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Abstract
Second primary cancer (SPC) is one of the most life-threatening late effects of 
childhood cancers. We investigated the incidence and survival outcomes of SPC in 
childhood cancer patients in Japan. Data were obtained from the population-based 
Osaka Cancer Registry. Individuals diagnosed with cancer at age 0–14 years during 
1975–2014 and survived 2 months or longer were followed through December 2015. 
The risk of developing SPC was assessed with standardized incidence ratio (SIR), 
excess absolute risk (EAR, per 100,000 person-years), and cumulative incidence. 
Multivariable Poisson regression analysis was carried out to assess relative risks 
of SPC by treatment method. Survival analysis was undertaken using the Kaplan–
Meier method. Of 7229 childhood cancer survivors, 101 (1.4%) developed SPC after 
a median of 11.6 years. Overall SIR was 5.0, which corresponded with 84.3 EAR. The 
cumulative incidence was 0.9%, 2.1%, and 3.4% at 10, 20, and 30 years, respectively. 
Among all SPCs, the type that contributed most to the overall burden was cancers in 
the central nervous system (EAR = 28.0) followed by digestive system (EAR = 15.1), 
thyroid (EAR = 8.3), and bones and joints (EAR = 7.8); median latency ranged from 
2.0 years (lymphomas) to 26.6 years (skin cancers). Patients treated with radiotherapy 
alone were at a 2.58-fold increased risk of developing SPC compared to those who 
received neither chemotherapy nor radiotherapy. Among patients who developed 
SPCs, 5-year and 10-year survival probabilities after SPC diagnosis were 61.7% and 
52.0%, respectively. Risk-based long-term follow-up planning is essential to inform 
survivorship care and help reduce the burden of SPCs in childhood cancer survivors.
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1  |  INTRODUC TION

Survival for childhood cancer has seen a substantial improvement 
over the past several decades, largely due to the advances in treat-
ments and health-care infrastructure.1–5 However, the improved 
survival has resulted in an increasing number of childhood cancer 
survivors suffering from lifelong adverse health effects that are at-
tributable to either their cancer or its treatment.6

Development of subsequent cancers is one of the most life-
threatening consequences. In the reports from the Childhood 
Cancer Survivor Study, second primary cancers were found to be the 
second  most common cause of late mortality next to recurrence/
progressive disease, accounting for 18.5% of all deaths among 5-year 
survivors of childhood cancer.7–9 While a number of previous studies 
have reported that childhood cancer survivors are at a higher risk 
of developing a new cancer, at 3–20 times than the general popula-
tion,10–18 the existing evidence mostly comes from North American 
or European countries. Only a handful assessments have been carried 
out in Asian populations; some of them were hospital-based stud-
ies for which external validity was unconfirmed,16,17 or population-
based analyses with a relatively short duration of follow-up.18

The development of a long-term follow-up system for childhood 
cancer survivors is listed as one of the major tasks in the third term 
Basic Plan to Promote Cancer Control Programs in Japan, effective 
since 2018.19 Given that childhood cancer survivors often have a 
longer life expectancy than adult cancer survivors, understanding 
long-term risk patterns for subsequent cancers is essential to inform 
better survivorship care, particularly with regard to screening, sur-
veillance, treatment, and prevention. In light of the above, the pur-
pose of this study was to assess the incidence, relative risks, and 
survival outcomes of second primary cancers in patients diagnosed 
with cancer during childhood, using data from a Japanese popula-
tion. In Japan, the national cancer registry has only been in operation 
since 2016 and does not have sufficient data accumulation to assess 
the long-term risk of subsequent cancers. Thus, we utilized a long-
term, large-scale subnational cancer registry to yield population-
based estimates.

2  |  MATERIAL S AND METHODS

2.1  |  Data and study cohort

For this retrospective cohort study, data were extracted from 
the population-based OCR. The OCR has a 60-year history since 
1962 and is one of the few cancer databases in Japan that meet 
international qualifications for comparability, validity, timeliness, 
and completeness.20 Covering the entire population of Osaka, the 
third most populated prefecture (8.8 million as of 2015)21 in Japan, 
the OCR collects patients’ information including sex, age, date of 
diagnosis and death, cancer site and histology, stage at diagnosis, 
and type of initial treatment. The vital status of registered patients 
is routinely followed using death certificates every year and official 

resident registries up until 10 years from diagnosis. The study cohort 
for the present study included individuals diagnosed with cancer 
before the age of 15 years during 1975–2014 and who survived at 
least 2 months from the date of initial cancer diagnosis.

