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The effect of ethnicity and socio-economic status on the survival of a population-based cohort of 1979
children diagnosed with cancer between 1974 and 1995 was investigated. Ethnicity was assigned by
computer algorithms and visual inspection as south Asian (or not) for each child, based on their full
name. Socio-economic status was measured using the Carstairs index, based on census areas of case
residence at diagnosis. 15 children (0.8%) were lost to follow-up. Log-rank tests showed survival from
all cancers did not differ between south Asians and other children and no increased risk was observed
for south Asians in any diagnostic category, although numbers were small. Increasing levels of depri-
vation were associated with significant trends of poorer survival from all cancers, leukaemias and
brain tumours. Risk of death was typically higher for children from the most deprived areas although
differences were not statistically significant after accounting for other factors including ethnicity.
Taking all children with malignant disease together, neither ethnicity nor socio-economic status
appear to influence survival after taking other factors into consideration. © 1999 Published by Elsevier

Science Ltd. All rights reserved.
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INTRODUCTION

THE PROSPECTS of survival for children diagnosed with cancer
have improved substantially in recent decades in the U.K.,
with approximately two-thirds of children surviving for at
least 10 years [1]. However, certain types of cancer and spe-
cific characteristics of the children such as sex and age, as well
as the treatment they receive and where it is delivered, con-
tinue to influence outcome and affect survival chances [2, 3].

Cancer incidence in U.K. children displays variation by
ethnic group with a notable excess of lymphomas in children
of Asian ethnic origin [4-7], but it is not known whether
ethnicity influences survival in a U.K. setting. One study in
the U.S.A. has shown black and caucasian children with
similar 10-year survival rates, whereas historically black chil-
dren had a significantly poorer rate of survival [8]. Investiga-
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tions of ethnicity are subject to the potential confounding
effects of levels of deprivation. This is illustrated by exam-
ination of U.K. 1991 decennial census data for Yorkshire,
U.K., which clearly shows a positive association between
areas with a high proportion of non-white households and
raised levels of deprivation; these mainly occur in highly
urbanised environments. This highlights the importance of an
approach which examines both ethnicity and deprivation in
an effort to disentangle their potentially separate effects.

The U.K. childhood (0-14 years) population comprises
5% of people whose ethnic group is described as south Asian
(source: The 1991 Census, Crown Copyright. ESRC pur-
chase) including, in the main, people described as Indian,
Pakistani and Bangladeshi, which essentially reflects the geo-
graphical boundaries of their country of origin and not
necessarily their ethnic group [9]. Within the U.K., south
Asians reside principally within a small number of metropo-
litan urban areas, including West Yorkshire, where in 1991
they comprised 12% of children, the majority of whom will
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have been born in Britain. There is a particularly high con-
centration of south Asians in the Bradford district of West
Yorkshire, where one-quarter of all children are south Asian.
Bradford’s Pakistani population, the largest of the south
Asian group, became established in the early 1960s and is the
largest ethnic community in northern England. The area of
Pakistan from which this community migrated is highly loca-
lised to the northern Mirpur region [10]. Although some
changes will have occurred in the composition and relative
proportions of the south Asian populations of Yorkshire over
the last three decades, it remains one of the few areas in the
U.K. where there is an opportunity to study aspects of health
and disease in a south Asian minority ethnic population.

Our study utilised follow-up data from a high-quality
population-based incidence register of childhood cancers [11]
to examine patterns of survival over a 22-year period. The
putative influence of deprivation and whether the children’s
ethnic group was south Asian are specifically addressed.

PATIENTS AND METHODS

The Yorkshire Children’s Tumour Register (YCTR) is a
population-based register of childhood malignancies with a
high level of completeness, for example between 1974 and
1995 over 80% of central nervous systems (CNS) tumours
were histologically verified [11]. Demographic, diagnostic
and clinical details are held for children diagnosed with a
malignant disease prior to their fifteenth birthday whilst resi-
dent within the northern English counties of North York-
shire, West Yorkshire and Humberside (the former Yorkshire
Regional Health Authority), which comprise 22 District
Health Authorities. The total population was approximately
3.5 million at the 1991 national census.

