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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/ m?)

Risk Group by Patients CPM VP-16 IVMTX  Maintenance CRT CRT rate  10-year OS
protocol (n) DNR DOX THP ACR  MIT  Total (mg/m?) (mg/m®)  (g/m?) (weeks) MTXIT (Gy) (%) (%)
184-11 484 100 74-3 £ 2-0
SR (A/B arm)t 194 0 0 0 0 0 0 0 0 2/3-5 172 9/15 18 100
HR (A/B arm)f 244 180 0 0 150 0 224 6800/6000 0 1/2-5 172 5/11 24 100
HEX 48 75 100 0 0 0 162 4000 0 0 96 11 24 100
L89-12 418 80 735 £ 2.2
SR (A/B arm)t 142 0 100/0 100/150 0 0 160/90 0 900 9 91 9/9 0vs 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
192-13 347 44 779 £ 2.2
SR 124 0 0 150 0 20 170 0 0 6 24 8 0 0
HR (A/B arm)f 122 0 0 100 0 20 140 1000 1200 6/0 22 10 0 vs 12/18 47
HEX 101 0 0 100 0 40 220 1000 1200 0 16 9 (6) 18 100
L95-14 597 44 82:0 + 1-6
SR 231 0 0 100 0 0 60 2000 0 10-6 54 11 0 0 ’
HR (A/B arm)¥ 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
199-15/L04-1502 1007 86 87-6 £ 1-2%
SR 381 100 0 0 0 0 83 2000 0 13-15 104 11 0 0
HR (A/B arm)} 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 12/18 27-4

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.

}4-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: L84-
11 (black line), L89-12 (red line), L92-13 (green line), L95-14 (purple line), and L99-15/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, British Journal of Haematology

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 13 6
Gender (Male:Female) 3:8 1:4 2:0 8:5 3:3
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 109/1) 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:IR: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) 2-3 (1-0-6-3) 3-1 (2-8-3-4) 11-5 (2-3-23-2) 163 (7-2-21-4)
Diagnosis on therapy 4/11 (36%) 2/5 (40%) 1/2 (50%) 0/13 (0%) 0/6 (0%)
Age at diagnosis of SC (years) 9-0 (6-4-21-3) 11-1 (4-0-14-5) 7-5 (5-3-9-7) 18-5 (10-3-27-7) 23-9 (18-8-32-6)
Sub-classification M4: 2, RAEB: 1, Diffuse large B-cell Glioma: 8, Oral cancer: 2,
MS5: 7, CMML: 2, lymphoma: 1, Meningioma: 3, parotid cancer: 2,
M7: 1, Unknown: 2 Burkitt lymphoma: 1 Other: 2 breast cancer: 1,
Unknown: 1 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 (x10° g) 40 (3-1-60) 40 (0-56) 1:0 (0-2:0) 4.0 (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 (0-12)
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) 2:0 (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) 25 (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% CI,
0-9-5-3) for other solid carcinoma. This represents a 9-3-fold
(95% CI, 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,

© 2013 John Wiley & Sons Ltd, British Journal of Haematology
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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
shortest, followed by brain tumours and other solid carcinoma. (C) Age at diagnosis of secondary cancers; generally, the median age of haemato-
logical cancers was younger compared to brain tumours and other carcinomas. (D) Overall survival of secondary cancer patients are shown using
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 L99-15/L04-1502 protocol (versus

© 2013 John Wiley & Sons Ltd, British Journal of Haematology

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 = 305, 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 III. Cox-regression analysis evaluating the association between select characteristics of the primary ALL diagnosis and risk of developing a

secondary cancer.

Intention to treat analysis Patients with

group (n = 2807) Secondary cancer

Secondary cancer

Patients without

Crude HR (95%CI) Adjusted HR (95%CI) P-value

Protocol
184-11 12 476
L89-12 7 392
1L92-13 4 336
L95-14 4 584
L99-15/L04-1502 10 982
Risk classification
Standard risk 7 1021
Intermediate risk 20 956
High risk 10 771
Age at ALL diagnosis
3 years or younger 8 986
47 years 12 965
8 years or older 17 888
Gender: Male/Female 18/19 1530/1207
Attained age >20 years: No/Yes 20/17 2054/685
Cranial irradiation: No/Yes 8/29 1310/1445
Maintenance >1-5 years: No/Yes 15/22 1547/1209
Anticancer drugs
Anthracycline: No/Yes 4/33 182/2574
Cyclophosphamide: No/Yes 4/33 448/2308
Etoposide: No/Yes 24/13 1910/846
High-dose Methotrexate: No/Yes 15/22 79311963

Reference Reference

1-00 (0-37-2-69) 1-35 (0-47-3-84) 0-576
0-78 (0-24-2-56) 3-64 (0-45-29-1) 0-224
0-56 (0-17-1-91) 4-47 (0-46-43-6) 0-198
1-12 (0-42-3-01) 8-15 (1-:03-64-7) 0-047
Reference Reference

3-42 (1-44-8-08) 2-70 (0-84-8-69) 0-096
267 (1-02~7-03) 1-01 (0-21-4-84) 0-992
Reference Reference

1-63 (0-67-3-98) 1-76 (0-71-4-40) 0-224
3-10 (1-34-7-21) 3.01 (1-14-7-94) 0-026
1-29 (0-68-2-46) 1-37 (0-71-2-62) 0-347
0-89 (0-42—-1-90) 0-46 (0-19-1-12) 0-089
2-57 (1-15-5-75) 6-02 (1-46-24-8) 0-013
1-16 (0-57-2-36) 3-19 (0-55-18-4) 0-194
1-32 (0-45--3-89) N/A N/A

3.05 (1-06-8-76) N/A N/A

1-30 (0-65-2-60) N/A N/A

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 er 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
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comparatively higher cumulative incidence of 4-2% 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 et 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 et 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 et al, 2000; Borgmann et al,

© 2013 John Wiley & Sons Ltd, British Journal of Haematology
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Table IV. Previous reports on the incidence of secondary cancers among survivors of childhood ALL.

