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a b s t r a c t 

Background: Second cancers are an adverse outcome experienced by childhood cancer survivors. We 

quantify the risk and correlates of a second cancer in Canadians diagnosed with a first cancer prior to 

age 20 years. 

Methods: Using death-linked Canadian Cancer Registry data, a population-based cohort diagnosed with 

a first cancer between 1992 and 2014, prior to age 20 years, were followed for occurrence of a second 

cancer to the end of 2014. We estimate standardized incidence ratios (SIR), absolute excess risks (AER), 

cumulative probabilities, and hazard ratios (HR). 

Findings: 22,635 people contributed 204,309 • 1 person-years of follow-up. Overall risk of a second cancer 

was 6 • 5 (95% CI: 5 • 8–7 • 1) times greater than expected resulting in an AER of 16 • 5 (14 • 4–18 • 5) cancers per 

10,0 0 0 person-years and a 4 • 8% (3 • 8%–6 • 0%) cumulative probability of a second cancer at 22 • 6 years of 

follow-up. SIRs decreased with increasing age at diagnosis and time since diagnosis; were larger in more 

recent calendar periods of diagnosis; and varied by type of first cancer. Large SIRs in the first year after 

diagnosis and in those diagnosed in 2010–2014 were partly associated with changing registry practices. 

For the whole cohort, factors associated with the hazard of a second cancer included: being female vs. 

male [HR = 1 • 439 (95%CI: 1 • 179–1 • 760)]; being diagnosed in 2005–2014 vs. 1992–2004 [2 • 084 (1 • 598–

2 • 719)]; having synchronous first cancers [4 • 814 (2 • 042–9 • 509)]; and being diagnosed with certain types 

of cancer. Factors varied, however, by type of first cancer. 

Interpretation: Risks of a second cancer are not equally distributed and can be impacted by changes in 

registry practice and the methods used to define second cancers. 

© 2019 Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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esearch in context 

vidence before this study 

We conducted a Pubmed search on Oct 3, 2018 to identify

opulation-based national research examining the risk of a sec-

nd cancer in Canadians diagnosed with a first cancer in childhood

r adolescence (0–19 years). Our primary search string was: “SIR”

ND “cancer” AND “second primary” AND (“child” OR “youth” OR 

young adult”) AND “Canada”. We also conducted the search ex-

luding the term “Canada” to identify recent similar international

esearch. Both searches were performed again on January 3, 2019

o identify more recently published research. We also reviewed
∗ Corresponding author. 

E-mail address: dianne.zakaria2@canada.ca (D. Zakaria). 
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he references of selected articles and monitored publication con-

ent notifications of prominent cancer journals. Only papers pub-

ished in English were reviewed. We identified only two Canadian

tudies. 

dded value of this study 

Unlike past Canadian research, we included 12 of Canada’s 13

urisdictions, accounting for 77.0% of the Canadian population in

014, and we examined the impact of synchronous first cancers

n subsequent risk. The greater coverage increased cohort size and

itigated losses to follow-up due to migration across the coun-

ry — an issue that disproportionately affects paediatric cancer

ases. In addition to characterizing the risk in the cohort as a

hole, we characterize risk by type of first cancer and draw atten-
BY-NC-ND license. ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

https://doi.org/10.1016/j.eclinm.2019.10.002
http://www.ScienceDirect.com
http://www.elsevier.com/locate/eclinm
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dianne.zakaria2@canada.ca
https://doi.org/10.1016/j.eclinm.2019.10.002
http://creativecommons.org/licenses/by-nc-nd/4.0/


108 D. Zakaria, A. Shaw and L. Xie / EClinicalMedicine 16 (2019) 107–120 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

i  

d  

n  

f  

t  

C  

i  

i  

a  

t  

r  

b  

i  

a  

p  

t  

o

 

q  

s  

c  

t  

c  

w  

n  

h  

s  

t  

l  

u

 

d  

p  

i  

a

2

 

c  

a  

r  

i  

n  

z  

i  

w  

w  

u  

b  

h

 

c  

f  

t  

a  

n  

o  

h  

c  

o  

o  

w  

t  

[

tion to types of cancer accounting for the greatest absolute excess

risk. 

Implications of all the available evidence 

Our findings provide more up-to-date, comprehensive estimates

of the risk of a second cancer experienced by Canadians diagnosed

with a first cancer in childhood or adolescence. We demonstrate

that the risk, type and correlates of a second cancer differ by type

of first cancer and can be impacted by changes in registry prac-

tice and the methods used to define second cancers. Consequently,

future research should use clinically relevant surveillance defini-

tions for second cancers and focus on long-term follow-up of large

cohorts composed of a specific type of cancer to comprehensively

and accurately characterize their risk and its correlates while ac-

knowledging differences in registry practices across jurisdictions

and over time. 

1. Introduction 

In Canada, rising childhood cancer incidence [1] and high five-

year observed survival [2] are contributing to a growing population

of young cancer survivors who are at elevated risk of developing

subsequent cancers. Studies of population-based cohorts of Ameri-

can and Canadian paediatric cancer survivors have estimated a six-

fold or greater increase in the risk of subsequent cancers relative

to the general population over a maximum of 27 years of follow-

up [ 3 , 4 ]. Long-term monitoring of the risk of subsequent cancers

is essential to understanding the full burden of cancer; disentan-

gling the causes of cancer (e.g. genes, lifestyle, past cancer treat-

ment); and, informing treatment protocols, patient management,

and counselling. Such research has already resulted in less use of

radiation therapy and reduced doses of radiation therapy, alkylat-

ing agents, anthracyclines, and epipodophyllotoxins [5] . 

Our study examines the risk of a second cancer in Canadians

diagnosed with a first cancer in childhood or adolescence (age

0–19 years). Unlike past Canadian research [ 3 , 6 ], we included 12

of Canada’s 13 jurisdictions, accounting for 77 • 0% of the Cana-

dian population in 2014 [7] , and we examined the impact of syn-

chronous first cancers on subsequent risk. The greater coverage in-

creased cohort size and mitigated losses to follow-up due to mi-

gration across the country — an issue reported to affect paediatric

cases (aged 0–19) three times more than all cancer cases combined

(14% vs 5%) [8] . 

2. Methods 

2.1. Data sources 

Our primary data source is the death-linked Canadian Can-

cer Registry (CCR) analytic file wherein tumours are classified ac-

cording to the International Classification of Diseases for Oncology

(ICD-O) and compiled using the International Rules for Multiple

Primary Cancers [9] . This file includes malignant primary tumours

(excluding not otherwise specified, epithelial, basal and squamous

skin cancer histologies) and in situ bladder tumours. Note that, by

virtue of their behaviour (ICD-O behaviour 0 or 1), non-malignant

central nervous system tumours are not included. According to the

International Rules for Multiple Primary Cancers, a primary can-

cer is one that originates in a primary site or tissue and is not

an extension, recurrence, or metastasis. These rules consider site

of origin and histology, and generally result in fewer primaries per

person relative to other rules that acknowledge additional factors

such as behaviour, laterality and timing [10] — an important factor

to consider when comparing findings across studies. For simplic-

ity, hereafter, the term cancer refers to primary cancer. The CCR
s a dynamic, person-oriented administrative database capturing

emographic and clinical information on Canadian residents diag-

osed with primary tumours since January 1, 1992 [11] . Vital status

ollow-up to December 31, 2014 was obtained through linkage with

he Canadian Vital Statistics Death Database [12] within Statistics

anada’s Social Data Linkage Environment [13] allowing for a max-

mum of 23 years of follow-up. Cancers diagnosed in Quebec res-

dents and deaths occurring in Quebec are excluded from the an-

lytic file because of data sharing agreements. Consequently, es-

imates for Canada exclude Quebec but, for brevity, are hereafter

eferred to as estimates for Canada. Missing month and/or day of

irth, cancer diagnosis, and death were imputed using all available

nformation for a person such that the imputed date represents the

verage of all potential dates. In the data file used for analyses, the

roportion of dates imputed were 51 • 0%, 1 • 1%, and 0 • 0%, respec-

ively. More than 99% of the imputed dates of birth were the result

f share restrictions prohibiting release of day of birth. 

The urban/rural status and national neighbourhood income

uintile of the child’s or youth’s residence at time of diagno-

is of the first cancer was obtained by linking residential postal

ode, as registered in the CCR, with the appropriate vintage of

he Postal Code Conversion File Plus [14] . Residences situated in

ensus metropolitan/agglomeration areas were classified as urban

hile all others were classified as “small town/rural” [15] . National

eighbourhood income quintile is based on neighbourhood house-

old income, as measured in the Census, adjusted for household

ize. The top two quintiles formed the higher income group while

he remaining quintiles comprised the lower income group. Popu-

ation estimates were based on census data adjusted for census net

ndercoverage [7] . 

Since our study involved the analysis of secondary data and

id not involve contacting cohort members, consideration and ap-

roval by an ethics review board was not required. Our data shar-

ng agreement prohibits us from making the microdata publicly

vailable. 

.2. Cohort and cancer definitions 

The cohort consisted of children and youth with a first can-

er diagnosed between 1992 and 2014, prior to age 20 years,

nd with person-time at risk during the available follow-up pe-

iod (1992 to 2014, inclusive). Types of cancer were defined us-

ng the International Classification of Childhood Cancer updated for

ew hematopoietic codes introduced by the World Health Organi-

ation in 2008 [16] . In situ bladder cancers were classified with

nvasive cancers of the bladder, as is generally done with adults,

hile all other unclassified cancers were grouped as “not else-

here classified”. Due to small numbers, all analyses are presented

sing the main diagnostic groups. Table 1 lists the official and ab-

reviated diagnostic group names. For brevity, the latter are used

ereafter. 

Since comprehensive examinations at diagnosis of the first can-

er can inflate the estimated risk of a second cancer in early

ollow-up, cancers diagnosed within 60 days of the first regis-

ered cancer for a person were considered part of the initial di-

gnostic work-up (i.e. synchronous cancers), irrespective of diag-

ostic group. Thus, a child or youth was not at risk for a sec-

nd cancer during this 60 day period which was removed from

is/her person-time at risk for a second cancer. The next can-

er diagnosed after the synchronous period was considered a sec-

nd cancer. Again, additional cancers diagnosed within 60 days

f the second cancer were considered part of the diagnostic

ork-up for the second cancer. Although somewhat arbitrary, a

wo-month/60 day synchronous period has been used previously

17–19] . 
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Table 1 

International classification of childhood cancer main diagnostic groups. 

