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Abstract

Childhood cancer survivors are at increased risk for second primary leukemia (SPL), but there is 

little consensus on the magnitude of some risk factors because of the small size of previous 

studies. We performed a pooled analysis of all published studies with detailed treatment data, 

including estimated active bone marrow (ABM) dose received during radiation therapy and doses 

of specific chemotherapeutic agents for childhood cancer diagnosed from 1930 through 2000, in 

order to more thoroughly investigate treatment-related risks of SPL. A total of 147 SPL cases (of 

which 69% were acute myeloid leukemia [AML]) were individually-matched to 522 controls, all 

from four case–control studies including patients from six countries (France, United Kingdom, 
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United States, Canada, Italy, Netherlands). Odds ratios (OR) and corresponding 95% confidence 

intervals (CIs) were calculated using conditional logistic regression, and the excess OR per gray 

(EOR/Gy) was also calculated. After accounting for the other therapies received, topoisomerase II 

inhibitor was associated with an increased SPL risk (highest tertile vs. none: OR=10.0, 

95%CI:3.7-27.3). Radiation dose to the ABM was also associated with increased SPL risk among 

those not receiving chemotherapy (EOR/Gy=1.6, 95%CI:0.1-14.3), but not among those who 

received chemotherapy. SPL were most likely to occur in the first decade following cancer 

treatment. Results were similar when analyses were restricted to AML. The evidence of 

interaction between radiation and chemotherapy has implications for leukemogenic mechanism. 

The results for topoisomerase II inhibitors are particularly important given their increasing use to 

treat childhood cancer.
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Introduction

The survival of children with cancer has improved substantially over recent decades, and 

consequently, adverse effects of more current treatment have become increasingly important.
1–5 One of the most serious late effects is the occurrence of second malignant neoplasms 

(SMN).1–5 Ionizing radiation is a known carcinogen, and sensitivity to radiation is highest 

early in life.5 Leukemia is the most radiation-sensitive malignancy, often appearing sooner 

after exposure than any other cancer.5–10 However, second primary leukemia (SPL) is also 

associated with various chemotherapeutic agents.11–20 Potential associations between SPL 

risk and various chemotherapy drugs have been evaluated in a number of cohorts of pediatric 

or young adult cancer survivors.12–16,19,20 Those studies have demonstrated strongly 

increased risk of acute myeloid leukemia (AML) after certain types of chemotherapy, in 

particular, alkylating agents (e.g., cyclophosphamide, melphalan, ifosfamide, procarbazine, 

or nitrogen mustard) and topoisomerase II inhibitors (e.g., epipodophyllotoxins, 

anthracyclines). However, because drugs are often given in combination, individual studies 

have had limited ability to disentangle risks associated with specific agents. Another key 

unresolved question is the potential role for radiotherapy in leukemia risk, either with or 

without chemotherapy, with some previous studies suggesting increased risk but others not.
12–14,16,19

To address these gaps in knowledge, we pooled data from prior studies of SPL after 

childhood cancer with high quality information on specific chemotherapy agents and 

radiation dose to the active bone marrow (ABM). These comprise: (a) the British Childhood 

Cancer Survivor Study (BCCSS);14 (b) two parallel French datasets, the Société Française 

d’Oncologie Pédiatrique (SFOP) dataset,19,20 and the Euro2K dataset, which recently 

became the French Childhood Cancer Survivor Study (FCCSS);12,13 and (c) the 

International Late Effects Study Group (LESG) study.16 This current pooled analysis, with 

information on 147 cases and 522 matched controls, offers a unique opportunity to more 
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thoroughly investigate the respective roles of chemotherapy and radiotherapy in the 

occurrence of SPL after childhood cancer.