2.2  |  Statistical analysis

First primary cancer was defined as any, except in-situ, malignancies 
and nonmalignant CNS tumors defined in the International 
Classification of Disease for Oncology, third edition (ICD-O-3)22 
that were diagnosed first for each patient. Second primary cancer 
was defined as a subsequent primary cancer that occurred 2 months 
or more after the date of initial cancer diagnosis. Recurrence of the 
first cancer and third or any higher-order cancers were not included 
in the analysis. To estimate the risk of developing SPC, PYR were 
calculated as the time from FPC diagnosis until the earliest date of 
the following: (i) December 31, 2015, (ii) diagnosis of SPC, (iii) death, 
or (iv) 30 years after FPC diagnosis. The expected number of SPC 
was estimated by multiplying the PYR and the cancer incidence 
rate of the general population of Osaka for each of the population 
subgroups stratified by sex, age (5-year group), and calendar year. 
Standardized incidence ratio was computed as the ratio of the 
observed to expected numbers of SPC. The 95% CI was estimated 
assuming a Poisson distribution.23 To measure the overall burden of 
SPC, EAR was calculated as the difference between the observed and 
expected numbers of SPC per 100,000 PYR. To allow comparison 
with the results from previous studies, we also estimated the 
incidence of SPC in individuals who survived at least 5 years after 
FPC diagnosis. The results were stratified by sex (man/woman), age 
at initial cancer diagnosis (0–4/5–9/10–14 years), and cancer type; 
FPCs were classified into 12 diagnostic groups according to ICCC-
3,24 and SPCs were categorized into 14 sites in accordance with the 
Surveillance, Epidemiology, and End Results Program.25

Cumulative incidence of SPC at 5, 10, 20, and 30 years after the 
initial cancer diagnosis was assessed as a function of time after the first 
cancer diagnosis considering death as a competing risk. The results 
were stratified by calendar year (1975–1984/1985–1999/2000–2014) 
in addition to the characteristics listed in the previous paragraph. We 
also assessed cumulative incidence by attained age (age at diagnosis of 
SPC for childhood cancer survivors or any first or later cancers for the 
general population of Osaka) to allow comparison with the age-specific 
cumulative incidence in the general population of Osaka. Among 
childhood cancer survivors, cumulative incidence for attained ages 
0–4 years and 5–9 years was calculated by restricting the analysis to in-
dividuals first diagnosed with cancer before age 5 years (n = 3477) and 
10 years (n = 5320), respectively. The analysis for attained age 10 years 
or older included all survivors (n = 7229). Cumulative incidence in the 
general population of Osaka was computed by dividing the number of 
cancer cases by the total number of individuals at risk during the period 
1975–2015 combined. For childhood cancer patients who developed 
SPC, Kaplan–Meier survival analysis was carried out to estimate sur-
vival probabilities at 5 and 10 years after SPC diagnosis.
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To investigate the risk of SPC by treatment method, the analy-
sis was restricted to patients for whom treatment information was 
available. Patients were categorized as follows: neither chemother-
apy nor radiotherapy, chemotherapy alone, radiotherapy alone, and 
both chemotherapy and radiotherapy. We calculated the RR of SPC 
using a Poisson regression model with the “neither chemotherapy 
nor radiotherapy” group as the referent. The model was adjusted for 
sex, age at initial cancer diagnosis, and ICCC-3 diagnostic group of 
FPC. All statistical tests were two-tailed, and statistical significance 
was set for p values <0.05. All analyses were undertaken using R 
version 4.0.3.

2.3  |  Ethics approval

This study was approved by the Institutional Review Board of the 
Osaka International Cancer Institute (approval number: 19143). We 
obtained the dataset with no personally identifiable information from 
the OCR and independently processed it under the Act on Promotion 
of Cancer Registries. The OCR data is not publicly accessible and is 
available only on request due to privacy and ethical restrictions.

