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CUTE myeloid leukemia (AML) is charac-
terized by an increase in the number of my-
eloid cells in the marrow and an arrest in

their maturation, frequently resulting in hematopoi-
etic insufficiency (granulocytopenia, thrombocyto-
penia, or anemia), with or without leukocytosis. In
the United States, the annual incidence of AML is
approximately 2.4 per 100,000,
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 and it increases pro-
gressively with age, to a peak of 12.6 per 100,000
adults 65 years of age or older. Until the 1970s, the
diagnosis was based solely on the pathological and
cytologic examination of bone marrow and blood.
Five-year survival rates during this period were less
than 15 percent. Over the past decade, refinements
in the diagnosis of subtypes of AML and advances
in therapeutic approaches have improved the out-
look for patients with AML. Despite these improve-
ments, however, the survival rate among patients
who are less than 65 years of age is only 40 percent.
In this article, we will review the diagnostic criteria,
pathology, and treatment of AML, emphasizing new
findings that promise to improve the cure rates.

 

CLINICAL PRESENTATION

 

The clinical signs and symptoms of AML are di-
verse and nonspecific, but they are usually directly
attributable to the leukemic infiltration of the bone
marrow, with resultant cytopenia. Typically, patients
present with signs and symptoms of fatigue, hemor-
rhage, or infections and fever due to decreases in red
cells, platelets, or white cells, respectively. Pallor, fa-
tigue, and dyspnea on exertion are common. Leuke-

A

 

mic infiltration of various tissues, including the liver
(hepatomegaly), spleen (splenomegaly), skin (leuke-
mia cutis), lymph nodes (lymphadenopathy), bone
(bone pain), gingiva, and central nervous system,
can produce a variety of other symptoms. An isolat-
ed mass of leukemic blasts is usually referred to as a
granulocytic sarcoma. Hyperleukocytosis (more than
100,000 white cells per cubic millimeter) can lead to
symptoms of leukostasis, such as ocular and cere-
brovascular dysfunction or bleeding. There may also
be metabolic abnormalities (e.g., hyperuricemia and
hypocalcemia), although these are rarely found at
presentation.

 

DIAGNOSIS

 

The primary diagnosis of AML rests on the mor-
phologic identification of leukemic myeloblasts in
preparations of peripheral blood and bone marrow
stained with Wright–Giemsa. These cells have round-
to-irregular nuclei, distinct nucleoli, and very little
cytoplasm. The cytoplasm frequently contains fine
azurophilic granules and a variable number of Auer
bodies, or rods (azurophilic granules within lyso-
somes). The presence of more than 30 percent leu-
kemic blasts in a bone marrow aspirate is required
for a definitive diagnosis of acute leukemia; before
therapy is initiated, however, several critical diagnos-
tic distinctions must be made. AML must be distin-
guished from acute lymphoblastic leukemia (ALL),
myelodysplastic syndrome (MDS), or AML arising in
the setting of MDS, because therapeutic strategies
and prognosis vary considerably for these diseases. 

AML can be distinguished from ALL by demon-
stration of definitive commitment to the myeloid
lineage through judicious use of morphologic, im-
munohistochemical, and immunologic methods.

 

2-4

 

The distinction of AML from MDS or MDS-related
AML is more difficult and requires careful clinical,
morphologic, and genetic analysis. MDS is charac-
terized by ineffective hematopoiesis, and although
its diagnosis rests largely on morphologic evidence
of dysplastic maturation, characteristic cytogenetic
lesions, including the loss of all or part of chromo-
some 5 (del5q) or chromosome 7, the deletion of
the long arm of chromosome 20 (del20q), and the
loss of Y, are found in a substantial percentage of pa-
tients. Conversion to AML is diagnosed when the
percentage of myeloblasts in the marrow exceeds 30
percent. Conventional therapy for AML is much less
effective against MDS-related AML, and thus it is
useful to distinguish between these two conditions
at the time of the initial diagnosis.

