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Flgure 4. Survival curves for ML-DS patients (n=358) basad on thelr cvtogenetic status. (A) Event-free survival (EFS) (8} Overalt survival (08},
{€) Cumulative incidence (O1) of relapse, (D) Cumulative Incidence of toxic desth. Assignment to groups was based on cytegenstic status, as

identified aftee contral review,

2% versus 14% (2 2%Y P=0.06]. The cumulative inci-
dence of toxic death was significandy lower in the
patients treated with higher cytarabioe doses (2 20 g/m?)
[2% (= 1%} versas 9% (= 2%}, P=0.02]

Forty-three percene of all patients received therapy
reduction or were treated with adjusted DS creatment pro-
rocols. Overall, no ditferences in outcorae estimates were
found between patients given reduced therapy and those
who received standard therapy.

Multlvariate anslyses

Cox yegression anslysis of survival estimates from diag-
nosis revealed both age =3 vears and WBC counts
=20x10/L were independent predicrors for poor event-free
survival {see Table 4}, bur not for overall survival, In addi-
ton, NK independently predicted for poor overall survival
[hazard ratio (MR}= 138 and P=0.08)], event-free survival
(HR= 1.65; P=0.08) and for relapse-free survival (HR= 222,
P=L01), Age =8 vears was also an independent prediceor for
& lower relapse-lree survival with a HR= 2.55 (P=0.01},

Discussion

In this collaborative study we analyzed 2 large interna-
tional series of ML-DS cases with the aim of identifying
differences in outcome related to cytogenetic features that
could enable risk group seratification and dsk-adapred
therapy for ML-DS patients in the hicuze. The results
underscore the imporrance of international collaboration
in the investigation of rare diseases or groups.

It was confirmed that overall outcome for ML-DS was
superior to that of AML in non-DS children, with 7-year
overall survival and event-free survival races of 78% and
79%, respectively, in ML-DS, compared to 62% and 50%
for non-D8 AML patienes from the same eta treated on
AML-BFM regimens as a reference cohort (both P<8.001;
see Culige Sapplementary Figure 59). OF interest, the overall
and evene-free survival estimares were superimposed in
ML-D8, suggesting thar most relapsed patients could not
be salvaged, However, it is unknown whether these
patients ware teated with curative intent av relapse.
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Although there is great concern about toxic morality in
ML-DS, in the present series relapse was more frequent
than weatment-related monality, with comudative inci-
dences of 12% and 7%, respectively. The relapse frequen-
oy of 12% is remarkably low when compared with that in
non-DS AML patients from the AML-BEM scudy group
from the same era, who had a CIR of 42% (P<0:001),
However, the cumudative incidence of toxic death was
similay besween DS and non-DS children: 7% and 5%,
respectively (P=0.12). The reasonable balance berween
toxic death and leukemia relapse in ML-DS may be due wo
the face that trearment reduction was more frequently
applied than in older studies in which higher roxic death
rates in ML-DS were reported ¥%

Non-random cyrogenetic aberrations thar are common
in pon-D8 pediatric AML, such as core-binding factor
[CBE; 821, AlLL-rearangements and (15,17}, were
identified in single cases only in our ML-DS cohore, which
is in line with previous studies.”

The saliens Hnding in the present study was thar NK
PAL-DS patients had :ﬁmmr survival parameters compared
o ML-DIS cases with aberrane karyorypes, and that NK
independently predicted for poor clinizal ourcome. NE
may, therefore, be used for weamment suatification in
future treatment ML-DS protocols. In the NE ML-DS
cases, the complete remission rate was significantly lower,
and relapse (CIR 21%) determined prognosis to a greater
extent than curnulative toxic death (6% Hence, in this
subgroup no further therapy reduction should be applied,
whereas untdl now the increase in swvival in ML-DS
patients has mainly been achieved through the application
of reduced-intensity chemotherapy protocols.’* In fact,
treatment intengification may even be needed, In order to
reduce the number of induction failures a double induc-
tion based, for instance, on day 15 bone mamow blasts
may be considerad in patients with residual demonstrable
leukemia. In addition, derecton of CATAs-mutations
using real-time quantirative polymerase chain reaction
analysis may be teasible as a marker for minimal residual
disease in the nearby furure ™ but is not routinely used ver.
Alternative methods for detecting minimal residual dis-
ease include flow cytometry or reverse-transcription poly-
merase chain reaction for the WT1 gene? Increasing the
cumulative doses of cytarabine, for example, may be of
henefiv during consolidation and intensification, as the
CIR was lower in patients treated with higher doses.
Recently, stem well wansplantation in ML-DS was
reviewed but transplant-related mortality (24%) was sig-

3

nificantly higher in this setting than in non-DS AML” so
its use should be limited to patients who do not atain suf-

el ©F of tovie dhath andlotive incidence of e deathy delr deletion, dupl duphcation.

Table 3. Clinical characteristics of the NK ML-DS vs. all other cases
{with aberrant karyotypes)

H

X W3 255
Maldseeng 5 25808 .
Mediart age (years) L7(0550)  18(0550) 09
< $yoars (%) 96 (95.2) 208 (91.23
7{68) 2 (88

= 3years {95}

CNS invalvenment, 1 (%)
Hepatonugaly,
Splenomegaly, n. (99

L{aan
i
47 16.1)

WRC 1o Nowd colf eonne ONS sontred merpous swsiem.

(ol
%
95 (30.6)

ficient remission or as salvage therapy at relapse.

Undewstanding the underlying biology of NK ML-DS
may reveal potential new treatment targets. Non-DS pedi-
atric MK AML cases are characrerized by various abnor-
malities, including overexpression of specific genes (MN1,
BAALC, and ERG” but also single gene mutations such as
FLT3-ITD, WT1, NPAMY, and CEBPA® as well as crypuic
rranslocations. ™ We recently showed that the abnormali-
ties mentioned above are absent or rare in (NK- ML-DE®
Hence, the underlying biology of NK ML-DS needs to be
studied in more detail, for example by using novel tech-
niques such as whole genome sequencing.

Non-DS pediatiic AML with a trisomy 8 is classified in
an intgrmediare-risk group® In the present study, we
showed, in a direce comparison, that the outcome esti-
mate of ML-DS patients with trisomy 8 is significantly
better thar those of non-DS AML patients with trisomy 9
{CIR of 6% versus 62%; P=0.0001) (Onliue Supplementary
Figure 510). Apparently, an additional copy of chromo-
some & has biologically different consequences in ML-DS
compared to non-DS AML.