Clinical and personal details were confirmed by direct
abstraction from hospital notes or post-mortem or coroner’s
reports. Particular attention was paid to pathological confirma-
tion of diagnoses which were coded and categorised into the 12
major diagnostic groups detailed in Table 1 according to the
International Classification of Childhood Cancer (ICCC) [12].

Cases are actively and systematically followed-up every 2
years, collecting information either from hospital consultants
or General Practitioners. For those who are ‘lost’, details are
requested on their status (alive, dead or embarked) from the
primary care registration scheme of the National Health Ser-
vice Central Register (NHSCR).

A survival analysis was performed on a dataset containing
1979 cases diagnosed between 1 January 1974 and 31
December 1995 and followed-up until 30 April 1998. The
endpoint of interest was death from any cause, with date of
diagnosis acting as the time-origin.

For each diagnostic group/subgroup, the following vari-
ables were investigated: sex (male or female); ethnicity (south
Asian or not); age (in years) at diagnosis (0-4, 5-9, 10-14);
period of diagnosis (1974-80, 1981-88, 1989-95); place of
treatment (centralised or not); socio-economic status (Car-
stairs index—based on address at diagnosis); presenting white
blood cell counts (x10° per litre) with categories 0-3, 3-10,
10-50 and 50 plus (for leukaemias only).

Ethnicity was assigned to individual children who were
classified as south Asian (Pakistani, Indian, Bangladeshi)
using the South Asian Names Analysis program Nam Peh-
chan [13] and South Asian Name & Group Recognition
Algorithm (SANGRA) [14] in conjunction with careful visual
inspection. Both algorithms look at first and second names;
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Nam Pehchan identifies part name (stem) or complete mat-
ches from a data dictionary of Asian names and is used by the
City of Bradford Metropolitan Council and Bradford Health
Authorities in West Yorkshire and it is particularly appro-
priate for the population in this study. SANGRA uses only
full name recognition in a data dictionary, giving a highly
specific identification and, in addition, all names were
visually checked.

Place of treatment was classified as ‘central’ if the delivery
of care was by a U.K. Children’s Cancer Study Group
(UKCCSG) consultant through attendance at a paediatric
oncology tertiary referral (or shared care) centre either within
the region (Leeds) or elsewhere in the U.K. In 1974, the first
senior registrar for paediatric oncology was appointed and
18% of cases were centrally treated; this rose to 61% in 1978
following the appointment of the author C.C. Bailey as a
consultant.

Individual children were assigned a deprivation score as a
proxy for socio-economic status, based on the validated post-
code of their address at diagnosis using the following census
variables to calculate the Carstairs index [15]: percentages of
unemployed male residents over 16 years of age, residents in
social class 4 and 5, non-car ownership and overcrowding
(persons in households with 1 or more persons per room).
Each address was linked to its census electoral ward (EW) via
the central postcode directory. The Carstairs index was cal-
culated for each EW (z=536) with diagnoses between 1974—
1985 and 1986-1995 derived data from the 1981 and 1991
censuses, respectively. The Carstairs index was categorised
into fifths of the entire study population, with scores ranging
from —5.69 (most affluent) to 17.63 (least affluent).

Survival rates (in years) were calculated using Kaplan—
Meier methods [16]. Initially, ethnicity and socio-economic
status were investigated separately using log-rank tests to
assess whether survivor functions differed across diagnostic
groups. We restricted this analysis to groups where the num-
ber of deaths were greater than 40, because this ensured the
statistical validity of the comparisons.

