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INTRODUCTION

As a result of improvements in therapies for childhood and

adolescent cancers in the last several decades, survival rates

are increasing. However, those same cancer therapies have

been shown to increase risk of a subsequent cancer among

survivors [1,2]. Recent published reports suggest that the risk

of developing a second malignancy in cohorts of 3- or 5-year

survivors is 3 to 15 times greater than the incidence in the

general population, and that the cumulative risk varies

between 2% and12% at 20 years after the original diagnosis

[1–4]. Early studies of small, homogeneous, clinic-based

cohorts with short follow-up periods reported somewhat

higher incidence ratios, approaching 20-fold excess risks in

comparison to the general population [5]. The Childhood

Cancer Survivor Study (CCSS), which followed a large

multi-center cohort of childhood cancer patients with

selected diagnoses in the US and Canada between 1970

and 1986, reported an SIR of observed-to-expected second

cancers of 6.4 [6]. Population-based cohorts from the UK and

five Nordic countries have reported SIRs of 6.2 and 3.6

respectively [7,8], but these studies did not examine risk

among survivors diagnosed during the 1990s. A population-

based cohort that followed patients diagnosed with an

original cancer before the age of 25 years through the

1990s reported an SIR of 4.4 for second malignancies [9],

whereas a small clinic-based study from Slovenia reported an

SIR of 8 [10]. Research also indicates that, while the

major determinant of a second cancer is treatment (including

high-dose radiation therapy and certain chemotherapy

agents), risk may vary according to the patient’s gender,

age at diagnosis of the original cancer, and genetic

predisposition to cancer [2,3,11]. In order to address second

cancer risk, more information is needed among the total

population of survivors, with extensive follow-up, and on

risks to cohorts diagnosed during different treatment eras.

For this study, we utilized the population-based cancer

registry to investigate the risk of developing a second

malignant neoplasm (SMN) among a cohort of 5-year

childhood cancer survivors originally diagnosed with a

Background. We examined second malignancies, a recognized
late effect of therapy among survivors of childhood and adolescent
cancer, among a recent, population-based cohort of 2,322 5-year
survivors diagnosed before 20 years of age in British Columbia (BC),
Canada between 1970 and 1995. Procedure. Survivors and second
malignancies were identified from the BC Cancer Registry. Risk of
second malignancy was evaluated using standardized incidence
ratios (SIRs), absolute excess risk (AER), and cumulative risk. The
effect of demographic, temporal, and disease-related characteristics
on risk was assessed. Results. Fifty-five second malignancies were
observed after 26,071 person-years of follow-up. Relative rate of
developing a second malignancy among survivors was 5 times
higher than expected (SIR¼5.0, 95% CI, 3.8–6.5), and absolute
excess risk was 1.7 deaths per 1,000 person-years. Cumulative
incidence of a second malignancy was 5.1% at 25 years after

diagnosis of the first cancer. SIRs and absolute excess risk of
subsequent cancer was higher among females (SIR¼5.9, 95% CI,
4.5–8.3 and AER¼2.66). While relative risk of second cancer was
higher for those diagnosed before 10 years of age (SIR¼ 10.6, 95%
CI, 7.1–16.0), absolute excess risk was slightly higher for those
diagnosed after 10 years of age. SIRs were significantly elevated for
all follow-up periods, but absolute excess risk of a second cancer was
highest among patients surviving more than 15 years. Conclusions.
Increased risk of a subsequent neoplasm is evident among childhood
cancer survivors diagnosed in more recent periods than has been
previously reported, continues years after diagnosis, and varies
according to several risk factors. Continued surveillance is essential
to quantify and characterize long-term and changing risks for
appropriate follow-up. Pediatr Blood Cancer 2007;48:453–459.
� 2006 Wiley-Liss, Inc.

