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Objective: The primary objective of this study is to describe cancer mortality rates and trends among Japanese
adolescents and young adults aged 15-29 years for the period 1970-2006.

Materials and methods: Age-standardized mortality rates were calculated by the direct method using age-specific
mortality rates at 5-year age intervals and weights based on the age distribution of the standard world population. The

joinpoint regression model was used to describe changes in trends.

Results: For all cancers combined, the montality rate at age 15-29 years during 2000-2006 was 4.41 (per 100 000
population) for males and 3.81 (per 100 000} for females. Trends of mortality from cancer in Japan were similar to that
in other developed countries. A notable exception was cervical cancer, for which Japanese young women showed
a significant increase, ‘on average 4.0% per year throughout the period.

Conclusion: This report preserits updated figures and trends in cancer mortality among adolescents and young
adults aged 15-28 years in Japan and other developed countries. We hope this study will raise public awareness on
cancer in this age group and provide the impetus for further research to improve the survival and quality of fife of the

young people in Japan.
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introduction

Cancer is the leading cause of disease-related deaths in
adolescents and young adults (AYAs) in Japan. Nearly 7000
adolescents and young adults aged 15-29 died from cancer in
Japan in the 7-year period of 2000-2006. Overall cancer
patterns reflect cancers that are most prevalent in middle and
old age, especially breast, prostate, lung and colorectal:
However, the spectrum of malignant diséases among younger
ages {childhood, adolescence and young adulthood) differs
from patterns at older ages and even among themselves,'A prior
monograph from the Surveillance, Epidemiology and End
Result (SEER) program indicated that malignant disease in
persons aged 15-29 years is unique in the distribution of types
that occur, with Hodgkin's lymphoma, melanoma, testis
cancer, female genital tract malignancies, thyroid cancer, soft
tissue sarcomas, and nongonadal germ-cell tumors accounting
for 95% of the cancers in this age group. The vast majority of
cancers diagnosed before age 30 appears to be spontaneous and
unrelated to either carcinogens in the environment or inherited
factors [1].
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Compared with younger and older age groups, adolescents
and young adults have experienced little or no improvement in
cancer survival rates in more than two decades. The SEER
reports have addressed concerns about the deficit in survival
improvement in this population and attributed it to a lack of
awareness of the cancer problem in this age group, lack of
health-care insurance coverage and access to health care [1-4].
During recent years, more attention has been drawn to the need
for further development of treatimient services available to
adolescents and young adults with cancer. Some developed
countries have also ‘reported descriptive epidemiologic results
based on population data for AYAs with cancer [5-14].
However, little attention and few resources have been devoted
to studying the incidence, risk factors, survival and mortality in
this age group in Japan.

To provide a comprehensive picture of the cancer mortality
and trend analysis in individuals aged 15-29 years in Japan, we
analyzed the occurrence of death from cancer among AYAs at
the population level over the period of 1970-2006, using official
death certificates, which record 100% of deathis in Japan.

materials and methods

The number of deaths by cause, stratified for sex and by 5-year age group
for cancer for the period 1970-2006, was derived from vital statistics
compiled by the Ministry of Health, Labor and Welfare of Japan.
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Population figures were obtained from census data and intercensus
estimates, by calendar year, age and gender. Population censuses of Japan
are conducted every 5 years by the Statistics Burcau, Ministry of Internal
Affair and Communications.

For comparison, we also calculated the cancer mortality rate in other
developed countries, including Canada (2000-2004), the United States
(2000~2005) and UK, England and Wales (2000-2005). Deaths at age 15-19,
20-24 and 25-29 years were derived from the World Health Organization
(WHO) mortality database. Estimates of the residential population, based on
official censuses, were obtained from the same WHO database.

During 1970-2006, three different revisions of the International
Classification of Disease (1CD) were used. In Japan, this included 1CD-8
from 1970 to 1978, ICD-9 from 1979 to 1994 and 1CD-10 fram 1995
onward. Since the differences were minor in various revisions, we recorded
cancer sites, including all cancer combined (ICD-10: C00-57), lip, oral and
cavity and pharynx (ICD10: C00-14), digestive organs {ICD-10: C15-26),
colorectal (ICD-10:C18-21), respiratory and intrathoracic organs (ICD-10:
C30-C39), bone and articular cartilage {ICD-10: C40-C41), melanoma of
skin (ICD-10: C43-C44), mesothelial and soft tissue (1CD10:C45-C49),
genitourinary organs (ICD-10:C51-C68), testis (ICD-10:C62), cervix {ICD-
10: C53), ovary (ICD-10:C56), central nervous system (CNS) tumors (ICD-
10: C70-C72), thyroid and other endocrine glands (ICD-10:C73-C75),
leukemia (JCD10: C91-C95), lymphoid leukemia (ICD-10: C91), myeloid
leukemia (ICD-10: C92), lymphomas (ICD-10: C81-85), Hodgkin's disease
(ICD-10: C81) and non-Hodgkin's lymphoma (ICD-10: C82-85). Age-
standardized montality rates at age 15-29 years were calculated by the direct
method using age-specific mortality rates for 5-year age intervals and
weights based on the age distribution of the standard world population.

Joinpoint software 3.3.1 from the Surveillance Research Program of the US
National Cancer Institute was used for trend analysis {15, 16]. We allowed up
to four joinpoints for each model. Mortality rates and their standard errors
were calculated using SAS 9.0. Time trends were assessed by site and sex.
Mortality trends for Canada (1970-2004), the United States (1970-2005)
and UK, England and Wales (1970-2005) were included for comparison.

The standardized mortality ratio (SMR) by sex was calculated for 47
prefectures in Japan by taking the ratio of the observed to expected deaths.
The z value was computed for each SMR, based on the assumption that
observed deaths follow a Poisson distribution. The maps were developed
using SMR by gender.

results

Table 1 gives age-adjusted 1529 years mortality rates from all
malignant tumors and the main types of cancer in Japan and
other developed countries. Age-adjusted mortality rates in Japan
for six successive 5-year calendar periods, i.e. 1970-1974; 1975-
1979, 19801984, 1985-1989, 1990-1994 and 1995-1999, and
also for the 7-year period of 2000-2006 were calculated. For all
cancers combined, the mortality rate at age 15-29 years during
20002006 was 4.41 (per 100 000 population) for males and 3.81
{per 100 000) for females. Trends of age-standardized mortality
from cancer are shown in Figures 1 and 2 and . Table 2. The
mortality for all cancers combined has declined since 1970s for
both sexes. The average annual percent change (AAPC) in the
last 10 years was —3.1% (P < 0.05) for males and —1.6% (P <
0.05) for females.

malignant neoplasm of lip, oral cavity and pharynx

Mortality rates from lip, oral cavity and pharynx cancer
remained stable at a low level for both genders throughout the
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period. Death rate was 0.13 (per 100 000) for males and 0.08
{per 100 000) for females during 2000-2006.

colorectal cancer

Since 1970, colorectal cancer mortality has declined among
AYA population aged 15-29 years. The reduction during the
past 10 years averaged 2.6% per year in males and 3.0% per year
in females.

malignant neoplasm of respiratory and
intrathoracic organs

Mortality rates from respiratory organs cancer in adolescents
and young men increased in the 1970s and fell significantly
from 0.20 per 100 000 in 1979 to 0.09 per 100 000 in 2006. For
females, the death rates declined throughout the period. The
AAPC in the last 10 years was —2.7% for males and —2.1% for
females.

