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Background: Because survival rates among childhood cancer
patients are increasing, assessing the risk of second and sub-
sequent malignant neoplasms (SMNs) is ever more impor-
tant. Using the Childhood Cancer Survivor Study cohort, we
identified the risk of SMNs. Methods: A retrospective cohort
of 13 581 children diagnosed with common cancers before
age 21 years and surviving at least 5 years was constructed
with the use of data from patients treated at 25 U.S. and
Canadian institutions. SMNs were ascertained through self-
administered questionnaires and verified by pathology re-
ports. Information on therapeutic exposures was abstracted
from medical records. The risk of SMN was evaluated by
standardized incidence ratios (SIRs) and excess absolute
risk. Poisson multiple regression models were used to assess
the impact of host and therapy factors on the risk of devel-
oping SMNs. All statistical tests were two-sided. Results: In
298 individuals, 314 SMNs were identified (SIR = 6.38; 95%
confidence interval [CI] = 5.69 to 7.13). The largest observed
excess SMNs were bone and breast cancers (SIR = 19.14
[95% CI = 12.72 to 27.67] and SIR = 16.18 [95% CI = 12.35
to 20.83], respectively). A statistically significant excess of
SMNs followed all childhood cancers. In multivariate regres-
sion models adjusted for therapeutic radiation exposure,
SMNs of any type were independently associated with female
sex (P<.001), childhood cancer at a younger age (P for trend
<.001), childhood Hodgkin’s disease or soft-tissue sarcoma
(P<.001 and P = .01, respectively), and exposure to alkylating
agents (P for trend = .02). Twenty years after the childhood
cancer diagnosis, the cumulative estimated SMN incidence
was 3.2%. However, only 1.88 excess malignancies occurred
per 1000 years of patient follow-up. Conclusions: Success in
treating children with cancer should not be overshadowed
by the incidence of SMNs. However, patients and health-care
providers must be aware of risk factors for SMNs so that
surveillance is focused and early prevention strategies are
implemented. [J Natl Cancer Inst 2001;93:618–29]

With the advent of more effective cancer therapies, a larger
number of patients treated previously for childhood cancers con-
tinually enter the general population. The risk of specific health-

related outcomes in childhood cancer survivors is extremely
varied and may be influenced by characteristics of the indi-
vidual, the childhood cancer diagnosis, and the initial therapy
(1–4).

One possible outcome, the occurrence of a second and sub-
sequent malignant neoplasms (SMNs), has been recognized for
many years as late sequelae of therapy (5). Subsets of patients
exposed to radiation therapy or to specific chemotherapeutic
agents and patients with a known genetic predisposition to ma-
lignancy have been shown to be at a higher risk for the occur-
rence of SMNs (2,4,6). The types of SMNs that occur may vary
with the childhood cancer diagnosis, the type of therapy (che-
motherapy and/or radiotherapy), and the time from initial treat-
ment. Investigating the occurrence of SMNs in a large, hetero-
geneous cohort treated over a long interval may clarify and
confirm previously reported disease- and therapy-related obser-
vations (4–7) and may define new ones. On the basis of such
observations, modifying initial therapeutic approaches, increas-
ing surveillance, or implementing chemopreventive strategies
may then be considered.

In this article, we report the occurrences of SMNs within the
Childhood Cancer Survivor Study (CCSS) cohort. This large,
retrospective cohort, which consists of more than 13 000 5-year
survivors of childhood cancers, was constructed to allow for
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accurate determinations of the incidence of and risk factors for
rare events (such as SMNs) in an overall population of childhood
cancer survivors. The size of the cohort and the heterogeneous
therapeutic exposures make this an ideal setting for these inves-
tigations.

SUBJECTS AND METHODS

Identification and Contact of the CCSS Cohort

The Long-Term Follow-up Study is a retrospective cohort constructed from
the rosters of all children and adolescents treated for cancer, leukemia, tumor, or
other similar illnesses during childhood at each of the 25 collaborating institu-
tions (see the “Appendix” section). Individuals who met the following criteria
were included in the CCSS cohort: diagnosis of cancer and initial treatment at
one of the collaborating CCSS centers during the period from January 1, 1970,
through December 31, 1986; diagnosis of cancer before 21 years of age; and
survival for at least 5 years after a childhood cancer diagnosis of leukemia,
Hodgkin’s disease, non-Hodgkin’s lymphoma, neuroblastoma, soft-tissue sar-
coma, bone cancer, or a malignant central nervous system (CNS) tumor or
kidney tumor. Medical records for each potential participant were reviewed
individually to determine eligibility.

The Human Subjects Committee at each participating institution reviewed and
approved the CCSS protocol and contact documents. Study cohort members
signed written informed consent and medical record release forms.

Cohort members were those patients for whom baseline data were collected
from respondents (or parents of patients under age 18 years) with the use of
self-administered questionnaires or telephone interviews. Information collected
included demographic data, medication usage, diagnosed medical conditions,
pregnancy occurrence and outcomes, and health-related behaviors, in addition to
information regarding recurrence of the primary cancer or a diagnosis of a new
cancer. In situations where the patient had survived 5 years and subsequently
died, information was obtained from a family member, usually a parent. Our
analysis of SMNs is based on data collected as of January 1, 2000.

Of the 20 245 patients determined to be eligible for the CCSS, data were
available for a total of 13 581 cohort members. Of the eligible patients not
included in the analysis, 2901 (14.3%) were determined to be lost to further
follow-up after rigorous tracing efforts and 3104 (15.3%) refused to participate
in the study. The remaining 659 patients were classified as pending, because they
have been located only recently and have been asked to consider participating in
the study.

Cancer Treatment Information

Therapeutic exposures were ascertained through review of the medical record
of each study participant by trained data abstractors using a standardized pro-
tocol. Data were collected on the dates of initiation and cessation of all chemo-
therapeutic agents, including cumulative doses and routes of administration for
28 specific agents. Data were also collected and coded for all surgical procedures
and for radiation therapy. For purposes of this analysis, radiation exposure was
considered as a yes/no variable. Four radiation exposure variables were con-
structed: 1) any radiation; 2) CNS radiation (brain, head, neck, or total-body
irradiation [TBI]); 3) breast radiation (chest, spine, abdomen [if abdominal ra-
diation at age 7 years or under], or TBI); and 4) thyroid radiation (chest, spine,
neck, or TBI). In the SMN analyses of CNS, breast, and thyroid cancers, we used
CNS-, breast-, and thyroid-radiation variables, respectively, as the relevant ra-
diation exposure indicator. In all of the other analyses, the any-radiation expo-
sure variable was used.

Alkylating agent scores were calculated with the use of methods described
previously (7). Doses per meter squared of daunorubicin, doxorubicin, and ida-
rubicin (multiplied by 3 to approximate doxorubicin equivalence) were summed
to determine cumulative anthracycline exposure, as were doses of etoposide and
teniposide for cumulative epipodophyllotoxin exposure. The cumulative dose of
carboplatin was divided by 4 and added to the cisplatin dose to assess exposure
to platinum compounds (8).

Ascertainment of SMNs

SMNs were ascertained initially through self-report via the baseline question-
naire. Cohort members were asked to report the occurrence of any cancer (either
a relapse of the childhood cancer or a new cancer) since the time of the childhood

cancer diagnosis, the institution where the second diagnosis was made, and the
treating physician. All positive responses were screened by one of the study
investigators (J. P. Neglia), and those responses representing likely or possible
SMNs were forwarded to the CCSS Pathology Center (Columbus, OH) for
verification. A copy of the pathology report was requested from the institution of
record. All reports of possible SMNs were reviewed by the CCSS pathologist for
inclusion or exclusion in the study. In selected cases where the childhood can-
cer diagnosis and SMN diagnosis were similar, reports of the childhood cancer
diagnosis were also reviewed. If a pathology report could not be obtained, the
patient and/or parent response, death certificate, and/or other institutional records
were reviewed to determine the presence of an SMN. Premalignant or dysplastic
conditions (i.e., cervical dysplasia) were not included in the analysis. Nonmela-
noma skin cancers, meningiomas, and other nonmalignant CNS tumors were
ascertained and verified but were also excluded from the analysis. Individuals
who developed and died of an SMN less than 5 years after the childhood cancer
diagnosis were not eligible for this study and thus were not considered in the
analysis. Among cohort members, any SMN occurring before entry into
the cohort (i.e., 5 years after the childhood cancer diagnosis) was excluded from
the analysis.

