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Summary

With improvement in survival, it is important to evaluate the impact of
treatment on secondary cancers in acute lymphoblastic leukaemia (ALL)
survivors. A retrospective cohort study comprising 2918 children diagnosed
with ALL and enrolled on Tokyo Children’s Cancer Study Group (TCCSG)
protocols between 1984 and 2005 was conducted to evaluate the incidence
of secondary cancers and associated factors including treatment protocol,
cranial irradiation and other characteristics of the primary ALL. Thirty-
seven patients developed secondary cancers, including acute myeloid
leukaemia (n = 11), myelodysplastic syndrome (n = 5), non-Hodgkin lym-
phoma (n =2), brain tumours (# = 13) and other solid carcinomas
(n = 6) within a median follow-up duration of 9-5 years. The cumulative
incidence of any secondary cancers was 1-0% (95% confidence interval
(CI), 0-7-1-4%) at 10 years and 2-4% (95% CI, 1:5-3-7%) at 20 years,
respectively. Standardized incidence rate ratio of secondary cancers was 9-3
(95% CI, 6-5-12-8). Multivariate analyses showed an increased risk of sec-
ondary cancers associated with the recent treatment protocol and cranial
irradiation. There was no evidence of a reduction in secondary cancer
incidence despite marked decreases in cranial irradiation use in the recent
protocols.

Keywords: secondary cancers, acute lymphoblastic leukaemia, children,
cumulative incidence, standardized incidence rate ratio.
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Intensive multidrug therapy has steadily improved the overall
survival (OS) of children with acute lymphoblastic leukaemia
(ALL) despite decreasing prophylactic cranial irradiation (Pui
et al, 2009; Tsuchida er al, 2010). The immunosuppressive
and cytotoxic therapy necessary to achieve this improvement
increases the risk of subsequent late effects. One of the most
serious late effects is the development of a secondary cancer.

Reports from previous studies including the Childhood
Cancer Survivor Study (CCSS) and British CCSS (BCCSS)
have contributed important evidence regarding the risk of
subsequent primary neoplasms among survivors of childhood
cancers, such as ALL.(Hawkins ef al, 1992; Neglia et al, 2001;
Mody et al, 2008; Meadows et al, 2009; Friedman et al, 2010;
Reulen et al, 2011) However, the study populations compris-
ing both of these large cohorts are childhood cancer patients
who have survived at least 5 years following primary cancer
diagnosis and the results do not account for the time at risk
during the first 5 years.(Hawkins & Robison, 2006).

A few studies have described the overall risk of secondary
cancers among children with ALL with the period of observa-
tion beginning from a time shortly following successful com-
plete remission (CR). (Neglia et al, 1991; Nygaard ef al, 1991;
Kimball Dalton ef al, 1998; Loning et al, 2000; Bhatia et al,
2002; Hijiya et al, 2007; Schmiegelow et al, 2009) Compared
with the general population, the survivors with a history of
childhood ALL have been estimated to have a 10- to 20-fold
greater risk of developing a secondary cancer. In addition to
genetic predisposition, previously administered chemotherapy
and/or radiotherapy are considered the most important risk
factors. (Loning et al, 2000) Based on the cohort of patients
previously enrolled onto a Tokyo Children’s Cancer Study
Group (TCCSG) protocol since 1984, the current study is the
first report from an Asian country to describe the incidence
and types of secondary cancers observed among survivors of
childhood ALL. We also aimed to evaluate potential risk fac-
tors for secondary cancers, particularly the influence of treat-
ment protocol and cranial irradiation use.

Patients and methods

Study population

A total of 2,918 newly diagnosed children with ALL aged
1-15 years were entered into 5 consecutive TCCSG studies
between 1984 and 2005 (L84-11, L89-12, L92-13, L95-14, and
199-15/L04-1502; Figure S1). The current analysis was primar-
ily based on 2,807 patients who underwent a successful induc-
tion phase, achieved CR and survived for at least 2 months or
more in the intention-to-treat group, including a total of 621
stem cell transplantations (SCT) had been performed for the
primary ALL during the observation period of the study popu-
lation (Fig 1). Details of the treatment regimens and main
therapeutic results have been previously published. (Tsunema-
tsu et al, 1974; Toyoda et al, 2000; Manabe et al, 2001; Igar-
ashi et al, 2005; Hasegawa et al, 2012) Although the patients in
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our cohort were treated according to therapeutic protocols, we
do not have detailed information regarding actual doses of
additional therapeutic exposures given to the relapsed patients,
which potentially could have influenced the development of
secondary cancers. As a sensitivity analysis, we conducted the
same analysis on 1716 patients (referred to as the per protocol
group), limited to the patients who had completed all planned
treatment leading to first CR (Fig 1).

