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Abstract Relapse period is strongly associated with sec-
ond relapse risk in relapsed acute lymphoblastic leukemia
(ALL) in children. In this context, the treatment outcome
of very late relapse should be better; however, data regard-
ing very late relapse is limited. We retrospectively analyzed
the outcomes of two consecutive Tokyo Children’s Can-
cer Study Group (TCCSG) ALL trials (1995-2004) with a
focus on late relapse, which was divided into two catego-
ries: late relapse (6—24 months from the end of therapy,
n = 48) and very late relapse (>24 months from the end
of therapy, n = 57). Forty-three patients (29 late relapse
and 14 very late relapse) received allogeneic hematopoi-
etic stem cell transplantation (HSCT) at second remission.
The event-free survival (EFS) probabilities of late relapse
and very late relapse were 54.5 & 7.3 and 64.8 + 6.8 % at
7 years, respectively (P = 0.36), and were not significantly
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different. However, the second relapse incidence of late
relapse (34.7 £ 7.1 %) was higher than that of very late
relapse (15.5 £ 5.1 %, P = 0.03). The second relapse risk
was low for very late relapse ALL, which suggests that
these patients should be treated without allogeneic HSCT.
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Introduction

Current clinical trials have cured more than 80 % of chil-
dren with acute lymphoblastic leukemia (ALL), and one
of the main reasons for this outcome was the adaptation of
a risk stratification strategy using biological features and
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early treatment responses [1-6]. However, relapse remains
the most common treatment failure. Salvage therapy for
relapsed pediatric ALL typically consists of intensive
chemotherapy including allogeneic hematopoietic stem cell
transplantation (HSCT) as a consolidation treatment for
most relapsed patients, who had a survival probability of
40-60 % after the first relapse [7-9].

Relapse risk-oriented stratification has also contrib-
uted to improving the outcome of relapsed childhood
ALL [9, 10]. Previous studies demonstrated that the
risk of second relapse could be estimated by the relapse
period, relapse site, immunophenotype [11-13], and
early responses to re-remission induction therapy. Thus,
most clinical trial groups for pediatric ALL have adopted
a combination of these factors in order to treat relapsed
ALL [12, 14, 15].

The relapse period is considered the most important
of these risk factors, and the Berlin—Frankfurt—-Munster
(BFM) group divided the relapse period into three catego-
ries: very early (earlier than 18 months from the diagno-
sis), early (later than 18 months from the diagnosis and
earlier than 6 months from the end of the treatment), and
late (later than 6 months from the end of the treatment),
and showed that late relapse was associated with a good
prognosis. The Pediatric Oncology Group also stratified
ALL that relapsed within 6 months after the cessation
of treatments as being at a higher risk of second relapse
[16]. In this context, the second relapse risk of “very late”
relapsed ALL should be lower, as suggested by previous
studies [17-19]. However, the number of patients analyzed
has been limited due to the rarity of very late relapse, and
data regarding long-term outcomes is currently insufficient
to establish a standard treatment for patients with very late
relapse. Thus, we retrospectively analyzed the long-term
outcomes of late relapsed ALL patients who were enrolled
in two consecutive Tokyo Children’s Cancer Study Group
(TCCSQG) clinical trials, with a focus on children with very
late relapse.

Patients and methods
Patients

In order to identify patients with very late relapse, a total of
1,605 newly diagnosed ALL patients (1-18 years) enrolled
in the two consecutive TCCSG trials, L95-14 [20] (between
1995 and 1999, n = 597), L99-15/1502 [21-23] (between
1999 and 2004, n = 754/254) were reviewed as of June
2013. Their front-line treatment schedules and findings
have already been reported [20-23], and the duration of
chemotherapy was 24 months for all patients except stand-
ard risk patients enrolled in L99-15/1502 with 36 months of

treatment. The treatment strategy after relapse was decided
by each physician.

In the present study, we defined “late relapse” and
“very late relapse” as relapse at 6-24 months and later
than 24 months after the end of the treatment, respectively
(Fig. 1a). Patients who received HSCT at their first remis-
sion were excluded.

Statistical analysis

Fisher’s exact test was used to compare differences in
the distribution of clinical features among each group.
The duration of event-free survival (EFS) was defined as
the time from relapse to either treatment failure (second
relapse, death, or the diagnosis of secondary cancer) or to
the final day of observations that confirmed the patient was
failure free. Overall survival (OS) was defined as the time
from relapse to death from any cause or the time of the last
follow-up. The probabilities of EFS and OS were estimated
using the Kaplan—Meier analysis, and the significance of
differences was evaluated using the log-rank test.

