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Background: Despite marked improvements in childhood leukaemia survival, 20% still die within 5 years of diagnosis.
The aim of this study was to evaluate the relationship between socioeconomic status, as assessed by paternal occupation
at birth, and survival from childhood leukaemia in children, using data from the Northern Region Young Persons Malignant
Disease Registry.

Methods: All 1007 cases of leukaemia in children aged 0–14 years, diagnosed between 1968 and 2010 and registered with the
Registry were studied. Paternal occupational social class at the time of the child’s birth was obtained and analysed in relation to
survival using Cox-proportional regression.

Results: Compared with the most advantaged group (I/II), those in the middle group (IIIN/M) had a 68% increased risk of death,
while those in the least advantaged group (IV/V) had 86% higher risk for acute lymphoblastic leukaemia. While the survival
advantage of children in class I/II was apparent from the time of diagnosis, survival for children in groups IIIN/M and IV/V were
comparable until 3–4 years after diagnosis, when they began to minimally diverge.

Conclusion: The existence of such socioeconomic disparities cannot be attributed to accessibility to health care in the United
Kingdom. Further research into the likely factors underlying these disparities is required.

Advances in diagnostic and treatment modalities over time as well
as risk stratified patient management have led to marked
improvement in survival from childhood leukaemia (Cancer
Research UK, 2012). However, not all children benefit from these
advances as 20% still die within 5 years of diagnosis (Lightfoot
et al, 2012). As such, it is important to identify patient sub-groups
with differences in outcomes to focus efforts and further improve
survival rates.

Socioeconomic status is one of the strongest and most consistent
predictors of health (Adler and Newman, 2002). Socioeconomic
disparities in several health indices, such as life expectancy and
mortality continue to be present in the developed world (Marmot
et al, 2008). Socioeconomic disparities in cancer survival have been
described for many adult malignancies, with more advantaged
patients having better survival than deprived patients (Chang et al,
2012; Simard et al, 2012; Quaglia et al, 2013; Saldana-Ruiz et al, 2013),

including studies that have shown such disparities for most adult
cancers in England (Coleman et al, 2004; Rachet et al, 2010).
However, fewer studies have examined the influence of socio-
economic factors on survival from childhood cancers, especially
leukaemia. Those that have point to modest disparities in
leukaemia survival in childhood at most (McWhirter et al, 1983;
Coebergh et al, 1996; Schillinger et al, 1999; Charalampopoulou
et al, 2004; Ribeiro et al, 2007; Tang et al, 2008; Kent et al, 2009;
Basta et al, 2011; Son et al, 2011; Lightfoot et al, 2012). Most
studies have depended on areal measures of community depriva-
tion without any individual assessment of socioeconomic status
(Basta et al, 2011). This leaves findings open to questions regarding
the ecological fallacy, whereby the use of aggregated data can lead
to incorrect assignment of individual explanatory variables (in this
case, the difference between individual level social class, as opposed
to aggregated measures that come from using areal census data).
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In many of the investigations, clinical and other prognostic
features of the disease have not been accounted for, thus raising the
possibility that factors predictive of the characteristics of leukaemia
incidence and status at diagnosis, such as white blood cell count
(Smith and Hann, 2004) may confound or explain some of the
prognostic effects of social class. Age at diagnosis, sex, calendar
period of diagnosis, and other important determinants of
leukaemia survival should also be taken into consideration when
assessing the effect of social class on childhood leukaemia survival
(Pui et al, 2011).

Establishing the existence of and determining the reasons for
childhood cancer inequalities remains high on both the
research and policy agenda of the United Kingdom and of
most developed nations of the world (Rachet et al, 2010). This
study examined whether survival from childhood leukaemia
varied with socioeconomic status, assessed by paternal occupation
at birth, in northern England. Further, it assessed whether
interactions exist between socioeconomic status and prognostic
factors on survival.

