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Abstract. - OBJECTIVE: In this study, we ret-
rospectively evaluated the therapeutic effica-
cy of China Children Leukemia Group-ALL2008
(CCLG-ALL 2008) protocol in pediatric patients
with mixed-lineage leukaemia (MLL) gene re-
arrangement of acute lymphoblastic leukemia
(ALL) to identify the prognostic factors.

PATIENTS AND METHODS: Six hundred and
thirty-four patients with ALL were enrolled in
this study between June 2008 and Dec 2014.
High-risk group (HR) consisted of 217 cases, of
which 28 cases were MLL related positive (first
group), 22 cases were BCR/ABL positive (sec-
ond group), and 167 cases were negative with
MLL related or BCR/ABL (third group). The ther-
apeutic efficacy was evaluated at the time points
of day 8 (TP1), day 15 (TP2), day 33 (TP3) and
12" week (TP4) with the protocol, respectively.
Overall-survival (OS) and relapse-free-surviv-
al (RFS) and treatment-related mortality (TRD)
were analyzed as well.

RESULTS: The first group accounted for 4.4% of
all patients. Compared with the second and third
group, the first group had more cases younger than
2 years, with initial leukocytes =50x109/L, and poor
response on TP2. Moreover, patients older than 2
years old had a good 5 years OS (84% = 9% vs.
37% * 20%, p<0.05) and RFS (84% * 9% vs. 29% +
17%, p<0.05). There were no significant differences
in the recurrence rate, TRD, 5 years OS and RFS
among three groups. For the first group, compared
with good response to prednisone, patients with
poor response to prednisone had a poor 5 years
RFS (41% = 17% vs. 81% +10%, p<0.05). Multivariate
Cox regression analysis identified that RFS and OS
were influenced by such factors as age, MLL fusion
partners, and prednisone response (p<0.05).

CONCLUSIONS: Such factors as younger age
than 2 years old, MLL/AF4 fusion gene, poor re-
sponse to prednisone, or no complete remission
(CR) on TP3 were poor prognostic parameters in
predicting the outcome in childhood ALL with
MLL gene rearrangement treated with CCLG-
ALL 2008 protocol.
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Introduction

Mixed Lineage Leukemia (MLL) gene is a
histone methyltransferase that plays a role in the
epigenetic regulation of transcription, and the
functional version of this protein is critical to em-
bryonic development and hematopoietic forma-
tion'. The MLL locus, which maps to 1123, has
been shown by conventional and molecular cyto-
genetic analysis to be involved in rearrangements
with up to 100 genetic loci, through chromosomal
translocations, internal gene duplications, chro-
mosome 11q deletions or inversions, and MLL
gene insertions into other chromosomes or vice
versa*. MLL rearrangements are found in>70%
of infant leukaemias, whether the immunopheno-
type is more consistent with ALL or AML, but
are less frequent in leukemias from older chil-
dren, MLL translocations are also found in ther-
apy-related leukemias (t-leukemias) that develop
in patients previously treated with topoisomerase
IT inhibitors for other malignancies®. The pres-
ence of distinct MLL rearrangements is a dismal
independent prognostic factor, while very few
MLL rearrangements display either a good or in-
termediate outcome®. Infants with MLL-r ALL
bear dismal outcome with published event-free
survival (EFS) rate of no more than 40 % even
when treated with intensive chemotherapy with or
without hematopoietic stem cell transplantation
(HSCT). In contrast, MLL-r in children 1 year or
older is rare, and their outcome and optimal treat-
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ment options remain controversial °. Since 2008,
China Children Leukemia Group-ALL 2008
(CCLG-ALL 2008) protocol has been designed
and carried out in China for more than 7 years®.
However, no reports yet so far assess its efficacy
on pediatric ALL patients with MLL rearrange-
ment. In this study, we analyzed a series of pa-
tients enrolled in CCLG-ALL 2008 protocol to
compare the outcome between patients with pos-
itive and negative MLL rearrangement in order
to assess clinical features including response to
treatment, overall survival (OS), and relapse-free
survival (RFS). In the current work, we sought to
identify additional prognostic factors that may be
helpful in selecting subsets of patients who would
benefit most from complementary therapy.

