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Background The occurrence of subsequent neoplasms has direct impact on the quantity and quality of life in cancer survi-
vors. We have expanded our analysis of these events in the Childhood Cancer Survivor Study (CCSS) to better

understand the occurrence of these events as the survivor population ages.

Methods The incidence of and risk for subsequent neoplasms occurring 5 years or more after the childhood cancer diag-
nosis were determined among 14359 5-year survivors in the CCSS who were treated from 1970 through 1986
and who were at a median age of 30 years (range = 5-56 years) for this analysis. At 30 years after childhood
cancer diagnosis, we calculated cumulative incidence at 30 years of subsequent neoplasms and calculated stan-
dardized incidence ratios (SIRs), excess absolute risks (EARs) for invasive second malignant neoplasms, and

relative risks for subsequent neoplasms by use of multivariable Poisson regression.

Results Among 14359 5-year survivors, 1402 subsequently developed 2703 neoplasms. Cumulative incidence at
30 years after the childhood cancer diagnosis was 20.5% (95% confidence interval [CI] = 19.1% to 21.8%) for all
subsequent neoplasms, 7.9% (95% Cl = 7.2% to 8.5%) for second malignant neoplasms (excluding nonmela-
noma skin cancer), 9.1% (95% Cl = 8.1% to 10.1%) for nonmelanoma skin cancer, and 3.1% (95% CI = 2.5% to
3.8%) for meningioma. Excess risk was evident for all primary diagnoses (EAR = 2.6 per 1000 person-years, 95%
Cl = 2.4 to 2.9 per 1000 person-years; SIR = 6.0, 95% Cl| = 5.5 to 6.4), with the highest being for Hodgkin lym-
phoma (SIR = 8.7, 95% Cl = 7.7 to 9.8) and Ewing sarcoma (SIR = 8.5, 95% Cl = 6.2 to 11.7). In the Poisson mul-
tivariable analysis, female sex, older age at diagnosis, earlier treatment era, diagnosis of Hodgkin lymphoma,
and treatment with radiation therapy were associated with increased risk of subsequent neoplasm.

Conclusions As childhood cancer survivors progress through adulthood, risk of subsequent neoplasms increases. Patients
surviving Hodgkin lymphoma are at greatest risk. There is no evidence of risk reduction with increasing dura-

tion of follow-up.
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The survival rate for childhood cancer has increased from 1970 to
the present, with 5-year survival rates now approaching 80% (1).
Coincident with this survivorship has been the recognition that
survivors are at risk for subsequent neoplasms (2-15).

In this article, we analyzed the cumulative incidence patterns of
subsequent neoplasms and risk factors related to the host, the
disease, and the treatment among initial 5-year survivors in the
Childhood Cancer Survivor Study (CCSS). Survivors had a mean of
22.7 years of follow-up and a median of 22.9 years (range = 5.0-36.7
years) of follow-up since their childhood cancer diagnosis. Among
survivors who were found at the last contact to have died, the mean
duration of follow-up was 10.6 years (median = 8.8 years, range =
5.0-33.1 years); among those still alive, the mean follow-up time was
23.8 years (median = 23.6 years, range = 7.0-36.7 years).

jnci.oxfordjournals.org

In 2001, we reported (3) 314 subsequent malignant neo-
plasms in 298 survivors in this cohort and subsequently have
reported (5,6,9-11,13,14) on specific risk groups for subsequent
neoplasms, including a recent review of previously reported
data (15). However, incidence and the spectrum of and risk
factors for subsequent neoplasms have clearly changed with
ongoing follow-up in the CCSS, for which the mean follow-up
of the cohort now exceeds 20 years after childhood cancer
diagnosis.

The occurrence of subsequent neoplasms has direct impact on
the quantity and quality of life in cancer survivors. We have ex-
panded our analyses of subsequent neoplasms in the CCSS to
better understand incidence of and risk factors for these events as
the survivor population ages.
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CONTEXT AND CAVEATS

Prior knowledge
Survivors of childhood cancers are at increased risk for subsequent
neoplasms.

Study design

The incidence of subsequent neoplasms between 5 and 30 years
after a diagnosis of childhood cancer was determined in a cohort
of childhood cancer survivors whose median age at this analysis
was 30 years. The cumulative incidence at 30 years of subsequent
neoplasms and risk for subsequent neoplasms were calculated.

Contribution

Cumulative incidence at 30 years after the childhood cancer diag-
nosis was high for all subsequent neoplasms, especially for second
malignant neoplasms, nonmelanoma skin cancer, and menin-
gioma. Excess risk was observed for all primary diagnoses, the
highest being for Hodgkin lymphoma and Ewing sarcoma. Factors
associated with risk of subsequent neoplasms were female sex,
older age at diagnosis, earlier treatment era, diagnosis of Hodgkin
lymphoma, and treatment with radiation therapy. Risk did not
appear to decrease with increasing follow-up time.

Implications
Survivors of childhood cancers continue to be at increased risk of
subsequent cancers. This risk is expected to increase as they age.

Limitations

Details about radiation therapy dosimetry were not calculated for all
participants. Nontherapeutic exposures (such as tobacco, alcohol, and
diet) were not available for analysis. Data on subsequent neoplasms
were initially obtained by self-report, but subsequently verified.

From the Editors

Participants and Methods

The CCSS Cohort

The CCSS is a well-characterized cohort of survivors of childhood
cancer that was constructed to evaluate hypotheses related to the
long-term health outcomes of this unique population
(www.stjude.org/ccss) (16,17). Eligibility included treatment at
one of the collaborating institutions (Supplementary Table 1,
available online) between January 1, 1970, and December 31,
1986, for leukemia, Hodgkin lymphoma, non-Hodgkin lym-
phoma, neuroblastoma, soft tissue sarcoma, bone cancer, central
nervous system malignancy, or kidney cancer that was diagnosed
when the survivor was younger than 21 years and survival for at
least 5 years after diagnosis. The human subjects committee at
each institution approved the protocol, and informed consent was
obtained.

