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Important studies challenging previous approaches to the treatment of adults with Philadelphia chromosome–negative acute lymphoblastic leukemia (ALL) have emerged in the past decade. Donor versus no
donor comparisons of allogeneic transplant highlight a potent graft-versus-leukemia effect in ALL, and
the application of reduced-intensity conditioning transplants may exploit this effect while reducing nonrelapse mortality. The adoption of the use of pediatric intensity-type regimens in adolescents and young
adults shows promise to improve outcomes in this population. New therapeutic targets such as mutations in NOTCH1 in T-cell ALL and CD22 in pre-B ALL are being exploited in clinical trials. The application
of molecular techniques and flow cytometry to quantitate minimal residual disease will allow further
stratification of patients by risk. Although the outcomes of adults with ALL lag behind the stunningly
successful results seen in children, new paradigms and new discoveries bring hope that this disparity
will steadily lessen.

I

n the first decade of the new millennium, multiple
studies have begun to change our thinking about the
treatment of adults with acute lymphoblastic leukemia
(ALL). In pediatric patients cure rates in the range of 80% to
90% are now attainable.1 While adult patients with ALL
now have a 90% chance of entering first complete remission
(CR) with modern chemotherapy, most patients will relapse,
and leukemia-free survival with 3 to 7 years of follow-up in
large series is only in the range of 30% to 40%.2 The poor
outcome of chemotherapy in adults with ALL as compared
to children relates to multiple factors, including poor
tolerance of intensive courses of chemotherapy and a higher
incidence of poor prognostic subtypes of ALL such as
Philadelphia chromosome–positive ALL and a lower
incidence of favorable subtypes such as the t(12;21).
Evolving paradigms in the treatment of adult ALL include
the application of intense pediatric regimens to the treatment of adolescents and young adults and the increasingly
recognized importance of the graft-versus-leukemia effect
in the cure of patients. The identification of new molecular
abnormalities as treatment targets, such as NOTCH1, bring
the hope that new agents directed at these pathogenic
mechanisms may improve outcomes. The application of
minimal residual disease testing will allow for better
stratification of patients and tailored therapy based on risk.
These new paradigms bring hope for improved outcomes,
but currently are also leaving clinicians with increased
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uncertainty about how to optimally manage adult patients
with newly diagnosed ALL.

Graft-Versus-Leukemia Effect in ALL
While most transplant clinicians have, in recent years,
considered the allogeneic graft-versus-leukemia effect to be
weak in ALL on the basis of poor results with donor
lymphocyte infusions in the relapse setting, the overall
poor prognosis of adults with ALL led investigators to
explore the use of allogeneic and autologous bone marrow
transplantation compared with chemotherapy in randomized trials beginning in the late 1980s and early 1990s.
In the LALA-87 trial, patients over the age of 50 were
treated with chemotherapy only, while those under the age
of 40 with an HLA-identical sibling received an allogeneic
SCT.3 The remaining patients were randomly assigned to
receive either autologous transplant or chemotherapy. This
trial demonstrated similar disease-free survival between the
autologous transplant and chemotherapy patients. For the
allogeneic patients, those with high-risk features including
the presence of BCR-ABL1 gene rearrangement, older age,
elevated white count, or delay in achieving remission had a
superior outcome to those patients receiving chemotherapy
or autologous transplantation.4 In the LALA-94 trial
patients with high-risk ALL were allocated to allogeneic
bone marrow transplantation (BMT) if they had an HLAidentical sibling or were randomized to autologous BMT or
American Society of Hematology