malignant neoplasm of bone, connective tissue,
skin and breast

Mortality for malignant bone tumors during 2000-2006 was
0.38 {per 100 000) for males and 0.22 (per 100 000) for
females. Reduction was observed throughout the period for
both sexes (1.4% per year in males and 2.1% per year in
females). Figures 1 and 2 show increases in mortality for
mesothelial and soft tissue tumors of 3.2% per year in males
and 3.0% per year in females in the period 1970-2006.
Mortality for melanoma of skin remained low and stable in
females from 1970 to 2006. For males, a decline trend has
been observed in the last 6 years with an average of 23.8%
per year. The rate for both sexes was ~0.05 (per 100 000)
during 2000-2006. Female breast cancer mortality rates
peaked in 1980 and then fell significantly from 0.35 (per
100 000) to 0.24 (per 100 000) with 1.9% per year during
1980-2006.

genitourinary. organ cancer

Mortality rates from testicular cancer increased by 7.1% per
year from.1970.to 1977 and fell significantly from 0.54 (per
100.000). in- 1977 to-0:16:(per 100 000) in 2006. Relative to
cervical cancer; mortality significant increased by an average of
4.0% per year throughout the period. For ovary cancer, the
rates have remained stable for the past decade.

CNS tumors

CNS tumors mortality among AYA population was 0.30 (per
100 000) for females and 0.42 (per 100 000) for males from
2000 to 2006. Mortality for males increased significantly by
7.1% per year until 1981 at which point there was a slight and
nonsignificant rise. For females, mortality increased by 1.4%
per vear in the whole period.

malignant neoplasm of thyroid and other endocrine
glands

Mortality rates were stable throughout the period for both
sexes, with the rate ~0.07 (per 100 000) for males and 0.04 {per
100 000) for females from 2000 to 2006.

doi10.1093/annonc/mdn664 | 759
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Figure 1. Trends on age-adjusied mortality for cancer among adolescents and young adults aged 15-29 years, Males, Japan, 1970-2006.

malignant neoplasm of lymphoid, hematopoietic
and related tissue

Death rate from leukemia during 2000-2006 was 1.23

{per 100 000) for males and 0.86 (per 100 000) for females.
Mortality showed continued improvement over time for
both sexes. For lymphoma; rate among young people aged
15-29 years was 0.49 (per 100 000) in malés and 0.27 (per
100:000) in females during 2000-2006. Significant decline
was’'observed in both sexes (by 3.9% per year in males and
2.8% per year in females in recent decade).

Mortality rates varied among prefectures in Japan. A map of
SMR by gender is shown in Figure 3. The SMR was significantly
highest among AYAs aged 15-29 years in Hokkaido, Iwate,
Akita, Fukushima, Niigata and Miyazaki prefecturés for males
and Akita; Fukushima, Tochigi, Kochi and Miyazaki prefectures
for females,

Volume 20| No.. 4 | April- 2009

discussion

This study has presented: detailed analysis on the trends of
cancer mortality in AYAs aged 15-29 years in Japan. There were
60 959 adolescents and young adults who died from ¢ancer
during 1970-2006. Approximately 900 deaths were attributed
to cancer in AYAs aged 15-29 years in 2006, which is two times
more common than mortality during the first 15 years of life.

Mortality rates decreased during the study. period in both
sexes. It is unlikely that the observed time trends in the
mortality rate are due to variations in the completeness and
accuracy of the population data; because the data we used were
provided by official sources, which were founded on the
population census. The AAPC was also reported in this study.
The AAPC can be used to characterize a short segiment based on
a joinpoint model fit over a much longer series. This is

doi:10.1093/annonc/mdnes4 | 761
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Figure 2. Trends on age-adjusted mortality for cancer among adolescents and young adults aged 15-29 years, Females, Japan, 1970-2006.

especially advantageous when data are sparse (e.g. a rare cancer
or data from a small geographic area) [17]. According to trend
analysis; marked mortality reductions occurred for cancer of
digestive and respiratory organs, testicular cancer, leukemia
and lymphoma. Similar decline trénds were also observed in the
United States, Canada and England and Wales in recent decade.
These declines have been attributable to improving treatment
for leukemia, lymphoma and testicular ¢ancer.

Compared with the childhood cancers we reported
previously [18], the reduction in the cancer mortality rate
among AYAs aged 15-29 years has lagged behind the reduction
in children. The AAPC in the last 10 years for pediatric cancer
were —3.8% per year for boys and —1.9% per year for girls,
while comparable declines for AYA population were —3.1% per
year for males and —1.6% per years for females in the same
period. Similar patterns have also been reported in the United

762 Yang et al:

States. A recent monograph published by SEER revealed that
cancer mortality rates among this population have mysteriously
flattened, while those of children and older adults have steadily
improved [19]. The different distribution of cancer type
between children and young people might partly explain this
lowered reduction in mortality rate among AYA population.
Furthermore, survival studies focused on AYAs have also found
that some cancers common in adolescents, such as acute
myeloid leukemia, acute lymphoblastic leukemia,
rhabdomyosarcomam, osteogenic sarcoma and Ewing’s
sarcoma; are associated with lower 5-year disease-free survival
rates in adolescents and young people [12], likely contributing
to this deficit in mortality reduction between young adults and
children. A report from the United States also attributes this
discrepancy in part to the widespread gap in clinical trial
participants and health-care insurance coverage between

Volurnie 20 | No. 4 | April 2009
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*Last 10 observations.

*P < 0.05.

APC, annual percent change; AAPC, average annual percent change.
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pediatric and young adults [20]. The proportion of Japanese
teeniagers with cancer who are included in national and
international clinical trials and studies is still unknown. Further
studies focused on health-care services and survival outcome
among adolescents and young adults in Japan need to be
conducted.

There was no decline in mortality from CNS tumors among
AYAs in Japan. This implied an unfavorable trend in the
incidence of CNS tumors in these populations, although
improved diagnosis and certification could not be completely
ruled out as contributing factors. The etiology of CNS tumors is
complicated and remains largely unknown. Environmental
factors are suggested to have a relationship with brain tumors.
Increased incidences among children based on local
population-based cancer registry data in Japan have been
reported previously [21]. Investigations of the incidence of
CNS tumors among adolescents and young people are
necessary.

The increase in mortality from cervical cancer in AYAs
suggests an increased incidence in these populations. This
hypothesis can be proved by data from 11 regional population-
based cancer registries in Japan [22]. The incidence rate
increased from 0.7 (per 100 000) in 1975-1979 to 2.1 (per
100 000) in 2000-2002 among the AYA population aged 15-29
years. The reason for this increase trend among young women
is complicated. Some research has attributed it to changes in
sexual habits, oral contraceptive use, tobacco smoking, sexually
transmitted diseases (papillomavirus) and the extension and
distribution of screening among adolescents and young
women.. The cervical cancer-screening program in Japan was
only offered to women aged >30 until 2004, and the coverage
rate fell behind that of other developed countries. According to
the: Organization. for Economic Co-operation and
Development health data 2008, the coverage of cervical cancer
screening was 23% among Japanese women aged 20-69 years,
compared with 83.5% in the United States; and 72.4% in
Germany [23]:

Although Levi et al. [24] reported mortality trends in AYAs
aged 15-24 years in Europe, including Japan for comparison
previously, they primarily mentioned about seven diagnostic
groups (bone sarcoma, soft tissue sarcoma; vary, testis, non-
Hodgkin’s lymphomas, Hodgkin’s disease and leukemia) and
only presented data up to 1998. Our report provides updated
mortality rates and reliable time trend analysis for AYAs aged
15-29 years in Japan. Trends of mortality from cancer in Japan
were generally comparable with other developed countries, but
different patterns among countries have been found in this
study. For example, the mortality rate froon CNS tumors has
decreased in the United States, Canada and UK in recent
decades; however, no evidence of decline was found in Japan.
Unfavorable mortality trends from cervical cancer in young
Japanese women throughout the period were not observed in
the United States, Canada and UK. Differences in the
distribution of the histology pattern among different countries
might play a role. Meanwhile, as mentioned above, the lag time
in intervention in Japan might contribute to unfavorable trends
in cancer mortality.

