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The biology and outcome of adult t(4;11)(q21;q23)/MLL-AFF1 acute lymphoblastic leukemia are poorly under-

stood. We describe the outcome and delineate prognostic factors and optimal post-remission therapy in 85 con-
secutive patients (median age 38 years) treated uniformly in the prospective trial UKALLXII/ECOG2993. The
immunophenotype of this leukemia was pro-B (CD10™). Immaturity was further suggested by high expression
of the stem-cell antigens, CD133 and CD135, although CD34 expression was significantly lower than in t(4;11)-
negative patients. Complete remission was achieved in 77 (93%) patients but only 35% survived 5 years (95% CI:
25-45%); the relapse rate was 45% (95% CI: 33-58%). Thirty-one patients underwent allogeneic transplantation
in first remission (15 sibling donors and 16 unrelated donors): with 5-year survival rates of 56% and 67 % respec-
tively, only 2/31 patients relapsed. This compares with a 24% survival rate and 59% relapse rate in 46 patients
who received post-remission chemotherapy. A major determinant of outcome was age with 71% of patients aged
<25 years surviving. Younger patients had lower relapse rates (19%) but most received allografts in first complete
remission. In conclusion, multivariate analysis did not demonstrate an advantage of allografting over chemother-
apy but only five younger patients received chemotherapy. Prospective trials are required to determine whether
poor outcomes in older patients can be improved by reduced-intensity conditioning allografts. NCT00002514
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Introduction

The therapy of adults with acute lymphoblastic leukemia
(ALL) remains inadequate.”” Certain groups with adverse
prognostic factors have a particularly poor outcome. The
UKALLXII/ECOG2993 study was the most extensive cytoge-
netic analysis of adult ALL performed to date®* but there was
no specific, detailed analysis of t(4;11)(q21;q23)/MLL-AFF1
which accounts for 8-10% of B-cell precursor (BCP) ALL in
patients over the age of 20 years.” Most major cooperative
groups have regarded this subset of patients as having a poor
prognosis but no group has had a sufficiently large dataset to
examine the biological factors affecting outcome and
whether allografting in first remission might be associated
with an improved outcome. Furthermore, previous studies
had too few patients to examine the relevance of age in clin-
ical decision-making.

The MLL gene, located on the long arm of chromosome 11,
has been found to be rearranged with over 70 partner genes

in ALL, acute myeloid leukemia and therapy-related
leukemia.® The most common translocation involving this
gene in ALL is t(4;11)(q21;q23)° which is the second most
common translocation in adult ALL overall. The age-specific
incidence of this translocation is unique and shows a bimodal
distribution, occurring in 40-50% of infants with ALL, 2-3%
of children and adolescents but ~10% of adults over 20 years
old.” The very high incidence in infants, especially among
those under 6 months of age, suggests that the latency period
for this subtype of leukemia can be very short.” Studies have
shown that in these cases the gene fusion arises prenatally.’
While infants and adults with t(4;11) have a poor outcome
compared to other patients of a similar age, there is some evi-
dence to suggest that children and adolescents with this
translocation may have a marginally better relative out-
come.*”’ Genomic studies have so far revealed very few addi-
tional copy number alterations in this subtype of leukemia
especially among infants.'”*> Overall, somatic sequence muta-
tions are also relatively rare in AJLL-rearranged childhood
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ALL but RAS pathway gene mutations do appear to play
a role in a significant minority of patients.”* In contrast,
methylation changes in ALL-rearranged infant and child-
hood ALL are widespread and distinctive.” Integrative
epigenomic analysis of a subset of adults with ALL
rearrangements in the ECOG2993 trial recently showed
that these leukemias feature prominent cytosine
hypomethylation, which was linked with MLL fusion pro-
tein binding.” The prognostic impact of secondary genetic
and epigenetic alterations has yet to be fully elucidated in
infant and childhood t(4;11)-positive ALL and has rarely
been investigated in adult ALL.

Our study describes the largest cohort of adults with
t(4;11)-positive ALL so far treated uniformly in a single
prospective randomized trial. This report focuses on the
clinical features, cytogenetic and molecular changes,
immunophenotype and outcome of these patients.

