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URVIVORS OF CHILDHOOD CANCER

are atincreased risk of develop-

ing subsequent primary neo-
plasms with the risk being esti-

mated at 3- to 6-fold that expected.'®
However, the magnitude of the long-term
risks of developing a subsequent primary
neoplasm, in particular beyond ages at
which the background cancer incidence
in the general population starts to in-
crease substantially, are unknown. Thus
far, only 1 study has sufficient follow-
up to start to explore the risk of subse-
quent primary neoplasms in childhood
cancer survivors older than 40 years.!
It is essential to investigate the long-
term risks of subsequent primary neo-
plasms since any increased relative risk
(RR) sustained into old age would lead
to a substantial number of survivors
being diagnosed with a subsequent pri-
mary neoplasm. To reduce the number
of subsequent primary neoplasms, pre-
vention, screening, and other interven-
tion strategies should focus on subse-
quent primary neoplasm types with the
highest absolute excess risks (AERs);
however, it is currently unclear which

Context Survivors of childhood cancer are at excess risk of developing subsequent
primary neoplasms but the long-term risks are uncertain.

Objectives To investigate long-term risks of subsequent primary neoplasms in sur-
vivors of childhood cancer, to identify the types that contribute most to long-term ex-
cess risk, and to identify subgroups of survivors at substantially increased risk of par-
ticular subsequent primary neoplasms that may require specific interventions.

Design, Setting, and Participants British Childhood Cancer Survivor Study—a
population-based cohort of 17981 5-year survivors of childhood cancer diagnosed
with cancer at younger than 15 years between 1940 and 1991 in Great Britain, fol-
lowed up through December 2006.

Main Outcome Measures Standardized incidence ratios (SIRs), absolute excess
risks (AERs), and cumulative incidence of subsequent primary neoplasms.

Results After a median follow-up time of 24.3 years (mean=25.6 years), 1354 sub-
sequent primary neoplasms were ascertained; the most frequently observed being cen-
tral nervous system (n=344), nonmelanoma skin cancer (n=278), digestive (n=105),
genitourinary (n=100), breast (n=97), and bone (n=94). The overall SIR was 4 times
more than expected (SIR, 3.9; 95% confidence interval [Cl], 3.6-4.2; AER, 16.8 per
10000 person-years). The AER at older than 40 years was highest for digestive and
genitourinary subsequent primary neoplasms (AER, 5.9 [95% ClI, 2.5-9.3]; and AER,
6.0 [95%Cl, 2.3-9.6] per 10000 person-years, respectively); 36% of the total AER
was attributable to these 2 subsequent primary neoplasm sites. The cumulative inci-
dence of colorectal cancer for survivors treated with direct abdominopelvic irradiation
was 1.4% (95% Cl, 0.7%-2.6%) by age 50 years, comparable with the 1.2% risk in
individuals with at least 2 first-degree relatives affected by colorectal cancer.

Conclusion Among a cohort of British childhood cancer survivors, the greatest ex-
cess risk associated with subsequent primary neoplasms at older than 40 years was for
digestive and genitourinary neoplasms.
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subsequent primary neoplasm types con-
tribute most to the total AER, particu-
larly at older than 40 years. Several im-
portant clinical and policy issues,
including the creation and revision of

guidelines for clinical follow-up, re-
quire the identification of specific sur-
vivor subgroups that are at substan-
tially increased risk of particular
subsequent primary neoplasms.
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SUBSEQUENT PRIMARY NEOPLASMS AFTER CHILDHOOD CANCER

A principal advantage of the cur-
rent study, in addition to being popu-
lation based and large scale, is that many
of the childhood cancer survivors in-
cluded were older than 40 years and
thus, we can explore the risks of sub-
sequent primary neoplasms as the sur-
vivors reach those ages during which
general population cancer rates in-
crease substantially.

The objectives of this large-scale
study were to: (1) investigate the long-
term risks of subsequent primary neo-
plasms in survivors of childhood can-
cer; (2) identify subsequent primary
neoplasm types that contribute most to
the long-term excess risk; and (3) to
identify subgroups of survivors at sub-
stantially increased risk of particular
subsequent primary neoplasms who
may require specific interventions.

METHODS
British Childhood Cancer
Survivor Study

The British Childhood Cancer Survivor
Study comprises 17 981 individuals who
were diagnosed with cancer at younger
than 15 years, from 1940 through 1991
in Great Britain, and survived at least 5
years.”!? The cohort was identified using
the population-based National Registry
of Childhood Tumours. Ascertainment
is estimated to be very high (=99%) be-
cause the registry receives notifications
from multiple sources and cross checks
and validates reports with other
sources.'''> Approval to process per-
sonal data without individual consent
was obtained from the Patient Informa-
tion Advisory Group and the National
Research Ethics Service.

Ascertainment of Subsequent
Primary Neoplasms

Ascertainment of subsequent primary
neoplasms was population based through
flagging survivors at the National Health
Service Central Registers. Flagging in-
forms the British Childhood Cancer Sur-
vivor Study when a survivor develops a
subsequent primary neoplasm or dies,
and provides linkage between the popu-
lation-based cohort and the national
population-based death and cancer reg-

2312 JAMA, June 8, 2011—Vol 305, No. 22

istration systems. Confirmation of all
subsequent primary neoplasms was un-
dertaken by writing to the relevant cli-
nician(s) to obtain all diagnostic re-
ports to confirm site, type, and date of
diagnosis, with particular reference to the
pathology reports.

Subsequent primary neoplasms were
grouped according to the edition of the
International Classification of Diseases
(ICD) appropriate to the calendar year
in which the neoplasm was diag-
nosed, as national general population
cancer rates for these classifications are
available."® The exception was for the
category of glioma and other neuroepi-
thelial neoplasms (ie, the glioma group)
that was identified by histology type
(ICD-0O-3 codes: 9380-9523, exclud-
ing 9470-9473)."* Nonmelanoma skin
cancers (NMSC) and nonglioma cen-
tral nervous system (CNS) tumors were
ascertained but excluded from analy-
ses involving comparisons with the
general population because general
population registration rates for these
neoplasms are known to be variably un-
derascertained. We included all tu-
mors of the bladder irrespective of
whether they were classified as malig-
nant, benign, in-situ or of uncertain be-
havior because of the known diffi-
culty of classifying the malignant
potential of bladder tumors.'>!1¢

Statistical Analysis

Time at risk for a subsequent primary
neoplasm began at 5 years subsequent
to initial childhood cancer diagnosis
and ended at the first occurrence of loss
to follow-up, death, or reaching the
study exit date (December 31, 2000, the
most recent available data). Unless oth-
erwise specified, all analyses allowed for
multiple subsequent primary neo-
plasms per survivor.