The data were then modelled using Cox’s proportional
hazards technique [17]. Hazard ratios (HR) and level of sig-
nificance (10% or 1%) were reported. HR are the ratio of the
hazards (probability of dying at time z, having survived to that
time) for two different values of a covariate, and can be
interpreted in a similar way to relative risks. To retain power,
this was restricted to diagnostic groups where the number of
deaths was not small relative to the number of covariates in
the model, that is approximately 10 times as many deaths as
the number of covariates were required [18]. As a result,
parametric modelling was not performed for Hodgkin’s dis-
ease (HD), ependymomas, retinoblastomas, renal tumours,
hepatic tumours, bone tumours, soft-tissue sarcomas, germ
cell tumours, carcinomas and other tumours. Lymphomas as
a group were also omitted from the analysis due to differential
survival between HD and non-Hodgkin’s lymphoma (NHL).
Each of the remaining diagnostic groups and the entire data-
set were examined separately.

The level of significance was set at 10%, with a P value of
0.10 or less indicating a statistically significant effect. At this
level, a potentially important effect was unlikely to be rejec-
ted, whilst allowing for the ‘significance’ of an individual
variable to be enhanced in combination with other variables
[19]. Missing values for place of treatment (n=153), Car-
stairs socio-economic index (#=2) and white blood cell
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Table 1. Frequency of cancers by diagnostic group and number of deaths of children (0—14 vyears) registered on the Yorkshire Children’s
Tumour Register (YCTR) between 1974 and 1995

Cases Deaths Lost to follow-up
ICCC group* Diagnostic group n n (% of cases) n (% of cases)
1-12 All cancers 1979 862 (43.6) 15 (0.8)
1 Leukaemias 614 276 (45.0) 3 (0.5)
la Acute lymphoblastic leukaemia (ALL) 479 184 (38.4) 2 (0.4)
1b Acute myeloid leukaemia (AML) 112 73 (65.1) 1 (0.9)
2 Lymphomas 238 76 (31.9) 3 (1.3)
2a Hodgkin’s disease (HD) 101 13 (12.9) 2 (2.0)
2b—2e Non-Hodgkin’s lymphoma (NHL) 137 63 (46.0) 1 (0.7)
3 Central nervous system (CNS) tumours 455 237 (52.1) 4 (0.9)
3a Ependymomas 42 22 (52.4) 0 (0.0)
3b and 3d Astrocytomas and other gliomas 237 115 (48.5) 3 (1.3)
3¢ Primitive neuroectodermal tumours (PNETSs) 116 77 (66.4) 1 (0.9)
4 Neuroblastomas 152 99 (65.1) 0 (0.0)
5 Retinoblastomas 56 5 (8.9) 0 (0.0)
6 Renal tumours 109 29 (26.6) 1 (0.9)
7 Hepatic tumours 18 13 (72.2) 1 (5.6)
8 Malignant bone tumours 96 54 (56.3) 1 (1.0)
9 Soft tissue sarcomas 128 47 (36.7) 1 (0.8)
10 Germ cell tumours 61 15 (24.6) 0 (0.0)
11 Carcinomas 50 10 (20.0) 0 (0.0)
12 Others 2 1 (50.0) 1 (50.0)

*International Classification of Childhood Cancer [12].

counts for leukaemia (n=16) were coded as a separate level
to avoid casewise deletion.

To differentiate between the potential independent effects of
ethnicity and socio-economic status, both were included in the
regression model, together with other factors known a priori to
be of prognostic importance, that is age at diagnosis (04, 5-9,
10—14 years), sex, period of diagnosis (1974-1980, 1981-—
1988, 1989-1995), place of treatment (centralised specialist
clinic or not) and for leukaemias only white blood cell counts
(0-3, 3-10, 10-50, >50x10° cells per litre). HR for each a
priori factor were calculated adjusting for all the other a prior
factors, within each diagnostic category.

Schoenfeld residuals [20] were plotted against rank survi-
val time for each covariate, producing random scatters about
zero. This demonstrated that the Cox proportionality
assumption was valid [21].

Statistical analyses were performed using Stata [22] and
SPSS 6.0 (log-rank test for trend).