Once a diagnosis of AML is made, the morpho-
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logic and genetic subtype must be identified. AML
is a heterogeneous disease caused by a variety of
pathogenic mechanisms. At a morphologic level, this
heterogeneity is manifested by variability in the de-
gree of commitment and differentiation of the cell
lineage. This variability has been used to define spe-
cific morphologic subgroups. The most commonly
used method of classification is that developed by
the French–American–British (FAB) group (Table
1),
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 which divides AML into nine distinct subtypes
that differ with respect to the particular myeloid lin-
eage involved and the degree of leukemic-cell differ-
entiation. This distinction is based on the morpholog-
ic appearance of the blasts (Fig. 1) and their reactivity
with histochemical stains, including myeloperoxidase,
Sudan black, and the nonspecific esterases 

 

a

 

-naph-
thylacetate and naphthylbutyrate.

In addition, immunologic methods have been in-
corporated into the diagnostic criteria for some FAB
subgroups
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 (Table 1). Cytogenetic analysis of leu-
kemic blasts has resulted in the identification of
nonrandom clonal chromosomal aberrations in a
large percentage of patients with AML.
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 Some of
these lesions correlate with specific FAB subtypes.
Moreover, several cytogenetic lesions can be used to
identify subgroups of patients with distinct clinical
features and therapeutic responses. Thus, cytogenet-
ic or direct molecular genetic methods have become

an essential part of the routine diagnostic workup
of patients with AML. This combination of mor-
phologic, immunologic, and genetically based diag-
nostic approaches not only makes it possible to
modify therapy according to the sensitivity of bio-
logically defined subtypes, but also provides unique
markers with which to monitor a patient’s response
to therapy.

 

14

 

MOLECULAR PATHOGENESIS

 

The importance of specific cytogenetic lesions as
powerful determinants of the therapeutic response
suggests that the mechanisms of transformation as-
sociated with these lesions is likely directly to influ-
ence the sensitivity of the leukemic blasts to ther-
apeutic agents. The implication is that if we can
understand why certain genetic lesions are associat-
ed with a favorable outcome, we may be able to ap-
ply this knowledge to improve the therapeutic ap-
proach and, ultimately, the outcome among patients
with AML. The recent identification of the genetic
targets of common AML-associated cytogenetic ab-
normalities and the elucidation of their mechanisms
of action have begun to provide critical insights into
this issue. This approach has been best exemplified
by the highly successful therapeutic use of the dif-
ferentiation-inducing agent all-

 

trans

 

-retinoic acid.

 

15-22

 

All-

 

trans

 

-retinoic acid targets the chimeric protein en-

 

*Cells are positive for myeloid antigen (e.g., CD13 and CD33).

†Cells are positive for 

 

a

 

-naphthylacetate and platelet glycoprotein IIb/IIIa or factor VIII–related antigen and negative for naphthylbutyrate.

 

T

 

ABLE

 

 1.

 

 T

 

HE

 

 F

 

RENCH

 

–A

 

MERICAN

 

–B

 

RITISH

 

 (FAB) C

 

LASSIFICATION

 

 

 

OF

 

 AML 

 

AND

 

 A

 

SSOCIATED

 

 G

 

ENETIC

 

 A

 

BNORMALITIES

 

.

 

FAB
S

 

UBTYPE

 

C

 

OMMON

 

 N

 

AME

 

(% 

 

OF

 

 C

 

ASES

 

) R

 

ESULTS

 

 

 

OF

 

 S

 

TAINING

 

A

 

SSOCIATED

 

T

 

RANSLOCATIONS

 

 

 

AND

 

 
R

 

EARRANGEMENTS

 

(% 

 

OF

 

 C

 

ASES

 

) G

 

ENES

 

 I

 

NVOLVED

 

MYELOPER

 

-

 

OXIDASE

 

S

 

UDAN

BLACK

NONSPECIFIC

ESTERASE

 

M0 Acute myeloblastic leukemia with mini-
mal differentiation (3%)

¡ ¡ ¡* inv(3q26) and
t(3;3) (1%)

 

EVI1

 

M1 Acute myeloblastic leukemia without 
maturation (15–20%)

+ + ¡

M2 Acute myeloblastic leukemia with matu-
ration (25–30%)

+ + ¡ t(8;21) (40%),
t(6;9) (1%)

 

AML1-ETO,
DEK-CAN

 

M3 Acute promyelocytic leukemia
(5–10%)

+ + ¡ t(15;17) (98%), 
t(11;17) (1%), 
t(5;17) (1%)

 

PML-RAR

 

a

 

, PLZF-
RAR

 

a

 

, NPM RAR

 

a

 

M4 Acute myelomonocytic leukemia (20%) + + + 11q23 (20%), 
inv(3q26) and 
t(3;3) (3%), 
t(6;9) (1%)