HMonosomy 7 is known to be a poor prognostic factor in
non-DS pediatric AML, as shown in another international-
BEM collaborative study® Outcome was significantly
worse in patients with a loss of the whole chromosome
{monosamy 7) than in patients with a delZ @™ In our
ML-DS series, such differences were not observed, but
numbers were small. Comparing ML-DS and non-D§
AML patients revealed thar ML-DS patients with mono-
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somy 7 and/or del7q) had a remarkably lower CIR (14%
versns 52%; P=0.003) (Oniine Supplementary Figire S11),
Thus chromosome 7 aberrations do not seem to have the
same fmplications in ML-DS 35 in non-DS pediactic AML,

interestingly, most chromosome 5/7 logses in ML-DIS
involved the p-arms rather than the g-anms. This is in con-
trast 1o non-DS AML, in which 3q and 74 losses are much
more common and also prognostically refevant ™

Regarding the treatment of ML-DS patients, we have no
clear explanation for the face that the cumulative incidence
of toxic death was significantly lower in the patients treat-
ed with higher doses of cytarabine. A hypothesis could be
that due to concern for toxicity these patients weeived dik-
ferent and more intensive supportive care. We did not find
any differences in cutcome estimates berween ML-DS
patients treated with therapy reduction and those who
received standard therapy, although it should to be men-
tioned that exact details of treatment reduction, individual
treatrnent protocols, protocol adherence or individual
adaptations of therapy were nor available given the retro-
spective nature of this study,

In cerms of prognostic factors other than cyrogenetics,

A EFS {7 vaars)
1.0
0.8 \"*-%K 0,82, SE=0.02
0.8 !
4.7
08 .85, SE=01.05
805
0.4
0.3
4.2
0.1
ol Log-Rank P=0.00050
o 1 7z & 4 s & 7 &
s 1 =103, 35 syents) Years
s AT (N=255, 45 pvenis)
N
Cratry
5
HR/Falanss piBrayi=0.004
{4
03
g
0.2 W
[131]

6 1+ ¢ a3 4 & 65 7 8
OV | ¢ (.21, B3EL0.04 evanisiN 294108 Yeurs
ather 0.0, SELLED svanis/N 237288

Flusmann et al, reported that ML-DS patients with 2 his-
tory of transient myeloproliferative disease had a signifi-
canely better outcomne than children with ML-DS without
dacumented wanstent myeloproliferative disease,® but

Table 4. Multivariate analysis of survival parameters of survival of ML-
£S5 patients

e 3 vears L 045 - .08 447
a8 WEC = 200100 156 0.96-2.52 447
NE 153 044252 045

MR i
ape = 3 yesrs 255
WBC = 20000 183
NE 332
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Figure B, Survival curves for ML-DS patlents (n=358) based on thelr cytogenatic status, divided into NK ML-DS patlenis (n=103) versus patlents
with abereant karyolypes {n=285) (A} Event-fres survival (EFS) {B) Overall suevival (08) (C) Cumulative incidence (Gl of telapse. (D}
Cumulative incldence of toxic deatis. Assignment to groups was based on cytogenelie status, os identified after central review.
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unfortunarely we swere not able to collecr data onwhether
ML-DS was preceded by transient myeloproliferative dis-
ease.

Age =3 vears and high WBC count (>20x107) were iden-
tified in the present study as independent prediceors of
poor outcome {gvent-free survival) in ML-DS, which is in
concordance with the findings of previous studies® This is
mainly zxplained by the facre thae there s a low{er) come
plete remmussion rate in these groups. These variables are
alsa known from non-DS pediatric AML studies, in which
older age and high WBC predict for poor ouwcome
Begarding age in ML-DS, it has been proposed that DS
children who present over 4 yvears of age do in fact suffer
from sporadic AML cccurring in a child with DS, rather
than from a ‘true’ ML-DS.*® For this reason we used the
age cu-off in our inclusion critera, to avoid ‘contamina-
tion” with non-GATA7 mutated AML cases in 15 children,
In addition, AML in children with DS older than 4 vears of
age & exceedingly rare.”

A limitation of this collaborative study is that there was
a wide wvadation in treatment intensiry Although all
included patients were treated on collaborative creatment
protocols, almost half of the patients received therapy
according to protocols or risk amms specifically designed
for DS patlents and/or treatment reductions were made in
standard protocols. These factors may have biased the
study results,

In conclusion, this study showed thar NK predices a

poor clinical outcome in ML-DS, As the incidence of
relapse i5 higher than that of weatment-related mortality
in these cases, furcher therapy reduction is not indicatad
i this group; in fact creamment intensification may be
needed. On the other hand, rreatment reduction may be
feasible in ML-DS cases with aberrant karyotypes. Such
reatment seratification needs to be confirmed in prospec-
tive clinical studies. As the prognosis of high-risk NK ML-
DS patients cannor be explained by the presence of
knows mutations in non-D5 NE AML, the biological
background must be elucidared to identify potential novel
targets for therapy.
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Abstract

Background Previous research has shown that some adult
childhood cancer survivors (CCSs) have experienced
employment difficulties. However, the actual employment
status of CCSs in Japan has not been studied,
Participants and methods The participants were selected
from the membership directory of Heart Link mutual-aid
health insurance and recruited by the Childhood Cancer
Patients’ Network. We conducted a cross-sectional survey
{a self-rated questionnaire on employment) via postal mail
or an email communication with a link to an Internet
website. We explored the association between the charac-
teristics of CCSs who require disability qualification and
having experienced unemployment. The adjusted odds
ratios (ORs) for the factors with an outcome of interest
were estimated with logistic regression analysis.

Results  In total, 44 CCSs indicated that they had a dis~
ability qualification. The significant indeépendent factors
related to needing a disability qualification were late effects
[OR 12.3; 95 % confidence interval (CI) 3.37-45.2], brain
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tomors (OR 9.55; 95 % Cl1 1.90-48.0), and being 2 high
school graduate (OR 9.86; CI 2.67-36.4). The unemploy-
ment rate was 15.9 % among CCSs, excluding homemak-
ers and students. Approximately 70 % of unemployed
CCSs had some late effects; independent factors related fo
unemployment were late effects (OR 622 95 %
CI 1.80~-21.40), dropping out of school (OR 8.46; 93 % Ci
1.66-43.10), and brain tumors (OR 273, 95 % (I
0.83-8.96). Most unemployed CCSs were likely to seek
work, despite their health problems.

Conclusions  The unemployment rate is not high in Japan,
but some CCSs need extended disability qualification. The
independent factors related to unemployment were late
effects and dropping out of school.

Keywords Childhood cancer survivors - Employment -
Unemployment - Occupation - Social outcome - Disability

Abbreviations

CCS  Childhood cancer survivors

CCSS The Childhood Cancer Survivor Study
OR Qdds ratio

CI Confidence interval

Introduction

Because of advances in treatment, 70~80 % of children
diagnesed with cancer become long-term survivors. In
Japan, the estimated number of childhood cancer survivors
(CCSs) is greater than 50,000, and we expect that at least
30,000 survivors have already reached adulthood (20 years
of age or older}. Although there is an increased number of
CCSs, many survivors experience various health problems
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later in life because of the cancer and its treatment [1, 2] In
addition, these various physical problems (termed “late
effects™) also seem to affect CCSs’ social outcomes (e.g.,
marriage, education, and employment, etc.), both directly
and indirectly {3].