RESULTS

15 children from the register were lost to follow-up
representing 0.8% of all cases (#=1979), although some
years of survival may have been contributed prior to their
censor dates to the total of 12 742 person-years of survival. Of
those lost to follow-up 12 had emigrated, 1 was registered
with the Armed Services and 2 were untraceable. The losses
to follow-up were proportionate across the diagnostic groups
(see Table 1).

Length of follow-up ranged from 0 days to 24 years (med-
ian 4 years 1 month). The 25th percentile survival time was
14.5 months (more than 50% of cases remained alive, hence
median survival time cannot be calculated).

Table 1 shows for each diagnostic group the number of
cases, deaths (from any cause), and those lost to follow-up.
The 2- and 5-year survival rates for all cancers combined
were 68.7 and 59.2%, respectively.

Table 2 shows the differences in the proportion of deaths
between south Asians and non-south Asians by diagnostic
group without adjusting for any other factors. No significant
differences were observed.

(a) All malignancies

1.00 .
A
A P=0.80
0.75 1 . Non-South Asian (n= 1844)
Z\\\¥>:7\7; /
0.50 s T’T”” - o=
South Asian (n=135)
0.25 4
OOOA T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24
Years
(b) Leukaemias
N P=0.40
0.75 \\ Non-South Asian {(n=571)
oo T /
0.50 ’”'T,Tr: i _
South Asian (n=43)
0.254
0.00_

T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24

Years

Figure 1. Kaplan-Meier survival curves (with log-rank P
values) comparing South Asians with non-South Asians.
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Table 2. Frequency of cancers and numbers of deaths by diagnostic group and ethnic group

Diagnostic group Non-south Asian South Asian Log rank

n Cases n Deaths (%) n Cases n Deaths (%) P value
All cancers 1844 803 (43.5) 135 59 (43.7) 0.80
Leukaemias 571 255 (44.7) 43 21 (48.8) 0.40
Acute lymphoblastic leukaemias (ALL) 447 172 (38.5) 32 12 (37.5) 0.98
Acute myeloid leukaemias (AML) 104 67 (64.4) 8 6 (75.0) 0.36
Non-Hodgkin’s lymphoma (NHL) 122 55 (45.1) 15 8 (53.3) 0.41
Central nervous system (CNS) tumours 433 224 (51.7) 22 13 (59.1) 0.43
Astrocytomas and other gliomas 228 109 (47.8) 9 6 (66.7) 0.22
Primitive neuroectodermal tumours (PNETSs) 108 73 (67.6) 8 4 (50.0) 0.20
Neuroblastomas 143 93 (65.0) 9 6 (66.7) 0.46
Bone tumours 90 50 (55.6) 6 4 (66.7) 0.71
Soft-tissue sarcomas 120 45 (37.5) 8 2 (25.0) 0.58

Kaplan—Meier survival curves are illustrated in Figure 1
for all cancers combined and leukaemias, comparing south
Asians with non-south Asians. The curves indicate that there
is no difference in survival for all cancers between south
Asians and non-south Asians, although south Asians with
leukaemia appear to do less well, particularly in the short
term (<5 years)

The results of testing whether survival differed according
to socio-economic status are given in Table 3 by diagnostic
group. Significant trends were observed for all cancers com-
bined, where the most deprived children had the poorest
survival. This pattern was reflected in the leukaemias, mainly
accounted for by acute lymphoblastic leukaemia (ALL), and
the CNS tumours where the more deprived had the poorest
chances of survival. A Kaplan—Meier survival curve (not
shown) of children with leukaemia comparing the five socio-
economic groupings suggested those in the poorest areas had
consistently worse prognosis compared with other socio-
economic groups, over the entire period of follow-up.