Main diagnostic group Abbreviation 

I Leukaemias, myeloproliferative diseases, and myelodysplastic diseases Leukaemia 

II Lymphomas and reticuloendothelial neoplasms Lymphoma 

III CNS and miscellaneous intracranial and intraspinal neoplasms CNS 

IV Neuroblastoma and other peripheral nervous cell tumours Peripheral nervous cell 

V Retinoblastoma Retinoblastoma 

VI Renal tumours Renal 

VII Hepatic tumours Hepatic 

VIII Malignant bone tumours Bone 

IX Soft tissue and other extraosseous sarcomas Soft tissue 

X Germ cell tumours, trophoblastic tumours, and neoplasms of gonads Germ cell 

XI Other malignant epithelial neoplasms and malignant melanomas Carcinomas 

XII Other and unspecified malignant neoplasms Other 

Note. This classification includes new hematopoietic codes introduced by the World Health Organization in 

2008 [16] . CNS = central nervous system. 
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.3. Analyses 

.3.1. Standardized incidence ratios (SIR) and absolute excess risk 

AER) 

The cohort was followed from the end of the synchronous pe-

iod to the earliest of three events: date of diagnosis of a second

ancer, date of death, or end of follow-up (December 31, 2014).

onsequently, only those surviving the synchronous period and

ontributing person-time prior to the end of 2014 are included in

his study. Person-time at risk for a second cancer was grouped by

ex, attained 5-year age group (0–4, 5–9,…, 80–84, 85 + ) and at-

ained calendar period (1992–1994, 1995–1999, 20 0 0–20 04, 20 05–

009, and 2010–2014). Standard rates for first cancers were based

n first cancers registered in the CCR, similarly grouped by sex,

ge at diagnosis and calendar period of diagnosis, and correspond-

ng population estimates. Synchronous cancers associated with the

rst cancer registered for a person contributed to the standard

ates. Previous research has not necessarily developed standard

ates using first cancers only, perhaps because the cohorts were

ot necessarily limited to persons with first cancers. Since our co-

ort was selected based on the first cancer registered for a person,

tandard rates were also based on the first cancer(s) registered for

 person. We acknowledge that there is uncertainty in a cancer’s

rue sequence caused by such factors as cancer registry inception

ate and migration; however, including subsequent cancers would

ias upward our standard rates for first cancers in the general pop-

lation. Standard rates were applied to the cohort’s person-time at

isk to obtain the expected number of second cancers under the

ssumption that the risk of second cancers in the cohort is no

ifferent than the risk of first cancers in the general population.

IRs are estimated as the observed relative to expected number of

econd cancers and corresponding confidence intervals assume ob-

erved counts are Poisson random variables and expected counts

re measured without error. 

AER is calculated as the difference between the observed and

xpected count expressed relative to the corresponding person-

ears at risk. The standard error of the difference in counts is esti-

ated as the square root of the sum of the counts while the 95%

onfidence limits assume a normal distribution. These limits, ex-

ressed relative to the corresponding person-years at risk, form the

5% confidence interval for the AER [20] . 

The SIR and AER provide different perspectives. The SIR mea-

ures the strength of association between first and second cancers

hereas the AER measures the absolute increase in risk of a sec-

nd cancer. Since a large SIR can translate to a low AER if the

ackground risk in the general population is low, setting priori-

ies using the AER would be more useful if the goal is to reduce

he number of excess second cancers. SIRs and AERs (per 10,0 0 0

erson-years) for all second cancers combined are estimated by
ex, age at initial diagnosis (0–4, 5–9, 10–14 and 15–19 years), di-

gnostic group of first cancer, calendar period of diagnosis (1992–

994, 1995–1999, 20 0 0–20 04, 20 05–20 09, 2010–2014), and time

ince diagnosis (61 days–1 year, > 1–5, > 5–10, > 10). For the cohort

s a whole and the larger subgroups diagnosed with certain types

f first cancers, SIRs and AERs for specific types of second can-

ers are also estimated. People with synchronous first or second

ancers contributed to estimates for all relevant diagnostic groups.

IRs and AERs were not estimated by rural/urban status or income

evel because of the lack of readily available corresponding popu-

ation estimates. 

.3.2. Cumulative probabilities 

The cumulative probability of being diagnosed with a sec-

nd cancer is estimated using the cumulative incidence function

21] and 95% confidence intervals are estimated according to Hos-

er, Lemeshow, and May [22] . In the presence of competing risks

in our case death — the cumulative incidence function pro-

ides more accurate estimates than the complement of the Kaplan-

eier function which overestimates cumulative probability [23–

5] . Cumulative probabilities of a second cancer are estimated by

ex, age at initial diagnosis, diagnostic group of first cancer, syn-

hronous first cancers status (yes/no), calendar period of diagnosis,

ural/urban residence at diagnosis, and neighbourhood income at

iagnosis. 

.3.3. Proportional hazards regression 

To identify factors associated with the hazard of a second can-

er, Cox proportional hazards regression was performed for the

ohort as a whole and for each of the diagnostic groups with

dequate second cancer events. Considering the relatively small

umber of second cancers, we used a forward selection proce-

ure (alpha = 0 • 05 to enter) to identify the most important explana-

ory variables: sex, age at diagnosis, calendar period of diagno-

is, rural/urban residence at diagnosis, neighbourhood income at

iagnosis, presence of synchronous first cancers, and, for the co-

ort as a whole, diagnostic group of first registered cancer. Consid-

red variables were based on past research, data availability, and

he desire to assess associations with proximity to healthcare (ur-

an/rural residence), financial resources (neighbourhood income), 

nd severity of initial condition (synchronous first cancers). The al-

orithm could select from three options for defining age at diagno-

is (0–9 and 10–19 years; 0–4, 5–9, 10–14 and 15–19 years; con-

inuous) and two options for defining calendar period of diagnosis

1992–1994, 1995–1999, 20 0 0–20 04, 20 05–20 09 and 2010–2014;

992–2004 and 2005–2014). To maximize the number of records

sed in the regression, missing rural/urban status of residence at

ime of diagnosis (369 people) was classified as rural if the postal
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code indicated a rural route (i.e. second character is zero); oth-

erwise, the more prevalent urban category was assumed. Miss-

ing income information at diagnosis (509 people) was classified

in the more prevalent lower income category. Once the explana-

tory variables were selected, violations of the proportional hazards

assumption were evaluated by examining the magnitude and sig-

nificance of Pearson correlation coefficients between time to sec-

ond cancer and unweighted/weighted/rescaled Schoenfeld residu-

als; and examining plots of smoothed rescaled Schoenfeld residu-

als versus time to identify changes in the effect of a variable over

time. Variables violating the proportional hazards assumption were

addressed by adding interaction terms with time. Firth’s bias cor-

rection was used for monotone likelihoods [ 24 , 26 ]. Only models

with at least one selected explanatory variable and at least five

second cancers per explanatory variable are presented [27] . 

To identify factors associated with the cumulative incidence of

a second cancer in the presence of the competing event of death,

proportional subdistribution hazards regression was used [ 23 , 24 ].

Whereas Cox proportional hazards regression examines the instan-

taneous rate of a second cancer among those still at risk, pro-

portional subdistribution hazards regression is useful for predict-

ing cumulative incidence and thus may be more clinically relevant

[23] . It is possible for a variable to have different effects on the

cumulative incidence and hazard of an event [23] . For example, a

factor that has no causal effect on second cancers may be asso-

ciated with the cumulative incidence of a second cancer because

the factor reduces the risk of the competing event of death and

thus increases the opportunity for a second cancer. The modelling

approach was the same as that described for Cox proportional haz-

ards regression. 

2.3.4. Confidentiality measures 

Small counts of second cancers limited analyses to a Canadian

level. For confidentiality reasons, all reported observed counts are

randomly rounded using an unbiased random rounding scheme

with a base of five. Estimates based on actual counts less than five

are suppressed. Unless specifically stated, all other reported esti-

mates are based on actual data. 

2.3.5. Software 

Analyses were performed using SAS 9 • 3 [28] . Cumulative prob-

abilities were estimated using the SAS macro %CIF [25] while pro-

portional and nonproportional subdistribution hazards regression

were performed using the SAS macro %PSHREG [24] . 

3. Results 

A total of 22,635 children and youth contributed 204,309 • 1
person-years of follow-up between January 1, 1992 and December

31, 2014 ( Table 2 ). The cohort included slightly more males than

females (53 • 7% vs 46 • 3%) and higher proportions diagnosed at the

extremes of the age-range of interest — over 30% in each of the

0–4 and 15–19 years age groups. For about 60% of the children

and youth, the first registered cancer was leukaemia, lymphoma

or originated in the central nervous system. Less than 1 • 0% had

more than one cancer diagnosed during the synchronous period.

At the time of diagnosis, 80 • 9% lived in an urban area and 46 • 6%

lived in neighbourhoods classified in the upper two income quin-

tiles. As of Dec 31, 2014, those that had developed a second can-

cer were more likely to be female, initially diagnosed with certain

types of cancer (lymphoma, peripheral nervous cell, bone, and soft

tissue), and diagnosed in the more distant past ( Table 2 ). Of the

22,635 persons in the cohort, 395 (1 • 7%) were diagnosed with a

second cancer and 3915 died (17 • 3%) with median time to event of

6 • 7 years (IQR: 1 • 5–13 • 0) and 1 • 3 years (IQR: 0 • 6–2 • 8), respectively

( Table 3 ). With respect to migration, 3 • 5% of those diagnosed with
 second cancer were residing in a different province/territory and

 • 3% of decedents died outside their original province/territory of

esidence or had an unknown place of death. 