3  |  RESULTS

Through December 2015, SPCs were diagnosed in 101 (1.4%) of 
7229 childhood cancer patients who survived at least 2  months 
after the initial cancer diagnosis (Table 1). The overall SIR was 5.0 
(95% CI, 4.0–6.0) which corresponded with 84.3 EAR per 100,000 
PYR. The median latency between FPC and SPC was 11.6 years (IQR, 
5.0–19.5). Compared to women, men had a higher SIR (6.8 [95% CI, 
5.2–8.7] vs. 3.5 [95% CI, 2.5–4.7], respectively) and EAR (101.8 
vs. 63.5, respectively). The SIR was highest in patients diagnosed 
at age 0–4 years (SIR = 6.7 [95% CI, 5.0–8.8]) and decreased with 
increasing age (SIR = 4.7 [95% CI, 2.9–7.1] at age 5–9 years; SIR = 3.3 
[95% CI, 2.2–4.9] at age 10–14 years). By diagnostic group of FPC, 
elevated risks of developing SPC were observed in all groups 
except “malignant bone tumors” (group VIII) and “germ cell tumors, 
trophoblastic tumors, and neoplasms of gonads” (group X). The 
highest SIR was seen in “other and unspecified malignant neoplasms” 
(group XII) (SIR = 17.0 [95% CI, 6.4–36.9]), followed by “intracranial 
and intraspinal embryonal tumors” (group III.c) (SIR = 14.9 [95% CI, 
4.1–38.1]) and “hepatic tumors” (group VII) (SIR = 13.6 [95% CI, 4.4–
31.8]). Among ≥5-year survivors of childhood cancer (n = 4557), 76 
(1.7%) developed SPC after a median of 16.2 (IQR, 10.1–21.4) years 
(Table S1). The overall SIR in this population was 3.8 (95% CI, 3.0–
4.8), and similar risk patterns were seen to those of the ≥2-month 
survivors.

Among all ≥2-month survivors, the cumulative incidence of SPC 
was 0.5% at 5 years, 0.9% at 10 years, 2.1% at 20 years, and 3.4% at 
30 years of follow-up (Table 2). The 30-year cumulative risk ranged 
from 2.9% in women to 3.8% in men, 3.2% among those diagnosed 
at age 0–4 years to 4.0% among those diagnosed at age 10–14 years, 

and 1.6% for “germ cell tumors, trophoblastic tumors, and neoplasms 
of gonads” (group X) to 8.7% for “hepatic tumors” (group VII). By di-
agnostic period, the cumulative incidence was higher in the more 
recent period at any point of follow-up; for example, the 10-year cu-
mulative risk increased from 0.7% during 1975–1984 to 1.2% during 
2000–2014. Stratified by attained age, childhood cancer survivors 
were at a higher risk of developing SPC compared with the general 
population of Osaka (Figure 1). The proportion of childhood cancer 
patients who had developed SPC by age 24 years was 1.8%, whereas 
it took until age 44 years for 1.8% of the general population to de-
velop a new cancer.

Table 3 presents the profile of SPCs. Among the observed 101 
SPCs, the most frequent cancer site was the CNS (n = 29 [28.7%]), 
followed by the digestive system (n = 17 [16.8%]) and thyroid (n = 9 
[8.9%]). Of the 84.3 EAR (per 100,000 PYR) for all SPCs combined, 
CNS cancers accounted for the largest portion (EAR = 28.0 [33.2%]), 
followed by cancers in the digestive system (EAR  =  15.1 [17.9%]) 
and thyroid (EAR = 8.3 [9.9%]). The SIR was highest for cancers in 
the bones and joints (13.6 [95% CI, 5.9–29.6]), followed by CNS (12.9 
[95% CI, 8.7–18.6]), skin (11.6 [95% CI, 3.2–29.6]), and urinary system 
(11.5 [95% CI, 3.7–26.9]). The median latency ranged from 2.0 years 
(IQR, 2.0–2.4) for subsequent lymphomas to 26.6 years (IQR, 26.4–
27.5) for subsequent skin cancers.