Key words: childhood and adolescent cancers; late effects; second malignant neoplasm; subsequent cancer; survivorship research

� 2006 Wiley-Liss, Inc.
DOI 10.1002/pbc.20921

——————
1Cancer Control Research Program, British Columbia Cancer Agency,

Vancouver, British Columbia, Canada; 2Department of Health Care

and Epidemiology, University of British Columbia, Vancouver, British

Columbia, Canada; 3Department of Statistics and Actuarial Science,

Simon Fraser University, Vancouver, British Columbia, Canada;
4Division of Oncology, Hematology, and Bone Marrow Transplant,

British Columbia Children’s Hospital and University of British

Columbia, Vancouver, British Columbia, Canada; 5Department of

Radiation Oncology, British Columbia Cancer Agency, Vancouver,

British Columbia, Canada; 6Population and Preventive Oncology,

British Columbia Cancer Agency, Vancouver, British Columbia,

Canada

Grant sponsor: Canadian Institute for Health Research; Grant sponsor:

The Michael Smith Health Research Foundation.

*Correspondence to: Mary L. McBride, Cancer Control Research

Program, BC Cancer Research Centre, BC Cancer Agency, 2-107, 675

West 10th Avenue, Vancouver, BC, Canada, V5Z 1L3.

E-mail: mmcbride@bccrc.ca

Received 17 October 2005; Accepted 8 May 2006



cancer or tumor before age 20 years in British Columbia

(BC), Canada from 1970 to 1995, and followed to end 2000.

We also examined risk according to several demographic

and disease-related characteristics previously determined to

affect second cancer risk.

METHODS

Identification of the Survivor Cohort

The cohort consisted of all BC residents diagnosed before

age 20 years between January 1, 1970 and December 31,

1995 with a primary cancer or tumor listed in the

International Classification of Childhood Cancers (ICCC)

[12], who survived at least 5 years from the time of their

diagnosis and were reported to the province-wide BC Cancer

Registry. In total, 2,322 patients (1,217 males and 1,105

females) were included for the analysis of second cancers,

after additional data from health records identified 32

ineligible cases previously counted as eligible cases from

the registry and death records. Birth date, gender, and date of

death (if applicable) information was provided from the

registry. For each new primary diagnosis, the geographic

code of address at diagnosis, date of diagnosis, and

morphology and histology coded according to the Interna-

tional Classification of Diseases for Oncology, 3rd edition

(ICD-O) [13] was also obtained.

Ascertainment of Death and Follow-Up Information

Both routine and study-specific linkages to death

certificates and other provincial files of identifiers were

carried out in order to obtain follow-up and death information

for the cohort. Follow-up began 5 years after diagnosis of the

first cancer and continued to occurrence of a second cancer,

December 31, 2000, or death, whichever occurred first.

Reports of death registrations from the provincial Vital

Statistics Agency (VSA), including date, location, and

multiple causes of death, are routinely linked to cancer

registry records. In order to capture complete data and ensure

complete follow-up of all subjects in the event of name

changes and missed routine matches, the cohort records were

also linked to VSA files of births and marriages by unique

lifetime Personal Health Numbers (available since 1986),

and relinked to death files. Any subject not linked to a

valid death record was considered to be alive at the end of

follow-up.

Identification and Verification of Second
Malignant Neoplasms

All second primary cancers diagnosed from 5 years post-

diagnosis to December 31, 2000, and classified in ICD-O

[13], were identified from the BC Cancer Registry. Cancers

diagnosed in the 5 years immediately after the original

diagnosis were excluded to minimize the misclassification of

progression or recurrence of the childhood cancer as a second

malignancy.

A SMN was defined following ICD-O rules [13] as: (i) a

neoplasm in a new location that was not direct spread or

metastasis of the primary cancer, or (ii) a neoplasm on the

same location as the primary cancer but of different

histological type. Non-melanoma skin cancers were

excluded, as were cases with ICD-O behavioral code 2 or

below. Consequently, premalignant and dysplastic condi-

tions, and benign tumors were excluded. Study staff

reviewed diagnostic records to distinguish a SMN from

progression or recurrence of the original malignancy. Since it

was possible that childhood leukemias could relapse as a

histologically distinct lymphoma or sarcoma, any second

cancers that had the same cell lineage as the original

leukemia were categorized as a recurrence of the original

diagnosis.