Materials and Methods

Selection criteria and data inclusion

We included all studies on SPL after childhood cancer published during 1987-2015 that 

collected information on chemotherapy and radiation dose to ABM in the present 

collaborative international study. Four case–control studies including patients from six 

countries (France, United Kingdom, United States, Canada, Italy, Netherlands) contributed 

data (Supplementary Table A1, online only).13,14,16,19 Each study was a nested case–control 

study of SPL occurring within respective cohorts of childhood cancer survivors. Three to 

five controls were matched by basic demographic characteristics (e.g., age at first treatment, 

sex) and survival time at least as long as the index matched case’s interval from childhood 

cancer to SPL diagnosis (Supplementary Table A1, online only). The leukemia subtype was 

classified according to the International Classification of Diseases for Oncology [ICD-O] 

(Supplementary Table A2, online only).21–23

Chemotherapy (CT) and Radiotherapy (RT) Data

In each study, radiotherapy and chemotherapy exposures were ascertained from the start of 

childhood cancer treatment until the development of SPL for each case or the corresponding 

interval for each matched control. Individual-level data on radiotherapy were utilized to 

reconstruct the mean radiation dose to the main bones containing ABM, and then, using age-

dependent coefficients, to the whole ABM.12–14,16,19,20,24–26 Each study also abstracted 

detailed data from medical records regarding chemotherapy exposures for both initial and 

subsequent therapy for the first cancer. Data collected included drug name, dates of 

administration, and total dose per unit of body surface area measured as milligrams per 

square meter (mg/m2). We assessed SPL risk according to class of chemotherapy drugs, 

defined as follows: (a) alkylating agents, (b) topoisomerase II inhibitors including both 

anthracyclines and epipodophyllotoxins, (c) platinum compounds, (d) vinca-alkaloids and 

(e) antimetabolites (Supplementary Tables A3 and A4, online only). Except for the 

alkylating agents, the sum of cumulative doses of different chemotherapy agents within 

specific groups was performed, based on the assumption that all agents within a particular 

class had equal leukemogenic potency per unit dose. To sum the alkylating agent doses, we 

used the cyclophosphamide equivalent dose (CED) for toxicity proposed by Green et al.27 

using the following formula: CED (mg/m2)=1.0*(cumulative cyclophosphamide dose [mg/

m2]) + 0.2440*(cumulative ifosfamide dose [mg/m2]) + 0.857*(cumulative procarbazine 

dose [mg/m2]) + 14.286*(cumulative chlorambucil dose [mg/m2]) + 15.0*(cumulative 

BCNU dose [mg/m2]) + 16.0*(cumulative CCNU dose [mg/m2]) + 40.0*(cumulative 

melphalan dose [mg/m2]) + 50.0*(cumulative thiotepa dose [mg/m2]) + 100.0*(cumulative 

mechlorethamine dose [mg/m2]) + 8.823*(cumulative busulfan dose [mg/m2]) + 

3.770*(cumulative dacarbazine dose [mg/m2]). The 33rd and 66th percentiles and quartiles of 

the distribution among cases exposed were used to define the dose intervals for the classes of 

chemotherapy drugs and for whole ABM dose respectively (Supplementary Fig A1, online 

only). We were unable to group chemotherapy drugs together into regimens administered in 
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cycles since these data were not collected in some studies. Therefore we analysed SPL risk 

according to broad combinations of agents across different classes.

Statistical analysis

Conditional logistic regression analysis was conducted to derive estimated odds ratios (ORs) 

and corresponding 95% confidence intervals (CIs) of SPL associated with specific 

treatments.28,29 We first ran univariate models including each chemotherapy drug or each 

class of chemotherapy drugs and radiotherapy as indicator variables (no vs. yes) 

(Supplementary Table A5, online only). Similar models were employed in which the 

chemotherapeutic doses per class and ABM radiation doses were divided into categories 

(using the quartiles of the distribution of the whole ABM dose and the 33rd and 66th 

percentiles in the distribution of each cumulative dose of chemotherapy in the combined 

cases group) (Supplementary Fig A1 and A2, online only). We then constructed 

multivariable models to estimate adjusted ORs for treatment-related variables. Tests of 

heterogeneity and trend were based on the likelihood ratio, comparing model fit with and 

without the variable of interest. For trend tests, ordinal variables were treated as continuous. 

Additionally, the excess OR per Gy (EOR/Gy) for the ABM dose from radiotherapy was 

estimated using a linear radiation dose-response model, with additional analyses also 

assessing departure from a multiplicative interaction between ABM radiation (continuous 

dose) and chemotherapy (yes/no).

Analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC, USA)30 and Epicure.31 A 

two-sided type I error of 0.05 was assumed to determine significance, and 95% CIs were 

likelihood-based.32

Results

Most (N=101, 68.7%) of the cases were diagnosed with AML; the remaining cases included 

acute lymphoblastic leukemia (N=18, 12.2%), chronic myeloid leukemia (N=6, 4.1), 

myelodysplastic syndromes (N=17, 11.6%) and other leukemias (N=5, 3.4%). The median 

age at first childhood cancer diagnosis overall was 8.0 years, and the median interval before 

SPL diagnosis was 4.4 years (Table 1). 119 SPL cases (81%) occurred within the decade 

following childhood cancer treatment initiation. Lymphoma accounted for approximately 

one-quarter of the childhood cancer diagnoses (27.9% for cases, 20.7% for controls), with 

lesser proportions associated with brain tumor (17.0% for cases, 18.0% for controls) and 

osteosarcoma (10.2% for cases, 6.5% for controls). Only 2 cases of SPL occurred in patients 

who received neither radiotherapy nor chemotherapy.

The characteristics of the 147 cases who developed a SPL are summarized in supplementary 

Table A6 (online only) by type of primary childhood cancer. Among these, 59 (40.1%) were 

diagnosed with their primary cancer under the age of five years; specifically, 93.3% (14/15) 

and 78.6% (11/14) of SPL cases occurring among neuroblastoma or kidney tumor survivors 

were originally diagnosed before age five, respectively. Of the 25 cases of SPL in brain 

tumor survivors, 18 were women (72.0%), whereas 11 among 15 cases of SPL in 

osteosarcoma survivors, were men (73.3%). The median attained age at the development of 
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SPL was highest for lymphoma (17.0 years) and lowest for neuroblastoma (8.0 years) 

(Supplementary Table A6, online only).

Radiotherapy

Radiation therapy was associated at borderline levels of significance with increased SPL risk 

whether adjusted for chemotherapy (OR=1.5, 95%CI:0.99-2.3; P=0.06) or unadjusted 

(OR=1.6, 95%CI:1.0-2.4; P=0.03) (Table 2). Risk associated with radiotherapy was much 

higher (OR=6.4, 95%CI:1.3-30.3) among patients who did not receive chemotherapy (Table 

2). Likewise SPL risk modestly increased with increasing mean ABM radiation doses 

unadjusted for chemotherapy (OR for the highest quartile (>12 Gy)=2.3, 95%CI:1.1-4.6; P-

trend=0.02), but this was not the case when adjusted for chemotherapy (OR for the highest 

quartile (>12 Gy)=1.5, 95%CI:0.66-3.13; P-trend=0.3) (Table 3), with a significant negative 

interaction with chemotherapy (P for interaction=0.006, Table 4). Using a linear excess OR 

model, the EOR/Gy of SPL was equal to 0.02 (95%CI:-0.01-0.09) among patients who 

received chemotherapy and 1.55 (95%CI:0.14-14.3) among patients who did not (Table 4). 

Again, much higher radiation-associated risks were seen among patients not receiving 

chemotherapy (OR [>0-12 Gy]=7.7, 95%IC:1.7-36.2 and OR [>12 Gy]=3.7, 

95%IC:0.28-49.9) (Table 5).

The association between radiotherapy and SPL risk strongly varied with time after childhood 

cancer treatment (Supplementary Table A7, online only). Indeed, 78 (66%) of SPL occurring 

in the first decade following childhood cancer treatment were treated with radiotherapy, 

which was associated with 34.8-fold (95%CI:10.8-111.8) increased SPL risk, but there was 

no significant radiation-associated SPL risk after the first decade.

Chemotherapy

Overall, SPL was significantly associated with chemotherapy (OR=6.2, 95%CI:2.9-13.3; 

P<0.0001), and was close (OR=5.5, 95%CI:2.6-12.0; P<0.0001) after adjustment for 

radiotherapy and year of diagnosis (Table 2). Patients who received chemotherapy alone had 

a markedly elevated risk of SPL (OR=19.0, 95%CI:3.8-94.7) compared with those not 

receiving chemotherapy or radiotherapy (p<0.001).