There were 20626 survivors eligible for the CCSS, of whom
3058 could not be located and 3205 refused to participate, result-
ing in a cohort of 14363 survivors. Patients who survived for at
least 5 years and subsequently died were included in the cohort.
This analysis was further limited to confirmed subsequent neo-
plasms that occurred among the 14359 cohort members, with a
median age of 30 years (range = 5-56 years), for whom complete
medical records were available.
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Cancer Treatment Information

Therapeutic exposures were ascertained through abstraction of
medical and radiation therapy records of each participant by use of
a standardized protocol (16,17). This abstraction included diagno-
sis, chemotherapy, radiation therapy, and surgical treatments.

Definition and Ascertainment of Subsequent Neoplasms
Subsequent neoplasms included the following three subsets that
were exclusive of one another: 1) subsequent malignant neoplasms,
which include only malignant diagnoses within the United States
Surveillance, Epidemiology, and End Results (SEER) with an
International Classification of Diseases for Oncology behavior
code of 3, excluding nonmelanoma skin cancers; 2) nonmalignant
meningioma; and 3) nonmelanoma skin cancers. All subsequent
neoplasms were initially ascertained through self- or proxy report
in questionnaires and/or death certificate. Subsequent neoplasms
were then confirmed by pathology report or, when not available,
confirmed by other medical records reviewed by study investiga-
tors. Because the CCSS is a cohort of 5-year survivors, only subse-
quent neoplasms occurring 5 years or more after the childhood
cancer diagnosis were included in this analysis.

Statistical Analysis

Cumulative incidence estimates of subsequent neoplasms were
calculated by use of time from 5 years after childhood cancer diag-
nosis to first occurrence of subsequent neoplasm, treating death as
a competing risk event and censoring at the date of last contact
(18). Standard errors of cumulative incidence estimates were calcu-
lated and used to evaluate 95% confidence intervals (CIs) (19).

Risks for second malignant neoplasms were calculated by use of
standardized incidence ratios (SIRs) and excess absolute risk (EAR)
per 1000 person-years. Nonmalignant meningiomas and nonmela-
noma skin cancers were not included in standardized incidence
ratio or excess absolute risk calculations because they are not ascer-
tained by SEER. Standardized incidence ratios of observed to
expected malignancies were calculated by use of age-, sex-, and
race-specific rates from SEER for the expected numbers of malig-
nancies (20). All subsequent malignant neoplasms were counted in
the numerator of standardized incidence ratios. Excess absolute
risk was determined by subtracting the expected number of malig-
nancies from the observed number, dividing the difference by the
person-years of follow-up, and multiplying by 1000. Person-years
of follow-up were calculated as the minimum time to subsequent
malignancy, death, or last contact.

Relative risks (RRs) of developing subsequent neoplasm, second
malignant neoplasm, meningioma, and nonmelanoma skin cancer
were estimated for each host characteristic and therapeutic expo-
sure by use of four Poisson multivariable regression models with
age as the timescale (21,22). Risk factors that were identified a
priori and used in the 2001 report (3) from the CCSS were in-
cluded in the multivariable models. The primary focus was on
treatment variables, and so the multivariable model included sex,
age (in 5-year age groups), treatment era (1970-1974, 1975-1979,
and 1980-1986), primary cancer diagnosis (as described above in
CCSS cohort description), radiation exposure (yes or no), splenec-
tomy (yes or no), and chemotherapeutic exposures (alkylating
agents, anthracyclines, epipodophyllotoxins, or platinum agents) as

Vol. 102, Issue 14 | July 21, 2010



categorical dose scores (0, 1, 2, or 3). These scores were deter-
mined as follows: for each individual agent, the tertiles of the cu-
mulative dose (0, 1, 2, or 3, with 0 indicating that the patient did
not receive the agent) were determined. The tertiles were then
summed for all of the agents within each of the four categories
(alkylating agents, anthracyclines, epipodophyllotoxins, and/or
platinum agents). Tertiles of these summed scores were then used
in the regression model (23). For analysis of risk conferred by pri-
mary cancer diagnosis, leukemia was chosen as the referent group
because it is the most common primary cancer in the CCSS
cohort. Treatment era cutoffs were chosen to be approximately the
same length of time and reflected periods in which therapeutic
exposures changed but then remained relatively stable over the
defined interval. All statistical tests were two-sided.

Results

Characteristics of the Cohort and of

Subsequent Neoplasms

Among the 14359 CCSS survivors with 325119 person-years of
follow-up, 1402 had at least one subsequent neoplasm and a total
of 2703 subsequent neoplasms had been reported. There were 802
second malignant neoplasms, 159 nonmalignant meningiomas
(plus 11 malignant meningiomas that were included in the 802
second malignant neoplasms), 168 other benign or in situ neo-
plasms, and 1574 nonmelanoma skin cancers. Among the 1402
survivors with a subsequent neoplasm, 732 had subsequent malig-
nant neoplasm, of whom 621 had subsequent malignant neoplasm
only and 111 also had nonmelanoma skin cancer, nonmalignant
meningioma, and/or another benign or nonmalignant condition.
Among the 670 survivors with no subsequent malignant neoplasm,
460 had nonmelanoma skin cancer (40 of whom also had nonma-
lignant meningioma and/or another benign or nonmalignant con-
dition) and 210 had neither subsequent malignant neoplasm nor
nonmelanoma skin cancer. Sixty-seven of the 732 survivors with a
subsequent malignant neoplasm had more than one subsequent
malignant neoplasm.

