Pediatric Acute Lymphoblastic Leukemia

Articles and Brief Reports

Excellent prognosis of late relapses of ETV6/RUNX1-positive childhood acute

lymphoblastic leukemia: lessons from the FRALLE 93 protocol

Virginie Gandemer,* Sylvie Chevret,? Arnaud Petit,®> Christiane Vermylen,* Thierry Leblanc,® Gérard Michel,®
Claudine Schmitt,” Odile Lejars,® Pascale Schneider,” Francois Demeocq,* Brigitte Bader-Meunier,**
Francoise Bernaudin,** Yves Perel,** Marie-Francoise Auclerc,? Jean-Michel Cayuela,* Guy Leverger,®

and André Baruchel® on behalf of the FRALLE group

‘Department of Pediatric Hematology/Oncology, University Hospital of Rennes, France; 2Department of Statistics of St Louis
Hospital and Paris Diderot University France; *Department of Pediatric Hematology/Oncology, University Hospital of Trousseau,
Paris, France; ‘Department of Pediatric Hematology of Brussels, Belgium; *Department of Pediatric Hematology of Robert Debre
Hospital and Paris Diderot University, France; °Department of Pediatric Hematology, University Hospital of Marseille, France;
‘Department of Pediatric Hematology/Oncology, University Hospital of Nancy, France; ®Department of Pediatric
Hematology/Oncology, University Hospital of Tours, France; °Department of Pediatric Hematology, University Hospital of Rouen,
France; **Department of Pediatric Hematology/Oncology, University Hospital of Clermont-Ferrand, France; **‘Department of
Pediatric Hematology, University Hospital of Bicétre, France; **Department of Pediatric Hematology, University Hospital of Creteil,
France; “*Department of Pediatric Hematology/Oncology, University Hospital of Bordeaux, France; **Laboratory of Hematology of

University Hospital of St Louis, Paris, France

ABSTRACT

Background
The prognosis of patients with relapses of ETV6/RUNX1-positive acute lymphoblastic leukemia
remains to be evaluated, particularly with regards to the frequency of late relapses. We per-

formed a long-term, follow-up retrospective study to address the outcome of patients with
ETV6/RUNX1-positive leukemia relapses.

Design and Methods

Among the 713 children tested for ETV6/RUNX1 enrolled into the FRALLE 93 protocol, 43
ETV6/RUNX1-positive patients relapsed (19.4%). Most were initially stratified in the low or
intermediate risk groups. The median follow-up after relapse was 54.2 months. All but three
received second-line salvage therapy and 16 underwent allogeneic transplantation.

Results

ETV6/RUNX1 had a strong effect on overall survival after relapse (3-year survival= 64.7% for
positive cases versus 46.5% for negative cases) (P=0.007). The 5-year cumulative incidence of
relapse was 19.4% and testes were more frequently involved in ETV6/RUNX1-positive relapses
(P=0.04). In 81.4% of cases the relapses were late, early combined or isolated extramedullary
relapses. The 5-year survival rate of patients with ETV6-RUNX1-positive acute lymphoblastic
leukemia relapses reached 80.8% when the relapse occurred after 36 months (versus 31.2%
when the relapse occurred earlier). In univariate analysis, female gender was associated with a
poor survival, whereas site of relapse, age at diagnosis, leukocytosis and consolidation strategy
had no effect. In multivariate analysis, only the duration of first remission remained associated
with outcome.

Conclusions

We found an excellent outcome for patients with ETV6/RUNX1-positive leukemia relapses that
occurred more than 36 months after diagnosis. The duration of first complete remission may;,
therefore, be a guide to define the treatment strategy for patients with relapsed ETV6/RUNX1-
positive leukemia.
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Introduction

Despite significant improvements in treatment, about
20% of children with acute lymphoblastic leukemia
(ALL) still suffer from relapse.”” Unfortunately the cure
rate remains low with event-free survival reaching only
30% at 10 years after relapse.”” Few prognostic factors
have been identified."” Blast phenotype (T versus B), site of
relapse, and duration of the first remission are the main
variables affecting outcome. The current relapse risk
group stratifications are based on the system first
described by the Berlin-Frankfurt-Munster (BEM) relapse
group, which takes into account the time of relapse, the
site of relapse (bone marrow and/or extramedullary), and
the subsequent immunophenotype to categorize patients
into one of four risk categories (S1 to S4)."" This stratifica-
tion has been adapted by the Medical Research Council
(MRC, UK) and is also used by the Children’s Oncology
Group which divided marrow relapse into early relapse
occurring up to 36 months after diagnosis and late relapse
which occurs 36 months or more after the initial diagno-
sis.”? The Children’s Cancer Group has also divided
relapses into early (<18 months after diagnosis), interme-
diate (18-35 months) and late (=36 months)."

