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The past three decades have seen considerable ad-
vances in our understanding of the underlying
mechanisms of acute myeloid leukemia (AML) and
dramatic improvements in treatment. At present,
decisions about therapy are largely based on prog-
nostic factors identified at the time of diagnosis or
shortly thereafter. These features include age, the
karyotype of the leukemic clone, the initial leuko-
cyte count, and the response to induction chemo-
therapy. Karyotypic analysis is particularly impor-
tant, because it not only provides a key prognostic
indicator but also serves to identify biologically dis-
tinct subgroups of AML, which in some instances
require specific types of treatment.
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 All-

 

trans

 

-retino-
ic acid and arsenic trioxide, for example, have revo-
lutionized the treatment of acute promyelocytic leu-
kemia characterized by t(15;17)(q22;q21).
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Effective risk stratification is essential in pa-
tients with newly diagnosed AML so that informed
decisions can be made about the need for allogene-
ic stem-cell transplantation. There is a growing
consensus that patients who have AML with prog-
nostically favorable karyotypic abnormalities (i.e.,
t(15;17), t(8;21), or inv(16), or its variant t(16;16))
do not benefit from the routine use of transplanta-
tion during first complete remission, because any
therapeutic advantage is offset by the risk of trans-
plantation-related complications and death.
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 By
contrast, allogeneic stem-cell transplantation is
considered the treatment of choice for young adults
who have AML with prognostically adverse cytoge-
netic features (i.e., ¡5/del(5q), ¡7, abnormal 3q,
t(9;22), or a complex karyotype), because the out-
come of conventional chemotherapy is poor in such
patients. However, since allogeneic stem-cell trans-
plantation is not feasible or indeed curative in all pa-
tients with high-risk AML, there is a critical need for

a greater understanding of the biology of such leu-
kemias.

The most appropriate treatment for standard-
risk AML, which accounts for over half the cases of
this disease, has not been firmly established. This
subgroup is difficult to classify, because it includes
cases with various numerical and structural cytoge-
netic abnormalities that occur infrequently, mak-
ing it difficult to determine their prognostic signif-
icance.
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 Moreover, cytogenetic analysis provides
no clues in cases of AML with a normal karyotype,
which account for the majority of cases in the stan-
dard-risk group.

Molecular events implicated in the pathogene-
sis of AML include activating mutations in genes
encoding tyrosine kinases, such as fms-like tyrosine
kinase 3 (FLT3), c-KIT, and N-RAS, and mutations
in genes encoding transcription factors involved in
normal hematopoiesis, such as AML1, GATA1, and
CCAAT/enhancer binding protein alpha (CEBPA).
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The observation that chimeric fusion genes gener-
ated by chromosomal translocations commonly
coexist with a defined spectrum of mutations af-
fecting tyrosine kinases has led to the notion of co-
operating genetic lesions, which couple a block in
differentiation with enhanced cellular prolifera-
tion.
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 It is clear that molecular screening for muta-
tions in 

 

FLT3

 

 and 

 

CEBPA

 

 can distinguish subgroups
of patients with standard-risk AML who have differ-
ent risks of relapse, but whether any given genetic
lesion defines a clinically relevant subgroup of AML
is uncertain.

The studies by Bullinger et al.
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 and Valk et al.
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reported in this issue of the 

 

Journal

 

 highlight some
of the exciting opportunities that gene-expression
profiling promises to provide for advancing our un-
derstanding of AML and further refining predic-
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tions of the clinical outcome. In the large study by
Valk et al., which evaluated 285 unselected patients
with AML encompassing a wide spectrum of the
heterogeneous cytogenetic and molecular abnor-
malities of the disease, only 16 distinct gene-expres-
sion profiles, or clusters, were revealed by unsuper-
vised analysis. (This term and others are explained
in the glossaries that accompany the articles by Valk
et al. and Bullinger et al.) Although no such study
can possibly include all known molecular lesions,
and hence, additional clusters are likely to exist, the
work of Valk et al. does raise the interesting possi-
bility that AML may not be as heterogeneous as pre-
viously thought. Their results support the notion of
the functional redundancy of the molecular lesions
in AML, in the sense that different molecular lesions
may enhance self-renewal or block differentiation
of the leukemic clone (or do both) to the same de-
gree. Such redundancy suggests that there may be
relatively few pathways to the development of the
leukemic phenotype.
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A number of clusters corresponded to well-rec-

ognized cytogenetically and molecularly defined
entities such as t(15;17), which leads to 

 

PML-RARA

 

;
t(8;21), which leads to 

 

AML1-ETO

 

; and inv(16),
which leads to 

 

CBFB-MYH11 

 

— findings that are in
accord with those of Bullinger et al. and other
studies

 

8,9 

 

and that support the listing of these sub-
groups as separate entities in the World Health Or-
ganization (WHO) classification.