To compare subsequent primary neo-
plasm rates in survivors with neoplasm
rates in the general population, stan-
dardized incidence ratios (SIRs) and
AERs were computed. SIRs were com-
puted as the ratio of observed (Obs) to
expected (Exp) numbers of neoplasms
(Obs/Exp).'” Expected numbers were es-
timated by accumulating person-years at

risk within specific sex, 5-year age and
1-year calendar period strata and mul-
tiplying by the corresponding neo-
plasm rates in the general population of
England and Wales.” The range of cal-
endar years available for the general
population neoplasm rates were from
1971 t0 2006, and for years prior to 1971,
the mean was taken from the earliest 4
years (1971-1974). AERs were com-
puted as: ([Obs — Expl/person-years at
risk) X 10 000. The AER may be inter-
preted as the mean excess number of sub-
sequent primary neoplasms observed per
10 000 survivors per year. For those sub-
sequent primary neoplasm types with 75
or more observed cases, SIRs and AERs
were provided by sex, type of child-
hood cancer, and attained age.

To compare subsequent primary neo-
plasm rates between survivors with dif-
ferent characteristics (sex, type of child-
hood cancer, age at childhood cancer
diagnosis, treatment with radiotherapy,
treatment with chemotherapy, and at-
tained age), special multivariable Pois-
son regression models that incorpo-
rated the relevant expected population
rates were used to derive RRs and rela-
tive excess risks (RERs)."""

Cumulative incidence for the first oc-
currence of a subsequent primary neo-
plasm was computed by attained age with
death considered as a competing risk.2*!
Expected cumulative incidence was es-
timated using the conditional (Ederer IT)
method.”” The cumulative incidence of
developing a subsequent colorectal can-
cer was specifically estimated for survi-
vors treated with direct radiotherapy to
the abdomen, pelvis, or lumbar/sacral
spine (ie, direct abdominopelvic irradia-
tion). Colorectal cancer was not only a
large enough and homogeneous enough
subsequent primary neoplasm group to
investigate in more detail, but it was also
possible to compare the cumulative in-
cidence among this group of survivors
with that of other subgroups from the
general population at excess risk, such
as individuals with at least 2 first-
degree relatives affected by colorectal
cancer. The cumulative incidence for in-
dividuals with at least 2 first-degree rela-
tives affected by colorectal cancer was de-
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rived from incidence rates that were
estimated using age-specific RRs for such
individuals from published meta-
analyses”?* and then multiplying these
with the corresponding age-specific co-
lorectal cancer incidence rates from the
general population of England and
Wales. "

All analyses were performed using
Stata software, version 11 (StataCorp,
College Station, Texas). Tests for linear
trend in relation to a particular factor
were performed by incorporating a pa-
rameter in the relevant Poisson regres-
sion model with consecutive nonnega-
tive integer values corresponding to
increasing or decreasing levels of the fac-
tor and comparing the deviance statis-
tic with that of a model without the rel-
evant parameter. To test the robustness
of the Poisson regression in modeling the
RRs, we reanalyzed the data using nega-
tive binomial regression; the results were
almost identical and therefore we only
provide those relating to the Poisson re-
gression. Statistical significance was de-
fined as a 2-sided P value of less than .05.

RESULTS
Cohort Characteristics

Through December 2000, 1354 subse-
quent primary neoplasms were diag-
nosed in 1222 of the 17 981 survivors in
the cohort. Of the 1354 subsequent pri-
mary neoplasms ascertained, 1335
(98.6%) were confirmed with pathol-
ogy reports. Total follow-up subse-
quent to 5-year survival was 369 910 per-
son-years. The mean follow-up time from
childhood cancer diagnosis was 25.6
years (median, 24.3 years; 25th-75th per-
centile, 17.9-32.4 years). The most com-
monly observed subsequent primary
neoplasms were CNS tumors (n=344)
of which 105 were gliomas, NMSC
(n=278), digestive (n=105), genitouri-
nary (n=100), breast (n=97), and bone
(n=94) (eTable 1 available at http:/www
jama.com). Subsequent primary neo-
plasms occurred most frequently in sur-
vivors who were originally diagnosed
with a CNS neoplasm (n=338), leuke-
mia (n=271), Hodgkin lymphoma
(n=157), heritable retinoblastoma
(n=131), and Wilms tumor (n=104).

SUBSEQUENT PRIMARY NEOPLASMS AFTER CHILDHOOD CANCER

Overall Risk

of Subsequent Neoplasm

After excluding NMSC and nonglioma
CNS neoplasms, 837 subsequent pri-
mary neoplasms were observed, whereas
215.5 were expected (TABLE 1). Over-
all, survivors were 4 times more likely
to develop a subsequent primary neo-
plasm than expected (SIR, 3.9;95% con-
fidence interval [CI], 3.6-4.2). An over-
all AER of 16.8 subsequent primary
neoplasms per 10 000 person-years (95%
CI, 15.3-18.3) was observed. While the
SIR declined significantly with increas-
ing attained age, the AER increased from
12.2 per 10 000 person-years (95% CI,
10.3-14.1) in survivors younger than 20
years to 38.6 per 10 000 person-years
(95% CI, 17.5-59.7) in those older than
50 years (P yenq <.001). All types of child-
hood cancer exhibited significantly in-
creased SIRs, with survivors of heri-
table retinoblastoma exhibiting the
highest SIR (13.4; 95% CI, 11.1-16.1;
AER, 69.0/10 000 person-years). The
multivariable Poisson models revealed
that type of childhood cancer, radio-
therapy, chemotherapy, and attained age
were significantly associated with the risk
of developing any subsequent primary
neoplasm (all P values <.001) (eTable
2).