In this context, ETV6/RUNX1-positive ALL has a sepa-
rate status. Indeed, this subgroup of ALL is characterized
by a good prognosis, which is better than for B-ALL with-
out this fusion transcript.”®"® Nevertheless, some recent
long-term results revealed late relapses among patients
with ETV6/RUNX1-positive ALL."“* It has been hypothe-
sized that a relapse is essentially a de novo ALL originating
from a preleukemic stem cell.'*"” This notion should be
taken into account when considering the treatment
options. The increased proportion of extramedullary
relapses, including testicular or ovarian relapses, has also
been discussed by a few authors.*®* To investigate the
outcome of patients with relapses of ETV6/RUNX1-posi-
tive ALL, we studied the long-term results of the
ETV6/RUNX1-positive ALL relapsed patients initially
enrolled into the FRALLE93 protocol and identified some
prognostic factors which call into question the current
therapeutic approach for treating late relapses.

Design and Methods

The FRALLE (FRench group for childhood ALL) 93 trial was
open to children aged 0 to 20 years with untreated ALL, exclud-
ing those with L3 ALL or Down's syndrome. Between June 1,
1993, and December 31, 1999, 1395 children were enrolled into
the FRALLE 93 trial in 18 French pediatric centers and one
Belgian pediatric center. This study was approved by the ethics
committee of the Hépital Saint Louis, France. All patients, or
their parents, gave informed consent in accordance with the
Declaration of Helsinki. The diagnosis of ALL was based upon
morphological, immunophenotypic, and cytogenetic analyses
of bone marrow samples. From 1995, children were systemat-
ically screened for four fusion transcripts (ETV6-RUNX1, BCR-
ABL, E2A-PBX1, MLL-AF4). The FRALLE 93 study population
was stratified into three groups (low-risk, intermediate-risk,
and high-risk) based on the following risk factors: age, white-
cell count at diagnosis, hemoglobin level, immunophenotype,
karyotype, and response to steroids. The treatment, which has
already been published,” is described in the Online Supplemen-
tary Data.

Statistical analysis

Summary statistics were calculated, namely the median (with
interquartile range, IQR) for continuous variables and frequency
(with percentages) for qualitative variables.

The distribution of qualitative variables was compared with the
%’ test or Fisher’s exact test, as appropriate; comparisons of contin-
uous variables were based on the non-parametric Wilcoxon’s
rank-sum test.

We first compared the characteristics of tested and non-tested
patients, to check for potential selection bias. We then focused on
the ETV6/RUNX1-positive children who relapsed. We compared
the cumulative incidence of relapse in ETV6/RUNX1-positive ver-
sus -negative patients. Relapses were divided into isolated central
nervous system (CNS) relapse, isolated bone-marrow relapse, and
others. We also considered bone-marrow relapses (whether isolat-
ed or combined), as well as testicular relapses, with these latter
only assessed in boys.

Finally, we focused on the outcome of ETV6/RUNX1-positive
patients compared with negative patients. Relapsed patients were
classified according to the risk groups defined in the REZ-BFM
95/96 study."" This distinguished S1/S2 patients (isolated bone-
marrow relapses occurring =6 months after completion of primary
therapy, isolated extramedullary relapses, and combined bone
marrow relapses occurring =18 months after completion of pri-
mary therapy) from S3/54 patients (isolated bone marrow relapses
occurring <6 months and combined bone marrow relapses occur-
ring <18 months after the primary diagnosis).

Patients’ follow-up data were updated in October, 2010. The
cumulative incidence of relapse was estimated from the date of
complete remission, with death prior to relapse considered as a
competing risk, and subgroup comparisons were based on Gray’s
test. The Kaplan—Meier method was used to estimate the overall
survival (OS) probabilities with 95% confidence intervals (95%
CI) from the date of relapse until death, irrespective of cause. The
log-rank test was used for comparisons of Kaplan-Meier curves.
Multivariate Cox stepwise forward-regression analysis (including
testicular and non-testicular relapses) was performed to determine
the independent set of prognostic variables.