Previous research has suggested that adult CCSs expe-
rience employment difficulties [4~7]. In the previous
Childhood Cancer Survivor Study (CCSS), a greater per-
centage of survivors reported a lack of any employment in
the past 12 months {9.3 %) than their siblings did (6.7 %)
[8]. Elevated risk for never having been employed was
associated with failing to complete high school, young age
(<4 years) at diagnosis, cranial radiation therapy of 30 Gy,
and being female [9], CCSs from all diagnostic categories
were less likely to have been employed during the past
12 months than members of the sibling group; the age- and
sex-adjusted likelihood of being employed was lowest
among brain and bone tmor survivors [9].

Despite these findings, the actual employment status of
CCSs in Japan has not been studied. In the current study,
we conducted a cross-sectional survey of CCSs in Japan in
order to identify their employment outcomes.

Participants and methods
Study design

We performed a cross-sectional survey (a self-rated
employment questionnaire) via postal mail or email with a
link to an Internet website (see Supplemental Appendix 1)
The study was conducted from July until September 2012,

Participants

The first sample group was selected from 631 applications toor
the membership directory of Heart Link mutual-aid health
insurance in Niigata {10} The second sample group was
recruited from the Childhood Cancer Patients’ Network,
including the Pediatric Brain Tumor Association in Japan [11].

Survey method

The first gronp was sent a brochure explaining the purpose and
methods of the study, and asking them to return the ques-
tionnaire directly to the Heart Link mutual-aid health insur-
ance office by postal mail anonymously within 1 month, The
second group was sent an email explaining the purpose and
methods of the study, and asking them to respond to the
questionnaire via an Internet website link. Informed consent
was assumed if the participant retumed the questionnaire,
The guestionnaire consisted of 32 items, with 9 items
{questions Q1-8 and Q15) that asked about the participant’s

@ Springer

basic characteristics. Through the questionnaire, we evaluated
regular, routine checkups (Q9), health status and the presence
of late effects (Q10-Q11), disability qualification (Q12 and
143, employment (Q13), marriage (Q16-17), and present
issues found worrisome (Q18). Through Q21-Q23, we
assessed job satisfaction, influence of childhood cancer
experience, and sharing about the cancer diagnosis with.one’s
employer. Q24 through Q30 assessed unemployment-related
issues: reasons for unemployment, employment difficulties,
worties about unemployment, major living costs, and whether
participants’ and/or their parents want them to work. Q31
assessed worries of stndent CCSs about future employment.

Ethical issues

The study was performed in accordance with the Decla-
ration of Helsinki and approved by the ethics committee of
St. Luke’s International Hospital, no. 12-R046.

Statistical analyses

We performed 7” tests (or Fisher's exact tests for cells with
expected counts of more than five) within categorical pre-
dictors. A trend test was used to rank trends of health and
economic status over CCSs with late effects. We explored
the association between characteristics of the CCSs who
required a disability qualification (limited to the CCSs who
were 18 years or older to evaluate educational achievement)
and those who had experienced unemployment (excluding
housewives and students). The adjusted odds ratios (ORs) for
factors with an outcome of interest were estimated with
logistic regression analysis. Data were analyzed with SPSS
software, v. 20.0 (IBM Japan, Tokyo, Japan).

Resulis

A twotal of 240 questionnaires (217 from the first sample
group and 23 from the second sample group) were collected
by November 2012. The response rate was 34.4 % (217 out
of 631} for the first sample group. The response rate for the
second sample group could not be calculated because we
only informed the web-site homepage of this research to the
Childhood Cancer Patients’ Network and we couldn't know
the number of the CCSs who have watched the homepage.
One questionnaire was excluded because the CCS did not
answer the questionnaire him/herself. There were 123 male
and 116 female respondents,

Demographic data

The participants’ demographic characteristics are listed in
Table 1. The mean age was 24.3 years (median 241 range
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Table 1 Background of the participating childhood cancer survivors

2

Male Female e
{n = 123) (1 = 116) {p value)

Age at survey (years)

20 years o1 younger 39 {32 %) 3328 %y 0.226

21-24 years 26 (21 %) 30 {26 %)

25-29 years IRO%y WD

30 years or oider 22.(18 %) 30 {26 %)
Diagnosis of cancer

Leukemia 60 (50%:) 86 (57 %y 1681

Lymphoma 13{13 %) 8(7 %)

Other solid cancers 18 {15 % 19 (16 %)

Bone/soft tissue sarcoma TL6 %) 6 (5 %)

Brain tumor 20 (17 %) 17015 %)
Age at diagnosis (years)

3 years or younger 36 (29 %) 33 (28 %) 0341

47 years 32 (26 %) 25022 %)

812 years 27 {22 %) 37 (32 %}

13 years or older 28 (23 %) 21 (i8 %)
Treatment

Chemotherapy 108 (88 %) 106 (91 %) 0367

Radiation 63 {51 %) 39(51.%) 0.956

Surgery 47 (38 %) 42 (36 %y 0.749

Stem cell wransplantation 29 (24 %) 19 (16 %) 0165

Immunotherapy 6(4 %) 3%  bsor®

Others 118 %) 6(8%) D257
Regular checkup (per year)

None 37 (30 %) 30 (26 %y 0327

‘Once per several years 202%) T(6 %)

Once 40 {33 %) 43 (37 %)

Twice 20 (16 %) 12 (10 %)

Three times 7(6%) 9(8 %)

More than four times 17 (14 %) 15 (13 %)
Living district

Hokkaido/Tohoku 544 %) 9(8%) 0516

Kanto {excepting Niigata) 48 (39 %) 38.{33 %)

Niigata 3 @E8%  25022%)

Tokai/Hokuriku 13411 %) 10 (9 %)

Kinki 13 {11 %) 14 (12 %)

Chusshikoku/Kyusyu 13011 %) 19 (17 %)
Education

Junior high school 108 %) 87 % 0263

High school 3IS(29%)y 26.(22%)

College or vocational sehool 16 (13 %) 25 (22.%)

University or graduate school 5343 %) 33 (46 %)
Dropour Q{7 %) 4.3 %)

® Fisher's exact test

16—42 years). While female CCSs tended to be somewhat
older, this difference was not significant. More than half of
the CCS8s (both male and female) had suffered from
hematological cancers, and approximately 15 % bad

suffered from brain tumors and solid cancers, respectively.
The mean age at cancer diagnosis was 7.5 vears (median 7;
range (19 years). The mean age at treatment completion
was 104 years (median 10: range 0-27 years), and this
survey was conducted approximately 14 years after treat-
ment completion. Regarding primary cancer treatment,
90 % of CCSs received multiagent chemotherapy, 51 %
received radiation, 37 % underwent surgery. and 20 %
received hematopoietic stem cell transplantation. There
were no statistical differences between males and females
for all basic characteristics. Approximately 28 % of CCSs
had not had a regular checkup at the time of this survey, but
33 % had regular checkups once per year, and another
33 % had two or more regular checkups per year. There
was no statistical difference between the geographic loca-
tions of males and females; a majority of the participants
lived in the Kanto area, including the Niigata prefecture.