There are some limitations of this study. The low number of
deaths from rare cancers may have biased the result. Some

‘Volums 20| No. 4| April 2009
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Figure 3. Standardized mortality ratios for cancer among adolescents and young adults aged 15-29 years in Japan, 2000-2006 by prefecture.

stable trends in the present study, such as mortality in thyroid
cancer and Hodgkin’s lymphoma, are more difficult to
explain because of the small absolute number and substantial
random variation. On the other hand, mortality rates are not
a good substitute for incidence, because treatment for cancers
has improved rapidly over time, and survival varies between
age groups and populations. Furthermore, deaths occurring
in adolescents and young adults relate to cancer diagnosed
several years earlier, at younger ages.

Despite these limitations, this report is the first national
large-scale study on mortality trends among individuals aged
15~29 years in Japan, which covered 100% AYA'deaths from
cancer. Moreover; there is no national-level cancer registry
system in Japan. Against this background, the analysis of
mortality trends over several decades remains an important
method to provide additional insight into the cancer burden
among AYA population. We believe that these analyses and
observations will help to estimate care needs, to plan-cancer
prevention strategies and to provide reasonable health services
for this group of patients.

conclusions

This report presents updated figures and trends in cancer
mortality among adolescents and young adults aged 15-29
years in Japan and other developed countries. Mortality has
improved for AYAs over the 37-year study period; however, the
improvement lags behind that for children. The increased
cervical cancer mortality presented here implies an increase in
incidence among young Japanese women and draws attention
to the need to strengthen ‘cervical cancer screening in Japan'.
We hope that this study will raise public awareness about
cancer in this age group and provide the impetus for further
research to improve the survival and quality of life of the young
people in Japan.
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We report the long-term results of Tokyo Children’s Cancer Study
Group's studies L.84-11, L89-12, L92-13, and L95-14 for 1846
children with acute lymphoblastic leukemia, which were con-
ducted between 1984 and 1999. The value of event-free survival
(EFS)+ s.e. was 67.2+2.2% at 10 years in L84-11, which was not
improved in the following two'studies, and eventually improved
t0.75.0 + 1.8% at 10 years in L95-14 study. The lower EFS of the
L89-12 reflected a high rate of induction failure because. of
infection and delayed remission in very high-risk patients. The
L92-13 study was characterized by short maintenance therapy; it
resulted in poor EFS, particularly in the standard-risk (SR) group
and boys. Females did significantly better than males'in EFS in
the early three studies. The gender difference was not significant
in overall survival; partly because: >60% of the males survived
after the testicular relapse. Randomized studies in:the former
three protocols revealed that intermediate- or high-dose metho-
trexate therapy significantly reduced the testicular relapse rate, In
the L95-14 study, gender difference disappeared in EFS. Contrary
to the results of larger-scale ‘studies, the randomized control
study in the L95-14" reconfirmed with updated  data  that
dexamethasone: 8 mg/m?: had: no advantage over: prednisolone
60mg/m® in the SR and intermediate-risk groups. Prophylactic
cranial irradiation was assigned to 100, 80; 44, and 44% of the
patients in the studies, respectively. Isolated central nervous
system relapse rates decreased to <2% in the last two trials.
Secondary: brain tumors ‘developed-in 12 patients at 8-22 years
after cranial irradiation. Improvement of the remission induction
rates and the complete omission of irradiation are currently main
objectives in our studies.
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Introduction

We present here the long-term results of four studies for childhood
acute lymphoblastic leukemia (ALL) of Tokyo Children’s Cancer
Study Group (TCCSG) conducted between 1984 and 1999.
Treatment protocol for SR and IR of the L84-11 study’? was
based on the early St jude’s total therapy.® ALL-BFM 81*
protocol was modified and introduced to_extremely high-risk
group regimen for the first time. The protocols of the following
three studies L89-12,"* 1£92-13,"® and L95-14,” were designed
on the basis of the ALL-BFM framework. All the four protocols
contained trials to reduce the number of patients who received
irradiation, as had been reported in other studies.*® The second
point of analysis was on a gender difference’®'? with respect to
long-term. event-free survival (EFS) and overall survival (OS).
Randomized studies were mostly designed to test whether or not
intermediate-dose methotrexate (ID-MTX) and high-dose meth-
otrexate (HD-MTX) could replace the cranial irradiation. It is
needed to describe the further long-term outcome of the patients
who were treated in 1.92-13 study, which was characterized by
very short maintenance therapy. We published the discordant
results on the randomized comparison between dexamethasone
and prednisolone in 2005, which was updated in this analysis.”

Materials and methods

Total of 1846 newly diagnosed patients with ALL aged 1-15
years entered into the four studies—that is L84-11 (n=484),
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Table 1 Event-free survival, overall survival, and CNS relapse of TCCSG studies 1L84-11, 1L89-12, 1L92-13, and L95-14
Study Year Number Complete remission Event-free survival £ s.e.% Overall survival +s.e.% Isolated and any CNS
of patients  rate (corrected)® relapse rate t s.e.%
Syears 10years 15years Syears 10years 15 year 10 year
L84-11 1984-1989 484 97.3 (98.6)% 71.2+21 672422 663+22 80.7+1.8 743120 73.5+2.1 41+10
55+1.1
L89-12 1989-1992 418 92.8 (95.7)% 672124 644424 623126 77.7(2.1) 735122 71922 3714
54%+13
192-13 1992-1995 347 96.5 (97.7)% 637427 60.1£27 57.7+29 80.4(2.1) 77.9+22 774124 1.0+0.6
26410
L95-14 1995-1999 597 95.0 (97.4)% 76.8+1.8 750+18 — 849 (1.5) 82.0+£1.6 - 1.7+06
28+0.7

Abbreviations: CNS, central nervous system; s.e., standard errar; TCCSG, Tokyo Children's Cancer Study Group.
“Corrected rémission (rate %): patients who achieved delayed remission were included in remission, and censored patients during the induction

phase were excluded from the total.

L89-12 (n=418), L92-13 (n=1347), and L95-14 (N=597)—as
shown in Table 1. Diagnoses were made based on morphology,
immunophenotype, and cytogenetics in each institution; the
ALL committee evaluated these results for eligibility. Patients
aged 1-6 years presented with a leukocyte count <20 x 107
and B-precursor phenotype were classified into the standard-risk
(SR) group in all the studies. Definitions of the intermediate-risk
(IR} and high-risk (HR) or. extremely high-risk groups. varied
across the four studies. Nonetheless, HR patients were mostly
defined as having one of the following: initial leukocyte count
>100 x 10°/1; age of =10 years, leukocyte count 50 x 10°/};
Philadelphia chromosome (Ph) or BCR-ABL fusion gene product
positive, 11923 chromosome translocation or MLL gene
rearrangements, and T-ALL with otherwise IR-risk factors. The
reminder of the SR and HR patients was assigned to the IR
group. Analysis of  the . outcome was based on the- risk
classification of the NCI/Rome criteria.'?