All statistical tests were two-sided, with P values of 0.05 or less
denoting statistical significance. Statistical analyses were per-
formed using SAS v9.2 (SAS Inc, Cary, NC, USA), and R 2.10.1
(http://www.R-project.org) software packages.

Results

Total cohort

A flow chart illustrating the study design is shown in
Figure 1. Among the 1,105 patients with B lineage ALL,
excluding infants and patients with t(9;22) or t(4;11),
ETV6/RUNX1 status was known for 724 patients (most of
the other cases were diagnosed before systematic screen-
ing). In terms of age, gender, blood prednisone response,
day 21 marrow status, complete remission, and survival,
there were no differences between these 724 patients and
the 381 who were not tested for ETV6/RUNX1. However,
the initial median leukocyte count was higher in the tested
group (10.10°/L versus 6.4.10°/L P=0.003), and more
patients were enrolled in the low-risk group of treatment
among those not tested for ETV6/RUNX1 ALL (22% versus
13%; P=0.001).

Tested patients
Out of the 191 patients with t(12;21), 186 (97.4%)
achieved a first complete remission (CR1), whereas six



(1.1%) out of the 533 ETV6/RUNX1-negative patients did
not achieve CR1 (P=0.17). The median follow-up after CR
was 9.9 years (IQR: 8.3-11.4). Overall, 162 (45% of boys)
of the 7183 children who reached CR1 relapsed, including
43 with t(12;21).

The cumulative incidence of relapse at 5 years did not
differ significantly between ETV6/RUNX1-positive and -
negative ALL patients (19.4% versus 19.9%, respectively;
P=0.94) or according to gender (17% in females versus
22% in males; P=0.10) (Figures 2A, 2B). There was no dif-
ference in the type of relapse according to ETV6/RUNX1
positivity, with 106 (65.4%) isolated bone-marrow relaps-
es (n=27 in ETV6/RUNX1-positive patients and n=/9 in
ETV6/RUNX1-negative patients), 24 (14.8%) isolated but
extramedullary relapses (n=6 in ETV6/RUNX1-positive
patients and n=18 in ETV6/RUNX1-negative patients), and
32 (19.8%) involving combined sites (P=0.80) (Figure 1).
Among the 383 boys in CR1, 96 relapsed, with a 5-year
cumulative incidence of relapse of 21.6% in
ETV6/RUNX1-positive ALL and 22.4% in ETV6/RUNX1-
negative ALL (P=0.90). Of note, testicular relapses
accounted for 11 out of the 26 (43%) relapses in
ETV6/RUNX1-positive ALL males versus 16 out of the 70
(23%) relapses in ETV6/RUNX1-negative ALL cases
(P=0.04) (Table 2). As testicular relapses of ETV6/RUNX1-
positive ALL occured mostly after 36 months (10 out of 11
cases), we considered the 5-year cumulative incidences of
relapse in males and females separately. As shown in
Figure 2B, the 5-year cumulative incidence of relapses did
not differ significantly between ETV6/RUNX1-positive
and ETV6/RUNX1-negative cases of ALL (21.6% versus

N=1,105 B
lineage ALL

Tested for ETV6/RUNX1

| N=724tested | | N=381not tested |

l

| N=191 positive |

| N=533 negative |

Prognosis of ETV6/RUNX1 leukemia relapses -

22.5% respectively) in either males (P=0.90 by Gray’s test)
or in females (P=0.81 by Gray’s test) (Figure 2B).
Nevertheless, in males, the cumulative incidence of testic-
ular relapses appeared to be statistically increased in
ETV6/RUNX1-positive patients (P=0.03, by Gray’s test),
with an estimated 5-year cumulative incidence of 11.3%
compared to 4.9% in ETV6/RUNX1-negative patients. By
contrast, non-testicular relapses were slightly decreased,
albeit not statistically significantly so (P=0.24), in the
ETV6/RUNX1-positive patients compared to in the
ETV6/RUNX1-negativite patients (Figure 2C).