The characteristics of the cohort with comparisons of survi-
vors with and without subsequent neoplasms are shown in Table
1. In the overall CCSS cohort, a larger proportion of subsequent
neoplasms occurred among women, those who were older at
childhood cancer diagnosis, those who were treated with radia-
tion therapy, and those who were treated for Hodgkin lym-
phoma. A larger portion of survivors with subsequent neoplasms
were also deceased at the time of the analysis, compared with
those survivors who had not developed a subsequent neoplasm
(Table 1).

The most frequent subsequent malignancies were nonmelanoma
skin cancer (n = 1574) and breast cancer (n = 252). Associations
between primary and secondary and subsequent neoplasms are
shown in Table 2. There were 1402 second neoplasms and 1301 third
or subsequent neoplasms in the cohort, with the greatest number
occurring among survivors of Hodgkin lymphoma. Tumors of
the central nervous system occurred most often after a primary
diagnosis of a central nervous tumor or acute lymphoblastic
leukemia. Second and subsequent solid organ and skin cancers most
commonly followed a primary diagnosis of Hodgkin lymphoma.

jnci.oxfordjournals.org

Cumulative Incidence of Subsequent Neoplasms
Cumulative incidence at 30 years after childhood cancer diagnosis
was 20.5% (95% CI = 19.1% to 21.8%) for all first of the sub-
sequent neoplasms and was higher for patients treated with radia-
tion therapy for their primary cancer than for those not receiving
radiation therapy. The 30-year cumulative incidence by subse-
quent neoplasm subtype was 7.9% (95% CI = 7.2% to 8.5%) for
second malignant neoplasms, excluding nonmelanoma skin can-
cer, 9.1% (95% CI = 8.1% to 10.1%) for nonmelanoma skin
cancer, and 3.1% (95% CI = 2.5% to 3.8%) for meningiomas
(Figure 1). The 30-year cumulative incidence for the first of the
subsequent neoplasms by primary cancer diagnosis was 18.4%
(95% CI = 16.1% to 20.8%) for Hodgkin lymphoma, 8.8% (95%
CI = 6.5% to 11.1%) for soft tissue sarcoma, 6.0% (95% CI =
3.9% to 8.1%) for osteosarcoma, 10.1% (95% CI = 6.7% to
13.5%) for Ewing sarcoma, 5.9% (95% CI = 3.6% to 8.3%) for
neuroblastoma, 5.8% (95% CI =3.9% to 7.6%) for non-Hodgkin
lymphoma, 5.6% (95% CI = 4.5% to 6.7%) for leukemia, 7.8%
95% CI = 4.0% to 11.5%) for medulloblastoma, 4.7% (95%
CI =3.0% to 6.5%) for astrocytoma, and 4.0% (95% CI = 2.3%
to 5.6%) for kidney cancer (Figure 2). Survivors of Hodgkin lym-
phoma had the highest cumulative incidence of subsequent malig-
nant neoplasms (18.4%, 95% CI = 16.1% to 20.8%) and
nonmelanoma skin cancers (20.8%, 95% CI = 17.6% to 24.1%).
The highest cumulative incidence of meningioma occurred
among survivors of medulloblastoma (16.4%, 95% CI = 7.5% to
25.3%) (Table 3).

The 30-year cumulative incidence for selected subsequent
cancers was 5.0% (95% CI = 4.2% to 5.9%) for female breast
cancer, 0.4% (95% CI = 0.2% to 0.5%) for bone cancer, 0.9%
(95% CI = 0.6% to 1.1%) for soft tissue sarcoma, 0.3% (95%
CI=0.2% to 0.4%) for leukemia, 0.4% (95% CI =0.3% to 0.6%)
for lymphoma, 0.7% (95% CI = 0.5% to 0.8%) for central
nervous system tumor, 0.3% (95% CI = 0.2% to 0.5%) for head
and neck cancer, 0.4% (95% CI = 0.2% to 0.6%) for small intes-
tine and colorectal cancer, 0.1% (95% CI = 0.0% to 0.2%) for
lung cancer, and 1.4% (95% CI = 1.1% to 1.6%) for thyroid
cancer (data not shown).

Risk of Subsequent Malignant Neoplasms Compared

With That in the General Population

Increased risk for a subsequent malignant neoplasm occurring at
least 5 years after the childhood cancer diagnosis was found (SIR =
6.0, 95% CI = 5.5 to 6.4). Excess risk was evident for all primary
diagnoses and was highest for Hodgkin lymphoma (SIR = 8.7, 95%
CI = 7.7 to 9.8) and Ewing sarcoma (SIR = 8.5, 95% CI = 6.2 to
11.7). Increased excess absolute risk for subsequent malignant
neoplasms per 1000 person-years was also found (EAR = 2.6, 95%
CI = 24 to 2.9) and was highest for survivors of Hodgkin
lymphoma (EAR = 6.9, 95% CI = 6.0 to 7.9) and Ewing sarcoma
(EAR =5.1,95% CIL = 3.5 to 7.2) (Table 3).

Among subsequent malignant neoplasms occurring 5 years or
more after childhood cancer, risk was elevated for subsequent he-
matopoietic, central nervous system, and solid organ cancers. Of
particular note is the increased risk of solid organ malignancies
that typically occur in older adults, such as head and neck tumors
(SIR = 10.8, 95% CI = 7.8 to 15.0), small intestine and colorectal
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Table 1. Characteristics of the Childhood Cancer Survivor Study cohort*