When we restricted the analysis to patients whose treatment 
information was available (n  =  4882), those who did not undergo 
chemotherapy or radiotherapy had the lowest SIR (2.8 [95% CI, 1.1–
6.2]), EAR (50.2/100,000 PYR), and the shortest latency to the diag-
nosis of SPC (6.3 [IQR, 4.5–12.9] years) (Table 4). Using this group as 
the referent, patients who were initially treated with radiotherapy 
alone had a 2.58 (95% CI, 1.09–6.89) times increased risk of devel-
oping SPC in the multivariable analysis. The other treatment groups 
also had, although not statistically significant, higher estimated 
risks of SPC relative to patients who received neither treatment 
(RR = 1.45 [95% CI, 0.76–3.86] for those with chemotherapy alone; 
RR = 1.34 [95% CI, 0.60–3.01] for those with both chemotherapy 
and radiotherapy). The cumulative incidence was similar across all 
groups up to 10 years of follow-up; however, patients who received 
either chemotherapy or radiotherapy or both had nearly double the 
cumulative incidence of the neither-treatment group at 30 years 
(2.1% among those with neither treatment vs. 4.0%, 3.8%, and 3.6% 
among those with radiotherapy alone, chemotherapy alone, and 
both, respectively).

Figure 2 presents survival probabilities for childhood cancer pa-
tients who developed SPC. Survival probabilities after SPC diagnosis 
were 61.7% (95% CI, 52.8–72.1) at 5 years and 52.0% (95% CI, 41.8–
64.7) at 10 years.

4  |  DISCUSSION

Through 41 years of observation, 101 (1.4%) of the 7229 child-
hood cancer survivors developed SPC after a median of 11.6 years. 
Patients who survived ≥2 months were at a five-fold increased risk, 
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TA B L E  1  Profile of childhood cancer patients who survived ≥2 months after initial cancer diagnosis, Osaka Cancer Registry, 1975–2015

Characteristic

First primary 
cancer

Second primary 
cancer

Standardized 
incidence ratio

Excess 
absolute risk Median latency

n n (%) SIR (95% CI)
per 100,000 
PYR Year (IQR)

Overall 7229 101 (1.4) 5.0 (4.0–6.0) 84.3 11.6 (5.0–19.5)

Sex

Man 3977 62 (1.6) 6.8 (5.2–8.7) 101.8 12.4 (5.0–19.0)

Woman 3252 39 (1.2) 3.5 (2.5–4.7) 63.5 10.1 (5.1–20.0)

Age at initial cancer diagnosis (years)

0–4 3477 53 (1.5) 6.7 (5.0–8.8) 90.7 7.4 (4.7–18.7)

5–9 1843 22 (1.2) 4.7 (2.9–7.1) 76.2 15.6 (10.2–19.6)

10–14 1909 26 (1.4) 3.3 (2.2–4.9) 78.5 11.4 (3.8–24.6)

Diagnostic group of first primary cancersa

I. Leukemias, myeloproliferative diseases, and 
myelodysplastic diseases

2301 24 (1.0) 4.8 (3.1–7.2) 75.2 14.8 (7.1–19.1)

I.a. Lymphoid leukemias 1509 18 (1.2) 5.1 (3.0–8.1) 80.2 13.0 (6.5–19.7)

I.b. Acute myeloid leukemias 537 4 (0.7) 4.6 (1.2–11.7) 70.2 15.4 (14.8–16.9)

II. Lymphomas and reticuloendothelial neoplasms 693 8 (1.2) 3.7 (1.5–7.4) 61.2 16.7 (13.4–19.1)

II.a. Hodgkin's lymphomas 49 0 (0.0) – – –

II.b. Non-Hodgkin's lymphomas 344 2 (0.6) – – –

III. CNS and miscellaneous intracranial and intraspinal 
neoplasms

1437 20 (1.4) 4.7 (2.8–7.2) 84.7 13.7 (5.0–24.1)

III.a. Ependymomas and choroid plexus tumors 131 1 (0.8) – – –

III.b. Astrocytomas 312 7 (2.2) 9.0 (3.6–18.5) 184.4 6.3 (3.4–9.6)

III.c. Intracranial and intraspinal embryonal tumors 204 4 (2.0) 14.9 (4.1–38.1) 261.3 18.7 (13.1–22.3)

IV. Neuroblastoma and other peripheral nervous cell 
tumors

693 7 (1.0) 4.4 (1.8–9.1) 54.4 6.8 (4.0–14.9)

