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Abstract 

Objective: Investigate second primary cancers in a contemporary cohort of childhood 

cancer survivors. 

Design: Retrospective population-based study. 

Setting: Australian Childhood Cancer Registry. 

Participants: Cancer patients aged under 15 with a first primary diagnosis between 1983 

and 2013. Follow-up was available to 31 December 2015.  

Main outcome measures: Standardised incidence ratios (SIRs) were calculated to measure 

risk of a second primary cancer relative to the general population. Negative binomial models 

were used to assess differences in SIRs. 

Results: Among 18,230 Australian childhood cancer survivors the risk of a second primary 

cancer was increased five-fold compared to cancer rates in the general population 

(SIR=5.13, 95% CI=4.65-5.67). Thirty-year cumulative incidence was 4.4% (95% CI=3.8%-

5.0%). Relative risk of subsequent cancer was highest in the five years following first 

diagnosis and then decreased over time (p<0.001), although observed cancer incidence 

among survivors remained significantly elevated up to 30 years afterwards compared to 

expected incidence. Children diagnosed with a first primary rhabdomyosarcoma 

experienced the highest relative risk of second primary cancer (SIR=19.89, 95% CI=14.35-

27.58). Mode of therapy was also a factor, with a combination of chemotherapy and 

radiotherapy incurring a ten-fold increased relative risk (SIR=9.80, 95% CI=8.35-11.49). 

Thyroid carcinomas (n=65, 17%) and acute myeloid leukaemias (n=57, 15%) were the most 

common types of second primary cancers. 

Conclusions: Survivors of childhood cancer remain at increased risk of cancer well into 

adulthood. Given the likely contribution of late effects of cancer treatment, continued 
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research is required to refine treatments and reduce toxicity, while maintaining high rates of 

survival.  

 

Twitter statement: Research from the Australian Childhood Cancer Registry shows that 

approximately 4% of survivors of childhood cancer will be diagnosed with a second cancer 

up to 30 years after their initial diagnosis, but the risk varies depending on the type of 

cancer and therapy received.  

 

The known:  Studies of childhood cancer survivors have commonly shown they are at 

increased risk of subsequent cancer but most previous studies have involved patients 

diagnosed two or more decades ago and/or have been limited to five-year survivors.  

The new:  Our results provide the first estimates at the national level of the risk of second 

cancers within a contemporary cohort of Australian childhood cancer survivors. Relative 

risk was highest within the five years following first diagnosis, and although remaining 

elevated, subsided as time passed.   

The implications:  Survivors of childhood cancer require ongoing monitoring for second 

primary cancers. Continued research is required to minimise late effects of cancer 

treatment early in life. 
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Introduction 

Therapeutic advances for children with cancer over recent decades, commonly involving 

intensive chemotherapy often in combination with radiation therapy, have led to improved 

survival for many childhood malignancies.1, 2 However, a large proportion of survivors suffer 

adverse health effects throughout their life-course due to either the cancer itself or the 

treatments received. These sequalae may include organ dysfunction (eg. cardiopulmonary, 

renal, gastrointestinal), impaired physical development, obesity, problems with vision or 

hearing, decreased fertility and neurocognitive deficits.3, 4  

 

One of the most serious consequences can be the development of a second cancer. 

Although it is well established that childhood cancer survivors are at increased risk of being 

diagnosed with a subsequent cancer relative to cancer rates in the general population, 

much of the available information has come from studies comprising patients diagnosed 

prior to the introduction of modern treatment protocols and/or has been limited to second 

cancer diagnosed five or more years after the first diagnosis.5, 6 The only data published for 

Australia comes from a single institution study in New South Wales that was restricted to 

five-year survivors of childhood cancer with a first diagnosis between 1972 and 1999.7  

 

Here we investigate second primary cancers in a more contemporary national population-

based cohort of childhood cancer survivors. For the first time in Australia we also examine 

risk in the years immediately following a patient’s initial diagnosis. 
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Methods 