Leukemic-cell karyotype was obtained from 20 to 30% of the
patients in the first three studies. The DNA index was measured
by flow cytometry.

Infants were excluded from these studies, and their treatment
results were already published elsewhere.’*'®

Treatment

The precise regimens of L84-11,> L89-12,° 192-13,% and L95-
147 studies were available in earlier publications. Table 2
provides a summary of regimens in each study.

L84-11 study (1984-1989). Both the SR and HR groups
were randomized at early intensification into two arms—that is
S1 and S2, and HT and H2, respectively. In the S2 and H2 arms,
the patients received three courses of ID-MTX (500 mg/mz) with
a single dose of leucovorin rescue (12mg/m?) "at 48h, in
conjunction with double-drug intrathecal injections (DiT) before
cranial irradiation. In the Stand H1 arms, 18 Gy of cranial
irradiation with five doses of triple-drug intrathecal injections
(TIT) were administered without ID-MTX.

The DIT consisted of methotrexate (MTX) 15 mg/m®><15mg
and hydrocortisone 30 mg/m®><30mg, respectively. The TIT
consisted of DIT "and " cytosine arabinoside (CA) 30 mg/m?
<30mg.

189-12 Study (1989-1992). The regimen was based on the
BFM backbone in all three risk groups. There -was a week: of
prophase treatment with prednisolone alone to evaluate initial
steroid response, as BFM group described.’” The main objective
was to determine whether cranial irradiation was essential to the

Leukemia

treatment of SR patients or not. To do so, the SR patients were
randomly assigned to the SRO and SR18 arms, and patients in the
SRO arm were given three courses of HD-MTX (3 g/m?) with
three DIT without cranial irradiation. The doses of intrathecal
injection were reduced from those of the earlier study, changing
to age-adjusted calculation. The patients assigned to the SR18
arm received 18 Gy of cranial irradiation and three doses of TIT.
The randomization ratio in SR arms changed from 1:1 to 2:1 in
the last half period, so.that there were 83 patients enrolled in
SRO arm and 64 in SR18 arm. The HR group was treated with a
single arm of BFM-style therap;/ for 2 years, modified with an
insertion of: HD-MTX (3g/m®, two courses) between the
induction (la) and early intensification and cranial irradiation
(Ib). Four courses of multiple-drug intensifications were given
during the first year followed by 1-year maintenance therapy.

19213 Study (1992-1994). A major  objective was to
evaluate 1-year therapy in all risk groups. The length of the
maintenance therapy was kept.to a minimum of 6 months in the
SR group-and 3:months in_each of the: IR-and HR: groups. All
three risk regimens had BFM:type structures: This protocol was
characterized by the use of intermediate-dose ¢ytosine arabino-
side (ID-CA, 500 mg/m’/day for 4 days) and high-dose cytosine
arabinoside (HD-CA, 1 or 2 g/m’/day for 4 days) in the early
intensification and in the re-intensification phases.

The SR regimen had two courses of HD-MTX (3:g/m?) and two
DITs.: The early: intensification: phases were complete 'before
week 28; 24 ‘weeks ‘were left for the continuous therapy. IR
group was randomized either to IR18 arm with 18-Gy cranial
irradiation; or to IR0 arm with two courses of HD-MTX (3 g/m*/
day). without cranial. irradiation.. All patients of_the. HR. group
were given 2-weekly cotirses.of HD-CA (2 g/m?, six doses. for
3 days) and mitoxantrone (2 days) after remission: induction:

L95-14 study (1994-1999). SR and. IR groups were
randomized: into. prednisolone.arm (PSL). and dexamethasone
arm: (DEX). not only: in:the induction;. but:also: in' re-induction
phase‘and three: courses of late- intensification for: SR and: two
courses “for IR. During " remission™ induction, " prednisolone
(60 mg/m®) or dexamethasone (8 mg/m?) was given for 4 weeks
and tapered. In the re-induction and intensification courses,
prednisolone (40mg/m®) or dexamethasone (6 mg/m?) were
given for 2 weeks in each arm. For patients presenting with
leukocyte count >150% 10%1 and aged 7 years or older
(assigned to allo-stem-cell transplantation (SCT) group), allo-
geneic bone marrow transplantation from HLA-matched family
donor, if any, and autologous blood or marrow SCT or
chemotherapy could be elected. For patients -presented with
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leukocyte count =100 x 10°/L, or 10 years old or older with
leukocyte count 250 x 10%! (assigned to auta-SCT group),
autologous blood or marrow SCT or chemotherapy could be
elected. Each institute declared the choice in advance of the
study initiation.

Statistical analysis

The duration of EFS was defined as the time from the initiation of
therapy to the date of failure (that is any relapse, death, or
diagnosis of secondary malignancy) or to the date when patients
were confirmed to be in remission and alive. Patients who did
not achieve complete remission at the end of the initial
induction phase or who died before the confirmation of
remission were considered to have failed at day 0, even if they
entered remission later with a second course or through
additional treatment. The probability of EFS and s.e. was
estimated by the: Kaplan-Meier method (Greenwood), and
differences were tested by the log-rank test. Analysis was
performed with the intent to treat. ‘Any central nervous system
(CNS) relapse’ include both ‘isolated CNS relapse’ and CNS
relapse combined with other sites. Probability of cumulative
CNS relapse was estimated by inversed Kaplan-Meier method,

which involves subtraction of Kaplan-Meier products from
100%. Only patients who had CNS relapse were failure, and all
the others were censored. Cumulative probability of any
secondary malignancy was calculated using the same method.
Patients who received modified treatment were censored at that
pointin time. The patients who did not enter complete remission
or had died during induction were treated as at the date of the
beginning of treatment. Patients who were confirmed as
remaining in first remission and alive, or who were lost of
follow-up, were censored for EFS analysis; all those who were
alive with or without disease were censored in OS analysis at
the date of last contact.

Follow-up was updated in 2008. The proportions of patients
whose data of the last 5 years were available were 144 of 357
(40.3%) in L84-11 study, 197 of 306 (64.3%) in L89-12, 220 of
266 (82.7%) in L92-13, and 449 of 489 (91.8%) in L95-14.

Results

Probability of EFS, OS, and cumulative CNS relapse rate of each
study are shown in Tables 1 and 3: There was no improvement
in EFS during the first three studies. The OS of 1L92-13 improved,