The median follow-up after relapse was 6.9 years (IQR:
5.7-8.6). The presence of the ETV6/RUNX1 fusion tran-
script greatly affected the outcome of relapses with the 5-
year OS rate being 62.1% (95% CI: 49.0-78.7%) in
ETV6/RUNX1-positive ALL patients compared to 37.2%
(95% Cl: 29.3-47.2%) in ETV6-RUNX1-negative ones
(P=0.007) (Figure 3A). The difference in survival estimates
between ETV6/RUNX1-positive and negative ALL
patients persisted, although it was no longer statistically
significant, in the S1/52 subgroup with a 5-year OS rate of
67.7% (95% Cl: 53.6-85.5%) in ETV6/RUNX1-positive
patients and 47.0% (95% CI. 35.6-61.9%) in
ETV6/RUNX1-negative ones (P=0.07) (Figure 3B). Patients
with S3/54 relapses had a poor outcome, with the 5-year
OS rate for the whole cohort being 27.6% (95% CI: 18.6-
41.0%): the difference between ETV6/RUNX1-positive
and -negative cases [(37.5% (95% CI: 15.3-91.7%) and
26.2% (95% CI: 16.9-40.6%), respectively] was not statis-
tically significant (P=0.45 by the log-rank test) (Figure 3B).
As the incidence of testicular relapses was high and could

Figure 1. Flow chart of the study design. Relapses
occurred in 43 and 119 ETV6/RUNX1-positive and -nega-
tive cases of ALL, respectively. Testicular relapses were
more frequent in ETV6/RUNX1-positive ALL (P=0.04) with-
out any increase in other extramedullary sites of disease.
Second complete remission was achieved in 98% of
ETV6/RUNX1-positive ALL and in 82% of ETV6/RUNX1-neg-
ative ALL. CRI: first complete remission; BM: bone mar-
row; CNS: central nervous system.
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contribute to the favorable outcome of ETV6/RUNX1-pos-
itive ALL, we investigated the outcomes according to tes-
ticular versus other sites of relapse. The relapsed
ETV6/RUNX1-positive ALL patients had a better OS than
their transcript-negative counterparts whatever the site of
relapse (although the differences were not statistically sig-
nificant) (Figure 3C).

Patients with relapsed ETV6/RUNX1-positive acute
lymphocytic leukemia

The initial clinical features of the 43 ETV6/RUNX1-pos-
itive ALL patients who relapsed are shown in Table 1 (fur-
ther details are provided in Online Supplementary Table S1).
There were 26 (60.5%) males, with a median age at diag-
nosis of 4.1 years (IQR: 2.7-5.4), a median leukocyte count
of 15.5x10°/L (IQR: 7.0-35.6) and no cases of CNS involve-
ment. Thirty-three (77 %) patients were classified as being
at low or intermediate risk and had good early responses
to therapy.

Salvage therapy after relapse

According to the risk groups defined by the REZ-BFM
95/96 study, 35 (81.4%) patients were classified as S1/52
and eight (18.6%) patients were classified as S3/54.
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All but three patients received a second-line therapy pro-
tocol (three patients were treated according to a first-line
protocol after relapses occurring 68, 39, and 32 months after
diagnosis). Thirty-seven patients were included in the
COOPRALL-97 study® which recommended a VANDA
(VP-16, cytarabine, mitoxantrone, dexamethasone, asparag-
inase) induction regimen (except for late extramedullary
relapses) followed by successive blocks (B1, B2, B3). If an
HLA-identical donor was available, stem cell transplanta-
tion was performed after two or three blocks. Otherwise,
alternative treatment consisted of three successive blocks
repeated three times followed by autologous transplanta-
tion or - for late combined/isolated medullary or isolated
extramedullary relapses - maintenance and CNS radiother-
apy. Two patients were treated according to a Capizzi
scheme® and the latest one according to the UKALL R2.°

Outcomes

The median follow-up after relapse was 7.7 years (IQR:
6.2-9), with only one child lost to follow-up at 12 months
after first relapse. All but one patient (due to early death)
achieved a second complete remission (n=42, 98%).
Eighteen children received consolidation chemotherapy
and 24 were transplanted (Online Supplementary Figure S1).
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The 16 allogeneic transplants were performed at 4.2+1.2
months after relapse (10 in S1/S2 patients and 6 in S3/54
patients), while the eight autologous transplants were per-
formed 7.6+1.2 months after relapse.

A second relapse occurred in 13 patients, including 10
(77 %) initially stratified as S1/S2. At 5 years, the cumula-
tive incidence of second relapse was 28.8% (95% ClI: 14.8-
42.8%) overall: 18.8% in allogeneic transplant recipients,
37.5% in autografted patients, and 36.2% in those who
received chemotherapy. Of these 13 patients, four were
still alive in a third complete remission, three having been
treated with chemotherapy in second complete remission
and one having received an allogeneic transplant.