The cumulative doses of the important treatment contents
are listed in Table 1. The cumulative anthracycline dose was
converted to doxorubicin (DOX)-equivalent doses, which ran-
ged from 0 to 415 mg/m*. The cumulative cyclophosphamide
(CPM) dose ranged from 0 to 6-8 g/m” and etoposide (up to
2-4 g/m”) was administered in only some ALL high-risk regi-
mens. The actual doses of oral drugs given to the patients,
such as methotrexate and mercaptopurine (6-MP) were
adjusted by white blood count (WBC) counts; therefore we
evaluated maintenance duration in our analyses instead of oral
antimetabolites doses. A major change over time across the
TCCSG treatment protocols included a decrease in the exe-
cuted proportion and dosage of prophylactic cranial radiation
therapy (CRT) and intensified systemic and intrathecal che-
motherapy. Prophylactic CRT was part of the treatment pro-
tocol for all patients in the L84-11 trial, whereas only 8-6% of
the patients in the more recent L99-15/L04-1502 trial received
CRT, which was limited to the high-risk group (Table I).

Follow-up and data collection

Follow-up of the patients were performed by the treating
institution every 2 years, at which time any late effects
including secondary cancer were documented into the
TCCSG database. To obtain additional information on char-
acteristics of the secondary cancer diagnosis, we distributed a
survey to the treating institution to collect data on the date
of diagnosis, cytological or histological characteristics includ-
ing cytogenetic findings, cancer site, cumulative treatment
exposures before secondary cancers, treatment contents given
for secondary cancers and its outcomes. The time at risk for
secondary cancers was computed from the date of ALL diag-
nosis to the date of secondary cancer diagnosis, date of death
or date of last contact, whichever came first. The end of fol-
low-up for the study was December 2011.

Statistical analysis

Cumulative incidence of secondary cancers over time was
calculated using competing risk methods (considering any
death as a competing event).(Gooley et al, 1999) The inci-
dence rates of cancer in the Japanese general population
(obtained from the regional cancer registry of National
Cancer Centre Hospital in Japan) (Japanese National Cancer
Centre Hospital, 2013) were used to calculate the number of
cancers expected to occur in the patient cohort by calculating
the total person-years at risk by gender and 5-year age
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2918 ALL patients registered in
TCCSG data centre
L.84-11 to L99-15 protocol

109 patients excluded
Induction failure N=64

Died during induction N =34

2809 patie

nts eligible

Stop during induction N=11

N

—>| 2 Lost to follow-up during first 2 months ]

Fig 1. Flow diagram describing the criteria for
patient selection. Total of 2918 newly diag-
nosed children with ALL aged 1-15 years

2807 patients included
in the intention-to-treat analysis
(including 621 stem cell
transplantation cases in 15t CR)

entered into 5 consecutive Tokyo Children’s
Cancer Study Group (TCCSG) studies (L84-11,
189-12, 192-13, 1.95-14 and 1.99-15/L04-1502.
The current analysis is primarily based upon

2807 patients who successfully acheived com-
plete remission (CR) and survived at least

2 months or more as the intention-to-treat
analysis. 1st CR, first complete remission.

1716 patients who completed
therapy in 15 CR included
in the per protocol analysis

1091 patients excluded
Relapsed N =602
> Change the treatment N=104
Lost to follow-up N =325
Dead in 15t CR N= 60