V. Retinoblastoma 254 4 (1.6) 5.1 (1.4–13.0) 66.6 12.1 (5.1–21.7)

VI. Renal tumors 223 5 (2.2) 7.4 (2.4–17.4) 110.0 10.4 (4.6–16.7)

VII. Hepatic tumors 172 5 (2.9) 13.6 (4.4–31.8) 237.3 10.1 (2.7–23.4)

VIII. Malignant bone tumors 295 3 (1.0) 2.8 (0.6–8.1) 53.1 10.1 (9.3–18.1)

VIII.a. Osteosarcomas 179 2 (1.1) – – –

VIII.c. Ewing tumors and related bone sarcomas 79 0 (0.0) – – –

IX. Soft tissue and other extraosseous sarcomas 414 8 (1.9) 6.4 (2.7–12.5) 120.7 6.4 (5.4–19.7)

IX.a. Rhabdomyosarcomas 197 3 (1.5) 6.9 (1.4–20.1) 111.7 5.5 (5.3–12.6)

X. Germ cell tumors, trophoblastic tumors, and 
neoplasms of gonads

525 5 (1.0) 2.2 (0.7–5.1) 31.0 9.3 (2.3–13.8)

XI. Other malignant epithelial neoplasms and 
malignant melanomasb

131 6 (4.6) 9.9 (3.6–21.4) 271.0 6.9 (1.5–14.8)

XII. Other and unspecified malignant neoplasmsc 91 6 (6.3) 17.0 (6.4–36.9) 375.1 1.6 (0.8–9.2)

Note: The analysis included individuals diagnosed with cancer before the age of 15 years during 1975–2014. Person-years at risk (PYR) were 
calculated as the time from first primary cancer diagnosis until the earliest date of the following: (i) December 31, 2015, (ii) diagnosis of second 
primary cancer, (iii) death, or (iv) 30 years after the initial cancer diagnosis. First primary cancer was defined as any, except in-situ, cancer that was 
diagnosed first for each patient. Second primary cancer was defined as a subsequent primary cancer that occurred ≥2 months after the date of initial 
cancer diagnosis. Estimates not reported for second primary cancers with <3 cases (−).
Abbreviations: CI, confidence interval; CNS, central nervous system; IQR, interquartile range; SIR, standardized incidence ratio.
aClassification in accordance with the International Classification of Childhood Cancers, third edition.
bBreakdown: a, Adrenocortical carcinomas (n = 5); b, thyroid carcinomas (n = 31); c, nasopharyngeal carcinomas (n = 11); d, malignant melanomas 
(n = 20); e, skin carcinomas (n = 10); f, other and unspecified carcinomas (n = 54).
cBreakdown: a.2. Pancreatoblastoma (n = 12); a.3. pulmonary blastoma and pleuropulmonary blastoma (n = 5); b. other unspecified malignant tumors 
(n = 74).
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and those who survived ≥5 years were at a 3.8-fold increased risk 
of developing a new cancer relative to the general population of 
Osaka. These estimates were within the SIR range of 3–20 reported 
by previous studies.10–14,16–18 The overall cumulative incidence of 
SPC was 0.9% at 10 years, 2.1% at 20 years, and 3.4% at 30 years 
after the initial cancer diagnosis. These estimates were similar to 
those reported in a previous Japanese hospital-based study.16 The 
cumulative risk of SPC showed an upward trend during the study 
period, which could be attributed to the substantial improvement 
in both childhood cancer survival1–3 and the completeness of the 
population-based cancer registry (i.e., fewer cases notified by DCO) 
since the 1970 s. During the study period, survival probabilities after 
SPC diagnosis were 61.7% and 52.0% at 5 and 10 years, respectively. 
These findings highlight the need for long-term screening, surveil-
lance, and prevention planning.