MATERIALS AND METHODS

The study population included all cases of leukaemia in children
aged 0–14 years, diagnosed during the period of 1968–2010 and
registered with the Northern Region Young Persons Malignant
Disease Registry (NRYPMDR). Of the over 6000 registry cases,
1007 are childhood leukaemia cases. The NRYPMDR was
established in 1968 and covers the Northern Region of England
as defined in 1972, excluding the district of Barrow-in-Furness in
Cumbria. The registry is located within the Newcastle upon Tyne
Hospitals NHS Foundation Trust, which is the regional specialist
centre for cancer in children and adolescents. Cases in the 0- to 14-
year age group have been collected prospectively since 1968, while
those in the 15- to 24-year age group were identified retrospectively
for the period 1968 to 1985 and have been collected prospectively
since 1985. Registration with NRYPMDR is not mandatory, but
cases are identified from multiple sources: consultants throughout
the region notify the registry of any malignancies in children and
young adults, and death certificates and hospital admissions are
regularly scrutinised. Data are periodically cross-checked with
regional and national cancer registries to ensure information is as
accurate and complete as possible. Overall ascertainment of
cancers is believed to be at least 98% complete (Cotterill et al,
2000). Responsible clinicians and general practitioners are
contacted at regular intervals (B6 monthly) to determine patients’
current vital status. The study region is a mixture of several heavily
populated urban areas and widespread rural communities. It has a
predominantly Caucasian population of 3.1 million (ethnic
minorities account for under 2%) with B37 000 live births per
year. There is relatively little migration in and out of the region
compared with other areas of the United Kingdom.

A copy of the birth certificate, a public document in the United
Kingdom, is obtained by the registry whenever possible. Paternal
occupation, as routinely recorded on birth certificates, was coded
according to the 1990 Standard Occupational Classification. The
paternal occupational social class at the time of the child’s birth
was then obtained as follows: I, professional and assumed the most
advantaged, II, managerial, IIIN, skilled non-manual, IIIM, skilled
manual, IV, semiskilled and V, unskilled and assumed to be the
least advantaged. The classes were subsequently collapsed into
three based on close correlations between the groups, for simplicity
and also for ease of comparisons with other studies as follows: class
I/II, class IIIN/M and class IV/V. Those for whom paternal
occupation was not available from the birth certificates or for
whom there was no suitable occupational code (including the

‘unemployed’ and ‘students’) were placed into a separate group to
allow further comparisons to be made.

Age at diagnosis was categorised as follows: p1 year, 2–4 years,
5–9 years and 10–14 years. These categories represent the
paediatric malignancies groupings used in most studies and in
clinical risk stratifications, enabling comparisons to be made with
other studies. Year of diagnosis was categorised as follows:
1968–1977, 1978–1987, 1988–1997, 1998–2010, with a further
analysis for acute lymphoblastic leukaemia (ALL) by trial start and
finish dates. Trial dates used for ALL cases aged 1–14 years
followed the trial dates that were open in Great Britain during the
study period (Stiller et al, 2012). The trial years followed were:
January 1968–December 1975 (trials before UKALL V), January
1976– August 1980 (UKALL V, UKALL VI and UKALL VII were
grouped together due to small numbers and overlapping dates),
September 1980–December 1984 UKALL VIII, January
1985–September 1990 UKALL X, October 1990–February 1997
UKALL XI, March 1997–November 2002 ALL 97, October 2003–
December 2010 ALL 2003. White blood cell count was categorised
based on prognostic implications (Bonilla et al, 2010) as follows:
low (p50 000 cells per mm3) and high (450 000 cells per mm3).

Statistical methods. All variables were treated as categorical
variables, as defined above. Survival time was the duration from
diagnosis to death from any cause or the last day of availability of
survival information in the NRYPMDR (the earliest of known date
of loss to follow-up or 31 December 2010). This resulted in a
binary survival variable with two levels; death or censored. Kaplan–
Meier methods were used to calculate 1-, 5- and 10-year survival
rates by categorical variables, cases diagnosed in the later years of
the study period, 5- and 10-year survival was treated as censored.
Cox regression analysis was used to multivariable model the
associations between SES and survival, while adjusting for potential
confounding and effect modification. Hazard ratios (HRs) and
corresponding 95% confidence intervals are reported. Interactions
were formally tested within the Cox regression modelling frame-
work. Other associations between categorical variables were
assessed using the chi-squared test. Confounding was investigated
by assessing changes in the SES coefficients on the introduction of
other variables to the Cox regression models. The statistical
software package STATA, version 11.0 (StataCorp, College Station,
TX, USA), was used for all statistical analysis.