Patients with

Total ALL Treatment Follow-up, years secondary
Authors Group patients (n) Year Total person-years (P-Y) cancer (n) Type of secondary cancer Cumulative incidence SIR (95%CI)
Neglia CCG 9720 1972-88 4.7 (0-2-16) 43 10 leukeaniia/lyrnphoma, 0-3% (0-2-0-5) at 5 years 42/6-1 = 6-85
et al (1991) 43 446 P-Y 24 brain tumours, 1-5% (1-1-2-1) at 10 years
9 other tumours 2-5% (1-7-3-4) at 15 years
Bhatia CCG 8831 1979-95 5.5 (0-16-1) 70 14 AML/MDS, 6 NHL, 1-3% (0-8-1-5)at 10 years 7-2 (5-5-9-1)
et al (2002) 54 883 P-Y 2 HL, 19 brain tumours, 2:1% (1-4-2-8) at 15 years
4 sarcoma, 4 thyroid
cancers, 4 parotid tumours,
4 other tumours
Nygaard Norway 895 1958-85 10-5 8 (6) 3 brain tumours, 2 basal cell 2-9% (SE 1-4) at 20 years 59 (2-2-12-9)
et al (1991) (NOPHO) 7-2 (4:3-26-5) carcinoma, 1 thyroid cancer,
6295 P-Y 2 sarcoma
Kimball Dalton DFCI 1597 1972-95 7-6 (0-24-0) 13 3 leukaemia/lymphoma, 5 brain 2:7% (0-7-4-7) N/A
et al (1998) tumours, 5 other solid tumours
Loning et al BFM 5006 1979-95 57 (1-5-18) 52 16 AML, 1 CML, 6 lymphoma, 0-5% (0-4-0-6) at 5 years 14-1 (11-18)
(2000) 28 605 P-Y 13 brain tumours, 3 thyroid 1.5% (1-3-1-9) at 10 years
cancers, 13 other solid tumours 3-3% (1-6-5-1) at 15 years
Hijiya et al St. Jude 2169 196298 18-7 (2-4-41-3) 123 45 AML, 2 CML, 10 MDS, 4-2% (SE 0-5) at 15 years 13.5 (11-17)
(2007) 29 179 P-Y 6 lymphoma, 48 brain tumours, 10-9% (SE 1-3) at 30 years
9 sarcoma, 48 other solid tumours
Schmiegelow NOPHO 1614 1992-01 10-4 (50% range: 8-0-12:6) 20 8 AML, 8 MDS, 1 brain tumour, 1.6% (SE 0-4) at 12 years  N/A
et al (2009) 1 oral cancer, 1 LPD after SCT,
1 thyroid cancer
Mody et al CCSS 5760 1970-86 21-2 (5-35) 185 (199) 4 AML, 7 NHL, 106 brain tumours, 52% (4:3-6:1) at 25 years  5:0 (4-1-6-0)
(2008) 11 breast cancer, 16 thyroid cancers,
13 sarcomas, 9 skin cancer, 26 others
Reulen et al BCCSS No. of leukaemia 1940-91 24-3 (50% range: 17-9-32-4) 115 all 7 leukaemia, 3 lymphoma, 27 brain N/A 43 (3-6-5-2)
(2011) patients was 80 028 P-Y leukaemias tumours, 17 thyroid cancers,
not available (not limited 61 other solid tumours
Total 17 981 ALL)
This study TCCSG 2807 1984-05 9-5 (0-2-27) 37 11 AML,5 MDS, 2 lymphoma, 13 brain  1-0% (0-7-1-4) at 10 years 93 (6-5-12-8)
27 658 P-Y tumours, 6 other solid tumour 1-4% (0-9-2-0) at 15 years

2:4% (1-5-3-7) at 20 years

CCG, Children’s Cancer Group; NOPHO, Nordic Society for Paediatric Haematology and Oncology; DFCI, Dana-Farber Cancer Institute; BFM, Berlin-Frankfiirt-Miinster; St. Jude, St. Jude Chil-
dren’s Research Hospital, St.Jude; CCSS, Childhood Cancer Survivor Study; BCCSS, British Childhood Cancer Survivor Study; TCCSG, Tokyo Children’s Cancer Study Group; ALL, acute lympho-
blastic leukaemia; AML, acute myeloid leukaemia; MDS, myelodysplastic syndrome; NHL, Non-Hodgkin lymphoma; HL, Hodgkin lymphoma; CML, chronic myeloid leukaemia; LPD,
lymphoproliferative disease; SCT, stem cell transplantation; SE, standard error; SIR, standardized incidence ratio; 95%CI, 95% confidence interval; N/A, not available.

1TV PooypiIyD JaNY Siedued Aepuodas



Y. Ishida et af

2008; Schmiegelow et al, 2009) Another important finding in
the present study is that no marked difference was observed
in cumulative incidence between the five TCCSG protocols,
but the multivariate analysis adjusting for confounders
including CRT resulted in a statistically significant increased
risk of secondary cancers in patients treated with the recent
protocol (Table III). Because of the relatively short follow-up
duration for patients included in the recent protocol and
potentially complex interplay with treatment, at this point
we consider this finding preliminary and it will be followed-
up in future studies. Despite considerable reduction in the
use of CRT over time, particularly for the more recent treat-
ment protocols, we observed no evidence of a reduction in
incidence of secondary cancers among children with ALL
(Fig 2D). One explanation may be that CRT is probably
linked mainly to secondary brain tumours, which only com-
prise approximately a third of all the secondary cancers. Fur-
thermore, examination of the data showed that secondary
brain tumours were diagnosed in patients enrolled in the ear-
lier treatment protocols, a time when CRT was still com-
monly administered. Secondary cancers diagnosed in patients
enrolled in the more recent treatment protocols were pre-
dominantly haematological. Given that the latency for sec-
ondary brain tumours is generally longer than that of
haematological cancers, it is possible that a longer follow-up
period may be needed to observe the effects of the reduction
in CRT use. Finally, considering the poor prognosis of sec-
ondary AML/MDS (Fig 3D), it is important to identify the
associated factors and minimize the development of second-
ary haematological cancers.