Finally, a total of 16 deaths were observed. The 5-year
OS rate after first relapse was 62.1% (95% CI: 49.0-
78.7 %), with differences according to the type of relapse:

Table 1. Initial features of the 43 patients with ETV6/RUNX1-positive ALL who
relapsed.

Stratification according to REZ-BFM
Overall $1/S82 $3/54
n=43 n=35 n=8

Median [1QR]

)

Presenting clinical features

Median age [IQR] at primary dx 4.1 years [2.7-54] 4.1 [2.7-55] 4.1 [3.0-5.0]
< byears n=29 23 (66%) 6 (75%)
= ) years n=14 12 (34%) 2 (25%)
Male gender 26 (60%) 21 (60%) 5 (63%)
CNS involvement 0 0 0
Median WBC x 10/L [IQR] 155 [7.0-35.6] 124 [6.4-28.9] 23.1 [10.7-93.0]
<50 34 (79%) 29 (83%) 5 (63%)
=50 9 (21%) 6 (17%) 3 (37%)
Initial risk group (FRALLE 93)
Low risk 6 (14%) 5 (14%) 1 (12%)
Intermediate risk 27 (63%) 24 (69%) 3 (38%)
High risk 10 (23%) 6 (17%) 4 (50%)
Early response to therapy
CR 43 (100%) 35 (100%) 8 (100%)
D8 PGR 42 (98%) 34 (97%) 8 (100%)
D21 marrow status
Ml 32 (74%) 28 (80%) 4 (50%)
M2 10 (23%) 7 (20%) 3 (38%)
M3 1 (2%) 0 1 (12%)
Relapse sites
BM 27 (62%) 19 (54%) 8 (100%)
BM+ CNS 2 (5%) 2 (6%) 0
BM-+testes T (27% of males) 7 0
Isolated testis 4 (15% of males) 4 0
Isolated CNS 2 (4.6%) 2 (6%) 0
Others 2 (4.6%) 2 (6%) 0
Median relapse time after dg, 42.5[32-55] 484 [38.0-58.3] 24.3 [19.2-32.6]
months
Second relapse 13 (30%) 10 (29%) 3 (38%)

IQR: interquartile range; dx: diagnosis; PGR: a good prednisone response was defined as a blast
count <1000/ulL blood after the first 7 days on prednisone therapy (i.e.on day 8) and one triple-
drug intrathecal injection. D21 marrow status: a good early response to chemotherapy was defined
by a blast count <5% in bone marrow smears on day 21 (M1) and a poor early chemotherapy
response by a blast count =5% (with two categories: M2 = 5% to 25% and M3 = >25%). CR: com-
plete remission was defined by no physical evidence of disease, no detectable leukemic blasts on
blood smears and < 5% blasts on bone marrow smears, active hematopoiesis, and normal cere-
brospinal fluid. WBC: white blood cell count; BVl: bone marrow; CNS: central nervous system.ALL
REZ-BFM S1/S2 classification : isolated bone-marrow relapses = 6 months after completion of pri-
mary therapy, isolated extramedullary relapses, and combined bone-marrow relapses = 18 months
after completion of primary therapy). ALL REZ-BFM S3/54 classification: isolated bone marrow
relapses <6 months and combined bone-marrow relapses < 18 months after primary diagnosis.

70.9% (95% CI: 57.3-87.9%) in S1/S2 versus 37.5% (95%
ClI: 15.3-91.7%) in the S3/54 risk group (P=0.049).

Prognostic factors

Based on univariate analyses, the overall survival of
ETVe6/RUNX1-positive ALL patients after relapse was sig-
nificantly affected by the duration of the first remission
with a 5-year OS rate that was significantly better when
relapse occurred after 36 months than when it occurred
before this time (80.8%, 95% CI: 66.9-97.5% versus 31.2%,
95% CI: 15.1-64.6%, respectively; P=0.0008). Female gen-
der was also associated with a poor survival (P=0.015),
whereas the site of relapse (P=0.13), age at initial diagnosis
(P=0.81), and leukocytosis (P=0.42) were all found not to
be of any prognostic value (Table 2). Similarly, the consoli-
dation strategy (allografting or chemotherapy + autograft-
ing) had no effect on survival (P=0.18).