Design and Methods

Identification of patients

A total of 85 adult patients with BCP-ALL and t(4;11) were reg-
istered in the UKALLXI/ECOG 2993 study in the United
Kingdom (UK) (n=57) or United States of America (USA) (n=28)
between 1993 and 2006. Over 1900 patients in total were entered
into this study. The number of patients with Philadelphia-negative
BCP-ALL tested for t(4;11) was 913, which results in an incidence
of 85/913 (9.3%).

Immunophenotyping

Central immunophenotyping was performed in the ECOG
Leukemia Translational Studies Laboratory for ECOG2993
patients. Similar studies were not performed on patients in the
UKALLXII study. Between 1993 and 1998, flow cytometry was
done on a FACScan flow cytometer (Lysys II software), and from
1999 on a FACSCalibur flow cytometer (CellQuest software) (all
from Becton-Dickinson, San Jose, CA, USA). Lymphoblasts were
gated by three-color flow cytometry based on antigen expression
of the leukemic cells. B-lymphoid antigens included intracytoplas-
mic and surface CD22, CD19, CD10, CD24 and CD20. Myeloid
antigens included myeloperoxidase, CD117, CD33, CD13,
CD65(s), CD15(s), CD11b and CD14. Lineage-uncommitted anti-
gens CD45, CD38, CD56, HLA-DR, and TdT (Supertechs) were
also analyzed. Stem-cell antigens tested included CD34, CD117,
CD135, CD133, CD105, CD123 and CD109. Antigen data are
presented as percent positive leukemic blast cells or as the mean
fluorescence intensity ratio of staining after binding of the various
antibodies (MFI) and that of unstained cells, as described else-
where.*

Cytogenetic, fluorescence in situ hybridization,
multiplex ligation-dependent probe amplification
and molecular genetic investigations

Cytogenetic and fluorescence in situ hybridization (FISH) analy-
sis of pre-treatment bone marrow or peripheral blood samples
was performed locally, reviewed centrally, and collated retrospec-
tively using standard definitions as previously described.” Central
screening for MLL-AFF1 was performed for ECOG2993 patients
by the Leukemia Translational Studies Laboratory using reverse
transcriptase polymerase chain reaction (RT-PCR) and standard
primers as previously described.”” Among the 85 t(4;11)-positive
patients presented the abnormality was detected by a combina-
tion of techniques: cytogenetics and FISH (n=30), cytogenetics
only (n=23); cytogenetics and RT-PCR (n=21), RT-PCR only (n=8),

and all three techniques (n=3). The presence of additional copy-
number alterations was determined by multiplex ligation-depen-
dent probe amplification (MLPA) in 34 patients using the SALSA
MLPA kit P335-A1 (MRC Holland, Amsterdam, The Netherlands).

Therapy and risk assignment

This study (UKALL XI/ECOG 2993) has been described in
detail." Briefly, all patients from 15 to 59 years of age with newly
diagnosed ALL received identical four-drug induction therapy,
including central nervous system prophylaxis and treatment of
central nervous system disease, if present at diagnosis. In 2003, the
upper age limit of the study was raised to 64 years and eligibility
for allograft was raised from 49 to 54 years. Patients with an HLA-
matched sibling donor were assigned to receive an allogeneic
hematopoietic cell transplant. Unrelated donor transplantation in
first complete remission was not part of the protocol. The unrelat-
ed donor transplants were T-depleted using various Campath anti-
bodies. Those without an HLA-matched sibling donor, or over the
age limit, were eligible to be randomized to receive a single autol-
ogous transplant or consolidation/maintenance therapy. Prior to
receiving the assigned or randomized therapy, all patients received
intensification with three doses of high-dose methotrexate and
asparaginase. In this study, patients older than 35 years or those
with a high white blood cell (WBC) count at presentation
(80x10°/L for B-lineage) along with all patients with the
Philadelphia chromosome were subsequently classified as high
risk. All others [including those with t(4;11)] were classified as
standard risk. The study was approved by the relevant
Institutional Review Boards of each center and informed consent
was obtained in accordance with the Declaration of Helsinki.