CCS characteristics

Table 2 lists the current status of different CCS charac-
teristics according to gender. Nearly half of the CCSs
reported the presence of various late effects. The most
predominant late effects were endocrinological problems
and short stature, which was found in both males and
females. The marriage rate of females was significantly
higher than that of males in the 30 years or older group.
There were 17 male and 16 female unemployed CCSs; 8 of
the females were housewives. The unemployment rate was
15.9 % (25 of 157), excluding homemakers and students.
More than half of CCSs were in good health, and
approximately 10 % were in poor or bad health. Approxi-
mately 50 % reported good or fair economic status, but
male CCSs reported poor or bad economic status signifi-
cantly more often than females did.

Association between CCS characteristics and late
effects

The prevalence of late effects was significantly associated
with multiple CCS characteristics (see Table 3). The specific
cancer diagnosis was associated with different proportions of
reported late effects: CCSs who had been diagnosed with a
brain tumor or bone/soft tissue sarcoma reported significantly
more prevalence of late effects than those with other diagnoses
(76.and 67 %, respectively). Withrespect to cancer freatment,
radiation, surgery, and stem cell transplantation were associ-
ated with » higher prevalence of late effects than other treat-
ments (66, 61, and 77 %, respectively). Approximately 70 %
of unemployed CCSs experienced some late effects compared
with 44 9% of employed CCSs. Finally, CCSs who had better
subjective health and economic status were significantly less
likely to report late effects.

@ Springer
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Table 2 Present status of the total childhood cancer survivors

Table 3 Association factors or status with late effects

Male Female 7 Late effects Yes No fa
(r=123) (=115 (p value) (n=112) (1=123) (p value)
Late effects Age at survey {years)
Yes 60 (49 %) 5245 %) 0582 20 years or younger 32 (44 %) 40 (56 %) 0914
Endoerinological 22 (18 %) 26 (22 %) 0383 2124 years 26 (46 %) 30 (54 %)
problems 25-29 years 2T @I %) 3153 %)
] Short stature 20 (16 %) 13(11 %) 0,258 30 years or older 26 (51 %) 25 (49 %)
Nm;r}ocognitive 10 (8 %) T(6 %)y 0529 Diagnosis of eancer
gzn;:“fsi e 65 o4 Leukemia 52(41%) 74(G9%) 000
. a’;} o S {4 ?? . {5 o o Lymphoma 9@ %) 14(61 %)
Hye pm . ems t . (4 ‘;3 . (3 %ﬁ} 0'9993 Other solid cancers 15 (41 %) 22 (59 %)
caring imparemen {4 %) G % 035 Bone/soft tissue SET%  4(3 B
Bone/muscle 4(3 %) 22 % 0.684° -
problems Brain tumor 28 (76 %) 9 (24 %)
Psychological 32 % 22 %) 0.999" . .
problems Age at diagnosis (vears)
Surgery-related 32 %) 2(2 %) 0.099% 3 years or younger 32.(46 %) 37 (54 %) 0.854
problems 47 years 27 47 %) 30 €53 %)
Secondary cancer 0 2% 0235 8~12 years 28 (44 %) 36 (56 %)
Marriage 13 years or older 232 %) 23 {48 %)
20 years or younger 0739 (0 %)  O/33 (0 %)  N/A Treatment
21-24 years 1725 (4 %) 1130 (3 %) 0.718* Chemotherapy 104 (49 %) 109 (51 %) 011
25-20 years 335 OB 523 (2% 0259 Radiation 80 (66 %) 4234 %) <0.001
30 years or older M GL%Y ISB0 (5D %) 0.040 Surgery 54(61%)  35(39%)  0.001
Employment Stem cell 37 (77 %) 1123 %) <0.001
Yes 66 (54 %) 66 (57T %) 0733 @ﬁspiantat1nn
No at present 16 (13 %) 16" (14 %) Immunotherapy 4 (44 %) 5(56 %) 0,999
Never 1(1%) 0 Martiage
Student 40 (33 %) 3429 %) Yes 4% 19(56%)  0.687
Health status at present Employment ,
Good 61(50%)  67(58%) 0418 Yes S7T64%)  T4(56%) 0041
Fair 23 (19 %) 19 (16 %) No at present 22 (69 %) 10 (31 %)
Moderate 28 (23 %) 17 (15 %) Never 1 (100 %) 0
Poce 9 (8 %) 2 (10 %) Student NE3I%) 4257 %)
Bad 22 % 1% Health status at present
Economic status Good 35427 %) 93 (73 %) <0.001
N ; } b
Good 200%  23Q0% 0043 Fer B60%)  1TEH <0001
Fair 42 (35 %) 48 (42 %) Moderate 30 (68 %) 14 {32 %)
Poor 33 (28 %) 21 (18 %) Poor 20495 %) L5 %)
Unknown 19 (16 %) 16 (14 %) Heonomic status
e Good 11 (31 %) 24 (69 %) 0.04
N"; ot seplesble Fair W0@s %  4965% 0005
b ﬁ"‘jf;;‘“:‘ ; , Poor B(2%) 2648 %)
ight out o emale CCSs were housewives Bad 14 (70 %) 5 (30 %)

Disability qualification

* Fisher's exact test
® Trend test

Among the 239 participants, 28 CCSs (12 %) already had
the disability qualification, and an additional 15 reported
that they needed it (Fig. 1). The total number of CCS8s who
need the disability qualification is 44. Table 4 shows

associations between CCS characteristics and the need for
the disability qualification limited to survivors 18 years or
older. Univariate analysis showed that the significantly
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Necessary
S(09%

No

Nof necessary
210(88%) of necessary

188(79 %)

Fig. 1 Do you have or need the disability qualification?

related factors were education, primary cancer diagnosis,
radiation, surgery, and late effects. Logistic regression
analysis revealed that the significant independent related
factors were late effects (OR 12.3; 95 % CI 3.37-45.2),
brain tumors (OR 9.55: 95 % C1 1.90-48.0), lymphoma

(OR 5.92; 95 % CI 1.07-32.7), and being a high school
graduate (OR 9.86; CI 2.67-36.4). Gender and treatment
contents were not associated with reporting a need for the
disability qualification after adjustment of other factors.

Employment status

We classified the CCSs into three groups according fo
employment status: employed, unemployed, and students
{see Table 5). More than half of the employed CCSs
reported being satisfied with their current job, but
approximately 40 % also reported that their work had been
influenced by their childhood cancer experience. In addi-
tion, 61 % had told their employer and/or colleagues about
their cancer diagnosis. There were no significant differ-
ences between males and females.