Data 

De-identified unit record data were sourced from the Australian Childhood Cancer Registry 

(ACCR) which contains details on all cancers diagnosed among children under 15 years of 

age. The ACCR operates under ethics approvals from the University of Queensland 

Behavioural and Social Sciences Ethical Review Committee (reference number 2004000302) 

and Human Research Ethics Committees representing each of the State/Territory cancer 

registries and major paediatric treating hospitals. Cases included in the ACCR cover the 

entire population of Australia and are ascertained from every state and territory cancer 

registry throughout the country on an annual basis.  

 

Information on second primary cancers is obtained through regular matching of the ACCR 

with the comprehensive Australian Cancer Database, which holds data on all primary 

malignant cancers (excluding basal and squamous cell carcinomas of the skin) diagnosed in 

Australian residents at any age. The rules for defining second primary cancers are complex. 

Generally speaking, a new cancer was considered to be a second primary when it had a 

distinct morphology (Berg group)8 compared to the first cancer, in contrast to a recurrence 

or relapse of the original primary when the second tumour had either the same or a related 

morphology.  

 

Eligible patients were those with a first diagnosis of cancer between 1983 and 2013, with 

follow-up on second cancers available to 31 December 2015 (a minimum of 2 years and 

maximum of 33 years). The maximum attained age within the cohort was 47 (for a 14-year-

old initially diagnosed in 1983 who was still alive at the end of the study period). Second 
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primary cancers diagnosed within two months of the first cancer were excluded to minimise 

detection bias. For comparison with other studies, results were also calculated for the 

subgroup of five-year survivors only. Recurrences of the original cancer or progressive 

disease were not considered, nor were any additional cancer diagnoses that occurred 

subsequent to the second primary cancer. 

 

Analysis 

Standardised incidence ratios (SIRs) were used to estimate the risk of a childhood cancer 

survivor developing a second primary cancer relative to the incidence of cancer in the 

general population. Time at risk was accumulated from two months after first diagnosis until 

either 31 December 2015, date of diagnosis of a second primary cancer or date of death, 

whichever occurred first. The number of second primary cancers expected within the study 

cohort was obtained by applying the cancer incidence rate in the general population to the 

person-years at risk, matched by sex, five-year age group and calendar year. SIRs were then 

calculated by dividing the observed number of second primary cancers by the expected 

number. Differences between SIRs for characteristics of interest were assessed using an 

unadjusted negative binomial model with the observed number as the dependent variable 

offset by the log of the expected number and results were expressed in terms of the 

incidence rate ratio (IRR). 

 

The “strate” command in Stata was used to calculate SIRs, with corresponding 95% 

confidence intervals calculated using the quadratic approximation to the Poisson log 

likelihood for the log-rate parameter.9 Data were analysed by sex, age group at first 

diagnosis and type of first childhood cancer, defined in diagnostic groups/subgroups 
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according to the International Classification of Childhood Cancer, third edition (ICCC-3).10 

SIRs by mode of treatment (chemotherapy only, radiotherapy only, both, neither) and 

changes in the SIR by time from first diagnosis (stratified as 0 to <2 years, 2 to <5 years, 5 to 

<10 years, 10 to <20 years and >=20 years) were examined.  The latter was also modelled as 

an ordinal variable in a negative binomial model to examine the trend effect of time from 

first diagnosis. 

 

Results 

Of the 18,230 children aged under 15 who were diagnosed with cancer between 1983 and 

2013 and survived for a minimum of two months, 388 (2%) were diagnosed with a second 

primary cancer during 228,411 person-years of follow-up (median=10.9 years, interquartile 

range=3.9-20.0 years) commencing from two months after first diagnosis through to 31 

December 2015. Median time between first and second diagnosis was just under 10 years 

(interquartile range=4.0-16.4 years).  