Statistics and endpoints

Event-free survival and overall survival were defined as the time
from the start of treatment to relapse or death and death, respec-
tively. Patients without an event of interest were censored at the
date of last contact. Relapse-free survival and non-relapse mortal-
ity were determined for patients who achieved a complete remis-
sion and were defined as the time from complete remission to
relapse/death censoring patients who died in remission/relapsed,
respectively. The median follow-up time for event-free, relapse-
free and overall survival was 5.4, 3.8 and 5.3 years, respectively.
Event-free, relapse-free and overall survival estimates were calcu-
lated using the Kaplan-Meier method. The effect of receiving allo-
geneic hematopoietic cell transplantation in first remission was
assessed using a Cox model with a time-varying covariate (the
Mantel-Byar approach).” Survival in subgroups of patients was
compared using univariate, stratified and multivariate Cox models
and tests for heterogeneity. The proportional hazard assumption
was assessed by visual inspection of the log-log plot. Other com-
parisons were performed using the y’, Fisher’s exact test or
Wilcoxon rank-sum test, as appropriate. Due to the investigative
nature of this analysis, we did not apply a stringent multiple com-
parisons adjustment. However, all tests were conducted at the 1%
significance level. All analyses were performed using Intercooled
Stata 11.0 for Windows (Stata Corporation, College Station,
Texas, USA).

Results

Clinical characteristics

The clinical characteristics of the 85 t(4;11)-positive
patients are presented in Table 1. Compared with other
BCP-ALL Philadelphia-negative patients in the
UKALLXII/ECOG2993 study,’ patients with t(4;11) were



more likely to be female, older and have a higher WBC
count. The median age of the whole cohort was 38 years
(37 years in the UKALLXII patients and 41 years in the
ECOG2993 patients). The central nervous system was
seen to be involved at diagnosis in 6% of patients.

Immunophenotype

Based on expression of B-lineage maturation antigens,”
22/26 patients tested had a pro-B or pre-pre-B
immunophenotype, with expression of surface CD19 and
intracytoplasmic CD22 but lacking CD10 expression; one
case had early pre-B (CD10") and three cases had pre-B
(intracytoplasmic w chains®) ALL. The pro-B phenotype
was only seen in 13% of t(4;11)-negative patients in the
ECOG2993 trial. The t(4;11)-positive subset had a unique
antigen profile when compared to t(4;11)-negative
patients (Table 3). None of the cases showed any staining
for myeloperoxidase. While the intensity of staining for
CD19 (P=0.4) and membrane CD22 (P=0.01) was not sig-
nificantly different between the subgroups (when adjust-
ed for multiple comparisons), CD20 expression was rare
on t(4;11)-positive blasts (P<0.0001), and the intensity of
staining for the two stem cell antigens, CD133 and CD135
was high (P<0.0001), suggesting an immature differentia-
tion stage. However, the frequency of blasts expressing
the prototype stem cell antigen, CD34, (P<0.0001) as well
as their intensity of staining for CD34 (P=0.003) were
lower in t(4;11)-positive than in t(4;11)-negative leukemia

Table 1. Demographic and clinical characteristics of 85 adult patients
with t(4;11)-positive acute lymphoblastic leukemia.

UKALLXII ECOG 2993 (7]
N. (%) N. (%) N. (%)
Total 57 (100) 28 (100) 85 (100)
Sex
Male 21 (37) 7(25) 27 (32)
Female 36 (64) 21 (75) 57 (67)
Age (years)
15-24 14 (25) 37D 17 (20)
25-39 21 (38) 11 (39) 32 (38)
40-59 22 (39) 14 (50) 35 (42)
WBC (x10/L)"
<30 7(13) 4 (14) 11 (13)
30-99.9 8 (14) 9 (32) 17 (20)
=100 42 (74) 12 (54) 54 (67)
% Bone marrow blasts'
<90 10 (25) 7(29) 1727
90-94 14 (34) 9(38) 23 (35)
95-99 13 (32) 4(11 17.(27)
=100 4 (10) 4(17) 8 (13)
Central nervous system'
Yes 1(2) 3 (14) 4 (6)
No 42 (98) 18 (86) 60 (94)
Splenomegaly'
Yes 12 (24) 3(14) 15 (20)
No 39 (76) 23 (88) 61 (80)
Hepatomegaly'
Yes 3(6) 2(3) 5 (7)
No 48 (94) 24 (92) 71 (93)

Notes: (1) Data were missing for some patients: WBC (n=3); bone marrow blasts
(n=20); central nervous system status (n=21), splenomegaly and hepatomegaly (n=9).

t(4;11) adult acute lymphoblastic leukemia

and the intensity of staining for another progenitor cell
antigen, CD123, was not different between the two
groups (P=0.9). Interestingly, CD105 (endoglin), an anti-
gen predominantly expressed by myeloerythropoietic pro-
genitors and mesenchymal cells, was present at lower
density on the surface of t(4;11)-positive blasts than on
t(4;11)-negative one (P<0.0001). As previously reported for
CD10™¢ ALL” in general, t(4;11)-positive lymphoblasts
showed unique expression of the two myeloid antigens,
CDG65 and CD15, (P<0.0001) when compared to t(4;11)-
negative cases.