The data and results of the Cox regression modelling are
given in Tables 4 and 5, respectively. It should be emphasised
that in Table 4 the decrease in percentage dying associated
with period of diagnosis—mostly attributable to improved
survival—was also partly due to the shorter follow-up for

more recent cases. Table 5 shows HRs for ethnicity (adjust-
ing for socio-economic status and all other a priori factors)
and socio-economic status (adjusting for ethnicity and all
other a prior factors), as well as the risks for each of the other
a priori factors (sex, age, period of diagnosis, place of treat-
ment and white cell counts—mutually adjusting for each
other). The columns indicate the results of the modelling
conducted separately for each diagnostic group. For all can-
cers combined, or any diagnostic subgroup, there was no
effect of either ethnicity nor socio-economic status on survi-
val, apart from south Asians with primitive neuroectodermal
tumours (PNETs) who had a significantly reduced risk of
dying (HR=0.32, P=0.05).

Despite an increased risk of death being associated with
more deprived areas in the univariate analysis (Table 3), the
adjustment for other factors in the regression analysis
removed the significance. No differences in survival for all
cancers combined, between the most and least affluent, were
evident for socio-economic status. Children with CNS
tumours from areas of middle affluence were 1.62 times more
likely to die than children from the most affluent areas
(P=0.02). Children with neuroblastomas in the second most
affluent quintile had a reduced risk of dying compared with
children in the most affluent areas (HR =0.40, P=0.02).

Table 3. Trends in survival by socio-economic status (Carstairs index) and diagnostic group

Carstairs index Log-rank
(1 =most affluent, 5 =least affluent) test of
% of cases that died trend
Diagnostic group Cases 2 3 4 5 Pvalue
All cancers 1977 42.3 38.6 43.4 45.2 48.0 0.05*
Leukaemias 614 40.0 45.4 39.3 46.5 56.2 0.04*
Acute lymphoblastic leukaemia (ALL) 479 31.7 42.6 31.8 41.8 47.4 0.10
Acute myeloid leukaemia (AML) 112 70.8 57.1 68.4 56.0 73.9 0.96
Non-Hodgkin’s lymphoma (NHL) 137 47.6 54.8 41.7 44.0 41.7 0.34
Central nervous system (CNS) tumours 453 45.2 38.4 65.4 56.5 55.7 0.07*
Astrocytomas and other gliomas 237 44.1 38.6 55.3 51.2 54.5 0.22
Primitive neuroectodermal tumours (PNETSs) 114 60.0 59.1 72.7 69.6 68.2 0.84
Neuroblastomas 152 76.9 45.2 71.0 77.4 57.6 0.98
Bone tumours 96 63.6 52.2 54.5 50.0 58.8 0.62
Soft-tissue sarcomas 128 41.4 25.0 20.0 55.2 36.4 0.29

*Significant at the 10% level.



Table 4. Number of cases and the proportion of deaths by diagnostic group for ethnicity, socio-economic status and other prognostic factors included in the Cox regression modelling*