Therapy-related secondary cancers have been identified in
patients receiving radiotherapy, chemotherapy, or combined
modality therapy for ALL. Our study identified CRT as a
strong risk factor, which was also found in the BFM study.
(Loning et al, 2000; Borgmann et al, 2008) The cumulative
incidence of secondary cancer for the irradiated group con-
tinued to increase with time even after more than 15 years
following ALL diagnosis, possibly suggesting a long-term
effect of irradiation on the rates of secondary cancers
(Fig 2C). Even among the patients treated with more recent
non-irradiated protocol, it is currently unknown whether the
cumulative risk will remain constant, or whether secondary
cancers might arise after a longer latency period. Multi-agent
chemotherapy as part of multimodality therapy for cancers
has increased the difficulty of assessing which agents might
play a causative role in the development of secondary can-
cers. Alkylating agents, and more recently DNA-topoisomer-
ase II inhibitors, have been linked to the development of
secondary AML and MDS.(Hawkins et al, 1992; Le Deley
et al, 2003) In contrast to previous reports, we were not able
to demonstrate a clear relationship between the anthracy-
clines, etoposide or methotrexate and the occurrence of sec-
ondary cancers or specific types of secondary cancers.(Relling
et al, 1999) The crude HR of CPM showed an increased risk
of secondary cancers, but adjustment for confounders in
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multivariate analyses resulted in an attenuated and
non-statistically significant finding.

Lastly, we found that cumulative incidence of secondary
cancers in patients remaining in first CR was significantly
higher than the patients who experienced a relapse of their
primary ALL, changed treatment regimen, were lost to fol-
low-up or died during first CR unexpectedly (Fig 2B). This
finding was unexpected as it could be hypothesized that,
because relapsed patients usually receive additional therapeu-
tic exposures, they may potentially be at a higher risk of
developing of .secondary cancers. Nevertheless, a few studies
provide some supportive data for our observations, including
Borgmann et al (2008) who reported that the cumulative
incidence of secondary cancers was unexpectedly low (1-3%
at 15 years) despite repeated exposure to intense frontline
and relapse treatment using BFM ALL-REZ Study data. In
the St. Jude study (Hijiya et al, 2007), secondary neoplasms
were observed in 123 out of 2,169 (5-7%) patients with con-
tinued first CR and in 45 out of 879 patients (5-1%) with
relapse. In contrast, however, Bhatia et al (2002) demon-
strated that the 10-year cumulative incidence of second
malignancy was 0-91% in the patients with continued first
CR compared with 1-2% in the entire cohort. The interpreta-
tion of these inconsistent results is difficult. It could be par-
tially influenced by differences in OS among the patients
with continued first CR and patients with relapse across the
various studies. k

One strength of the current study is that treatment of
patients according to TCCSG therapeutic protocols ensured
uniform access to standard therapy, giving us the opportu-
nity to explore risk factors associated with secondary cancers
in this cohort. Secondly, the follow-up duration was rela-
tively long compared to previous prospective clinical studies
and allowed us to describe the incidence of secondary can-
cers among patients treated on contemporary therapeutic
protocols.

The results of this study should be interpreted in the con-
text of acknowledged limitations. One major limitation is
that this study was smaller than some previous studies, such
as the CCG, CCSS and BCCSS, which may have affected our
statistical power for certain analyses. Although all the
patients in our cohort were treated according to therapeutic
protocols, we do not have detailed information regarding
actual cumulative exposures doses after relapse, which poten-
tially could have influenced the development of second can-
cers. To address this concern, we conducted a sensitivity
analysis (per protocol analysis) that included only patients
who had completed all planned treatment leading to first
CR. These results were largely consistent with the primary
analyses (Table S1). Also, we were unable to compare the
clonal phenotypes and genotypes between the primary ALL
in L84-11/L89-12 and certain secondary ALL candidates. The
difficulty in distinguishing between the primary and second-
ary type of recurrence using current standard techniques is
well-recognized. In both of these events, some clonal markers

© 2013 John Wiley & Sons Ltd, British Journal of Haematology



are maintained between the original diagnosis and recurrence
but others can be altered.(Szczepanski et al, 2001; Zuna ef al,
2007) Thus, they were not included in the analysis.

In conclusion, we showed that cumulative incidence of
secondary cancer after TCCSG-ALL therapy is relatively low
(1-0% at 10 years and 2-4% at 20 years) compared to the
previous reports, although it is still 9 times higher than in
the general population. We confirm that CRT is a strong risk
factor of secondary cancer, but we did not observe evidence
for a decrease in incidence despite the marked reduction in
CRT treatment in the more recent protocols. In view of the
long latency periods and long life expectancy of ALL patients
treated in childhood, long and careful follow-up of these
patients is warranted. Efforts to identify the causative carcin-
ogenic factors should continue, and future treatment proto-
cols should take these factors into account to maximize the
chances of a long and healthy life, while preserving the effi-
cacy of ALL treatment.
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Purpose
Second malignant neoplasms (SMNs) after diagnosis of childhood acute lymphoblastic leukemia

(ALL) are rare events.

Patients and Methods
We analyzed data on risk factors and outcomes of 642 children with SMNs occurring after

treatment for ALL from 18 collaborative study groups between 1980 and 2007.

Results

Acute myeloid leukemia (AML; n = 186), myelodysplastic syndrome (MDS; n = 69), and
nonmeningioma brain tumor (n = 116) were the most common types of SMNs and had the
poorest outcome (B-year survival rate, 18.1% = 2.9%, 31.1% = 6.2%, and 18.3% = 3.8%,
respectively). Five-year survival estimates for AML were 11.2% *= 2.9% for 125 patients
diagnosed before 2000 and 34.1% =+ 6.3% for 61 patients diagnosed after 2000 (P < .001); 5-year
survival estimates for MDS were 17.1% = 6.4% (n = 36) and 48.2% * 10.6% (n = 33; P = .005).
Allogeneic stem-cell transplantation failed to improve outcome of secondary myeloid malignancies
after adjusting for waiting time to transplantation. Five-year survival rates were above 90% for
patients with meningioma, Hodgkin lymphoma, thyroid carcinoma, basal cell carcinoma, and
parotid gland tumor, and 68.5% * 6.4% for those with non-Hodgkin lymphoma. Eighty-nine
percent of patients with brain tumors had received cranial irradiation. Solid tumors were
associated with cyclophosphamide exposure, and myeloid malignancy was associated with
topoisomerase |l inhibitors and starting doses of methotrexate of at least 25 mg/m? per week and
mercaptopurine of at least 75 mg/m? per day. Myeloid malignancies with monosomy 7/5q— were
associated with high hyperdiploid ALL karyotypes, whereas 11923/MLL-rearranged AML or MDS
was associated with ALL harboring translocations of t(3;22), t(4;11), t(1;19), and t(12;21} (P = .03).