 

MLL, DEK-CAN, EVI1

 

M4Eo Acute myelomonocytic leukemia with 
abnormal eosinophils 
(5–10%)

+ + + inv(16), t(16;16) 
(80%)

 

CBF

 

b

 

-MYH11

 

M5 Acute monocytic leukemia
(2–9%)

¡ ¡ + 11q23 (20%), 
t(8;16) (2%)

 

MLL, MOZ-CBP

 

M6 Erythroleukemia (3–5%) + + ¡
M7 Acute megakaryocytic leukemia

(3–12%)
¡ ¡ +† t(1;22) (5%) Unknown
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coded by the t(15;17) translocation associated with
acute promyelocytic leukemia.

 

23

 

The most common targets of AML-associated
chromosomal translocations are genes that encode
DNA-binding transcription factors or the regulatory
components of transcriptional complexes.

 

24

 

 Trans-
formation in each of these cases appears to result
from the generation of fusion proteins that interfere
in a dominant manner with the function of the wild-
type protein. Study of three specific molecular ge-

netic lesions has provided critical insights into the
pathogenesis of AML and has already helped to iden-
tify subgroups for therapeutic purposes.

 

ALTERATIONS OF AML1-CBF

 

b

 

Cloning of the AML-associated t(8;21) transloca-
tion led to the identification of 

 

AML1

 

, which en-
codes the DNA-binding subunit of AML1-CBF

 

b

 

, a
transcription factor that regulates a number of hem-
atopoiesis-specific genes and is essential for normal

 

Figure 1.

 

 Cytologic Findings in Bone Marrow Specimens and Peripheral-Blood Smears from a Patient with Subtype M2 AML and
the t(8;21)(q22;q22) Translocation.
In Panel A, a bone marrow specimen contains medium-sized blasts, cytoplasm with no granulation, and nucleoli that are sometimes
clearly visible (May–Grünwald–Giemsa, ¬1600). Panel B shows a bone marrow specimen with myeloperoxidase-stained blasts
(¬1600). Panel C shows a leukemic blast with an Auer body (arrow) (May–Grünwald–Giemsa, ¬1600). Panel D shows a blast stained
with May–Grünwald–Giemsa in a peripheral-blood smear (¬1000). Panel E shows the results of fluorescence in situ hybridization
of the cell shown in Panel D with probes specific for the breakpoint regions of chromosome 8(q22) (isolated green spot) and chro-
mosome 21(q22) (isolated magenta spot) (¬1000). The arrow indicates the chromosomal fusion (clustered green and magenta
spots).

A
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B
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development of the hematopoietic system.

 

25-31 

 

Some-
what surprising was the observation that the AML-
associated chromosomal rearrangement inv(16) or
its variant t(16;16) targets CBF

 

b

 

, the other subunit
of this transcription-factor complex.

 

32

 

 More recent-
ly, AML1-CBF

 

b

 

 has been found to be the target of
the t(12;21) translocation in pediatric ALL and a

number of rare translocations in AML, making it
the most frequent target of chromosomal rearrange-
ments in human leukemia.

The t(8;21) translocation is found in approxi-
mately 40 percent of patients with FAB subtype M2
AML, but it is not restricted to this subtype. The
fusion gene created by this translocation joins the

 

Figure 2.

 

 The AML1-CBF

 

b

 

 Transcription Factor.
In Panel A, in normal cells, heterodimeric AML1-CBF

 

b

 

 transcription-factor complex binds to the
DNA sequence TGTGGT in the transcriptional regulatory region of AML1-regulated target genes
and activates transcription through the recruitment of coactivators. In Panel B, in AML cells with
the t(8;21) translocation, the N-terminal part of AML1 fuses with the C-terminal portion of ETO.
The resultant chimeric protein continues to interact with CBF

 

b

 

 and to bind to the core enhancer
sequence; however, ETO recruits a nuclear corepressor complex and results in the dominant re-
pression of AML1-regulated target genes. Similarly, the CBF

 

b

 

-MYH11 chimeric protein encoded by
the inv(16) mutation continues to interact with AML1; however, instead of allowing AML1 to inter-
act with DNA, this chimeric protein recruits AML1 into functionally inactive complexes in the cy-
toplasm.
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N-terminal part of AML1, including the DNA-bind-
ing and CBF

 

b

 

-interaction domains, with the C-ter-
minal portion of the 821 gene (

 

ETO)

 

 on chromo-
some 8 (Fig. 2).