All cancers

Leukaemia

ALL

AML

Astrocytomas

PNETsSs

Neuroblastomas

Variable n (% died) n (% died) n (% died) n (% died) n (% died) n (% died) n (% died) n (% died)
Sex
Male 1089 43.5 349 48.7 274 43.4 60 65.0 248 50.4 121 44.6 68 69.1 74 66.2
Female 890 43.6 265 40.0 205 31.7 52 65.4 207 54.1 116 52.6 48 62.5 78 64.1
Age at diagnosis (years)
04 889 43.2 333 42.3 262 34.7 56 66.1 142 54.9 62 43.5 44 63.6 121 64.5
5-9 525 45.3 155 40.6 130 39.2 23 43.5 168 57.7 93 54.8 47 66.0 16 62.5
10-14 565 42.5 126 57.1 87 48.3 33 78.8 145 42.8 82 45.1 25 72.0 15 73.3
Period of diagnosis
1974-80 598 61.2 183 69.9 148 63.5 27 96.3 134 69.4 71 62.0 32 84.4 46 78.3
1981-88 666 42.8 209 41.6 167 33.5 34 70.6 158 55.1 84 57.1 35 77.1 42 66.7
1989-95 715 29.5 222 27.5 164 20.7 51 45.1 163 35.0 82 28.0 49 46.9 64 54.7
Centralised treatment
Yes 1422 38.0 529 39.9 419 33.9 93 60.2 207 46.4 99 45.5 65 52.3 116 59.5
No 404 57.4 55 78.2 38 71.1 12 91.7 200 60.5 113 53.1 43 90.7 24 91.7
White cell count (x10° cells/)
0-3 95 28.4 83 25.3 11 45.5
3-10 150 37.3 126 30.2 22 72.7
10-50 214 45.3 165 40.6 40 57.5
>50 139 60.4 92 53.3 36 72.2
Ethnicity
Non-Asian 1844 43.5 571 44.7 447 38.5 104 64.4 433 51.7 228 47.8 108 67.6 143 65.0
Asian 135 43.7 43 48.8 32 37.5 8 75.0 22 59.1 9 66.7 8 50.0 9 66.7
Carstairs index
1, most affluent 397 42.3 126 40.0 101 31.7 24 70.8 104 45.2 59 44.1 25 60.0 26 76.9
2 394 38.6 119 45.4 94 42.6 21 57.1 86 38.4 44 38.6 22 59.1 31 45.2
3 396 43.4 135 39.3 110 31.8 19 68.4 81 65.4 38 55.3 22 72.7 31 71.0
4 392 45.2 129 46.5 98 41.8 25 56.0 85 56.5 41 51.2 23 69.6 31 77.4
5, least affluent 398 48.0 105 56.2 76 47.4 23 73.9 97 55.7 55 54.5 22 68.2 33 57.6

*See Table 5. ALL, Acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; CNS, central nervous system tumours; PNETSs, primitive neuroectodermal tumours.

0z8l1

‘0 12 ASUUDOW V' d



Survival and Childhood Cancer, Socio-economic Status and Ethnicity

1821

Table 5. Hazard ratios (HR) of dying using multivariate Cox regression modelling by diagnostic group for ethnicity, socio-economic
status and other prognostic factors: all factors mutually adjusted for each other

Variable All cancers Leukaemia ALL AML CNS Astrocytomas PNETs Neuroblastomas
Sex

Male* 1 1 1 1 1 1 1 1

Female 1.01 0.79% 0.67t 0.79 1.14 1.47% 0.83 0.94
Age at diagnosis (years)

0-4* 1 1 1 1 1 1 1 1

5-9 0.97 0.98 1.32 0.64 0.97 1.49 0.80 0.85

10-14 0.82t 1.34¢ 1.38 1.41 0.55% 0.87 0.84 0.82
Period of diagnosis

1974-80* 1 1 1 1 1 1 1 1

1981-88 0.72% 0.61% 0.56% 0.46t 0.72¢ 0.90 0.91 1.07

1989-95 0.56% 0.51% 0.48% 0.31% 0.48% 0.41% 0.69 0.84
Centralised treatment

Yes* 1 1 1 1 1 1 1 1

No 1.59% 1.94% 1.95% 2.68t 1.18 0.89 3.00% 5.85%
White cell count (x10° cells/l)

0-3* 1 1 1

3-10 1.527 1.28 1.50

10-50 1.98% 1.88% 1.17

>50 3.44% 3.37% 1.87
Ethnicity

Non-Asian* 1 1 1 1 1 1 1 1

Asian 0.95 1.19 1.00 1.77 1.12 1.65 0.327 0.46
Carstairs index

1, most affluent* 1 1 1 1 1 1 1 1

2 0.90 1.01 1.24 1.02 0.91 0.96 0.85 0.40t

3 1.06 0.85 0.87 0.79 1.627 1.43 1.27 0.86

4 1.01 0.90 1.05 0.78 1.17 1.01 0.97 1.33

5, least affluent 1.13 1.32 1.43 0.65 1.20 1.15 1.59 0.56

ALL, Acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; CNS, central nervous system tumour; PNETS, primitive neuroecto-
dermal tumours. *Baseline category. {Significant at 10% level. {Significant at 1% level.