SMNs were coded by histology with the use of the International Classification
Diseases for Oncology (9). Diagnostic groupings of SMNs were constructed as
outlined in the International Classification of Childhood Cancer (10).

Statistical Analysis

Standardized incidence ratios (SIRs) of observed-to-expected malignancies
were calculated with the use of age- and sex-specific incidence rates (National
Cancer Institute’s Surveillance, Epidemiology, and End Results [SEER] Pro-
gram1) (11). For patients who developed multiple malignancies after the primary
disease, all of the subsequent malignancies were counted in the numerator of
SIRs, in agreement with the SEER Program’s incidence calculation. Survivors
of childhood cancer were considered to be at risk for an SMN from the time of
entry into the cohort (i.e., 5 years after the childhood cancer diagnosis) until the
earlier of one of two events: death or completion of the baseline CCSS ques-
tionnaire. Males were not included in the analysis of subsequent breast neo-
plasms because there were no male cohort members with secondary breast
cancer.

Excess absolute risk was calculated as an additional indicator of the impact
of the cancer diagnosis and therapy on members of the cohort in contrast with
the general population. We determined the excess absolute risk by subtracting
the expected number of malignancies in the cohort from the observed number,
dividing the difference by the person-years of follow-up, and multiplying this
value by 1000.

The relative risk (RR) of developing an SMN was estimated for each of the
patient characteristics and therapeutic exposures with the use of a Poisson mul-
tiple regression model for SIRs (12). A fixed set of explanatory variables was
selected a priori and was used to assess their simultaneous impact on the risk of
developing SMNs in regression models without any statistical variable selection.
These analyses were performed for all SMNs, as well as for each subgroup of
SMNs (see Table 5) and by childhood cancer diagnosis (see Table 6). The
regression analysis did not include third or subsequent cancers and terminated
person-time at risk at the time of diagnosis of a second malignancy because
therapy information for second malignancies was incomplete. Cohort members
whose medical records were not abstracted because of refusal to participate in
the study, loss to follow-up, or delay in submitting the medical record release
form were grouped as a separate treatment-exposure category in the regression
analyses. All statistical tests were two-sided.

RESULTS

We conducted a retrospective cohort study to determine the
risk of SMN in childhood cancer survivors. The 13 581 cohort
members (median age, 23 years; range, 8–47 years) accrued a
total of 140 792 person-years of follow-up, with a median time
of 15.4 years (range, 6.4–28.7 years) from the childhood cancer
diagnosis. The characteristics of the cohort are shown in Table 1.
Three hundred fourteen SMNs occurred in 298 participants
(Table 2). Using medical records, we verified the pathologic
diagnosis for all but 38 (12%) of these SMNs. Two hundred
eighty-two participants developed one SMN, and 16 developed
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two SMNs. The estimated cumulative incidence of SMN in the
cohort was 3.2% at 20 years after the childhood cancer diagnosis
(Fig. 1). At the time of the analysis, 91.9% of the cohort mem-
bers who had not developed an SMN were alive, compared with
59.4% of the cohort members who had developed an SMN
(Table 1). Limited data were available on those potentially eli-
gible patients who were lost to follow-up or who had refused to
participate in the study. Cohort members were more likely to be
alive at the time of contact (91.2% versus 84.1% and 86.6% for
those lost to follow-up and those who refused to participate,
respectively) and female (46.4% versus 44.2% and 38.0% for
those lost to follow-up and those who refused to participate,
respectively). The mean and median ages were similar for cohort
members, those lost to follow-up, and those who refused to
participate, as was the distribution of childhood cancer diag-
noses.

Associations between the childhood cancer diagnoses and
SMN diagnoses are shown in Table 2. The most frequent SMNs
were breast (n � 60), thyroid (n � 43), and CNS (n � 36)

cancers. The majority (65.0%) of breast SMNs occurred among
survivors of childhood Hodgkin’s disease, and all occurred
among females. The majority of thyroid SMNs occurred among
survivors of childhood leukemia (25.6%) or Hodgkin’s disease
(46.5%). The majority of CNS SMNs occurred among survivors
of childhood leukemia (63.9%) or CNS tumors (16.7%). CNS
SMNs of glial origin also occurred predominantly among sur-
vivors of childhood leukemia.

In total, the SIR of observed-to-expected SMNs was 6.38
(95% CI � 5.69 to 7.13) (Table 3). Excesses of SMNs were
observed among all major diagnostic groups. The largest ex-
cesses of SMNs were observed for breast cancers (60 observed,
3.71 expected; SIR � 16.18; 95% CI � 12.35 to 20.83), bone
cancers (28 observed, 1.46 expected; SIR � 19.14; 95% CI �
12.72 to 27.67), and thyroid cancers (43 observed, 3.79 ex-
pected; SIR � 11.34; 95% CI � 8.20 to 15.27). Excesses were
not statistically significant for secondary lymphoma (SIR �
1.51; 95% CI � 0.80 to 2.58).

Overall, the median time from the diagnosis of the childhood
cancer to the occurrence of an SMN was 11.7 years among
members of the cohort. The median time to the diagnosis of an
SMN varied with the type of SMN—being shortest for acute
myeloid leukemia (6.1 years) and longest for breast cancer (15.7
years).

The SIRs for SMNs were examined in 5-year intervals, be-
ginning 5 years after the childhood cancer diagnosis and con-
tinuing through 30 years of follow-up. The risk of developing an
SMN was increased over all intervals examined. The risk of
developing leukemia was highest from 5 to 9 years of follow-up
(SIR � 11.53; 95% CI � 7.35 to 18.07) and decreased there-
after (SIR � 4.48 [95% CI � 0.63 to 31.78] at 20–30 years
of follow-up). The risk of developing solid cancers, including
breast or thyroid cancer, was significantly elevated during
the entire follow-up period (SIRs for breast cancer � 10.11
[95% CI � 3.26 to 31.34] at 5–9 years of follow-up and 10.07
[95% CI � 5.42 to 18.71] at 20–30 years of follow-up; SIRs for
thyroid cancer � 11.26 [95% CI � 6.24 to 20.33] at 5–9 years
of follow-up and 8.56 [95% CI � 3.21 to 22.80] at 20–30 years
of follow-up).

We next compared the risk indices for each of the major
childhood cancer diagnostic groups (Table 4). Excesses of
SMNs were observed among all diagnostic groups. The excess
of SMNs was highest among patients diagnosed with Hodgkin’s
disease in childhood (SIR � 9.70; 95% CI � 8.05 to 11.59) and
lowest among patients diagnosed with non-Hodgkin’s lym-
phoma in childhood (SIR � 3.21; 95% CI � 1.76 to 5.39).

For all diagnostic groups combined, the excess absolute risk
was 1.88 excess malignancies per 1000 person-years of patient
follow-up. When analyzed by individual diagnostic group, the
excess absolute risk was highest among survivors of Hodgkin’s
disease, with 5.13 excess malignancies per 1000 person-years
of patient follow-up and a 7.63% cumulative risk of an SMN at
20 years from diagnosis. The excess absolute risk was lowest
among survivors of non-Hodgkin’s lymphoma, with 0.89 excess
malignancy per 1000 person-years and a 1.87% cumulative in-
cidence of an SMN at 20 years from diagnosis. The lowest
observed cumulative incidence was among survivors of child-
hood kidney tumors (1.62% at 20 years).