In contrast to employed CCSs, 60-80 % of unem-
ployed CCSs reported having experienced some job

Table 4 Related factors of childhood cancer survivors who need the disubility qualification (limited to survivors 18 years or older)

Necessary (n = 37) Not necessary (n = 164) 7 (p value} Logistic regression analysis

Odds ratio (95 % CI) p value
Age at survey (years)
20 years or younger 10 (25 %) 30(75 %) 0.582 N/A
2}-24 years 8 (15 %) 45 (85 %) Nia
2529 years 9 (15 %) 49 (83 %) N/A
30 years or older 10 (20 %) 40 (80 %) NIA
Gender
Male 23 (22 %) 81 (78 %) 0.16 1.58 (0.57-4.36) 0.376
Education
Dropout 2015 %) 11 (85 %) 0.005 0.79 (0.10-6.38) 0.826
Junior high school 4422 %) 14 (78 %) 2.28 (0.04-14D) 0.695
High school 21 (35 %) 39 (65 %) 9.86 (2.67-36.4) 0.001
College or vocational school 5 (13 %) 34 (87 %) 1.26 (0.28--3.79) 0.766
University 212 %) 90 (88 %) Ref.
Diagnosis of cancer
Leukemia 8 (8 %) 97 (92 %) <0.001 Ref.
Lymphoma 7432 %) 15 (68 %) 592 (1.07-32.% 0,002
Other solid cancers 2¢1 %) 28 (93 %) 0.67 (0.07-6.09) 0.720
Bone/soft tissue sarcoma 3 (25 %) Y (75 %) 4.11 (0.52-32.%) 0.179
Brain tumor 17 (57 %) 13 (43 %) 9.55 (1.90-48.0) 0.006
Treatment
Chemotherapy 338 %) 148 (82 %) 0.846 1.11 (0.16-7.66) 0917
Radiation 27 (25 9% BO (75 %) 4,008 1.81 (0.52-6.32 0.353
Surgery 25 (32 %) 53 (68 %) <0.001 191 (0.52-6.99 0.326
Stem cell transplantation 717 %) 34 (83 %) 0.805 0.37 {0.10-1.39) 0.141
Late effects
Yes 40 (37 %) 67 (63 %} <0001 12.3 (3.3745.2) <0.001
Hosmer-Lemeshow: 7° = 3.37 {p = 0.90%)
N/A not applicable
@ Springer
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Table 5 Employed, unemployed and student childhood cancer survivors

Employed childhood cancer survivors (n = 131} Male ?emale z2 {p value}
{n = 65) {n = 66}
Job satisfaction
Good 11 (18 %) 12 (18 %) 0.690
Fair 19 (31 %) 2639 %)
Moderate 21 (34 %) 16 24 %)
Poor 8 (13 %) 711 %)
Bad {want to guit) 3 (5 %} 5(8 %)
influence by childhood cancer experience
Much 12 (19 %) 13 {20 %) 0.626
Fair 15 (23 %) 14 (21 %)
Moderate 914 %) 10 (15 %)
Little 17 (26 %) 11 (17 %)
Not at all 12 (26 %) 18 27 %)
Telling the cancer diagnosis to the company andfor colleagues
Yes 40 (61 %) 34 {52 %) 0.288
Ne 25 (39 %) 31 (48 %)
Un-employed childhood cancer survivors (z = 31} n=16 n =15 ¥ {p value)
Some difficulties in employment by childhoed cancer experience
Yes 13 (81 %) 9 (60 %) 0.193
No 3(19 %) 6 (40 %)
Please specify the reasons of unemployment
Failure despite of job seeking 5 (31 %) 4 (27 9%) 0.921
No job seeking 212 %) 1(7 %)
Unable 1o get a job because of late effects 3¢19 %) 3 (20 %)
Others 6 (38 %) 747 %)
Worry about un-employment
Not at all 0 1 (6 %) 0.020
Little 213 %) 1 {6 %)
Moderate 4} 3 (19 %)
Some Q 5 (31 %)
Much 12.(75 %3 4 (25 %)
Others 2(13 %) 1(6 %)
Your parent’s wish
Prefer you 1o work 13 (81 %) 8 (53 %) 0.271
Either will do 0 3 (20 %)
Prefer not you to work 1{6 %) 1{7T%)
Unknown 2 (12 %) 3 (20 %)
Major living costs covered by
Yourself 319 %) 0 0.012
Parents 11 (69 %) 7 {44 %)
Spouse 0 8 (50 %)
Public help 16 %) 1{6 %)
Do you want to work if they understand CCSs?
Yes, much to work 7 (4] %) 7 (47 %) 0.755
Yes, if possible 57 %) 427 %)
It depend on the job 2(12 %) 3 (20 %)
Others 212 %) 17 %)
@__ Springer
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Table § continued
Un-employed childhood cancer survivors (n = 31) n= 16 n=15 7 (p value)
Do you want the job-training place like the heant link working project?
Yes 15 (94 %3 15 (100 %) 0.999*
No 1 (6 %) 0
Students (# == 69) n =39 B =30 % (p value)
Do you have some worrics about your future employment?
Yes 19 (49 %) 18 (60 %) 0.352
No 20 (51 %) 12 (40 %)
* Fisher's exact test
Table 6 Related unemployment factors {excluding housewives and students)
Unemployed Employed e Logistic regression analysis
(n == 25) (n = 131 {p value) .
Odds ratio (95 % CD p value
Age at survey (years)
20 years or younger 4 (29 %) 10 {71 %) 0.608 NIA
21-24 years 6 (14 %) 37 (86 %) N/A
25-29 years & (15 %) 45 (85 %) NA
30 years or older 7 (15 %) 39 (85 %) N/A
Gender
Male 17 (21 %) 0.098 2.05 (0.71-5.90) 0,183
Education
Dropout 5(3% %) 8 (62 %) 0.110 8.46 (1.66-43.1) 0.010
Junior high school 117 %) 5 (83 %) 1.66 {0.11-24.8) 0.713
High school 8 (21 %) 30 (79 %) 1.78 (0.52-6.12) 6359
College or vocational school 4 (12%) 29(88 %) 1.26 (0.29-5.54) 0.757
University 7 (10 %) 60 (90 %) Ref.
Diagnosis of cancer
Leukemia 10 (12 %) 74 (88 %) 0.016 Ref.
Lymphoma 4 (25 %) 12.{75 %) 1.55 (0.34-7.19) 0.575
Other solid cancers 1(4%) 23 (96 %) 0.22 {0.02-2.32) 0:210
Bone/soft tissue sarcoma 2 (18 %) 9 (82 %) 1.05 {0.14-7.92) 0.964
Brain tumor B {38 %) 13 (62 %) 2.73 (0.83-8.96) 0.098
Treatment
Chemotherapy 24 (17 %) 1B (83 %) 0.303 NIA
Radiation 16 (19°%) 70 (81 %) 0.312 N/A
Surgery 12 (19 %) 50 (81 %) 0.426 N/A
Stem cell transplantation 8 (23 %) 206: (77 %) 0.564 N/A
Late sffects
Yes 21 (27 %) 5773 %) <0001 6.22 (1.86-21.4) 0.004

Hosmer-Lemeshow: 7° = 4.99 (p = 0.759)

N/A not applicable

difficulties because of the childhood cancer experience.
While only 10 % reported not having tried to find work,
30 % reported failure in job seeking, and 20 % reported
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the inability to obtain employment because of their late
effects. A majority of the CCSs reported worry concemn-
ing their upemployment status, eSpecially the males
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(75 %). Both males (81 %) and females (51 %) reported
that their parents preferred they find employment. For the
majority of the sample, living costs were being covered
by parents or spouses (females only). Most unemployed
CCSs reported wanting to work if their employers
understood CCSs better.