Digestive

The SIR for a digestive subsequent pri-
mary neoplasm was 4.6 times more than
expected (95% CI, 3.8-5.6; AER, 2.2/
10 000 person-years) (Table 1). The SIR
was particularly high for survivors
younger than aged 20 years (SIR, 28.3;
95% CI, 16.7-47.7), but declined
sharply with increasing attained age
(P trena <.001). In contrast, the AER was
low in survivors younger than 20 years
(AER, 1.0/10 000 person-years; 95% ClI,
0.4-1.5), but increased with attained age
to 6.1 per 10 000 person-years in sur-
vivors older than 40 years (95% CI, 2.5-
9.7). Greatest SIRs were observed fol-
lowing Wilms tumor (SIR, 13.0; 95%
CI, 8.1-20.8; AER, 4.6/10 000 person-
years) and heritable retinoblastoma
(SIR, 12.5;95% CI, 6.9-22.6; AER, 6.7/
10000 person-years). Initial treat-
ment including direct abdominopel-
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vic irradiation increased the RR
of developing a digestive subsequent
primary neoplasm by 3.3 fold (95%
CI, 1.6-6.8) relative to initial treat-
ment, which excluded radiotherapy
(eTable 2).

Genitourinary

The overall SIR for developing a geni-
tourinary subsequent primary neo-
plasm was the lowest of all subsequent
primary neoplasm categories (SIR, 1.9;
95% CI, 1.6-2.4; AER, 1.3/10 000 per-
son-years) (Table 1). However, the SIR
remained relatively uniform through-
out all age groups and as a conse-
quence, the AER increased sharply with
attained age reaching 12.7 subsequent
primary neoplasms per 10 000 person-
years (95% CI, 1.7-23.7) in survivors
older than aged 50 years (P ;.,q<<.001).
Survivors of heritable retinoblastoma
were at particularly high risk both in
terms of SIR and AER (SIR, 7.9;95% CI,
4.8-13.1; AER, 8.6/10 000 person-
years; 95% CI, 3.6-13.7). The multivari-
able Poisson regression revealed that fe-
males were at a 70% higher risk than
males (RR, 1.7; 95% CI, 1.1-2.6) for a
genitourinary subsequent primary neo-
plasm (eTable 2).

Glioma

The overall SIR for a glioma subsequent
primary neoplasm was 6.5 times more
than expected (95% CI, 5.4-7.8; AER,
2.4/10 000 person-years). Although it de-
clined with attained age, it remained high
even at older than 50 years (SIR, 3.1; 95%
CI,1.2-8.3) (TABLE 2). The AER was 2.6
per 10000 person-years (95% CI, 1.7-
3.5) atyounger than 20 years and did not
increase significantly with attained age
(P \reng = .48), but remained elevated
nonetheless. SIRs for a glioma subse-
quent primary neoplasm were highest
following a diagnosis of CNS tumor (SIR,
12.3; 95% CI, 9.3-16.2; AER, 5.3/
10 000 person-years) and leukemia (SIR,
9.4, 95% CI, 6.5-13.7; AER, 3.0/10 000
person-years). Treatment involving cra-
nial irradiation increased the RR of a
glioma subsequent primary neoplasm by
a factor of 5.5 (95% CI, 2.4-12.3)
(eTable 2).
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SUBSEQUENT PRIMARY NEOPLASMS AFTER CHILDHOOD CANCER

Breast

The SIR for a breast subsequent pri-
mary neoplasm was 2.2 times more than
expected (95% CI, 1.8-2.7; AER, 1.4/
10000 person-years) and highest fol-
lowing Hodgkin lymphoma (SIR, 8.9;
95% CI, 5.9-13.2; AER, 7.8/10000
person-years) (Table 2). The RR de-
creased significantly with increasing

attained age (P ,¢<<.001) while the
RER increased with attained age
(P 4ena<.001) (eTable 2).

Bone

The highest overall SIR for any specific
subsequent primary neoplasm category
was observed for bone subsequent pri-
mary neoplasms (SIR, 30.5; 95% ClI,

24.9-37.3; AER, 2.5/10 000 person-
years), but the SIR declined sharply with
increasing attained age (P yenq = .002)
(Table 2). The SIR and AER were par-
ticularly high after heritable retinoblas-
toma (SIR, 289.2;95% CI, 207.6-402.8;
AER, 23.0/10 000 person-years) and
bone tumors (SIR, 136.3;95% CI, 79.2-
234.8; AER, 10.0/10 000 person-years).

|
Table 1. Standardized Incidence Ratios and Absolute Excess Risks for All Combined, Digestive, and Genitourinary Subsequent Primary
Neoplasms by Sex, Childhood Cancer Type, and Attained Age