Conclusion
SMNSs, except for

primary counterparts.

brain tumors, AML, and MDS, have outcomes similar to their

J Clin Oncol 31:2469-2476. © 2013 by American Society of Clinical Oncology

ment, the international Ponte di Legno consortium
of ALL study groups has studied uncommon sub-

Asmany as one third of all deaths in childhood acute
lymphoblastic leukemia (ALL) are caused by toxici-
ties or second malignant neoplasms (SMNs). Pre-
viously reported cumulative incidences of SMNs
have varied from less than 1% to 10% or more be-

cause of differences in antileukemic therapy and in
duration, accuracy, and completeness of follow-
up.>*' Partly because of their rarity, little is known
about the etiology of SMNs or about the treatment
options that offer the best chances of cure.!

With the goal of improving overall survival in
childhood ALL and providing guidelines for treat-

groups of childhood ALL.">"** This is the largest
study of SMNs after therapy for childhood ALL
reported to date, and it presents new potential risk
factors and provides survival rates for dis-
tinct subsets.

Review of Patient Data

In the February 2010 issue of Leukemia, 16 coopera-
tive study groups from Europe, North America, and Asia
reported clinical outcomes, including the occurrence of

© 2013 by American Society of Clinical Oncology 2469
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SMNSs, of 54,068 children and adolescents up to 21 years of age with newly
diagnosed ALL enrolled onto controlled clinical trials between 1980 and
2007.172%26 Brom these 16 groups as well as from FRALLE (French Acute
Lymphoblastic Leukaemia Study Group) and the childhood leukemia branch
of the European Organisation for Research and Treatment of Cancer
(EORTC), we collected data on individuals with SMNs to form a common
database with predefined variables comprising clinical and biologic data (in-
cluding cytogenetic characteristics for myeloid neoplasias) as well as outcomes
(Appendix Table Al, online only). Furthermore, we recorded clinical and
biologic characteristics of their primary ALL as well as treatment given and
status at latest follow-up. The data available for this study were retrieved from
the groups’ central ALL databases. If patient data on drug doses were unavail-
able, the patients were assigned the drugs and doses listed in the ALL protocols
onto which they were enrolled. Accrual of data for patients with ALL who did
not develop SMNs was not part of the study. The study was approved accord-
ing to regional institutional review board requirements. All data were com-
piled at Rigshospitalet (Copenhagen, Denmark), and the database was
approved by the Danish Data Protection Authorities.

Statistical Analysis

Differences in distribution of individual parameters among subsets were
analyzed by using nonparametric tests.>” Since accrual of data for patients with
ALL who did not develop SMNs was not part of this study, odds ratios for
SMN:s in relation to specific exposures are not included. Instead, we analyzed
patterns of ALL characteristics and therapy by subsets of SMNs to determine
whether certain ALL subtypes or drug exposures were more prevalent within
specific subsets of SMNs. Survival after an SMN was defined as time from
diagnosis of the SMN to death as a result of any cause or to last follow-up. The
Kaplan-Meier method was used to estimate survival rates with SEs calculated
according to Greenwood.?® Differences in survival rates were compared with
the log-rank test.”® The Cox proportional hazard model was used for selected
analysis of survival after SMNs.* Two-sided P values below .05 were regarded
as significant.

In all, 659 patients diagnosed with ALL between 1980 and 2007 were
registered with a malignant neoplasm or a CNS tumor as the first event
after diagnosis of ALL. Seventeen SMNs reported as ALL (n = 12),
acute undifferentiated leukemia (n = 2), or myeloid malignancies
with monosomy 7 (n = 1) or t(9;22)(q34;q11.2) (n = 2) at diagnosis
of both ALL and the subsequent SMNs were excluded because the
clonal relationship to the original leukemia could not be confidently
verified, leaving a total of 642 study patients.

Table 1 reports clinical information on the 642 SMNs by subtype.
The interval between diagnosis of ALL and occurrence of SMNs was
significantly associated with the subtype of SMN, being shortest for
hematologic malignancies and longest for carcinomas and meningio-
mas (P < .001; Fig 1 and Table 1). Thus, among the 48 SMNs diag-
nosed more than 15 years from the diagnosis of ALL, 35% were
meningiomas (n = 15) or other CNS tumors (n = 2); 31% were
non-skin carcinomas (n = 15), including six thyroid cancers; 15%
were melanomas (n = 4) or other skin cancers (n = 3);and 17% were
hematologic malignancies (n = 5); sarcomas (n = 2); or testicular
cancer (n = 2). Eight patients with cancer-predisposing diseases are
described in Appendix Table A2 (online only).

Patterns of SMNs by ALL-Presenting Features

Although distribution of sex, age, and WBC count at diagnosis of
ALL varied significantly among the major categories of SMNs for the
entire cohort (Table 1), this was not the case for the subset of 201
patients who were not irradiated and did not undergo hematopoietic

2470  © 2013 by American Society of Clinical Oncology

stem-cell transplantation during first-line ALL treatment (P > .45 for
all analyses; Appendix Table A3, online only).

Immunophenotype

Of'the 186 patients with AML and 69 patients with myelodysplas-
tic syndrome (MDS), the ALL lineage (B-cell precursor or T-cell
lineage) was available for 217 patients. When analyzing only the 192
patients who did not receive irradiation and did not receive transplan-
tation but who did have ALL immunophenotype available, the prev-
alence of T-cell ALL did not differ significantly among the categories of
hematologic malignancies, CNS tumors, carcinomas, and other tu-
mors (7.8%, 10.0%, and 16.7%, respectively; P = .38), but 26.6% of all
patients with AML (42 of 158) and 8.5% of all patients with MDS (five
of 59) initially had T-cell ALL. Patients with AML were overall more
likely than those with other hematologic malignancies (n = 136) to
have had T-cell ALL (26.6% v 13.2%; P = .005) with the same trend
(10.0% v 5.6%; P = .33) in the subsets of patients who did not receive
irradiation and did not receive transplantation. The interval between
diagnosis of ALL and SMN was significantly shorter for the 11 patients
who did not receive irradiation and did not receive transplantation but
who had T-cell ALL than for the 130 patients with B-cell precursor
ALL who had developed hematologic malignancies (median, 1.6 v 3.0
years; P = .001). Finally, 91% (10 of 11) of the patients who developed
Langerhans cell histiocytosis had T-cell ALL compared with 20.4%
among the other SMNs (P <C.001).