Overall cohort

Survivors without a
subsequent neoplasm

Survivors with a
subsequent neoplasm

Characteristic (n =14359) (n =12957) (n = 1402) P
Mean age at diagnosis of primary cancer, y (SD) 7.8 (5.8) 7.5 (5.5) 10.5 (6.1) <.001
Sex, No. (%) <.001
Male 7714 (53.7) 7119 (564.9) 595 (42.4)
Female 6645 (46.3) 5838 (45.1) 807 (57.6)
Race, No. (%) <.001
White, non-Hispanic 11943 (83.2) 10699 (82.6) 1244 (88.7)
Black, non-Hispanic 668 (4.7) 641 (4.9) 27 (1.9)
Hispanic 751 (5.2) 708 (5.5) 43 (3.1)
Other 946 (6.6) 865 (6.7) 81 (5.8)
Unknown 1(0.4) 44 (0.3) 9 (3.0
Primary cancer diagnosis, No. (%) <.001
Leukemia 4830 (33.6) 4422 (34.2) 388 (27.7)
Acute lymphoblastic 4329 (30.1) 3983 (30.7) 346 (24.7)
Acute myeloid 356 (2.5) 327 (2.5) 29 (2.1)
Other 145 (1.0) 132 (1.0) 13 (0.9)
CNS cancer 1877 (13.1) 1714 (13.3) 163 (11.7)
Astrocytoma 1182 (8.2) 1007 (8.5) 85 (6.1)
Medulloblastoma 381 (2.7) 334 (2.6) 47 (3.4)
Other CNS 314 (2.2) 283 (2.2) 31(2.2)
Hodgkin lymphoma 1927 (13.4) 1474 (11.4) 453 (32.3)
Non-Hodgkin lymphoma 1080 (7.5) 998 (7.7) 82 (5.8)
Kidney tumors 1256 (8.7) 1205 (9.3) 51 (3.6)
Neuroblastoma 955 (6.7) 910 (7.0) 45 (3.2)
Bone and soft tissue tumors 2434 (17.0) 2214 (17.1) 220 (15.7)
Soft tissue sarcoma 1246 (8.7) 1134 (8.8) 112 (8.0)
Ewing sarcoma 403 (2.8) 354 (2.7) 49 (3.5)
Osteosarcoma 733 (5.1) 678 (5.2) 55 (3.9)
Other bone tumors 2 (0.4) 48 (0.4) 4(0.3)
Childhood cancer therapy, No. (%) <.001
Surgery only 909 (6.3) 871 (6.7) 8(2.7)
Radiation therapy only 1514 (10.5) 1238 (9.6) 276 (19.7)
Chemotherapy and radiation therapy 7022 (48.9) 6168 (47.6) 854 (60.9)
Chemotherapy and no radiation therapy 3091 (21.5) 2978 (23.0) 113 (8.1)
No treatment 2(0.1) 11 (0.1) 1(0.1)
Treatment unknown 1811 (12.6) 1691 (13.1) 120 (8.6)
Vital status, No. (%) <.001
Alive 12340 (85.9) 11285 (87.1) 1055 (75.2)
Deceased 2019 (14.1) 1672 (12.9) 347 (24.8)
Mean age at subsequent neoplasm diagnosis, y (SD) N/A N/A 29.5 (9.1)
Time in years from childhood cancer diagnosis to N/A N/A 19.0 (6.7)
second neoplasm diagnosis (SD)
Mean years of follow-up (SD) 22.7 (6.8) 22.4 (6.8) 25.5 (6.7) <.001

* Al statistical tests were two-sided. We use t tests for comparison of data with continuous variables and x? tests for dichotomous data. CNS = central nervous

system; SD = standard deviation.

cancer (SIR = 4.6, 95% CI = 3.2 to 6.8), and cancer of lung and
bronchus (SIR =3.4,95% CI = 1.9 to 6.1) and of the female genital
tract (SIR = 2.1, 95% CI = 1.4 to 3.2). The highest risks were
observed for subsequent bone cancer (SIR = 19.0, 95% CI = 14.2
to 25.5), thyroid cancer (SIR = 10.9, 95% CI = 9.1 to 12.9), head
and neck cancer (SIR = 10.8, 95% CI = 7.8 to 15.0), breast cancer
(SIR = 9.8, 95% CI = 8.4 to 11.5), central nervous system malig-
nancies (SIR = 10.4, 95% CI = 8.3 to 13.1), and soft tissue sarcoma
(SIR = 8.1, 95% CI = 6.4 to 10.2) (Table 4).

Latency for Subsequent Malignant Neoplasms

The median time to first occurrence of subsequent malignant
neoplasms was 17.8 years (range = 5.0-35.2 years). Median la-
tency between primary childhood cancer diagnosis and second

1086 Articles | JNCI

malignancy was shortest for leukemia (8.9 years, range =
5.0-31.1 years) and longest for small intestine and colorectal
cancers (23.1 years, range = 7.0-29.4 years). Among those with a
subsequent diagnosis of central nervous system tumors, malig-
nant meningiomas occurred at much later time point (median =
22.9 years, range = 15.8-32.7 years) than glial tumors or medul-
loblastoma (for glial tumors, median = 11.7 years, range =
6.0-25.5 years; and for medulloblastoma, median = 11.6 years,
range = 8.0-14.6 years). Among those with subsequent hemato-
poietic cancers, the latency between primary and secondary
diagnosis was much shorter for a secondary diagnosis of leuke-
mia (median = 8.9 years, range = 5.0-31.1 years) than for a
secondary diagnosis of lymphoma (median = 18.5 years, range =

6.9-31.5 years) (Table 4).
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Risk Factor Analyses for Subsequent Neoplasms

Four multivariable Poisson regression analyses were performed to
assess host-, disease-, and treatment-related risk factors for all
subsequent neoplasms, subsequent malignant neoplasms, menin-
gioma, and nonmelanoma skin cancer (Table 5). When assessing
risk associated with primary cancer diagnosis, leukemia survivors
were the largest survivor group in the cohort and thus served as the
referent population.