Multivariate models, which adjusted for radiotherapy expo-
sure, were constructed to determine independent risk factors for
the occurrence of SMNs (Table 5). SMNs of any type were

Table 1. Characteristics of the Childhood Cancer Survivor Study cohort*

Characteristic
Overall cohort
(n � 13 581)

Cases without
a second
malignant
neoplasm

(n � 13 283)

Cases with a
second

malignant
neoplasm
(n � 298)

Mean age at diagnosis
of childhood cancer,
y (median)

7.8 (6) 7.7 (6) 10.4 (11)

Sex, No. (%)
Male 7277 (53.6) 7162 (53.9) 115 (38.6)
Female 6304 (46.4) 6121 (46.1) 183 (61.4)

Race, No. (%)
White 11 625 (85.6) 11 358 (85.5) 267 (89.6)
Black 597 (4.4) 588 (4.4) 9 (3.0)
Other 752 (5.5) 743 (5.6) 9 (3.0)
Unknown 607 (4.5) 594 (4.5) 13 (4.4)

Childhood cancer diagnosis,
No. (%)

Leukemia 4581 (33.7) 4517 (34.0) 64 (21.5)
CNS tumor 1779 (13.1) 1755 (13.2) 24 (8.1)
HD 1815 (13.4) 1704 (12.8) 111 (37.2)
NHL 1020 (7.5) 1006 (7.6) 14 (4.7)
Wilms’ tumor 1174 (8.6) 1160 (8.7) 14 (4.7)
Neuroblastoma 897 (6.6) 886 (6.7) 11 (3.7)
Soft-tissue sarcoma 1179 (8.7) 1144 (8.6) 35 (11.7)
Bone cancer 1136 (8.4) 1111 (8.4) 25 (8.4)

Childhood cancer therapy,
No. (%)

11 416 (100.0) 11 146 (100.0) 270 (100.0)

Chemotherapy
Alkylating agents 6042 (52.9) 5880 (52.8) 162 (60.0)
Anthracycline 4669 (40.9) 4566 (41.0) 103 (38.1)
Epipodophyllotoxins 1062 (9.3) 1044 (9.4) 18 (6.7)
Platinum agents 677 (5.9) 668 (6.0) 9 (3.3)

Radiation therapy 7780 (68.1) 7544 (67.7) 236 (87.4)
Splenectomy 1167 (10.2) 1086 (9.7) 81 (30.0)

Vital status No. (%) (alive) 12 379 (91.1) 12 202 (91.9) 177 (59.4)

Age at diagnosis of second
malignant neoplasm,
mean y

N/A N/A 23.3

Time from childhood cancer
diagnosis to diagnosis
of second malignant
neoplasm, y

N/A N/A 12.9

*CNS � central nervous system; HD � Hodgkin’s disease; NHL � non-
Hodgkin’s lymphoma; N/A � not applicable.
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independently associated with female sex (P<.001), childhood
cancer diagnosis at a young age (P for trend <.001), childhood
cancer diagnosis of Hodgkin’s disease or soft-tissue sarcoma
(P<.001 and P � .01, respectively), and increasing exposure to
anthracyclines and/or epipodophyllotoxins (P for trends � .02
and .02, respectively). Treatment era (more recent treatment
time) was not an independent risk factor for overall SMNs or for
any specific SMN.

When we analyzed for specific SMNs, increasing epipodo-
phyllotoxin exposure was an independent risk factor for leuke-

mia (P for trend � .01) but not for any other cancer (Table 5).
Breast cancers were associated with a childhood cancer diagno-
sis of kidney tumors (RR � 12.38 [95% CI � 1.95 to 78.71]
compared with a childhood cancer of leukemia) and marginally
associated with a childhood cancer of Hodgkin’s disease (RR �
4.89; 95% CI � 0.95 to 25.24). Breast cancers were not asso-
ciated with any of the age strata or chemotherapy exposures.
A childhood diagnosis of leukemia (compared with all solid
tumors) was independently associated with the occurrence of a
malignant CNS tumor, as was younger age at original diagnosis

Fig. 1. Cumulative incidence of all second ma-
lignant neoplasms in the Childhood Cancer Sur-
vivor Study cohort. The cohort consists of
13 581 5-year childhood cancer survivors. The
x-axis represents the years since childhood can-
cer diagnosis. The y-axis represents the cumula-
tive incidence of all second malignant neo-
plasms.

Table 2. Original and second and subsequent malignant neoplasm diagnoses from the Childhood Cancer Survivor Study cohort*

Childhood cancer diagnosis
(total No. of cases)

Leukemia Lymphoma CNS tumor
Breast
cancer

Bone
cancer Sarcoma

Thyroid
cancer Melanoma OtherALL AML Other HD NHL Glial PNET Other

Second malignant neoplasm†

Leukemia (64) 1 (0) 5 (0) 0 (0) 0 (0) 2 (0) 19 (1) 2 (0) 1 (1) 2 (0) 3 (0) 2 (0) 11 (0) 5 (2) 11 (1)
CNS tumor (24) 0 (0) 1 (0) 1 (0) 0 (0) 1 (0) 5 (0) 0 (0) 1 (1) 3 (1) 2 (1) 1 (0) 1 (0) 3 (3) 5 (1)
HD (111) 0 (0) 2 (0) 7 (4) 0 (0) 7 (0) 3 (1) 1 (0) 1 (0) 35 (4) 5 (0) 9 (2) 17 (1) 6 (1) 18 (4)
NHL (14) 2 (0) 0 (0) 0 (0) 1 (0) 0 (0) 1 (0) 0 (0) 0 (0) 2 (0) 2 (0) 0 (0) 3 (0) 0 (0) 3 (0)
Wilms’ tumor (14) 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (0) 1 (0) 5 (1) 0 (0) 1 (0) 2 (0)
Neuroblastoma (11) 1 (0) 1 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0) 3 (0) 0 (0) 5 (0)
Soft-tissue sarcoma (35) 0 (0) 0 (0) 1 (1) 1 (0) 0 (0) 0 (0) 0 (0) 0 (0) 4 (0) 9 (1) 10 (0) 2 (0) 2 (0) 6 (2)
Bone cancer (25) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 6 (1) 5 (1) 3 (0) 3 (0) 1 (0) 7 (0)

Total (298) 6 (1) 9 (0) 9 (5) 2 (0) 10 (0) 28 (2) 3 (0) 3 (2) 55 (6) 27 (3) 31 (3) 40 (1) 18 (6) 57 (8)

Subsequent malignant neoplasm†

Leukemia (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
CNS tumor (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0)
HD (10) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0) 0 (0) 0 (0) 0 (0) 4 (1) 0 (0) 0 (0) 3 (0) 1 (0) 1 (0)
NHL (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Wilms’ tumor (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Neuroblastoma (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Soft-tissue sarcoma (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Bone cancer (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0) 0 (0) 1 (0) 0 (0) 0 (0) 0 (0)

Total (16) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0) 1 (0) 1 (0) 0 (0) 5 (1) 1 (0) 1 (0) 3 (0) 1 (0) 2 (0)

*ALL � acute lymphoblastic leukemia; AML � acute myeloid leukemia; HD � Hodgkin’s disease; NHL � non-Hodgkin’s lymphoma; CNS � central nervous
system; PNET � primitive neuroectodermal tumors.

†Total numbers (the number included without pathology verification shown in parentheses).
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(P for trend � .005). Bone cancers were independently associ-
ated with childhood cancer diagnosis of either a sarcoma (RR �
13.21; 95% CI � 3.19 to 54.77) or a bone tumor (RR � 10.93;
95% CI � 2.16 to 55.39). Bone cancers were also associated
with increasing exposure to alkylating agents (P for trend �
.07). Both sarcomas and thyroid cancers were independently
associated with childhood cancer diagnoses at a younger age
(P for trend <.001 and P for trend � .003, respectively). Com-
plete results from the multivariate analysis by exposure and
demographic variables are shown in Table 5.