Karyotype and Therapy-Related Myeloid Neoplasias

The time to develop AML was shorter than the time to develop
MDS (median, 2.7 v 3.3 years; P = .01), reflecting a higher proportion
of 11q23/MLL rearrangements with short latency (median, 2.5 years)
in patients with AML (58% v 5% of patients with MDS with an
aberrant karyotype; P <C.001). By contrast, treatment-related myeloid
neoplasia (t-MN; ie, AML or MDS) with monosomy 7 (median inter-
val, 3.7 years) occurred in 22% of patients with AML and in 50% of
patients with MDS with an aberrant karyotype (P = .002).

Among the 44 patients with t-MN with monosomy 7, 5q—, or
11q23/MLL rearrangements (one t-MN with both monosomy 7 and
11q23/MLL rearrangements was excluded) and an available karyotype
for the ALL clone, the cytogenetic aberrations of their ALL and t-MN
were highly correlated. Thus, among the 25 patients who developed
11q23/MLL-rearranged t-MN, 13 had ALL with classical recurrent
translocations—1(9;22)(q34;q11.2) (n = 1), t(1;19)(q23;p13.3) (n =
2), t(12;21)(p13;q22) (n = 8), or 11q23/MLL rearrangements (n = 2
[different 11q23/MLL rearrangement in the two clones]—and six had
a high hyperdiploid ALL karyotype (modal chromosome number
above 50), and six had other structural and/or numeric aberrations. In
contrast, among the 19 patients who developed t-MN with 5g— or
monosomy 7, 10 had a high hyperdiploid ALL karyotype, three had
ALL clones with one of the above-listed classical translocations, and six
had other aberrations (P = .03 by likelihood-ratio ¥* test).

Patterns of SMNs by ALL Therapy

The pattern of SMNs was significantly influenced by the preced-
ing ALL therapy (Table 2). The 12 patients with CNS tumors who had
not received CNS irradiation were diagnosed at significantly shorter
intervals after ALL than the 97 patients with CNS tumors that oc-
curred after CNS irradiation (median, 6.6 v 9.1 years; P = .01).
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Table 1. Clinical Characteristics and 5-Year Overall Survival of 642 Patients With SMNs by Major Categories and Subtype

ALL
Immunophenotype* Age at ALL WBC at ALL Interval to Age at
Total Males (n = 555) (years) (x10%L) SMN (years) SMN (years) 5-Year Survival
Type of SMN No. % No. % BCP % Median 50% Range Median 50% Range Median 50% Range Median 50% Range Rate After SMN (%)
Total o o e G420 e 346 B39 4340 T8 B9 3124103 4 474500 T 48 26890 121600 78T A0 2
Hematologic 345 537 198 574 234 79.6 5.2 3.2-11.2 9.0 4.2-37.0 2.9 2.0-4.5 9.4 6.5-15.2 35.2+27
Acute myeloid leukemia 186 106 57.0 116 73.4 5.6 3.3-11.2 11.6 4.2-45.0 2.7 1.84.5 9.5 6.4-15.0 18.1£29
Myelodysplastic syndrome 69 32 464 54 91.5 5.2 3.1-12.2 3.8-12.7 3.3 2.6-4.6 9.7 6.9-15.9 31.1£6.2
Chronic myeloid leukemia 9 4 444 7 100.0 12.5 4.2-15.1 4.0-28.5 4.1 3.5-7.2 18.0 17.4-19.3 622 +17.8
Non-Hodgkin lymphomas 56 39 696 4.3-31.8 2.3 1.5-4.0 68564
Hodgkin disease 25 17 68.0 91.1 £ 6.0
“CNS tumor . ..138 216 67 486 = 9 269=+42
Nonmeningioma CNS tumor 116 53 457 183%38
Meningioma 22 14 636 . 909x87
Carcinoma 78 121 34 436 182249
Nonthyroid carcinoma 46 41.3 12.4-25.8 67382
Thyroid carcinoma 46.9 12.1-18.3 100
‘Otherzma : eoBEEEE
~Soft tissue s o
. Bone tumor
o Melahom

Abbreviations: ALL, acute lymphoblastic leukemia; BCP, B-cell precursor; SMN, second malignant neoplasm.
"In all, 87 patients were excluded because immunophenotype was not reported (n = 75) or was not specified as either BCP or T-cell ALL (n = 12).
tTen-year survival rate was 38.7% = 2.2%.
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Fig 1. Kaplan-Meijer estimates of the interval between diagnosis of acute
lymphoblastic leukemia (ALL) and development of the four major categories of
second malignant neoplasms.

Thirty-eight (76.0%) of 50 patients with t-MN with an aberrant
karyotype and previous exposure to epipodophyllotoxins had 11q23/
MLL rearrangements, whereas only four (8.0%) had monosomy 7 and
none had 5g—. In contrast, among the 46 patients with t-MN (52.2%)
who had not been exposed to epipodophyllotoxins, 24 developed
monosomy 7 (n = 20) or 5¢— (n = 4) t-MN, and only 13 (28.3%) had
11q23/MLL rearrangements (P < .001).

Among patients who did not receive irradiation, 44 (79%) of 56
patients with solid tumors had previously received cyclophosphamide
compared with 82 (57%) of 143 patients with hematologic malignan-
cies or CNS tumors (P = .005).

Among the patients who did not receive transplantation for
whom data on maintenance therapy methotrexate (n = 431) and
mercaptopurine dosage (n = 422) were available, the patients who
developed t-MN received higher starting doses of methotrexate and
mercaptopurine than did patients who developed other SMNs (P <
.001 for both drugs), and this was the case for both CNS patients who
received irradiation (P < .001 and P = .001, respectively) and those
who did not (P = .007 and P = .02, respectively). Thus, compared
with patients with other SMNs, the patients who developed t-MNs
were more likely to have received methotrexate starting doses of at
least 25 mg/m? per week (45% v 28%; P << .001) and mercaptopurine
starting doses of at least 75 mg/m?” per day (52% v 29%; P < .001).

Neither the distribution of the four major categories of SMNs
(P = .37) nor the time interval to SMN (P = .84) differed significantly
between patients with low (n = 13; 10 by genotype and three by
phenotype) versus normal (n = 114) thiopurine methyltransferase
activity. Among the 413 patients who did not undergo transplan-
tation but who did have data on the total duration of therapy, 65
(31.3%) of the 208 patients with t-MN and 36 (17.6%) of the 205
patients with solid tumors had received ALL therapy for 2.5 years
or longer (P = .001).