In univariate analyses, topoisomerase II inhibitors (P<0.0001), alkylating agents (P<0.0001), 

platinum compounds (P=0.007) and vinca-alkaloids (P<0.0001) administration were found 

to increase the risk of SPL (Table 3), but in a multivariable analysis the association with 

alkylating agents and platinum compounds disappeared. Topoisomerase II inhibitors were 

independently associated with an increased SPL risk (Table 3). The risk of SPL associated 

with topoisomerase-II inhibitors increased in a strongly dose-dependent manner, with 

OR=3.6 (95%CI:1.8-7.3), 3.2 (95%CI:1.5-6.9), and 10.0 (95%CI:3.7-27.3) for cumulative 

doses of >0- to 600, >600 to 2500, and >2500 mg/m2, respectively, compared with patients 

not receiving topisomerase-II inhibitors. Likewise, patients who received both radiotherapy 

and high-dose topoisomerase II inhibitors (>2500 mg/m2) had strikingly elevated SPL risk 

(OR=16.1, 95%CI:5.0-51.4) compared with those who did not receive radiotherapy and 

topoisomerase II inhibitors (Table 6). Our results with respect to SPL risk for topoisomerase 
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II inhibitors varied little according to the calendar period of diagnosis of first primary 

childhood cancer (Supplementary Table A8, online only).

There was no clear association between SPL risk and alkylating agents (P=0.9; 

Supplementary Table A5, online only) but a significant dose response for 

cyclophosphamide-equivalent dose (CED) overall was found (P-trend=0.04) (Table 3). There 

was high evidence of increased risk of SPL associated with alkylating agents for the high-

dose of CED (>22000 mg/m2) (OR=2.8, 95%CI:1.2-6.6) vs no alkylating agents after 

adjusting for ABM radiation dose, topoisomerase II inhibitors and platinum compounds 

(Table 3). This risk of SPL with alkylating agents for the high-dose of CED (>22000 mg/m2) 

(OR=2.2, 95%CI:0.54-9.1) was slightly reduced in patients who did not receive radiotherapy 

(Table 6).

The association between topoisomerase II inhibitors or alkylating agents and SPL risk was 

also dependent on the latency period following childhood cancer treatment (Supplementary 

Table A7, online only). Indeed, 97 (81%) of SPL occurred in the first decade following 

childhood cancer treatment with topoisomerase II inhibitors 16 (13%) or alkylating agents 

15 (13%) or both 66 (55%).

Receiving both topoisomerase II inhibitors and alkylating agents, or both topoisomerase II 

inhibitors and vinca-alkaloids were associated with OR of 14.8 (95%CI:5.2-42.3), and 9.6 

(95%CI:3.2-29.2), respectively, compared to those having no chemotherapy, after adjustment 

for ABM dose and year of diagnosis (Supplementary Table A9, online only). Those who 

received only alkylating agents and vinca-alkaloids had a lower risk (OR=2.6, 

95%CI:0.98-6.8).

Type of SPL

When restricting the analysis to AML, the effect of ABM radiation dose (OR [>0-12 

Gy]=4.9, 95%CI:0.95-25.6) in patients who did not receive chemotherapy was lower than 

when considering all types of leukemias (Table 5). There was modest and non-significant 

risk of high ABM radiation dose (>12 Gy) among patients who had received chemotherapy 

(OR=2.2, 95%CI:0.94-5.0) vs patients who had received chemotherapy without no 

radiotherapy. Small numbers did not permit specific investigations for other types of 

leukemias.

Type of first cancer

No independent effect of the first cancer type on risk of SPL was observed (p=0.2), and the 

findings for the dose-related SPL risks for radiation dose, topoisomerase II inhibitors and 

alkylating agents were little changed with adjustment for the first cancer type.