We also conducted a multivariate analysis to determine in-
dependent risk factors for SMNs by childhood cancer diagnosis
(Table 6). Among cohort members with a childhood cancer
diagnosis of leukemia, younger age at the time of childhood

leukemia and increasing exposure to epipodophyllotoxins were
associated with SMNs (P for trend <.001 and P for trend �
.001, respectively). Younger age at the time of a childhood can-
cer diagnosis of soft-tissue sarcoma was also associated with
increased risk for SMNs (P for trend <.001). Female cohort
members were at greater risk of developing an SMN if their
childhood cancer diagnoses were either Hodgkin’s disease (RR
� 2.55; 95% CI � 1.65 to 3.92) or non-Hodgkin’s lymphoma
(RR � 5.99; 95% CI � 1.83 to 19.58).

DISCUSSION

For the past 20 years, the late consequences of childhood
cancer and its associated therapy have been the subjects of great
interest. There are more patients at risk for these events because
of the dramatic improvement in the long-term survival of chil-
dren with cancer. However, research on the late consequences
of childhood cancers has often been limited by the size and
composition of the study populations and by the duration and
completeness of patient follow-up. These limitations can restrict
the ability to draw valid, generalizable conclusions and can in-
troduce ascertainment or other biases within the studied popu-
lations. The CCSS was designed to avoid or to minimize such
limitations by establishing, characterizing, and studying a large
retrospective cohort of 5-year survivors of common childhood
cancers.

SMNs are infrequent but extremely serious events following
therapy for primary cancers. In the CCSS cohort, we found all
childhood cancer diagnostic groups to have an increased risk for
SMNs. Survivors of childhood cancers who were female, who
were originally diagnosed at a younger age, or who were origi-
nally diagnosed with Hodgkin’s disease were at greatest risk
for SMNs. Survivors treated previously with anthracyclines or
epipodophyllotoxins were also at increased risk.

Table 3. Standardized incidence ratios, including the observed and expected numbers of second and subsequent malignant neoplasms
(SMNs) in the Childhood Cancer Survivor Study cohort*

SMN

No. of cases

O/E ratio (95% CI) Median time to occurrence, yObserved (O) Expected (E)

All SMNs 314 49.21 6.38 (5.69 to 7.13) 11.7

Leukemia† 24 3.50 6.86 (4.39 to 10.21) 7.1
ALL 6 1.72 3.49 (1.27 to 7.59) 8.0
AML 9 1.14 7.92 (3.61 to 15.04) 6.1
Other leukemia 6 0.64 9.36 (3.42 to 20.38) 7.0

Lymphoma‡ 13 8.62 1.51 (0.80 to 2.58) 13.8

CNS tumor§ 36 3.66 9.85 (6.90 to 13.63) 9.5
Glial tumor 29 2.90 10.00 (6.70 to 14.36) 9.2
Medullo/PNET 4 0.41 9.85 (2.65 to 25.22) 9.3

Breast cancer 60 3.71 16.18 (12.35 to 20.83) 15.7

Bone cancer 28 1.46 19.14 (12.72 to 27.67) 9.6

Soft-tissue sarcoma 32 5.06 6.33 (4.33 to 8.94) 10.6

Thyroid cancer 43 3.79 11.34 (8.20 to 15.27) 13.3

Melanoma 19 4.70 4.04 (2.43 to 6.32) 14.6

All other cancers 59 14.71 4.01 (3.05 to 5.18) 13.9

*CI � confidence interval; ALL � acute lymphoblastic leukemia; AML � acute myeloid leukemia; CNS � central nervous system; Medullo/PNET �

medulloblastoma/primitive neuroectodermal tumors.
†Includes three unspecified leukemias.
‡Includes two unspecified lymphomas.
§Includes three unspecified CNS tumors.

Table 4. Comparison of risk indices for second and subsequent malignant
neoplasms by childhood cancer diagnosis in the Childhood Cancer Survivor

Study cohort*

Childhood cancer
diagnosis

Observed/expected
ratio (95% CI)

Cumulative
incidence
of second
malignant
neoplasm
at 20 y, %

Absolute excess
risk/1000

person-years
of follow-up

All diagnoses 6.38 (5.69 to 7.13) 3.18 1.88
Hodgkin’s disease 9.70 (8.05 to 11.59) 7.63 5.13
Soft-tissue sarcoma 7.03 (4.92 to 9.73) 3.98 2.33
Neuroblastoma 6.59 (3.28 to 11.79) 1.87 0.95
Kidney tumor 6.03 (3.37 to 9.95) 1.62 1.01
Leukemia 5.66 (4.37 to 7.22) 2.05 1.20
Bone cancer 4.50 (2.96 to 6.55) 3.28 1.79
CNS tumor 4.44 (2.88 to 6.56) 2.14 1.13
Non-Hodgkin’s

lymphoma
3.21 (1.76 to 5.39) 1.87 0.89

*CI � confidence interval; CNS � central nervous system.
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Despite the overall increased risk for SMNs among the co-
hort, the distribution of SMNs was heterogeneous when the
cohort members were grouped according to their original child-
hood cancer diagnoses. For example, survivors of Hodgkin’s
disease, who comprised 13.4% of the cohort, contributed 37.3%
of all SMNs, with an SIR of 9.7. Survivors of leukemia, who
comprised 33.6% of the cohort, contributed only 21.5% of all
SMNs, with an SIR of 5.7. In addition, survivors of bone cancers
or soft-tissue sarcomas, who comprised 17.1% of the cohort,
contributed 20.1% of all SMNs.

In the CCSS cohort, the most common SMN was breast can-
cer, which had one of the largest excess SIRs (SIR � 16.18).
In previous studies (6,13–18), breast cancer was reported in
excess of that expected in female survivors of Hodgkin’s dis-
ease. In our study, female survivors of Hodgkin’s disease were
at increased risk for breast cancer, although the RR reached only
marginal statistical significance compared with that for leukemia
survivors. Survivors of Wilms’ tumors were also at increased
risk for breast cancer; however, with a low number of cases,
there was less stability in the risk estimate.

Studies (6,13) have shown that girls between the ages of 10
and 16 years at the time of radiation therapy for Hodgkin’s
disease are at greatest risk of breast cancers, presumably because
the radiation therapy is delivered at a time when breast tissue
is proliferating. These observations have resulted in sex- and
age-based recommendations regarding radiation therapy for
Hodgkin’s disease. However, our analysis calls these recom-
mendations into question. Using the multiple Poisson regression
of SIRs and adjusting for age at childhood cancer diagnosis,
years of patient follow-up, and sex-specific change in the risk
for breast cancer with attained age, we found that older age at
childhood cancer diagnosis was not a statistically significant risk
factor for breast cancer. Although the difference between the
risks for each age group was not statistically significant among
cohort members, the risk of breast cancer was actually higher in
those diagnosed at ages 5–9 years (RR � 1.77; 95% CI � 0.54
to 5.79) than in those diagnosed at ages 10–14 years (RR �
1.45; 95% CI � 0.78 to 2.71) and in those diagnosed at ages 15
years and older.