 

25,26

 

 Although the resultant protein
retains the ability to bind

 

 

 

AML1-regulated target se-
quences, it does not activate transcription, but instead
dominantly represses AML1-mediated activation.

 

33-36

 

Transcriptional repression appears to be mediated
through the direct interaction of ETO with the nu-
clear corepressor complex.

 

37

 

The inv(16)(p13;q22) and the t(16;16)(p13;q22)
mutations are mainly (but not only) seen in patients
with FAB subtype M4Eo AML.

 

38-41

 

 In these chro-
mosomal rearrangements, the CBF

 

b

 

 subunit of the
core binding-factor complex on chromosome 16q22
is fused to the smooth-muscle myosin heavy-chain
gene 

 

MYH11

 

 on chromosome 16p13.

 

32

 

 In the result-
ing CBF

 

b

 

-MYH11 chimeric product, the N-termi-
nal portion of CBF

 

b

 

, including its AML1-interaction
domain, is fused in-frame to a variable amount of
the C-terminal domain of MYH11. CBF

 

b

 

-MYH11
directly represses AML1-mediated transcriptional ac-
tivation, in part, by sequestering AML1 into function-
ally inactive complexes within the cytoplasm (Fig. 2).
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AML WITH ALTERATIONS OF THE

MIXED-LINEAGE LEUKEMIA GENE

 

Structural alterations involving band q23 of chro-
mosome 11 are common in patients with AML and
account for approximately 6 to 8 percent of primary
cases and up to 85 percent of secondary cases of leu-
kemia that develop after exposure to topoisomerase
II inhibitors. This chromosomal abnormality is seen
in all FAB subtypes, but predominantly in patients
with M4 or M5 AML. Although more than 30 dif-
ferent chromosomal loci can participate in these
11q23 translocations, most sites involve 6q27, 9p22,
10p12, 17q21, or 19p13.1.

 

43,44

 

 Usually, as the result
of these translocations, a chimera is formed that con-
sists of the 5' portion of the mixed-lineage leukemia,
or 

 

MLL

 

, gene, fused to the 3' portion of a gene en-
coded on the reciprocal chromosome. The structure
of 

 

MLL

 

 suggests that its normal function is likely to
be mediated at the level of DNA or DNA-associated
chromatin proteins. In addition to its activity in the
regulation of gene transcription, 

 

MLL

 

 also directly
interacts with a putative antiphosphatase called Sbfl,

 

45

 

which acts as a positive regulator in kinase signaling
pathways.

Taken together, the information on the mechanisms
of transformation induced by the t(15;17), t(8;21),
inv(16), and 

 

MLL

 

 rearrangements suggests that induc-
tion of AML often results from alterations in tran-
scriptional cascades that are normally involved in reg-
ulating decisions regarding the fate of cells. Other
mechanisms that have been identified, although sub-
stantially less frequently, involve alterations of growth
factor–signaling pathways including structural mu-

tations of the maturation subdomain of the receptor
for granulocyte colony-stimulating factor (G-CSF).

 

46-48

 

It is important to emphasize that cellular transfor-
mation is a multistep process and the abnormalities
discussed above are insufficient by themselves to lead
to leukemia. Thus, cooperating molecular genetic ab-
normalities are required. In AML, the nature of these
lesions remains poorly defined. A second point to
remember is that slightly more than half of all cases
of AML involve chromosomal rearrangements. In the
remaining cases, the underlying molecular genetic
abnormalities remain to be identified.

 

PROGNOSTIC FACTORS

 

A number of clinical and biologic features that re-
flect the heterogeneity of AML are used to predict
the likelihood that a patient will have a response to
treatment.

 

49

 

 Adverse prognostic factors include an
age over 60 years, a poor performance score before
treatment, AML resulting from prior chemotherapy
or an antecedent hematologic disorder such as MDS,
and a white-cell count of more than 20,000 per cu-
bic millimeter or an elevated serum lactate dehydro-
genase level at presentation (Table 2). Furthermore,
an assessment for multidrug resistance and immuno-
phenotyping may provide prognostic information.
Detailed cytogenetic analysis of the leukemic blasts
has also been demonstrated to provide critical prog-
nostic information. Although there are correlations
between certain FAB subtypes and cytogenetic ab-
normalities, such as between FAB subtype M3 AML
and the t(15;17) translocation, the abnormalities
themselves appear to be the more important prog-
nostic factor.