DISCUSSION

Population-based survival rates for childhood cancer are
published less frequently than results of clinical trials but are
nonetheless important both from a clinical and public health
perspective. This study was undertaken using the YCTR, a
specialist register of children with cancer, which is considered
to represent the population with respect to completeness and
accuracy [11].

The purpose of the study was to investigate a prior the
putative effects of ethnicity and deprivation on survival. As
Yorkshire has one of the highest concentrations of south
Asians in the U.K., the YCTR was an ideal dataset for the
investigation. Despite small numbers and consequently
reduced power in some of the diagnostic categories, the topic
was considered to be of sufficient interest to warrant exam-
ination but our findings are interpreted with caution.

The designation of ethnicity based on a child’s name and
determining whether they are south Asian or not has advan-
tages in that it allocates a category to an individual rather
than a geographical area. The use of national decennial cen-
sus data from small geographical areas is a more common
approach to investigations of ethnicity and its relationship to
cancer [23]. The computer algorithms applied to the YCTR
for the allocation of south Asian ethnicity [13, 14] function
slightly differently but taken together and in conjunction with
the expert inspection accompanying SANGRA provide a
classification of ethnicity which can be considered reliable.
On a previous study, Nam Pehchan alone achieved an overall

sensitivity and specificity of 90.5% and 99.4%, respectively
[24]. However, no method which is limited to the recognition
of an individual’s name will be completely free of error. Also,
although specific for flagging south Asians, the program will
fail to identify children from mixed and other ethnic back-
grounds, for example African-Caribbeans. Thus, comparisons
for south Asians will be with an ethnically heterogeneous
group of children, although caucasians are known to com-
prise 90% of the 0—14-year-old population in Yorkshire.

The designation of ‘south Asian’ may itself fail to identify a
homogeneous group, as cultural, spatial and religious differ-
ences between Indian, Pakistani and Bangladeshi populations
will determine differing lifestyle patterns. The proportional
representation of these three groups will have varied over the
time period of the study with the Indian population remain-
ing fairly stable (1.4% and 1.8% of the total population of
West Yorkshire at the 1981 and 1991 censuses, respectively),
the Pakistani population increasing (1981: 2.9%, 1991:
4.1%) and the smallest Bangladeshi population rising most
steeply (1981: 0.2%, 1991: 0.3%) but contributing the lowest
absolute numbers [9]. Over the 22-year study period, the
predominant south Asian minority ethnic group in West
Yorkshire has been the Pakistani population where geo-
graphical spread has not differed between the 1981 and 1991
censuses. However, the classification of south Asian is not
necessarily one that defines a population with common social
characteristics or attributes and this should be borne in mind
in the context of this study.
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Leukaemia is the most common cancer in children,
accounting for one-third of all paediatric malignancies [23].
We have shown that ethnicity (south Asian or not) is not
related to survival for children diagnosed with any malig-
nancy or leukaemia, an association which persists even after
adjustment for socio-economic status. Modelling the data
and allowing for additional prognostic variables did not
demonstrate any independent effect for socio-economic sta-
tus, although it was significant in the univariate analysis.

It has been shown in the U.S.A. that blacks with ALL have
a poorer short-term survival than caucasian children, which is
explained by over-representation of subtypes of leukaemia
with unfavourable chromosomal abnormalities in black chil-
dren [25]. Without adjusting for other factors, there was an
apparent disadvantage in short-term survival for south Asian
children with leukaemia but no significant difference beyond
5 years of follow-up. There is no evidence to indicate a pre-
dominance of poorer prognosis subtypes in south Asians.

Survival from childhood cancer is related to receiving the
prescribed therapy. The most common treatment regimen for
ALL includes oral therapy administered by parents for
approximately the last 18 months of a 24-month treatment
programme. The continuation of this ‘maintenance’ chemo-
therapy, continued to the second anniversary of diagnosis, is
proven to be beneficial for survival [26]. Our study suggests it
is highly unlikely that cultural or language differences are
related to whether children receive therapy.