RESULTS

Of the 1007 children diagnosed with leukaemia from 1968 to 2010
in the NRYPMDR dataset and included in this analysis, 565 (56%)
were boys and 442 (44%) girls. Descriptive statistics for the
included patients are given in Table 1. Age at diagnosis ranged
from 0 to 14 years with a median of 4 years and an inter-quartile
range of 2 to 8 years. The modal social class category was the
middle IIIn/IIIm category. Paternal social class was unknown (i.e.
uncodable or missing birth certificates) for 181 (18% cases). Over
80% of included cases had a diagnosis of ALL. The white blood cell
counts at diagnosis ranged from 900 cells (per mm3 of blood) to
B1.4 billion cells per mm3 with a median of 8.1 million cells and
an inter-quartile range of 2.7 million cells to 33.7 million cells per
mm3. Ninety percent of ALL patients and 83% of acute myeloid
leukaemia (AML) patients had white cell counts greater than
50 000 cells per mm3 at diagnosis. There was a significant
correlation between white cell count at diagnosis and calendar
year (correlation coefficient¼ 0.52, Po0.0001). For children with
available data for WBC count at diagnosis, 100% of those
diagnosed during 1968–1977 and 1978–1987 had counts greater
than 50 000 cells per mm3, while 98% of children diagnosed during
1988–1997 and 42% of those diagnosed during 1998–2010 had
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counts greater than 50 000 cells per mm3. There was no association
between white blood cell count and SES (P¼ 0.75). Over the
42-year study period and irrespective of the year of diagnosis, a
total of 436 (43.3%) children died, while 7 (0.70%) were lost to
follow-up before 31 December 2010. The remainder were still alive
as at 31 December 2010.

The crude survival estimates and unadjusted HRs are shown in
Tables 2 and 3 for ALL and AML, respectively. Survival at each
time point was greatest in the most advantaged social class group,
with much wider disparities seen for 5 and 10 years survival
compared with 1 year. There was little difference between the two
more disadvantaged groups at any time point. Survival also
increased over time, was higher in the middle two age groups than
the youngest and oldest patients, was higher in those with a low
white blood cell count, varied between leukaemia subtypes and
improved significantly for ALL cases aged 1–14 years and treated
following the more recent treatment regimens. Females had a
slightly higher survival than males. A sensitivity analysis, removing
all missing occupational and white blood cell count data to leave
689 cases, showed that missing data for these variables did not
affect the HRs or P-values.

The association between paternal social class at birth and
survival from leukaemia remained highly significant after adjust-
ment within the Cox regression models for other factors (Table 4).
Similar results were seen when restricting cases to acute

lymphoblastic leukaemia (Table 4). For acute non-lymphocytic
leukaemia, there was not a significant association between paternal
social class and survival. There were no significant interactions
between paternal social class and any of the other variables
included in the analysis, including year of diagnosis (P40.05).
Table 5 shows the results of calendar period specific Cox regression
models for ALL, with the smallest variation in survival between
SES groups in the most recent calendar period. The assumption of
proportional hazards was evaluated and met for all models.

DISCUSSION

This study has several relevant findings with respect to socio-
economic status and childhood leukaemia survival. First, the study
is consistent in showing the socioeconomic disparity in paediatric
leukaemia survival, using a large and long-term dataset with
children from social class I/II having a clear survival advantage
over children in classes IIIN/M and IV/V, respectively. Even after
adjustments for potential confounders, the disparity between social
class groups persisted, such that children in class IIIN/M had a
66% higher risk of death relative to those in class I/II, while
children in class IV/V had a 96% higher mortality risk.