Cytogenetic and genetic abnormalities

Additional chromosomal abnormalities were present in
31 (41%) of the 75 patients in whom cytogenetic analysis
was successful. The most common additional cytogenetic
abnormalities were gain of chromosome X (n=13),
i(7)(q10) (n=7) and abnormalities of 1p (n=4). Thirty-four
UKALLXII t(4;11)-positive patients were screened by
MLPA for deletions of CDKN2A/B, IKZF1, PAX5, ETV6,
RB1 and EBF1.” No deletions at all were detected in 22
(65%) of the patients and none of the patients harbored a
deletion of PAX5, ETV6, RB1 or EBF1. Twelve patients had
either a deletion of the IKZF gene (n=6) or the CDKN2A/B
locus (n=6). All 34 cases tested by MLPA were also suc-
cessfully tested by cytogenetics and showed t(4;11).

Major outcomes and causes of death

Seventy-seven t(4;11)-positive patients attained a com-
plete remission (93%); remission status was not known
for two patients. This complete remission rate is compara-

Table 2. First remission treatment and outcome among 85 adult patients with
t(4;11)-positive acute lymphoblastic leukemia by age group.

Total Age Group
N (%) 15-24 years 25-39 years 40-59 years |
N (%) N (%) N (%)
Total 85 (100) 17 (100) 32 (100) 36 (100)
Complete remission 77 (93)" 17 (100) 29 (91) 31 (91)
Relapse® 29 (38) 3(18) 13 (45) 13 (42)
Death in first remission 21 (27) 4 (24 6 (21) 11 (35)
Second tumor 2(2) 1(6) 13) 0 (0)
Death 57 (67) 6 (35) 22 (69) 29 (81)
Treatment in first remission
Chemotherapy/
autograft 46 (60) 5(29) 16 (55) 25 (81)
Sibling allograft 16 (21) 7(4D) 4(14) 5 (16)
Unrelated donor 15 (19) 5(29) 93D 1)
allograft

Outcome*® (Kaplan-Meier estimates): all patients for event-free and overall
survival; only patients in complete remission for relapse rate and non-relapse
mortality

Whole cohort

Event free survival 34% (24-44)  65% (38-82) 34% (19-51)  19% (9-34)
Relapse rate 45% (33-58)  19% (6-47) 50% (33-71)  57% (38-78)
Non-relapse mortality ~ 32% (2146)  21% (7-51) 24% (1149)  47% (28-71)
Overall survival 350 (2545)  71% (43-87) 34% (19-51)  19% (9-34)

Notes: (a) complete remission status for two patients unknown; (b) Percentage of patients
achieving a complete remission; (c) 5-year rates.
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ble to that in the total population of patients in the trial.
All six patients who failed to achieve a complete remission
had a WBC count >100x10°/L and three of the six were
>40 years old. The two patients with unknown remission
status died at 28 and 403 days. The complete remission
rate by WBC count was 100% (27/27) for patients with a
WBC <100x10°/L compared to 89% (48/54) for patients
with a WBC count >100x10°/L (P=0.171). Younger
patients were slightly more likely to achieve a complete
remission but the difference was not statistically signifi-
cant. The complete remission rate by age was 17/17
(100%) in patients 15-24 years old, 29/32 (91%) in patients
aged 25-39 years and 31/34 (86 %) in those 40-59 years old
(P=0.641).

A total of 29/77 (38%) patients have relapsed after a
median follow-up of 3.8 years. Slightly more ECOG2993
patients than UKALLXII patients relapsed (48% wversus
33%, P=0.194). All relapses were isolated bone marrow
relapses and all but one of these patients have subsequent-
ly died; the sole survivor has been followed up for 1.8
years. The median time to relapse was 335 days and 28/29
relapses occurred within 2 years of diagnosis. The overall
5-year relapse rate was 45% (95% CI: 33-58%).