Patients and Methods

Patients

During March 2008 to December 2014, 634 pa-
tients were enrolled in this protocol, of which 217
cases were categorized in high-risk (HR) group
according to risk evaluation system of CCLG-
ALL2008 protocol as indicated elsewhere. Brief-
ly, the criteria of HR includes BCR/ABL+ led by
t(9;22), MLL fusion gene, the count of peripheral
blasts® 1000/ul after 7 days’ treatment of predni-
sone (no response to steroid), the bone marrow
graded as M1( blasts<5% ) after induction treat-
ment for 15 days, non-remission (blasts>5%) in
the bone marrow after 33 days of induction treat-
ment, and MRD? 10 at day 33 or MRD? 10~ by
12 weeks after treatment. Of these 634 evaluated
patients, 28 (4.4%) with positive MLL rearrange-
ment were treated with CCLG-ALL2008 proto-
col for high-risk (HR) group, including 3 infants
(42.9%, 3/7), 15 male and 13 female cases, with a
median age of 78 months (6 to 177 months), The
detection of MLL rearrangements was mainly
based on reverse transcription polymerase chain
reaction RT-PCR or MLL split-signal fluores-
cence in situ hybridization analysis (FISH)". 27
cases were detected by RT-PCR, 1 case was only
detected by FISH, the forms were shown in Table
I All the patients were followed up to June 2015,
with a median follow-up time of 21 months (from
7 years and 2 months to 6 months). The clinical
characteristics, including age, gender, initial leu-
kocyte count, the leukemia cell lineage, the part-
ner of MLL in the fusion gene, were analyzed
and the clinical outcomes treated by CCLG-2008
protocol between patients with positive MLL and

negative were compared. The therapeutic effica-
cy was estimated at the time points of day 8, day
15, day 33 and 12th week after treatment, respec-
tively. Relapse rate, treatment-related mortality
(TRD) and 5 years OS and RFS were also calcu-
lated within groups of MLL positive and negative
patients. The study was approved by the Institu-
tional Ethics Committee. Written informed con-
sent was obtained from the parents or guardians
of the patients or from the patients themselves,
depending on the age and conceptual ability of
the patients.

Treatment

All the patients of HR group received CCLG-
ALL 2008 protocol for HR group, including 7-day
prednisone induction followed by subsequent five
phases: remission induction (VDLD), early rein-
forcement (CAM), consolidation therapy, delayed
reinforcement (Dla & DIb) and maintenance
treatment. Female: 2 years, male: 2.5 years, intra-
thecals 23 times®.

Statistical Analysis

One-way ANOVA including post-hoc Tukey
multiple comparison tests were used to study the
difference. Difference between subgroups were
compared and tested with Fisher’s Exact Test for
ordinate variables. p<0.05 was considered as of
statistical significance. 5 years OS and RFS was
estimated with Life table method. Survival curves
were obtained using the Kaplan-Meier method
and differences in survival were tested using the
Log-Rank test. p<0.05 was regarded as indicate
statistical significance. Duration of OS was de-
fined as time from diagnosis until death from any
cause; patients remaining alive were censored at
the date of last contact. RFS was calculated based
on the date of diagnosis to occurrence of relapse
after achieving a complete remission (CR). Multi-
variate Cox regression modeling was done for OS
and RFS using a forward-selection stepwise mod-
eling process. Statistical analysis was done using
SPSS 21.0 version (SPSS Inc., Chicago, IL, USA).

Results

Clinical Characteristics of MLL+ Group

The general clinical characteristics of these
28 MLL+ patients were shown in Table I1I. We
concluded that 23 cases were B-ALL, 1 was T,
B-ALL, and 4 cases were T-ALL in this cohort of
28 MLL+ patients.
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Table I. Gene Partners of 27 positive MLL rearrangements.

Gene Partners MLL-AF4 dup MLL

MLL-AF9

MLL-AF10 MLL-ENL Overall

No. 9 6

6

2 4 27

Comparisons of Clinical
Characteristics Between MLL+ Group
and Control Groups

The frequency of MLL gene rearrangement
was 4.4% (28/634), accounting for 12.9% (28/217)
in the HR group. Compared with MLL-HR group,
the number of patients of age younger than 2 years
or initial leukocyte count >50x10%/L was signifi-
cantly increased (p<0.05), while no difference
was found in gender and immunophenotype be-
tween these two groups (p>0.05). Compared with
MLL-BCR/ABL- group, the number of patients
of age younger than 2 years or initial leukocyte
count >50x10%/L also was significantly increased
(p<.05). Furthermore, no difference in gender,
age, initial leukocyte count, and immunopheno-
type was found between MLL+ group and MLL-
BCR/ABL+ group (p>0.05) (Table II).