Table 3  Summary of the study results

Studies 184-71 L89-12 192-13 L95-14
Number of eligible patients (B+T) 484 418 347 597
Number of B/T 420/32 375/43 315/32 539/58
Average age (B/T) year 5.7/8.8 5.9/8.2 5.8/7:7 5.9/7.7
Average WBC (B/T) 20.1/108.0 31.6/137.5 38.4/146.1 30.6/167.0
Number of censared early o] 1(0.2%) 2 (0.6%) 9 (1.5%)°
Death during induction 30 6%) 12 (2.9%)F 5 (1.4%) 10 (1. 7%)
Failure of initial remission 11 2.3%)° 17 (4.1%)° 5 (1.4%) 1(1.8%)'
Complete remission: (rate) 470 (97.1%) 388 (92.8%) 335 (96.0%) 567 (95.0%)
Corrected rernission (rate)? 477 (98.6%) 399 (95.7%) 337 (97.7%) 573 97. 4%
Death in first remission 19 (3.9%) 7 (1. 7%) 6 (1.7%). 22 (3 7%)
Number of censored in first remission 13 (2.7%) 13 (3.1%) 31 (8.9%) 21 (3.5%)"
Number of patients at event free 308 (63. S‘V ) 256 (61.2%) 180 (65.3%) 428 (71.7%)
Number of relapse after remission 123 (26.1%) 104 (26.9%) 112 (33.4%) 92 (16.7%)
Site of relapse: total 123 (100%) 104 (100%) 112 (100%) 92 (100%)
Isolated bone marrow (BM) 72 (68.5%) 70 (67.3%) 87 (78.4%) 68 (73.9%)
Isolated CNS 17 (13.8%) 13 (12.5%) 3 (2.7%) 10 (10.9%)
Isolated testis 19 (15.4%) 6 (5.8%) 9 (78.4%) 7 (7.6%)
BM+CNS 6 (4.9%) 4 (3.8%) 3 (7.2%) 5 (5.4%)
BM-+estis 7.6.7%) 7 6.7%) 6 (3.6% 1 (1.1%)
CNS+testis 1 {0.8%) 1{0.9%) 0 0 (0%)
Other sites 1.00.8%) 3 (2.9%) 3 (2.7%) 1(1.1%)
Secondary AML/MDS o 31 0/0 2/1
Brain tumor/Other 51" 4 2 1

Any BM 85 (69.1%) 81 (77.9%) 97 (87.4%) 74 (80.4%)
Any CNS 24 (19.5%) 18 (17.3%) 6 (5.4%) 15 (16.3%)
Any testis 27 (22.0%) 14 (13. 5%) 15 (13.3%) 8 (8.7%)
Any testis/males 27 (10.3%) 14 (5.8%) 15 (8.5%) 8 (2.4%)

Abbreviations: AML, acute myeloid leukemia; CNS, central nervous system; MDS, myelodysplastic syndrome; SCT, stem-cell transplantation;

WBC, white bload cells.

“Four patients assigned in dexamethasone am drapped off, one in prednisolone arm, and four in HR risk group dropped off.

Marrow suppression and infection.

Five deaths.in: dexamethasone arm, two deaths in prednisolone arm, three deaths in HR risk.

97/11 entered into remission in the following phase.
°11/17 patients entered remission in the following phase.

{All 11 failures inHR risk group; 3 Ph+ALL, 4 chromosomal translocations, 6/11 entered into remission in the following phase.
9ICorrected remission (rate %): patients who achieved delayed remission were included in remission, and censared patients during the induction

Ehase were excluded from the total.
18/22 deaths in HR risk group, 5 related with transplants.
i7/13 patients underwent SCT in CR1.
126/31 patients underwent SCT in CR1.
k9/21 patients underwent SCT in CR1.
'Olfactory neuroblastoma.
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compared with these of the earlier two studies. The L95-14 study
achieved internationally acceptable level of EFS and OS (log-
rank P<0.0001). The cumulative ‘any CNS relapse’ rate
decreased from 5.5% (any CNS) in the L84-11 study to 2.8%
in the L95-14 study.

Twelve treatment-related brain tumors developed in patients
who had received cranial irradiation in the four studies—that is
5, 4, 2, and 1 patient, respectively. They developed in six males
and six females. No brain tumor occurred in the non-irradiated
patients. The tumors developed between 8 and 22 years after
cranial irradiation, seven in the 18-Gy irradiated group and five
in the 24-Gy irradiated group. The probability of cumulative
incidence (ts.e.) of brain tumors was 1.9+£0.6% at 15 years
and 2.8 £0.9% at 20 years among the 1234 irradiated patients.
Secondary acute myeloid leukemia (AML)/myelodysplastic
syndrome (MDS) developed in eight patients—that is 0/1, 3/1,
0, and 2/1 in each study. Two of them (L89-12) were confirmed
to have 1123 chromosome abnormality. Seven of the eight
patients were female, whereas brain tumors developed evenly in
terms of gender. AMUUMDS occurred only in the irradiated
patients without exception. The probability of cumulative
incidence £s.e. of AML/MDS among irradiated patients was
0.57£0.25% at 3 years and 1.1 £0.4% at 10 years.

Cerebrovasucular lesions such as Moyamoya disease deve-
loped after radiation in the TCCSG studies and published
elsewhere.'® Neurocognitive evaluation study was not carried
out as a group.

Long-term results of ALL in TCCG
M Tsuchida et af

Protocol-specific treatment result

L84-11 study. For 484 patients enrolled, EFSts.e. and
OStse were 663+22 and 73.5%2.1% at 15 years,
respectively. There were 357 long-term survivors, and their
median follow-up period was 16.6 years. Among survivors,
seven had serious neurological sequelae, such as paraparesis or
leukoencephalopathy, which developed most probably because
of cranial irradiation and concentrated use of five TITs at body-
surface-adjusted dose setting. Probability of cumulative inci-
dence of brain tumors in L84-11 was 1.2+0.7% at 15 years
(Tables 3 and 4; Figure 1).

Males fared significantly worse than females in terms
of EFS (Table 4; P=0.006), but not in terms of OS (P=0.205).
Isolated or combined testicular relapses developed in 27
out of 261 males (10.3%) and they comprised 22% of all
relapses.

As a result of the randomized comparison in SR, the EFS £ s.e.
rates of the S1 and S2 arms were 68.5+4.8 and 81.0+4.1%,
respectively, at 15 years (log-rank test, P=0.071). The
probabilities of cumulative incidence ts.e. of any testicular
relapse were 24.3+6.7% in S1 arm and 4.7 £3.3% in S2 arm
(log-rank P=0.015).

L89-12 study. For the 418 patients enrolled, the EFSts.e.
and OS rate were 62.3+2.6 and 71.9%£2.2% at 1 year,
respectively. Probability of cumulative isolated CNS and any

Table 4 Treatment results according to presenting features in non-infant patients treated in study L84-11
Factors Number Event-free survival £ s.e.% Overall survival £ s.e.%
of patients
5 years 10 years 15 years  log-rank 5 years 10 years 15 years  log-rank
P-value P-value
Non-T lineage
NCI standard 314 728+25 694+26 68527 0.074 83.4+21 77624 772124 0.012
NCI high 106 67.6+47 61.0149 59.0+5.1 736+44 66.1£48 648150
T-lineage
NCI standard 9 5561166 4441166 44.4+166 0.636 66.7+15.7 656+166 41.7+17.3 0.487
NCI high 23 60.9+£10.1° '60.9%+10.1 60.9+10.1 65.2+9.9 652399 652199
Sex
Male 261 66.4+3.0 613+32 60.8+3.1 0.006 80.1+25 7214128 71129 0.205
Female 222 78.1+£3.0 745130 73131 81.561+26 7694129 764129
Age at diagnosis (years)
1-9 392 72,6+23 69.2:t24 685+24 0.068 827119 76522 759+22 0.007
=10 91 65.0152 587+53 56.8+556 72.0+48 647151 63252
WBC x 10%/
<10k 265 765+26. 731128 .. 719129 0.0131 86.4%21. 809%25 804125 0.002
10-49k 159 646139 59.7+40 59440 758+34 675+3.8 66.0+39
50-99k 31 63.5+88 560192 56.0+9.2 700483 584+93 584193
=100k 28 679488 67.9+88 679188 67.32£9.0 673190 67.3+9.0
Cell lineage
Non-T 420 71.6+£22 :67.3+£23 663124 0.121 81.0+19 747422 741122 0.038
T 32 50.4187 559188 559+88 66.6+84 622186 685181
TCCSG risk arms
S1 102 74.4+44 699+47 685148 0.071 91.0£29 83.1138 796151 0.227
S2 93 857137 81.0%4.1 791145 945+25 8731336 873136
H1 129 69.8+4.1 67.2+42 660143 0.131 77.7+3.7 734140 714%47 0.046
H2 113 62.7+46 575148 575+48 709143 619147 619147
S1 testis 49 218164 243%6.7 243167 0.009
S2 testis 50 23123 47+33 4.7+£3.3

Abbreviations: NCI, National Cancer Institute risk group; s.e., standard error; TCCSG, Tokyo Children’s Cancer Study Group, WBC, white blood cells.

