-based measurements or information from
much earlier in the child’s life.

Another advantage of the present study is that we used
information from the year before the child’s diagnosis. Parental
SES can be influenced by the severity of the child’s disease and
using information of SES from later time points can therefore lead
to biased associations. For this reason, we restricted our study
population to children diagnosed after their first year in life.

We included social parents instead of biological parents to more
accurately reflect the SES of the household at the time of the child’s
diagnosis. About 20% of the children did not live in the same
household as both their biological parents. If we instead had used
SES indicators of the biological parents, these children might have
been misclassified. However, in Sweden it is only possible to be
registered at one household, which is the base from where we
defined the parents. Thus, for children to separated parents, who
spend time in two households, only one of them is captured.

A limitation in the study is the lack of statistical power that
prevented us from analysing more specific diagnostic subgroups,
which would have been of interest as both survival and treatment
protocols largely differs between different types of cancer. In
addition, we cannot rule out chance as a potential explanation for
some of our results. However, even though many of our results for
different types of childhood cancer did not reach statistical
significance, there is a consistent pattern of a social gradient, from
parental educational level, that is not negligible.

CONCLUSION

This study showed that children to parents with lower education
experience poorer survival from childhood cancer compared with
children of parents with higher education, while household income
was not associated with survival. The differences in survival started
already within the first year after the diagnosis. These results give
an important message that also in Sweden, a country with universal
health care, there are indications of inequalities in survival after

childhood cancer diagnosis. Further studies are needed to confirm
our findings and determine which mechanisms explain the
observed association.
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