Discussion

This pooled analysis of all studies that had individual ABM dose estimates and information 

on chemotherapy,13,14,16,20 is to the best of our knowledge the largest to assess the risk of 

SPL among childhood cancer survivors, with 147 SPL cases. By combining data from 

individual studies conducted over several decades, we increased power to assess SPL risk 
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associated with childhood cancer treatment. We showed that topoisomerase II inhibitors 

(anthracyclines and epipodophyllotoxins) increased the risk of SPL independently of other 

treatments, whereas the increase in risk associated with increasing ABM radiation dose was 

observed only in patients who did not receive chemotherapy. Our results for topoisomerase 

II inhibitors and ABM radiation dose are particularly important given their role in current 

treatment approaches.33,34

Analyses of treatment patterns over time revealed a shift from the predominant use of 

radiation before the 1960s to increasing using of a combination of radiotherapy and 

chemotherapy by the 1970s. In the 1980s, treatment mainly by poly-chemotherapy with 

alkylating agents, topoisomerase II inhibitors, vinca-alkaloids, or antimetabolites, added to 

the treatment modalities. From this period to 1990s and for the most recent periods, the use 

of multidrug therapy has greatly increased, and new therapeutic agents such as platinum 

compounds have been used. However, this pooled analysis was based on case-control 

studies, which could not fully describe changes in treatment regimens of childhood cancers.

Our results extend those of previous studies based on substantially smaller numbers of 

childhood cancer survivors that reported an increased risk of SPL from topoisomerase II 

inhibitors (anthracyclines and epipodophyllotoxins).12–14,19 We were unable to investigate 

the role of the schedule of administration.35 Nevertheless, our study confirmed that after 

controlling for radiotherapy and other chemotherapy classes, patients with topoisomerase II 

inhibitors had increased risk of SPL (OR=3.9, 95%CI:2.1-7.4; P<0.0001; Supplementary 

Table A5, online only) compared with patients who had received none of these drugs, in line 

with previous findings,12–14,19,35 and showed that this remains when adjusting for other 

types of treatment.

The first broad class of cytotoxic drugs to be linked to SPL was the alkylating agents.34–38 

In the present study, the risk associated with this class of drugs was markedly reduced when 

adjusting for use of topoisomerase II inhibitors, and contrasts with some previous studies.
34–38 This could be explained in part by decreases in use of alkylating agents over time 

and/or the close association between exposure to alkylating agents and exposure to 

topoisomerase II inhibitors (Cramer’s V=0.6). Although there was a trend for increased risk 

of SPL with platinum compounds, this trend disappeared when adjusting for use of other 

drugs, in contrast with the finding of a recent study.39 Our findings also confirmed that 

treatment with topoisomerase II inhibitors in combination with alkylating agents increases 

the probability of SPL, as others have found;35 other studies have suggested that this risk 

may be affected by genetic predisposition, genetic variations in drug metabolism, and 

cytogenetic and molecular features.40,41

Leukemia induced by therapeutic radiation alone among childhood cancer survivors is rare.
12,13,16,19,42,43 The EOR/Gy that we estimated among patients who did not receive 

chemotherapy, 1.55 (95%CI:0.14-14.3), has a wide range and is slightly lower, with what 

was expected from BEIR VII model for the same age at irradiation. This risk coefficient 

contrasts with the large risks seen for myeloid malignancies and acute lymphocytic leukemia 

after low doses (<100 mGy) of radiation.8 We did not observe an additional increase in SPL 

risk associated with radiation in patients who received chemotherapy (Tables 4). This may 
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be due to the strongly elevated risks associated with chemotherapy, and possible ablative 

effects of high-dose radiotherapy on the ABM.11,44,45

Among the strengths of our study is the inclusion of all studies on SPL after childhood 

cancer with information on chemotherapy and radiation dose to ABM published in the 

interval 1987 – 2015, among childhood cancer survivors diagnosed from 1930 through 2000, 

covering several decades of treatment regimens. Previous studies have been generally 

limited by smaller sample sizes, which prevented more detailed investigation associated with 

specific classes of chemotherapy agents.13,14,16,20 In our pooled dataset, we were better able 

to evaluate the risk of SPL associated with radiotherapy and/or chemotherapy treatments, but 

the analyses were limited by the differential data on chemotherapy regimens and drug doses 

available among the included studies.