South Asian ethnicity did not influence the survival of
children with CNS tumours, either in the univariate or mul-
tivariate analysis. The results of the multivariate modelling
showed two independent factors associated with improved
survival—being aged 10-14 years at diagnosis and being
diagnosed in the most recent time period (1989-95). In con-
trast to the entire CNS group, the subset of PNETs did show
a significant association between survival and being south
Asian but the risk of dying was significantly reduced. The
numbers, however, were very small (4 deaths out of 8 cases)
and the reason why such a significant advantage is conferred
in terms of survival is unclear. There is no reason to suspect
south Asian children with poor prognosis PNETs have not
been included due to misclassification of their diagnosis, as
the proportion of histologically verified CNS tumours was
actually higher (91%) amongst south Asians compared with
the remaining children (84%). The degree of surgical resec-
tion of PNETs may be related to survival and has been
debated [27,28]. Our Yorkshire study was unable to investi-
gate specific treatment modalities and therefore clarify whe-
ther the south Asian children had received particularly
extensive surgery.

In the U.K., the uptake of healthcare services by minority
ethnic groups is poorly documented and little attention has
been focused on children [29], but very recently it has
become clear that children and young people from minority
ethnic groups do appear to receive a poorer quality of
healthcare compared with the caucasian population [30].
Cultural differences may affect the way families seek medical
help, for example, the speed at which medical intervention is
sought may be a consequence of how well families will tolerate
symptoms in the child before worrying and visiting their GP.
However, late presentation of children to medical services
does not appear to be present for the south Asian community,
and it has recently been shown that south Asian children use
GP services more than any other ethnic group [30].

P.A. McKinney ez al.

Area-based measures of socio-economic status are unre-
lated to survival patterns of childhood cancer in Yorkshire.
Estimates of deprivation by the Carstairs index are based on
aggregated census data for a geographical area and potentially
may not represent the environment experienced by an individ-
ual child [31]. The degree to which this potential mis-
classification of an individual occurs is impossible to assess
but if present is most likely to dilute and therefore mask any
effect which actually exists. Socio-economic circumstances
are known to affect the health of populations [32] and the
absence of an association may be explained by the necessity
for specific multidisciplinary delivery of healthcare for chil-
dren with cancer. This may well compensate for potential
detrimental consequences of deprivation.

Over the study period increasing proportions of children
have been treated at tertiary referral centres, such as Leeds,
Yorkshire [33], where over 85% of children are now referred
(C.C. Baliley, St James’ University Hospital, Leeds, U.K.).
The extensive support services, particularly health visitor
and district nursing care, which are devoted to the clinical
and social needs of the children is likely to mitigate against
social inequalities, although in the general population socio-
economic status per se may not be related to use of health
services by those in the childhood age range [30].

One unexpected finding from our study was the sig-
nificantly poorer survival of children with CNS tumours from
areas of “medium affluence’. This result may have emerged
by chance due to lack of power, multiple testing or poor
classification of deprivation by the areal method. Other plau-
sible explanations are not obvious.

Stage of cancer at the time of presentation is an important
prognostic factor for survival, which was not included for the
solid tumour groups. Changes in the application of staging
classifications over the 20-year period of data collection have
resulted in inconsistencies in this information. If our results
had indicated clear evidence of a link between poor survival
and deprivation or being south Asian, a detailed survey of
whether this might have been accounted for by late stage of
disease at presentation would have been necessary, but the
absence of an association did not warrant further study.

For children with leukaemia, a surrogate measure of stage
of disease is the presenting white blood cell count [34, 35].
Findings were consistent with those from all major clinical
trials showing presenting white blood cell count is an inde-
pendent risk factor for ALL.

In conclusion, our analysis has failed to demonstrate any
link between socio-economic status and ethnic group in rela-
tion to survival for all childhood cancers. Associations
between high levels of deprivation and poorer survival were
only present before adjustment for other prognostic factors
but larger studies should be undertaken to evaluate this rela-
tionship further.
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