In total, 57/85 (67%) patients have died, including all
eight who did not achieve remission or for whom remis-
sion status is not known. Among the 77 patients who
achieved a complete remission, 21 (27 %) patients died in
first remission while 28 (36%) died following a relapse.
One female patient aged 33 developed acute myeloid
leukemia 5 months after achieving a complete remission
and died 5 weeks later of refractory acute myeloid
leukemia.

At a median follow up of 5.4 years the 5-year event-free
survival was 34% (95% CI: 24-44%) while the overall sur-
vival rate was 35% (95% Cl: 25-45%). Fifty-five of 58
(94%) events occurred within the first 2 years (Figure
1A,B). The two events occurring after 5 years were related
to allogeneic transplantation: graft-versus-host disease and
pulmonary complications after an allograft.

Table 3. A comparison of the immunophenotypic characteristics of
t(4;11)-positive and negative ALL.

ANTIGEN* t(4;11)-negative  t(4;11)-positive P
CD34 89 (15, 99) 26 (3,79) 0.002
MFI_CD34 172 (12, 461) 18 (2, 149) 0.003
MFI_CDI135 11 (6,21) 35 (25, 49) <0.0001
MFI_CDI133 2(1,3) 38 (25,58) <0.0001
MFI_CD123 24 (9, 48) 21 (12, 29) 09
MFI_CD105 10 (6, 16) 4(3,7) <0.0001
MFI_CD19 51 (19, 140) 79 (26, 155) 04
MFI_CD22 34 (9,91) 18 (4, 29) 0.01
MFI_CD10 36 (14, 106) 1(1,1) <0.0001
MFI_CD20 24 (5,128) 2(1,3) <0.0001
(D33 4.(044) 3(0,13) 0.4
CDI3 11 (067) 0(05) 0.0002
CD65(s) 0(0,5) 46 (25,73) <0.0001
CDI5(s) 7(0,25) 92 (81,96) <0.0001

# Median percentage or intensity of staining (interquartile range); MFI: mean fluores-
cence intensity ratio; these antigens were selected from a total of 23 antigens tested
based on significant differences.

Post-remission therapy

Only 25/77 (32%) patients who achieved a complete
remission were entered into the randomization to receive
either an autograft or continue chemotherapy alone. Of
these 25 patients, seven were assigned an autograft with
etoposide and total body irradiation conditioning but only
one patient received it. The reasons for patients not receiv-
ing the autograft are not known. Eleven patients were ran-
domized to chemotherapy and seven other patients were
allocated to a sibling allograft with five receiving that allo-
graft. The numbers of patients randomized were insuffi-
cient to perform an analysis by randomized allocation.

Analysis was carried out by treatment received (Figure
2). Among the patients who attained a complete remssion,
31 (40%) patients had an allograft in first remission.
Hematopoietic cell donors for the allograft were as fol-
lows: 16 matched siblings, 14 unrelated donors and one
mismatched related donor. The unrelated donor trans-
plants were performed off-study at the discretion of inves-
tigators. The remaining 46 (60%) patients received
chemotherapy in first remission, although a single patient
received an autograft. First remission treatment was close-
ly correlated with age with 12/17 patients aged 15-24
years receiving an allograft compared to 13/29 patients
aged 25-39 years and only 6/31 patients aged 40-59 years
(P=0.002).

The event-free and overall survival rates of patients
according to treatment received in first remission are
shown in Figure 3A. Those patients receiving chemother-
apy/autograft had a 5-year overall survival rate of 24%
(95% CI: 18-37 %) and 27/46 (59 %) have relapsed. In con-
trast, the 5-year overall survival rate of the 31 patients
who had a sibling donor or unrelated donor allograft was
56% (95% CI: 30-76%) and 67% (95% CI 38-85%),
respectively. As the outcome of sibling and unrelated allo-
graft donor groups was similar the groups were combined
for analysis. Although Cox regression analysis comparing
allograft versus chemotherapy/autograft in first remission
showed a hazard ratio (HR) consistent with a benefit for

1.00+

0.75+
g Overall survival at 5 years = 35% (95% Cl 25-45%)
30.50
s
g TR RN N TR R | m L

0.254

0.00+

0 2 4 6 8 10

Years from diagnosis

Figure 1. Overall survival of 85 adult patients with t(4;11)-positive
acute lymphoblastic leukemia (ALL) treated in the UKALLXIl/
EC0G2993 study.
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an allograft, the superiority over chemotherapy was not
statistically significant for either event-free or overall sur-
vival (Table 4). Patients who received an allograft had a
very low relapse rate (2/31, 6%) indicating that this is
effective anti-leukemic therapy in this high-risk leukemia
and providing further evidence of a graft-versus-leukemia
effect. Thus the data are highly suggestive that the superi-
or survival observed in the allograft group was due to pro-
tection against relapse (Figure 3B).