Subsequent Primary Neoplasms

All Digestive Genitourinary
[ 11 1
Person- No. SIR AER No. SIR AER No. SIR AER
Years  Obs/Exp (95% Cl@ (95% C)P  Obs/Exp (95% C)@ (95% C))P Obs/Exp  (95% CI)2  (95% CI)P
Overall 369909.9 837/215.5 3.9 16.8 105/22.7 4.6 2.2 100/51.3 1.9 1.3
(36t04.2) (15.3t018.3) (3.8t05.6) (1.7t02.8) (16t02.4) (0.8t01.8)
Sex
Male 200390.0 429/95.6 4.5 16.6 75/14.0 5.4 3.0 42/26.2 1.6 0.8
(4.1t04.9 (14.6t018.7) (4.3t06.7) (2.2t03.9 (1.2t02.2) (0.2t01.4)
Female 169519.9 408/119.9 34 17.0 30/8.7 3.5 1.3 58/25.1 2.3 1.9
(3.1t03.8) (14.7t019.9) (24t04.9 (0.6t01.9 (1.8t03.0) (1.1t02.8)
P heterogenety <.001 .82 .04 .001 .07 .03
Childhood cancer type®
Central nervous system 86150.9 165/60.1 2.7 12.2 25/6.9 3.6 2.1 23/14.3 1.6 1.0
241032 (9.3t015.1) 25t054) (1.0t03.2) (11t02.4) (-0.1t02.1)
Leukemia 80028.1 115/26.7 4.3 11.0 5/1.5 3.2 0.4 10/6.5 1.5 0.4
(36t05.2) (8.4t013.7) (1.3t07.8) (-0.1t01.0) (0.8t02.9) (-0.3t01.2)
Hodgkin lymphoma 272315 104/18.6 5.6 31.3 13/2.4 55 3.9 5/4.8 1.1 0.1
(4.6t06.8) (24.0t038.7) (32t09.4) (1.3t06.5) (04t02.5) (-151t01.7)
Non-Hodgkin 185225  48/12.8 3.8 19.0 91.7 5.4 4.0 10/3.2 3.1 3.7
lymphoma (2.8t05.0) (11.71t026.3) (2.8t010.4) (0.8t07.1) (1.7t05.8) (0.3t07.0)
Neuroblastoma 169704  20/7.2 2.8 7.5 3/0.7 4.5 1.4 3/1.6 1.8 0.8
(1.8t04.3) (2.4t012.7) (1.5t0 14.0) (-0.6t0 3.4) (06t05.7) (-1.2t02.8)
Heritable 15158.3 113/8.4 13.4 69.0 11/0.9 125 6.7 15/1.9 7.9 8.6
retinoblastomad (11.1to 16.1) (65.21t0 82.7) (6.9t022.6) (2.4t011.0) (4.8t013.1) (3.6t0183.7)
Nonheritable 18369.9 19/11.2 1.7 4.2 1/1.2 0.8 -0.1 2/2.6 0.8 -0.3
retinoblastoma (1.1t02.7) (-0.4108.9) (0.1t05.7) (-1.2t00.9) (02t03.1) (-1.81t01.2)
Wilms tumor 342876  72/15.2 4.7 16.6 17/1.3 13.0 4.6 9/3.5 2.6 1.6
(3.8t06.0) (11.7t021.4) (8.1t020.8) (2.2t06.9) (1.3t04.9 (-0.1103.3)
Bone tumor 129134  49/11.2 4.4 29.3 3/1.3 2.3 1.3 4/2.7 1.5 1.0
(3.3t05.8) (18.71t039.9) 0.7t07.0) (-1.3t03.9) (0.6t04.0) (-2.0t04.0)
Soft tissue sarcoma 26667.1 57/17.9 3.2 14.7 7/2.1 3.3 1.8 12/4.3 2.8 2.9
(2.5t04.1) (9.1t020.2) (1.6t06.9 (-0.1t03.8) (1.6t05.0) (0.4t05.4)
Other 33610.1 75/26.1 2.9 14.5 11/2.7 44 25 7/6.0 1.2 0.3
2.3t03.6) (9.5t019.6) 2.3t07.5) (0.5t04.4) 061025 (-1.2t01.9)
P neterogensity <.001 <.001 <.001 <.001 <.001 <.001
Attained age, y
5-19 140017.6  189/18.2 10.4 12.2 14/0.5 28.3 1.0 5/1.8 2.7 0.2
(9.0t0 12.0) (10.3to 14.1) (16.7t047.7) (0.41t01.5) (1.1t06.6) (-0.11t00.5)
20-29 1259429 207/42.5 4.9 13.1 20/1.9 10.4 1.4 22/13.1 1.7 0.7
(4.3t05.6) (10.8t015.3) (6.7t016.2) (0.7 to 2.1) (1.1t02.5) (-0.0to1.4)
30-39 69626.9 231/56.9 4.1 25.0 35/4.5 7.8 4.4 32/15.9 2.0 2.3
(3.6t04.6) (20.7t029.3) (6.6t010.9) (2.7 t06.0) (14t02.8) (0.7t03.9)
40-49 26157.7 133/52.4 2.5 30.8 23/71 3.2 6.1 20/9.8 2.0 3.9
2.11t03.0) (22.21039.5) 21t04.8) (25t09.7) (131032 (05t07.2)
=50 8164.7 77/45.5 1.7 38.6 13/8.7 1.5 53 21/10.6 2.0 12.7
(1.4t02.1) (17.5t059.7) 0.9t02.6) (-3.3t0 14.0) (1.3t103.0) (1.7t023.7)
P tend <.001 <.001 <.001 <.001 .96 <.001

Abbreviations: AER, absolute excess risk; Cl, confidence interval; Exp, expected; Obs, observed; SIR, standardized incidence ratio.
2(Cls should be interpreted cautiously if based on fewer than 5 observed events.
DAER is shown per 10000 person-years; Cls should be interpreted cautiously if based on fewer than 5 observed events.

CBased on International Classification of Childhood Cancer.

dHeritable retinoblastoma defined as bilateral retinoblastoma or family history of retinoblastoma.
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Survivors treated with direct abdomino-
pelvic radiotherapy had a 3.1 times in-
creased RR (95% CI, 1.5-6.5) com-
pared with those not treated with
radiotherapy (eTable 2).

AER by Attained Age

AERs for specific subsequent primary
neoplasm categories by attained age and
the percentage of the total age-specific

SUBSEQUENT PRIMARY NEOPLASMS AFTER CHILDHOOD CANCER

AER associated with each subsequent
primary neoplasm category are shown in
TABLE 3. At younger than 20 years,
glioma and bone subsequent primary
neoplasms accounted for 57% of the total
AER of developing a subsequent pri-
mary neoplasm, whereas at older than 40
years, these subsequent primary neo-
plasms accounted for only 6% of the total
AER. In contrast, digestive and genito-

urinary subsequent primary neoplasms
contributed the largest AER at older than
40 years compared with other subse-
quent primary neoplasm categories
(P<.001); 36% of the total AER was at-
tributable to genitourinary and diges-
tive subsequent primary neoplasms.
Overall, 52% of the total AER was attrib-
utable to digestive, genitourinary, breast,
or respiratory sites at older than 40 years.