chemotherapy if they did not. Disease-free survival was
45% in patients with a donor versus 18% in those without
(P = .007).5
A meta-analysis conducted in the 1990s of these studies
and others, totaling 7 studies encompassing 1274 patients,
carried out a donor versus no donor comparison and showed
a survival advantage for patients with a donor and that this
survival advantage was even greater in the subset of highrisk patients. No beneficial effect of autologous BMT was
noted.6 On the basis of studies such as these an evidencebased review of the role of BMT in the treatment of ALL
recommended allogeneic BMT for ALL in first remission
for patients with high risk, but not standard risk, disease.7
A trial carried out by the Medical Research Council in
Great Britain and the Eastern Cooperative Oncology Group
in the United States, the largest ever reported, treated nearly
2000 patients. The treatment consisted of 2 months of
induction chemotherapy; those achieving a complete
remission were allocated to allogeneic BMT if they had an
HLA-matched sibling or, if not, were randomized to receive
an autologous BMT or consolidation and maintenance
chemotherapy (Figure 1). Those with Philadelphia chromosome–positive ALL were allowed to receive an allogeneic
transplant from an unrelated donor and subsequently, with
its availability, were also treated with imatinib. High-risk
patients were defined as patients older than 35 years or
those with a high WBC count at presentation ( ≥ 100 × 109/
L for B lineage and ≥ 30 × 109/L for T lineage) along with
all patients with the Philadelphia chromosome. In a donorversus-no donor comparison for the Philadelphia chromosome–negative patients, a potent graft-versus-leukemia
effect was found in all patients with a 5-year improved

Figure 1. Overall schema for the international ALL trial
conducted by the MRC and ECOG.
Reprinted with permission from Rowe JM. Optimal management
of adults with ALL. Br J Haematol. 2009;144:468-483.44
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overall survival (OS) of 53% versus 45% (P = .01). This
overall survival advantage was also seen in the standardrisk patients where 62% of those with a donor versus 52%
of those without a donor were alive at 5 years (P = .02).
Surprisingly, benefit for transplant in the donor group was
not seen for the high-risk patients with a 5-year OS of 41%
versus 35% of high-risk patients with no donor (P = .2). A
high treatment-related mortality of nearly 36% at 2 years
mitigated the benefit of a significantly lower relapse rate.8
Thus, this large study suggested that standard-risk adults
with ALL could benefit from a graft-versus-leukemia effect.
Recently, a similar report from the Netherlands of 288
patients under the age of 55 from two consecutive prospective studies described a donor-no donor comparison
between patients with a compatible sibling donor who
underwent allogenic transplant versus other patients who
underwent an autologous transplant. In the donor group
disease-free survival at 5 years was significantly better at
60% compared with 42% in the no-donor group (P = .01).
This improved outcome was more pronounced in the
standard-risk patients with a donor who had an OS at 5 years
of 69% (hazard ratio = 0.47; 95% CI 0.26-0.84; P = .007).9
Reduced-intensity conditioning (RIC) regimens are
beginning to be utilized in the treatment of patients with
ALL to overcome some of the increased incidence of
treatment-related mortality associated with myeloablative
allogeneic BMT. The European Group for Blood and
Marrow Transplantation (EBMT) has reported one of the
largest series to date. In it, the outcomes of 97 adult patients
with ALL, including one third of the patients in first CR
with the majority in higher levels of CR or with refractory
or persistent disease. The patients received a variety of RIC
regimens and, with nearly 3 years of follow-up, the OS for
the first CR patients was 52%. OS was 27% and 20%,
respectively, in patients in second/third CR or with a more
advanced disease.10 In a retrospective comparison of RIC
transplantation compared with myeloablative (MA)
transplantation from the EBMT, 97 patients receiving a RIC
transplant were compared with 504 patients receiving a MA
transplant. Patients in the RIC group were older. Nonrelapse mortality at 2 years was lower in the RIC group at
22% compared with 32% for the MA group, but relapse
incidence was higher in the RIC group; and the overall
leukemia-free survival was similar at 38% for MA and 37% for
RIC. These results are promising given that the RIC patients
were older and likely had more comorbidities.11 Thus, these
recent studies have confirmed that, contrary to prior beliefs,
a potent graft-versus-leukemia effect exists in ALL and has
a role in both standard and high-risk patients. This topic is
thoroughly reviewed at another session of this meeting.12
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Treatment of Adolescents and Young Adults
A surprising finding in the therapy of ALL in children has
been that much of the success in the past several decades
has been a result of altering the doses and schedules of
existing drugs and not as a result of the introduction of
major new drugs. Adult regimens are typically less intense
than pediatric regimens. The Cancer and Leukemia Group B
(CALGB) and the Children’s Cancer Group (CCG) first
asked whether adolescents and young adults (AYA) between
the ages of 16 and 20 fared differently whether they were
treated on CALGB protocols or CCG protocols. The results
of this study, first reported in 2000 and subsequently
published in 2008, demonstrated that although the complete remission rates were identical for the AYAs treated on
the CALGB and CCG trials, the AYAs had a 63% event-free
survival (EFS) and 67% OS at 7 years on the CCG trials
compared with 34% and 46%, respectively, on the CALGB
trials. Although the age range of the patients treated were
the same in both studies, the median age of the patients in
the CALGB studies were 19 years as compared with 16
years on the CCG trials. A puzzling finding from this study
was that the EFS for the 16 to 17 year olds on the CALGB
studies were similar to the same age group on the CCG
studies (55% vs 64%, respectively, P = .49). The inferior
outcome for the CALGB patients was confined to the 18 to
20 year olds whose EFS was only 29% as compared with
57% for the 18 to 20 year olds treated on the CCG studies
(P = .01). The CCG patients received intensive and earlier
central nervous system prophylaxis, which resulted in a
significantly lower incidence of isolated central nervous
system relapses. Also the doses of non-myelosuppressive