 

The study cohort experienced a five-fold increased risk of being diagnosed with a second 

primary cancer relative to the general population (SIR=5.13, 95% CI=4.65-5.67). Overall 

cumulative incidence of second primary cancers at 30 years after first diagnosis was 

estimated to be 4.4% (95% CI=3.8%-5.0%) and the absolute excess risk was 13.9 per 10,000 

person-years at risk (95% CI=13.4-14.2 per 10,000 person-years at risk). 

 

Among the 12,699 five-year survivors, the median follow-up from first diagnosis was 16.2 

years (interquartile range=3.9-20.0 years). This subgroup accounted for 271 (70%) of the 
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second primary cancers with a corresponding SIR of 4.29 (95% CI=3.81-4.83). Thirty-year 

cumulative incidence remained similar at 4.6% (95% CI=4.0%-5.3%). 

 

For the entire cohort, little difference was found in the relative risk of second primary 

cancer by sex (p=0.18). Although the SIR remained elevated across all age groups, it was 

significantly higher for children aged 0-4 at first diagnosis compared to those aged 10-14 

(IRR=1.52, 95% CI=1.21-1.92; p<0.001) – Table 1. SIRs by type of first childhood cancer 

varied from 1.90 for the diagnostic group ‘other malignant epithelial neoplasms & 

melanoma’ to 9.23 for children with ‘soft tissue sarcomas’. Further analysis of the latter 

group revealed a 20-fold increased risk (SIR=19.89, 95% CI=14.35-27.58) following 

rhabdomyosarcoma, with 36 cases of second primary cancer diagnosed among 567 

survivors. There were also approximately ten times as many second primary cancers 

compared to the background population following the diagnosis of a first cancer in the 

subgroups of ‘intracranial and intraspinal embryonal tumours’ (SIR=9.79, 95% CI=6.38-

15.01) and ‘Ewing tumours and related bone sarcomas’ (SIR=11.36, 95% CI=7.25-17.82). 

 

Mode of treatment received was strongly associated with the risk of development of a 

second primary cancer (Figure 1). While still elevated compared to the general population, 

patients who did not receive either chemotherapy or radiotherapy had the lowest relative 

risk (SIR=2.14, 95% CI=1.64-2.78) compared to a ten-fold increased risk (SIR=9.80, 95% 

CI=8.35-11.49) among those who received both of these treatments. This results in a nearly 

5-fold incidence rate ratio (IRR=4.59, 95% CI=3.37-6.23; p<0.001) for those receiving both 

chemotherapy and radiotherapy compared to those receiving neither chemotherapy nor 

radiotherapy. 
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A clear pattern emerged in the relative risk of second primary cancers over elapsed follow-

up time (Figure 2). The SIR was highest in the years immediately following first diagnosis, 

peaking at 10.32 (95% CI=8.20-12.98) between two to five years afterwards, before 

decreasing to 2.58 (95% CI=2.02-3.30) from 20 years onwards (ptrend<0.001).  

 

The most common types of second primary cancer following any childhood cancer were 

thyroid carcinomas (n=65, 17%) and acute myeloid leukaemias (n=57, 15%) (Table 2). There 

were also 57 second primary cancers in the diagnostic group ‘other and unspecified 

carcinomas’, including 15 cases of female breast cancer. When only the follow up interval 

from five years after the first diagnosis was considered, thyroid carcinomas accounted for 

almost a quarter (n=63 of 271, 23%) of the second primary cancers diagnosed. In contrast, 

only 11 cases (4%) of therapy-related acute myeloid leukaemias occurred within this 

subgroup (data not shown), reflecting the respective median lag times of 14 years and 2 

years between first and second diagnosis for these two types of second cancer.   