The NRYPMDR gives a relatively large sample size for such
studies and has a high level of ascertainment and almost complete
follow-up of cases (Cotterill et al, 2000). Furthermore, the
integration of clinical prognostic factors such as WBC in the
multivariable analysis enhances the validity of the findings, while
confounding by ethnicity is unlikely due to the ethnically
homogenous population of the study area, which has fewer than
2% ethnic minorities. The use of paternal occupation as an
indicator of SES is another strength of the study, as this measure is
not prone to the ecological fallacy. Paternal occupation was
available at birth, but not at later time points such as at the time of
diagnosis. However, while parents may change jobs, occupational
social class is not as likely to change between birth and a diagnosis
in childhood, even up to age 14 years, particularly when using
broad social classes, so missing information on later socioeconomic
status is unlikely to impact on our findings. However, in a minority
of cases it may be that the father recorded on the birth certificate
no longer has a role in the child’s life (for example, due to death or
divorce). It is also possible that having a child diagnosed with
leukaemia may result in a change of occupation for at least one
parent, which could result in a change in SES group, although a
reduction in hours in the same job would not cause this. Data on
such issues were not available to this study, but again are unlikely
to impact on our findings due to the small number of patients that
this would involve. Focusing only on an individual measure of SES
has the tendency to ignore the broader issues of neighbourhood
and ecological SES contextual effects on leukaemia survival.
However, given that a similar study (Basta et al, 2011) from the
NRYPMDR that used areal measures of SES did not find
significant associations, it is likely that the ‘individual fallacy’ is
less of an issue than the ‘ecological fallacy’. Some groups of fathers
were excluded from the main SES analysis (such as the
unemployed, single mothers, unspecified students), so greater
disparities in some groups may have been missed. Furthermore, the
unavailability of certain information on the fathers’ occupation
such as the level of autonomy and working conditions, made it
impossible to have used the more recent NS-SEC occupational
classification of SES, which is more salient than the Registrar
Generals classification.

Finally, the lack of availability of other possible individual
measures of SES such as income and educational status of parents
is another limitation as these would have provided more insight
into the intricacies of SES and childhood leukaemia survival.

Table 1. Socio-demographic and clinical distribution of the study
population

Variable N (% of total)

Sex

Female 442 (44)
Male 565 (56)

Age at diagnosis (years)

0–1 139 (14)
2–4 386 (38)
5–9 283 (28)
10–14 199 (20)

Calendar period of diagnosis

1968–1977 262 (26)
1978–1987 231 (23)
1988–1997 237 (24)
1998–2010 277 (27)

Paternal social class

I/II 170 (17)
IIIN/M 467 (46)
IV/V 189 (19)
Unknown 181 (18)

White blood cell count per mm3

o50000 cells 86 (8)
450 000 cells 701 (70)
Missing data 220 (22)

Diagnostic type

Acute lymphoblastic leukaemia 823 (82)
Acute non-lymphocytic leukaemia 144 (14)
Chronic myeloid leukemia 17 (2)
Others specified 11 (1)
Unspecified 12 (1)

Total 1007
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However, as the study is based in the United Kingdom, and within
the National Health Service, which provides free treatment as part
of a national health-care system, there are no issues with the ability
to pay for consultation, diagnosis or treatment. Nevertheless, it
would be useful for a further study to be able to look at
components of socioeconomic status to aid understanding of the
reasons behind such associations.

Our findings of higher survival among the more advantaged
socioeconomic group are consistent with the findings of a recent
large follow-up study, which examined the impact of social
inequality on survival from childhood ALL on 1559 children (0–14
years) diagnosed in England, Scotland and Wales using data from
the population-based UK Childhood Cancer Study (Lightfoot et al,
2012). Using both area-based deprivation scores and fathers
occupational status, SES disparities in both measures were reported
with a linear HR of 1.05 (1.01–1.09) per unit increase in area-level
deprivation and a paternal social class linear HR of 1.16 (0.99–
1.36) per rise in social class (Lightfoot et al, 2012). However, two
other UK studies using areal data found no associations between
socio-economic status and survival (Schillinger et al, 1999; Basta
et al, 2011), while Walsh et al reported only weak trends in survival

disparity from lymphoid leukaemia in relation to SES in Ireland
(Walsh et al, 2011).

Findings on the relation between SES and childhood leukaemia
survival in other countries are not necessarily reflective of the UK
scenario due to the inherent differences in the health care and
welfare systems. However, studies in Brazil (Ribeiro et al, 2007),
China (Tang et al, 2008), Greece (Charalampopoulou et al, 2004)
and South Korea (Son et al, 2011) have all reported findings
consistent with those in this study from northern England. In
contrast, a study from the Netherlands, assessing SES gradients in
childhood leukaemia survival during the period of 1973–1979
reported that the educational level of parents had only minor
impacts on childhood leukaemia survival (Coebergh et al, 1996). In
the United States, which has a very different health-care system to
the United Kingdom, poorer survival has been noted for ALL in
children from a range of ethnic minorities, where ethnicity can be
used as a proxy for SES (Goggins and Lo, 2012). No interaction was
seen between SES and time period on survival, suggesting that SES
inequalities in childhood leukaemia survival have not changed over
the study period. However, there may have been changes that were
too subtle given the statistical power of this study, as variability in