The cumulative incidences of relapse were estimated
taking into account the competing events of death without
second relapse and development of a secondary malig-
nancy. To determine the cumulative incidence of non-
relapse mortality (NRM), relapse and the development of
secondary malignancies were considered as competing risk
factors. Gray’s test was used to assess the significance of
the relapse period on the cumulative incidences. All statisti-
cal analyses were performed using the R software 2.13.0
(The R Foundation for Statistical Computing, Vienna,
Austria). A 2-sided p value less than 0.05 was considered
significant.
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Fig. 1 Definition and distribution of late and very late relapse.
a Definition of late and very late relapse. Late and very late relapse
were defined as 6-24 months and later than 24 months after the end
of chemotherapy, respectively. In TCCSG clinical trials, which were
included in this analysis, the duration of the chemotherapy regimen
was 24 (intermediate and high risk) or 36 (standard risk) months.
b Distribution of the late and very late relapse periods
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Results
Patients

Patient characteristics are summarized in Table 1. A total
of 105 patients relapsed 6 months or later after the end of
therapy, including 48 who were late relapse patients (6—
24 months) and 57 who were very late relapse patients
(later than 24 months). The distribution of the relapse
period is shown in Fig. 1b. Excluding 2 patients (1 late
relapse and 1 very late relapse) due to insufficient fol-
low-up data, the median follow-up period of surviving
patients after relapse for the 103 patients was 7.3 years.
Although 3 patients (1 patient with late relapse, and 2
patients with very late relapse) died during remission
induction chemotherapy, all other patients achieved sec-
ond remission.

Outcomes after relapse

Second relapse occurred in 24 patients at a median of
556 (range 175-1,379) days after the first relapse, and 16
patients died before the second relapse, including 3 patients
who died before they achieved second remission. OS and
EFS at 7 years after the first relapse were 67.2 = 4.9 and
60.2 £ 5.0 %, respectively, and the relapse and non-relapse
mortality incidences were 24.4 £+ 4.4 and 154 £ 3.7 %,
respectively.

EFS of late relapse patients and very late relapse patients
were 54.5 + 7.3 and 64.8 + 6.8 % at 7 years, respec-
tively, and this difference was not significant (p = 0.36,
Fig. 2a). However, the incidence of relapse was signifi-
cantly higher in late relapse group (34.7 £ 7.1 %) than in
very late relapse group (15.5 £ 5.1 %) (p = 0.031, Fig. 2b),
while the non-relapse mortality rates of late relapse
patients and very late relapse patients were 10.8 &= 4.6 and
19.8 £ 5.8 %, respectively (p = 0.19, Fig. 2¢). Of 4 T-ALL
with very late relapse, 2 were alive in CR, 1 died before
relapse, and 1 patients suffered relapse.

As with salvage treatment for the first relapse, 29
(60.4 %) of 48 late relapse patients and 14 (24.6 %) of 57
very late relapse patients underwent allogeneic HSCT at
the second complete remission (CR2). A median time from
the first relapse to HSCT was 201 days for late relapse and
181 days for very late relapse. Second relapse occurred in
9 patients after the HSCT, whereas 8 patients died before
second relapse. When the 43 patients who received HSCT
in CR2 were censored at the transplantation time in order
to focus on the outcomes of patients treated with chemo-
therapy, EFS of very late relapse patients (73.6 £+ 7.0 %)
was significantly higher than that late relapse patients
(374 £ 11.8 %) (p = 0.027, Fig. 3a). The EFS superior-
ity of very late group was reproduced when limited to
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Table 1 Characteristics of patients who relapsed at 6 months or later

Characteristics Late relapse Very late relapse  p
Total 48 57
Gender (n) 0.42
Male 33 34
Female 15 22
Age at diagnosis (years) 0.38
Median 4 5
Range 1-14 1-14
WBC at diagnosis (/ul) 0.29
Median 9,300 7,800
Range 300-318,000  1,000-282,000
Lineage 0.37
Non-T 46 52
T 1 4
Cytogenetics (n) 0.73
Normal karyotype 25 29
High hyperdiploid 10 9
Others/not known 13 19
Study (n) 0.68
L95-14 14 19
L99-15/1502 34 38
Relapse site 0.25
BM only 38 43
EM only 4 6
Combined BM and EM 6 4
Data not available 0 4

Late relapse and very late relapse were defined as relapse at
6-24 months from the end of therapy, and at 24 months or later from
the end of therapy, respectively

WBC white blood cell count, BM bone marrow, EM extramedullary

the patients who were treated with chemotherapy only
(p = 0.009, Fig. 3b).

Among the 57 very late relapse patients, 16 patients
relapsed at later than 48 months after the end of the treat-
ment, 14 had bone marrow-related relapse, and 2 had isolated
extramedullary relapse. All of these extremely late relapse
patients were alive without a second relapse at a median fol-
low-up duration of 4.7 years after the first relapse, although
only 1 patient received allogeneic HSCT during CR2.