Risk of any subsequent neoplasm was increased by female sex
(RR =1.5,95% CI = 1.3 to 1.5), older age at primary childhood
cancer diagnosis (RR = 1.3 for age >15 years, 95% CI = 1.1 to
1.6), radiation therapy exposure (RR =2.7,95% CI = 2.2 to 3.3),
and primary diagnosis of Hodgkin lymphoma (RR = 1.5, 95%
CI = 1.1 to 1.9). Compared with that of leukemia survivors, risk
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‘Years from initial cancer diagnosis

was statistically significantly decreased by a diagnosis of kidney
cancer. Compared with those survivors treated for their child-
hood cancer in 1970-1974, risk of subsequent neoplasms was
lower in those treated for their childhood cancer in 1975-1979
and 1980-1986. There was a high degree of association between
treatment era and length of follow-up (however, no one in the
more recent era has a longer follow-up than those in the earlier
treatment era), and it is, therefore, difficult to separate these two
possible sources of risk.

Risk factors differed somewhat by subtype of subsequent malig-
nant neoplasm. Younger age at time of childhood cancer diagnosis
was associated with increased risk for subsequent central nervous
system tumors, thyroid cancer, and soft tissue and bone sarcoma,
whereas older age was associated with increased risk for breast
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Figure 2. Cumulative incidence of second neoplasms (SNs) at 30 years after initial cancer diagnosis by childhood cancer diagnosis. Cumulative
incidence of Hodgkin lymphoma (Hodgkins), non-Hodgkin lymphoma (NHL), neuroblastoma (NBL), central nervous system malignancies (all CNS),
medulloblastoma or primitive neuroectodermal tumor (medullo/PNET), astrocytoma, Wilms tumor, all bone cancers, osteosarcoma (osteo), Ewing

sarcoma (Ewings), and soft tissue sarcoma (STS) are shown.

cancer. Radiation therapy exposure was associated with increased
risk for subsequent central nervous system tumors, soft tissue and
bone sarcomas, and thyroid cancer. Risk of breast cancer was asso-
ciated with a primary cancer diagnosis of Hodgkin lymphoma or
neuroblastoma (compared with a primary diagnosis of leukemia)
and with increasing anthracycline dose. Risk of soft tissue sarcoma
was associated with primary diagnoses of central nervous system
tumors, Hodgkin lymphoma, Wilms tumor, and soft tissue and

jnci.oxfordjournals.org

bone sarcomas. Subsequent bone cancer risk was associated with
primary diagnosis of kidney cancer and of soft tissue and bone
sarcomas (compared with that of leukemia) and with increased
dose of alkylating agents. Meningioma risk was increased by
female sex, younger age at primary diagnosis, radiation therapy
exposure, and treatment for central nervous system tumors. Risk
of nonmelanoma skin cancer was increased by older age at primary
diagnosis and exposure to radiation therapy. Treatment for
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Table 3. Comparison of risk indices and 30-year cumulative incidence of second neoplasms by primary childhood cancer diagnosis*
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* ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; Cl = confidence interval; CNS = central nervous system; EAR = excess absolute risk per 1000 years of follow-up; PNET

neuroectodermal tumor; SIR = standardized incidence ratio.

primary kidney cancer or neuroblastoma, compared with leukemia,
was associated with reduced risk. There was a trend (P, = .04)
between increased anthracycline exposure and decreased risk of
nonmelanoma skin cancer.

Discussion

This report from the CCSS represents the most comprehensive
evaluation of subsequent neoplasms among childhood cancer survi-
vors, for whom risk continues to be elevated with a mean follow-up
of 22.7 years after childhood cancer diagnosis. Furthermore, there
have been substantial increases in the number of subsequent malig-
nant neoplasms (2.6-fold), female breast cancer (4.0-fold), menin-
giomas (2.3-fold), and nonmelanoma skin cancer (2.6-fold) from
previously reported data from the CCSS cohort (3,10,14).

Because of the dramatic improvement in survival for childhood
cancer since 1970 (1), a simple analysis of cure is no longer inade-
quate and investigations have increasingly focused on adverse
long-term sequelae, including subsequent neoplasms (2-15). The
large size, heterogeneity of disease and treatment, and extended
follow-up of survivors in the CCSS permits simultaneous analysis
of host-, disease-, and treatment-related risk factors for subsequent
neoplasms. This study is, to our knowledge, the largest analysis
of all subsequent neoplasms after a childhood cancer diagnosis,
including subsequent malignant neoplasms, nonmelanoma skin
cancer, and meningioma.

In previous studies (3) from the CCSS at a median follow-up of
15.4 years, we reported 314 subsequent malignant neoplasms
(SIR = 6.4, 95% CI = 5.7 to 7.1) and a 20-year cumulative inci-
dence of 3.2%. In this study with a median follow-up of 22.9 years,
there were 802 subsequent malignant neoplasms (SIR = 6.0, 95%
CI =5.5 to 6.4) and a 30-year cumulative incidence of 7.9% (95%
CI =7.2% to 8.5%). The increase in incidence between 20 and 30
years is likely explained by noting that the longer follow-up was
observed for those who have had a subsequent neoplasm (Table 1),
which is not surprising because they have now been followed for a
period that was sufficiently long for a subsequent neoplasm to
occur. Because standard time-to-event methods that take into ac-
count the influence of censoring and person-years were used in the
Poisson models, survivors who have had shorter follow-up may
develop subsequent neoplasms at a later time. However, the differ-
ence in mean follow-up in those who have and have not yet devel-
oped a subsequent neoplasm could affect the later estimates of
cumulative incidence if those with subsequent neoplasms are more
likely to participate in the more recent surveys than those without
a subsequent neoplasm. Should this occur, the proportional
increase in events will be greater, which may potentially inflate the
cumulative incidence rate. It is reassuring, however, that in the
current analysis, with longer follow-up for most subjects, the cu-
mulative incidence at 20 years (3.3%, 95% CI = 3.0% to 3.6%)
remains very similar to that reported in the earlier publication
from the CCSS (3). The excess absolute risk has also risen from the
previous analysis (EAR = 1.9 per 1000 person-years of follow-up)
(3) to this study (EAR = 2.6 per 1000 person-years of follow-up).