This study yielded a few notable results. First, of the 101 SPCs 
observed in this study, the largest portion was represented by can-
cers of the CNS (n = 29), which may be partly due to the late effect 
of treatment for FPC. An increased risk of subsequent CNS cancers 
such as gliomas, meningiomas, and sarcomatous lesions has been 
reported as a consequence of irradiation for CNS cancers and leuke-
mia.26–29 In line with this, the most common subsequent CNS cancer 
in the present study was glioma (n = 16), followed by meningioma 
(n  =  6). Recognition of patients at risk for developing radiation-
induced neoplasms could facilitate early diagnosis through careful 
clinical observation and follow-up screening. Second, we found that 
survivors of hepatic tumors (group VII) had a 13.6-fold elevated risk 
of developing a new cancer compared to the general population and 
the highest cumulative incidence (8.7%) among the 12 diagnostic 
groups. Although we observed only five SPCs in this population, 

TA B L E  2  Cumulative incidence of second primary cancers in childhood cancer survivors at 5, 10, 20, and 30 years after the initial cancer 
diagnosis, Osaka Cancer Registry, 1975–2015

Characteristic

Time from initial cancer diagnosis

5 years (%) 10 years (%) 20 years (%) 30 years (%)

Overall 0.5 0.9 2.1 3.4

Sex

Man 0.5 0.9 2.4 3.8

Woman 0.4 0.9 1.6 2.9

Age at initial cancer diagnosis (years)

0–4 0.6 1.1 2.1 3.2

5–9 0.2 0.4 2.2 3.4

10–14 0.5 0.8 1.9 4.0

Calendar year at initial cancer diagnosis

1975–1984 0.3 0.7 1.4 2.4

1985–1999 0.5 0.8 1.8 4.0

2000–2014 0.6 1.2 – –

Diagnostic group of first primary cancers

I. Leukemias, myeloproliferative diseases, and myelodysplastic diseases 0.2 0.6 2.0 3.6

II. Lymphomas and reticuloendothelial neoplasms 0.0 0.0 2.4 3.0

III. CNS and miscellaneous intracranial and intraspinal neoplasms 0.5 1.0 1.7 3.6

IV. Neuroblastoma and other peripheral nervous cell tumors 0.4 0.8 1.4 2.1

V. Retinoblastoma 0.4 0.9 1.6 2.7

VI. Renal tumors 1.1 1.1 2.5 3.4

VII. Hepatic tumors 1.8 1.8 3.1 8.7

VIII. Malignant bone tumors 0.0 0.7 1.4 2.9

IX. Soft tissue and other extraosseous sarcomas 0.4 2.0 3.3 4.5

X. Germ cell tumors, trophoblastic tumors, and neoplasms of gonads 0.4 0.7 1.1 1.6

XI. Other malignant epithelial neoplasms and malignant melanomas 2.6 2.6 5.3 7.8

XII. Other and unspecified malignant neoplasms 4.7 4.7 8.6 8.6

Abbreviation: CNS, central nervous system.
Note: The analysis included individuals diagnosed with cancer before the age of 15 years during 1975–2014. First primary cancer was defined as 
any, except in-situ, cancer that was diagnosed first for each patient (classification in accordance with the International Classification of Childhood 
Cancers, third edition). Second primary cancer was defined as a subsequent primary cancer that occurred ≥2 months after the date of initial cancer 
diagnosis.
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it would be noteworthy that two of them were rectal cancers pre-
ceded by hepatoblastoma, which might suggest the presence of FAP. 
Clinicians should be aware that hepatoblastoma in early childhood 
could be the first manifestation of FAP; previous studies recommend 
children with hepatoblastoma undergo APC mutation screening and 
colorectal surveillance regardless of family history in order to detect 
this rare but serious hereditary cancer predisposition syndrome.30,31 
Third, we did not observe any SPC among survivors of Hodgkin's 
lymphoma, likely due to their small population size (n  =  49). The 
global patterns of Hodgkin's lymphoma show a lower incidence in 
Asian populations.32 While previous studies in other countries have 
reported an increased risk of SPC, particularly breast cancer, thyroid 
cancer, and sarcoma after treatment for Hodgkin's lymphoma,8,12 
evidence is limited in Asian populations. There could be racial dif-
ferences in the incidence of SPCs as well as in the profile of FPCs.