During the follow-up period, about 400 second cancers were

iagnosed producing a SIR of 6 • 5 (95% CI: 5 • 8–7 • 1) and an AER

f 16 • 5 (95% CI: 14 • 4–18 • 5) cancers per 10,0 0 0 person-years of

ollow-up ( Table 4 ). Less than five cohort members had more than

ne cancer diagnosed in the second synchronous period. The SIR

as highest for those aged 0–4 years at diagnosis (SIR = 010 • 6,

5% CI: 8 • 8–12 • 7) and lowest in those aged 15–19 years at diagno-

is (SIR = 4 • 3, 95% CI: 3 • 6–5 • 1). For the cohort as a whole, sites

t greatest risk of second cancers included: peripheral nervous cell

SIR = 22 • 8, 95% CI: 12 • 4–38 • 2); soft tissue (SIR = 15 • 5, 95% CI:

1 • 3–20 • 7); and bone (SIR = 14 • 2, 95% CI: 9 • 4–20 • 7). However, the

iagnostic group accounting for the greatest AER (6 • 0, 95% CI: 4 • 8–

 • 3) and greatest proportion (37 • 5%) of second cancers was carci-

omas — the most common sites being thyroid (50 • 7% of cases),

reast (13 • 7%), oral cavity and pharynx (8 • 2%), colon and rectum

6 • 2%), and skin (6 • 2%) (data not shown). Children and youth first

iagnosed with cancers of the peripheral nervous cell (SIR = 20 • 1,

5% CI: 13 • 7–28 • 6), soft tissue (SIR = 13 • 2, 95% CI: 9 • 8–17 • 6), bone

SIR = 12 • 2, 95% CI: 8 • 6–16 • 7), and retinoblastoma (SIR = 10 • 8, 95%

I: 4 • 7–21 • 2) experienced rates of second cancers that were more

han 10 times greater than expected. The SIR is substantially higher

or cohort members diagnosed in more recent calendar periods

20 05–20 09 and 2010–2014). At least part of this is attributed to

ifferences in the distribution of follow-up time across calendar

eriods of diagnosis. Specifically, persons diagnosed more recently

ill have a greater proportion of their follow-up time occurring

ithin the first year of diagnosis when the SIR is 20 • 4 (95% CI:

5 • 8 to 25 • 8). 

Although sparse data prevents definitive statements, the rela-

ionship between SIRs and demographic, temporal and diagnostic

haracteristics varied by type of first cancer ( Table 5 ). As exam-

les, for children and youth with leukaemia as their first cancer,

IRs did not vary substantially by age at diagnosis and were great-

st for the diagnostic groups central nervous system and carcino-

as; first cancers in peripheral nervous tissue markedly increased

he risk of another peripheral nervous cell cancer (SIR = 169 • 0, 95%

I: 90 • 0–288 • 9); first cancers in bone considerably increased the

isk of leukaemia (SIR = 59 • 5, 95% CI: 34 • 0–96 • 6) and soft tissue

ancers (SIR = 69 • 1, 95% CI: 33 • 1–127 • 1); and, first cancers in soft

issue noticeably increased the risk of bone (SIR = 107 • 3, 95% CI:

5 • 5–187 • 5) and soft tissue (SIR = 58 • 7, 95% CI: 28 • 1–107 • 9) can-

ers. A drill down analysis of the group with first and second can-

ers classified as “peripheral nervous cell” ( N = 15) indicated all

rst and second cancers were classified as neuroblastomas and

anglioneuroblastomas (ICD-O histology codes 9500 or 9490) and

ollow-up time to second cancer was relatively short (median = 1.3

ears, IQR: 0.5–2.3). Nonetheless, the second cancers are classified

s new primaries because site of origin adequately differed accord-

ng to the International Rules for Multiple Primary Cancers. Chil-

ren and youth diagnosed with first cancers affecting peripheral

ervous tissue, bone or soft tissue experienced an excess absolute

isk of 35 + cancers per 10,0 0 0 person-years. 

At 22 • 6 years of follow-up, the cumulative probability of a sec-

nd cancer was 4 • 8% (95% CI: 3 • 8–6 • 0) ( Fig. 1 a). Females, those di-

gnosed with more than one cancer during the initial synchronous

eriod, and those diagnosed in more recent calendar periods had

ignificantly ( p < 0 • 05) higher cumulative probability of a second

ancer ( Fig. 1 b, e, and f). Diagnostic groups with consistently

igher cumulative probability over time included soft tissue, pe-

ipheral nervous cell, and bone while retinoblastoma and lym-

homa started trending higher after 13 years of follow-up ( Fig. 1 d).

umulative probability reached 8 • 1% (95% CI: 3 • 3–15 • 6) at about 4

ears of follow-up for those diagnosed with synchronous first can-
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Fig. 1. Cumulative probability of a second cancer in Canadians (excluding Quebec) diagnosed with a first cancer in childhood or adolescence, 1992 to 2014. P-values are 

based on Gray’s test for equality of cumulative incidence functions. CI = confidence interval; CP = cumulative probability; E = number of people experiencing a second cancer; 

N = number of people at risk at the start of follow-up. 
a Defined according to the International Classification of Childhood Cancer (see Table 1 ): 1–leukeamia; 2–lymphoma; 3–central nervous system; 4–peripheral nervous cell; 

5–retinoblastoma; 6-renal; 7–hepatic; 8–bone; 9–soft tissue; 10–germ cell; 11–carcinomas; 12–other. Children and youth diagnosed with multiple cancers during the syn- 

chronous period were classified based on the first registered cancer. Diagnostic groups with fewer than five second cancers are suppressed. 
b Synchronous first cancers are defined as more than one cancer diagnosed during the 60 day synchronous period. 
c Lower income includes the lowest three neighbourhood income quintiles while higher income includes the upper two neighbourhood income quintiles. 
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Table 2 

Characteristics of Canadians (excluding Quebec) diagnosed with a first cancer in childhood or adolescence by second cancer status, 

1992–2014. 

Total 

cohort 

Second cancer status 

No Yes 

N % N a PY % PY N % N N % N p -value b 

Total cohort 22,635 100 • 0 204,309 • 1 100 • 0 22,240 100 • 0 395 100 • 0 
Sex 0 • 0002 

males 12,150 53 • 7 108,287 • 4 53 • 0 11,975 53 • 8 175 44 • 3 
females 10,480 46 • 3 96,021 • 7 47 • 0 10,265 46 • 2 220 55 • 7 

Age group at diagnosis (years) 0 • 6914 

0–4 6915 30 • 6 63,623 • 3 31 • 1 6795 30 • 6 115 29 • 1 
5–9 3960 17 • 5 36,049 • 4 17 • 6 3895 17 • 5 60 15 • 2 
10–14 4305 19 • 0 38,482 • 1 18 • 8 4225 19 • 0 80 20 • 3 
15–19 7460 33 • 0 66,154 • 3 32 • 4 7325 32 • 9 135 34 • 2 

Diagnostic group of first cancer c < 0 • 0001 

leukaemia 5965 26 • 4 53,713 • 3 26 • 3 5900 26 • 5 65 16 • 5 
lymphoma 3800 16 • 8 36,545 • 5 17 • 9 3715 16 • 7 90 22 • 8 
CNS 3660 16 • 2 30,163 • 8 14 • 8 3610 16 • 2 55 13 • 9 
peripheral nervous cell 1060 4 • 7 8519 • 9 4 • 2 1030 4 • 6 30 7 • 6 
retinoblastoma 370 1 • 6 4234 • 5 2 • 1 360 1 • 6 5 1 • 3 
renal 885 3 • 9 9304 • 8 4 • 6 875 3 • 9 10 2 • 5 
hepatic 265 1 • 2 2171 • 1 1 • 1 265 1 • 2 —d —

bone 1205 5 • 3 9338 • 4 4 • 6 1170 5 • 3 35 8 • 9 
soft tissue 1420 6 • 3 11,616 • 2 5 • 7 1370 6 • 2 45 11 • 4 
germ cell 1475 6 • 5 14,669 • 3 7 • 2 1455 6 • 5 20 5 • 1 
carcinomas 2195 9 • 7 20,951 • 7 10 • 3 2160 9 • 7 30 7 • 6 
other/NEC 330 1 • 5 3080 • 5 1 • 5 325 1 • 5 5 1 • 3 

Synchronous first cancers e 0 • 0002 

no 22,525 99.5 203,854.5 99.8 22,135 99.5 390 98.7 

yes 115 0.5 454.6 0.2 105 0.5 10 2.5 

Neighbourhood income at diagnosis f 0 • 1162 

lower 12,090 53 • 4 109,713 • 5 53 • 7 11,865 53 • 3 230 58 • 2 
higher 10,540 46 • 6 94,595 • 7 46 • 3 10,375 46 • 7 170 43 • 0 

Rural/urban residence at diagnosis 0 • 8638 

rural 4325 19 • 1 41,036 • 8 20 • 1 4245 19 • 1 80 20 • 3 
urban 18,310 80 • 9 163,272 • 3 79 • 9 17,990 80 • 9 320 81 • 0 

Calendar period of diagnosis < 0 • 0001 

1992–1994 2735 12 • 1 44,845 • 4 21 • 9 2655 11 • 9 85 21 • 5 
1995–1999 4760 21 • 0 65,550 • 9 32 • 1 4645 20 • 9 115 29 • 1 
2000–2004 4770 21 • 1 49,705 • 8 24 • 3 4700 21 • 1 75 19 • 0 
2005–2009 5005 22 • 1 31,942 • 4 15 • 6 4935 22 • 2 75 19 • 0 
2010–2014 5365 23 • 7 12,264 • 6 6 • 0 5310 23 • 9 55 13 • 9 

Time since diagnosis (years) —g 

61days-1 22,635 100 • 0 18,007 • 0 8 • 8 22,235 100 • 0 395 100 • 0 
> 1–5 20,380 90 • 0 67,452 • 8 33 • 0 20,050 90 • 2 330 83 • 5 
> 5–10 14,175 62 • 6 59,040 • 3 28 • 9 13,940 62 • 7 230 58 • 2 
> 10 9610 42 • 5 59,809 • 1 29 • 3 9465 42 • 6 145 36 • 7 

Note. For confidentiality, the number of people are randomly rounded using an unbiased random rounding scheme with a base of five. 

Counts may not sum to total due to random rounding. CNS = central nervous system; N = number of people at risk at the start of follow- 

up; NEC = not elsewhere classified; PY = person-years. 
a Based on rounded N and first row totals. 
b Based on Pearson’s chi-square test. 
c Diagnostic groups are defined according to the International Classification of Childhood Cancer (see Table 1 ). Children and youth 

diagnosed with synchronous first cancers are classified based on the first registered cancer. 
d Fewer than five second cancers. 
e Synchronous first cancers are defined as more than one cancer diagnosed during the 60 day synchronous period. 
f Lower income includes the lowest three neighbourhood income quintiles while higher income includes the upper two neighbourhood 

income quintiles. 
g Not applicable as cohort members can contribute to multiple follow-up categories. 
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cers and 8 • 4% (95% CI: 6 • 1–11 • 1) at about 22 years of follow-up for

those first diagnosed with lymphoma. 