drugs such as corticosteroids, vincristine, and L-asparaginase were much higher in the CCG regimens compared with
the CALGB regimens.13 This increased intensity of nonmyelosuppressive drugs was particularly evident in postremission therapy.
Since the initial report of these findings in 2000, multiple
national European cooperative groups have reported similar
results with improvement in the outcome of AYAs treated on
pediatric protocols as compared to adult protocols14-19
(Table 1). However, these trials are difficult to interpret
because of the differing ages of the patients studied, small
numbers of patients, variations in the regimens utilized and
the varying application of BMT in different studies. The
median age of the adolescents on the adult studies are
usually at least 2 years older than the adolescents on the
pediatric studies.
In the study from Finland a group of 128 patients aged 10
to 16 years (median age 12.9 years) treated on pediatric
protocols were compared with 97 patients aged 17 to 25
years (median age 18.9 years). Despite this significant age
discrepancy and differences in the dosing of various drugs
in the two groups, the complete remission rates were the
same (96% pediatric, 97% adult) and there was no significant difference in the 5-year EFS (67% pediatric, 60%
adult; P = n.s.) or OS (77% pediatric, 70% adult; P = n.s.)
between the two groups.19
Whether these improved outcomes are solely a result of the
higher doses of non-myelosuppressive drugs or whether

Table 1. Retrospective comparisons of adolescents/young adults treated on pediatric and adult protocols.
Author

n

Median age, y

TRM, %

OS, %

Stock

Reference Study group
13

CCG (P)
CALGB (A)

197
124

16
19

CR, % Relapse, %
90
90

NA
NA

63
34

67
46

Boissel

14

FRALLE-93 (P)
LALA-94 (A)

77
100

15.9
17.9

94
83

15
46

6
1

67
41

deBont

15

DCOG (P)
HOVON 15-18(A)
HOVON 19-20(A)

47
44
29

115.4
16.9
19.5

98
91
90

27
55
50

4
25
21

69
34
34

Testi

18

AIEOP (P)
GIMEMA (A)

150
95

15
16

94
89

17
45

NA
NA

NA
NA

Hallböök

16

NOPHO-92 (P)
Adult ALL Grp (A)

36
99

15.6
18.2

99
90

NA

NA

74
39

Ramanujachar 17

ALL-97/99 (P)
MRCUKALLXII/ECOG2993 (A)

61
67

NA
range 15-17

98
94

25
28

7
16

65
49

Usvasalo

19

NOPHO (P)
Finnish Leukemia(A)

128
97

12.9
18.9

96
97

26
31

3
5

67
60

Thomas

24

MD Anderson (A)