We observed a greater burden (measured as SIR and EAR) of SPC 
among patients who underwent either or both chemotherapy and ra-
diotherapy than those who received neither treatment. They also had 
a longer latency to SPC; the cumulative risk diverged from that of the 
neither-treatment group over time. Radiation has been documented 
as a strong risk factor for subsequent cancers of the breast, thyroid, 
CNS, salivary gland, bone, and stomach.29,33–38 Chemotherapeutic 
agents such as alkylators, anthracyclines, and epipodophyllotoxins 
are also known risk factors for SPC,39–42 although our multivariable 
analysis did not show a statistically significantly increased risk for 
patients who received chemotherapy. This might be due to the rela-
tively small number of patients with treatment information and the 
lack of detailed treatment information, which did not allow for an 
adjusted analysis that took into account the types and cumulative 
dose of anticancer drugs used. Other risk factors include hemato-
poietic stem cell transplantation,43–45 however, information for this 

is not collected in the OCR. In Japan and worldwide, efforts have 
been made to minimize the short-term and long-term treatment-
related adverse health effects, including subsequent neoplasms, by 
balancing toxicity and efficacy. It will be of importance to investigate 
whether the adoption of more contemporary treatment protocols is 
accompanied by a reduction in the incidence of treatment-related 
SPCs. Detailed information on individual treatment methods is de-
sired for future studies.

In this study, secondary hematological malignancies occurred 
earlier than other types of SPC with a median latency of 2.0 years 
for lymphomas and 2.7 years for leukemias, consistent with reports 
from other countries.13,15–18,33,46 Median latency for other SPCs 
ranged from 5.0 years (cancers in the bones and joints) to 26.6 years 
(skin cancers), underscoring the need for long-term screening plan-
ning for childhood cancer survivors that takes into account the time 
since initial cancer diagnosis. For example, a routine blood test is 
warranted for the first several years to detect subsequent hemato-
logical neoplasms, then the focus may shift to subsequent cancers 
with longer latency and heavier burden, such as cancers in the CNS 
and digestive system. In Japan, national guidelines recommend an-
nual or biennial screening for five common cancers for people above 
certain age: ≥50 years for stomach cancer, ≥20 years for cervical 
cancer, and ≥40 years for lung cancer, breast cancer, and colorectal 
cancer.47 In this study, the analysis of cumulative risk by attained 
age indicated that, even before reaching these ages, childhood can-
cer survivors had a comparable risk of developing a new cancer to 
that of adults in the general population who were old enough to be 
recommended for regular screening. Educational interventions are 
also important for survivors to build health literacy regarding risk 
perception of SPC, adherence to follow-up screening, and practice 
of cancer-preventing behaviors.48,49

F I G U R E  1  Cumulative incidence of second primary cancers by attained age, Osaka Cancer Registry, 1975–2015. Among childhood cancer 
survivors, cumulative incidence for attained ages 0–4 and 5–9 was calculated by restricting the analysis to individuals first diagnosed with 
cancer before age 5 years (n = 3477) and 10 years (n = 5320), respectively. The analysis for attained age 10 or older included all survivors 
(n = 7229). Person-years at risk were calculated as the time from first primary cancer diagnosis until the earliest date of the following: (i) 
December 31, 2015; (ii) diagnosis of second primary cancer; (iii) death; or (iv) 30 years after the initial cancer diagnosis. First primary cancer 
was defined as any except in-situ cancer that was diagnosed first for each patient. Second primary cancer was defined as a subsequent 
primary cancer that occurred ≥2 months after the date of initial cancer diagnosis
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The development of a long-term follow-up system for child-
hood cancer survivors is listed as one of the major tasks in the third 
term Basic Plan to Promote Cancer Control Programs in Japan. This 
study found that the median latency to SPC diagnosis was 11.6 years, 
indicating that many childhood cancer survivors developed SPC in 
the AYA generation, and the 10-year survival probability after SPC 
was 52.0%. In Japan, 15 hospitals have been designated as childhood 
cancer care hospitals by the Ministry of Health, Labour, and Welfare 
since 2012, promoting the centralization of childhood cancer care. 
However, the health-care structure to provide optimal care to child-
hood cancer survivors in the AYA generation has not yet been estab-
lished. Building networks to promote collaboration across pediatric 
and adult cancer hospitals and community health-care providers is 
key to information sharing. Such networks facilitate long-term fol-
low-up to ensure that survivors receive seamless care at accessi-
ble facilities in their own communities and comprehensive support 
to meet various clinical and psychosocial needs as they transition 
through their life stages. Our findings will inform efforts to plan and 
implement risk-based clinical follow-up and provide the basis to help 
specify the roles of pediatric and adult cancer care facilities.