Whether examining the hazard or cumulative incidence of

a second cancer, regression analyses produced similar results

( Tables 6 and 7 , respectively). For the cohort as a whole, being

female, being diagnosed in more recent calendar periods, having

synchronous first cancers, and being diagnosed with certain types

of cancer significantly increased the hazard ( Table 6 ) and cumula-

tive incidence of a second cancer ( Table 7 ). The difference in mag-

nitude of the hazard ratios and subdistribution hazard ratios are

attributable to the competing risk of death. Specifically, relative to

their counterparts, females, those diagnosed more recently, those

without synchronous first cancers, and several diagnostic groups
lymphomas, retinoblastoma, renal tumours, germ cell tumours,

nd carcinomas) have a decreased hazard of death and thus an in-

reased opportunity to develop a second cancer (data not shown).

valuation of the proportional hazards assumption suggested that

he hazard of several types of cancer, relative to leukaemia, de-

reased over time; consequently, the reported regression coeffi-

ients represent the average hazard of a second cancer over time

elative to those diagnosed with leukemia [26] . 

Factors associated with a second cancer, which were selected by

he modelling process, differed by type of first cancer ( Table 6 and

 ). The nature of the relationships, however, were consistent except

or age. For children and youth diagnosed with leukaemia, being

lder at time of diagnosis did not significantly impact the hazard of
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Table 3 

Follow-up status of Canadians (excluding Quebec) diagnosed with a first can- 

cer in childhood or adolescence, 1992–2014. 

Status N % a 
Percentiles of time to event (years) 

25th 50th 75th 

Censored 18,325 81 • 0 4 • 6 10 • 0 16 • 1 
Second cancer 395 1 • 7 1 • 5 6 • 7 13 • 0 
Died 3915 17 • 3 0 • 6 1 • 3 2 • 8 

Total 22,635 100 • 0 2 • 6 7 • 8 14 • 8 

Note. For confidentiality, the numbers of people are randomly rounded using 

an unbiased random rounding scheme with a base of five. N = number of peo- 

ple experiencing the outcome. 
a Based on rounded N . 
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t  
 second cancer in the first five years of follow-up but a one-year

ncrease in age at diagnosis was associated with a 7 • 8%, 11 • 9% and
Table 4 

SIRs and AERs for second cancers in Canadians (excluding Quebec

by demographic, diagnostic, and temporal characteristics, 1992–20

N PYs 

Total cohort 22,635 204,309 • 1 
Sex 

males 12,150 108,287 • 4 
females 10,480 96,021 • 7 

Age group at diagnosis (years) 

0–4 6915 63,623 • 3 
5–9 3960 36,049 • 4 
10–14 4305 38,482 • 1 
15–19 7460 66,154 • 3 

Diagnostic group of second cancer a 

leukaemia 22,635 204,309 • 1 
lymphoma 22,635 204,309 • 1 
CNS 22,635 204,309 • 1 
peripheral nervous cell 22,635 204,309 • 1 
retinoblastoma 22,635 204,309 • 1 
renal 22,635 204,309 • 1 
hepatic 22,635 204,309 • 1 
bone 22,635 204,309 • 1 
soft tissue 22,635 204,309 • 1 
germ cell 22,635 204,309 • 1 
carcinomas 22,635 204,309 • 1 
other 22,635 204,309 • 1 

Diagnostic group of first cancer a 

leukaemia 5965 53,721 • 6 
lymphoma 3805 36,570 • 4 
CNS 3670 30,185 • 9 
peripheral nervous cell 1060 8526 • 7 
retinoblastoma 370 4238 • 4 
renal 885 9304 • 8 
hepatic 265 2171 • 1 
bone 1210 9349 • 2 
soft tissue 1445 11,711 • 2 
germ cell 1480 14,674 • 4 
carcinomas 2195 20,958 • 1 
other 295 2922 • 0 

Calendar period of diagnosis 

1992–1994 2735 44,845 • 4 
1995–1999 4760 65,550 • 9 
2000–2004 4770 49,705 • 8 
2005–2009 5005 31,942 • 4 
2010–2014 5365 12,264 • 6 

Time since diagnosis (years) 

61 days −1 year 22,635 18,007 • 0 
> 1–5 20,380 67,452 • 8 
> 5–10 14,175 59,040 • 3 
> 10 9610 59,809 • 1 

Note. For confidentiality, the number of people and observed sec

dom rounding scheme with a base of five. Counts may not sum t

CI = confidence interval; CNS = central nervous system; N = number

number of second cancers; PY = person-years; SIR = standardized in
a Diagnostic groups are defined according to the International C

appear in more than one diagnostic category if they are diagnosed
b Fewer than five second cancers. 
6 • 1% increase in the hazard of a second cancer at 10, 15, and 20

ears after diagnosis ( Table 6 ). Conversely, for children and youth

iagnosed with carcinomas, being diagnosed at an older age re-

uced the hazard of a second cancer by almost 70% ( Table 6 ). The

ost commonly selected variable across types of first cancer was

alendar period of diagnosis and it consistently indicated a higher

isk of second cancers for those diagnosed in more recent calendar

eriods. Rural/urban residence and neighbourhood income level at

ime of diagnosis were never selected into the models. 

.1. Sensitivity analysis 

We were surprised by the large SIRs in the first year of follow-

p and most recent calendar period and wondered if changing reg-

stry practices of a large Canadian registry were driving the es-

imates. The Ontario Cancer Registry, which accounted for 52 • 3%
) diagnosed with a first cancer in childhood or adolescence 

14. 

Obs SIR (95% CI) AER (95% CI)per 10,0 0 0 PYs 

400 6 • 5 (5 • 8–7 • 1) 16 • 5 (14 • 4 to 18 • 5) 

175 6 • 0 (5 • 2–7 • 0) 13 • 6 (11 • 0 to 16 • 2) 

220 6 • 9 (6 • 0–7 • 8) 19 • 7 (16 • 4 to 22 • 9) 

115 10 • 6 (8 • 8–12 • 7) 16 • 5 (13 • 0 to 20 • 0) 

65 9 • 0 (6 • 9–11 • 5) 15 • 8 (11 • 2 to 20 • 4) 

85 6 • 8 (5 • 4–8 • 5) 18 • 0 (13 • 0 to 22 • 9) 

135 4 • 3 (3 • 6–5 • 1) 15 • 9 (12 • 1 to 19 • 8) 

60 8 • 5 (6 • 5–11 • 0) 2 • 5 (1 • 8 to 3 • 3) 

35 3 • 2 (2 • 2–4 • 5) 1 • 1 (0 • 5 to1 • 7) 

35 7 • 3 (5 • 2–10 • 1) 1 • 6 (1 • 0 to 2 • 2) 

15 22 • 8 (12 • 4–38 • 2) 0 • 7 (0 • 3 to 1 • 0) 

—b — —

10 7 • 9 (3 • 6–14 • 9) 0 • 4 (0 • 1 to 0 • 7) 

— — —

25 14 • 2 (9 • 4–20 • 7) 1 • 2 (0 • 7 to 1 • 7) 

45 15 • 5 (11 • 3–20 • 7) 2 • 1 (1 • 4 to 2 • 7) 

15 1 • 7 (0 • 9–2 • 8) 0 • 3 ( −0 • 2 to 0 • 7) 

150 6 • 3 (5 • 3–7 • 4) 6 • 0 (4 • 8 to 7 • 3) 

10 9 • 1 (4 • 4–16 • 8) 0 • 4 (0 • 1 to 0 • 8) 

60 5 • 1 (3 • 9–6 • 5) 9 • 3 (6 • 1 to 12 • 4) 

85 6 • 3 (5 • 1–7 • 8) 20 • 3 (14 • 9 to 25 • 7) 

50 6 • 6 (4 • 9–8 • 6) 14 • 6 (9 • 6 to 19 • 6) 

30 20 • 1 (13 • 7–28 • 6) 34 • 6 (21 • 4 to 47 • 7) 

5 10 • 8 (4 • 7–21 • 2) 17 • 1 (3 • 4 to 30 • 8) 

10 7 • 1 (3 • 8–12 • 2) 12 • 0 (3 • 9 to 20 • 1) 

— — —

35 12 • 2 (8 • 6–16 • 7) 37 • 3 (23 • 9 to 50 • 7) 

50 13 • 2 (9 • 8–17 • 6) 37 • 9 (25 • 9 to 49 • 9) 

20 3 • 7 (2 • 3–5 • 6) 10 • 4 (3 • 5 to 17 • 3) 

30 3 • 2 (2 • 2–4 • 6) 10 • 2 (4 • 2 to 16 • 2) 

— — —

85 5 • 0 (4 • 0–6 • 1) 15 • 3 (10 • 9 to 19 • 8) 

115 5 • 4 (4 • 5–6 • 5) 14 • 2 (10 • 7 to 17 • 7) 

75 5 • 6 (4 • 4–7 • 0) 12 • 4 (8 • 7 to 16 • 1) 

70 9 • 9 (7 • 8–12 • 5) 20 • 3 (14 • 8 to 25 • 7) 

50 19 • 5 (14 • 5–25 • 6) 39 • 4 (27 • 7 to 51 • 2) 

65 20 • 4 (15 • 8–25 • 8) 35 • 9 (26 • 7 to 45 • 1) 

95 7 • 3 (5 • 9–8 • 9) 12 • 5 (9 • 5 to 15 • 6) 

80 5 • 3 (4 • 2–6 • 6) 11 • 3 (8 • 0 to 14 • 6) 

150 5 • 1 (4 • 3–6 • 0) 20 • 2 (15 • 8 to 24 • 6) 

ond cancers are randomly rounded using an unbiased ran- 

o total due to random rounding. AER = absolute excess risk; 

 of people at risk at the start of follow-up; Obs = observed 

cidence ratio. 

lassification of Childhood Cancer (see Table 1 ). People can 

 with synchronous cancers. 
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Table 5 

SIRs and AERs for second cancers in Canadians (excluding Quebec) diagnosed with a first cancer in childhood or adolescence by selected types of first cancer, 

1992–2014. 