Although rare, SPL has poor survival, therefore, identifying patients at highest risk has 

important implications for clinical approaches to childhood cancer treatment. Cancer 

survival rates are expected to increase further with improved diagnosis, treatment and 

followup.46,47 Additional attention must be paid to reduce the incidence of treatment-related 

morbidity, such as SPL. Our results provide SPL risks that may have implications both for 

the planning of new treatments and highlight the need for awareness by survivors and their 

healthcare providers for potential risk related to SPL several decades after childhood cancer 

treatment.48

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AML Acute Myeloid Leukemia
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Novelty and Impact

Although rare, secondary leukemia has poor survival, therefore, identifying patients at 

highest risk has important implications for clinical approaches to childhood cancer 

treatment. This study is the first with good statistical power to investigate the risk of 

leukemia and to assess the combination of mutagenic therapies (radiation therapy, 

topoisomerase II inhibitors, alkylating agents) contributing to risk. These results help 

inform surveillance guidelines for childhood cancer survivors and guide assessment of 

leukemia risks from certain contemporary treatment protocols.
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Table 2:

Risk of secondary leukemia in relation to radiotherapy or/and chemotherapy.

Treatment characteristics Cases / Controls

Univariate analyses Multivariable analysis

Odds ratio
$
 (95% CI) Odds ratio

$
 (95% CI)

Radiotherapy

 No 50/224 1.0 (Reference) 1.0 (Reference)

 Yes 97/298 1.6 (1.0-2.4) 1.5 (0.99-2.3)

P-value for heterogeneity 0.03 0.06

Chemotherapy

 No 15/151 1.0 (Reference) 1.0 (Reference)

 Yes 132/371 6.2 (2.9-13.3) 5.5 (2.6-12.0)

P-value for heterogeneity <0.0001 <0.0001

Treatment combination

 Nor radiotherapy nor chemotherapy 2/65 1.0 (Reference)

 Radiotherapy alone 13/86 6.4 (1.3-30.3)

 Chemotherapy alone 48/159 19.0 (3.8-94.7)

 Radiotherapy and chemotherapy 84/212 24.6 (5.0-120.8)

P-value for heterogeneity 0.0001

Abbreviations: 95% CI = 95% confidence interval.

$
Conditional logistic regression matched on gender, age at childhood cancer diagnosis and follow-up, and the multivariable analysis, adjusted for 

radiotherapy, chemotherapy and year of diagnosis.

Int J Cancer. Author manuscript; available in PMC 2022 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Allodji et al. Page 17

Table 3:

Risk of secondary leukemia in relation to cumulative dose of radiation dose to active bone marrow (ABM) and 

selected chemotherapy drugs.

Treatment characteristics Dose category
¥ Cases / Controls

Univariate analyses Multivariable analysis

Odds ratio
$
 (95% CI) Odds ratio

$
 (95% CI)

Radiotherapy (whole active bone marrow dose)

0 Gy 51/230 1.0 (Reference) 1.0 (Reference)

>0-2 24/79 1.5 (0.85-2.6) 1.6 (0.87-3)

>2-5 24/76 1.6 (0.87-2.9) 1.4 (0.73-2.7)

>5-12 24/82 1.5 (0.83-2.6) 1.3 (0.69-2.5)

>12 24/55 2.3 (1.1-4.6) 1.5 (0.66-3.3)

P-value for trend 0.02 0.3

Alkylating agents

0 mg/m2 48/246 1.0 (Reference) 1.0 (Reference)

>0-10400 33/159 1.1 (0.67-2) 0.7 (0.35-1.2)

>10400-22000 33/84 2.2 (1.2-3.9) 0.9 (0.43-1.8)

>22000 33/33 7.2 (3.5-14.7) 2.8 (1.2-6.6)

P-value for trend <0.0001 0.04

Topoisomerase II inhibitors
§

0 mg/m2 50/295 1.0 (Reference) 1.0 (Reference)

>0-250 32/97 3.4 (1.8-6.4) 3.6 (1.8-7.3)

>250-2500 33/99 3.5 (1.9-6.6) 3.2 (1.5-6.9)

>2500 32/31 13.1 (6.0-28.5) 10.0 (3.7-27.3)

P-value for trend <0.0001 0.0002

Platinum compounds

0 mg/m2 108/426 1.0 (Reference) 1.0 (Reference)

>0-600 13/34 1.5 (0.74-3) 1.2 (0.56-2.6)

>600-2500 13/46 1.3 (0.64-2.5) 0.5 (0.23-1.3)

>2500 13/16 4.6 (1.8-11.9) 1.8 (0.54-5.8)