Testis: probability of cumulative any testicular relapse rate in males.
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Figure 1 EFS, OS, and cumulative incidence of isolated or any CNS

CNS relapse rates were 3.7 +1.1 and 5.4 £1.3% at 15 years,
respectively. Of the 306 surviving patients, the median survival
period was 14.6 years. Secondary neoplasms consisted of four
brain tumors, three AML, and one MDS.  Remission induction
rate was 92.8%, which was the lowest of the four studies
(Table 3). Twelve patients (2.9%) died during or after the
remission induction course, between days 10 and 82. The major
cause of death was prolonged marrow suppression and
infection. Of 17 patients (4.1%) failed to enter remission at the
end of induction, six patients (1.4%) died within 4-24 months;
one Ph positive ALL, and. four with leukocyte count
>145 x 10%1. The other 11 patients entered remission in the
following phase; five patients with leukocyte counts
>100 % 10%/, seven Ph positive ALL. The corrected remission
rate was 95.7% when the patients who entered into delayed
remission were included in remission and those who were
dropped off during induction were excluded from the total
number. Pirarubicin used for induction at a dosage of 30 mg/m?
(two or three doses) was amended to 20 mg/m in October
1990. Nine out of 12 deaths occurred before the amendment.
Testicular relapse was significantly fewer in incidence in SRO
(HD-MTX) arm than the SR18 arm (P=0.018; Tables 3, 5;
Figure 2).

192-13 study. EFStse. and OSise. for 347 eligible
patients enrolled were 60.1+£2.7 and 77.942.2% at 10 years,
respectively. Cumulative rate of isolated CNS relapse was
1.0+ 1.0 at 10 years, which might be underestimated by high
bone marrow relapse rate. The median. follow-up period was
13.0 years for the 271 (78.1%) patients remaining alive,
including 64 patients who experienced relapse. Twenty-one
HR patients underwent hematopoietic SCT at first remission
(treated as censored), and 18 were alive in CR (Tables 3, 6;
Figure 3).

Leukemia

relapses in L84-11 study.

Brain tumors occurred in two patients. No myeloid leukemia
or MDS developed. The rate of remission induction was 96.0%.

Seven of 26 relapses among 62 males in SR group relapsed
very late at 5-13 years of the initial therapy, whereas females
stopped recurring at 5 years. Overall, the EFS in males was
47.5£4.3% at 15 years, which was significantly lower than that
in females (68.0£3.8%, P=0.0003). Males were, however,
more efficiently salvaged. The OS of males was 75.8 £3.3% and
that of females 80.3 £3.1% (P=0.731; Table 6). Ten of 14
patients with isolated or combined testicular survived. After
relapse, 51 patients survived out of 84 who had undergone
hematopoietic SCT (actual survival 60.7%). Of 25 who had been
treated with chemotherapy, 15 survived after relapse (60%). The
OS rate of 77.4 +£2.4% eventually exceeded the preceding two
studies.

L95-14 study. 195-14 study achieved 5-year EFStse
75.0£1.8% and the OStse. 82.0+1.6%, at 10 years’
follow-up. For the 489 patients who remained alive, the median
follow-up period was 10.0 years. The remission induction rate
after the initial course was 95.0%. The corrected remission
induction rate was 97.5% when nine patients who were off
during induction were excluded and six patients who entered
into remission in the following phase were included. The
cumulative isolated CNS relapse rate was 1.7 £ 0.6% and ‘any
CNS relapse’ rates was 2.8 £ 0.7% for all patients, and the latter
level was 4.3 £1.4% in the HR. One brain tumor occurred at
8.3 years, two AML, and one MDS all were diagriosed between
1.5 and 5.2 years of therapy (Tables 3, 7; Figures 4).

The results of randomized control study was updated and
showed a§a|n no advantage of DEX arm over PSL arm in SR and
IR groups” (Tables 2, 7). Three extramedullary relapses occurred
in the DEX arm, whereas eight developed in the PSL arm.

Hematopoietic SCTs, either allogeneic or. autologous blood
and marrow source, were elected by institutional intention to
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Table 5  Treatment results according to presenting features in non-infant patients treated in study 1L89-12
Factors Number Event-free survival £ s.6.% Overall survival £ s.e. %
of patients
5 years 10 years 15 years log-rank 5 years 10 years 15 years log-rank
P-value P-value
Non-T lineage
NCI standard 314 728425 694126 685127 0.074 834121 776124 772124 0.012
NCI high 106 676+4.7 61.0t49 59.015.1 736144 661148 648150
T-lineage
NCI standard 11 70.1£14.7 7012147 7014147 0.169 7011147 70.1+£14.7 7011147 0.369
NCI high 32 51.9+9.0 61.9+9.0 433109 553+89 553189 55389
Sex
Male 240 62.1+32 59.8+33 578134 0.044 763128 722135 711130 0.564
Female 178 741134 70835 683137 796+3.1 752+33 73.0%35
Age at diagnosis (years)
1-9 320 70.8+26 680127 666127 0.0002 818+22 783124 775%+24 <0.0001
=10 97 543153 51654 46257 642+49 575151 530154
WBC x 10
<10k 203 755+3.1 70.7+34 678135 <00001 881+23 835%+27 815130 <0.0001
10-49k 133 677141 ©66.0+4.2 66.014.2 775237 735+39 727+39
50-99k 31 471291 435+91 435191 612187 548189 51.4+90
=100k 50 444272 44.4%72 400177 467172 446172 44672
Cell lineage
Non-T 374 68325 652+26 633126 0053 79.8%21 75.0+23 733124 0.009
T 43 571%7.7 50791 50.719.1 691277 591%77 59177
CNS status
CNS blast + 12 4291157 429+167 4291157 0.132 563+148 469150 46911560 0.033
CNS blast— 406 68.1+24 650+24 628+25 783121 742122 726123
TCCSG SR arms
SRO 83 754149 727151 727151 0399 906+34 892136 87.7%39 0.148
SR18 64 71.6£57 665160 665160 858+4.4 809150 78.1%55
SRO CNS 83 54%26 — — 0.999
SR18 CNS 64 5229 — —
SRO testis 83 33133 — — 0.018
SR18 testis 64 104471 229176 —

Abbreviations: CNS, central nervous system; NCI, National Cancer Institute risk group; s.e., standard error; SR, standard risk; TCCSG, Tokyo

Children’s Cancer Study Group; WBC, white blood cells.
CNS: probability of curmulative any CNS relapse rate.
Testis: probability of cumulative any testicular relapse rate.

treat decision in advance and executed for 61 (37 allo-SCT and
24 auto-SCT) of 126 patients who assigned to SCT (59-allo-SCT
and 67 auto-SCT), among. which: 44- (actual rate72.1%). were
alive: without relapse. Of the 65 patients who assigned to SCT
group, but elected chemotherapy, 30 (46, 2%} patients were
alive; 29 were in first remission.