Diagnostic group of first cancer 

Leukaemia( N = 5965; PYs = 53,721 • 6) Lymphoma( N = 3805; PYs = 36,570 • 4) 

Obs SIR (95% CI) AER (95% CI)per 10,0 0 0 PYs Obs SIR (95% CI) AER (95% CI)per 10,0 0 0 PYs 

Total cohort 60 5 • 1 (3 • 9–6 • 5) 9 • 3 (6 • 1 to 12 • 4) 85 6 • 3 (5 • 1–7 • 8) 20 • 3 (14 • 9 to 25 • 7) 

Sex 

males 30 4 • 6 (3 • 1–6 • 6) 8 • 0 (4 • 0 to 12 • 1) 45 6 • 7 (4 • 9–9 • 0) 18 • 3 (11 • 6 to 24 • 9) 

females 30 5 • 5 (3 • 8–7 • 8) 10 • 7 (5 • 8 to 15 • 7) 40 6 • 0 (4 • 3–8 • 1) 23 • 1 (14 • 0 to 32 • 2) 

Age group at diagnosis (years) 

0–4 20 4 • 3 (2 • 6–6 • 6) 5 • 6 (1 • 9 to 9 • 2) 10 19 • 5 (9 • 4–35 • 9) 32 • 4 (10 • 7 to 54 • 0) 

5–9 20 6 • 7 (3 • 9–10 • 8) 11 • 1 (4 • 5 to 17 • 8) 10 9 • 1 (4 • 2–17 • 3) 16 • 3 (3 • 7 to 28 • 9) 

10–14 15 5 • 6 (3 • 0–9 • 5) 13 • 5 (3 • 8 to 23 • 2) 25 9 • 5 (6 • 2–13 • 9) 26 • 2 (14 • 4 to 38 • 1) 

15–19 10 4 • 5 (2 • 4–7 • 6) 15 • 1 (3 • 4 to 26 • 9) 40 4 • 5 (3 • 2–6 • 0) 16 • 8 (9 • 7 to 24 • 0) 

Calendar period of diagnosis 

1992–1994 20 7 • 2 (4 • 6–10 • 9) 17 • 5 (8 • 6 to 26 • 3) 20 5 • 7 (3 • 6–8 • 6) 23 • 7 (11 • 0 to 36 • 5) 

1995–1999 15 2 • 9 (1 • 5–5 • 0) 4 • 5 ( −0 • 0 to 9 • 0) 30 6 • 8 (4 • 6–9 • 6) 24 • 1 (13 • 6 to 34 • 6) 

20 0 0–20 04 15 4 • 5 (2 • 3–7 • 9) 7 • 2 (1 • 4 to 13 • 0) 15 4 • 5 (2 • 4–7 • 5) 11 • 5 (2 • 9 to 20 • 1) 

20 05–20 09 5 5 • 1 (2 • 2–10 • 1) 7 • 6 (0 • 5 to 14 • 8) 10 6 • 1 (2 • 8–11 • 6) 13 • 6 (2 • 1 to 25 • 1) 

2010–2014 5 10 • 4 (4 • 2–21 • 4) 18 • 4 (2 • 6 to 34 • 1) 10 19 • 7 (9 • 5–36 • 3) 41 • 9 (13 • 9 to 69 • 9) 

Time since diagnosis (years) 

61 days −1 year 5 8 • 1 (3 • 3–16 • 8) 12 • 9 (1 • 4 to 24 • 5) 10 22 • 7 (12 • 1–38 • 8) 40 • 6 (17 • 0 to 64 • 3) 

> 1–5 5 3 • 0 (1 • 4–5 • 8) 3 • 4 ( −0 • 4 to 7 • 2) 10 3 • 3 (1 • 5–6 • 3) 5 • 2 ( −0 • 3 to 10 • 8) 

> 5–10 15 6 • 1 (3 • 6–9 • 7) 9 • 7 (3 • 9 to 15 • 5) 15 4 • 1 (2 • 3–6 • 8) 10 • 5 (2 • 7 to 18 • 4) 

> 10 25 5 • 1 (3 • 4–7 • 4) 14 • 5 (7 • 2 to 21 • 8) 50 7 • 3 (5 • 5–9 • 7) 41 • 1 (27 • 1 to 55 • 0) 

Diagnostic group of second cancer a 

leukaemia 5 3 • 1 (1 • 1–6 • 7) 0 • 8 ( −0 • 3 to 1 • 8) 10 8 • 2 (3 • 8–15 • 6) 2 • 2 (0 • 5 to 3 • 9) 

lymphoma 5 2 • 8 (1 • 0–6 • 0) 0 • 7 ( −0 • 3 to 1 • 8) 10 4 • 4 (2 • 1–8 • 1) 2 • 1 (0 • 2 to 4 • 0) 

CNS 10 9 • 4 (5 • 0–16 • 0) 2 • 2 (0 • 8 to 3 • 5) –b – –

peripheral nervous cell – – – – – –

retinoblastoma – – – – – –

renal – – – – – –

hepatic – – – – – –

bone – – – – – –

soft tissue – – – 5 8 • 3 (2 • 7–19 • 4) 1 • 2 ( −0 • 1 to 2 • 5) 

germ cell – – – – – –

carcinomas 30 8 • 5 (5 • 6–12 • 2) 4 • 6 (2 • 6 to 6 • 6) 55 9 • 0 (6 • 8–11 • 7) 13 • 1 (9 • 0 to 17 • 3) 

other – – – – – –

Diagnostic group of first cancer 

CNS( N = 3670; PYs = 30,185 • 9) Peripheral nervous cell( N = 1060; PYs = 8526 • 7) 

Obs SIR (95% CI) AER (95% CI)per 10,0 0 0 PYs Obs SIR (95% CI) AER (95% CI)per 10,0 0 0 PYs 

Total cohort 50 6 • 6 (4 • 9–8 • 6) 14 • 6 (9 • 6 to 19 • 6) 30 20 • 1 (13 • 7–28 • 6) 34 • 6 (21 • 4 to 47 • 7) 

Sex 

males 20 5 • 5 (3 • 5–8 • 4) 11 • 2 (5 • 0 to 17 • 3) 15 17 • 6 (9 • 6–29 • 5) 30 • 6 (13 • 1 to 48 • 1) 

females 30 7 • 6 (5 • 1–10 • 9) 18 • 6 (10 • 4 to 26 • 7) 15 22 • 9 (13 • 3–36 • 6) 38 • 6 (19 • 0 to 58 • 1) 

Age group at diagnosis (years) 

0–4 20 15 • 5 (9 • 7–23 • 5) 24 • 9 (13 • 4 to 36 • 4) 25 19 • 8 (12 • 8–29 • 3) 32 • 6 (18 • 8 to 46 • 3) 

5–9 15 7 • 5 (4 • 0–12 • 8) 12 • 8 (4 • 3 to 21 • 4) – – –

10–14 5 3 • 4 (1 • 5–6 • 6) 7 • 3 ( −0 • 9 to 15 • 4) – – –

15–19 10 3 • 8 (1 • 7–7 • 1) 12 • 2 ( −0 • 0 to 24 • 5) – – –

Calendar period of diagnosis 

1992–1994 10 3 • 4 (1 • 5–6 • 8) 8 • 2 ( −0 • 9 to 17 • 3) – – –

1995–1999 20 7 • 1 (4 • 3–11 • 1) 16 • 8 (7 • 4 to 26 • 2) 10 16 • 1 (7 • 0–31 • 8) 27 • 5 (6 • 6 to 48 • 4) 

20 0 0–20 04 5 3 • 6 (1 • 3–7 • 8) 6 • 1 ( −1 • 5 to 13 • 7) – – –

20 05–20 09 15 15 • 1 (8 • 2–25 • 3) 27 • 9 (11 • 7 to 44 • 0) 10 32 • 9 (15 • 1–62 • 5) 56 • 2 (17 • 8 to 94 • 6) 

2010–2014 5 15 • 4 (5 • 0–35 • 8) 27 • 2 (0 • 9 to 53 • 4) 10 69 • 0 (29 • 8–136 • 0) 148 • 3 (43 • 3 to 253 • 3) 

Time since diagnosis (years) 

0–1 10 19 • 0 (8 • 7–36 • 1) 30 • 0 (8 • 8 to 51 • 2) 5 46 • 7 (20 • 2–92 • 0) 92 • 8 (26 • 4 to 159 • 1) 

> 1–5 10 7 • 0 (3 • 6–12 • 2) 10 • 3 (3 • 0 to 17 • 6) 10 22 • 2 (11 • 4–38 • 7) 38 • 2 (15 • 1 to 61 • 4) 

> 5–10 15 6 • 8 (3 • 6–11 • 6) 12 • 9 (4 • 1 to 21 • 7) 5 15 • 7 (5 • 1–36 • 6) 19 • 7 (0 • 7 to 38 • 7) 

> 10 20 4 • 7 (2 • 8–7 • 5) 16 • 1 (5 • 7 to 26 • 5) 5 11 • 8 (4 • 3–25 • 7) 23 • 8 (2 • 1 to 45 • 4) 

Diagnostic group of second cancer 

leukaemia 10 6 • 0 (2 • 2–13 • 0) 1 • 7 ( −0 • 1 to 3 • 4) 10 17 • 0 (6 • 8–35 • 0) 7 • 7 (1 • 5 to 14 • 0) 

lymphoma – – – – – –

CNS 10 11 • 9 (5 • 5–22 • 6) 2 • 7 (0 • 7 to 4 • 8) – – –

peripheral nervous cell – – – 15 169 • 0 (90 • 0–288 • 9) 15 • 2 (6 • 8 to 23 • 5) 

retinoblastoma – – – – – –

renal – – – – – –

hepatic – – – – – –

bone – – – – – –

soft tissue 10 27 • 2 (13 • 6–48 • 7) 3 • 5 (1 • 3 to 5 • 7) – – –

germ cell – – – – – –

carcinomas 15 4 • 6 (2 • 4–8 • 1) 3 • 1 (0 • 6 to 5 • 6) – – –

other – – – – – –

(continued on next page) 
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Table 5 

(continued) 

Diagnostic group of first cancer 

Bone( N = 1210; PYs = 9349 • 2) Soft tissue( N = 1445; PYs = 11,711 • 2) 

Obs SIR (95% CI) AER (95% CI)per 10,0 0 0 PYs Obs SIR (95% CI) AER (95% CI)per 10,0 0 0 PYs 