groups and multiplying by the corresponding cancer rates
observed in the general population. The standardized inci-
dence rate ratio (SIR), defined as the ratio of the number of
observed cancers divided by the number of expected cancers,
was used to evaluate the difference in cancer occurrence
between the ALL group and the general population. Absolute
excess risk (AER) was calculated as the difference between
the number of observed events and expected events divided
by the number of person-years of follow-up, and was
expressed as per 100 000 person-years. Survival analysis was
conducted using Kaplan-Meier methods (Log-rank method
for comparison) and Cox regression model for hazard ratio
(HR) estimates. Variables examined in the regression model
included age at ALL diagnosis, risk classification, age at last
follow-up, CRT (yes or no), specific anti-cancer agents (yes
or no), and duration of maintenance therapy. Treatment
protocol and the anticancer agents could not be entered as
co-variable factors in the same regression model due to their
highly correlated nature. Thus, treatment protocol was
included in the main analysis, but the same model replacing
protocol with the anticancer agents was also performed to
evaluate their effects. Data were analysed using the spss statis-
tical software, version 20.0 (IBM Japan Ltd., Tokyo, Japan)
and EZR (Saitama Medical Centre, Jichi Medical University),
a graphical user interface for R. (Kanda, 2013).

Results

The OS proportions of the TCCSG ALL 184-11 to L04-1502
protocols are shown in Table I. Ninety-seven percent of the
whole study population achieved CR and 602 (21-4%) of the
2,807 children among the intention-to-treat group suffered a
relapse. Of the total patients, about 70% were followed until

© 2013 John Wiley & Sons Ltd
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after 2008. Even with reduction in CRT use, from 100% to
8-6%, 10-year OS has increased steadily from 74% to more
than 85%. The median follow-up duration after diagnosis of
ALL was 9-5 years (range 0-2-27 years), with a total of 27 495
person-years of follow-up. At December 2011, a total of 37 sec-
ondary cancers had been diagnosed in our cohort, including
acute myeloid leukaemia (AML, n = 11), myelodysplastic syn-
drome (MDS, 1 = 5), non-Hodgkin lymphoma (NHL, n = 2),
brain tumours (n = 13) and other solid carcinomas (n = 6).

Cumulative incidence

The overall cumulative incidence of secondary cancers was
1-0% (95% confidence interval [CI], 0-7-1-4%) at 10 years,
1-4% (95%CI, 0-9-2-0%) at 15 years and 2-4% (95%CI,
1-5-3-7%) at 20 years from the diagnosis of ALL, respectively
(Fig 2A). The corresponding cumulative incidence among
patients remaining in first CR was 3-9% at 20 years (95% CI:
2-3%—6-1%), which was significantly higher (P < 0-001) than
patients not in first CR (Fig 2B). The cumulative incidence
in persons who received CRT was 2-9% at 20 vears (95% CI,
1-8-4-4%), which appeared higher than the patients without
CRT (P = 0-057, Fig 2C). There was no statistically signifi-
cant difference in cumulative incidence by TCCSG therapeu-
tic protocol (Fig 2D).

Clinical characteristics of secondary cancers

The clinical characteristics of the patients with secondary can-
cers are summarized in Table I according to type of
secondary cancer. Females were predominant (75%) in sec-
ondary AML/MDS. Types of secondary cancers differed also
according to the age at diagnosis of ALL; brain tumours and
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Table I. Cumulative doses of selected chemotherapeutic agents and radiation of ALL trials L84-11 to L99-15 according to risk groups.

Anthracycline (mg/mz)

[ 12 BPIYSE "A

L1101 "p9L ‘v10Z ‘ABojorewser JO [euinor ysig

P17 SUOS g ASJIAA UYOl £107 @

Risk Group by Patients CPM VP-16 IV MTX  Maintenance CRT CRT rate  10-year OS
protocol (n) DNR DOX THP ACR  MIT  Total (mg/ m?) (mg/ m?) (g/ m) {weeks) MTIXIT  (Gy) {9%) (G0)
L84-11 484 100 743 & 20
SR (A/B arm)f 194 0 0 0 0 0 0 0 0 2/3-5 172 9/15 18 160
HR (A/B arm)t 244 180 0 0 150 0 224 6800/6000 0 17125 172 /11 24 100
HEX 48 75 100 0 0 162 4000 0 ¢] 96 i1 24 100
1.89-12 418 80 735 & 22
SR (A/B arm)¥ 142 0 100/0 100/150 0 0 160/90 0 900 9 91 9/9 0 vs 18 44
IR 100 0 0 210 60 0 135 3100 2400 6 91 7 18 100
HR 146 0 0 240 60 20 210 3600 2400 6 87 6 18 100
1.92-13 347 44 779 & 22
SR 124 0 0 150 0 20 170 0 0 6 24 8 0 0
HR (A/B arm)¥ 122 0 0 100 0 20 140 1000 1200 6/0 22 10 0wvs 12/18 47
HEX 101 0 0 100 0 40 220 1000 1200 0 6 9 (6} 18 100
1.95-14 597 44 820 = 1.6
SR 231 0 0 100 0 0 60 2000 0 10-6 54 11 0 G
HR (A/B arm)t 129 0 0 220 0 0 132 4000 0 10/1 54 8 0 vs 12/18 18
HEX 237 100 200 220 0 0 415 4000 0 1 54 8 18 100
1.99-15/1.04-1502 1007 86 876 £ 121
SR 381 100 0 0 0 0 83 2000 0 13-15 104 1 0 0
HR (A/B arm)T 404 100 100 120 0 0 245 4000/5000 0 10 52 10/11 0 0
HEX 242 100 0 0 0 20 163 5600 1000 6 54 17 12718 274