Statistical Analysis

Overall and diagnosis-specific relative risk of a SMN was

calculated using standardized incidence ratios (SIRs). SIRs

were computed by dividing the observed number of second

malignancies by the expected number in the BC population.

The expected number of second cancers was calculated by

multiplying the number of person-years at risk by age-,

gender-, and calendar period-specific incidence rates in the

BC population [14]. Calculation of person-years at risk

began 5 years after the original diagnosis and continued

until occurrence of a SMN, loss to follow-up, death, or

December 31, 2000. Risk was also examined according to

several demographic and disease-related characteristics,

including gender, age at original diagnosis, diagnosis period,

and time from original diagnosis to development of a

subsequent malignancy. Each point estimate of risk was

compared with the Poisson distribution and was considered

significant if its 95% confidence interval did not include

one [14].

Absolute excess risk (AER) of a SMN for the entire

cohort, and according to several demographic and diagnostic

characteristics, was calculated by subtracting the expected

number of cases in the general population from those

observed in the study cohort, and expressed in relation to

the number of person-years at risk [14]. Kaplan–Meier life

table procedures were used to estimate the cumulative

incidence of a SMN for the cohort [14]. Evaluation of

actuarial risks according to several putative risk factors was

carried out using a Cox proportional hazards model [14,15].

Annual incidence of a SMN was also calculated for the 5-year

survivors, defined as the observed number of cases of SMN

divided by the person-years at risk and expressed per 1,000

person-years. All analyses were performed using ‘‘R

Foundation for Statistical Sciences’’ (R Development Core

Team, Vienna, Austria) and SAS, version 8.2 (SAS Institute,

Inc., Cary, NC).
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RESULTS

There were 2,322 survivors eligible for inclusion in our

study. Characteristics of the study cohort are shown in

Table I. Mean age at diagnosis of the first malignancy was 10

(�6.5) years. During 26,071 person-years of follow-up

through December 31, 2000, 55 subsequent cancers

occurred, 15 in males and 40 in females. Mean age at

diagnosis of a SMN was 27 (�9.2) years and the mean time

from the original diagnosis to development of a SMN was 15

(range, 5.2–29) years.

Overall, relative risk of a SMN in this study was five times

higher than expected in the underlying population

(SIR¼ 5.0, 95% CI, 3.8–6.5) (Table II). Increased SIRs for

SMN were observed in all diagnostic groups examined

except carcinomas, although the number of subsequent

cancers was small for all but leukemia (SIR¼ 4.6, 95% CI,

2.0–11.0), lymphoma (SIR¼ 6.3, 95% CI, 3.8–11.0), and

central nervous system (CNS) tumors (SIR¼ 5.1, 95% CI,

2.7–9.6).

The SIR of a SMN was higher for females (SIR¼ 5.9,

95% CI, 4.3–8.1) than males (SIR¼ 3.8, 95% CI, 2.4–5.9),

and was significantly higher for those originally diagnosed

before 10 years of age (SIR¼ 10.6, 95% CI, 7.1–16.0) than

for those diagnosed between 10 and 19 years of age

(SIR¼ 4.0, 95% CI, 2.9–5.7). Furthermore, the relative risk

of a SMN was significantly elevated above population levels

for survivors in each diagnosis period, from 1970 to 1995,

although the number of SMNs was small for the latest group.

The SIR for risk of a SMN was highest during the first 5–9

years following the original diagnosis (SIR¼ 6.7, 95% CI,

4.1–11.0) and decreased with longer duration of follow-up.

The most common second malignancies were breast

cancers (10 of 55 or 18%), thyroid cancers (10 of 55 or 18%),

and CNS tumors (8 of 55 or 15%) (Table III). Breast cancers

occurred more frequently after a diagnosis of lymphoma,

whereas CNS tumors more commonly followed an

original CNS tumor or leukemia. Thyroid cancer occurred

most often following an original diagnosis of lymphoma or

CNS tumor.