102

19

97

NA

NA

65

P indicates pediatric; A, adult; CR, complete remission; TRM, treatment-related mortality; EFS, event-free survival; OS, overall survival; NA, not
available.
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they relate to other factors such as the greater experience of
pediatric hematologists in caring for adolescents with ALL
compared with adult hematologists-oncologists, or stricter
adherence to scheduled treatments is unclear.20 It also
appears that adults do not tolerate drugs utilized in ALL
treatment as well as children do.21
These results have prompted new studies where pediatric
ALL regimens have been adapted to the treatment of
younger adults. With short follow-up, these reports suggest
EFS and OS outcomes in the range of 60%.22,23

(protocol AALL0232) will be compared to a group of AYAs
up to the age of 30 treated with the identical regimen in an
adult intergroup protocol (C10403). In addition to assessing the outcomes of AYAs treated on both these regimens,
adherence to the two regimens in terms of dosing and
schedule will be closely monitored and will provide more
definitive proof as to whether the pediatric regimen can
bring similar results in AYAs treated by adult hematologistsoncologists. A similar trial is being conducted by the
EORTC and Dutch HOVON groups. The results of these
trials are eagerly awaited.

The GRAALL-2003 was a phase II study where
patients between the ages of 15 and 60 were
eligible to receive a “pediatric-inspired
therapy” that contained higher doses of
asparaginase, vincristine and prednisone
compared with the group’s previous adult
protocols. With a median follow-up of 42
months the EFS and OS were 55% and 60%,
respectively. Age was an important factor in
outcome. The authors identified a best age
cutoff of 45 years, with patients over age 45
having a chemotherapy-induced death rate of
23% as compared with 5% in younger patients,
with EFS of 58% and 46% respectively (P =
.03). The authors do not specify if there was
any difference in outcome by age within the
group of patients 15 to 45 years old.23
These results are similar to what has been seen
with allogeneic BMT in younger patients, but
because the follow-up is shorter, it is unclear as
yet whether these encouraging outcomes will
remain durable over time. Thus, these studies,
while encouraging, are not yet definitive proof
of the benefit of this approach. In fact, a study
recently reported in abstract form suggested
that the results of the hyper-CVAD regimen are
improved in younger adults with EFS and OS
rates of 55% and 67%, respectively.24 Interestingly, recent data from the Surveillance,
Epidemiology, and End Result (SEER)
database suggest that outcomes for all adults
between the ages of 15 and 60 have improved
over time. In those over age 60, similar
improvement has not been seen (Figure 2).25
While a trial randomizing AYAs to a pediatric
regimen versus an adult regimen will likely not
be done, an innovative phase II comparison is
being conducted in the United States where
one arm of a high-risk pediatric ALL regimen
Hematology 2009