P-value for trend 0.007 0.6

Vinca-alkaloids

0 mg/m2 50/227 1.0 (Reference)

>0-20 32/170 0.9 (0.5-1.5)

>20-50 32/76 1.9 (1.1-3.4)

>50 33/49 4.4 (2.2-8.6)

P-value for trend <0.0001

Antimetabolites

0 mg/m2 109/404 1.0 (Reference)

>0-1100 12/42 1.0 (0.51-2.1)

>1100-9000 13/34 1.7 (0.78-3.9)

>9000 13/42 1.3 (0.66-2.7)

P-value for trend 0.3

Abbreviations: 95% CI = 95% confidence interval.

$
Conditional logistic regression matched on gender, age at childhood cancer diagnosis and follow-up, and for the multivariable analysis, adjusted 

for all the other variables in the table and year of diagnosis. Antimetabolites aren’t included in the multivariable model, because they were not 
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statistically significant in univariate analysis. Also, due to a high (71.2%) Phi correlation coefficient between categories of vinca-alkaloids dose 
with those of alkylating agents, therefore they aren’t included in the multivariable model.

§
Topoisomerase II inhibitors include both anthracyclines and epipodophyllotoxins.

¥
The categories of mean whole ABM dose are defined by the quartiles of the distribution in the pooled cases group. The categories of doses for 

chemotherapy groups are defined by the percentiles (33% and 66%) of the distribution in the cases group.
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Table 4:

Excess odds ratio of secondary leukemia per Gy of weighted average radiation dose to the active bone marrow 

(EOR/Gy) in a linear multiplicative model, according to chemotherapy status

Patients without chemotherapy Patients receiving chemotherapy P-values

EOR/Gy (95% CI) 1.55 (0.14-14.3) 0.02 (−0.01-0.09) 0.006
¥

EOR/Gy: Excess odds ratio of secondary leukemia per Gy of weighted average radiation dose to the active bone marrow; 95% CI = 95% 
confidence interval;

¥
P-value from likelihood ratio test (comparison of two nested models – i.e. the first one including radiotherapy dose to ABM and chemotherapy vs 

the second one with adding an interaction term of dose to ABM x chemotherapy to the first model).
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Table 5:

Risk of secondary leukemia according to the age weighted average radiation dose to active bone marrow 

(ABM) and to chemotherapy (CT)

Treatment characteristics Cases/controls

Reference: No CT, no RT Reference: CT, no RT

Odds ratio
$
 (95% CI) Odds ratio

$
 (95% CI)

All leukemias 147/522

 No CT and 0 Gy* 2/69 1.0 (Reference) 0.0 (0.01-0.3)

 No CT and >0-12 11/66 7.7 (1.7-36.2) 0.4 (0.16-1.0)

 No CT and >12 2/16 3.7 (0.28-49.9) 0.2 (0.02-1.7)

 CT and 0 Gy 49/161 18.8 (3.9-92) 1.0 (Reference)

 CT and >0-12 61/171 22.3 (4.6-108) 1.2 (0.75-1.9)

 CT and >12 22/39 33.0 (6.3-173.9) 1.8 (0.85-3.6)

§P-value for interaction 0.01 0.01

AML 101/356

 No CT and 0 Gy* 2/41 1.0 (Reference) 0.1 (0.02-0.6)

 No CT and >0-12 7/45 4.9 (0.95-25.6) 0.6 (0.20-1.6)

 No CT and >12 1/12 - -

 CT and 0 Gy 30/107 8.6 (1.7-44) 1.0 (Reference)

 CT and >0-12 43/120 11.8 (2.3-59.8) 1.4 (0.77-2.4)

 CT and >12 18/31 18.8 (3.3-105.7) 2.2 (0.94-5.0)

§P-value for interaction 0.03 0.03

Abbreviations: 95% CI = 95% confidence interval; CT = chemotherapy; RT = radiotherapy; AML= Acute myeloid leukemia.

$
Conditional logistic regression matched on gender, age at childhood cancer diagnosis and follow-up and adjusted for year of diagnosis.

*
The classes of whole active bone marrow radiation dose (Gy) were grouped as 0, >0-12 (highest quartile) and >12 Gy for the analysis in table 3.