Treatment Efficacy in MLL+ Group

Of these 28 MLL+ patients, 10 cases were not
sensitive to prednisone judged by more than 1000/
ul of immature cells in peripheral blood on day
8 from the induction, while 18 cases were sen-
sitive to prednisone, accounting for 35.7% and
64.3%, respectively. On dayl5 of the induction,
16 cases could be graded as M1 in which marrow
blast cells were less than 5%, and 12 cases were

non-MI. The complete remission rate (CR) was
89.3% (25/28) by bone marrow examination on
day 33 from the induction. In addition, MRD was
detected in 23 cases on day 33 of the induction,
of which the cases with MRD > 1x10 account-
ed for 17.4% (4/23), and cases with MRD<I1x10-
accounted for 82.6% (19/23). Moreover, MRD de-
tected in 21 cases in the 12th week of the induc-
tion showed the MRD > 1x107 in 5 cases (23.8%),
and MRD< 1x107 in 16 cases (76.2%) (Table IIT).

Comparisons of Treatment Efficacy
Between MLL+ Group And Control
Groups

Compared with MLL-HR group, the number
of cases of non-M1 on dayl5 was significantly
higher (p<0.05) in MLL+ group; while the num-
ber of cases in response to prednisone, blast cell
on day 33, MRD on day 33 and 12" week did not
differ between these two groups (p>0.05). The
number of cases with CR on day 33 in MLL+
group was significantly higher than that in MLL-
BCR/ABL+ group (p<0.05). However, the num-
ber of cases with MRD >1x102 on day 33 in BCR/
ABL+ group was significantly higher than that in
MLL+ group (p<0.05), while no differences in
the response rate to prednisone, the percentage of
blast cell in bone marrow on day 15 and the MRD

Table II. Clinical characteristics of MLL+ group and HR group with MLL.

Group/Characteristics MLL+HR (n) MLL-HR (n) MLL-BCR/ABL+(n) MLL-BCR/ABL-(n)
Gender
Male 15 128 17 111
Female 13 61 5 56
Age
<2 Years old 7 13 1 12
>2 Years old 21 176 21 155
p=0.007 p=0.009
Initial leukocytes
>50x10%/L 14 49 6 43
<50x10°/L 14 140 16 124
p=0.013 p=0.013
Immunophenotype
23 151 22 129
T 4 37 0 37
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Table Ill. Treatment efficiency of MLL+ group and HR group with MLL—.

Treatment Efficiency/ MLL+HR (n) MLL-HR (n) MLL-BCR/ABL+(n) MLL-BCR/ABL-(n)
Group
Response to prednisone
Nonsensitive 10 91 6 85
Sensitive 18 96 15 81
Blast cell on day 15
>5% 12 142 15 127
<5% 16 47 7 40
p=0.001 p=0.001
Blast cell on day 33
> 5% (NR) 3 40 9 31
<5% (CR) 25 148 12 136
p=0.017
MRD on day 33
>1x10? 4 42 11 31
<1x107 19 90 7 83
p=0.008
MRD on 12" week
>1x107 5 37 5 32
<1x107 16 70 8 62

on day 12th week have been found between these
two groups (p>0.05). With regard to non-M1 sta-
tus on day 15, the number of patients of MLL+
group was significantly higher than that in MLL-
BCR/ ABL- group (p<0.05),while the response to
prednisone and the percentage of blast cell on day
33, and the MRD on day 33 and 12th week did not
differ between these two groups (p>0.05) (Table
111).

Prognosis

Among these 28 patients with MLL gene re-
arrangement, 6 cases relapsed after complete re-
mission with a relapse rate of 21.4% (6/28). One
case failed to achieve complete remission after
the treatment course. All the 7 cases eventually
died with a mortality rate of 25%. One case was
lost after ten months following-up from diagno-
sis. Compared with HR group of MLL-, MLL+
group didn’t show any statistical difference in the
recurrence rate and TRD (p>0.05) (Table 1V).

