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Abstract Aim: To assess the risk of death in patients who survive at least 5 years after diag-
nosis of childhood, adolescent or young adult cancer.
Patients and Methods: This was a population-based retrospective cohort study using linked
national cancer registry and mortality records in Scotland. The study population consisted
of 5229 individuals who were diagnosed with cancer before the age of 25 years between
1981 and 2003, and who survived at least 5 years after the date of diagnosis of their primary
cancer. Indirect standardisation was used to calculate mortality ratios standardised for age
and sex and absolute excess risks (AERs) compared to the general Scottish population.
Results: During 58,358 person-years of follow-up, there were 359 deaths among the cohort of
cancer survivors. The overall SMR was 6.1 (95% confidence interval (CI) 5.5–6.7) and AER 51
(45–58) per 10,000 person-years. Largely because of age- and sex-related differences in back-
ground mortality, SMRs were higher in patients diagnosed at 0–14 years (SMR 11.0, 95% CI
9.3–12.9) than 15–24 years (4.7, 4.1–5.3), and in females (9.2, 7.8–10.8) than males (4.8, 4.2–
5.5). SMRs and AERs varied substantially by primary cancer and by underlying cause of
death. In general, SMRs were little altered by standardisation for an area-based indicator
of socio-economic deprivation. Adjusted for age and sex, the risk of death was significantly
lower in five-year survivors diagnosed during 1998–2003 compared to those diagnosed during
1981–1985 (Relative hazard ratio, 0.54, 95% CI 0.36–0.81).
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Conclusion: Long-term survivors of cancer in childhood and young adulthood remain at
higher risk of mortality than the general population, although the absolute risk of death is
low and the excess risk has decreased over time.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Continuing advances in therapy mean that approxi-
mately 80% of children and young people with cancer
can now expect to be alive 5 years after diagnosis. How-
ever, approximately two thirds of survivors experience
at least one late effect, and approximately one third
experience a late effect that is severe or life threatening.1

At least twelve publications, in some cases involving the
same cohorts described at different time points, have
reported that five-year survivors of childhood cancer
have a 7–17-fold increased risk of mortality from all
causes, compared to the general population.2–13 The
excess mortality is not limited to cancer but also applies
to non-cancer causes of death. Many studies have dem-
onstrated an increased risk of second primary cancers
arising in survivors of childhood cancer.14–21 Other
long-term complications include effects on the endo-
crine, cardiac and pulmonary systems, renal impair-
ment, gastrointestinal dysfunction, musculoskeletal
sequelae, neurocognitive dysfunction, and psychosocial
manifestations.1,22–24

Long term morbidity and mortality risks in child-
hood cancer survivors relate largely to treatment modal-
ity, although they may also be determined by individual
host characteristics.1 The fundamental challenge among
this group of patients is to further improve survival
prospects while minimising the incidence and severity
of treatment-induced late effects.25

Although the risk of second primary malignancies
following childhood cancer has been extensively studied
in the United Kingdom (UK) and elsewhere,14–21 less
attention has been devoted to other late effects of ther-
apy, such as cardiac disease. A major active follow-up
study, the British Childhood Cancer Survivor Study,26

is currently underway, and although this is gathering
very detailed data, it may not be entirely representative
since it relies on patients consenting to participate. A
single centre study from Sheffield, UK suggested that
survivors of childhood cancer may have a tendency to
over-report serious late effects, such as second primary
cancers, compared to what is documented in hospital
medical records.27 A recent report on cardiac outcomes
from five-year survivors of selected childhood cancers in
the United States (US) reported increased risks of self-
reported congestive heart failure, myocardial infarction,
pericardial disease and valvular abnormalities compared
to siblings.23 The authors noted that the proportion of
deaths among eligible participants who refused to par-
ticipate or who were lost to follow-up was higher than

among study participants suggesting that the reported
risks may be underestimates. On the other hand, studies
from specialist centres tend to overestimate the preva-
lence of chronic disease,28 emphasising the need for
studies to be population-based, if possible.

Compared to follow-up of younger children, consid-
erably less research has been carried out into late effects
of therapy for cancer diagnosed during adolescence or
young adulthood,4,29,30 although there is evidence that
around half of survivors of adolescent cancer experience
late effects of therapy.31

The aim of the present study was to describe patterns
of mortality among a cohort of patients who have sur-
vived at least 5 years after the diagnosis of cancer in
childhood, adolescence or young adulthood in Scotland.

2. Patients and methods

The study population comprised patients registered
with the Scottish Cancer Registry who survived at least
5 years after the diagnosis of cancer in childhood, ado-
lescence, or young adulthood (age between 0 and
24 years). We decided to study this combined age group
in the interests of greater statistical power, and because
this age group is now managed in the context of a single
national network of clinicians in Scotland (the ‘Man-
aged Service Network for Children and Young People
with Cancer’). In Scotland, cancer registration records
are linked to mortality records by computerised proba-
bility matching, which is believed to be highly accu-
rate.32 Emigrations of patients registered with cancer
from Scotland to other UK countries are notified to
the cancer registry by the National Health Service Cen-
tral Register (NHSCR). We included data for individu-
als whose year of diagnosis was in 1981 (the first year of
the linked database in Scotland)32 or subsequent years
up to 2003 (to allow 5 years’ survival, and at least one
further year’s follow-up). Follow-up was from 5 years
after diagnosis to date of emigration from Scotland,
date of death, or end of 2009, whichever occurred first.

In terms of diagnosis of first cancer, the study popu-
lation was re-classified according to the third edition of
the International Classification of Childhood Cancer
(ICCC-3) (0–14-year-olds)33 and the most up-to-date
version of the diagnostic classification of cancer in ado-
lescents and young adults (15–24-year-olds) developed
by Birch et al.34 The data were then mapped to a com-
mon ‘study classification’. Briefly, this was based pri-
marily on ICCC-3 but with separation of group XI
(Other malignant epithelial neoplasms and malignant
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