Five patients aged 15-24 years received chemotherapy
alone after achieving first remission and three of these
patients remain in complete remission at 3.3, 3.8 and 15
years after diagnosis. The other two patients relapsed and
died within 1.5 years of diagnosis, with one having
received an allograft in second remission.

Six patients >40 years old received an allograft. Four
died of transplant-related causes and none relapsed. Two
patients survive more than 3 years after the allograft.

Analysis of prognostic factors affecting major
outcomes

We examined the following prognostic factors in rela-
tion to complete remission, relapse and death rate: age,
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sex, WBC count, central nervous system disease, addition-
al cytogenetic abnormalities, gain of chromosome X i(7q),
abnormalities of 1p, IKZF1 deletions, CDKN2A/B dele-

tions, expression of CD34, CD133, CD135 or CD105.
Only age showed an association with outcome. However,
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Figure 2. Patient flow chart. CRI: first complete remission.
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Figure 3. (A) Relapse rate and survival of 77 adult patients with t(4;11)-positive acute lymphoblastic leukemia (ALL) treated in the
UKALLXII/ECOG2993 study by treatment received in first remission. The 15 patients with unrelated donors include one transplanted from a mis-
matched related donor. (B) Relapse rate and survival of 85 adult patients with t(4;11)-positive acute lymphoblastic leukemia (ALL) treated in the

UKALLXII/ECOG2993 study by age.
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the power to detect differences associated with specific
antigens and additional cytogenetic abnormalities was
compromised by the small dataset.

Age at diagnosis was a strong predictor of outcome
(Table 2), with increasing risks of relapse and death
observed with increasing age. Although the outcome dif-
ferences by age group were clear cut (Table 2), univariate
Cox regression models showed that the adverse effect of
age was continuous for risk of relapse, death and any
event [HR=1.03/year (1.00-1.07), P=0.046; 1.03/year (1.01-
1.06), P=0.002; and 1.04/year (1.01-1.05), P=0.003, respec-
tively], although these findings may be difficult to inter-
pret given the fact that treatment received in first com-
plete remission was also strongly linked to age (Table 2).
Multivariate analysis showed that the effect of age was
independent of post-remission treatment for both event-
free and overall survival (Table 4) and did not show an
advantage of allografting over chemotherapy. A stratified
analysis did not show a statistically significant difference
for the effect of allogeneic hematopoietic cell transplanta-
tion between the two age groups (Table 4).

Discussion

In this study we report on the outcome of the largest
cohort of adults with t(4;11)-positive ALL who were uni-
formly treated on the UKALLXII/ECOG2993 protocol.
The complete remission rate in these 85 patients was sim-
ilar to that of the entire trial population (93%) but only a
third of patients survived 5 years because of a high relapse
rate. Eighty-six percent had a high diagnostic WBC count
and although this did not significantly affect survival it
was associated with the failure to achieve first remission.
Age was the major determinant of outcome with patients
15-24 years old having very encouraging survival.
However, age had clear effects on treatment assignment
with most young patients undergoing allogeneic
hematopoietic cell transplantation in first remission.