Survival of MLL+ and HR Group
With MLL-

Compared with MLL- Group, MLL-BCR/
ABL+ group, and MLL-BCR/ABL- group re-
spectively, MLL+ group didn’t show any statisti-
cal difference in 5 years OS or 5 years RFS. The
5 years OS of MLL+ group, MLL- HR Group,
MLL-BCR/ABL+ group and MLL-BCR/ABL-

HR group were 72% + 9%, 67% + 5%, 54% +
13% and 69% =+ 6%, respectively. 5 years of RFS
of these four groups were 68% + 9%, 53% + 7%,
54% + 13%, 54% =+ 7%, respectively (Figure la,
Figure 1b).

Influence of Clinical Characteristics or
Treatment Efficiency on OS and RFS

As shown in Figure 2a and Figure 2b, the age
affected in MLL+ group. Patients younger than 2
years old had a poor 5 years OS than those older
than 2 years (37% £ 20% vs. 84% = 9%, p=0.028).
They also had a poor 5 years RFS than those
older than 2 years cases (29% = 17% vs. 84% =+
9%, p=0.007). 5 years OS of groups with posi-
tive and negative MLL/AF4 gene rearrangement
were 53 £ 17 % and 81 £ 10 %, respectively, with
no statistical significance (p=0.076), while the 5
years RFS between these two groups was also no

Table IV. Relapse rate and mortality of MLL+ and HR
group with MLL—.

Group Relapse Mortality
rate (%) (%)
MLL+ 21.4 (6/28) 25.0 (7/28)
MLL- 23.8 (45/189) 22.8 (43/189)
MLL-BCR/ABL+ 22.7 (5/22) 36.4 (8/22)
MLL-BCR/ABL— 24.0 (40/167) 21.0 (35/167)
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Figure 1. Survival of MLL+ group and control groups.

statistical significance (53% = 17% vs. 75 + 11%)
(p=0.143). Besides, the difference of 5 years OS
between groups insensitive and sensitive to pred-
nisone was also no statistical significance (55% +
17% vs. 81% = 10%) (p=0.091) (Figure 3a). The
difference in 5 years RFS between groups insen-
sitive and sensitive to prednisone was statistically
significant (41 + 17 % vs. 81 + 10%, respectively

p=0.025) (Figure 3b). 5 years OS of the NR group
was significantly lower than that of CR group
(33% £ 27% vs. 77% + 9%, p=0.03) (Figure 4a). 5
years RFS of the NR group was also significantly
lower than that of CR group (33% % 27% vs. 72%
+ 10%, p=0.045) (Figure 4b). Additional factors
such as gender, initial leukocyte count, immuno-
phenotype, MRD on day 33 and 12th week didn’t
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Figure 2. Survival of younger and older than 2 years groups.
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exert statistical influence on OS or RFS for ALL Discussion

patients with MLL gene rearrangement treated
by CCLG-ALL 2008 protocol (p>0.05). Multi-
variate Cox regression analysis found that age or
prednisone response on day 8 had impact on OS
(p<0.05) (Table V), while age, MLL fusion part-
ners, or prednisone response on day 8 had impact
on RFS (p<0.05) (Table VI).

The rearrangements involving the mixed
lineage leukemia (MLL) gene on chromosome
11923 has been widely believed to be a pivotal
prognostic factor of acute leukemia. In the WHO
Classification of Tumours of Haematopoietic and
Lymphoid Tissues published in 2008, the B-LBL/
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Figure 4. Survival of D33 CR and D33 NR groups.
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Table V. Clinical characteristics of MLL+ group and HR group with MLL.