In this study (with a mean age of 29.5 years at subsequent
neoplasm diagnosis), compared with a report (5) from the CCSS
published only 4 years ago (5) (with a median age of 27 years),
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Table 4. Observed and expected numbers of invasive second malignant neoplasms (SMNs) by second malignancy diagnosis*

Second malignancy diagnosis

No. observed No. expected

SIR (95% Cl)

Median time to SMN occurrence, y (range)

All invasive second malignancies 802 135
Leukemia 41 7
ALL 10 3
AML 21 2
CNS tumor 77 7
Glial 52 6
Medulloblastoma or PNET 6 0.7
Meningioma (malignant) 11 0.05
Breast cancer 188 19
Melanoma 48 14
Thyroid cancer 128 12
Bone cancer 45 2
Osteosarcoma 35 1
Ewing sarcoma 4 0.6
Lymphoma 33 19
Hodgkin lymphoma 9 9
Non-Hodgkin lymphoma 21 8
Soft tissue sarcoma 73 9
Kidney cancer 20 3
Head and neck cancer 38 3
Small intestine and colorectal cancer 27 6
Lung and bronchus 11 3
Female genital cancers 23 11
Other cancers 50 19

0 (5.5 t0 6.4) 17.8 (6.0-35.2)
1(4.5t08.2) 9 (6.0-31.1)
6 (2.0 t0 6.8) 11.5 (6.1-26.5)
3 (6.1 to 14.3) 4 (56.0-25.0)
10 4(8.310 13.1) 13.2 (6.0-32.7)
9(6.81t0 11.7) 11.7 (6.0-25.5)
5 (3.1 to 18.1) 11.6 (8.0-14.6)
87 8 (26.5 to 291.4) 22.9 (15.8-32.7)
8(8.41t0 11.5) 21.3 (6.7-33.5)
3(2.4t04.5) 18.9 (6.6-35.2)
10 9(9.1t012.9) 18 6 (6.3-34.0)
19.0 (14.2 to 25.5) 8 (56.3-26.7)
30 0(21.3t042.1) 3 (6.3-24.0)
7 (2510 17.8) 3 (6.3-24.0)
8 (1.21t0 2.5) 185 (6.9-31.5)
0(0.5t01.9) 18.5 (7.2-29.1)
5 (1.6 to 4.0) 21.6 (6.9-31.5)
1(6.41010.2) 156.2 (6.3-31.3)
4 (4.6t011.6) 19.6 (6.3-28.4)
10 8 (7.8 t0 15.0) 156.6 (56.3-30.9)
6 (3.2106.8) 23.1 (7.0-29.4)
4(1.9t06.1) 20.3 (14.0-25.6)
1(1.4t03.2) 19.5 (10.4-32.9)
6 (2.0 t0 3.4) 21.0 (8.2-35.0)

* ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; Cl = confidence interval; CNS = central nervous system; PNET = primitive neuroectodermal

tumor; SIR = standardized incidence ratio.

more survivors (99 vs 71 survivors in the previous report) devel-
oped subsequent cancers that are more typical of cancers that
develop in older adults, including cancers of the head and neck,
gastrointestinal, respiratory, and genitourinary systems. Female
breast cancer accounted for 23% of subsequent malignant neo-
plasms in the cohort, with Hodgkin lymphoma survivors at the
highest risk, consistent with previous reports from the CCSS
(3,9) and others (2,24,25). Furthermore, consistent with previous
studies with extended follow-up (2,12), incidence increased with
ongoing follow-up. Subsequent sarcomas represented 15% of the
subsequent malignant neoplasms, and risk was associated with
exposure to anthracyclines, alkylating agents, and radiation
therapy, consistent with previous studies (2,3,6,23-27). Risk was
highest among survivors of sarcoma, central nervous system ma-
lignancy, Hodgkin lymphoma, or kidney cancer. Among survi-
vors of a childhood sarcoma, 23% of the subsequent malignant
neoplasms were female breast cancer, which may also be associ-
ated with genetic predisposition. This hypothesis is supported by
previous analyses in the CCSS in which we reported increased
risk of cancer among siblings of survivors of primary sarcoma
(28), increased risk of breast cancer among survivors of sarcoma
that had not been treated with radiation therapy (9), and
increased risk of subsequent sarcoma among primary sarcoma
survivors in the CCSS who also had a family history of cancer (6).
Strong et al. (29) have also reported an association between child-
hood soft tissue sarcoma and breast cancer among survivors of
childhood soft tissue sarcoma and their close relatives. Thus,
further studies in the CCSS and other large survivor cohorts are
warranted of the interactions among genetic predisposition,
disease, and treatment.

jnci.oxfordjournals.org

Subsequent central nervous system tumors (n = 77) represented
9.6% of all subsequent neoplasms in this study. It is of interest that,
with ongoing time since childhood cancer diagnosis, meningiomas,
with a longer latency period to development, are being reported in
excess of malignant brain tumors. This observation is consistent
with a previously reported data on 66 meningiomas from the
CCSS (10) and with data from St Jude Children’s Research
Hospital (7). In the CCSS, we found that risk of meningioma was
associated with a primary diagnosis of central nervous system
malignancies or leukemia. In addition, among long-term survivors
of leukemia who were followed at St Jude Children’s Research
Hospital, a primary diagnosis of leukemia was found to be associ-
ated with risk of meningioma (7). However, meningioma risk has
not been described in other childhood leukemia cohorts (12,30,31),
which likely results from the lack of continuous follow-up that is
required to detect this risk.