Analysis of the effects of post-remission treatment on
the outcome of the 77 patients who achieved a first remis-
sion was confounded by a number of factors, not least the
role of age in directing therapy. It is not valid to compare
the survival of patients who received continuing
chemotherapy (24%) with those who had an allograft
(>60%) as the latter group was younger and there may
have been other selection factors not accounted for in our
analyses. A donor versus no donor analysis is also unhelp-
ful as half of the allografted patients had stem cells from
an alternative donor. However, there is now considerable
evidence that recipients of sibling and unrelated donor
grafts achieve similar outcomes in adult ALL and this find-
ing is confirmed by this study, albeit in small numbers. It
is important to note that the unrelated donor transplants
in first remission occurred off-protocol and it seems likely
that patients selected for this intervention were fitter and
would have had a well-matched donor available. An
important finding was the very low relapse rate in the allo-
grafted group (2 of 31 patients), confirming that high-dose
chemoradiotherapy and an allogeneic graft-versus-
leukemia effect represent the strongest antileukemic ther-
apy in t(4;11) adult ALL. However transplant-related mor-
tality almost reached 30%, affecting both event-free and
overall survival in the allografted group and contributing
to the finding that allografting was not superior to

Table 4. Cox regression analysis examining the effect of age and first
remission treatment among adult patients with t(4;11)-positive acute
lymphoblastic leukemia (ALL).

Endpoint Model* Hazard Ratio 95% CI P
Univariate Cox model
EFS Allov Chemo 0.65 0.33-1.26 0.199
RR 0.10 0.02-0.43 0.002
NRM 451 1.23-16.57 0.023
0S 0.54 0.28-1.03 0.060
Multivariate Cox model
EFS Age (per year) 1.03 1.01-1.06 0.017
Allov Chemo 0.90 0.44-1.85 0.773
RR Age (per year) 1.01 0.98-1.05 0.520
Allo v Chemo 0.11 0.02-0.50 0.004
NRM Age (per year) 1.07 1.02-1.13 0.004
Allo v Chemo 9.23 2.30-37.07 0.002
0S Age (per year) 1.03 1.00-1.06 0.029
Allo v Chemo 0.75 0.36-1.54 0.428
Cox model for the effect of allograft versus chemo stratified by age
EFS 15-39 years 0.60 0.25-1.40 0.465
40-59 years 1.06 0.34-3.35
RR 15-39 years 0.12 0.03-0.54 0.653
40-59 years 0 -
NRM 15-39 years 5.71 0.69-46.97 0.957
40-59 years 6.45 1.10-37.72
0S 15-39 years 0.46 0.20-1.04 0.188
40-59 years L1 0.36-3.41

'Only patients achieving a complete remission (n=77) and thus available for first remis-
sion treatment were included in the models; *The P values for the stratified model rep-
resent a test of heterogeneity comparing the effect of an allograft in the two age groups.
Allo: allogeneic transplant; Chemo: chemotherapy; EFS: event-free survival; RR: relapse
rate; NRM: non-relapse mortality; OS: overall survival.

chemotherapy in multivariate analysis. Lowering trans-
plant-related mortality will constitute the most important
way of achieving better outcomes in patients who are
allografted.

Too few patients aged 15-24 years were treated with
chemotherapy alone to assess the effectiveness of this
strategy. Most patients in this age group are now treated
on trials using intensive pediatric regimens with minimal
residual disease detection guiding treatment assignment.
For example, patients with t(4;11) aged 15-24 years old in
the newly opened UKALL2011 trial in the UK will be clas-
sified as high risk but will not routinely receive allogeneic
hematopoietic cell transplantation in first remission.
However, patients who have minimal residual disease
after 14 weeks of therapy will be taken off study and will
receive an allograft. Hence this trial and trials such as the
ongoing Cancer and Leukemia Group B ALL Intergroup
study C10403 [in which patients with t(4;11) are recom-
mended to have a transplant] should enable us to under-
stand if allografting is necessary in younger patients with
t(4;11) who are treated with more ‘pediatric-like’ induc-
tion and consolidation regimens. We had insufficient min-
imal residual disease data to analyze this prognostic vari-
able.

The outcome for patients aged 40-59 years was poor.
Intensification of chemotherapy regimens is unlikely to be
the solution for patients in this age group because of toxi-
city. The judicious application of allogeneic hematopoietic



cell transplantation in selected fit patients with well-
matched donors bears consideration based on the very
low relapse rate seen in patients who had myeloablative
allografts. Reduced intensity allografts have not been test-
ed prospectively in adults with ALL, particularly in
defined high-risk groups such as patients with t(4;11). This
approach is being assessed in the UKALL14 study but the
low incidence of this cytogenetic abnormality may make
it difficult to draw definitive conclusions. It is worth not-
ing that the two major studies of reduced intensity condi-
tioned allografts in adults with ALL suggest a higher
relapse rate with this reduced intensity conditioning than
full intensity allografts.”**

The outcome after relapse was extremely poor, confirm-
ing the results of our previous study.” More effective sal-
vage strategies such as blinatumamab and inotuzamab
deserve study in this group of patients.”* Until there are
effective salvage therapies for patients with relapse, allo-
grafting will have to be considered for all adults with high-
risk ALL.