The difference in the analytic methods that we used may
explain the conflicting findings between our results and the
results of other investigations (6,13). Most previous studies of
SMNs (6,13,15) have used Cox regression models, adjusting for
the age at original diagnosis and the duration of patient follow-
up but not for the “normal” changes in site- and sex-specific
cancer risk that occur with aging in the general population.
Without proper adjustment for these changes, the breast cancer
analysis would be expected to show that female survivors of
Hodgkin’s disease who were older at their childhood cancer
diagnosis are at higher risk for breast cancer because the overall
breast cancer risk is higher in older females. Although such
analyses are methodologically correct, the results should not be
interpreted as evidence for a stronger effect of cancer therapy on
breast SMN risk in the older patient group. To assess whether
the original cancer therapy has a differential influence on breast
SMN risk by age at original diagnosis, the model must adjust for
the fact that older females are at higher risk for breast cancer in
the general population. In our SIR regression model, this adjust-
ment is incorporated into the expected numbers of breast cancer,
i.e., the denominator of SIRs. Because Hodgkin’s disease is
more commonly a disease of adolescents than of younger chil-

dren, more survivors of adolescent Hodgkin’s disease are near-
ing the age group where breast cancer is seen with greater fre-
quency in the general population. Children treated for Hodgkin’s
disease or for Wilms’ tumor at younger ages have not yet
reached an age when breast cancer incidence begins to rise in the
general population, but our analysis shows that they are still
at increased risk. In fact, children treated at younger ages were
at higher RR for breast cancer than children treated at older ages,
when compared with the age- and sex-matched general popula-
tion. Therefore, all female survivors of Hodgkin’s disease
should be considered to be at increased risk for breast cancer,
and it is only with continued follow-up that the true lifetime risk
will become evident for all age groups.

We are now conducting a detailed analysis of risk factors for
breast cancer following Hodgkin’s disease in this cohort. This
will include a rigorous dosimetry analysis and a further analysis
of the combined effect of age at childhood cancer diagnosis and
attained age at breast cancer diagnosis. If radiation therapy is
found to be a statistically significant treatment-related risk factor
for breast cancer in female survivors of Hodgkin’s disease, re-
duction in dose or elimination of radiotherapy for Hodgkin’s
disease should not be limited to those older than 9 years at
diagnosis. Similar considerations should be given to the analysis
of any other secondary event that would occur at low frequency
in younger adults.

Bone cancers and soft-tissue sarcomas have also been re-
ported in excess after treatment of childhood cancer with radia-
tion therapy and perhaps alkylating agents (5,7,19,20). Survivors
of Ewing’s sarcoma appear to be at risk for osteosarcoma, in-
dependent of treatment (21). In the CCSS cohort, childhood
cancer diagnoses of bone cancer or soft-tissue sarcoma were risk
factors for secondary bone cancers and soft-tissue sarcomas,
independent of primary treatment, although the RR for soft-
tissue sarcomas among bone cancer survivors reached only mar-
ginal statistical significance compared with that for leukemia
survivors. Cohort members treated for Hodgkin’s disease or kid-
ney tumors were also at increased risk for soft-tissue sarcoma.
Analysis of the patients in our cohort indicates that treatment for
the childhood cancer with alkylating agents increased the risk
for bone cancers and that treatment with anthracyclines in-
creased the risk for soft-tissue sarcomas. Although it is possible
that there is some interaction between radiation therapy and
doxorubicin, a known radiation sensitizer (22), small subgroup
numbers preclude a statistically sound analysis of interaction.

In the CCSS cohort, there were 43 thyroid cancers, making
thyroid cancer the second most frequent SMN. The thyroid
gland is highly radiosensitive, and thyroid cancers have been
reported in previously irradiated fields (23). We found that
childhood cancer survivors who were treated for leukemia or
CNS tumors at a younger age were at highest risk for thyroid
tumors, an effect that has been noted previously (23). Using the
Poisson regression model of SIRs, we did not detect an increased
risk for thyroid tumors in females. Although the majority of the
thyroid cancers did occur in females, the same sex distribution of
thyroid cancer is seen in the general population.

CNS tumors, both benign and malignant, have been reported
(24–26) to occur with increased frequency among patients
treated with cranial irradiation for acute lymphoblastic leukemia.
The patients at greatest risk are those treated when less than
6 years of age, the time of greatest brain tissue growth (24–26).
Our data support these findings. Of the 36 CNS SMNs, 23
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followed therapy for leukemia. Younger age at initial therapy
was an independent risk factor for CNS SMNs. Cohort members
treated previously for childhood leukemia represented 33.7% of
the cohort, but they contributed 64% of the subsequent CNS
cancers. Of note, those patients who were treated with higher
doses of radiation for a childhood CNS cancer had a lower RR
for a second CNS cancer. Treatment with chemotherapy agents,
including alkylating agents, did not increase the risk for CNS
cancers. Recent data (27) have suggested that children with leu-
kemia who are also deficient in the metabolism of the thiopu-
rines may be at increased risk for CNS cancers. Although it is
unknown if the patients in the cohort were deficient in thiopurine
metabolism, our high incidence of CNS tumors following leu-

kemia could be interpreted as supportive of this association.
Further study of this group will be performed to confirm these
findings.

Therapy-related acute leukemia following treatment of a pri-
mary malignancy has been associated with the use of several
groups of chemotherapeutic agents, including alkylating agents
(5,6,16), topoisomerase II inhibitors (28–30), anthracyclines
(20), and platinum compounds (8). However, of the 314 SMNs
in our cohort, only 24 (7.6%) were cases of second leukemia, a
smaller percentage than reported in other studies (6,13,21,31).
Moreover, we found that alkylating agents, anthracyclines, or
platinum exposure did not increase the risk of secondary leuke-
mia. There was, however, an independent, dose-dependent epi-

Table 5. Multivariate analysis of risk of any second malignant neoplasm and specific second malignant neoplasms by exposure and
demographic variables in the Childhood Cancer Survivor Study cohort*

Any second neoplasm Leukemia Central nervous system tumor Breast cancer

RR (95% Cl) [# exp]

P for

trend RR (95% Cl) [# exp]

P for

trend RR (95% CI) [# exp]

P for

trend RR (95% CI) [# exp]

P for

trend

Sex

Male (referent) 1.00 [115] 1.00 [13] 1.00 [20]

Female 1.64 (1.30 to 2.08) [183] <.001 1.38 (0.61 to 3.13) [11] .44 0.98 (0.49 to 1.94) [14] >.50 Females only

Age at diagnosis, y

0–4 (referent) 1.00 [72] 1.00 [7] 1.00 [20] 0.00 [0]

5–9 0.70 (0.48 to 1.02) [54] 1.89 (0.57 to 6.22) [6] 0.46 (0.18 to 1.18) [6] 1.77 (0.54 to 5.79) [4]

10–14 0.48 (0.33 to 0.71) [73] 1.85 (0.49 to 7.04) [6] 0.51 (0.19 to 1.39) [7] 1.45 (0.78 to 2.71) [16]

�15 0.41 (0.28 to 0.61) [99] <.001 1.41 (0.31 to 6.28) [5] >.50 0.07 (0.01 to 0.64) [1] .005 1.00† [35] .44

Treatment era

1970–1974 (referent) 1.00 [105] 1.00 [5] 1.00 [6] 1.00 [29]

1975–1979 0.99 (0.74 to 1.33) [107] 0.76 (0.20 to 2.80) [5] 1.56 (0.56 to 4.32) [14] 0.84 (0.44 to 1.61) [18]

1980–1986 0.94 (0.66 to 1.33) [86] >.50 1.30 (0.40 to 4.21) [14] >.50 1.09 (0.36 to 3.24) [14] >.50 0.97 (0.38 to 2.44) [8] >.50

Childhood cancer diagnosis

Leukemia (referent) 1.00 [64] 1.00 [6] 1.00 [22] 1.00 [2]

CNS tumor 1.23 (0.74 to 2.04) [24] 0.89 (0.15 to 5.39) [2] 0.85 (0.30 to 2.43) [6] 3.04 [0.47 to 19.42] [3]

HD 2.34 (1.44 to 3.81) [111] 3.99 (0.84 to 18.88) [9] 0.71 (0.11 to 4.79) [5] 4.89 (0.95 to 25.24) [35]