Combining these clinical and laboratory data has
allowed the subdivision of AML into three broad

 

*The extent of a patient’s disabilities are assessed according to a well-
defined set of criteria.
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†Unlike the other factors listed, this factor is considered to be minor.
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FACTORS USED TO PREDICT RESPONSE TO 
INDUCTION CHEMOTHERAPY FACTORS USED TO PREDICT RELAPSE

Unfavorable karyotype

Age >60 yr

Secondary AML

Poor performance score*

Features of multidrug resistance

White-cell count of >20,000/mm3

Unfavorable immunophenotype

CD34 positivity†

Unfavorable karyotype

Age >60 yr

Delayed response to induction 
chemotherapy

Features of multidrug resistance

White-cell count of >20,000/mm3

Female sex

Elevated lactate dehydrogenase 
level

Autonomous growth of leukemic 
cells
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prognostic groups: favorable, standard (or interme-
diate), and unfavorable. Although there may be sub-
tle differences in the criteria used to define these
groups, the prognostic discrimination made possible
by the presence of various cytogenetic abnormalities
has become more important as the efficacy of treat-
ment for AML has improved.51-54

The favorable prognostic subgroup, which in-
cludes approximately 20 percent of cases among pa-
tients who are 60 years of age or younger, is defined
by the presence of leukemic blasts with the t(15;17),
t(8;21), or inv(16) mutation or molecular evidence
of these abnormalities. These mutations are more
frequent in younger patients who have high (more
than 85 percent) rates of complete remission and a
relatively low risk of relapse (30 to 40 percent).

At the other end of the spectrum is the unfavor-
able prognostic subgroup, which includes approxi-
mately 15 percent of the cases among patients who
are 15 to 60 years of age. These unfavorable cases are
defined by the presence of leukemic blasts with cy-
togenetic abnormalities involving more than two chro-
mosomes, monosomies of chromosome 5 or 7, dele-
tion of the long arm of 5 (del5q), or abnormalities
of the long arm of chromosome 3. These abnormal-
ities are more frequent in older patients and in pa-
tients with secondary AML, but even among young-
er patients, the survival rate is less than 20 percent
at five years. They represent a considerable therapeu-
tic challenge for which no current treatment approach
— including transplantation — is satisfactory.

Between these two groups are patients who are
characterized as having a standard (or intermediate)
risk of relapse. The leukemic blasts of these patients
have either a normal karyotype or cytogenetic ab-
normalities that are not included in the definition of
the other subgroups. In some series this includes pa-
tients with cytogenetic abnormalities of 11q23, where-
as in others these patients are included in the unfa-
vorable prognostic subgroup. Patients who are older
than 60 years generally have a poor prognosis, with
a probability of survival at five years of less than 10
percent.55

SECONDARY AML

The majority of patients have no risk factors or ex-
posures that could account for the development of
the disease and thus are considered to have primary
AML. Secondary AML may develop in patients with
a hematologic disorder (e.g., severe congenital neu-
tropenia) or an inherited disease (e.g., Bloom’s syn-
drome and Fanconi’s anemia), in patients who have
had MDS for at least three months, or in those who
have been exposed to leukemogenic agents, often as
a component of therapy for an unrelated neoplasm.
For example, AML can be expected to develop in
3 to 10 percent of patients who receive alkylating
agents as part of their therapy for Hodgkin’s disease,

non-Hodgkin’s lymphoma, ovarian cancer, breast can-
cer, or multiple myeloma.56 The risk of this compli-
cation peaks 5 to 10 years after the start of chemo-
therapy. These patients frequently present with MDS,
which may then progress to overt AML.57-59 Such a
course is often associated with deletions of chromo-
somes 5 and 7. The prognosis for these patients is
considerably worse than that for patients with pri-
mary AML.

A second distinct subtype of therapy-induced AML
has been identified as a complication of treatment
with certain regimens of topoisomerase II inhibi-
tors, such as the epipodophyllotoxins.60 In contrast
to alkylating-agent–induced secondary AML, this
type develops after a relatively short latency period
(two to three years), is not preceded by MDS, and
is frequently associated with 11q23 chromosomal
abnormalities.