Figure 2. Ten-year relative survival curves of patients with ALL
by major age groups. Period estimates for 1980-1984 (solid
curves) and 2000-2004 (dashed curves).
Reprinted with permission from Pulte D, Gondos A, Brenner H.
Improvement in survival in younger patients with acute lymphoblastic
leukemia from the 1980s to the early 21st century. Blood.
2009;113:1408-1411.25
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New Targets and Mechanisms of Disease
Cytogenetic abnormalities related to prognosis have been
evident in patients with ALL for many years and remain one
of the strongest prognostic factors for outcome.26 These
studies have demonstrated the range of cytogenetic
abnormalities found in patients with ALL but also highlighted the difference in the incidence of these abnormalities between children and adults. They show that these poor
prognostic cytogenetic abnormalities are more frequently
seen in adults with ALL and the incidence of these adverse
prognostic abnormalities increases as patients age. Cytogenetic abnormalities remain the strongest predictor of
treatment outcome in patients with ALL as in AML.26
The identification of recurring cytogenetic abnormalities in
patients with ALL has led to the identification of the genes
and gene products juxtaposed as a result of these translocations. A prominent abnormality in this regard is TEL-AML1, the gene that results from a translocation between
chromosomes 12 and 21. Patients with more than 50
chromosomes in their leukemic cells (hyperdiploidy) and
patients with the TEL-AML-1 gene abnormality represent
nearly 50% of all cases of pediatric ALL. These two
abnormalities are associated with a good prognosis.1
New genetic abnormalities continue to be identified as
increasingly sophisticated molecular techniques become
available. Some of these include intrachromosomal
amplification of chromosome 21, chromosome 9p deletions,
and mutations in the FLT3, PTPN11, and RAS genes. These
are summarized in a recent review by Meijerink.27 Of
increasing interest is the use of high-resolution genomewide platforms for the detection of regions of loss of
heterozygosity and DNA copy number abnormalities. These
studies are beginning to unravel the ways in which the
multiple genetic and molecular legions identified in ALL
may cooperate to produce the disease. In a key study,
Mullighan and colleagues performed a genome-wide
analysis of 242 pediatric ALL samples utilizing singlenucleotide polymorphism (SNP) arrays and genomic DNA
sequencing. In precursor B ALL, they identified structural
rearrangements, point mutations, deletions, and amplifications in genes encoding the main regulators of B-lymphocyte development and differentiation in 40% of cases. The
PAX5 gene was altered in 32% of cases.28 These molecular
techniques are highlighting abnormalities such as loss of
heterozygosity (LOH), copy number abnormalities (CNA),
and epigenetic modifications including histone modification and cytosine methylation.
The most interesting discovery in recent years in T-cell ALL
has been the finding of activating mutations in the
NOTCH1 and FBXW7 genes in more than 50% of cases.29
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These interesting developments are described in more detail
in the report by Ferrando30 in this volume.
The development of new chemotherapeutic and biologic
agents for other diseases have begun to find application in
the treatment of ALL. The remarkable success of rituximab
in the treatment of non-Hodgkin’s lymphoma and the
known negative prognostic significance of CD20 expression in ALL31 led to the exploration of rituximab in
precursor-B ALL and has suggested that rituximab can
improve outcome when combined with hyper-CVAD
compared with patients receiving hyper-CVAD alone.32
Randomized trials assessing the role of rituximab in
precursor-B ALL are in progress.
CD22 is a B lymphocyte–restricted 135-kDa transmembrane sialoglycoprotein member of the immunoglobulin
super-family that is initially present in the cytoplasm of
developing B cells. Surface expression of CD22 occurs at
later stages of B-cell development. It is present on 60% to
80% of B-cell malignancies.33 Epratuzumab is a humanized
anti-human CD22 antibody that rapidly internalizes into
the cell upon binding to CD22. Epratuzumab has singleagent activity in diffuse, large, B-cell lymphoma.34 It has
been combined with chemotherapy and rituximab in the
treatment of newly diagnosed diffuse large B-cell lymphoma with promising results.35 In ALL, studies are
indicating that it can be combined with ALL-type therapy
with encouraging results.36
An interesting agent in the treatment of T-cell ALL is
nelarabine, a pro-drug of guanine arabinoside. Promising
results have been seen in pediatric patients in the relapsed
and refractory setting.37 In adults with relapsed or refractory
T-cell ALL a recent study has shown that a regimen of 1.5 g/
m2/day on days 1, 3, and 5 can safely be administered in
multiple cycles every 22 days. It produced a complete
remission rate of 31% with an overall response rate of 41%
in a group of high-risk patients. The principal toxicities
were cytopenias, with only one grade 4 adverse event in the
nervous system.38
A number of other promising agents are in development for
ALL and are listed in Table 2.

Minimal Residual Disease
Although almost all patients with newly diagnosed ALL
achieve morphologic and cytogenetic complete remission,
some patients with pediatric ALL and many patients with
adult ALL relapse. This indicates that many of these
patients have undetectable residual disease at the time of
achievement of a complete remission. The introduction of
sensitive molecular techniques utilizing clonal immunogloAmerican Society of Hematology

Table 2. Selected antileukemic drugs being tested in clinical trials.
Drug

Mechanism of action

Subtype of leukemia targeted

Clofarabine

Inhibits DNA polymerase and ribonucleotide reductase; disrupts
mitochondria membrane