Factor HR 95% CI P

Gender 9.834 0.267 362.262 0.214
Age 0.006 0.000 0.797 0.040
Initial leukocytes 3.884 0.068 221.424 0.511
Immunophenotype 27.532 0.162 4678.330 0.206
Gene 0.003 0.000 1.049 0.052
Prednisone Response 0.013 0.000 0.702 0.033
D15 BM 7.282 0.271 195.619 0.237
D33 BM 0.065 0.000 66.696 0.440

ALL with MLL gene rearrangement had been de-
fined as a new molecular subtype with high risk
and poor prognosis’. Translocations involving
the chromosome 11g23 gene MLL are noted in
over 70% of infant leukemia, 2-5% of childhood
ALL, and 5-10% of childhood AML'". We have
found and treated 28 out of 634 evaluated patients
(4.4%, 28/634) with positive MLL rearrangement,
including 3 infants cases (42.9%, 3/7) with the
CCLG-ALL2008 protocol for high-risk (HR)
group, which is consistent with the literature.
The ALL patients with 11q23/MLL rearrange-
ment had been identified with unique clinical, he-
matological and prognostic features, such as high
initial leucocyte count, hepatomegaly, splenomeg-
aly. While the overall survival of acute leukemias
in pediatric patients reaches about 90%, MLL-r
leukemia patients still display poor survival rates.
Despite their dismal clinical behavior, our knowl-
edge about the pathological disease mechanism(s)
exerted by some fusion proteins from distinct
MLL-rearranged leukemias is quite good but
does not yet translate into therapeutic success'’. In
our cohort study of 28 MLL+ patients, we have 23
cases of B-ALL, 1 case of T, B-ALL, and 4 cas-
es of T-ALL. Moorman et al'? also reported that
most MLL patients had a common or pre-B-cell
immunophenotype (18 of 29, 62%).

Table VI. Multivariate COX regression analysis on RFS.

We found in our study that the number of
MLL+ cases with non-M1 on dayl5 was sig-
nificantly higher than that with MLL- group
(p<0.05). With regard to non-M1 status on day
15, the number of patients of MLL+ group was
significantly higher than that in MLL-BCR/ABL-
group (p<0.05). These results demonstrated a
poor response to early treatment in our Childhood
ALL with MLL gene rearrangement treated with
CCLG-ALL2008 protocol for HR group, and sug-
gested a poor prognosis. For our 28 patients with
MLL gene rearrangement, the relapse rate was
21.4%, the mortality was 25% and the 5 years OS
of MLL+ group was 72% = 9%, the 5 years of
RFS was 68% + 9%. Recently, Tokyo Children’s
Cancer Study Group reported® that the S-year
EFS and OS rate were 60.0% + 9.7 % and 64.0%
+ 9.6%, respectively. Compared to HR group of
MLL-, MLL+ group did not show any statisti-
cal difference in the recurrence rate, TRD, and 5
years OS or 5 years RFS.

Although there was no difference between the
MLL+ group and control groups for 5 years OS or
5 years RFS, some atypical clinical features and
treatment response of these patients with MLL
gene rearrangement treated by CCLG-ALL2008
protocol were associated with some distinct out-
comes. Our study showed that the age did affect

Factor HR 95% CI P

Gender 13.596 0.343 538.439 0.164
Age 0.003 0.000 0.452 0.023
Initial leukocytes 6.693 0.115 389.846 0.359
Immunophenotype 33.629 0.206 5494.276 0.176
Gene 0.002 0.000 0.835 0.044
Prednisone Response 0.006 0.000 0.330 0.013
D15 BM 7.631 0.288 202.350 0.224
D33 BM 0.33 0.000 61.501 0.374
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in MLL+ group, patients younger than 2 years old
had a poor 5 years OS and a poor 5 years RFS
than those older than 2 years cases (37% = 20%
vs. 84% + 9%, p<0.05; and 29% =£17% vs. 84%
+ 9%, p<0.05, respectively). The cases of MLL-r
AML in infants do not generally have worse out-
comes than their non- MLL-r AML counterparts
. Pediatric patients greater than 1 year of age with
MLL-r ALL are better than infants, although not
as well as their non-MLL-r counterparts. Most
recent data estimate a S5-year EFS of ~60% com-
pared to ~92% in pediatric ALL overall”®. The
presence of an MLL translocation was associated
with a higher risk of relapse in patients younger
than 4 years, but not in patients of 4 years or old-
er'?. Study on 497 cases with MLL rearrangement
from 11 collaborative groups indicated that age
is a significant prognostic factor, cases less than
1-year-old had poor prognosis'*. Pui et al"* report-
ed that 5 years EFS of ALL with MLL-AF4 gene
in infant, in children of 1-9 years old, and in chil-
dren older than 10 years was 19%, 43%, 39%, re-
spectively. For ALL with MLL-AF9 gene in infant
and in children of 1-9 years old, the 5 years EFS
was 38%, 50%, respectively; while 5 years EFS of
ALL with MLL/ENL gene in infant, in children of
1-9 years old, and in children older than 10 years
was 26%, 67%, 60%, respectively'. MLL/AF4 is
the most common type of MLL translocation in
children. Despite recent improvements in the over-
all treatment outcome for ALL patients, MLL-AF4
fusion is still connected with a dismal prognosis
in infants (especially those younger than 6 months)
and adults . But a report from the Tokyo Chil-
dren’s Cancer Study Group showed that with in-
tensive chemotherapy and allogenetic HSCT, a
favorable outcome of children (>1 year old) with
MLL-AF4-positive ALL could be achieved®. Bal-
gobind et al'® retrospectively collected outcome
data of 756 children with 11g23- or MLL-rear-
ranged AML from 11 collaborative groups to iden-
tify differences in outcome based on translocation
partners. They found that cases with t (6; 11) had
the worst prognosis, followed by cases with t (4;
11) and t (10; 11). Patients with t(1; 11) and t(9;
11) had longer survival. In our study, the 5 years
OS of groups with positive and negative MLL/
AF4 gene rearrangement were 53 + 17% and 81 +
10%, respectively, with no statistical significance
(p=0.076), while the 5 years RFS between these
two groups was also no statistical significance
(53% + 17% vs. 75 = 11%) (p=0.057). But m ulti-
variate COX regression analysis found that MLL
fusion partners had impacted on RFS (p<0.05).