Table 6 shows associations between CCS characteristics
and employment status. Univariate analysis revealed sig-
nificant associations between primary cancer diagnosis and
late effects. Logistic regression analysis revealed the
independent related factors for unemployment were late
effects (OR 6.22; 95 % CI 1.80~21.40) and dropping out
{OR 8.46; 95 % CI 1.66-43.1). Finally, brain tumors ten-
ded to be associated with a high unemployment rate (OR
2.73; 95 % CI 0.83-8.96).

Discussion

We found that the unemployment rate was 15.9 % among
the CCSs, excluding homemakers and students, and that
40 % of all employed CCSs reported that their work had
been influenced by their childhood cancer experience.
Approximately 70 % of unemployed CCSs reported having
some late effects. The independent related factors for
unemployment were late effects (OR 6.22), dropping oiit of
school (OR 8.46), and brain tumors (OR 2.73). Most
unemployed CCSs were likely to seek work despite their
health problems and the presence of late effects.

The prevalence of late effects in this study was similar
to that in previous studies {12}, including other Japanese
populations {2]. Frequently reported late effects included
endocrine dysfunction, short stature, and neurocognitive
problems (that latter is frequently observed in brain tumor
survivors). The high prevalence of neurocognitive prob-
lems can be explained by the high percentage of brain
tumor survivors (15 %) in this study. The finding that the
presence of late effects is inversely associated with
employment, health, and economic status (see Table 3) is
consistent with previous research [13].

A total of 44 CCSs reporied that the disability qualifi-
cation is necessary. The most significant related indepen-
dent factors were late effects (OR 20.1), brain tumors (OR
8.29), and lower academic achievement (OR 6.3 for junior
high school). The Japanese government proposed the new
Cancer Control Act in 2012, which explores the employ-
ment needs and work-related problems of cancer survivors,
promotes employer understanding and an employer-spon-
sored consultation system, and establishes a society in
which cancer survivors can work and lve in trust. In the
US, the Americans with Disabilities Act of 1990 states that
a covered entity shall not discriminate against a qualified
individual with a disability, including cancer patients. This
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applies to job application procedures, hiring, advancement
and discharge of employees, workers” compensation, job
training, and other terms, conditions, and privileges of
employment. In Japan, cancer survivors are not included in
the disability gualification. They discussed which types of
cancer survivors could be included in the current disability
qualification.

In this gtudy, the unemployment rate was 15.9 % among
the CCSs, excluding homemakers and students. This rate
was similar to the rate of 11 % in the CCSS study [6] and
the rate of 16 % in Sweden [14], but relatively lower than
the rate of 37 % in Turkey [13]. Independent factors related
to unemployment were late effects (OR 6.22), dropping out
of school (OR 8.46), and brain tumors (OR 2.73). de Boer
et al. [16] reported a meta-analysis on adult CCSs and
unemployment. CCSs were nearly twice as likely to be
unemployed as healthy controls (OR 1.85, 95 % CI
1.27-2.69). Brain tumor survivors were nearly five times
more likely to be unemployed (OR 4.74; 95 % (I
1.21~18.65), whereas the risks for blood or bone cancer
survivors were elevated but not statistically significant (OR
1.42; 95 % CI 0.79-2.55; OR 1.97; 95 % CI 0.88-4.40,
respectively). Apart from type of diagnosis, predictors of
unemployment were a younger age, lower education, being
female, late effects, and radiotherapy. Our results are pri-
marily consistent with these findings [14, 16-18].

We have the unpublished data that most CCSs are highly
motivated to become helpful to others (a survey by the
Children’s Cancer Association of Japan). In this study,
many unemployed CCSs were likely to seek work despite
their health problems and late effects [19]. They require
social understanding regarding their specific difficulties
including late effects, and we as a society need to make
advocacy on their behalf a priority [20].

Gur study has two key strengths. First, this is the first
nationwide survey in Japan that has focused on CCS¢’
employment problems. Second, we incinded a large
enough sample to conduct a multivariate analysis on the
factors with two outcomes of interest. There are, however,
some limitations to the study. First, this i§ a cross-sectional
study, so it cannot determine causal relationships. Second,
we did not include a comparison group (such as siblings of
CCSs). Finally, the response rate was fairly low (34.4 %)
for the first sample group and unknown for the second
sample group. The results may be subject to response bias
(i.e., those with a stronger interest in the topic may have
been more likely to respond to the survey). These disad-
vantages must be considered given the logistic difficulty of
obtaining information from some isolated CCSs. Our
ongoing research focuses on seeking out these isolated,
unemployed CC8s and individually interviewing them.

In conclusion, our study suggests that the unemployment

rate of CCS in Japan is not high, but that some CCSs need
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the expanded disability qualification. Approximately 70 %
of unemployed CCSs had some late effects; independent
factors related to unemployed CCS were late effects (OR
6,22) and dropping out of school (OR §.46). Most unem-
ployed CCSs were likely to seek work, despite their health
problems.
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Summary