The proportion of female survivors that developed a SMN

was 3.6% compared to 1.2% for males. Breast cancer as a

SMN occurred entirely among women, particularly among

those that were diagnosed and treated for their original cancer

between the ages of 10–19 years. Second CNS tumors were

also more common among females (n¼ 6), particularly for

those diagnosed before 10 years of age, and second thyroid

cancers occurred predominantly among females (n¼ 8) (data

not shown).

The mean latency between time of original diagnosis and

development of a SMN was 15 (range, 5.2–29) years in this

survivor cohort (Table I). Generally, the latency period

between diagnosis of the first and second new primary was

longer for development of solid tumors than for hematopoe-

tic malignancies, bone cancer, and CNS tumors (Table III).

Shorter latency periods were observed for survivors who later

developed leukemia (7.6 years) and bone cancer (11.2 years).

Patients that developed breast cancer as a SMN had the

longest latency following diagnosis of their original cancer

(20.8 years). Latency did not vary according to the patient’s

gender, but was somewhat shorter for those diagnosed with a

first cancer before 10 years of age.

The cumulative risk of a second malignancy among

survivors in this cohort was higher than expected in the

general population and increased with the length of time from

first diagnosis. Ten years after the initial diagnosis, the

cumulative incidence of a SMN was 0.74% among all

survivors. At 15, 20, and 25 years after diagnosis, the

cumulative incidence increased to 1.6%, 3.0%, and 5.1%,

respectively (Fig. 1). There was no significant difference in

the cumulative risk of a SMN according to age at time of the

original diagnosis or by diagnosis period. However, the

cumulative incidence of a SMN was higher among females

than males during all periods of follow-up. This difference

was most pronounced after 20 years of follow-up; the
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TABLE I. Characteristics of 5-Year Survivors of Childhood and
Adolescent Cancer

Characteristic

Number (%)

All survivors

(n¼ 2,322)

Cases with a

SMNa (n¼ 55)

Vital status at end of

follow-up (alive)

2,143 (92) 33 (60)

Gender

Male 1,217 (52) 15 (27)

Female 1,105 (48) 40 (73)

Original ICCCb diagnosis

I—Leukemia 471 (20) 5 (9.1)

II—Lymphoma 382 (16) 14 (26)

III—Central nervous

system tumors

438 (19) 9 (16)

IV—Sympathetic nervous

system tumors

85 (3.7) 3 (5.5)

V—Retinoblastoma 57 (2.5) 2 (3.6)

VI—Renal tumors 125 (5.4) 4 (7.3)

VII—Hepatic tumors 9 (0.4) 1 (1.8)

VIII—Bone tumors 112 (4.8) 8 (15)

IX—Soft tissue sarcomas 146 (6.3) 2 (3.6)

X—Germ cell and other

gonadal tumors

167 (7.2) 4 (7.3)

XI—Carcinoma 327 (14) 3 (5.5)

XII—Other unspecified

malignant tumors

3 (0.1) 0 (0.0)

Mean age at original

diagnosis (years)

10.1 (6.5)c 11.7 (5.7)c

Mean age at diagnosis of

a SMNa (years)

N/Ad 26.7 (9.2)c

Mean time from original

diagnosis to SMNa (years)

N/Ad 15.0 (6.4)c

aSecond malignant neoplasm.
bInternational classification of childhood cancers.
cMean (standard deviation).
dNot applicable.
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cumulative risk of developing a second primary cancer at

20 years was 4.7% among females compared to only 1.5%

among males (data not shown). The annual incidence of a

SMN in our study cohort was 2.1 per 1,000 person-years

(data not shown). The annual incidence was greatest for

those originally diagnosed with bone tumors (6.7 per

1,000 person-years), and was higher for females than males

(3.2 per 1,000 person-years vs. 1.1 per 1,000 person-years).