The important prognostic significance of re-
sponse to prednisone and the bone marrow sta-
tus during and after induced remission had been
widely recognized as a consensus. Our results of
multivariate COX regression analysis indicated
that prednisone response on day 8 had impact on
OS or RFS (p<0.05). The difference in 5 years
RFS between groups insensitive and sensitive to
prednisone was statistically significant (p<0.05).
In infant MLL-r B-ALL, a poor response to pred-
nisone (>1000 blasts/mL in peripheral blood on
day 8) is also an independent negative prognos-
tic factor'’. Infants with t (4;11) ALL had an es-
pecially dismal prognosis when their disease was
characterized by a poor early response to predni-
sone. A poor prednisone response also appeared
to confer a worse outcome for older children with
t (4;11) ALL®. Numerous studies had confirmed
that MRD quantitative detection had decisive
significance in evaluating the prognosis of ALL.
However, our study on MRD on day 33 and 12th
week showed no statistical impact on OS or RFS
(p>0.05) in 28 cases with MLL gene rearrange-
ments. It became also clear from recent studies
that the follow-up of patients during treatment
and therapy adjustment based on minimal resid-
ual disease (MRD) monitoring has a very strong
impact on outcome”. Although our results found
a better overall therapeutic efficacy of childhood
ALL with MLL gene rearrangement, the patients
younger than 2 years of age, with insensitivity to
prednisone, with MLL/AF4 gene rearrangement,
or NR on D33 still had poor outcomes. The age,
fusion partners (MLL/AF4), and response to
treatment might be the major factors of treatment
effect of CCLG-ALL2008 protocol for high-risk
(HR) group.

Conclusions

The traditional chemotherapy had been shown
insufficient to improve the prognosis of patients
with MLL gene rearrangement. The role of he-
matopoietic stem cell transplantation (HSCT) in
the treatment of in childhood ALL with MLL
gene rearrangement remained controversial. In
Japan, a total of 132 cases of allogeneic HSCT
for infant ALL with MLL gene rearrangements
were analyzed demonstrating a 5-year OS rate of
67.4% + 4.5% after transplantation®’. But Mann
et al*! found that the advantage of HSCT was re-
stricted to subgroup with 2 additional unfavor-
able prognostic features: age less than 6 months
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and either poor response to steroids at day 8§ or
leukocytes more than or equal to 300 g/L. Re-
cently, a study reported that compared with oth-
er nucleoside analogues, clofarabine effectively
targeted primary MLL-rearranged infant ALL
cells at the lowest concentrations in vitro*>. We
hope that the pediatric ALL patients with MLL
gene rearrangement, especially some refractory
children, can reach a similar prognosis as gener-
al ALL children in the near future, and acquire a
better quality of life.
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