- __________________________________________________________________________________________]
Table 2. Standardized Incidence Ratios and Absolute Excess Risks for Glioma, Breast, and Bone Subsequent Primary Neoplasms by Sex,
Childhood Cancer Type, and Attained Age

Glioma Breast Bone
[ 1T 1T 1
No. SIR AER No. SIR AER No. SIR AER
Obs/Exp  (95% CI)@  (95% Ch)P  Obs/Exp  (95% C)@  (95% C)P  Obs/Exp (95% CI)2 (95% CI)P
Overall 105/16.2 6.5 2.4 97/43.6 2.2 1.4 94/3.1 30.5 2.5
(6.4t07.8) (1.9t02.9) (1.8t02.7) (0.9t02.0) (2491t037.3) (1.9t03.0)
Sex
Male 53/9.4 5.7 2.2 2/0.2 12.8 0.1 58/1.9 30.3 2.8
(4.3t07.4) (1.5t02.9) (3.2t051.3) (-0.0t00.2) (28.41t039.2) (2.1t03.5)
Female 52/6.8 7.6 2.7 95/43.4 2.2 3.0 36/1.2 30.7 21
(5.8t010.0) (1.8t03.5) (1.8t02.7) (1.9t04.2) (22.21t042.6) (1.4102.7)
P heterageneity 13 .38 .05 <.001 .95 15
Childhood cancer type®
Central nervous system 50/4.1 12.3 5.3 10/138.1 0.8 -0.4 6/0.7 8.7 0.6
9.3t016.2) (3.7106.9) 04t01.4) (-1.1t00.4) 89t019.5  (0.1t01.2)
Leukemia 27/2.9 9.4 3.0 7/3.5 2.0 0.4 5/0.7 6.7 0.5
(6.5t0 13.7) (1.7t04.3) (1.0t04.2) (-0.2to 1.1) (28t016.1)  (-0.0to 1.1)
Hodgkin lymphoma 41.4 2.9 1.0 24/2.7 8.9 7.8 6/0.2 27.7 2.1
(11t07.7) (-0.5t02.4) (6.9t013.2) (4.3t0 11.3) (12.4t061.6) (0.4t03.9)
Non-Hodgkin 6/0.9 6.5 2.7 2/2.1 1.0 -0.0 2/0.2 12.7 1.0
lymphoma (29to14.6) (0.2t05.3) (0.2t08.9 (-1.5t01.5) (8.2 t0 50.8) (-0.5t0 2.5)
Neuroblastoma 2/0.7 3.0 0.8 1/1.3 0.8 -0.2 0/0.1 0 -0.1d
(0.8t012.2) (-0.8t02.4) (01t05.4) (-1.3t01.0)
Heritable 3/0.6 4.7 1.6 9/1.9 4.7 4.7 35/0.1 289.2 23.0
retinoblastoma® (1.56t0 14.5) (-0.7 t0 3.8) (2.4 t09.0) (0.8t0 8.6) (207.6 t0 402.8) (15.4 t0 30.7)
Nonheritable 1/0.8 1.3 0.1 5/2.5 2.0 1.4 4/0.1 26.9 2.1
retinoblastoma (0.2t08.9) (-1.0t01.2) (0.8t04.8) (-1.0t03.7) (10.1t071.7)  (-0.0t0 4.2)
Wilms tumor 3/1.3 2.2 0.5 9/2.9 3.1 1.8 6/0.3 20.2 1.7
(0.7t07.0) (-0.5t0 1.5) (1.6t05.9) (0.1t0 3.5) (9.1 to 44.9) (0.3t03.1)
Bone tumor 2/0.7 3.0 1.0 12/2.6 4.5 7.2 13/0.1 136.3 10.0
(0.7t012.0) (-1.1t03.2) (2.6t08.0) (2.0t012.5) (79.21t0234.8) (4.5t015.5)
Soft tissue sarcoma 4/1.3 3.2 1.0 8/3.6 2.2 1.7 8/0.2 36.6 2.9
(1.2t08.5) (-0.4t02.5) (11t04.5) (-0.41t03.7) (18.3t0 73.1)  (0.8t05.0)
Other 3/1.6 1.9 0.4 10/7.3 1.4 0.8 9/0.3 35.5 2.6
(0.6t05.8) (-0.6t0 1.4) (0.7t02.6) (-1.0t02.7) (18.5t068.3)  (0.9t04.4)
P heterogensity <.001 <.001 <.001 <.001 <.001 <.001
Attained age, y
5-19 40/3.6 11.0 2.6 1/0.1 18.7 0.1 63/1.7 38.0 4.4
(8.1t015.00 (1.7t03.5) (1.9t097.4) (-0.1t00.2) (29.7t048.7)  (3.3t05.5)
20-29 29/4.6 6.3 1.9 16/2.4 6.7 1.1 22/0.9 25.3 1.7
(4.41t09.1) (1.1t02.8) (41t011.00 (0.5t01.7) (16.7t038.4) (0.9t02.4)
30-39 26/4.3 6.1 3.1 44/13.0 3.4 4.5 8/0.3 23.1 1.1
(4.2109.0) (1.7 t0 4.6) (2.51t0 4.6) (2.6106.3) (11.5t046.1)  (0.3t01.9)
40-49 6/2.5 2.4 1.4 25/17.1 1.5 3.0 1/0.1 71 0.3
(11t05.4) (-0.5t03.2) (1.0t02.2) (-0.7t06.8) (1.0t050.1)  (-0.4to 1.1)
=50 4/1.3 3.1 3.3 11/11.0 1.0 0.0 0/0.1 0 -0.1d
(1.2t08.3) (-1.5t08.1) (0.6t01.8) (-7.91t08.0)
P end <.001 .48 <.001 <.001 .002 <001

Abbreviations: AER, absolute excess risk; Cl, confidence interval; Exp, expected; Obs, observed; SIR, standardized incidence ratio.
2(Cls should be interpreted cautiously if based on fewer than 5 observed events.

DAER is shown per 10000 person-years; Cls should be interpreted cautiously if based on fewer than 5 observed events.

CBased on International Classification of Childhood Cancer.

dClI could not be calculated because observed number of events was zero.