TREATMENT

The primary objective in treating patients with
AML is to induce remission and thereafter prevent
relapse. Remission is conventionally defined mor-
phologically by the presence of fewer than 5 percent
blasts in bone marrow together with the recovery of
peripheral-blood counts. More sensitive immuno-
logic and molecular genetic methods are now avail-
able, which should be able to characterize remission
status more accurately; however, they have not yet
been extensively validated clinically. Treatment is con-
ventionally divided into two phases: induction and

postinduction.

Induction of Remission

For more than 30 years, daunorubicin and cytar-
abine have been the backbone of treatments to induce
remission. Conventionally, daunorubicin is adminis-
tered three times at a dose of 40 to 60 mg per square
meter of body-surface area during each course of
chemotherapy. In recent years, prospective, random-
ized trials of alternative agents have suggested that
idarubicin61-63 or mitoxantrone64 is more effective
than daunorubicin in younger patients, although both
resulted in more prolonged cytopenia. Therefore,
the question was raised as to whether the doses used
in these comparisons were equivalent in terms of
levels of toxicity.65 Studies directly comparing mito-
xantrone and idarubicin are ongoing.

In most induction regimens, cytarabine is given
intravenously in bolus doses of 100 to 200 mg per
square meter per day or by continuous infusion over
a period of 7 to 10 days. Several groups have sug-
gested that escalation of the dose during this period
would be more effective than conventional dosing
strategies. Two randomized trials have confirmed
this notion, although the benefit consisted of ex-
tension of disease-free survival among younger pa-
tients who could tolerate the high doses used, and
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it was more evident in the group with a favorable
prognosis.53,54,66

With the use of daunorubicin and cytarabine or
their analogues, complete remission can be routinely
induced in 70 to 80 percent of patients who are 60
years of age or younger and in approximately 50 per-
cent of older patients. There is some evidence that
the addition of etoposide to combinations of dauno-
rubicin and cytarabine can further increase remis-
sion rates.67 The use of high-dose cytarabine (3 g per
square meter twice a day) did not increase the rate
of remission,68,69 but in one randomized study it fa-
vorably influenced relapse and survival.68

Postinduction Therapy

Once remission is induced, further intensive treat-
ment of patients with AML is essential to prevent re-
lapse. Three options are available for younger patients:
allogeneic bone marrow transplantation from an HLA-
matched related or unrelated donor, autologous bone
marrow transplantation, or chemotherapy.

Allogeneic Bone Marrow Transplantation

Allogeneic bone marrow transplantation from an
HLA-matched sibling has been established practice
for 15 to 20 years and can cure 50 to 60 percent of
recipients.70-72 It is the most active antileukemic treat-
ment currently available. The risk of relapse among
patients in first complete remission who receive an
HLA-matched transplant from a sibling is generally
less than 20 percent. The reduced relapse rate is the
result not only of the use of marrow-ablative high-
dose cytotoxic therapy before bone marrow trans-
plantation, but also of the allogeneic effect mediated
by the graft against residual leukemia in the host
(graft-versus-leukemia effect). However, this favor-
able effect is partially offset by the toxicity of treat-
ment and mortality related to the complications of
immunosuppression (e.g., infections with cytomeg-
alovirus and Epstein–Barr virus) and graft-versus-host
disease. Because of the possibility of graft-versus-
host disease, allogeneic bone marrow transplantation
is usually restricted to patients under 55 years of age. 

No randomized comparison of allogeneic bone
marrow transplantation with chemotherapy has been
done, but patients with suitable donors have been
compared with those without donors. Several stud-
ies have reported the beneficial effect of allogeneic
transplantation in this type of analysis. In recent years,
the use of more intensive regimens of chemotherapy
has improved the results in younger patients enough
so that in some studies66,73-75 there was no overall sur-
vival benefit for the group with donors, despite the
fact that there was a lower risk of relapse. 

In addition, there is increasing recognition of the
prognostic profile of patients in relation to the risk
of relapse.49 Transplantation is probably unnecessary
in low-risk patients in first remission, for whom the

risk of relapse is 30 to 40 percent.54 High-risk pa-
tients do less well after transplantation than those at
low or moderate risk, and the limited comparative
data available do not always show a benefit after al-
logeneic transplantation.