Transplantation during first remission of ALL had been per-
formed in 29 (5.7%) of the 510 ALL patients with available informa-
tion. One (1.4%) of 74 patients with CNS tumors and seven (3.6%) of
193 patients with t-MN had received transplantation compared with
nine (28.1%) of 32 patients with carcinomas and eight (15.4%) of 52
with other SMNs (P < .001).

2472  © 2013 by American Society of Clinical Oncology

Survival After SMNs

The median follow-up after diagnosis of an SMN was 4.9 years
for the 292 patients who were alive at their latest follow-up. In all,
350 patients died within 20.6 years from diagnosis of an SMN
(median, 0.75 years; 25th to 75th percentile: 0.4 to 1.4). The overall
cumulative probability of death as a result of any cause was
59.6% = 2.1% at 5 years and 61.3% = 2.2% at 10 years after an
SMN (Table 1 and Fig 2). The 10-year cumulative incidence of
death as a result of the second (n = 236) or third (n = 1) cancer was
41.1% = 2.1%; it was 5.6% = 1.0% for relapsed ALL (n = 31),
10.4% = 1.3% for treatment-related toxicities among patients who
received a transplantation (n = 39) and those who did not
(n = 20), and 4.2% = 0.9% for unknown causes (n = 23; Fig 3).
The 10-year probability of survival was 18.9% =+ 6.9% (n = 33) for
patients whose SMN occurred before 1990 (n = 54), 34.8% * 2.8%
(n = 296) for patients with SMNs diagnosed between 1990 and
1999, and 40.9% =* 6.3% (n = 313) for patients diagnosed from
2000 onward (P < .001).

Hematologic Malignancies

Survival remained consistently lower for patients with AML
compared with those who had MDS (P <.001). The 5-year survival
estimate for AML was 11.2% =* 2.9% for 125 patients diagnosed
before 2000 and 34.1% = 6.3% for 61 patients diagnosed after 2000
(P < .001). For MDS, the 5-year survival was 17.1% = 6.4% for 36
patients diagnosed before 2000 and 48.2% = 10.6% for 33 patients
diagnosed after 2000 (P = .005). In a Cox regression model, adjusting
for sex and age at diagnosis of SMNs and the use of CNS irradiation for
ALL treatment, the improved outcome after 2000 was confirmed for
both AML (estimated hazard ratio [HR], 0.62; 95% CI, 0.42 to 0.90;
P = .01) and MDS (HR, 0.30; 95% CI, 0.15 to 0.60; P < .001). The
hazard of death after t-MN decreased by approximately 10% for every
additional year of interval between ALL and AML (HR, 0.88; 95% CI,
0.80 to 0.96; P = ,004) with a similar trend for MDS (HR, 0.92; 95%
CI, 0.80 to 1.06; P = .23).

For 185 patients with available information on transplantation
after t-MN, the 5-year survival was 30.3% = 4.4% for the 119 patients
who received a transplantation and 11.4% = 4.0% for the 66 who did
not (P <.001). However, with alandmark at the median waiting time
to transplantation of 4.1 months from SMN diagnosis, the 5-year
survival estimates for patients who had received a transplantation and
those who had not did not differ (26.7% = 4.2% and 27.2% = 7.7%,
respectively),””' and this was also the case for 78 patients with t-MN
diagnosed in 2000 or later (42.0% = 7.6% v 46.9% * 11.5%). Among
the patients with t-MN who received a transplantation, the 10-year
survival for 30 patients with 11q23/MLL rearrangements (24.7% =
8.3%) did not differ significantly from that of 26 patients with mono-
somy 7 (28.0% = 9.0%).

Only two of the 25 patients with Hodgkin lymphoma died, both
of whom were diagnosed with Hodgkin lymphoma in the 1980s.
Excluding patients who received transplantation as part of their ALL
therapy, the 5-year survival was 70.5% = 7.9% for the 34 patients with
non-Hodgkin lymphoma diagnosed in the 1990s and 65.4% = 10.8%
for the 22 patients diagnosed later (P = .64). The 5-year survival was
76.9% = 8.3% for the 27 patients who had developed mature B-cell
non-Hodgkin lymphoma.
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Table 2. Pattern of SMNs in Relation to Their First-Line ALL Treatment in Patients Who Did Not Receive Hematopoietic Stem-Cell Transplantation

Cyclophosphamide™ 6-Mercaptopurinet
No CNS No CNS
CNS lIrradiation*® Epipodophyliotoxin® CNS lIrradiation Irradiation CNS Irradiation Irradiation
(n = 432) (n = 446) (n = 228) {n = 199) (n = 230) (n = 192)

Type of Second Cancer Yes No Yes No Yes No Yes No Yes No Yes No
Total oo e : 2300 202 185261 18e 42 126 K B AT e 98
Hematologic SMN 79 145 105 127 67 11 82 61 25 50 76 61

t-MN was AML or MDS 64 109 84 96 54 9 60 47 22 38 61 43

CCNStumors ey o120 48 el e 0 g 5B : CR4E T e R 7
Non-CNS solid tumors 54 45 32 79 43 11 37 7 4 49 13 30

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; SMN, second malignant neoplasm; t-MN, therapy-related myeloid neoplasia.
*Only patients who did not receive transplantation who had available information on their therapy are included.
tDose = 75 mg/m?.
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four, gastrointestinal; three, liver; and one each, peritoneal, pancreas,
lung, cervix uteri, urinary tract, and nasopharyngeal) was only
40.1% = 13.7% at 5 years and 0% at 10 years (P << .001).

Fig 2. Survival curves according to the four major categories of second
malignant neoplasms (SMNs). Hemat, hematologic; CA, carcinoma.

CNS Tumors

Although only one of 22 patients with meningioma died, the
5-year survival was very poor for the remaining 116 patients with brain
tumors (18.3% * 3.8%), including eight patients with low-grade
tumors (45.0% = 18.8%), 76 with high-grade tumors including me-
dulloblastomas and supratentorial primitive neuroectodermal tu-
mors (6.5% = 3.6%),and 13 unspecified glial tumors (8.5% = 8.2%).
Overall survival after nonmeningioma brain tumor did not improve
over time, with 5-year estimates of 19.6% * 5.5% before 2000 and
16.6% = 5.3% afterward (P = .76).