Total cohort 35 12 • 2 (8 • 6–16 • 7) 37 • 3 (23 • 9 to 50 • 7) 50 13 • 2 (9 • 8–17 • 6) 37 • 9 (25 • 9 to 49 • 9) 

Sex 

males 15 10 • 8 (6 • 3–17 • 3) 30 • 0 (13 • 6 to 46 • 4) 25 13 • 0 (8 • 2–19 • 4) 33 • 2 (17 • 9 to 48 • 4) 

females 20 13 • 6 (8 • 4–20 • 7) 46 • 3 (24 • 1 to 68 • 4) 25 13 • 5 (8 • 7–20 • 0) 43 • 5 (24 • 4 to 62 • 6) 

Age group at diagnosis (years) 

0–4 – – – 15 34 • 7 (19 • 8–56 • 4) 58 • 7 (28 • 7 to 88 • 8) 

5–9 – – – 10 15 • 9 (6 • 8–31 • 2) 29 • 5 (7 • 0 to 52 • 1) 

10–14 15 13 • 1 (7 • 2–22 • 0) 37 • 7 (15 • 5 to 59 • 9) 15 15 • 0 (8 • 0–25 • 7) 44 • 6 (17 • 8 to 71 • 5) 

15–19 20 12 • 0 (7 • 2–18 • 8) 48 • 7 (23 • 9 to 73 • 6) 15 6 • 1 (3 • 1–11 • 0) 24 • 2 (5 • 8 to 42 • 6) 

Calendar period of diagnosis 

1992–1994 5 6 • 1 (2 • 2–13 • 3) 22 • 4 ( −0 • 7 to 45 • 5) 15 9 • 9 (4 • 9–17 • 7) 33 • 9 (10 • 5 to 57 • 3) 

1995–1999 5 7 • 3 (3 • 1–14 • 4) 22 • 8 (3 • 3 to 42 • 4) 10 7 • 9 (3 • 8–14 • 5) 23 • 2 (5 • 7 to 40 • 8) 

20 0 0–20 04 10 18 • 7 (9 • 3–33 • 4) 49 • 7 (17 • 9 to 81 • 6) 10 16 • 3 (8 • 4–28 • 5) 41 • 8 (15 • 8 to 67 • 7) 

20 05–20 09 10 31 • 8 (15 • 9–56 • 9) 73 • 0 (27 • 8 to 118 • 3) 10 22 • 2 (9 • 6–43 • 7) 47 • 0 (12 • 1 to 81 • 8) 

2010–2014 – – – 5 47 • 5 (19 • 1–98 • 0) 95 • 3 (22 • 4 to 168 • 2) 

Time since diagnosis (years) 

0–1 – – – 15 64 • 2 (34 • 2–109 • 8) 113 • 4 (50 • 3 to 176 • 4) 

> 1–5 20 29 • 9 (18 • 0–46 • 8) 58 • 6 (30 • 9 to 86 • 3) 15 18 • 8 (10 • 3–31 • 5) 34 • 8 (15 • 0 to 54 • 6) 

> 5–10 10 8 • 0 (2 • 9–17 • 4) 20 • 7 (0 • 6 to 40 • 7) 10 11 • 4 (5 • 5–21 • 0) 28 • 0 (8 • 1 to 47 • 8) 

> 10 10 6 • 4 (3 • 0–11 • 7) 31 • 1 (6 • 5 to 55 • 7) 10 6 • 1 (3 • 1–10 • 9) 26 • 2 (6 • 2 to 46 • 2) 

Diagnostic group of second cancer 

leukaemia 15 59 • 5 (34 • 0–96 • 6) 16 • 8 (8 • 4 to 25 • 3) 5 13 • 0 (4 • 2–30 • 2) 3 • 9 (0 • 1 to 7 • 8) 

lymphoma – – – – – –

CNS – – – – – –

peripheral nervous cell – – – – – –

retinoblastoma – – – – – –

renal – – – – – –

hepatic – – – – – –

bone – – – 15 107 • 3 (55 • 5–187 • 5) 10 • 2 (4 • 3 to 16 • 0) 

soft tissue 10 69 • 1 (33 • 1–127 • 1) 10 • 5 (3 • 9 to 17 • 2) 10 58 • 7 (28 • 1–107 • 9) 8 • 4 (3 • 1 to 13 • 7) 

germ cell – – – – – –

carcinomas 10 6 • 4 (2 • 8–12 • 7) 7 • 2 (0 • 9 to 13 • 6) 10 8 • 7 (4 • 5–15 • 2) 9 • 1 (2 • 9 to 15 • 2) 

other – – – – – –

Diagnostic group of first cancer 

Germ cell( N = 1480; PYs = 14,674 • 4) Carcinomas( N = 2195; PYs = 20,958 • 1) 

Obs SIR (95% CI) AER (95% CI)per 10,0 0 0 PYs Obs SIR (95% CI) AER (95% CI)per 10,0 0 0 PYs 

Total cohort 20 3 • 7 (2 • 3–5 • 6) 10 • 4 (3 • 5 to 17 • 3) 30 3 • 2 (2 • 2–4 • 6) 10 • 2 (4 • 2 to 16 • 2) 

Sex 

males 10 3 • 4 (1 • 8–6 • 0) 8 • 9 (0 • 8 to 17 • 0) 5 1 • 9 (0 • 6–4 • 5) 3 • 4 ( −4 • 3 to 11 • 1) 

females 10 4 • 1 (1 • 9–7 • 8) 13 • 3 (0 • 5 to 26 • 1) 25 3 • 7 (2 • 4–5 • 4) 13 • 6 (5 • 5 to 21 • 7) 

Age group at diagnosis (years) 

0–4 – – – – – –

5–9 – – – – – –

10–14 – – – – – –

15–19 15 3 • 7 (2 • 1–5 • 9) 12 • 2 (2 • 9 to 21 • 5) 20 2 • 7 (1 • 7–4 • 1) 8 • 9 (2 • 0 to 15 • 8) 

Calendar period of diagnosis 

1992–1994 – – – 5 1 • 9 (0 • 6–4 • 4) 5 • 4 ( −7 • 2 to 18 • 0) 

1995–1999 10 4 • 1 (1 • 8–8 • 1) 12 • 8 ( −0 • 3 to 25 • 9) 10 2 • 8 (1 • 3–5 • 3) 9 • 3 ( −1 • 7 to 20 • 4) 

20 0 0–20 04 5 4 • 2 (1 • 4–9 • 8) 11 • 0 ( −3 • 1 to 25 • 1) 5 3 • 1 (1 • 2–6 • 3) 8 • 6 ( −2 • 3 to 19 • 4) 

20 05–20 09 – – – 5 4 • 5 (1 • 5–10 • 6) 10 • 9 ( −2 • 7 to 24 • 4) 

2010–2014 – – – 5 14 • 3 (4 • 7–33 • 4) 33 • 5 (0 • 8 to 66 • 1) 

Time since diagnosis (years) 

0–1 – – – 10 19 • 4 (7 • 8–39 • 9) 37 • 6 (7 • 5 to 67 • 7) 

> 1–5 10 6 • 7 (2 • 9–13 • 1) 14 • 1 (1 • 8 to 26 • 5) 5 3 • 3 (1 • 2–7 • 1) 5 • 9 ( −1 • 9 to 13 • 7) 

> 5–10 – – – 5 3 • 5 (1 • 6–6 • 7) 10 • 4 ( −0 • 4 to 21 • 2) 

> 10 5 2 • 9 (1 • 2–5 • 7) 11 • 9 ( −2 • 8 to 26 • 6) 10 1 • 8 (0 • 8–3 • 5) 6 • 9 ( −5 • 3 to 19 • 2) 

Diagnostic group of second cancer 

leukaemia – – – – – –

lymphoma – – – – – –

CNS – – – – – –

peripheral nervous cell – – – – – –

retinoblastoma – – – – – –

renal – – – – – –

hepatic – – – – – –

bone – – – – – –

soft tissue – – – – – –

germ cell – – – – – –

carcinomas 10 3 • 6 (1 • 5–7 • 0) 3 • 9 ( −0 • 4 to 8 • 2) 15 3 • 5 (2 • 0–5 • 5) 6 • 1 (1 • 6 to 10 • 6) 

other – – – – – –

Note. For confidentiality, the number of people and observed second cancers are randomly rounded using an unbiased random rounding scheme with a base 

of five. Counts may not sum to total due to random rounding. AER = absolute excess risk; CI = confidence interval; CNS = central nervous system; N = number 

of people at risk at the start of follow-up; Obs = observed number of second cancers; PY = person-years; SIR = standardized incidence ratio. 
a Diagnostic groups are defined according to the International Classification of Childhood Cancer (see Table 1 ). People can appear in more than one diagnostic 

category if they are diagnosed with synchronous cancers. 
b Fewer than five second cancers. 
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Table 6 

Factors associated with the hazard of a second cancer in Canadians (excluding Quebec) diagnosed with a first cancer in 

childhood or adolescence by selected types of first cancer, 1992–2014. 