 

Discussion 

We present the first national data on second primary cancers among Australian childhood 

cancer survivors. Importantly, our results include outcomes within the first five years 

following initial diagnosis. Only one much smaller study in Australian children has previously 

investigated second primary cancers following childhood cancers. Wilson et. al.7 

investigated a cohort of 896 five-year survivors aged 0-14 who were treated for cancer at a 

single institution (the Sydney Children’s Hospital in New South Wales) between 1972 and 

1999 with follow-up to 31 December 2004. The resultant SIR of 5.0 based on only 16 second 
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primary cancers was of similar magnitude to the SIR of 5.1 among all survivors, and an SIR of 

4.3 among five-year survivors, found here.  

 

Among studies on second primary cancer following childhood cancer in other countries, SIRs 

ranging between 3 and 20 have been reported,5, 6, 11-16 thereby placing our result at the 

lower end of the spectrum. The wide variation can, at least in part, be attributed to an array 

of factors, including length of follow-up, the time period of initial diagnosis, the mix of 

cancers being considered, the treatment regimen used for the first cancer, differences in the 

inclusion criteria by age at diagnosis, the incidence rates of cancer in the underlying 

population and population-based versus institutional studies. Differences in these attributes 

make direct comparison of outcomes across studies problematic. For example, in contrast to 

our work, five of the eight papers cited above solely comprised patients diagnosed prior to 

the year 2000 (and as early as the 1940s)5, 6, 11-13, four considered five-year childhood cancer 

survivors only5, 6, 12, 13 and five included patients first diagnosed up to 18 years of age or 

older5, 12-14, 16. There were a mix of institutional studies5, 12, 15 and population-based series6, 

11, 13, 14, 16. 

 

Overall cumulative incidence at 30 years for five-year survivors in our study appeared to be 

substantially lower than among five-year survivors in the CCSS in the United States5 (4.6% 

versus 7.9%, respectively). Possible reasons for this disparity may include differences in the 

time period of first diagnosis (1983-2013 and 1970-1986, respectively); variation in eligibility 

by age at first diagnosis (0-14 here as opposed to 0-20 in the US study); and the somewhat 

shorter median follow-up in our study (16 years among five-year survivors in our study 

compared to 23 years in the CCSS). 
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By far the largest relative risk of second primary cancers found here was among survivors of 

rhabdomyosarcoma. Our result for second primary cancer associated with an initial 

diagnosis of rhabdomyosarcoma (SIR=19.9) appears to be much higher than the sixfold 

increased relative risk (SIR=5.7) from a study in the United States17 that included 

rhabdomyosarcomas diagnosed between 1973-2010 at ages 0-19. However, Archer et. al.17 

note that the majority of second cancers in their cohort were observed following a first 

primary rhabdomyosarcoma diagnosed between 2000-2010 (SIR=21), closely in line with the 

current finding. Although the authors do not attempt to explain the sudden rise in relative 

risk for children diagnosed more recently, they suggest that childhood rhabdomyosarcoma 

survivors may have a genetic predisposition to cancer in addition to the effects of exposure 

to chemotherapy and radiotherapy at a young age.17  

 

Endocrine-related second primary cancers featured heavily among longer-term survivors in 

our study, most notably thyroid and female breast cancers. Radiotherapy is the most 

important risk factor for the subsequent development of these two solid cancers with only 

weak evidence available for other possible influences.18 Chemotherapy for childhood cancer 

is known to carry an increased risk, particularly for haematological malignancies,19 with the 

most common form of subsequent disease being therapy-related acute myeloid leukaemia 

(t-AML).20 It should be noted that around 80% of t-AMLs, and 30% of all second primary 

cancers, in our study were diagnosed within the initial five years, highlighting the 

importance of commencing follow-up time from close to the first diagnosis. While it is 

possible that lifestyle and environmental factors may also contribute to the excess risk of 
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second cancers among childhood cancer survivors, they are reported to have similar health 

behaviours to their peers with the exception of generally being less physically active.21 

 

Complementing our findings, data from elsewhere have shown that survivors of childhood 

cancer remain at increased risk of cancer many decades after the initial diagnosis,14, 22 

highlighting the importance of ongoing surveillance. Despite this reality, a recent Australian 

survey of long-term survivors of childhood cancer found that over 60% believed that they 

were not at risk of subsequent neoplasms,23 indicating the difficulty of delivering 

appropriate and meaningful information to survivors.   