All

Nelarabine

Inhibits ribonucleotide reductase and DNA synthesis

T-cell

Forodesine

Inhibits purine nucleoside phosphorylase

T-cell

γ-secretase inhibitors

Inhibit γ-secretase, an enzyme required for NOTCH1 signaling

T-cell

Rituximab

Anti-CD20 chimeric murine-human monoclonal antibody

CD20-positive

Epratuzumab

Anti-CD22 humanized monoclonal antibody

CD22-positive

Alemtuzumab

Anti-CD52 humanized monoclonal antibody

CD52-positive

Gemtuzumab ozogamicin

Anti-CD33 monoclonal antibody conjugated with calicheamicin

CD33-positive

Imatinib mesylate

ABL kinase inhibition

BCR-ABL-positive

Nilotinib

ABL kinase inhibition

BCR-ABL-positive

Dasatinib

BCR-ABL kinase inhibition

BCR-ABL-positive

Lestaurtinib; midostaurin; tandutinib;
sunitinib hyperdiploid

IMC-EB10
FMS-like tyrosine kinase 3 inhibition

MLL-rearranged; maleate

Tipifarnib; lonafarnib

Farnesyltransferase inhibition

All

Azacytidine; decitabine; temozolomide DNA methyltransferase inhibition

All

Romidepsin; vorinostat; valproic acid;
MD-27-275; AN-9

Histone deacetylase inhibition

All

Sirolimus; temsirolimus; everolimus;
AP-23573

Mammalian target of rapamycin inhibition

All

Bortezomib

Inhibition of ubiquitin proteasome pathway

All

Flavopiridol

Serine-threonine cyclin-dependent kinase inhibition

All

Oblimersen

Downregulation of BCL2

All

17-AAG

Heat shock protein-90 inhibitor

BCR-ABL-positive; ZAP-70-positive

Adapted and reproduced with permission Pui CH, Robison LL, Look AT. Acute lymphoblastic leukaemia. Lancet. 2008;371:1030-1043.1

bulin or T-cell receptor gene rearrangements has been
effectively utilized to detect minimal residual disease. In
pediatric ALL it was demonstrated over 10 years ago that
the presence of residual disease at the end of induction
chemotherapy or at later time points was a powerful
predictor of relapse, independent of other risk factors.39 The
challenge of utilizing immunoglobulin or T-cell receptor
gene rearrangement studies is that each patient’s gene
rearrangement is unique and must be established for each
patient. The increasing sophistication of flow cytometry has
also led to wider use of this technique to identify distinct
immunophenotypes in patients that allow the detection of
one leukemic cell amongst 10,000 normal cells.40 The
German Multi-Center Study Group for adult ALL has
published data indicating that patients who have a rapid
decline in their minimal residual disease (MRD) measurement within the first month of therapy had a 3-year relapse
rate of 0%. Another subset of patients who had MRD
detectable until week 16 of therapy had a 3-year relapse rate
of 94%. Patients in between these two groups had an
intermediate risk of 47%.41 The patients with a rapid decline
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in their MRD represented only 10% of the patients studied,
highlighting another reason for the poorer prognosis of
patients with adult ALL. A study from Italy has recently
confirmed the value of MRD determinations in determining
outcome of patients with adult ALL.42 In adult ALL, MRD
measurement has not yet become the standard of care in all
centers but will likely become so in the future. An excellent
summary of the state of MRD measurement in ALL has
recently been published.43

Conclusion
The successes achieved in the treatment of pediatric ALL in
the past 40 years have and will continue to influence the
treatment of adults with ALL. The use of pediatric regimens
in the treatment of young adults may enhance their outcome, but further study is needed to determine the longterm results of this approach and whether adults can truly
tolerate these intensified regimens in terms of toxicity.
Advances in allogeneic BMT hold the promise that a
reduced-intensity conditioning approach can exploit the
graft-versus-leukemia effect while reducing toxicity. These
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studies are exciting, but have also increased uncertainty in
the minds of clinicians treating adults with ALL as to the
optimal approach. It is imperative that patients enter
clinical trials so these new approaches can be carefully
studied. New immunotherapeutic and chemotherapeutic
agents will enhance the therapeutic armamentarium for the
treatment of this difficult disease. The identification of new
molecular abnormalities will enhance our prognostic
abilities and allow for the identification of new drugs.
Minimal residual disease testing is and will continue to
stratify patients for risk of relapse and allow further individualization of therapy.
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