Events Crude HR (95% CI) p-value Adjusted HR (95% CI) p -value 

All ( N = 22,635; E = 395) 

Sex 0 • 0007 0 • 0003 

male 175 —a —

female 220 1 • 408 (1 • 155–1 • 718) 1 • 439 (1 • 179–1 • 760) 

Diagnostic group of first cancer b < 0 • 0001 < 0 • 0001 

leukaemia 60 — — — —

lymphoma 85 2 • 093 (1 • 516–2 • 907) < 0 • 0001 2 • 125 (1 • 539–2 • 953) < 0 • 0001 

CNS 50 1 • 476 (1 • 018–2 • 132) 0 • 0380 1 • 478 (1 • 019–2 • 134) 0 • 0374 

peripheral nervous cell 30 3 • 128 (2 • 008–4 • 773) < 0 • 0001 3 • 020 (1 • 938–4 • 609) < 0 • 0001 

retinoblastoma 5 1 • 427 (0 • 594–2 • 907) 0 • 3717 1 • 448 (0 • 603–2 • 949) 0 • 3531 

renal 10 1 • 104 (0 • 566–1 • 972) 0 • 7555 1 • 102 (0 • 565–1 • 970) 0 • 7598 

hepatic ∗ c 

bone 35 3 • 336 (2 • 201–4 • 984) < 0 • 0001 3 • 322 (2 • 191–4 • 965) < 0 • 0001 

soft tissue 50 3 • 427 (2 • 335–4 • 996) < 0 • 0001 3 • 331 (2 • 265–4 • 866) < 0 • 0001 

germ cell 20 1 • 182 (0 • 696–1 • 920) 0 • 5171 1 • 223 (0 • 721–1 • 988) 0 • 4344 

carcinomas 30 1 • 299 (0 • 834–1 • 982) 0 • 2344 1 • 193 (0 • 765–1 • 824) 0 • 4216 

other/NEC 5 1 • 489 (0 • 521–3 • 352) 0 • 3943 1 • 353 (0 • 473–3 • 047) 0 • 5147 

Calendar period of diagnosis < 0 • 0001 < 0 • 0001 

1992–2004 275 — —

2005–2014 120 2 • 100 (1 • 613–2 • 738) 2 • 084 (1 • 598–2 • 719) 

Synchronous first cancers d < 0 • 0001 0 • 0001 

no 390 — —

yes 5 7 • 567 (3 • 222–14 • 770) 4 • 814 (2 • 042–9 • 509) 

Leukaemia ( N = 5965; E = 60) 

Calendar period of diagnosis 0 • 0016 0 • 0015 

1992–1994 25 — —

1995–1999 10 0 • 385 (0 • 181–0 • 787) 0 • 0098 0 • 383 (0 • 180–0 • 783) 0 • 0095 

2000–2004 10 0 • 621 (0 • 279–1 • 355) 0 • 2671 0 • 595 (0 • 267–1 • 298) 0 • 2235 

2005–2009 10 1 • 077 (0 • 399–2 • 775) 0 • 8817 1 • 048 (0 • 388–2 • 698) 0 • 9248 

2010–2014 5 2 • 960 (0 • 903–9 • 835) 0 • 0501 2 • 899 (0 • 886–9 • 620) 0 • 0527 

Age at diagnosis 60 1 • 073 (1 • 027–1 • 119) 0 • 0010 0 • 9739 

Age at diagnosis ∗Time 0 • 0421 

Age at diagnosis over time (HR per 1 year increase in age) 0 • 0421 

At 0 years of follow-up 1 • 001 (0 • 922–1 • 082) 

1 year 1 • 009 (0 • 934–1 • 084) 

5 years 1 • 039 (0 • 983–1 • 094) 

10 years 1 • 078 (1 • 032–1 • 125) 

15 years 1 • 119 (1 • 055–1 • 187) 

20 years 1 • 161 (1 • 064–1 • 268) 

Lymphoma ( N = 3805; E = 85) 

Calendar period of diagnosis 0.0039 0 • 0039 

1992–1994 25 — —

1995–1999 30 1 • 791 (0 • 957–3 • 531) 0 • 0652 1 • 791 (0 • 957–3 • 531) 0 • 0652 

2000–2004 15 1 • 681 (0 • 733–3 • 913) 0 • 1766 1 • 681 (0 • 733–3 • 913) 0 • 1766 

2005–2009 10 2 • 826 (1 • 020–7 • 775) 0 • 0246 2 • 826 (1 • 020–7 • 775) 0 • 0246 

2010–2014 10 7 • 160 (2 • 398–22 • 187) < 0 • 0001 7 • 160 (2 • 398–22 • 187) < 0 • 0001 

CNS ( N = 3670; E = 50) 

Calendar period of diagnosis 0 • 0036 0 • 0036 

1992–2004 30 — —

2005–2014 20 2 • 983 (1 • 459–6 • 282) 2 • 983 (1 • 459–6 • 282) 

Peripheral nervous cell ( N = 1060; E = 30) 

Calendar period of diagnosis 0 • 0021 0 • 0024 

1992–2004 15 — —

2005–2014 15 3 • 400 (1 • 480–8 • 529) 3 • 341 (1 • 451–8 • 403) 

Synchronous first cancers < 0 • 0001 0 • 0001 

no 30 — —

yes ∗

Carcinomas ( N = 2195; E = 30) 

Sex 0 • 0478 0 • 0362 

male 5 — —

female 25 2 • 627 (1 • 098–7 • 769) 2 • 811 (1 • 170–8 • 330) 

Age at diagnosis 0 • 0154 0 • 0081 

0–9 5 — —

10–19 25 0 • 336 (0 • 147–0 • 904) 0 • 305 (0 • 133–0 • 822) 

Note. Models are presented when an adequate number of second cancers (i.e. events) occurred and at least one explanatory 

variable was identified by the forward selection modelling procedure (alpha to enter = 0.05). For confidentiality, counts are 

randomly rounded using an unbiased random rounding scheme with a base of five. Counts may not sum to total due to 

random rounding. CI = confidence interval; CNS = central nervous system; E = number of people diagnosed with a second cancer; 

HR = hazard ratio; N = number of people included in the model; NEC = not elsewhere classified. 
a Reference group. 
b Defined according to the International Classification of Childhood Cancer (see Table 1 ). Unclassified cases were combined 

with the other category. 
c Fewer than five second cancers. 
d Synchronous first cancers are defined as more than one cancer diagnosed during the 60 day synchronous period. 
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Table 7 

Factors associated with the cumulative incidence of a second cancer in Canadians (excluding Quebec) diagnosed with a first 

cancer in childhood or adolescence by selected types of first cancer, 1992–2014. 

Events Crude SHR (95% CI) p -value Adjusted SHR (95% CI) p -value 

All ( N = 22,635; E = 395) 

Sex 0 • 0003 0 • 0001 

male 175 —a —

female 220 1 • 445 (1 • 186–1 • 763) 1 • 481 (1 • 213–1 • 811) 

Diagnostic group of first cancer b < 0 • 0001 < 0 • 0001 

leukaemia 60 — —

lymphoma 85 2 • 261 (1 • 637–3 • 141) < 0 • 0001 2 • 294 (1 • 661–3 • 188) < 0 • 0001 

CNS 50 1 • 314 (0 • 906–1 • 898) 0 • 1464 1 • 309 (0 • 902–1 • 890) 0 • 1521 

peripheral nervous cell 30 2 • 829 (1 • 816–4 • 316) < 0 • 0001 2 • 730 (1 • 752–4 • 168) < 0 • 0001 

retinoblastoma 5 1 • 715 (0 • 714–3 • 493) 0 • 1748 1 • 722 (0 • 717–3 • 507) 0 • 1721 

renal 10 1 • 198 (0 • 615–2 • 141) 0 • 5673 1 • 188 (0 • 610–2 • 124) 0 • 5855 

hepatic ∗ c 

bone 35 2 • 879 (1 • 900–4 • 301) < 0 • 0001 2 • 840 (1 • 873–4 • 245) < 0 • 0001 

soft tissue 50 3 • 153 (2 • 149–4 • 597) < 0 • 0001 3 • 051 (2 • 076–4 • 454) < 0 • 0001 

germ cell 20 1 • 313 (0 • 774–2 • 133) 0 • 2895 1 • 349 (0 • 794–2 • 192) 0 • 2457 

carcinomas 30 1 • 440 (0 • 924–2 • 197) 0 • 0974 1 • 309 (0 • 839–2 • 000) 0 • 2208 

other/NEC 5 1 • 502 (0 • 525–3 • 381) 0 • 3836 1 • 374 (0 • 480–3 • 094) 0 • 4932 

Calendar period of diagnosis < 0 • 0001 < 0 • 0001 

1992–2004 275 — —

2005–2014 120 2 • 178 (1 • 672–2 • 841) 2 • 148 (1 • 648–2 • 804) 

Synchronous first cancers d < 0 • 0001 0 • 0003 

no 390 —

yes 5 6 • 472 (2 • 764–12 • 64) 4 • 286 (1 • 818–8 • 429) 

Leukaemia ( N = 5965; E = 60) 

Calendar period of diagnosis 0 • 0014 0 • 0015 

1992–1994 25 — —

1995–1999 10 0 • 409 (0 • 193–0 • 836) 0 • 0156 0 • 410 (0 • 193–0 • 837) 0 • 0157 

2000–2004 10 0 • 707 (0 • 318–1 • 544) 0 • 4213 0 • 696 (0 • 312–1 • 519) 0 • 3984 

2005–2009 10 1 • 248 (0 • 461–3 • 230) 0 • 6559 1 • 243 (0 • 459–3 • 217) 0 • 6617 

2010–2014 5 3 • 391 (1 • 027–11 • 363) 0 • 0291 3 • 375 (1 • 022–11 • 308) 0 • 0298 

Age at diagnosis 60 1 • 054 (1 • 010–1 • 098) 0 • 0094 0 • 9436 

Age at diagnosis ∗Time 0 • 0971 

Age at diagnosis over time (SHR per 1 year increase in age) 

At 0 years of follow-up 0 • 997 (0 • 918–1 • 077) 

1 year 1 • 003 (0 • 929–1 • 077) 

5 years 1 • 027 (0 • 972–1 • 081) 

10 years 1 • 057 (1 • 013–1 • 103) 

15 years 1 • 089 (1 • 028–1 • 154) 

20 years 1 • 122 (1 • 030–1 • 223) 

Lymphoma ( N = 3805; E = 85) 

Calendar period of diagnosis 0 • 0025 0 • 0025 

1992–1994 25 — —

1995–1999 30 1 • 854 (0 • 991–3 • 656) 0 • 0506 1 • 854 (0 • 991–3 • 656) 0 • 0506 

2000–2004 15 1 • 774 (0 • 774–4 • 134) 0 • 1357 1 • 774 (0 • 774–4 • 134) 0 • 1357 

2005–2009 10 3 • 032 (1 • 093–8 • 353) 0 • 0165 3 • 032 (1 • 093–8 • 353) 0 • 0165 

2010–2014 10 7 • 666 (2 • 559–23 • 839) < 0 • 0001 7 • 666 (2 • 559–23 • 839) < 0 • 0001 

CNS ( N = 3670; E = 50) 

Calendar period of diagnosis 0 • 0027 0 • 0027 

1992–2004 30 — —

2005–2014 20 3 • 112 (1 • 518–6 • 564) 3 • 112 (1 • 518–6 • 564) 

Peripheral nervous cell ( N = 1060; E = 30) 

Calendar period of diagnosis 0 • 0009 0 • 0012 

1992–2004 15 — —

2005–2014 15 3 • 736 (1 • 620–9 • 412) 3 • 640 (1 • 575–9 • 188) 