 

A major strength of our study is the population-based cohort with national coverage of 

second primary cancers. All data used in this investigation have been independently 

recorded for administrative purposes at the time of diagnosis, removing the potential for 

information or recall bias. To reduce the possibility of increased medical surveillance of 

newly diagnosed cancer patients leading to detection bias, we only considered primary 

cancers that were not identified around the same time as the first cancer, with a minimum 

of two months between first and second diagnosis.   

 

It is acknowledged that some second primary cancers diagnosed soon after the 

establishment of the QCR in 1983 may have been incorrectly classified as first primary 

cancers, but this is likely to have had only a minimal impact on the results. We were 

restricted in our abillity to report on second primary cancers following the administration of 

specific chemotherapeutic agents, as this level of detail for treatments is currently 

unavailable in the ACCR. Another limitation of the study was that the results were not 
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adjusted for potential confounders; for example, cancer risk factors are not collected by the 

ACCR and stage at diagnosis was only assigned for a subset of more recent cases (2006 to 

2014). 

 

Second primary cancers continue as a lifelong hazard for survivors of childhood cancer and 

have been identified as a leading cause of treatment-related mortality among childhood 

cancer survivors.24, 25 Whereas the size of the effect may vary depending on the study 

design, the finding that survivors of childhood cancer are at significantly increased relative 

risk of subsequent cancers appears to be universal, with the risk gradually diminishing over 

time from first diagnosis but never returning to the same level as that of the general 

population. Over past decades there have been advances in treatment for childhood cancer 

that have brought significantly improved survival for many childhood malignancies. The 

challenge remains to find ways of reducing treatment-associated morbidity while 

maintaining survival at equivalent levels. 

  



14 
 

Access to study data:  The authors had full access to all of the data (including statistical 

reports and tables) in the study. 

 

Conflict of interest statement: The authors have no competing interests to disclose. 

 

 

  



15 
 

References 

1. Saletta F, Seng MS, Lau LM. Advances in paediatric cancer treatment. Transl Pediatr 
2014; 3: 156-182. 

 
2. Applebaum MA, Cohn SL. Surveillance of Childhood Cancer Survivors: A Lifelong Affair. J 

Clin Oncol 2015; 33: 3531-3532. 
 
3. Landier W, Bhatia S. Cancer survivorship: a pediatric perspective. Oncologist 2008; 13: 

1181-1192. 
 
4. Galligan AJ. Childhood Cancer Survivorship and Long-Term Outcomes. Adv Pediatr 2017; 

64: 133-169. 
 
5. Friedman DL, Whitton J, Leisenring W, et al. Subsequent neoplasms in 5-year survivors 

of childhood cancer: the Childhood Cancer Survivor Study. J Natl Cancer Inst 2010; 102: 
1083-1095. 

 
6. Reulen RC, Frobisher C, Winter DL, et al. Long-term risks of subsequent primary 

neoplasms among survivors of childhood cancer. JAMA 2011; 305: 2311-2319. 
 
7. Wilson CL, Cohn RJ, Johnston KA, Ashton LJ. Late mortality and second cancers in an 

Australian cohort of childhood cancer survivors. Med J Aust 2010; 193: 258-261. 
 
8. Berg J. Chapter 3: Morphologic classification of human cancer. In: Shottenfeld D, 

Fraumeni J, Jr., editors. Cancer Epidemiology and Prevention, 2nd ed. New York: Oxford 
University Press; 1996. 

 
9. StataCorp. Stata survival analysis reference manual (release 15). College Station, Texas: 

StataCorp LLC; 2017. 
 