Despite a five-fold relative risk of second malignancies

among survivors when compared to the general population,

the AER of SMN was only 1.7 cases per 1,000 person-years at

risk (Table II). A high AER was found for those originally

diagnosed with bone tumors (AER¼ 6.3 per 1,000 person-

years). Other diagnosis-specific AERs remained below 3

cases per 1,000 person-years at risk. The absolute excess risk

of SMN among female survivors was much larger than for

male survivors (AER¼ 2.7 per 1,000 person-years vs.

AER¼ 0.8 per 1,000 person-years). In addition, AERs were

somewhat greater for those diagnosed before 1980 and for

those with a longer duration of follow-up (15þ years).

Conversely, the AER was very similar for patients diagnosed

with an original primary malignancy before and after 10 years

of age.

DISCUSSION

This study reports on second cancer risk in a geographi-

cally defined population of survivors in a recent, population-

based cohort with long follow-up. Use of a high-quality

cancer registry and health records to identify and verify

second cancers resulted in virtually complete and unbiased

reporting, avoiding potential selection bias due to lack of

participation, loss to follow-up, or differential reporting due

to treatment center referral patterns. Follow-up using

data linkage reduced differential and non-differential loss

of subjects over time.

We examined the risk of second primary cancers in a

relatively recent cohort. This allowed for examination of

risks and patterns of second cancers for those who had

Pediatr Blood Cancer DOI 10.1002/pbc

TABLE II. Risk of SMNa and Absolute Excess Risk by Demographic and Disease-Related Factors

Characteristic

Observed

number of SMNa
Expected

number of SMNa SIRb 95% CIc AERd

All primary diagnosese 55 11.0 5.0 3.8–6.5 1.69

Leukemia 5 1.09 4.6 2.0–11.0 0.88

Lymphomas 14 2.22 6.3 3.8–11.0 2.75

Central nervous

system tumors

9 1.76 5.1 2.7–9.6 1.45

Sympathetic nervous

system tumors

3 0.19 15.9 5.8–46.0 2.97

Retinoblastoma 2 0.12 16.1 4.9–58.0 2.82

Renal tumors 4 0.35 11.5 4.7–29.0 2.32

Hepatic tumors 1 0.02 42.1 10.0–230.0 13.37

Bone tumors 8 0.51 15.7 8.0–31.0 6.30

Soft tissue sarcoma 2 0.80 2.5 0.8–8.9 0.69

Germ cell/Gonadal tumors 4 1.00 4.0 1.6–10.0 1.62

Carcinomas 3 3.00 1.0 0.4–2.9 0.00

Gender

Male 15 4.55 3.8 2.4–5.9 0.77

Female 40 6.56 5.9 4.3–8.1 2.66

Age at diagnosis

<10 years 22 2.08 10.6 7.1–16.0 1.67

10–19 years 33 8.25 4.0 2.9–5.7 1.75

Diagnosis period

1970–79 34 7.08 4.8 3.4–6.7 2.15

1980–89 19 3.39 5.6 3.6–8.7 1.44

1990–95 2 0.56 3.6 1.1–13.0 0.54

Time since original diagnosis

5–9 years 15 2.24 6.7 4.1–11.0 1.24

10–14 years 13 2.45 5.3 3.1–9.0 1.45

15þ years 27 6.43 4.2 2.9–6.2 2.42

aSecond malignant neoplasm.
bStandardized incidence ratio.
c95% confidence interval.
dAbsolute excess risk per 1,000 person-years.
eDiseases described are the primary cancer diagnosis classified according to the ICCC.
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therapies similar to those for current patients. Furthermore,

we only considered second cancers that occurred 5 years or

more after the original diagnosis. This restriction minimized

the possibility of including recurrent or progressive cancers

misclassified as a SMN. Two limitations of this study are the

small numbers for some categories of risk, which preclude

meaningful examination of some types of cancer diagnoses

and SMNs, and the lack of information on treatment which is

a major risk factor for SMNs.