€ Heritable retinoblastoma defined as bilateral retinoblastoma or family history of retinoblastoma.
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Table 3. Absolute Excess Risk for Specific Subsequent Neoplasm Types by Attained Age as a Proportion of the Total Specific Absolute Excess Risk

Attained Age, y
[ 1

5-19 20-29 30-39 =40
[ 11 1 1T 1
Subsequent No. Obs/ AER % of No. Obs/ AER % of No. Obs/ AER % of No. Obs/ AER % of
Neoplasm Exp (95% Cl)2  Total Exp (95% CI)2  Total Exp (95% Cl)2  Total Exp (95% Cl)2  Total
Digestiveb 14/0.5 1.0 79 20119 1.4 11.0 35/4.5 4.4 175  36/15.8 5.9 18.0
0.4101.5) 0.7102.1) (2.7106.0) 2.5109.3)
Glioma 40/3.6 2.6 213  29/4.6 1.9 148  26/4.3 3.1 125  10/3.7 1.8 5.6
(1.7t0 3.5) (1.1t02.8) (1.7t0 4.6 (0.0t0 3.6)
Genitourinary© 5/1.8 0.2 1.9  22/131 0.7 54  32/15.9 2.3 9.2 41/20.4 6.0 18.3
(-0.110 0.5) (-0.010 1.4) 0.7t03.9 2.3109.6)
Breast 1/0.1 0.1 0.5 16/2.4 11 8.3 44/13.0 4.5 17.8 36/28.1 2.3 7.0
(-0.1t00.2) (0.5t01.7) (261t06.3) (-1.1t05.7)
Bone 63/1.7 4.4 35.9 22/0.9 1.7 12.8 8/0.3 1.1 4.4 1/0.2 0.2 0.7
3.3105.5) 0.9t02.4) 0.3t01.9) (-0.3100.8)
Connective and soft 10/0.9 0.7 53 201141 1.5 1.5 14/0.8 1.9 7.6  10/0.7 2.7 8.3
tissue (0.2t01.1) (0.8t02.2) (0.8t02.9) (0.9t0 4.5)
Thyroid 10/0.4 0.7 56 19/1.6 1.4 106 2117 2.8 111 10/1.0 2.6 8.0
0210 1.1) 0.7102.1) (1510 4.1) 0.810 4.4)
Leukemia 15/3.5 0.8 6.7 10/2.5 0.6 4.6 3/1.8 0.2 0.7 6/2.1 1.1 3.5
(0.3t0 1.4) (0.1to1.1) (-0.3t00.7) (-0.3t02.5)
Oral 10/0.4 0.7 56 14/0.7 1.1 8.1 8/1.1 1.0 40 13/3.1 2.9 8.8
©02t01.1) 05t01.6) 02t01.8) 0.810 4.9)
Melanoma 6/0.7 0.4 3.1 13/4.6 0.7 5.1 11/5.6 0.8 3.1 7/5.1 0.6 1.7
(0.0t0 0.7) (01t01.2) (-0.2t01.7) (-0.9t02.1)
Respiratory 3/0.2 0.2 1.6 4/0.7 0.3 2.0 91.7 1.1 4.2 20/10.0 2.9 9.0
0.0t00.4) (-0.010 0.6) 0.2t01.9) (0.4 10 5.5)
Other and unspecified 12/4.4 0.5 4.4 18/8.5 0.8 58 20/6.3 2.0 7.9 20/76 3.6 1.0
©0.1t01.0) 0.1t01.4) (0.7t03.2) (1.0t06.2)
Total 189/18.2 12.2 100.0 207/42.5 131 100.0 231/56.9 25.0 100.0 210/97.9 32.7 100.0
(10.3t0 14.1) (10.81t0 15.3) (20.7 10 29.3) (24.4 10 40.9)

Abbreviations: AER, Absolute excess risk; Cl, confidence interval; Exp, expected; Obs, observed.

2AER is shown per 10000 person-years; Cls should be interpreted cautiously if based on fewer than 5 observed events.
Subcategories: lower abdominal (57), upper abdominal (28), peritoneum (18), and other (2).

CSubcategories: urinary bladder (25), urinary kidney (17), female genital organs (41), and male genital organs (17).

- _______________________________________________________________________________________________]
Table 4. Absolute Excess Risk for Digestive, Genitourinary, Breast, and Respiratory Subsequent Primary Neoplasms in Survivors Older Than 40
Years by Type of Childhood Cancer