10. Steliarova-Foucher E, Stiller C, Lacour B, Kaatsch P. International Classification of 

Childhood Cancer, third edition. Cancer 2005; 103: 1457-1467. 
 
11. Jenkinson HC, Hawkins MM, Stiller CA, et al. Long-term population-based risks of 

second malignant neoplasms after childhood cancer in Britain. Br J Cancer 2004; 91: 
1905-1910. 

 
12. Cardous-Ubbink MC, Heinen RC, Bakker PJ, et al. Risk of second malignancies in long-

term survivors of childhood cancer. Eur J Cancer 2007; 43: 351-362. 
 
13. MacArthur AC, Spinelli JJ, Rogers PC, et al. Risk of a second malignant neoplasm among 

5-year survivors of cancer in childhood and adolescence in British Columbia, Canada. 
Pediatr Blood Cancer 2007; 48: 453-459. 

 



16 
 

14. Olsen JH, Moller T, Anderson H, et al. Lifelong cancer incidence in 47,697 patients 
treated for childhood cancer in the Nordic countries. J Natl Cancer Inst 2009; 101: 806-
813. 

 
15. Ishida Y, Qiu D, Maeda M, et al. Secondary cancers after a childhood cancer diagnosis: a 

nationwide hospital-based retrospective cohort study in Japan. Int J Clin Oncol 2016; 21: 
506-516. 

 
16. Ju HY, Moon EK, Lim J, et al. Second malignant neoplasms after childhood cancer: A 

nationwide population-based study in Korea. PLoS One 2018; 13: e0207243. 
 
17. Archer NM, Amorim RP, Naves R, et al. An Increased Risk of Second Malignant 

Neoplasms After Rhabdomyosarcoma: Population-Based Evidence for a Cancer 
Predisposition Syndrome? Pediatr Blood Cancer 2016; 63: 196-201. 

 
18. Wijnen M, van den Heuvel-Eibrink MM, Medici M, et al. Risk factors for subsequent 

endocrine-related cancer in childhood cancer survivors. Endocr Relat Cancer 2016; 23: 
R299-321. 

 
19. Ng AK, Kenney LB, Gilbert ES, Travis LB. Secondary malignancies across the age 

spectrum. Semin Radiat Oncol 2010; 20: 67-78. 
 
20. Brown CA, Youlden DR, Aitken JF, Moore AS. Therapy-related acute myeloid leukemia 

following treatment for cancer in childhood: A population-based registry study. 
Pediatric Blood & Cancer 2018; 65: e27410. 

 
21. Carretier J, Boyle H, Duval S, et al. A Review of Health Behaviors in Childhood and 

Adolescent Cancer Survivors: Toward Prevention of Second Primary Cancer. J Adolesc 
Young Adult Oncol 2016; 5: 78-90. 

 
22. Turcotte LM, Whitton JA, Friedman DL, et al. Risk of Subsequent Neoplasms During the 

Fifth and Sixth Decades of Life in the Childhood Cancer Survivor Study Cohort. J Clin 
Oncol 2015; 33: 3568-3575. 

 
23. Signorelli C, Wakefield CE, Fardell JE, et al. Perceptions of future health and cancer risk 

in adult survivors of childhood cancer: Implications for engagement in follow-up care. 
Cancer 2019; 125: 1008-1009. 

 
24. Armstrong GT, Liu Q, Yasui Y, et al. Late mortality among 5-year survivors of childhood 

cancer: a summary from the Childhood Cancer Survivor Study. J Clin Oncol 2009; 27: 
2328-2338. 

 
25. Tukenova M, Diallo I, Hawkins M, et al. Long-term mortality from second malignant 

neoplasms in 5-year survivors of solid childhood tumors: temporal pattern of risk 
according to type of treatment. Cancer Epidemiol Biomarkers Prev 2010; 19: 707-715. 

 