SR, Standard risk; IR, Intermediate risk; HR, High risk; HEX: extremely high risk; DNR, daunorubicin; DOX, doxorubicin; THP, pirarubicin; ACR, acracinomycin; MIT, mitoxantrone; Total, DOX-

equivalent dose; CPM, cyclophosphamide; VP-16, etoposide; MTX, methotrexate; CRT, cranial irradiation; IT, intrathecal; OS, overall survival.
T(A/B arm): cumulative doses of A arm/B arm; Additional details of treatment regimen are provided as supplemental information.

T4-year overall survival rate.
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Fig 2. Cumulative incidence of secondary cancers. Shown are the cumulative incidences of secondary cancers as a function of time since primary
ALL diagnosis over a maximum follow-up of 27 years. (A) Overall cumulative incidence of secondary cancer among the total patient cohort. (B)
Overall cumulative incidence of patients remaining in first complete remission (1st CR) compared to others. (C) Overall cumulative incidence
according to treatment with or without cranial radiation therapy (CRT). (D) Overall cumulative incidence according to treatment protocols: 1L.84-
11 (black line), 189-12 (red line), 1L92-13 (green line), L95-14 (purple line), and 199-15/L04-1502 (blue line). The numbers of patients at risk at

a specific time point are indicated below each of the four plots.

other carcinoma tended to develop more commonly in chil-
dren that were older at ALL diagnosis. There was no difference
between types of secondary cancers with regard to initial WBC,
immunophenotype and risk classification of the primary ALL.
The median latency period from ALL diagnosis to secondary
cancers was 6 years (range 1-23 years) and varied by type of
secondary cancer (Fig 3). The median time to diagnosis for
haematological cancers (AML, MDS and NHL) was shortest
(median 3-0 years), followed by brain tumours (median
11-5 years) and other solid carcinoma (median 16-3 years).
Haematological cancers developed most commonly during the
first 10 years followed by brain tumours from 15 to 20 years
(Fig 3A, B). The age distributions at diagnosis of secondary
cancers are shown in (Fig 3C). Median age at diagnosis of

© 2013 John Wiley & Sons Ltd
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secondary was earlier for haematological cancers than brain
tumour (median 14 years) and other carcinomas (median
19 years). Among AML, the most common morphological
type was M5 (3 had t (9;11) (p22;q23) with MLL-MLLT3
translocation). Four MDS cases showed chromosomal abnor-
mality. Lymphoma and solid tumours did not show any chro-
mosomal abnormalities.

As for the characteristics related to the treatment of pri-
mary ALL, the secondary cancers with the highest proportions
of patients who underwent CRT were MDS, brain tumour and
other carcinoma, while the haematological cancers showed ele-
vated cumulative anticancer drug doses. Among a total of 621
SCT that had been performed for the primary ALL during the
observation period of the study population, only 3 patients
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Table II. Clinical characteristics of patients with secondary cancers.