Autologous Bone Marrow Transplantation

Myeloablative treatment supported by autologous
stem-cell transplantation has been widely used in re-
cent years, particularly in Europe. Several single-
center series and registry data from nonrandomized
studies indicate survival rates of 45 to 55 percent.76-79

Because of concern about generalized selection bi-
as, several large collaborative trials have been un-
dertaken. Although there were variations in study
design, the main objective was prospectively to com-
pare autologous bone marrow transplantation alone
or in addition to intensive chemotherapy with in-
tensive chemotherapy alone; patients for whom do-
nors were available underwent allogeneic bone mar-
row transplantation. The French,80 European,81 and
British82 studies all reported a reduced risk of re-
lapse among adults who underwent autologous bone
marrow transplantation. In spite of a higher mortal-
ity rate (3 to 15 percentage points higher than the
rate among patients who underwent allogeneic bone
marrow transplantation), disease-free survival was
also improved in two of the studies.81,82 Overall sur-
vival did not differ significantly, because salvage
therapy with transplantation after relapse was possi-
ble in the case of some patients in the chemothera-
py group.81

In a study conducted by the Pediatric Oncology
Group,83 the risk of relapse was reduced among chil-
dren who underwent allogeneic bone marrow trans-
plantation, but this was counterbalanced by a high
risk of death (15 percent), so that the disease-free
survival and overall survival were not improved. The
U.S. collaborative trial73 was of a similar design and
found no significant difference in disease-free surviv-
al between allogeneic or autologous transplantation
and intensive chemotherapy with high-dose cytara-
bine. Because the survival rate after relapse was bet-
ter in the chemotherapy group than in the trans-
plantation group, the overall survival was also better
in the chemotherapy group. A typical feature of all
these trials was that only a minority of patients who
were in remission and could have undergone trans-
plantation actually did so.

Relapse remains a problem that is partly account-
ed for by the presence of residual disease in the ab-
sence of a graft-versus-leukemia effect and partly by
contamination of the autograft with leukemic cells.
Much energy has been devoted to finding ways to
purge the marrow graft of contaminating cells ex vi-
vo.79 Although gene-marking studies have demon-
strated that the autograft itself can contribute to the
risk of relapse,84 there are no comparative clinical
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data to confirm that techniques employed to purge
the autograft ex vivo are effective.79

Chemotherapy

A common feature of two of the studies in which
no benefit of allogeneic bone marrow transplanta-
tion was shown was that the chemotherapy group
received at least one course of high-dose cytarabine.
A number of nonrandomized studies have suggested
that a marked dose escalation would improve effica-
cy, despite the pharmacologic evidence that the in-
tracellular concentration of the active drug metabo-
lites reached the saturation point at doses of more
than 0.5 or 1.0 g per square meter per injection.85

The landmark study of this approach was the Cancer
and Leukemia Group B (CALGB) study,86 which
demonstrated that in patients with AML in remis-
sion, four courses of cytarabine at a dose of 3 g per
square meter twice daily for three out of five days
was superior to equivalent courses of 400 or 100 mg
per square meter given as a continuous infusion over
a period of five days. The overall survival rate four
years after randomization was 46 percent in the high-
dose group. Another study of high-dose cytarabine68

reported similar results, although in that study the
treatment was used to induce remission. 

Thus, it would appear that there is strong evi-
dence of a dose–response effect of cytarabine in pa-
tients with AML — even in high-risk patients.87 This
approach, however, can be tolerated only by younger
patients. Many questions remain to be resolved, such
as the optimal dose, number of doses per course,
and number of courses. There may well be different
levels of benefit in the different risk groups. The re-
sults of the CALGB study suggest that those with
favorable cytogenetic characteristics will benefit most.
The comparative value of high-dose cytarabine reg-
imens and autologous transplantation in the various
prognostic subgroups remains the subject of study.

RELAPSE

When treatment fails in patients with AML, the
available options are dictated by age, duration of the
first remission, and cytogenetic findings, among oth-
er factors.49 Patients with favorable cytogenetic char-
acteristics — that is, a t(15;17), t(8;21), or inv(16)
mutation — who were in remission for more than
one year before relapse have an approximately 20
percent chance of survival after subsequent therapy.
Since all other groups have a poor response, the
highest priority should be to prevent the first re-
lapse. For children and younger adults who have a
first relapse or those who do not have a complete re-
sponse to first-line induction therapy, the recom-
mended option is marrow-ablative (high-dose) cyto-
toxic treatment followed by hematopoietic stem-cell
transplantation, including autografts or allografts from
genotypically HLA-matched related donors or phe-

notypically HLA-matched unrelated donors. Wheth-
er these patients should first receive induction ther-
apy or immediately undergo transplantation has not
been settled. Some patients may not enter a second
remission and are therefore deprived of the option
of bone marrow transplantation. 