§
P-value for interaction between chemotherapy and active bone marrow radiation dose was calculated using a likelihood ratio test under the 

multiplicative model.
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Table 6:

Risk of secondary leukemia according to the dose of alkylating agents or topoisomerase II inhibitors and 

radiotherapy (RT)

Treatment characteristics Cases/controls

Reference: No RT, no studied drug 
category Reference: RT, no studied drug category

Odds ratio
$
 (95% CI) Odds ratio

$
 (95% CI)

All leukemias 147/522

Alkylating agents

 No RT and 0 mg/m2 13/102 1.0 (Reference) 0.6 (0.27-1.3)

 No RT and >0-22000 30/113 0.9 (0.38-2.1) 0.5 (0.26-1.1)

 No RT and >22000 7/9 2.2 (0.54-9.1) 1.3 (0.37-4.7)

 RT and 0 mg/m2 35/144 1.7 (0.76-3.7) 1.0 (Reference)

 RT and >0-22000 36/130 1.0 (0.44-2.5) 0.6 (0.32-1.2)

 RT and >22000 26/24 4.8 (1.6-14.6) 2.9 (1.1-7.2)

§P-value for interaction 0.1 0.1

Topoisomerase II inhibitors

 No RT and 0 mg/m2 12/113 1.0 (Reference) 0.6 (0.26-1.3)

 No RT and >0-2500 27/99 4.1 (1.7-10.2) 2.4 (1.0-5.5)

 No RT and >2500 11/12 12.5 (3.4-45.6) 7.1 (2.1-24.6)

 RT and 0 mg/m2 38/182 1.8 (0.79-3.9) 1.0 (Reference)

 RT and >0-2500 38/97 5.2 (2.2-12.3) 3.0 (1.4-6.4)

 RT and >2500 21/19 16.1 (5.0-51.4) 9.2 (3.0-28.1)

§P-value for interaction 0.8 0.8

AML 101/356

Alkylating agents

 No RT and 0 mg/m2 9/68 1.0 (Reference) 0.5 (0.19-1.3)

 No RT and >0-22000 17/72 0.8 (0.30-2.4) 0.4 (0.18-1)

 No RT and >22000 5/4 5.7 (0.91-36.1) 2.8 (0.55-14.6)

 RT and 0 mg/m2 27/104 2.0 (0.77-5.4) 1.0 (Reference)

 RT and >0-20000 23/89 1.3 (0.45-3.7) 0.6 (0.29-1.4)

 RT and >20000 20/19 6.2 (1.5-25.4) 3.1 (0.96-9.8)

§P-value for interaction 0. 2 0. 2

Topoisomerase II inhibitors

 No RT and 0 mg/m2 9/72 1.0 (Reference) 0.6 (0.23-1.7)

 No RT and >0-2500 15/64 2.6 (0.89-7.7) 1.6 (0.57-4.7)

 No RT and >2500 7/8 14.3 (2.7-75.1) 9.0 (1.8-43.9)
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Treatment characteristics Cases/controls

Reference: No RT, no studied drug 
category Reference: RT, no studied drug category

Odds ratio
$
 (95% CI) Odds ratio

$
 (95% CI)

 RT and 0 mg/m2 26/135 1.6 (0.60-4.3) 1.0 (Reference)

 RT and >0-2500 30/65 6.1 (2.2-16.9) 3.8 (1.5-9.5)

 RT and >2500 14/12 10.2 (2.5-42) 6.4 (1.6-25.5)

§P-value for interaction 0.2 0.2

Abbreviations: 95% CI = 95% confidence interval; RT = radiotherapy; AML= Acute myeloid leukemia.

$
Conditional logistic regression matched on gender, age at childhood cancer diagnosis and follow-up, and adjusted for all the other drugs (platinum 

compounds and topoisomerase II inhibitors or alkylating agents) and year of diagnosis. The categories of doses of alkylating agents or 
topoisomerase II inhibitors were defined by the percentile (66%) of the distribution in the cases group.

§
P-value for interaction between radiotherapy and Alkylating agents or Topoisomerase II inhibitors was calculated using a likelihood ratio test 

under the multiplicative model.
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