In multivariate Cox-regression analysis, only the dura-
tion of first remission remained associated with the out-
come (Figure 4A). In particular, the site of relapse (testicu-
lar versus non-testicular relapse) did not provide any addi-
tional prognostic information (P=0.79). Although timing
of relapse in ETV6/RUNX1-negative patients also signifi-
cantly affected prognosis (Figure 4B), among the 73 tested
patients who relapsed after 36 months, the 5-year OS
rates appeared to be significantly different in the 27
ETV6/RUNX1-positive patients (4 extramedullary, 9 com-
bined and 14 isolated bone marrow relapses) compared to
the 46 ETV6/RUNX1-negative ones (81% versus 50%,
respectively; P=0.015 by the log-rank test).

Table 2. Univariate analyses of factors influencing survival of patients after a
first relapse of ETV6/RUNX1-positive ALL.

Prognosis of ETV6/RUNX1 leukemia relapses -

N. of patients 3-year 0S (%), P
(n=43) 95%Cl
Age at diagnosis
< Syears 29 61.3 (45.7-82.2) 0.81
> 5 years 14 714 (51.3-95.1)
WBC (x 1091L) 0.42
<50 34 61.8 (47.4-80.5)
=50 9 778 (54.9-100)
Gender
male 26 80.3 (66.2-97.4) 0.015
female 17 412 (23.3-72.7)
Duration of first remission
< 36 months 16 31.2 (15.1-64.6) 0.0008
= 36 months 27 85.0 (72.5-99.7)
Classification of relapse
S1-82 35 70.9 (57.3-87.9) 0.049
S53-54 8 375 (15.3-91.7)
Sites of relapse
Isolated BM 27 54.7 (38.7-71.5) 0.13
Isolated extramedullary 6 66.7 (37.9-100)
Others 10 90.0 (73.2-100)
Consolidation treatment*
Chemotherapy/autologous SCT 73.3 (58.2-92.4) 0.18

26
Allogeneic SCT 16 50.0 (30.6-81.6)

WBC: white blood cell count; BI: bone marrow; SCT: stem cell transplantation; ALL REZ-BFM
S1/52 classification: isolated bone-marrow relapses = 6 months after completion of primary
therapy, isolated extramedullary relapses, and combined bone-marrow relapses = 18 months
after completion of primary therapy). ALL REZ-BFM S3/54 classification: isolated bone marrow
relapses <6 months and combined bone-marrow relapses < 18 months after primary diagnosis.
*1 patient died during induction
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Discussion

We have reported here the results of the long-term fol-
low-up of relapsed patients with ETV6/RUNX1-positive
ALL initially enrolled in the FRALLE 93 protocol. It is now
essential to analyze long-term results because very late
relapses have been reported.””! In agreement with previ-
ous studies, we found that relapses occurred in about 20%
of cases of ETV6/RUNX1-positive ALL, and for males after
a longer remission period than in other B-lineage
ALL."®*"*? Indeed, the cumulative incidence of relapses
among males was influenced by the frequency of testicu-
lar relapses, which occurred later than relapses in other
sites in boys. More recent protocols based on intensified
chemotherapy schemes, especially with intensive use of
L-asparaginase,” report lower frequencies of relapse for
ETV6/RUNX1-positive ALL but should be examined with
longer follow-up.***** We also highlight that boys were
slightly over-represented in our series, an imbalance
which has been rarely reported except by Seeger et al. and,
more recently, by the NOPHO group.”” Moreover, we
observed a specific increase of testicular relapses in
ETV6/RUNX1-positive ALL without any increase of
relapses in other extramedullary sites (mainly CNS).
Whatever gender, when pooling all sites of relapses, we
did not find any difference in cumulative incidence of

T T

40 60 80 100
Months

120 lated bone marrow relapses
<6 months or combined bone
marrow relapses <18 months
after primary diagnosis.

relapses according to ETV6/RUNX1-positivity. To our
knowledge, this finding has not been previously reported
and highlights the importance of a primary treatment
including drugs able to cross the testicular barrier, such as
high-dose methotrexate. Most of the testicular relapses
occurred late and special attention should be given to the
testes, and may also the ovaries, in the long-term follow-
up of ETV6/RUNX1-positive ALL patients. According to
the responsiveness of the disease, ETV6/RUNX1-positive
relapses are generally considered to be well treatable,®"
and indeed we found a good overall outcome of 62.1% in
this group, which is significantly better than that in
ETV6/RUNX1-negative relapses. We also found that
almost 98% of patients achieved a second complete remis-
sion, a rate significantly higher than that in the ALL-REZ
BFM 90 and the MRC UKALL-R* and also higher than
that in FRALLE 93 ETV6/RUNX1-negative relapsed
patients. Unfortunately, in our retrospective study, we
were unable to explore IgH/TCR rearrangements or
sequence the ETV6/RUNX1 genome to understand treat-
ment failures better.