Nonthyroid Carcinomas

All seven patients with basal cell carcinoma and nine with parotid
gland tumors survived, and the 5-year survival for the nine patients
with squamous cell carcinoma was 71.4% = 17.1%. In contrast, the
overall survival for the 18 patients with other carcinomas (five, breast;

1.0 No. of deaths 10-year Cl
2nd or 3rd tUMOr e 237 41.1% (2.1)
Relapse - 31 5.6% (1.0)
B 0.84 Toxiciy -+ B9 10.4%(1.3)
g Not known — 23 4.2% (0.9)
=
g 0.6
@
=
E 0.4 1
=
E
S 0.24
Voo _.........-.:. ----- PP L ELIRELLEEEEERELELEEREL AR
T T 1 T T T ] T T ]
0 1 2 3 4 5 6 7 8 9 10
Time Since SMN (years)

Fig 3. Cause-specific cumulative incidences (Cls) of death after development of
a second malignant neoplasm (SMN).
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In this study, the largest reported to date, patients with t-MN or
nonmeningioma brain tumor had a poor prognosis, whereas patients
with secondary meningioma, Hodgkin lymphoma, thyroid carci-
noma, basal cell carcinoma, and parotid gland carcinoma had a 5-year
survival exceeding 90%.

This study had some limitations since it did not allow calcula-
tions of HRs by ALL characteristics or therapy components, and it
could not identify exposures that had equal influence on the risk of all
major categories of SMNS. In addition, the data must be interpreted
cautiously, since the completeness of recording of SMNs was influ-
enced by the individual study groups’ frequency and duration of
follow-up,' screening strategies for thyroid carcinomas, meningio-
mas, or breast cancer in irradiated patients,’*>* and linkage with
population-based nationwide cancer registries.'® The impact of such
differences will be limited for secondary hematologic malignancies
but will be more profound for SMNs that have long latency such as
carcinomas and meningiomas. Furthermore, hematologic SMNs can
be misinterpreted as relapse of ALL, and some cases of ALL and SMNs
may have a common clonal origin.**? Thus, an association between
T-cell ALL and histiocytosis has previously been reported,”>*® and
patients with early T-cell precursor ALL have been shown to have
genetic profiles similar to those of patients with myeloid malignan-
cies,”” which could indicate a common ancestral clone for the primary
and second malignancies.

The observed association between high-hyperdiploid ALL and
the development of t-MN with monosomy 7/5¢— has been observed in
a much smaller study,” although the association between ALL with
specific chromosomal translocations (ie, t(9;22)(q34;q11.2), t(1;
19)(g23;p13.3), t(12;21)(p13;q22)) and t-MN with 11q23/MLL rear-
rangements has hitherto not been reported. The more frequent use of
topoisomerase II inhibitors such as epipodophyllotoxins in high-risk
ALL cases with specific chromosomal translocation might have con-
tributed to the development of t-MN with 11q23/MLL rearrange-
ments. However, the unique gene expression profiles of ALL blast
from those patients who subsequently developed SMNS, including
t-MN, could also reflect inherited genetic variants®® that could influ-
ence drug disposition (eg, glutathione S-transferases, cytochrome
P-450 enzymes, quinone oxidoreductase, or the folate pathway”**®)
or be related to cancer predisposition syndromes. International col-
laboration with extensive mapping of host genomic variants could be
instrumental in identifying subsets of patients with ALL with genetic
predispositions for whom modification of first-line ALL therapy or
individualized follow-up should be offered.

This study supports previously reported associations of t-MN
with higher mercaptopurine dosages during maintenance therapyand
longer duration of therapy. Some study groups that offer a mainte-
nance therapy mercaptopurine starting dose of 75 mg/m? have found
an association between an increased risk of SMN and low-activity
thiopurine methyltransferase genotypes or phenotypes.>*' Notably,
others who used a mercaptopurine starting dose of only 50 mg/m?
failed to find such an association.*” The linkage between thiopurine
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therapy and risk of SMN may reflect that these anticancer agents,
when given at high dosage or for an extended period, may interfere
with DNA repair rather than directly induce mutations.*"** Accord-
ingly, the omission or interruption of maintenance therapy for pa-
tients who received a transplantation as part of their ALL therapy may
explain why very few patients with brain tumor or t-MN in this
cohort had received transplantation. Overall, the risk of relapse if
mercaptopurine/methotrexate-based maintenance therapy is trun-
cated* is far higher than the risk of t-MN indicated by this and
previous studies. The goal for future research is thus to identify pa-
tients with a clearly excessive risk of t-MN and consider treatment
modification only for such a limited patient subset.

Patients with t-MN have had significant improvements in sur-
vival over the last few decades, but the cure rates are still below those
obtained by the best treatment protocols for primary AML.*> Al-
though the survival of patients with t-MN who did not receive trans-
plantation was only 11.4% * 4.0%, the study did not support that
hematopoietic stem-cell transplantation would be beneficial for these
patients when the data were adjusted for the waiting time to transplan-
tation. Thus, future studies of this important issue, including the
impact of t-MN cytogenetics, are needed.

It is uncertain whether the extremely poor survival rate for CNS
tumors, the vast majority of which developed after CNS irradiation,
reflects a more aggressive biology, difficulties in performing complete
tumor resection in previously irradiated regions, limitations in irradi-
ating previously irradiated regions, or a pessimistic attitude toward
curative therapy for such patients. Because this subset is the second
most common SMN among survivors of childhood ALL and is overall
one of the most common SMNs after a childhood cancer, '® a review of

patients’ records of these tumors is needed to explore these issues
in depth.

Although the cure rates for some SMINs were as favorable as those
obtained for their primary cancer counterparts, future strategies
should continue to focus on prevention of SMNs. Thus, the frequency
of secondary brain tumor is expected to fall dramatically during the
coming decades with the reduced use of CNS irradiation in first-line
ALL therapy,*® and given the few patients on contemporary protocols
who are exposed to epipodophyllotoxins, the risk of 11q23/MLL-
rearranged t-MN is likely to be lower in future childhood ALL cohorts.
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Appendix

Table A1. SMNs Reported by the Seventeen Participating Collaborative Groups

Trial Group Trial Group No. of Date of Diagnosis Date of Diagnosis
Trial Group Name Acronym Location Patients of First SMN of Last SMN Trial Registration Numbers
L ©January 4,1985  December 11, 2007 ALL BFM 90, ALL-BFM
o e 95 ALLBFMZOOO

Assocnaz;one Italiana Ematologua - AIEOP - - ltaly

Oncologla Pedlatrlca

Berlm—Frankfurt—Munster BFM Austria 14 September 1, 1992  June 26, 2009 ALL BFM 86 ALL BFM
90, ALL-BFM 95, ALL-
BFM 2000
(NCT00430118)

ALL BFM 2000 - e
(NCTOO430118) NCL -
Cooperative Study Group for Childhood COALL Germany 36 May 10, 1984 July 19, 2007 COALL 07 03 EU 205104

Acute Lymphoblast!c Leukaemla NCT00343369
p (inclt ococ = ~ April4, 1990 iary 12, 2 ‘Separate list of P POG and :

 Berlin-Frankfurt-Minster 4 - February 1,

' Hbﬂayhd
JSA

 February 26, 1991
Algust 14, 1 .