Digestive Genitourinary Breast Respiratory
[ 1 [ 1 [ 1 [ 1
No. Obs/ AER No. Obs/ AER No. Obs/ AER No. Obs/ AER
Type of Childhood Cancer Exp (95% CI)2 Exp (95% CI)2 Exp (95% CI)2 Exp (95% CI)2
Central nervous system 9/5.1 3.6 13/6.6 5.9 7/9.0 -1.8 3/3.3 -0.2
(-1.8t09.0) (-0.6to 12.4) (-6.6t0 3.0) (-8.41t02.9)
Leukemia 0/0.3 -2.8b 1/0.5 4.0 0/0.9 -7.3b 0/0.2 —1.4b
(-11.810 19.7)
Hodgkin lymphoma ams 15.1 3/2.0 2.9 117 26.4 711 16.9
(0.31t029.9) (-6.8t0 12.6) (7.910 44.9) (2.1t031.7)
Non-Hodgkin lymphoma 4/1.3 11.5 5/1.5 14.7 115 -2.0 2/0.8 5.0
(-5.0to0 28.1) (-3.81t033.3) (-10.3t06.3) (-6.7t0 16.7)
Neuroblastoma 0/0.4 -3.9P 1/0.5 4.3 1/0.7 2.7 0/0.2 -2.3P
(-14.11t022.7) (-16.71021.2)
Heritable retinoblastoma 3/0.6 15.4 8/0.8 46.5 3/1.3 10.7 5/0.4 30.0
(-6.6 to 37.4) (10.510 82.5) (-11.31032.8) (1.5t0 58.4)
Nonheritable retinoblastoma 1/0.9 0.4 11.2 -1.1 3/1.7 6.7 0/0.6 -3.00
(-9.6t0 10.9) (-11.11t0 8.8) (-10.5t0 24.0)
Wilms tumor 5/0.8 20.7 0/1.0 -5.1P M7 -3.5 0/0.4 —2.2b
(-0.7 to 42.1) (-13.1t0 6.0)
Bone tumor 1/1.0 -0.1 1/1.4 -1.9 4/1.9 10.8 1/0.7 1.7
(-10.1t09.8) (-11.8t08.1) (-9.1 t0 30.7) (-8.3t0 11.6)
Soft tissue sarcoma 2/1.6 1.1 6/2.1 11.8 2/2.5 -1.6 1/1.0 -0.1
(-7.2t09.4) (-2.6t026.3) (-9.9t0 6.8) (-6.0t05.8)
Other 4/2.0 4.6 2/2.8 -1.7 3/56.2 -4.9 1/1.2 -0.5
(-4.3t013.5) (-8.0to 4.5) (-12.6t02.8) (-5.0t03.9)
Abbreviations: AER, absolute excess risk; Cl, confidence interval; Exp, expected; Obs, observed.
2AER per 10000 person-years; Cls should be interpreted cautiously if based on fewer than 5 observed events.
PGl could not be calculated because observed number of events is zero.
2316 JAMA, June 8, 2011—Vol 305, No. 22 ©2011 American Medical Association. All rights reserved.
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TABLE 4 shows AERs at older than
40 years for digestive, genitourinary,
breast, and respiratory subsequent pri-
mary neoplasms by type of childhood
cancer. At this age, Wilms tumor, heri-
table retinoblastoma, and Hodgkin lym-
phoma survivors had the highest AERs
for developing a digestive subsequent
primary neoplasm. For genitourinary
subsequent primary neoplasms, the
AER at older than 40 years was great-
est among heritable retinoblastoma sur-
vivors. With regard to breast subse-
quent primary neoplasms, Hodgkin
survivors exhibited the highest AERs at
this age. The AER for respiratory sub-
sequent primary neoplasms at older
than 40 years was highest for heri-
table retinoblastoma and Hodgkin lym-
phoma survivors.

Cumulative Incidence

The cumulative percentage of survi-
vors developing a subsequent primary
neoplasm increased steadily with at-
tained age from 1.6% (95% CI, 1.4%-
1.9%) at age 20 years to 13.8% (95% CI,
12.3%-15.5%) at age 60 years, whereas
8.4% was expected at the latter age
based on rates from the general popu-
lation (FIGURE 1). Five percent (95%
CI, 4.6%-5.5%) of survivors had devel-
oped a subsequent primary neoplasm
by age 38 years, whereas it took until
age 54 years for 5% of a comparable co-
hort (based on the general population
rates) to develop a cancer.

The cumulative incidence of devel-
oping colorectal cancer by age 50 years
was 1.4% (95% CI, 0.7%-2.6%) for sur-
vivors treated with direct abdomino-
pelvic irradiation (FIGURE 2). This risk
is comparable to the equivalent per-
centage (1.2%) for individuals with at
least 2 first-degree relatives affected by
colorectal cancer.

COMMENT

In this large-scale population-based
study, we demonstrated, to our knowl-
edge for the first time, that survivors of
childhood cancer treated with direct ab-
dominopelvic irradiation have a risk of
developing colorectal cancer that is
comparable to that of individuals with

SUBSEQUENT PRIMARY NEOPLASMS AFTER CHILDHOOD CANCER

]
Figure 1. Observed Cumulative Incidence of a Subsequent Primary Neoplasm

Cumulative Incidence, %
[o0)
!

Observed subsequent primary neoplasms

Expected neoplasms

Attained Age, vy

No. at risk 34

7939 12056 15241 12549 9703 6784 4180 2399

1856 651 213

Observed cumulative incidence of a subsequent primary neoplasm (accounting for competing risk of death)
and corresponding expected cumulative incidence. The expected cumulative incidence was estimated by the
conditional method? using neoplasm incidence rates from the general population of England and Wales."™

Error bars indicate 95% confidence intervals.

astrong family history of colorectal can-
cer. In Great Britain, individuals with
at least 2 first-degree relatives affected
by colorectal cancer are currently being
considered for routine screening colo-
noscopy under the National Health Ser-
vice bowel cancer screening pro-
gram,”>?® but survivors treated with
direct abdominopelvic irradiation are
not, despite having a comparable risk.
In Great Britain, there are currently no
survivorship guidelines relating to the
risk of colorectal cancer in survivors
treated with direct abdominopelvic ir-
radiation.

In the United States, current survi-
vorship guidelines recommend colonos-
copy every 5 years from age 35 years for
survivors treated with at least 30 Gy of
irradiation to the abdomen, pelvis, or
spine?’; however, to our knowledge,
there are no accurate published risk es-
timates to justify this recommenda-
tion. A recent North American study
showed that the vast majority of survi-
vors treated with at least 30 Gy of irra-
diation to the abdomen, pelvis, or spine
do not undergo colonoscopy.” Clearly,
there is potential for reducing the num-
ber of colorectal cancers among survi-
vors of childhood cancer treated with di-
rect abdominopelvic irradiation.

©2011 American Medical Association. All rights reserved.
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Another important finding of this
study is that childhood cancer survi-
vors remain at risk for developing sub-
sequent primary neoplasms at older than
40 years. Among survivors younger than
20 years, bone tumor and glioma sub-
sequent primary neoplasms account for
more than 50% of the total AER of de-
veloping a subsequent primary neo-
plasm, but as survivors age, this propor-
tion decreases rapidly.

In contrast, the AER for digestive and
genitourinary subsequent primary neo-
plasms is low among survivors younger
than 20 years, but increases substan-
tially with attained age, and at older than
40 years, these subsequent primary neo-
plasms account for 36% of the total AER.
Atolder than 40 years, the AER of devel-
oping a digestive subsequent primary
neoplasm is highest among survivors of
Wilms tumor, heritable retinoblas-
toma, and Hodgkin lymphoma. These
increased risks of digestive subsequent
primary neoplasms are likely to be related
to previous exposure of the digestive tract
to radiation, except following heritable
retinoblastoma. We found a 3-fold
increased RR for survivors treated with
direct abdominopelvic irradiation.