The most prevalent subsequent neoplasm reported among
those in the CCSS cohort with a median of 22.9 years of follow-up
was nonmelanoma skin cancer, with 1574 tumors identified in 533
individuals. To our knowledge, this number of nonmelanoma skin
cancers after childhood cancer is the largest that has been reported
with ongoing follow-up. Survivors of acute lymphoblastic leuke-
mia and Hodgkin lymphoma were at the highest risk of nonmela-
noma skin cancer, perhaps related to radiation therapy exposure,
which was the strongest independent risk factor for risk in multi-
variable analysis.

Radiation therapy increased risk of all subsequent neoplasms,
which is consistent with previous reports (2-4,7,10,11,14,24,32),
in which dose-response relationships have been demonstrated.
However, in this analysis, we were limited to using radiation
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Table 5. Multivariable analysis of risk of overall second neoplasms (SNs) and specific SNs by exposure and demographic variables*

Malignant cancers

(excluding nonmelanoma

Any SN skin cancer) Meningioma NMSC
Variable RR (95% ClI) P,...t RR (95% Cl) P,...t RR (95% Cl) P,..qt RR (95% ClI) P,...t
Sex
Male 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Female 1.5(1.3to0 1.5) 1.4(1.2t0 1.6) 1.6(1.1t02.3) .01 1.1(0.91t01.3)
Age at diagnosis .002 <.001 .001 <.001
0-4vy 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
5-9y 0.9 (0.8t0 1.1) 1.1(0.8t0 1.3) 0.7 (0.5to0 1.1) 1.1(0.8to0 1.6)
10-14y 1.1(0.9t0 1.3) 1.2(1.0to 1.5) 0.4 (0.2 t0 0.6) 1.3(1.0t0 1.9)
>15y 1.3(1.1t0 1.6) 1.5(1.2t0 1.9 0.6 (0.3to 1.1) 2.0(1.41t02.8)
Treatment era <.001 <.001 <.001 <.001
1970-1974 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
1975-1979 0.9 (0.7 to 1.0) 0.8 (0.7 t0 0.9) 0.8 (0.5t0 1.3) 0.8 (0.7 to 1.0)
1980-1986 0.6 (0.5t00.7) 0.5 (0.5 t0 0.6) 0.4 (0.3t00.7) 0.5 (0.4 t0 0.6)
Primary cancer diagnosis
Leukemia 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
CNS tumor 1.1(0.8t0 1.3) 1.0(0.8to0 1.3) 1.8(1.1t02.7) 0.7 (0.5t0 1.1)
Hodgkin lymphoma 1.5(1.1t0 1.9 1.6(1.1t02.1) 0.1 (0.0 t0 0.9) 1.3(0.9t02.1)
NHL 0.7 (0.6 to 1.0) 0.8 (0.6 to 1.1) 0.2 (0.0 to 0.9) 0.9 (0.6 to 1.3)
Kidney 0.6 (0.4 t0 0.8) 0.7 (0.5 to 1.0) 0.0 0.4 (0.21t00.7)
Neuroblastoma 0.8(0.5t01.1) 0.9(0.61t01.3) 0.0 0.3(0.1t00.8)
Soft tissue 1.0 (0.8to0 1.3) 1.2 (0.9to0 1.5) 0.2 (0.1 t0 0.7) 0.7 (0.5 t0 1.1)
Bone 1.1 (0.8 to 1.5) 1.1 (0.8 to 1.6) 0.1 (0.1 to 1.5) 0.6 (0.4 to 1.1)
Radiation therapy exposure
No 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Yes 2.7(2.21t03.3) 2.6(3.11t03.2) 16.6 (5.2 to 52.6) 4.1(2.7t06.1)
Splenectomy
No 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Yes 1.2 (0.9to 1.6) 1.3(1.0to0 1.8) 0.7 (0.1 to 5.4) 1.3(0.9t0 1.9)
Alkylating agent .66 .34 22 .25
score
0 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
1 1.0(0.9t01.2) 1.0(0.9to 1.3) 0.8 (0.5t0 1.4) 1.0(0.7 to 1.3)
2 1.0 (0.9 to 1.4) 1.2 (0.9to 1.4) 0.8 (0.4 to 1.4) 1.0(0.7 to 1.4)
3 1.0(0.8t0 1.2) 1.0(0.8t0 1.2) 0.4 (0.1 to 1.2) 0.8 (0.6 to 1.1)
Anthracycline 72 A1 2 .04
exposure
None 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
1-100 mg/m? 0.9 (0.6 to 1.3) 1.0(0.7 to 1.5) 0.8 (0.3 t0 2.1) 1.2 (0.7 to 2.0)
101-300 mg/m? 1.0(0.9t0 1.3) 1.1(0.9to 1.4) 0.8 (0.5t0 1.9) 0.8 (0.6 t0 1.2)
>301 mg/m? 0.9 (0.7 to 1.1) 1.0(0.8to0 1.3) 0.5(0.2t0 1.2) 0.6 (0.4 t0 0.9)
Epipodophyllotoxin .85 .59 .39 77
exposure
None 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
1-1000 mg/m? 1.3(0.9to 2.0) 1.4 (0.9 to 2.3) 1.8(0.7 t0 5.0) 2.5(1.4t04.5)
1001-4000 mg/m? 1.1(0.7 to 1.6) 1.3(0.8t0 2.0) 0.0 1.4 (0.7 to 2.9)
>4001 mg/m? 1.1(0.7t0 1.7) 1.0 (0.6 to 1.6) 1.7 (0.6 t0 4.3) 0.9(0.4to0 1.9)
Platinum exposure .96 .76 .60 .35
None 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
1-400 mg/m? 1.2(0.7 t0 1.8) 0.9 (0.5 to 1.5) 4.0(1.5t011.1) 0.6 (0.2 t0 1.8)
401-750 mg/m? 0.9 (0.5t01.7) 0.9 (0.5t0 1.8) 1.8(0.2 to 14.8) 0.9 (0.1 t0 2.9)
>751 mg/m? 1.0(0.5t0 2.1) 1.0 (0.5to0 2.4) 0.0 0.5 (0.1 to 4.0)

* Cl = confidence interval; CNS = central nervous system; NHL = non-Hodgkin lymphoma; NMSC = nonmelanoma skin cancer; ref = referent; RR = relative risk.