AML MDS NHL Brain tumour Other carcinoma
Total number of secondary cancers 11 5 2 13 6
Gender (Male:Female) 38 1:4 2:0 8:5 33
Primary ALL
Age at diagnosis of ALL (years) 5 (1-14) 5(2-13) 4 {2-6) 8 (2-12) 11 (3-14)
Initial WBC count (x 107/1) 20-5 (1-9-168) 11-2 (2:9-70) 87 (3-4-14) 12:6 (1.9-112) 4-9 (2-1-163)
Immunophenotype (B:T:Other) 7:0:4 3:0:2 2:0:0 7:1:5 6:0:0
Risk group (SR:R:HR) 1:8:2 1:2:2 2:0:0 1:10:2 2:4:0
Secondary cancer (SC)
Incubation time to SC (years) 3.3 (1:6-11-6) 23 (1-0-6:3) 3.1 (2-8-34) 11:5 (2:3-23-2) 16:3 (7-2-21-4)
Diagnosis on therapy 411 (36%) 2/5 (40%) 172 (50%) 0/13 (0%) 0/6 (0%)
Age at diagnosis of SC (ycars) 9:0 (6-4-21-3) 111 (4-0-14-5) 75 (5:3-9.7) 185 (10:3-27-7) 239 (18-8-32-6)
Sub-classification Md: 2, RAEB: 1, Diffuse large B-cell Glioma: 8, Oral cancer: 2,
M5: 7, CMML: 2, lymphoma: 1, Meningioma: 3, parotid cancer: 2,
M7: 1, Unknown: 2 Burkitt lymphoma: 1 Other: 2 breast cancer: 1,
Unknown: | thyroid cancer: 1
Treatment for primary ALL
Protocol (11:12:13:14:15) 1:3:0:2:5 2:1:0:1:1 0:0:0:0:2 6:3:1:1:1 3:0:2:0:1
Cranial irradiation . 6/11 (55% 5/5 (100%) 0/2 (0%) 13/13 (100%) 5/6 (83%)
Dose of cranial irradiation (Gy) 18 (0-28) 18 (18-24) 24 (18-36) 0 18 (0-24)
Anthracyclines (DOX equivalent) 230 (50-330) 72 (0-190) 112 (82-142) 120 (0-190) 47 (0-230)
Cyclophosphamide (x 10° g) 4-0 (3-1-6-0) 4.0 (0-5-6) 10 (0-2:0) 40 (0-6-8) 1-1 (0-6-0)
Etoposide (x10° g) 0 (0-2-4) 0 (0-2-4) 0 (0-2-4) 0 0 (0-1-2)
Duration of maintenance {weeks) 52 (28-172) 96 (62-172) 96 {22-175) 78 (52--104) 112 (0-172)
Stem cell transplantation 0 0 0 1/13 (8%) 2/6 (33%)
Treatment for secondary cancer (SC)
Surgery 0 0 0 9 6
Radiation 0 0 0 7 3
Chemotherapy 11 4 2 6 3
Stem cell transplantation 8 1 0 0 0
Median survival duration (years) 1-7 (0-2-4.3) 4.6 (0-9-11-1) 3.6 (0-5-6.7) 20 (0-1-11-3) 3-0 (0-8-10-4)
4 year survival rate (%) 24% 60% 50% 50% 83%
Standardized incidence ratio (SIR) and absolute excess risk (AER)
No. observed/expected 16/0-64 2/0-52 13/0-36 6/2-45
SIR (95%CI) 25 (14-41) 3-8 (0-5-14) 36 (19-62) 2:5 (0-9-5-3)
AER/100 000 person-years 118 9-4 90 26

ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; MDS, myelodysplastic syndrome; RAEB, refractory anaemia with excess
blasts; CMML, chronic myelomonocytic leukaemia NHL, Non-Hodgkin lymphoma; WBC, white blood cell; SR/IR/HR, standard/intermediate/

high risk; DOX, doxorubicin; 95% CI, 95% confidence interval.
Numbers shown as median (range; minimum-maximum).

developed a secondary cancer (1 brain tumour and 2 other
cancers). All 3 cases received total body irradiation-containing
conditioning regimens, two of 3 developed tongue carcinoma
whilst suffering from chronic graft-versus-host disease after
allogeneic SCT. SCTs were common among secondary AML
patients as treatment. Kaplan-Meier OS curves for the patients
with secondary cancers are shown in (Fig 3D). The lowest sur-
vival probabilities were observed for patients with AML/MDS/
NHL compared to patients with brain tumours and other
carcinoma (P = 0-045 by log-rank test).