With improvement in survival, it is inwportant 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 = 113, myelodysplastic syndrome {n = 5}, non-Hodgkin lym-
phoma (1 = 2), brain tumours (n = 13) and other solid carcinomas
{n = 6) within a median follow-up duration of %5 years. The cumulative
incidence of any secondary cancers was 1-0% (95% confidence interval
{Ch, 0:7-1-4%) at 10 years and 2-4% (95% Cl, 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
incidénce despite marked decreases in cranial irradiation wuse 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 (08} of children with acute lymphoblastic feukaemia
{ALYL) despite decreasing prophylactic cranial irradiation {Pui
et al, 2009 Tsuchida et al, 2010). The immunosuppressive
and cytotoxic therapy necessary to achicve this improvement
increases the risk of subsequens 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 et al, 1992; Neglia o1 af, 2001
Mody et al, 2008; Meadows et al, 2009; Friedman er 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 3 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 af, 1991 Nygaard e @, 1991
Kimball Dalton er al, 1998; Loning er af, 2000; Bhatia e al,
2002: Hiliya 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« 1o 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 cobort of patients
previously enrolled onto a Tokyo Children’s Cancer Study
Group (TCCSG) protocol since 1984, the current study is the
first teport from an Asion country to describe the incidence
and types of secondary cancers observed among swrvivors 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
115 years were entered into 5 consecutive TCCSG studies
between 1984 and 2005 (L84-11, L89-12, L92-13, L95-14, and
LY9-15/L04-1502; Figure $1). The current analysis was prinsar-
ily based on 2,807 patients who underwent a successful induc-
tion phase, achieved CR and survived for at least 2 months or
more inthe intention-to-treat group, including a total of 621
stem eell transplantations (SCT) had been performed for the
primary ALL during the observation period of the study popu-
lation {Fig 1), Detsils of the treatment régimens and main
therapeutic results have been previously published. (Tsunema-
tsu-ef al, 1974 Tovoda et al, 2000 Manabe ef ol, 20013 Igar-
ashi et al, 2005, Hasegawa et al, 2012} Although the patients in
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our cohort were treated according to therapentic 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 4 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 13,

The cumulative doses of the important treatment contents
are listed in Table 1. The cumulative anthracycline dose was
converied 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 o 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-
tocel 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 1o the bigh-risk group (Table 1).

Follow-up and data collection

Follow-up of the patients were performed by the ireating
institution every 2 vears, al 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 2
survey to the treating institution 1o 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 1o the date of secondary cancer diagnosis, date of death
or date of last contact, whichever came first. The end of fol-
Tow-up for the study was December 2011,

Strtistical analysis

Cumulative incidence of secondary cancers over time was
calculated wsing competing risk methods {considering any
death as a competing event).{Gooley er al, 1999} The inci-
dence rates of cancer in the Japanes¢ 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 oceur in the patient cohort by calculating
the total person-years at risk by gender and S-year age

& 2013 John Wiley & Sons Ltd
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2918 ALL patienis registered in
TCCSG data centre
L84-11 10 L99-15 protocol

109 patients excluded
Inducton failure N= 64
l Died during induction N=34

2809 patients eligible [

Stop during induction  N=1]

m“-“—*“**i 2 Lost to follow-up during first 2 months

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

2807 patients included
in the intention-w-treat analvsis
{including 621 stem cell

entered into 5 conseeutive Tokyo Children's
Cancer Study Group (TCCSGH studies (18411,
L89-12, 192-13, 195-14 and L99-15/L04-1502,
The current analysis is primarily based upon

2807 patients who successfully acheived com-
plete remission (CR) and survived at Jeast
2 months or wore as the intention-to-treat

transplantation cases in 15 CR) 1091 patients excluded
Relapsed N=602
Change the freatment N =104
Lost 1o follow-up N=325
1716 patients who completed Dead in 1% CR ¥= 60

therapy in 1% CR included
in the per protocol analysis

analysis. 160 CR, fisst complete remission,

groups and multiplying by the corresponding cancer rates
ohserved 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 visk (AER) was calculated as the difference between
the number of observed events and expected events divided
by the number of personsyears of follow-up, and was
expressed as per 100 000 person-vears. 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 {ves or no}, specific anti-cancer agents {yes
or noj, 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 fo their
highly correlated nature. Thus, trestment protocol was
included in the main analysis, but the same model replacing
profocol with the anlicancer agents was also performed 1o
evaluate their effects. Data were analysed using the spss statis-
tical software, version 20.0 (IBM Japan 1id., Tokyo, Japan)
and EZR (Saitama Medical Centre, Jichi Medical University),
a graphical user interface for R, {Kanda, 2013},

Resulis

The OS proportions of the TCCSG ALL L84-1) io 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 amdng the intention-to-treat gronp suffered a
relapse. OF the total patients, about 70% were followed until

@ 2013 John Wiley & Sons Lid
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after 2008. Even with reduction in CRT use, from 100% to
869, 10-vear OS has increased steadily from 74% to more
than 85%. The median follow-up duration after diagnosis of
ALL was 93 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 eancers had been diagnosed in our cohert, incduding
acute myeloid leukaemia {(AML, 2 = 11), myclodysplastic syn-
drome (MDS, 1 = 5), non-Hodgkin lymphoma (NHL, = 2},
brain tumours (# = 13) and other solid carcinomas (1 = 6),

Cumulative incidence

The overall cumulative incidence of secondary cancers was
1-0% (95% confidence interval [Cl], 0-7-1-4% at 10 years,
1-4% (95%0C1 0-9-2-0%) ar 15 years and 2-4% (95%Cl,
1-5-3:7%3 at 20 vears from the diagnosis of ALL, respectively
{Fig 2A). The corresponding camulative incidence among
patients remaining in first CR was 3:9% at 20 years (95% Ch
2:3%-6-19%}, which was significantly higher {P < 0-601) than
patients not in first CR {Fig 2B). The cumulative incidence
in persons who received CRT was 2:9% at 20 years (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 protocel (Fig 2D).

Clinical characteristics of secondary cancers

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

Anthreyeline img/mz}

Risk Group by Patients CPM VvP-16 IVMTX Maintenance CRT CRT rate 10-year OS
protocol {n) DNR  DOX  THP ACR  MIT  Total {mgim®) (mg/ny  {(gm) {weeks} MEXIT (G (%) (9%)
L8411 484 100 743 k20
SR (A/B-armayt 194 0 g il 0 [} 0 ¢ 0 2435 172 9715 18 100
HRAA/B arm)t 244 180 o 0 150 Q 224 6806/6000 0 1/2:5 172 311 24 100
HEX 48 75 100 0 0 0 162 4000 0 0 96 11 24 100
L89-12 418 80 ¥k 22
SR LA/B arm)t 142 0 10070 100/150 0 0 160190 0 900 9 91 919 0 v 18 44
iR 100 0 0 210 &0 0 135 3100 2400 6 9T 7 18 100
HR 146 0 o 240 & 20 210 3600 2400 6 87 & 18 100
19213 347 44 TIY & 22
SR 124 0 ) 150 6 20 170 9 0 6 24 8 0 0
HR (A/B arm)t 122 0 o 100 0 20 140 1000 1200 610 22 10 0 vs12/18 47
HEX 101 0 0 100 0 40 220 1900 1260 i 16 9 {6) 18 100
1.95-14 597 44 8240 4 16
SR 231 f U 160 {1 0 60 2600 it 136 54 i1 13 9
HR {A/B atm)t 129 & 0 220 0 0 132 4000 O 10671 54 H v 12/18 18
HEX 237 100 200 220 0 0 415 4000 ] 1 54 8 18 100
199-15/104-1502 1007 8.6 87:6 % 1-2%
SR 381 100 0 0 ¢ 0 83 2006 0 13-15 104 11 0 0
HR{A/B arm)t 404 100 100 120 0 0 245 4600/5000 o 16 52 10711 0 6
HEX 242 100 0 0 620 163 5600 1000 6 54 17 12118 274

SR, Standard risks IR, Intermediate risk; HR, High riski HEX: extremely high risk; DNR, daunorubicin; DOX, doxorubicin THP, pirarubicin; ACR, acracinomycin: MIT, niitoxantrone; Total, DOX-
equivalent dose; CPM, cyclophosphamide; VP-16, etoposides MTX, methotrexate; CRT, cranial irradiation; [T intrathecal; Q8, overall survival.