This is the first population-based assessment of subsequent pri-
mary cancers in childhood cancer patients in Japan. The OCR has a 
60-year history and has accumulated data on cancer patients of all 
ages, which allowed us to follow survivors into their 40s. Despite 
this strength, there are several limitations in this study. First, the 
data were extracted from the cancer registry of a single prefecture 
in Japan. This resulted in a small number of cases for some cancer 
types and may limit the generalizability of findings to the overall 
childhood cancer survivors in Japan. A nationwide, long-term surveil-
lance is needed to better understand the risk patterns of subsequent 
cancers. However, the population-based nature of this study is an 
important advantage over most hospital-based studies, given that 
the survivor cohort is less likely to be affected by referral patterns 
and lost to follow-up. Second, the number of hematological SPCs in 
this study was likely underreported. We observed only 11 hemato-
logical SPCs (3 lymphomas and 8 leukemias), which accounted for 
10.9% of all SPCs. This proportion was lower than those previously 
reported in other Asian studies: 67 of 340 SPCs (19.7%) in a recent 
Korean population-based assessment,18 58 of 128 SPCs (45.3%) in a 
Japanese hospital-based assessment,16 and 62 of 99 SPCs (62.6%) in 
a Taiwanese hospital-based assessment.17 This could be due in part 
to the difference in follow-up duration and the reporting rule; myel-
odysplastic syndrome, a type of complication of cytotoxic chemo-
therapy,50–53 was not recorded in population-based cancer registries 
prior to 2001 in Japan. Third, the risk estimates in this study might be 
conservative due to the under-ascertainment of new cancers among 
long-term survivors who migrated outside Osaka or invalid registra-
tions (i.e., DCO cases). The impact of this limitation is not likely to 
be large because our estimate of approximately a five-fold risk of 
SPC in overall survivors was within the range previously reported 
worldwide.10–18 To check for completeness of the OCR, we com-
puted the percentage of DCO cases in our study population. While 
we confirmed it met the international standard (<10%), we observed TA
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a gradual improvement throughout the study period (i.e., 6.4% during 
1975–1984, 5.1% during 1985–1999, and 2.1% during 2000–2015). 
Thus, the finding that the cumulative risk of SPC increased over 
time should be interpreted with caution given the fact that under-
reporting was more common in the past, which possibly underesti-
mated the incidence of SPCs in the earlier years. Fourth, the 10-year 
survival probabilities and cumulative incidence for the 2000–2014 
diagnostic period might be underestimated due to end-of-study cen-
soring (i.e., patients who did not complete the entire follow-up inter-
val by the end of 2015) that did not reflect the potential impact of 
recent improvement in survival or incidence of late-onset SPCs. Fifth, 
treatment information was missing for one-third of childhood cancer 
survivors, although this is unlikely to affect the direction of associa-
tion in the adjusted multivariable analyses or the overall implication 
of the findings. One reason for the lack of treatment information is 
that reporting of radiation and chemotherapy was not mandatory 
in regional cancer registries in earlier years. While this issue will be 
resolved in the national cancer registry, which requires treatment 
information for all records, our results provide an overview of treat-
ment late effects among Japanese childhood cancer survivors and 
may serve as a milestone for future research. Finally, we did not have 
complete, detailed treatment information such as irradiation dose, 
cumulative dose of anticancer drugs, hematopoietic stem cell trans-
plantation, and other known or potentially carcinogenic treatments. 
Comprehensive data (e.g., data linked to clinical records) is desired to 

yield more accurate estimates of burdens and evaluate the ongoing 
efforts for minimizing treatment-related SPCs.

In conclusion, survivors of childhood cancer had a five-fold in-
creased risk of developing a new cancer compared to the general 
population. The latency, burden, and relative risk of SPC varied 
considerably depending on the cancer type and treatment method. 
Risk-based clinical follow-up planning, in combination with imple-
mentation of educational interventions, is important to inform bet-
ter survivorship care that helps reduce the burden and mortality of 
SPCs in childhood cancer survivors.
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