SIR and AER

We compared the incidence of secondary cancers in our cohort
with that of the general population using the regional cancer
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registration database of the National Cancer Centre Hospital
in Japan. As shown in Table II, the SIR was 25 (95% CI,
14-41) for AML/MDS, 3-8 (95% CI, 0-5-14) for lymphoma,
36 (95% CI, 19-62) for brain tumours and 2-5 (95% ClI,
0-9~-5-3) for other solid carcinoma. This represents a 9-3-fold
{95% ClI, 6-5-12-8) increase risk of all secondary cancers dur-
ing a total of 27 658 person-years of observation. The total
AER for secondary cancers was 256 per 100 000 person-years.

Risk factors for secondary cancers

The unadjusted analyses comparing patients with and with-
out secondary cancers showed differences in age at ALL diag-
nosis, risk classification, CPM and CRT, while there were no
statistically significant differences with respect to gender,
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Fig 3. Clinical characteristics according to types of secondary cancer. (A) Cumulative incidence by years since ALL diagnosis of specific secondary
cancers including AML/MDS/NHL (solid line), brain tumour (dotted line), and other carcinoma (dashed line). (B) The median latency period
from diagnosis of ALL to development of specific secondary cancers. The median time for haematological cancers (AML, MDS and NHL) was
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Kaplan—Meier survival curves. Survival probabilities were the lowest for patients with AML/MDS/NHL. Actuarial survival at 4 years from diagno-
sis of secondary cancers depend on the type; AML/MDS/NHL 33%; brain tumours 54%; other carcinoma 83%. AML, acute myeloid leukaemia;

MDS, myelodysplastic syndrome; NHL, Non-Hodgkin lymphoma.

initial WBC, immunophenotype, anticancer agents (with the
exception of CPM) and maintenance duration of the primary
ALL (Table III and Figure S2). Because protocol and antican-
cer drugs were highly correlated, we were unable to
effectively evaluate them in the same multivariate regression
analysis. Thus, results using Cox regression adjusting for
covariates including treatment protocol (but not anticancer
drug) (Table III) showed that CRT was associated with a
6-fold increased risk of secondary cancers compared to
patients not receiving CRT (HR = 6-02, 95% CI 1-46-24-8).
When CRT was categorized into 3 groups based on dose (i.e.
no CRT, 18 Gy, and >24 Gy), similarly increased risks were
observed for the moderate and high dose categories (data
not shown). Age at ALL diagnosis >7 years (versus 3 years
or younger, HR = 3.01, 95% CI 1-14-7-94) and inclusion in
the more recent TCCSG 199-15/L04-1502 protocol (versus
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L84-11, HR = 8:15, 95% CI 1-03-64-7) were independently
associated with an increased risk of secondary cancers. The
same model, but replacing treatment protocol with the anti-
cancer drugs (i.e. CPM, yes versus no; etoposide, yes versus
no; high-dose methotrexate, yes versus no) showed an atten-
uated risk estimate for CPM (HR = 1-84, 95 CI 0-32-10-4),
despite it being statistically significant in the unadjusted
analysis (OR = 3.05, 95% CI 1-06-8-76).

Discussion

The risk of secondary cancers in childhood ALL survivors
may be influenced by genetic predisposition, but growing
evidence shows therapeutic regimen to be another major
contributing factor. The risk of developing secondary cancers
should be interpreted in the context of the survival
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Table HI. Cox-regression analysis evaluating the association between select characteristics of the primary ALL diagnosis and risk of developing a

seconda ry cancer.

Intention to treat analysis

Patients with

Patients without

group (n = 2807) Secondary cancer Secondary cancer Crude HR (95%CI) Adjusted HR (95%C1) P-value
Protocol

184-11 12 476 Reference Reference

1.89-12 7 392 1-00 (0:37-2-69) 1-35 (0-47-3-84) 0-576

192-13 4 336 0-78 (0-24-2-50) 3-64 (0-45-29-1) 0-224

195-14 4 584 0-56 {(0-17-1-91) 4-47 (0-46-43-6) 0-198

L99-15/L04-1502 10 982 1:12 (0-42--3-01) 815 (1-03~04.7) 0-047
Risk classification