- DFCI

”DFC! ALL Consortitm’ -
. Pro‘tocofs 85 001 87— :
European Organisation for Research EORTC Belgium and 16 June 30, 1991 June 15, 2002 EORTC 58881 study
and Treatment of Cancer France

_French Acute Lymphoblastic ~~ "FRALLE.~ " -France = - j; FRALLE protocols 83, 87-
~ Lleukaemia Study Group: = e o o .89.93,2000 . :
Israel National ALL Studies INS Israel 11 June 16, 1993 December 15, 2008  ALL INS 89 (mod BFM
86), ALL INS 93 (mod
BFM 90), ALL INS 98
{mod BFM 95)

June 15,2010

‘March 12, 1991

,Tokyo Chlldren s Cancer Study Group TECSG - Japan 49 June 23,1987 - May6,2010 = TCCSG L8411, L89- 12
, - . - . . . . iR Lg5_14
Japan Assomatlon of Chlldhood JACLS Japan TokarPOG 9104, OCLSG

Leukemia Study 94, JACLS ALL-96,
JACLS ALL-97

CCLSG ALL841, ALL85T,

: Japanese Children’s Cancerand =~ JCCLSG ~ Japan =
; . ~ e ALL874 ALLQ‘H

Leukemta Studh Group

Kyushu-Yamaguchl Chl!dren s Cancer KYCCSG Japan ) KYCCSG AL841 HR88
Study Group ALLS0, ALL96
~ . NOPHO Dénmérk Finland, 53 January 15,1986 15, ©ALL-86, ALL-92, ALL-2000
o eeland, Norway. : - : Lo
S e Seden Cenai e L
St Jude Children’s Research Hospital SJCRH USA 69 February 9, 1982 November 18, 2002  Total Therapies 4, 5, 6, 7,
8,9, 10, 11, 12, 13A,
and 13B
Taiwan Pediatric Oncology Group~~ TPOG = ,Ta|wan j o9 August5 1987 . January 13, 2007 TCALL 84; TPOG-ALL 88,
National Cancer Research Institute NCRI Unlted ngdom 27 January 15 1994 September 15, UKALLXI ISRCTN
Children’s Leukaemia Clinical 2007 16757172, ALL97
Studies Group ISRCTN 26727615
Total i o ea2 ) Rebiay. 9, 1982 U8 18, 20100 e et i
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Table A2. Clinical Characteristics of Patients With Cancer-Predisposing Syndromes

WBC at
Predisposing Type of Second Age at ALL ALL BCP or Interval to Age at SMN Survival
Syndrome Cancer Sex (years) (X10%/L) T-Cell ALL SMN (years) (years) Status (years)
- Downsyndrormie” "1 VAMLE SRR D ale RS2 BB B RO 2 Dl e 08
Down syndrome AML Female 2.0 7.8 B 5.9 7.9 Dead 1.1
Downsyndrome  Mature B-cellNML  Male 62 381 B SRR B A o
Down syndrome Ewing sarcoma Female 6.6 2.1 B 8.3 14.9 Alive 5.4
- Li Fraumenisyndrome =AML " Male 124 eB B 2500 B0 Dead 06 -
Ataxia telangiectasia T-cell NHL Male 9.5 86.0 T 12.5 22.0 Dead 0.6
FNoGnaR syRgFoMe ™ L IMDS T e s peialel B0 20 B s N
AIDS Mature B-cell NHL Male 13.7 1.8 B 4.0 17.7 Alive 10.2

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; BCP, B-cell precursor; MDS, myelodysplastic syndrome; N/A, not available; NHL,
non-Hodgkin lymphoma; SMN, second malignant neoplasm.
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Table A3. Clinical Characteristics and Overall Survival of the Four Major Categories of SMNs in the Subset of 201 Patients Who Were Not Irradiated and Did Not Undergo Hematopoietic Stem-Cell
Transplantation as Part of Their First-Line Treatment for ALL

ALL
Immunophenotype® Age at ALL WBC at ALL Interval to Age at
Type of Total Males (n=192) (years) (X10°/L) SMN (years) SMN (years) )

Second 5-Year Survival Rate
Cancer No. % No. % BCP % Median  50% Range Median  50% Range Median  50% Range Median  50% Range After SMN (%)
Total i 200 07 0 B3RV g ko e Ui 38236690 BRIET L a3

Hematologict 145 721 79 545 130 92.2 6.1 4.0-15.3 29 2.1-4.3 8.2 6.0-12.7 411 %42

CNS HUmort’ 2 412 6i07 7 7 87 1800 e 00 74 37884 68 2774 1810 872821 E1500
Carcinomat 19 9.5 7 368 15 83.3 6.6 3.3-385 11.8 6.1-16.1 16.2 10.7-23.4 77.4 £10.0
‘Othert . 25 124 165 600 . 19 - 86 57 49 . 25262 . 78 0 4498 140 0 104179 0 449+ 113

Abbreviations: ALL, acute lymphoblastic leukemia; BCP, B-cell precursor; SMN, second malignant neoplasm.

*Nine patients were excluded because immunophenotype was not reported (n = 8) or was not specified as either BCP or T-cell ALL (n = 1)

tSeventy-one acute myeloid leukemia, 38 myelodysplastic syndrome, three chronic myeloid leukemia, 23 non-Hodgkin lymphoma, 10 Hodgkin disease, 10 nonmeningioma CNS tumors, two meningioma, 10
nonthyroid carcinoma, nine thyroid carcinoma, seven soft tissue sarcoma, 12 bone tumors, one germ cell tumor, four Langerhans cell histiocytosis, one other tumor.
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