Although most of the first relapse sites were related to
the bone marrow, 10 relapses were isolated to extramed-
ullary regions. All 10 isolated extramedullary relapse
patients survived without events, although only 1 patient
underwent allogeneic HSCT. The cumulative incidence
of second relapse in bone marrow-related relapse was
28.5 = 5.0 %. When limited to very late relapse patients,
the cumulative incidence of relapse in bone marrow-related
relapse patients (n = 47) was 19.0 &= 6.2 %. The second
relapse site was the bone marrow in 20 patients, isolated



Outcome of very late relapsed pediatric ALL

55

A o
©
2
@ © B e e e
g <
YT sl] 0 Late relapse (n = 48)
qc_) — Very late relapse (n = 57)
oo
o
p=0.36
o
S 4
T T T T 1
0 2 4 6 8 10
Years from relapse
B o
|l - Late relapse (n = 48)
— Very late relapse (n = 57)
«©
S -
o Q]
n o
S p=0.03
T <
X o- L
o o
o o
_l'r-
° .
S -
T T T T T 1
0 2 4 6 8 10
Years from relapse
C o |
Tl - Late relapse (n = 48)
> o — Very late relapse (n = 57)
s °
5
£ 9
[0
%)
Q
& 3
o © p=0.19
<
O «
Z o T r
o F.—"—" -
S 4
T T T T T T
0 2 4 6 8 10

Years from relapse

Fig. 2 Outcomes of late and very late relapsed ALL. a Event-free
survival of relapsed patients. b, ¢ Cumulative incidence of relapse
and non-relapse mortalities

extramedullary region in 3 patients (2 bone and 1 mam-
mary gland), and combined in 1 patient (bone marrow and
the central nervous system).

Discussion

Advances in treatment strategies have reduced the relapse
rate of pediatric ALL to approximately 10 %. The relapse
period is a potent risk factor for second relapse, with previ-
ous studies reporting that the later relapse occurs, the better
the outcome of salvage chemotherapy [11]. Accordingly,
very late relapse is considered to be a very good risk factor
for relapsed ALL; however, only limited evidence is availa-
ble because of the small number of patients [17, 18]. In our
study, we demonstrated that very late relapse was associ-
ated with a lower relapse incidence than that of late relapse.

The relapse site has also been linked to the outcomes of
relapsed ALL, and isolated extramedullary relapse is con-
sidered to be a good prognostic factor. The BFM group
classification for relapsed ALL categorized late and iso-
lated extramedullary relapse as the lowest risk group, and
our results confirmed that late and isolated extramedullary
relapse could be salvaged without HSCT. Although relapse
including bone marrow was considered as a higher risk of
relapse, the incidence of bone marrow-related relapse in our
cohort was not high when it occurred very late. Extremely
late relapse (later than 48 months) in particular had excel-
lent outcomes, and was assumed to be curable without
allogeneic HSCT. However, of note, a study reported that
relapse period usually depends on the prior treatment, and
extremely late relapse might become much fewer by recent
intensive chemotherapeutic strategy [24].

The effectiveness of risk-adapted strategies is well rec-
ognized not only in de novo ALL, but also relapsed ALL,
and excess intensified treatments such as allogeneic HSCT
should not be adapted to avoid unnecessary morbidity
and non-relapse mortality. In our cohort, of 14 patients
with very late relapse and receiving HSCT, 5 patients died
before relapse, while only two patients relapsed, which
suggested that allogeneic HSCT for very late relapsed ALL
may lead to higher non-relapse mortality rates in spite of a
lower relapse incidence. Recent studies showed that meas-
uring minimal residual disease (MRD) was useful for strat-
ifying relapsed ALL [9, 10]. Although data regarding MRD
was unfortunately not available in our patients, MRD kinet-
ics after salvage treatments may be used to predict a high-
risk subgroup in very late relapsed ALL.

Interestingly, some studies suggested that a certain por-
tion of late relapse were not reoccurrence of the first leu-
kemic cells, but independent development from preleuke-
mic clones which had existed at the first onset, especially
ALL with ETV6-RUNXI [25-27], although data regarding
this fusion was not available in our cohort. The findings are
consistent with our results that very late relapse is associ-
ated with lower relapse risk as relapsed ALL, although we
unfortunately could not compare molecular profile of leu-
kemic cells at diagnosis and at relapse.
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This study had some limitations which may have intro-
duced bias, mainly due to the nature of a retrospective and
uncontrolled study. For example, salvage strategies were
not uniform, including the indication of allogeneic HSCT.
Further prospective studies regarding very late relapse in a
larger cohort are required even though it will require a long
commitment.

In conclusion, our results demonstrated that the risk of
second relapse in very late relapsed ALL was lower than
that of late relapsed ALL, and suggested that these patients
should be treated without allogeneic HSCT even when first
relapse occurs in the bone marrow.
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