T All factors shown are included together in a single model for each outcome. Poisson regression was performed, and all statistical tests were two-sided.

therapy as a yes or no variable and did not have precise anatomical
locations of all subsequent neoplasms with which to conduct a
detailed radiation dosimetry analyses. However, specific dosimetry
analyses have been conducted separately for thyroid, central nervous
system, and breast cancers, as reported elsewhere (11,33-35). For
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thyroid cancer, a sigmoidal dose-response relationship existed with
an increased risk of subsequent thyroid cancer with radiation doses
as high as 29 Gy (11,34) and a decreased risk of secondary thyroid
cancer at doses greater than 30 Gy. In contrast, the dose-response
relationship was linear for brain tumors (33) and for breast cancer

Vol. 102, Issue 14 | July 21, 2010



in which the risk of subsequent breast cancer reached 11-fold
for local breast doses of approximately 40 Gy compared with no
radiation (35).

Sex and age at time of childhood cancer diagnosis were impor-
tant host-related factors. Girls or women were at increased risk
for subsequent neoplasms, largely driven by increased risk for
breast and thyroid cancers, nonmelanoma skin cancer, and me-
ningioma. These data are consistent with higher rates of some of
these malignancies among women in the general population (1).
Younger age at diagnosis (<10 years) increased risk for menin-
gioma, malignant central nervous system tumor, sarcoma, and
thyroid cancer, supporting data previously reported in the CCSS
(3,6,10,11) and the Late Effects Study Group (36). Older age at
diagnosis (ie, age 15-21 years) increased risk for breast cancer,
nonmelanoma skin cancer, and other solid organ cancers (in-
cluding head and neck, small intestine, and colorectal cancers).
The association between age at time of treatment and breast
cancer risk remains inconsistent across studies (2,24,25,37). The
risk of breast cancer appears to be highest among those treated
during the pubertal age period, which may represent the effect of
radiation therapy delivery at the time of tissue proliferation. We
further evaluated the association between treatment era for the
Hodgkin lymphoma and breast cancer risk. The decrease in risk
of breast cancer over treatment eras did not represent changes in
therapy for this group of patients or their representation in the
cohort, which increased in the cohort over successive treatment
eras. However, as would be expected, the length of follow-up
decreased with later treatment era. One possible explanation for
the decreasing risk of subsequent neoplasm with later treatment
era is the shorter follow-up for the later era. Therefore, the treat-
ment era variable may be a surrogate for length of follow-up,
which did not differ between survivors of Hodgkin lymphoma
and other survivors in the cohort.

For nonmelanoma skin cancer, younger age at time of exposure to
ionizing radiation has been reported as a risk factor in noncancer
populations (38,39) and in survivors of hematopoietic stem cell trans-
plantation (40). However, those treated at an older age for childhood
cancer may have had higher cumulative environmental exposure to
ultraviolet irradiation, which may work in concert with ionizing radi-
ation exposure to increase risk of nonmelanoma skin cancer.

Since 1970, when the earliest group of survivors in this cohort
was first diagnosed with childhood cancer, protocols for pediatric
chemotherapy and radiation therapy have been modified to better
balance toxicity and efficacy. The decreased risk of subsequent
neoplasms in the more recent treatment era of the CCSS, although
somewhat reassuring currently, may reflect a shorter follow-up
period and, thus, may change with continued follow-up.

There are several limitations to this study. Our analysis focused
largely on the contribution of disease and therapeutic exposures on
subsequent malignancy risk. The role of nontherapeutic exposures
(such as tobacco, alcohol, and diet) are important but were not
captured in a manner to provide meaningful analyses for this
cohort. Such exposures should be considered because they are
potentially modifiable risk factors. Data on subsequent neoplasms
were initially obtained by self-report, and ascertainment may have
not been complete if survivors did not report them back to the
cohort.

jnci.oxfordjournals.org

Furthermore, it is important to note that more contemporarily
treated childhood cancer patients may have less exposure to ther-
apies associated with risk of subsequent neoplasms. Therefore, one
should take caution in extrapolating the high risk of subsequent
neoplasms found in the CCSS cohort to that of more contempo-
rarily treated patients. However, for the cohort of patients treated
between 1970 and 1986, it is clear that continued surveillance for
subsequent neoplasms is essential as their risk continues to increase
as these survivors enter their third and subsequent decades of life.
This continued surveillance is of particular importance because
many adult survivors do not appreciate the health risks that are
related to their childhood cancer and so do not have regular med-
ical follow-up or practice recommended cancer screening (41-48).
Continued follow-up of this cohort and collection of their biolog-
ical specimens during follow-up should provide further insight
into the contributions of the host, disease, treatment, and environ-
ment to subsequent neoplasm risk. Follow-up of the newer cohort
of survivors in the expanded CCSS cohort, treated between 1987
and 1999, should provide additional insight and better quantify
risk of subsequent neoplasms among more contemporarily treated
patients. These combined efforts will help direct prevention strat-
egies for subsequent neoplasms after childhood cancer therapy and
are essential so that efficacy of childhood cancer therapy can con-
tinued to be appropriately balanced with toxicity and the successes
in treatment are not overshadowed by risk of adverse long-term
outcomes, such as subsequent neoplasms.

Supplementary Data

Supplementary data can be found at http://www.jnci.oxfordjournals
.org/.
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