Treatment results-according to presenting features
Well-documented prognostic factors were analyzed in-each of
the four studies (Tables 4-7). Infants'were not included in these
studies. Patients with B-precursor ALL and T-ALL were analyzed
separately in each of the four studies, according to the NCI /
Rome criteria. Age and leukocyte count at diagnosis were still
independently strong prognostic factors.

Patients with T-ALL had - poor prognosis. This was more
evident in terms of OS (Tables 2-5). Clearly, patients with T-ALL
could not be easily salvaged after - relapse. Females fared
significantly better than males in terms of EFS at 10 years by
13.2 points (L84-11, P=0.006), 11.0 points (L89-12, P=0.044),

15.6 points (L92-13, P=0.003), and -2.8 points (L95-14, males
fared better, P=0.519), respectively (Table 3). ‘Any testicular
relapse’ rate was 10.3,-5.8, 8.5, and 2.4% of all the males in the
four studies, respectively (Table 3). The cumulative incidence of
testicular relapse was significantly lower in ID-MTX or HD-MTX
arms in randomized trials of the L84-11 SR,.L89-12 IR, and L92-
13 IR, as has been: described.'? The gender difference. in EFS
correlated: well: with- the incidence of - testicular relapse.
Approximately 60% of the patients: with-any testicular relapse
survived and contributed to the recovery of male OS to the same
level as females. CNS involvement at presentation had negative
prognostic impact on EFS (Tables 4 and 5). In L95-14 study
(Table 7), patients who presented with DNA index of 1.16-1.60
showed EFS 84.2 £3.5%, which was significantly higher than
the EFS rate of 72.3 £2.2% among those with DNA index<1.16
(P=10.005).2° DNA index 1.16=1.60 group of patients also fared
better than those with DNA index over 1.6 (EFS of 50.0 £17.7%,
P=0.003).The outcome of the patients with Ph chromosome
was dismal. Hematopoietic SCT was only curative treatment
strategy so far.”!
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Figure 2 EFS, OS, and cumulative incidence of isolated or any CNS relapses in L89-12 study.

Discussion

Nine years passed since the earlier issue was published in
‘Leukemia 2000.”" The 1423 survivors in the four studies are
now 22.5 years old on an average, ranging from 11.6 to 39.8
years of age. Of 1233 patients who received cranial irradiation,
873 were surviving. Twelve secondary brain tumors developed
very late, that is at 8-22 years after initial therapy including
cranial irradiation in the four studies presented here. The
development of the brain tumors seemed not to depend on the
studies. Hijiya et al?® reported from the St Jude that the
cumulative incidence of brain tumor except for meningioma
was 3.00+0.59% at 30 years. It was 2.8 +0.9% at 20 years in
the four studies.

As . for the secondary - AML/MDS, - the  incidence ' was
variable depending on the study. They developed only in the
irradiated - patients. without. exception. - Regimens. of- 1.89-12
and: 192-13 studies: included . etoposide, which: is-a topo-li
inhibitor. and was highly ‘associated: with- the: development. of
secondar}/ MALMDS. -with 11923 chromosome : transloca-
tions.”>?* Two. cases: were confirmed to be associated: with
chromosome 11g23- translocations in L89-12: study.- It- was
noteworthy. that -seven out of eight. secondary - AML/MDS
patients. were female,. whereas. the - brain- tumors: developed
equally -across genders.: It was described that girls were more
sensitive to anthracycline cardiac toxicity than. boys.® In
addition, cognitive impairment, short stature, and excessive
weight were all more prevalent among females than- males.”®
Females.responded more to the chemotherapy and remained in
higher EFS than.that of males. All these facts may suggest that
girls are more sensitive to anti-leukemic drugs, resulting in better
outcome of ALL and developed more therapy-related secondary
AML/MDS.

Leukemia

Schmiegelow recently reported from NOPHO studies that
children with low thiopurine methyltransferase activity were-at
lower risk of relapse of ALL? and were at higher risk of
developing secondary malignancy.?® In the latter article, of 20
secondary malignancies, 16 AML/MDS occurred in 6 males and
10 females, although the author did not mention the gender
difference:

We had not performed neurocognitive assessment as a group,
but many studies showed the hegative influence of the cranial
irradiation on_the. neurocognitive function particularly for the
young patients,”® and other study described that normal neurolo-
gical function was preserved when irradiation was omitted.?’

In the next study of TCCSG ALL L99-15, irradiated patients
were limited to <10%. In the currently active study, T-ALL and
prednisolone poor responders were irradiated. The outcomes
have. already ‘been reported:on the protocols with no cranial
irradiation- from. St. jude Children’s . Research Hospital,*°
EORTC,*" Nordic countries,*? and Netherlands.>* To eliminate
the cranial irradiation, the function of .intrathecal injections
would be expected. The 9-11 times intrathecal injections ended
before 40 weeks in TCCSG protocols even when no cranial
irradiation was administered. The proper number and timing of
the extended  intrathecal injections for. patients at risk of CNS
relapse such-as hyper-leukocytosis and T-ALL remained to be
determined in our future studies.

Gajjar et al** express strong caution to traumatic lumber
punctures as a risk factor of CNS relapse. The L89-12 and L92-
13 studies had 1-week prophase of single therapy with oral
prednisolone, and the initial intrathecal injection and cere-
brospinal fluid examination was given on day 8. The
prednisolone prophase without spinal puncture might well have
alleviated cerebrospinal fluid infiltration before the assessment.
Consequently, initial ratio of patients with CNS-2 or CNS-3 was



Long-term results of ALL in TCCG

M Tsuchida ef af

391

"€+ 2SO SA |-4SO.

"Safewl Ul ajes Jejnonsal Aue aneinlung Jo Aigeqold spsal

‘uoijeIpell [eiueld YUM wise 3Ly (g LHI
‘UoHBIPELI [RIEIO INOUIM IR BU} 10l

‘Sjjed Pooiq UM “O8M

‘dnoig) Apnig 190Ue) S,UBIPIUD OAOL “DSDDL HSU Piepuels ‘HS Loua piepue)s “a's ‘dnolb ysu ainyisu) sooue) feuoiieN ‘ION PNy jeuldsoigaisd S0 (USIsAS SNOABU (B4USD 'SND sUOHEIASIgAY

POLF¥9C e0LF¥'9C ZOoLF¥'9T [44 snse} gLyl

£50°0 L'SFEL 9GFQL G'SFEL 8 snssy ol

S'9F6'69 S'9F6'69 29F0vL 6'9F0°09 6'9F 009 2'9F0'v9 0S gidl

1200 OvF L8 ovF 148 OPF L8 P60 0'9F0'8S 09F0'85 6'SFOL9 W2 odl

SeFGe8 CEF6V8 6CFEB8 Y FEe9s ST T665 Y669 5748 =1y
suue HSO0L

£CTF06L TCFO6L L'2F1Les 8TFC09 (825019 0EF9¥9 See esqy

L000'0> 9ELFELEE 9eLFEee geLFeee 1000'0> - - gOLFLOL 43 ssald
sbessaw elowWiyo TEV/HOE 40 (2260

rzxe9l rzF69.L [eeFseL 6CF0'6S 225609 8CF0EY e SIBUIO

ws¥026 rsF0Ce rsF026 G110 00LF0CS 00LF07CS £6F0'89 se 09'1-91°t
(pBIS8] JOU ‘SBSED BPNJOUI SIBYIO ‘SIBLIO 10 09~0S) JOqUINU SLIOSOWONYD JO XapUl YNG