Synchronous first cancers 0 • 0002 0 • 0004 

no 30 — —

yes ∗

Carcinomas ( N = 2195; E = 30) 

Sex 0 • 0387 0 • 0301 

male 5 — —

female 25 2 • 746 (1 • 147–8 • 119) 2 • 911 (1 • 213–8 • 622) 

Age at diagnosis 0 • 0171 0 • 0094 

0–9 5 — —

10–19 25 0 • 341 (0 • 149–0 • 918) 0 • 312 (0 • 136–0 • 841) 

Note. Models are presented when an adequate number of second cancers (i.e. events) occurred and at least one explanatory 

variable was identified by the forward selection modelling procedure (alpha to enter = 0.05). For confidentiality, counts are 

randomly rounded using an unbiased random rounding scheme with a base of five. Counts may not sum to total due to 

random rounding. CI = confidence interval; CNS = central nervous system; E = number of people diagnosed with a second cancer; 

N = number of people included in the model; NEC = not elsewhere classified; SHR = subdistribution hazard ratio. 
a Reference group. 
b Defined according to the International Classification of Childhood Cancer (see Table 1 ). Unclassified cases were combined 

with the other category. 
c Fewer than five second cancers. 
d Synchronous first cancers are defined as more than one cancer diagnosed during the 60 day synchronous period. 
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Fig. 1. Continued 
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 disproportionate number of second cancers diagnosed during the

rst year of follow up (80 • 9%) — the majority of which (56 • 4%) be-

onged to children and youth first diagnosed in 2010–2014. Further,

ntario accounted for 74 • 5% of second cancers among those first
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a  
iagnosed in 2010–2014. After removing Ontario data from the es-

imation of SIRs (i.e. person-time at risk, standard rates, observed

nd expected second cancers), the overall SIR changed from 6 • 5
95% CI: 5 • 8–7 • 1) to 5 • 7 (95% CI: 4 • 9–6 • 7) but larger changes were

een for the first year of follow up [20 • 4 (95% CI: 15 • 8–25 • 8) to 8 • 6
95% CI: 4 • 6–14 • 8)] and calendar period 2010–2014 [19 • 5 (95% CI:

4 • 5–25 • 6) to 12 • 2 (95% CI: 6 • 5–20 • 9). 

. Discussion 

We found that Canadians diagnosed with a first cancer as chil-

ren and youth experienced a risk of second cancers that was 6 • 5
95% CI: 5 • 8–7 • 1) times greater than expected, suffered an AER

f 16 • 5 cancers per 10,0 0 0 person-years (95% CI: 14 • 4–18 • 5), and

emonstrated a 4 • 8% (95% CI: 3 • 8–6 • 0) cumulative probability of a

econd cancer at 22 • 6 years of follow-up. The risk of second can-

ers, the types of second cancers experienced, and the factors as-

ociated with being diagnosed with a second cancer differed by

ype of first cancer. We also found that being diagnosed with syn-

hronous first cancers increased the hazard and cumulative inci-

ence of a second cancer. 

Comparing our findings with others is complicated by method-

logical differences. Others have limited their cohorts to those sur-

iving from 6 months to 5 years after their initial cancer diagnosis

 5 , 6 , 29–34 ]; required cohort consent [5] ; used more dated cohorts

iagnosed prior to 20 0 0 [ 5 , 6 , 32 ]; included all subsequent cancers

 3 , 5 , 17 , 34 , 35 ]; included in situ tumours and/or non-melanoma skin

ancers and/or all tumours arising in the brain and central ner-

ous system [ 29 , 31 , 33 ]; relied on self-report to ascertain subse-

uent cancers [ 5 , 33 ]; and, have rarely acknowledged or discussed

he impact of multiple primary reporting rules [ 6 , 17 , 19 , 35 ]. 

Despite our study occurring in a more recent time period, using

ore conservative multiple primary rules, including older youth,

nd being less impacted by migration, many of our findings are

enerally in line with Inskip et al. [17] . Using a US Surveillance

pidemiology and End Results Program-based cohort, they found

hat the risk of subsequent cancers among those first diagnosed

t age 0 to 17 years and followed from 1973 to 20 0 0 was 6 • 07

imes greater than expected; that the cohort experienced an AER

f 14 • 96 per 10,0 0 0 person-years; and that the cumulative proba-

ility of a second cancer was 3 • 5% (95% CI: 3 • 0–4 • 1%) at 25 years.

ur study, however, indicated a much higher SIR in the first year

fter diagnosis compared to Inskip et al. (20 • 4 vs. 5 • 39). Consider-

ng the earlier time period of diagnosis and follow-up (1973–20 0 0)

n the US study, it may be that changes in registry practices over

ime, advances in diagnostics, and changing treatment patterns are

ontributing to this difference. Our overall SIR is lower than that

f previous research based on an Ontario cohort of paediatric can-

er survivors diagnosed between 1985 and 2008 (SIR = 9 • 9, 95% CI:

 • 6–11 • 4) [3] but methodological differences may explain the dis-

arity. First, Pole et al’s [3] research was limited to those diagnosed

efore the age of 15 and our findings indicate that this younger

ohort would be expected to have a higher SIR ( Table 4 ). Sec-

nd, Pole et al. [3] included all subsequent cancers irrespective of

heir proximity to the first cancer. Our study found that about 115

hildren and youth had more than one cancer diagnosed during

he initial synchronous period ( Table 2 ) — had we included these

s second cancers, the SIR would have increased to at least 8 • 2.

espite excluding synchronous tumours from our second cancer

ount, consistent with Pole et al. [3] and others [ 34 , 36 ], we found

hat a substantial proportion of second cancers occurred within the

rst 5 years of diagnosis (about 40%, see Table 4 ); and, similar to

ole et al. [3] , that being diagnosed in a more recent calendar pe-

iod was associated with an increased hazard of a second cancer

 Table 6 and 7 ). Although our SIRs for follow-up periods greater

han five years since diagnosis were similar to other studies that
imited cohorts to five-year survivors [ 6 , 32 ], such inclusion criteria

xclude a substantial proportion of the second cancers experienced

uring early follow-up — information important to both clinicians

nd patients. 

Consistent with our findings, others have found that females

re at greater risk of subsequent cancers than males [ 5 , 31 , 33 ]; that

reast and/or thyroid cancers are among the most common sub-

equent cancers [ 33 , 34 ]; and that SIRs for subsequent cancers de-

rease with increasing age at diagnosis and time since diagnosis

 6 , 30 , 32 , 33 ], and increase with more recent diagnosis periods [32] .

Unlike past Canadian research, we used a larger, more nation-

lly representative cohort that was less impacted by migration and

e examined the impact of synchronous first cancers on subse-

uent risk. We found that 3–4% of those diagnosed with a sec-

nd cancer or dying had migrated to another province/territory or

ad an unknown place of death. For less integrated cancer surveil-

ance jurisdictions, out-migration of paediatric cancer survivors re-

ults in missed subsequent cancers and deaths while in-migration

f paediatric cancer survivors results in subsequent cancers being

iagnosed as first cancers. Both scenarios will bias SIRs downward.

otwithstanding these strengths in our research, several limita-

ions relevant to this field of study should be noted. First, is the

mpact of medical surveillance in biasing SIRs upward. The increas-

ng risk of second cancers among those with more recent diag-

oses combined with breast and thyroid cancers being among the

ost commonly diagnosed second cancers suggests that surveil-

ance bias and overdiagnosis may be contributing to our findings.

econd, is changing cancer registry practices over time. Our sensi-

ivity analysis demonstrated how the adoption of more liberal mul-

iple primary reporting rules (i.e. the National Cancer Institute’s

urveillance Epidemiology and End Results Program multiple pri-

ary rules by Ontario) and improved case ascertainment can sub-

tantially impact SIRs. Third, is the method used to define a second

ancer. We relied on the International Rules for Multiple Primary

ancers combined with a 60 day synchronous period to identify

econd cancers — an approach that may differ from clinical prac-

ice. As an example, a clinician might consider the 15 second pe-

ipheral nervous cell cancers among those first diagnosed with pe-

ipheral nervous cell cancers ( Table 5 ) as recurrences rather than

econd cancers. Clinically relevant, standardized surveillance def-

nitions for second cancers, that can be implemented using can-

er registry data, would improve the usefulness and comparabil-

ty of future research. Fourth, artefactually reduced risks of second

ancers can be created when treatment of the initial cancer re-

oves one or more organs from risk. Fifth, we could not examine

he impact of lifestyle, treatment, and underlying cancer predispo-

ition syndromes on the risk of second cancers because the CCR

oes not capture such data or it is incomplete. Considering the

oderate to strong associations between treatment and the risk

f subsequent cancers [ 3 , 17 , 32 ], and the evolving nature of can-

er treatment, capturing treatment details is essential to appropri-

tely interpreting the risk of second cancers. More information on

he relationship between lifestyle, type and intensity of treatment,

ancer predisposition syndromes, and the risk of second cancers

ould assist clinicians in lifestyle counselling, reducing the iatro-

enicity of treatment, personalizing risk estimates, and optimizing

urveillance approaches. Sixth, since the maximum attained age at

he end of follow-up was 42 years (median = 19, IQR: 12–25), it is

nclear if the risk of second cancers among this cohort will con-

inue to be greater than that caused by aging in the general pop-

lation. Similar research involving North American and Nordic co-

orts has found that the elevated risk of subsequent cancers con-

inues into the fifth, sixth and seventh decades of life [ 35 , 37 ]. Last,

he migration of cohort members to Quebec or out of the country

ay have resulted in missed second cancers and deaths; however,

vailable data suggests the losses would be relatively low. Over the
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time period of interest, the annual migration rate into Quebec from

the rest of the country ranged from 0 • 09% to 0 • 16% and the annual

emigration rate for Canada, excluding Quebec, ranged from 0 • 21%

to 0 • 31% among 0 to 42 year olds [ 7 , 38 , 39 ]. 

In conclusion, Canadians diagnosed with a first cancer in child-

hood or adolescence experience increased risk of a second cancer

that varies with the initial type of cancer diagnosed, sex, age at

diagnosis, calendar period of diagnosis, time since diagnosis, and

the presence of synchronous first cancers. Comprehensive data on

lifestyle, treatment, underlying cancer predisposition syndromes,

and changing registry practices combined with clinically relevant

surveillance definitions for second cancers are needed to disen-

tangle the importance of various factors on the risk of a second

cancer. 
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