 

10

 

 However, trans-
locations involving the 

 

MLL

 

 locus at 11q23, which
are also distinguished in the WHO classification,
were not restricted to a single cluster. Notably, gene-
expression profiles of normal CD34+ hematopoi-
etic progenitors clustered with AML cases that had
adverse features, raising the interesting possibility
that the poor prognosis for patients with such leu-
kemias is indicative of the transformation of prim-
itive progenitors. Overall, the two articles, together
with previous studies, clearly demonstrate that gene-
expression profiling allows highly accurate identi-
fication of genetically defined subtypes of AML and
that microarray analyses may one day serve as a di-
agnostic tool.

 

8,9,11

 

Of major importance is the potential for gene-
expression profiling to provide prognostic informa-
tion beyond that obtained with current methods.
Valk et al. reported significant differences in the out-
come among the five most common unsupervised
clusters in their series; this finding is not unexpect-
ed, given the close correlation of such clusters with

cytogenetically and molecularly defined lesions that
are known to have independent prognostic signifi-
cance. 

The study by Bullinger et al. takes the prognostic
potential of gene-expression profiling a step farther.
Using sophisticated and novel biostatistical meth-
ods, they found that a gene-expression profile based
on 133 genes predicted the clinical outcome across
cytogenetic risk groups. It will be interesting to de-
termine whether such expression profiles point to
pathways that are critical for a response to chemo-
therapy and whether they are related to the type of
hematopoietic progenitor that undergoes leukemic
transformation or the mechanisms by which this
might occur. It is intriguing that the signatures re-
ported by Bullinger et al. overlap only in part with
the predictor genes identified by Yagi et al. in child-
hood AML.
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 Such studies suggest that small, cus-
tom-made arrays or quantitative reverse-transcrip-
tase–polymerase-chain-reaction assays could rapidly
provide information needed to tailor therapy for in-
dividual patients with AML.

Although Valk et al. and Bullinger et al. used
completely different gene-expression array plat-
forms, there is a heartening concordance between
their findings and those of previous studies, which
suggests that these novel techniques are robust. The
consistent finding that the level of expression of
some genes is altered as a direct result of chromo-
somal translocations (e.g., 

 

ETO

 

 in t(8;21) and

 

MYH11

 

 in inv(16)) raises the possibility that addi-
tional targets of chromosomal translocations will be
identified through microarray analysis. Indeed, the
combined use of gene-expression  and DNA-micro-
array profiling could identify consistent regions of
chromosomal loss or gain involved in the primary
or cooperating molecular lesions of AML.

Gene-expression profiling has already yielded
considerable insights into other hematologic can-
cers, such as diffuse large-B-cell lymphoma,
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 and
solid tumors, such as breast carcinoma.
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 The stud-
ies of AML by Valk et al. and Bullinger et al. set the
scene for investigations that will use this technique
to answer fundamental questions concerning the
biology of AML and its response to therapy. We an-
ticipate further insights in cases of AML with no
known molecular markers. Moreover, these types
of studies will inform us about associations be-
tween genetic lesions that predict a poor outcome
and mechanisms of drug resistance. Although the
results of gene-expression profiling may predict the
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outcome of various cancers, clinically significant
increases in overall cure rates are unlikely to be
achieved through improvements in risk stratifica-
tion alone. For this reason, a more ambitious aim
of gene-expression profiling should be to character-
ize the hierarchy of leukemic stem cells and deter-
mine the differences between leukemic stem cells
and their normal counterparts. This undertaking is
fundamental to the development of treatments that
can eliminate the neoplastic clone at its source,
rather than target the nonclonogenic progeny that
constitute the bulk of the tumor burden.
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