Standard risk 7 1021 Reference Reference

Intermediate risk 20 956 3-42 (1-44-8-08) 2:70 (0-84-8-69) 0-096

High risk 10 771 2-67 (1-02-7.03) 101 (0-21-4-84) 0-992
Age at ALL diagnosis

3 years or younger 8 986 Reference Reference

4-7 years 12 965 1-63 (0-67-3-98) 1-76 (0-71-4-40) 0-224

8 years or older 17 888 3-10 (1-34-7-21) 3-01 (1-14-7-94) 0-026
Gender: Male/Female 18/19 153071207 1-29 (0-68-2-46) 1-37 (0-71-2:62) 0-347
Attained age =20 years: No/Yes 20117 2054/685 0-89 (0-42-1-90) 0-46 (0:19-1-12) 0-089
Cranial irradiation: No/Yes 8/29 1310/1445 2:57 (1:15-5-75) 6:02 (1-46-24-8) 0-013
Maintenance >1-5 years: No/Yes 15/22 154771209 1:16 (0-57--2-36) 3-19 (0-55-18-4) 0-194
Anticancer drugs

Anthracycline: No/Yes 4/33 182/2574 1-32 (0-45-3-89) N/A N/A

Cyclophosphamide: No/Yes 4/33 448/2308 305 (1-06-8-76) N/A N/A

Etoposide: No/Yes 24/13 1910/846 1-30 (0-65-2-60) N/A N/A

High-dose Methotrexate: No/Yes 15/22 793/1963 0-77 (0-23-2.54) N/A N/A

ALL, acute lymphoblastic leukaemia; HR, hazard ratio; 95% CI, 95% confidence interval; N/A, not available,

Total number of patients may not equal 2807 for all variables due to missing data.

probability for a given treatment protocol, as low survival
will result in fewer secondary cancers. Although the lifetime
incidence of secondary cancers has not yet been defined,
within the first 20 years of initial diagnosis of childhood
ALL, previous studies conducted the U.S. and Europe have
estimated it to be between 2% and 5%. To our knowledge,
our study is the first conducted among an Asian population

to report estimates of the cumulative incidence of secondary

cancers in childhood ALL survivors. We found that the
cumulative incidence of any secondary cancers in ALL survi-
vors was 1-0% at 10 years and 2-4% at 20 years, respectively.

The previous reports on secondary cancers in childhood
ALL survivors are summarized in Table IV. In 1991, the
Children’s Cancer Group (CCG) evaluated 9720 cases of
ALL diagnosed since 1972 (Neglia et al, 1991) with a more
recent update reported by Bhatia et al(2002) The CCG
report showed a cumulative incidence of 1-3% at 10 years
after ALL diagnosis, whereas the Berlin-Frankfurt-Munster
(BFM) study (Loning et al, 2000) observed an overall cumu-
lative incidence of secondary cancers at 15 years of 3-3%
and 2-9% (95% CI: 1-6%-4-2%) among patients in first CR.
In 1991, a Norwegian study found an overall cumulative
incidence of 2:9% by 20 years after diagnosis in a group of
895 patients treated between 1958 and 1985 (Nygaard et al,
1991). In the St. Jude study reported by Hijiya et al (2007) a

108

comparatively higher cumulative incidence of 42% at
15 years and 11% at 30 years was found. Our study of Japa-
nese patients resulted in cumulative incidence and SIR esti-
mates that are consistent with these results reported by the
CCG, BFM, and Norwegian studies.

Previous reports from the CCSS and BCCSS (Mody et al,
2008; Reulen ef al, 2011) calculated cumulative incidence
and SIR estimates of secondary cancers within cohorts of
childhood cancer patients that have survived at least 5 years.
The distribution of secondary cancer types reported by those
studies appeared to be different compared to ours and other
prospective clinical studies (Table IV). As shown previously
and in our study, most AML and MDS developed within
5 years after diagnosis of ALL. Thus, studying 5 year child-
hood cancer survivors probably influenced the comparatively
fewer numbers of AML/MDS secondary cancers observed in
the CCSS and BCCSS (Table 1V).

Our results are also consistent with previous studies with
respect to the median latency period by secondary cancer
type (shortest for AML/MDS/NHL)(Loning et al, 2000;
Bhatia ef al, 2002; Hijiya et al, 2007) over-representation of
females (Neglia et al, 2001; Bhatia et al, 2002; Meadows et al,
2009) in secondary AML/MDS, and CRT as a strong risk fac-
tor for secondary cancer development.(Neglia et al, 1991;
Nygaard et al, 1991; Loning er al, 2000; Borgmann et al,
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