NHL 0.83 (0.45 to 1.52) [14] 1.31 (0.24 to 7.27) [2] 0.37 (0.05 to 2.94) [1] 1.98 (0.26 to 14.87) [2]

Kidney tumor 0.96 (0.52 to 1.75) [14] 1.65 (0.29 to 9.31) [2] 0.00 [0] 12.38 (1.95 to 78.71) [3]

Neuroblastoma 1.09 (0.56 to 2.13) [11] 1.57 (0.26 to 9.55) [2] 0.00 [0] 0.00 [0]

Soft-tissue sarcoma 1.74 (1.12 to 2.71) [35] 0.51 (0.06 to 4.76) [1] 0.00 [0] 2.76 (0.49 to 15.61) [4]

Bone cancer 1.31 (0.76 to 2.24) [25] .08 0.00 [0] .26 0.00 [0] .11 2.98 (0.57 to 15.55) [6] .22

Splenectomy, yes 1.23 (0.82 to 1.86) [81] .31 0.74 (0.19 to 2.86) [5] >.50 1.70 (0.24 to 11.88) [4] >.50 0.94 (0.45 to 1.97) [25] >.50

Alkylating agent score‡

0 (referent) 1.00 [108] 1.00 [7] 1.00 [15] 1.00 [26]

1–2 1.10 (0.74 to 1.63) [42] 0.60 (0.11 to 3.29) [2] 1.62 (0.58 to 4.51) [8] 0.97 (0.38 to 2.48) [6]

3–4 1.37 (0.94 to 2.00) [49] 1.72 (0.44 to 6.77) [4] 1.26 (0.38 to 4.15) [4] 1.03 (0.41 to 2.63) [7]

�5 1.13 (0.77 to 1.66) [44] .28 1.64 (0.44 to 6.11) [5] .36 1.21 (0.29 to 5.10) [3] >.50 1.05 (0.47 to 2.34) [10] >.50

Anthracycline exposure, mg/m2

None (referent) 1.00 [167] 1.00 [12] 1.00 [21] 1.00 [39]

1–100 1.16 (0.50 to 2.70) [6] 0.00 [0] 0.47 (0.06 to 3.82) [1] 2.59 (0.32 to 20.79) [1]

101–300 1.51 (1.08 to 2.11) [66] 1.00 (0.31 to 3.20) [6] 0.86 (0.31 to 2.42) [7] 1.78 (0.76 to 4.19) [9]

�301 1.44 (0.89 to 2.33) [24] .02 1.38 (0.26 to 7.24) [2] >.50 0.38 (0.05 to 3.00) [1] .42 1.97 (0.58 to 6.68) [4] .15

Epipodophyllotoxin exposure, mg/m2

None (referent) 1.00 [252] 1.00 [16] 1.00 [27] 1.00 [53]

1–1000 1.18 (0.42 to 3.32) [4] 0.00 [0] 0.00 [0] 1.00 [0]

1001–4000 1.02 (0.36 to 2.83) [4] 6.75 (1.46 to 31.25) [3] 0.00 [0] 0.00 [0]

�4001 2.78 (1.41 to 5.49) [10] .02 5.84 (1.11 to 30.72) [2] .01 3.94 (1.22 to 13.78) [4] .14 0.00 [0] .23

Platinum exposure, mg/m2

None (referent) 1.00 [261] 1.00 [19] 1.00 [30] 1.00 [53]

1–400 0.56 (0.13 to 2.35) [2] 1.70 (0.17 to 16.93) [1] 0.00 [0] 0.00 [0]

401–750 1.51 (0.53 to 4.28) [4] 3.05 (0.30 to 31.14) [1] 0.00 [0] 0.00 [0]

�751 1.34 (0.32 to 5.66) [2] >.50 0.00 [0] >.50 0.00 [0] .34 0.00 [0] .24

(Table continues)
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podophyllotoxin effect on the risk of secondary leukemia that
was statistically significant in a test for trend. The cumulative
dose of epipodophyllotoxins was not found to increase risk for
secondary leukemia in a National Cancer Institute review of 13
clinical trials that included treatment with epipodophyllotoxins
(29), although the schedule of administration may have been an
important factor in risk for secondary leukemia (28). The dose–
response relationship in our study suggests that a higher cumu-
lative dose of epipodophyllotoxins may indeed increase the risk
for therapy-related leukemia. However, we did not evaluate the

schedule of epipodophyllotoxin administration, which may have
confounded the results of the dose response. Given the short
latent period for epipodophyllotoxin-related leukemia, there may
have been patients who developed a therapy-related leukemia
within the first 5 years after their childhood cancer diagnosis.
However, because this is a study of 5-year survivors of child-
hood cancer, no events that occurred in the first 5 years follow-
ing initial childhood cancer diagnosis were ascertained.

Genetic conditions associated with an increased risk of mul-
tiple primary cancers include hereditary retinoblastoma, Li–

Table 5 (continued). Multivariate analysis of risk of any second malignant neoplasm and specific second malignant neoplasms by
exposure and demographic variables in the Childhood Cancer Survivor Study cohort*

Bone cancer Soft-tissue sarcoma Thyroid cancer

RR (95% Cl) [# exp]

P for

trend RR (95% Cl) [# exp]

P for

trend RR (95% CI) [# exp]

P for

trend

Sex

Male (referent) 1.00 [15] 1.00 [22] 1.00 [10]

Female 1.41 (0.66 to 3.04) [12] .38 0.80 (0.36 to 1.79) [9] >.50 0.69 (0.33 to 1.42) [30] .32

Age at diagnosis, y

0–4 (referent) 1.00 [8] 1.00 [13] 1.00 [8]

5–9 0.96 (0.34 to 2.70) [8] 0.45 (0.16 to 1.25) [8] 0.77 (0.26 to 2.24) [9]

10–14 0.87 (0.28 to 2.72) [7] 0.09 (0.03 to 0.32) [5] 0.54 (0.18 to 1.61) [15]

�15 0.77 (0.20 to 2.93) [4] >.50 0.50 (0.01 to 0.20) [5] <.001 0.18 (0.05 to 0.65) [8] .003

Treatment era

1970–1974 (referent) 1.00 [4] 1.00 [11] 1.00 [16]

1975–1979 1.47 (0.45 to 4.80) [10] 0.59 (0.24 to 1.49) [10] 1.10 (0.51 to 2.36) [15]

1980–1986 1.74 (0.53 to 5.76) [13] .36 0.60 (0.21 to 1.68) [10] .34 0.90 (0.34 to 2.42) [9] >.50

Childhood cancer diagnosis

Leukemia (referent) 1.00 [3] 1.00 [2] 1.00 [11]

CNS tumor 3.66 (0.53 to 25.19) [2] 3.22 (0.69 to 39.50) [1] 0.26 (0.03 to 2.10) [1]

HD 1.31 (0.11 to 15.72) [5] 10.32 (1.18 to 90.18) [9] 1.74 (0.50 to 6.01) [17]

NHL 2.54 (0.39 to 16.67) [2] 0.00 [0] 0.96 (0.25 to 3.77) [3]

Kidney tumor 2.16 (0.20 to 22.80) [1] 12.12 (2.06 to 71.30) [5] 0.00 [0]

Neuroblastoma 0.00 [0] 2.84 (0.23 to 34.45) [1] 3.08 (0.75 to 12.61) [3]

Soft-tissue sarcoma 13.21 (3.19 to 54.77) [9] 19.33 (3.79 to 98.61) [10] 0.87 (0.18 to 4.16) [2]

Bone cancer 10.93 (2.16 to 55.39) [5] .003 6.92 (0.93 to 51.63) [3] <.001 2.07 (0.50 to 8.65) [3] .15