The prognostic roles of age, site, and time of relapse in
the outcome of all types of relapses have often been debat-
ed.”” Furthermore, the definition of extramedullary
relapses could change considering the prognostic rele-
vance of detection of submicroscopic bone marrow
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Figure 4. Prognostic value of time elapsed (<36 months versus = 36 months) since diagnosis in terms of survival after relapse in (A) ETV6/RUNX1-

positive ALL and (B) ETV6/RUNX1-negative ALL.

involvement based on sensitive i vitro amplification meth-
ods.” Age did not affect prognosis in our exclusively pedi-
atric study but it should be noted that ETV6/RUNX1-pos-
itive ALL can have a different clinical profile in young
adults." In multivariate analysis we found that only the
time of relapse had prognostic significance for outcome.
The OS rate of patients relapsing after 236 months was
80.8% which is excellent and similar to that of the prog-
nosis of primary ALL. We could not show that the high
incidence of testicular relapses contributed to this very
favorable outcome, possibly because of some lack of sta-
tistical power. In contrast, the prognosis of patients with
early recurrences (stratified as S3/54 according to the ALL
REZ-BEM classification) remained poor despite positivity
for ETV6/RUNX1. The timing of relapse was also signifi-
cant for ETV6/RUNX1-negative relapsed patients, but in
these cases the OS rate was not so high among the
patients who had late relapses. This finding may support
the hypothesis that the majority of ETV6/RUNX1 “late”
relapses could be due to a novel leukemic clone arising
from a persistent initial ETV6/RUNX1-positive
preleukemic clone.*** Indeed, ETV6/RUNX1 is an early
event which is insufficient for leukemic development™®
and requires the occurrence of additional events confer-
ring proliferative advantages for full malignant transforma-
tion.”® Bhojwani er al. have even suggested that this
model could be operating in non-ETV6/RUNX1 subtypes
of late relapses.” Staal et al.,, in a genome-wide expression
analysis of paired diagnosis-relapse samples, also found
that relapses could result from therapy involving selection
of minor clones present at diagnosis and from genetic
alteration of the original tumor cells.*

Although the mechanisms governing relapses remain
unclear, the particular natural history of ETV6/RUNX1-
positive ALL may lead to the use of intensive but first-line
therapeutic approaches for late relapses. The impact of
glucocorticoid resistance at relapse should probably also
be explored in the future in the light of recent data pub-

lished by Kuster ez al. who have implicated glucocorticoid
signaling in relapses in ETV6/RUNX1-positive ALLY In
this small study sample we failed to show any impact of
the use of allogeneic transplantation, possibly because of
an excess of transplantation-related mortality. However,
the poor survival rate of patients with early relapses
encourages the use of a second-line treatment with cell
therapy according to the REZ-BFM. In both types of
relapse,” clinical decisions could also be helped by assess-
ing the dynamics of treatment response using minimal
residual disease quantification, which is a promising strat-
egy being validated in ongoing relapse trials.”* Finally,
our data on ETV6/RUNX1-positive ALL from the FRALLE
93 study can probably be extended to other first-line pro-
tocols because Freyer e al. recently showed that post-
relapse survival in relapsed childhood ALL was independ-
ent of initial treatment intensity.”

In conclusion, the prognosis of patients with relapses of
ETV6/RUNX1-positive ALL occurring more than 36
months after diagnosis is excellent. Testicular relapses are
particularly common which suggests that a primary treat-
ment able to cross the testicular barrier should be used and
that follow-up should be prolonged with careful screening
of the gonads. While early relapses need common relapse
therapeutic approaches, the physiopathology of
ETV6/RUNX1-positive ALL could allow the postpone-
ment of high-dose therapy for late relapses under the
cover of monitoring biological markers of responsiveness.
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