Table 2. One-, five- and ten-year survival rates and unadjusted hazard ratios and 95% confidence intervals by demographic and clinical predictor factors
for ALL cases only (N¼ 823)

Variable
One-year survival

(% (95% CI))
Five-year

survival (%)
Ten-year

survival (%)
Hazard ratio
(95% CI) P-value

Sex

Female 86 (82–90) 66 (61–71) 63 (57–68) 1.00
Male 85 (82–88) 62 (58–66) 58 (53–62) 1.20 (0.96–1.49) 0.11

Age group (years)

0–1 73 (63–81) 47 (36–57) 44 (34–54) 1.00
2–4 88 (85–91) 69 (64–74) 66 (61–71) 0.47 (0.34–0.65) o0.0001
5–9 90 (85–93) 70 (63–75) 63 (57–70) 0.53 (0.38–0.75) o0.0001
10–14 80 (73–86) 53 (45–61) 49 (41–57) 0.82 (90.57–1.17) 0.27

Calendar period

1968–1977 67 (60–73) 31 (25–37) 27 (21–33) 1.00
1978–1987 87 (81–91) 62 (54–68) 59 (52–66) 0.38 (0.29–0.50) o0.0001
1988–1997 94 (89–96) 78 (71–83) 71 (64–76) 0.21 (0.16–0.28) o0.0001
1997–2010 96 (92–98) 88 (82–92) 87 (81–91) 0.11 (0.07–0.17) o0.0001

Trial period for ALL aged 1–14 years

Before UKALL V (January 1968–December
1975)

56 (48–63) 19 (14–25) 16 (11–22) 1.00

UKALL V, VI, VII (January 1976–August 1980) 70 (60–78) 43 (33–52) 40 (30–49) 0.49 (0.37–0.66) o0.0001
UKALL VIII (September 1980–December
1984)

86 (76–92) 63 (52–72) 60 (48–69) 0.27 (0.18–0.38) o0.0001

UKALL X (January 1985–September 1990) 92 (85–95) 76 (67–83) 72 (63–79) 0.17 (0.12–0.25) o0.0001
UKALL XI (October 1990–February 1997) 95 (90–98) 80 (72–85) 72 (64–79) 0.17 (0.12–0.23) o0.0001
ALL 97 (March 1997–November 2002) 94 (88–97) 85 (76–90) 84 (77–90) 0.09 (0.06–0.14) o0.0001
ALL 2003 (October 2003–December 2010) 98 (93–100) 92 (85–96) — 0.05 (0.02–0.10) o0.0001

Paternal social class

I/II 90 (84–94) 75 (68–81) 72 (64–78) 1.00
IIIN/M 83 (79–86) 59 (54–63) 56 (51–61) 1.73 (1.25–2.40) 0.001
IV/V 86 (79–91) 62 (53–69) 56 (48–64) 1.60 (1.09–2.34) 0.02

White blood cell count

0–50 000 97 (89–99) 90 (79–95) 85 (73–92) 1.00
450 000 83 (80–86) 59 (55–63) 55 (51–59) 4.26 (2.19–8.28) o0.0001

Abbreviations: ALL¼ acute lymphoblastic leukaemia; CI¼ confidence interval.
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survival between the SES groups was lowest in most recent
calendar period.

Disparities in cancer survival are not the direct effect of social
class, but are rather due to intervening factors between SES and
survival. Possible aetiologies for such disparities have been less
thoroughly and less systematically studied largely due to the
complexity of the concept of social class. A review by Woods et al
(2006) identified possible mechanisms linking SES and cancer
survival broadly classified into three groups—tumour character-
istics (stage at diagnosis and tumour biological features), patient
characteristics (comorbidity, nutrition, psychosocial factors) and
health-care factors (variation in treatment and medical expertise)
(Woods et al, 2006). Stage at diagnosis is the most important factor
with an SES gradient for solid tumours, especially for malignancies

such as breast cancer and colorectal cancer, and often represents
delay in health seeking or health provision by health providers
(Coleman et al, 2003; Woods et al, 2006). For childhood leukaemia,
white blood cell count is often used as a proxy for stage. As such, it
is plausible that variations in white blood cell count may serve as
the link between SES and leukaemia survival. However, there was
no association between white blood cell count and SES and there
was also no evidence of confounding associated with it as the SES
HRs did not change when adjusted for white blood cell count.
Information on other prognostic factors, such as cytogenetics and
molecular biology subtypes was not available to this study and may
represent factors that could explain the observed associations
between SES and survival in a mediating role, or could also
represent residual confounding.