Detailed immunophenotypic analysis of 27 patients
confirmed the known prevalence of the CD10™, imma-
ture differentiation stage in t(4;11)-positive ALL.* These
data correlate with those of our previous analysis of anti-
gen receptor genes in this cohort of UKALLXII patients
which indicated that the t(4;11) translocation arises in an
immature cell.” The dual presence of myeloid antigens
CD15, and CD65 is, however, a feature of all CD10™ B-
lineage cases and not restricted to those with t(4;11).*
Contrary to earlier reports,” we found CD33 and CD13 to
be expressed by significantly fewer lymphoblasts in
t(4;11)-positive ALL than in other Philadelphia-negative
BCP-ALL. We expanded on the characteristic stem cell
antigen signature of t(4;11)-positive ALL, namely CD133
high/CD34 low expression, previously proposed in pedi-
atric ALL,” by showing overexpression also of CD135 and
CD105, while CD123 was present though non-discrimi-
nating. The high intensity of CD135 expression (FLT3) is
in agreement with our gene expression data from the
ECOG2993 trial” and findings in pediatric /VLL-positive
BCP-ALL.* Although CD133 is overexpressed on CD34*
cells in normal hematopoietic tissue, functional studies
have revealed that a very rare population of CD133*CD34
CD38Lin cells have long-term in vitro and in vivo repopu-
lating abilities.”

The pathogenesis of MLL-positive ALL is likely to be a
multistep process requiring the acquisition of several sec-
ondary genetic and/or epigenetic alterations. However,
emerging data suggest that t(4;11)-positive ALL may be
different because the reciprocal gene product — AFF1-MLL
- also has leukemogenic properties.” While this hypothesis
is substantiated by the short latency period observed in
infant t(4;11)-positive ALL, the possible re-emergence of
this abnormality in adult ALL is an intriguing observation
and one that warrants further investigation. Studies inves-
tigating the prognostic impact of secondary genetic and
epigenetic alterations in t(4;11)-positive ALL have largely
been confined to infant and childhood ALL and, moreover,
have been mostly inconclusive. In this study, we were able
to investigate both additional chromosomal abnormalities
and to characterize the most prevalent copy number alter-
ations observed in ALL in our study population. In keeping
with previous studies, we found that t(4;11) ALL harbors
few recurrent genomic alterations.””'*"* Further studies

t(4;11) adult acute lymphoblastic leukemia

are needed to assess the incidence and clinical relevance of
sequence mutations (especially those affecting the RAS
pathway). In contrast to the lack of genomic aberrations
observed in these patients, epigenetic dysregulation in
MLL-rearranged leukemia appears to be widespread and
specific methylation signatures have been reported for
MLL-rearranged leukemias as a whole and also within dif-
ferent translocation subgroups.®”* In particular, the his-
tone methyltransferase DOT1L has been shown to play a
pivotal role in leukemogenesis in ALL-rearranged cases
and in vitro studies have demonstrated sensitivity to target-
ed inhibition.** A phase I study of an DOTIL inhibitor
(EPZ-5676) has recently been announced raising the
prospect of a targeted therapeutic strategy for this poor-
risk subgroup. Additional therapeutic possibilities have
emerged from our recent study which demonstrated that
adult t(4;11)-positive ALL displays a unique DNA methy-
lation signature with predominant hypomethylation,
resulting in transcriptional up-regulation and over-expres-
sion of several oncogenes including BCL6."”

In summary t(4;11)-positive ALL in adults has a slightly
poorer outcome than B-cell precursor ALL overall
although that outcome is highly dependent upon age.
Allogeneic hematopoietic cell transplantation offers excel-
lent outcomes in younger patients and may have a part to
play in the management of t(4;11)-ALL but its precise role
requires further exploration in different age groups in
prospective trials. We again confirm that effective therapy
for relapse represents a major unmet need in adult ALL.
Finally, studies that attempt to elucidate the biology of this
disease may enable us to develop more individualized and
targeted therapies.
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