Overall, our cohort exhibited a statistically significant

five-fold relative risk of SMN compared with the incidence in

the BC population, and an AER of 1.7 per 1,000 person-

years. Our results are comparable to those reported in other

population-based cohorts, such as the UK’s Childhood

Cancer Research Group (CCRG) [7] who reported an SIR

of SMN in 3-year survivors of 6.2, the Nordic countries study

[8] which reported an SIR of SMN from diagnosis of 3.6, and

the UK study from the Northern Region Young Person

Malignant Disease Registry (NRYPMDR) [9] that reported

an SIR of second malignancy of 4.4. Studies of cohorts

identified from treatment centres have reported somewhat

higher relative risks of SMN, with SIRs ranging from 8.7 to

21.4 [10,16–18]. The large multi-centre CCSS study of 5-

year survivors recently reported an overall SIR of 4.3 [19].

Most of this excess risk relative to the background population

is probably due to the effects of therapy for the first cancer

(radiation and/or chemotherapy), but genetic predisposition

and other environmental exposures may also be factors.

Differences in the size, time period and composition of

survivor cohorts, and in follow-up methodologies most likely

accounted for the variation in SIR estimates reported to date.

The SIR of a second malignancy in our cohort was

significantly elevated for all categories of initial diagnosis

except carcinomas, and incidence ratios varied according to

the original cancer diagnosis, although reliability of risk

Pediatr Blood Cancer DOI 10.1002/pbc

TABLE III. Number of SMNa by Diagnosis According to Original Diagnosis Type

ICCCb code of

original diagnosis

(number of cases)

ICDOc SMN diagnosis (number of patients)

Bone CNS Breast

FR

organsd
Digestive

organs Leukemia Lung Lymphoma Skin Testis Thyroid

All other

cancers Total

I (471) 1 2 2 5

II (382) 1 4 1 1 2 1 4 14

III (438) 3 1 1 1 3 9

IV (85) 1 2 3

V (57) 1 1 2

VI (125) 1 1 1 1 4

VII (9) 1 1

VIII (112) 1 2 1 1 1 1 1 8

IX (146) 1 1 2

X (167) 1 1 2 4

XI (327) 1 1 1 3

XII (3) 0

Total (2322) 5 8 10 2 1 3 1 4 3 3 10 5 55

Latencye (yrs) 11.2 13.3 20.8 N/Af N/Af 7.6 N/Af 17.7 12.9 17.2 14.4 13.1 15.0

aSecond malignant neoplasm.
bInternational Classification of Childhood Cancers: I—leukemia; II—lymphoma; III—CNS tumors; IV—sympathetic nervous system tumors; V—

retinoblastoma; VI—renal tumors; VII—hepatic tumors; VIII—bone tumors; IX—soft tissue sarcoma; X—germ cell and gonadal tumors; XI—

carcinomas; XII—other and unspecified malignant tumors.
cInternational classification of diseases for oncology.
dFemale reproductive organs (Including ovary, cervix and endometrium).
eMean latency period from original diagnosis to diagnosis of a second malignant neoplasm (years).
fMean latency period not reported for ICDO diagnoses with <3 cases.

Fig. 1. Cumulative incidence of second malignant neoplasm among

5-year survivors of childhood and adolescent cancer.
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estimates were affected in some categories due to small

numbers. The highest relative risk of SMN was found for

patients originally diagnosed with bone tumors (SIR¼ 15.7).

Similarly, a high AER was observed for patients originally

diagnosed with bone tumors (AER¼ 6.3). A cohort of French

and British children reported increased SIR for second

malignancies among survivors originally diagnosed with

retinoblastoma during childhood [17], which may be linked

to an increased genetic susceptibility following heritable

retinoblastoma [2,3,5]. The US CCSS, the UK CCRG, and

the UK NRYPMDR cohorts observed that the highest relative

risk of a SMN was after a diagnosis of Hodgkin disease (SIRs

ranging from 7.3 to 9.7) [6,7,9].

Female survivors in our cohort were at a greater absolute

and relative risk for SMN than that observed for males.

Female gender was also associated with an increased SIR in

the CCSS study [6] which reported that women were 64%

more likely to experience a second cancer than men. These

findings may be attributable to cases of secondary breast

cancer experienced among women but not men. The US

CCSS has also shown that the relative risk of secondary

breast cancers may be increased following treatment with

chest radiation therapy [20].