Much wider disparities in survival were seen for 5- and
10-year survival compared with 1 year. This suggests that
adherence to treatment may be more important than delays in
diagnosis. Non-adherence to treatment is highest in adolescents in
general (DiMatteo, 2004). A recent study of leukaemia patients
from France found that while intentional non-adherence was rare,
non-intentional non-adherence was common (Mancini et al,
2012). While this increased with age, it was also present
in the paediatric patients. Disadvantaged socioeconomic status
was also associated with increased non-adherence, consistent
with a previous study of acute lymphoblastic leukaemia patients in
Brazil (de Oliveira et al, 2004).

The existence of significant socioeconomic disparities in survival
from childhood leukaemia in the twenty-first century is an
important public health problem and suggests that policy
implications need to be fully addressed, including adherence to
treatment and quality of care. Equal access to high-quality
treatment might be presumed in a country like the United

Table 3. One-, five- and ten-year survival rates and unadjusted hazard ratios and 95% confidence intervals by demographic and clinical predictor factors
for acute lymphoblastic leukaemia cases only (N¼144)

Variable
One-year survival

(% (95% CI))
Five-year survival

(% (95% CI))
Ten-year

survival (%)
Hazard ratio
(95% CI) P-value

Sex

Female 55 (43–66) 44 (31–56) 44 (31–56) 1.00
Male 54 (43–65) 41 (30–52) 41 (30–52) 1.10 (0.71–1.70) 0.67

Age group (years)

0–1 57 (39–72) 49 (31–64) 49 (31–64) 1.00
2–4 61 (40–76) 50 (30–66) 50 (30–66) 0.94 (0.47–1.88) 0.86
5–9 58 (41–72) 39 (24–54) 39 (24–54) 1.20 (0.65–2.22) 0.55
10–14 46 (31–60) 35 (21–50) 35 (21–50) 1.31 (0.72–2.38) 0.39

Calendar period

1968–1977 20 (10–33) 2 (0–10) 2 (0–10) 1.00
1978–1987 21 (9–38) 14 (5–30) 14 (5–30) 0.65 (0.40–1.08) 0.098
1988–1997 91 (69–98) 83 (60–93) 83 (60–93) 0.07 (0.03–0.19) o0.0001
1997–2010 91 (78–97) 80 (64–89) 80 (64–89) 0.07 (0.03–0.15) o0.0001

Paternal social class

I/II 67 (34–86) 58 (27–80) 58 (27–80) 1.00 0.26
IIIN/M 56 (41–68) 41 (28–55) 41 (28–55) 1.47 (0.57–3.80) 0.43
IV/V 42 (25–58) 32 (17–49) 32 (17–49) 2.05 (0.77–5.44) 0.15

White blood cell count

0–50 000 No observation 92 (57–99) 92 (57–99) 1.00
450 000 60 (46–71) 48 (36–60) 48 (36–60) 9.44 (1.29–69.11) 0.03

Abbreviation: CI¼ confidence interval.

Table 4. Cox regression analysis of paternal social class and survival from
childhood leukaemia, adjusted for sex, age group, calendar time period
and white blood cell count

Social class Hazard ratio (95% CI) P-value
All leukaemias o0.0001

I/II 1.00
IIIN/M 1.66 (1.20–2.29)
IV/V 1.96 (1.35–2.86)

Acute lymphoblastic leukaemia o0.0001

I/II 1.00
IIIN/M 1.68 (1.20–2.36)
IV/V 1.86 (1.24–2.77)

Abbreviation: CI¼ confidence interval.
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Kingdom, but it may also be the case that SES-related issues in
seeking and obtaining care are also involved. Further research is
required to clarify the aetiology of these social class differences and
to identify factors that could be used for developing strategies to
diminish such inequalities. Adequate systems should also be put in
place to monitor future socioeconomic childhood leukaemia
survival trends.
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