The highest AER for genitourinary
subsequent primary neoplasms was

JAMA, June 8, 2011—Vol 305, No. 22 2317
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]
Figure 2. Cumulative Incidence of Developing Subsequent Colorectal Cancer for Survivors

Treated With Direct Abdominopelvic Irradiation

Survivors

Direct abdominopelvic radiation
------ No radiotherapy

— — — 22First-degreerelatives

with colorectal cancer
----------- >1 First-degree relative
with colorectal cancer
Expected general population

7 | General population
1.4
S 1.2+
g ]
2 1.04
[0
3 ]
2 038
o ]
E 0.6+
E ]
S 0.4
@] ]
0.2+
0,
5 10 15
No. at risk
Abdominopelvic radiotherapy 2
No radiotherapy 6

899 1222 1490 1410 1266 970
1617 2258 3398 3103 2622 1991 1333 806 449

Attained Age, vy

627 362 211

Cumulative incidence of developing a second primary colorectal cancer for survivors treated with direct ab-
dominopelvic irradiation, corresponding cumulative incidence based on incidence rates of colorectal cancer for
individuals with specific family histories of colorectal cancer,*?* and expected general population cumulative
incidence of colorectal cancer. The expected cumulative incidence was estimated by the conditional method
using colorectal cancer incidence rates from the general population of England and Wales."

observed after heritable retinoblas-
toma, suggesting that this excess risk
is at least partially attributable to
genetic predisposition. AERs for geni-
tourinary subsequent primary neo-
plasms were also high after non-
Hodgkin lymphoma and soft tissue
sarcoma, which suggests that treat-
ments for these neoplasms may be
implicated in the development of the
observed excess genitourinary subse-
quent primary neoplasms. Rigorous
investigation of the elements of treat-
ment will require large case-control
studies. Two such nested case-control
studies investigating the risks of diges-
tive and genitourinary subsequent pri-
mary neoplasms in relation to cumula-
tive dose of radiation and specific
chemotherapeutic agents are funded
and currently being undertaken as
part of a collaboration throughout
Europe—Pan-European Network for
Care of Survivors after Childhood and
Adolescent Cancer (PanCareSurFup
[http://www.pancare.eu/en]).

Our finding that the majority (52%)
of the total AER at older than 40 years
was attributable to digestive, genito-
urinary, breast, and respiratory subse-

2318 JAMA, June 8, 2011—Vol 305, No. 22

quent primary neoplasms is broadly
consistent with the only previous large-
scale population-based cohort study
with sufficient follow-up at older than
40 years to satisfactorily assess risk.! In
the general population of the United
Kingdom, cancer at these 4 sites ac-
counted for 74% of all incident can-
cers.” Even small increased RRs of can-
cers occurring so commonly in the
general population will result in large
numbers of additional cancers occur-
ring in survivors compared with ex-
pected numbers.

Given the excesses observed among
those older than 40 years, these survi-
vors should be encouraged to partici-
pate in existing general population
screening programs. In the United
Kingdom, the National Health Service
has ongoing screening programs that
are related to breast, cervical, and bowel
cancers.”® Table 4 provides useful risk
stratification information concerning
the groups of survivors at particularly
high excess risk of specific second pri-
mary cancers at older than 40 years. It
should be emphasized that the AER for
most subsequent primary neoplasms
was still relatively low; although for

genitourinary and digestive subse-
quent primary neoplasms, it increased
rapidly with attained age, and if con-
tinued into old age, a substantial num-
ber of survivors would develop such
subsequent primary neoplasms.

Study Limitations

A potential limitation of our study is the
lack of detailed data on radiotherapy
and chemotherapy exposures that pre-
cluded detailed examination of dose-
response patterns of treatment expo-
sures in relation to subsequent primary
neoplasm risk. Survivors included in the
current cohort were treated between
1940 and 1991 and consequently, find-
ings may not be translatable to survi-
vors treated in more recent years. Fur-
ther follow-up is necessary to address
the risks of subsequent primary neo-
plasms of survivors treated more re-
cently, mainly because of substantial
changes in exposure to radiotherapy.
Radiotherapy has developed over the
decades to provide more focused de-
livery of the maximal dose to the tu-
mor tissue, with minimal levels of ex-
posure to adjacent tissue. Therefore,
more modern radiotherapy treatment
techniques are likely to result in fewer
cancers of surrounding tissue.

Surveillance bias might explain some
of the excess risk observed beyond that
expected from the general population.
However, it is unlikely to account for
more than a small element of the ex-
cess observed for most cancers be-
cause we specifically excluded NMSCs
and nonglioma brain CNS tumors.
These 2 groups of neoplasms are known
to be subject to the highest levels of un-
derascertainment in the general popu-
lation, and because of the indolent
natural history of development char-
acterizing these neoplasms, there is the
possibility of disproportionately bet-
ter ascertainment in cancer survivors
because of greater surveillance. Al-
most all cancers found to be in excess
of that expected in this investigation are
not characterized by such an indolent
history of development and they pre-
sent fairly rapidly as invasive cancer that
is unlikely to missed.

©2011 American Medical Association. All rights reserved.
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In conclusion, survivors of child-
hood cancer remain at increased risk
of developing a subsequent primary
neoplasm at older than 40 years,
although the AERs of developing a
subsequent primary neoplasm are
generally small. The AER at older
than 40 years is highest for digestive
and genitourinary subsequent primary
neoplasms. Efforts to reduce the abso-
lute number of survivors developing a
subsequent primary neoplasm should
therefore focus on digestive and geni-
tourinary subsequent primary neo-
plasms. The risk of developing colo-
rectal cancer in survivors treated with
direct abdominopelvic irradiation is
comparable to that of individuals who
have at least 2 first-degree relatives
affected and for whom routine colo-
noscopy is currently being consid-
ered. This raises the question of
whether childhood cancer survivors
treated with direct abdominopelvic
irradiation should be similarly consid-
ered for routine colonoscopy for colo-
rectal cancer.
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