Splenectomy, yes 8.90 (1.01 to 78.21) [5] .05 4.21 (0.82 to 21.59) [8] .09 0.73 (0.26 to 2.01) [12] >.50

Alkylating agent score‡

0 (referent) 1.00 [2] 1.00 [8] 1.00 [15]

1–2 5.34 (0.92 to 31.01) [5] 1.53 (0.36 to 6.43) [3] 1.23 (0.50 to 3.06) [9]

3–4 5.07 (0.92 to 27.98) [8] 3.37 (1.03 to 10.98) [9] 0.94 (0.33 to 2.62) [6]

�5 5.72 (0.96 to 34.10) [5] .07 0.67 (0.12 to 3.69) [2] >.50 0.72 (0.26 to 2.00) [6] >.50

Anthracycline exposure, mg/m2

None (referent) 1.00 [8] 1.00 [11] 1.00 [26]

1–100 2.55 (0.26 to 24.92) [1] 0.00 [0] 0.00 [0]

101–300 1.78 (0.59 to 5.34) [8] 2.41 (0.85 to 6.80) [8] 1.55 (0.66 to 3.64) [11]

�301 2.25 (0.57 to 8.87) [4] .22 3.34 (0.93 to 11.97) [4] .04 0.77 (0.16 to 3.69) [2] >.50

Epipodophyllotoxin exposure, mg/m2

None (referent) 1.00 [20] 1.00 [26] 1.00 [36]

1–1000 0.00 [0] 6.56 (0.64 to 66.97) [1] 5.00 (1.04 to 23.99) [2]

1001–4000 0.00 [0] 0.00 [0] 0.00 [0]

�4001 2.64 (0.28 to 24.65) [1] >.50 0.00 [0] .47 3.42 (0.42 to 27.85) [1] .29

Platinum exposure, mg/m2

None (referent) 1.00 [20] 1.00 [26] 1.00 [39]

1–400 1.50 (0.18 to 12.62) [1] 0.00 [0] 0.00 [0]

401–750 0.00 [0] 0.00 [0] 0.00 [0]

�751 0.00 [0] .44 7.76 (0.76 to 74.39) [1] .45 0.00 [0] .13

*Adjusted for radiation exposure to tumor sites. RR � relative risk; CI � confidence interval; CNS � central nervous system; HD � Hodgkin’s disease; NHL � non-Hodgkin’s

lymphoma; [# exp] � number of cohort members exposed.

†Referent changed to age �15 years because of no case in patients aged 0–4 years.

‡Alkylating agent scores were calculated using methods previously described (7).
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Fraumeni syndrome, neurofibromatosis, familial adenomatous
polyposis, hereditary nonpolyposis colorectal cancer, and mul-
tiple endocrine neoplasia (32). Several patterns noticed in our
cohort suggest familial cancer syndromes. For example, the as-
sociation that we noted between SMNs of bone and soft-tissue
sarcoma following a childhood cancer diagnosis of sarcoma
could represent a genetic cancer syndrome such as the Li–
Fraumeni syndrome, where bone and soft-tissue sarcomas are
noted in multiple family members younger than 45 years
(33,34). The observation that CNS tumors occur following a
childhood diagnosis of leukemia or CNS tumor may support
a previously described familial syndrome that includes hemato-
poietic cancers, and CNS tumors may also comprise part of a

familial cancer syndrome (35–37). Family history of cancer and
molecular epidemiology studies are under way in our cohort to
clarify some of these associations. Such studies may also iden-
tify previously unrecognized family cancer syndromes in which
multiple primary cancers occur in a single individual. Interac-
tions between genetic predisposition, the environmental factors,
disease characteristics, and treatment are complicated and will
require additional studies that are possible only with the ongoing
follow-up of a large cohort, such as the CCSS cohort.

There are several limitations to our study. For example, be-
cause of our eligibility criteria, a direct comparison of our SMN
occurrence frequencies to those of other reports (5,6,13–
16,18,20,21,31) is not possible because entry into the CCSS

Table 6. Multivariate analysis of risk factors for second malignant neoplasm by childhood cancer diagnosis in the Childhood Cancer Survivor Study cohort*

Leukemia Central nervous system tumor Hodgkin’s disease Non-Hodgkin’s lymphoma

RR (95% CI) [# exp]

P for

trend RR (95% CI) [# exp]

P for

trend RR (95% CI) [# exp]

P for

trend RR (95% CI) [# exp]

P for

trend

Sex

Male (referent) 1.00 [28] 1.00 [17] 1.00 [82] 1.00 [10]

Female 0.83 (0.51 to 1.37) [36] .48 3.56 (1.38 to 9.20) [7] .009 2.55 (1.65 to 3.92) [29] <.001 5.99 (1.83 to 19.58) [4] .003

Age at diagnosis, y

0–4 (referent) 1.00 [35] 1.00 [4] 1.00 [1] 1.00 [1]

5–9 0.58 (0.32 to 1.07) [15] 0.90 (0.21 to 3.88) [4] 0.99 (0.12 to 7.94) [8] 0.88 (0.09 to 8.63) [3]

10–14 0.34 (0.15 to 0.73) [8] 1.58 (0.44 to 5.66) [9] 1.05 (0.14 to 7.69) [40] 1.11 (0.13 to 9.31) [6]

�15 0.35 (0.15 to 0.85) [6] <.001 1.63 (0.43 to 6.15) [7] .30 0.76 (0.10 to 5.52) [62] .19 0.52 (0.05 to 5.11) [4] >.5

Treatment era

1970–1974 (referent) 1.00 [18] 1.00 [4] 1.00 [49] 1.00 [4]

1975–1979 0.89 (0.44 to 1.81) [21] 2.92 (0.80 to 10.72) [13] 1.04 (0.65 to 1.64) [39] 0.44 (0.08 to 2.44) [3]

1980–1986 0.89 (0.41 to 1.92) [25] >.5 1.57 (0.35 to 7.03) [7] >.5 0.91 (0.50 to 1.64) [23] >.5 1.59 (0.27 to 9.31) [7] .40

Splenectomy, yes 0.00 [0] >.5 0.00 [0] >.5 1.25 (0.77 to 2.04) [79] .37 4.19 (0.70 to 25.06) [2] .12

Alkylating agent score†

0 (referent) 1.00 [29] 1.00 [16] 1.00 [36]

1–2 0.69 (0.33 to 1.45) [14] 0.00 [0] 0.98 (0.43 to 2.20) [7]

3–4 1.13 (0.52 to 2.42) [11] 1.98 (0.53 to 7.38) [3] 1.00 (0.44 to 2.26) [8]

�5 1.01 (0.27 to 3.78) [3] >.5 1.84 (0.18 to 19.07) [1] .42 1.19 (0.71 to 1.97) [30} >.5

None 0.00 [0]

Any (referent) 1.00‡ [11] >.5

Anthracycline exposure, mg/m2

None (referent) 1.00 [30] 1.00 [78]

1–100 0.71 (0.21 to 2.46) [3] 0.00 [0]

101–300 1.43 (0.71 to 2.88) [19] 1.81 (1.02 to 3.21) [18]

�301 0.82 (0.30 to 2.27) [5] >.5 1.90 (0.42 to 8.51) [2] .05

None (referent) 1.00 [3]

Any 2.23 (0.52 to 9.63) [8] .28

Epipodophyllotoxin exposure, mg/m2

None (referent) 1.00 [47] 1.00 [20] 1.00 [100]

1–1000 1.33 (0.31 to 5.69) [2] 0.00 [0] 0.00 [0]

1001–4000 1.37 (0.31 to 6.00) [2] 30.97 (2.29 to 418.58) [1] 0.00 [0]

�4001 4.43 (2.04 to 9.63) [10] .001 0.00 [0] .20 0.00 [0] .11

None (referent) 1.00 [10]

Any 1.10 (0.12 to 9.81) [1] >.5

Platinum exposure, mg/m2

None (referent) 1.00 [19] 1.00 [100]

1–400 1.62 (0.13 to 20.91) [1] 0.00 [0]

401–750 0.00 [0] 0.00 [0]

�751 0.00 [0] .34 0.00 [0] >.5

None (referent) 1.00 [11]

Any 0.00 [0] >.5

(Table continues)
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cohort required survival 5 years from the childhood cancer di-
agnosis. Thus, our eligibility criteria excluded individuals who
developed an SMN and died before 5 years and excluded SMNs
in cohort members that occurred before the 5-year entry date.
Our cohort also excluded children with retinoblastoma, who are
well known to be at an increased risk of SMNs (38). Accord-
ingly, our analysis somewhat underestimates the overall risk of
SMNs from the time of the childhood cancer diagnosis. In ad-

dition, it is possible that some cancers occurred among eligible
members but were missed because the participant or the respon-
dent for the questionnaire was unaware of the secondary cancer
diagnosis. To minimize this possibility, all responses suggesting
either an SMN or a recurrence of the childhood cancer diagnosis
were reviewed and investigated at the CCSS Pathology Center.