Younger age at diagnosis of the original cancer or tumor

has been associated with an increased relative risk (SIR) of

second primary cancers [6–9,21], as was also observed in our

study. This pattern is typical in the development of radiation-

associated second cancers [3,6,8,11,21]. For example,

Garwicz et al. [21] found that the SIR of a SMN after

radiotherapy was highest for children diagnosed and treated

before the age of 5 years. Similarly, Neglia et al. [6] found

that younger age at initial radiation treatment was an

independent risk factor for second CNS malignancies.

However, the absolute excess risk of a SMN in our cohort

was similar for those diagnosed between 10–19 years of age

(AER¼ 1.8) and those diagnosed younger (AER¼ 1.7). This

difference between relative and absolute risk of SMNs

reflects the higher background cancer rate with increasing

age in the general population [15]. Our results are similar to

recent findings from the CCSS that indicate that age at

diagnosis is not significantly associated with an increased

risk of breast cancer [20].

Relative risk of a SMN decreased with time since first

cancer diagnosis, as supported by findings from earlier

studies [6–8,10,17]. The CCSS noted that almost 50% of

second primary cancers occurred within 15 years of the

original childhood cancer diagnosis [6], while Jenkinson

et al. [7] found that the relative risk of SMN was greatest

during the first 3–9 years after diagnosis of the original

cancer. It is expected that the relative risk of a SMN would

decrease over time because the background incidence of

cancer in the general (comparative) population increases

with age. However, the AER of a SMN increased with time

from original diagnosis in our cohort. At more than 15 years

after the original diagnosis, patients’ absolute excess risk of

developing a SMN was almost two times higher than during

the first 10 years after diagnosis.

We found no clear effect of diagnosis period on the

standardized incidence of a SMN, as also observed

previously [6,7,9]. However, the absolute risk of developing

a SMN decreased over time, being highest for patients

diagnosed from 1970 to 1979. Olsen et al. [8] also found that

risk varied according to the time of diagnosis and treatment of

the original cancer; however, their cohort was diagnosed in

an earlier period (1943–1987).

We observed a 15-year mean latency between diagnosis of

the initial cancer and diagnosis of a SMN, with a shorter

latency to development of a second primary leukemia than

for non-hematopoietic or solid second malignancies. Our

diagnosis-specific mean latencies were longer than those

reported previously [6,10,16,17,21], which may be due to the

exclusion of secondary leukemias that occurred prior to 5

years from diagnosis, or reflect differences in our study

cohort, including the heterogeneity of survivors according to

their original cancer diagnosis, and the definition of ‘‘period

at risk’’ for a SMN.

The cumulative incidence of SMN in our study was 3.0%

at 20 years and 5.1% at 25 years after diagnosis, which is

comparable to the CCSS and the CCRG survivor cohorts that

reported actuarial risks of 3.2% and 3.1% at 20 years after

diagnosis, and 4.7% and 4.2% at 25 years after diagnosis,

respectively [6,7]. The Nordic countries study observed the

same trend, although they reported slightly lower actuarial

risks at each follow-up period [8]. Conversely, the popula-

tion-based UK cohort found that the cumulative probability

of second malignancy was 8.9% by 30 years following initial

diagnosis [9], but this finding may be due to the inclusion of

survivors aged 20–24 years who have a higher probability of

second malignancy than those diagnosed in childhood [9].

In conclusion, our study results are consistent with other

recent cohort studies, suggesting that the registry-based

record linkage methodology is sufficiently robust to provide

reliable risk estimates. We extend knowledge gained from

earlier cohorts and selected diagnostic groups to show that

excess risk of second cancer persists many years after

diagnosis, and occurs even among more recently diagnosed

survivors of a cancer or tumor. Overall, the evidence for

continued excess risk highlights the need for further

monitoring of second cancers, in order to identify high-risk

groups for follow-up care, and for further research to mitigate

second cancer risk in this population.
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