S0L¥6'88 SOLF6'88 G0LF6'88 LZLFGLE LLLFGLE VALFGLE 6 £-SNO

YL FE'8S TYLFE8S 9eLFL'99 £9400 0'6LF0'SS 0'6L+0'6S 0'6LF0SS 1 2-SNO

8z1'0 L'2Fs'8L YeTFT6L 2TF608 §es0 6'CF809 6'CFLL9 8CFE6S9 €28 L-8NO
SNiels SNO

%Y'8FL'89 %E8FL89 %T'8FL89 %0L'6FG'8S %6'6F 585 %8'6 586 4 1

24170 %Y CFCBL %ETF6BL %CCTFI 18 622°0 %L EFI9LS %6'CFE09 %8CF LYY Sie 1-UON
abesuyl 180

8'9F.L'€9 89FLE0 8'9F/'€9 6LF6ES 8LF6'CS 8'LF6'ES 08 300t <

TYFLLL 0v¥9'8L 6729 LILF6'65 O'LLF6'65 9'0L +£°69 e 166-0G

TYFLVLL ovF9'8L L'eFG18 AL N LY FEP9 OvF 164 60t A69-01

800°0 Ve L8 0eFLe8 8'2F¢S8 20€'0 LLEF6'65 6'€F9°09 P'EFE'G9 oL 01>
/501 < O8M

¥'GFCGS €GFTGS 26FL/9 OLGFLIS 6GFL1S 86F06s £8 oLZ

L000°0> V'Z2F0P8 CCFLYB L'CFL08 G200 CEFLES L'E¥ .29 0EF¥99 $9¢ 6-L
(sieef) sisoubelp je 8by

TEFE08 L'EFE08 0eFe08 8'eF 089 LEF0'89 9EFELL 044 sewa,

LEL0 CEFBGL 0eF0LL 0EF508 2000 6vFS LY 6EFVCS 6'CFT G 144 e
XoS

26F009 8'6F009 2'6F009 Y LLFB0S ¥ LLF8'0S VILF80S o4 ubly 10N

2900 0ot (0/o]8 00t ZeL0 ZsLFees zeLFeeg 2GLFEE8 L piepues {ON
abesu-/

LY F6'79 LYFE6Y9 SPFL89 L'SF6'ES L'6F6¢S L'6F698 804 ybly [ON

L000'0> YTF L8 V'CF 198 2TFL88 L0'0 V'EFBCO PEFOP8 SEF 189 902 plrepuels [ON
obesuy | -UON

enjes-d yues-boy sseah G seaf Q1 sieoh G anfes-¢ xues-Bo; sieef Gt sieak 01 sieof G

9 °9'S T [EAIINS [[BIBAO % °9°S T [PANNS 88Jj-1usAg spused Jo sequinN $JOj0B
£1-7671 Apnis w1 patean suoned juejui-uou W saintesy Supussaid o) SulpiodDe SYNSAI uBUNEDIL - 9 djqe]

Leukemia




Long-term results of ALL in TCCG

M Tsuchida et al
392
100 1o L92-13 EFS, OS, CNS Relapse
‘ﬂ\‘ \\7
5, R
*** RS 0s
80 \\ I N » =
N,
\
\\ﬂ
e EFS
60 ST N i st a0
40
N 5y 10y 13y 15y
OS(SE) 347 | 80.4(201) | 77.9(2.2) | 77.4(2.3) 77.4(24)
20 7 EFS(SE) | 338 | 63.7(2.7) | 60.1(2.7) | 58.3.(2.8) | 57.7(2.9)
0 T T 1 T T ¥
0 2 4 6 8 10 12 14 16 years
3.0 Any CNS relapse {SE) 2.6(0.97)%
2.0
1.0
Isolated CNS relapse (SE) 1.04(0.60)%
0.0
0 2 4 6 8 10 i2 14 16 years

Figure 3 EFS, OS, and cumulative incidence of isolated or any CNS relapses in 192-13 study.

lower on day 8 in our studies than that on day 1 of other studies.
It has been shown that the day 8 puncture did not increase CNS
relapse.® The initial day 8 lumbar puncture is a safe method to
avoid inadvertent introduction of leukemic blasts into the
cerebrospinal fluid.

The duration of the maintenance therapy had been shortened
step by step-from 4 years in L81-10 study, 3 years for SR in
L84-11 study, and 1.5 years for SR and-1.year for HR in
L89-12 study without increasing relapses. The ID-MTX in S2 arm
of L84-11 study. efficiently reduced relapse after off therapy,
whereas the control arm showed clusters of relapse starting at
the point of off therapy. These results developed a hypothesis
that an addition of a new intensified treatment on early phase
might make it possible to shorten the duration of therapy further
without sacrificing overall outcome. Randomized study could
not be realized because a control arm was difficult to set. For the
intensification of early therapy, ID-CA and HD-CA and
mitoxantrone were administered in all risk groups. As a result,
the relapse increased in both SR and HR groups. The short
maintenance therapy affected more negatively on the lower-risk
patients and males than on the higher risk and females (Table 6).
EFS of HR patients was almost equivalent to that of SR. The early
intensification might be more effective in HR than SR as CCG
reported.*® Randomized comparison of length in maintenance
therapy for 18 months vs 24 months came to conclusion in
ALL-BFM 81* and 83% studies, and ALL-BFM 86°® study was
amended to extend all the maintenance from 18 to 24 months.
The: appropriate length of maintenance therapy must be
essential, particularly for the lower-risk patients and males.
The duration between 18 months and 24 months were needed
inthe protocols of BFM-type structure. The boys had a higher
risk of late relapse without sufficient maintenance therapy.

Leukemia

In 95-14, the randomized study in SR and IR compared
between prednisolone (60 mg/m? at lnductlon and 40 mg/m’ at
mtenSIflcatlons) and dexamethasone (8 mg/m” at induction and
6mg/m” at mtenslflcatlons) resulted in no significant difference
in EFS rate.” Analysis with updated data on this comparison
resulted in the same conclusion. Our results did not fully accord
with those of other larger-scale studies. The results of CCG-1922
study®® showed significantly better outcome in SR patients treated
with dexamethasone at 6mg/m® than predmsolone 40 mg/m’.
In UK Medical Research Council ALLY7 trial,*® dexamethasone
given at 6.5mg/m’ and prednisolone given at 40 mg/m’ were
compared, and the dexamethasone arm showed better cutcome.
A conclusive result is antu:npated in the trials with higher dose
of dexamethasone at 10mg/m’ along with the evaluation of
side effects.

In: conclusion, analysis of long-term follow-up results
brought us invaluable suggestions to consider for our future
studies. Girls may generally be more drug sensitive than
hoys and they could be cured with shorter maintenance therapy
than boys; at the same time, they may be at higher
risk of secondary AMI/MDS. The testicular relapse and
lower EFS in boys were almost resolved in L95-14. TCCSG
currently limited the indication of cranial irradiation to <10%
of the patients. To avoid the secondary malignancy and
neurological sequelae, it is of primary importance to omit
the cranial irradiation and the etoposide completely as a
primary therapy. Safe and effective induction and immediately
given intensification, as well as appropriate length of
maintenance therapy, are still major subjects to study. We
seriously -realized that an establishment of firm long-term
follow-up system is mandatory to evaluate the ultimate result
of the protocols.
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