Another limitation to our study is that we classified radiation
exposure as a dichotomous variable indicating exposure to the

Table 6 (continued). Multivariate analysis of risk factors for second malignant neoplasm by childhood cancer diagnosis in the Childhood
Cancer Survivor Study cohort*

Kidney tumor Neuroblastoma Soft-tissue sarcoma Bone cancer

RR (95% CI) [# exp]

P for

trend RR (95% CI) [# exp]

P for

trend RR (95% CI) [# exp]

P for

trend RR (95% CI) [# exp]

P for

trend

Sex

Male (referent) 1.00 [8] 1.00 [8] 1.00 [16] 1.00 [14]

Female 1.10 (0.37 to 3.26) [6] >.5 2.61 (0.68 to 10.04) [3] .16 1.02 (0.52 to 2.01) [19] >.5 1.23 (0.54 to 2.80) [11] >.5

Age at diagnosis, y

0–4 (referent) 1.00 [7] 1.00 [9] 1.00 [15] 0.00 [0]

5–9 2.13 (0.71 to 6.40) [6] 2.58 (0.50 to 13.40) [2] 0.84 (0.38 to 1.84) [11] 1.65 (0.57 to 4.83) [5]

10–14 0.00 [0] 0.00 [0] 0.17 (0.05 to 0.52) [4] 0.73 (0.28 to 1.95) [6]

�15 2.33 (0.27 to 20.16) [1] >.5 0.00 [0] >.5 0.15 (0.05 to 0.42) [5] <.001 1.00§ [14] >.5

Treatment era

1970–1974 (referent) 1.00 [9] 1.00 [3] 1.00 [12] 1.00 [6]

1975–1979 0.39 (0.09 to 1.71) [3] 1.41 (0.29 to 6.95) [4] 0.87 (0.36 to 2.07) [12] 0.93 (0.29 to 2.93) [12]

1980–1986 0.36 (0.05 to 2.54) [2] .21 1.63 (0.27 to 9.81) [4] >.5 0.96 (0.35 to 2.61) [11] >.5 0.79 (0.20 to 3.07) [7] >.5

Splenectomy, yes 0.00 [0] >.5 0.00 [0] >.5 0.00 [0] >.5 0.00 [0] >.5

Aklylating agent score†

0 (referent) 1.00 [6] 1.00 [7]

1–2 1.26 (0.34 to 4.61) [5] 1.50 (0.47 to 4.85) [7]

3–4 1.79 (0.59 to 5.45) [14] 1.29 (0.37 to 4.50) [9]

�5 1.85 (0.42 to 8.10) [4] .28 0.61 (0.06 to 5.83) [1] >.5

None (referent) 1.00 [12] 1.00 [2]

Any 0.00 [0] >.5 3.42 (0.62 to 18.87) [9] .16

Anthracycline exposure, mg/m2

None (referent) 1.00 [14] 1.00 [5]

1–100 2.29 (0.28 to 18.67) [1] 0.00 [0]

101–300 2.00 (0.77 to 5.24) [10] 1.02 (0.26 to 4.01) [8]

�301 1.63 (0.53 to 4.96) [5] .23 1.54 (0.44 to 5.39) [11] .41

None (referent) 1.00 [9] 1.00 [7]

Any 1.42 (0.31 to 6.45) [3] >.5 1.50 (0.33 to 6.83) [4] >.5

Epipodophyllotoxin exposure, mg/m2

None (referent) 1.00 [29] 1.00 [24]

1–1000 1.29 (0.08 to 22.26) [1] 0.00 [0]

1001–4000 0.00 [0] 0.00 [0]

�4001 0.00 [0] .34 0.00 [0] .42

None (referent) 1.00 [10]

Any 0.52 (0.04 to 7.65) [1] >.5

Platinum exposure, mg/m2

None (referent) 1.00 [28] 1.00 [20]

1–400 0.78 (0.61 to 10.71) [1] 0.00 [0]

401–750 0.00 [0] 2.18 (0.51 to 9.27) [3]

�751 6.89 (0.62 to 76.44) [1] .37 2.14 (0.26 to 17.30) [1] .35

None (referent) 1.00 [12] 1.00 [10]

Any 0.00 [0] >.5 0.79 (0.06 to 10.47) [1] >.5

*Adjusted for radiation exposure to tumor sites. Open cells represent variables not included in regression model because of limited exposure in this diagnostic group. Chemotherapy

categories for non-Hodgkin’s lymphoma, kidney tumors, and neuroblastoma were collpased because of small numbers of second malignant neoplasms following these diagnoses. RR �

relative risk; CI � confidence interval; [# exp] � number of cohort members exposed.

†Alkylating agent scores were calculated with the use of methods described previously (7).

‡Reference category changed to “Any” because all second malignant neoplasm cases were exposed to alkylating agents.

§Referent changed to age �15 years because of no case in patients aged 0–4 years.
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tumor site. To specifically categorize each SMN in relation to
and within the radiation field and to adjust for dose was beyond
the scope of the current analysis. We, therefore, elected not to
report increased risk for SMN by radiation therapy. For those
SMNs in which radiation therapy presumably plays a clinically
significant role (i.e., secondary breast and CNS tumors), we are
undertaking nested case–control studies that include rigorous
dosimetry evaluations of tissue-specific dose estimates to deter-
mine risk conferred by radiation therapy.

Although survivors of childhood cancers are at increased risk
of SMNs relative to the population at large, the frequency of
such cancers is low compared with the frequency of cancer
cures. Indeed, the absolute risk of SMNs was small, with an
estimated 1.88 additional cancers occurring within the cohort for
each 1000 person-years of follow-up. Even among long-term
survivors of Hodgkin’s disease, the subgroup at highest risk for
SMNs, the absolute excess of SMNs was five per 1000 person-
years of follow-up. Thus, the great success in the last three
decades in treating children with cancer should not be overshad-
owed by the incidence of SMNs. Furthermore, patients and
health-care providers need to be aware of those at the highest
risk of SMNs so that surveillance is focused toward potential
primary and secondary prevention, based on risk factors. Pre-
ventive strategies could include modification of therapies for
childhood cancer when possible without compromising survival,
early mammograms for women who have received radiotherapy
to the breasts as children, and possibly chemoprevention for
high-risk groups. Further investigations, using nested case–

control studies, are required to better define the pathogenesis of
SMNs and to facilitate the implementation of such strategies.

Given the large size and extended follow-up of the CCSS
cohort, this article represents, to our knowledge, the most precise
estimates to date of the risk and occurrences of SMNs in survi-
vors of childhood cancers. Continued follow-up of this unique
cohort will provide important insights into the long-term conse-
quences of therapy and subsequent risks of SMNs.
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