F{A/B arm): cumulative doses of A arm/B-arm; Additional details of treaiment regimen are provided ss supplemental information:

Jd-year overall survival rate.
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Fig 2. Cumulative incidence of secondary cancers. Shown are the comulative incidences of secondary cancers as a function of time since primary
ALL diagnosis over a maximum follow-up of 27 vears. (A} Overall comulative incidence of secondary cancer among the fotal patient cohort. (B)

Overall cumulative incidence of patients remaining in first complets

remission (1st CR} compared to others. {C) Overali cumulative incidence

according to treatment with or without cranial radiation therapy {CRT). (1) Overall comulntive incidence according to treatment protocols; L84~
11 {black line), LBY-12 (red line), 192-13 (green line), L95-14 {purple line}, and L99-15/L04-1502 (bluc line). The numbers of patients at risk at

a specific time point are indicated below each of the fous 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 NHL1 was shortest
{median 3-0 yeass), followed by brain twmours {median
11:5 years) and other solid carcinoma (median 16-3 vears),
Haematological cancers developed most commonly during the
first 10 years followed by brain tumours from 15 to 20 vears
(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 Lid
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secondary was earlier for haematological cancers than brain
wmour {median 14 years) and other carcinomas (median
19 years). Among AML, the most common morphological
type was M5 (3 had t (%531) {p22;423) with MLL-MLLT3
translocation), Four MDS cases showed chromosemal abpor-
mality. Lymphoma and solid tumours did not show any chro-
mosonal abnormalitics.

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 pertormed for the primary ALL during the
observation period of the study population, only 3 patients
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Table 1. Clinical characteristics of patients with secondary cancers,

AML MDS MNHL Brain timour Other carcinoma
Total number of sccondary cancers 11 5 2 13 6
Gender {MalerFemale? 38 14 20 &5 33
Primary ALL
Age at diagnosis of ALL {years) 3 il-14) 54213} 4 {20} 8 (2~12} 11 (314}
Initial WBC count {» 107/13 2005 {1-9-168) 112 {29703 87 (3414} 12:6 (19112} 49 {23163}
Inmmmunophenotype (B T:0ther) 7:0:4 3:0:2 20 7:1:5 &:0:0
Risk group (SRAR:HR) 1:8:2 pRinl REHY 11002 290
Secondary cancer (8C)
Incubation time to SC (years) 33 {16118} 23 (1:0~6:3) 31 {2:8-3:4) 115 (2:3-23:2) 16:3 (72-21:4)

411 (36%)
90 {6-4-213)

Diagnosis on therapy 245 (4%}

Age at dlagnosis of $C (years}

Sub-classification Md: 2, RAER: 1,
M5 7, CMML: 2,
M7 1, Unknown: 2

Unknown: |
Treatment for primary ALL

Protocol {11:32:13:14:15) 113:0:2:5 2hfnlal
Cranial irradiation a11 155%:) 343 {1009
Dose of cranial irradiation {Gy) 18 (0~28) IR 18-241
Anthracyelines (DOX equivalents 230 {30-330) 72 {0190}
Cyclophosphamide {»10" g 40 (3- 160 40 (0-5:6)
Btoposide (10° @) 0 {024 0 {0243

Duration of maintenance {weekst 52 (28-172) 96 (62-172)

Stem cell transplantation 0 0
Treatment for secondary cancer (85C)

Surgery 0 0

Radiation ] 0

Chemotherapy 1 4

Stem cell transplangation 8 1

Median survival duration {yvars) 17 {0-2-4:3) 4.6 (0-9~11-1}

4-year survival rate (6] 244 643
Standardized incidence ratio (8IR) and absolute excess risk {AER}

No. observed/expected 16/0-64 2/6-82

SIR {9386C1H 25 {14-41) 3-8 ({1514}

AER/100 00D person-years 118 94

11 {48-14-5)

12 {50%)
75 (53971

Diffuse Jarge B-cell

lymphoma: 1,

Burkitt lymphoma: {

dninin2

072 {0%)

24 {1836}
112 {82-142)
2O {B-2.00
0 {0-2:4)

96 {22-175)
0

3.6 (3567}
500

13/3:36
36 (19-62)
90

013 (0%}

18-5 {10:3-27-7

Glioma: 8,
Meningioma: 3,
Other: 2

61300101
13/13 {100%)
&

120 {0-190)
30 {(-6-8)

i

78 {52-104)
1/13 (8%

9
-
H
]
20 (0:1-11:3)

30%

6245
25{0:9-5-3)
26

076 {0%)

239 {18-8-32:6)

Oral cancer: 2,
parotid cancer: 2,
breast cancer: 1,
thyraid cancer: 1

A2
576 (83%)
18 {0-24)
A7 {02303
11 {0603
0 {0-1-2}
112 40-172)
2i6 (33%)

R

S

0
30 {08~-10:4)
83%

ALL, acute lymphoblastic Teukaeming AML, acute myeloid levkaemin: MDS, myelodysplastic svadrome: RAEB, refractory anacmia with excess
blastss CMML, chronic myelomonocytic Jeukaemin NHL, Non-Hodgkin lymphoma; WBC, white blood cell; SRARIHR, standard/intermediate/

high riski DOX, doxorubicin: 95% Cl, 953% confidence imerval,
Numbers shewn as median (range: minimomemaximum?,

developed a secondary cancer (1 brain timour and 2 other
cancers), All 3 cases received total body irradiation-containing
conditioning regimens, twa of 3 developed tongue carcinoma
whilst suffering from chroni¢ grafi-versus-host disease after
sllogeneic SCT. SCTs were common among secondary AML
patients as treatment. Kaplan—Meier OS curves for the patients
with secondary cancers are shown in {Fig 31}, The lowest sur-
vival probabilities were observed for patients with AML/MDS/
NHL compared to patignts with brain tumours and other
carcinoma (P = 0045 by log-rank test).

SIR and AER

We compared the incidence of secondary cancers in our cobort
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 AMLIMDS, 3-8 (95% CI, 0:3~14) for lymphoma,
36 (95% €l 19-62) for brain tumours and 2:5 {95% (J,
:9-5.3} for other solid carcinoma. This represents a 9-3-fold
(95% Cl, 6:5-12-8) increase risk of all secondary cancers dur-
ing @ 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 unadiusted analyses comparing patients with and with-
out secondary ¢ancers 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 Lid
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