One study has prospectively assessed the option of
offering bone marrow transplantation as immediate
treatment after relapse88 and found that survival was
similar to that for transplantation after chemotherapy.
However, the logistics of arranging a transplantation
on short notice could be problematic. Currently, the
survival rate after either autologous transplantation
or allogeneic transplantation with an HLA-matched
donor for patients with AML in first relapse or sec-
ond remission is about 30 percent.89,90 Experience
with the use of transplants from phenotypically HLA-
matched unrelated donors or partially matched relat-
ed donors is still limited.91

OLDER PATIENTS WITH AML

More than three fourths of patients with AML
are older than 60 years. Only in recent years have
there been studies focused on these patients. In this
age group, there is an uneven distribution of unfa-
vorable prognostic factors (e.g., cytogenetic abnor-
malities, features of drug resistance, or a history of
MDS).55,92,93 In addition, older patients cannot tol-
erate intensive chemotherapy well and often have in-
tercurrent medical conditions that are exacerbated by
cancer chemotherapy or its sequelae. Withholding
induction chemotherapy generally results in low sur-
vival rates and a poor quality of life.94 Currently, pa-
tients older than 60 years of age who have a good
performance status and meet the medical criteria of
adequate organ function are usually offered induction
chemotherapy and have an overall probability of com-
plete remission of 50 percent.55,92,93 Among those with
a complete response, approximately 20 percent sur-
vive free of leukemia for at least two years. Patients
who have cytogenetic abnormalities and a high white-
cell count at presentation, who are more than 80
years of age, and who are in poor general physical
condition55 or have drug-resistance phenotypes92

have a low likelihood of complete remission (rates of
complete response are less than 30 percent).

Prognostic factors in the elderly that are associat-
ed with overall survival rates of 20 percent or more
at three years include good physical condition, an age
of 80 years or less, primary rather than secondary
AML, the absence of cytogenetic abnormalities, and
the absence of leukocytosis at diagnosis.55 There is
some evidence that the use of low-dose maintenance
chemotherapy (for instance, with low-dose cytara-
bine) for several months after the induction of re-
mission reduces the probability of relapse.55 High-
dose chemotherapy is highly unlikely to improve the
clinical outcome in older patients.86
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Clearly, new approaches to therapy are needed to
improve the cure rates in this large cohort of pa-
tients. In the meantime, the wisest course is to offer
induction therapy only to patients in adequate phys-
ical condition and to proceed further only if they
have a response to the first cycle of treatment with-
out serious adverse effects.

USE OF HEMATOPOIETIC GROWTH 

FACTORS

The incidence of death from bacterial and fungal
infections during and after induction therapy among
patients with hypoplasia generally ranges from 15
percent to 25 percent among adults with AML and
increases with age. Thus, the use of hematopoietic
growth factors to accelerate hematopoietic recovery
and prevent infection has attracted wide attention.95,96

G-CSF and granulocyte–macrophage colony-stimu-
lating factor (GM-CSF) can stimulate the produc-
tion and activation of granulocytes and monocytes
(in the case of GM-CSF) and promote their mobili-
zation from the marrow to the blood circulation.97

Thrombopoietin and several other cytokines have
also become available for clinical studies in patients
with AML. A substantial number of randomized
studies have evaluated the use of G-CSF or GM-CSF
as an adjunct to induction or consolidation cycles of
chemotherapy.98-106 The duration of neutropenia was
consistently shorter with the use of either cytokine.
This benefit translated into fewer days of antibiot-
ic99,103 or antifungal106 therapy or fewer days of hos-
pitalization106 in a minority of studies. None of the
studies found that this approach reduced the num-
ber of documented infections. One study reported
an increase in the rate of initial response,98 and an-
other study reported that survival was increased.100

Although AML blast cells generally express func-
tional G-CSF and GM-CSF receptors on their sur-
face,97 thus far, the fear that treatment with G-CSF
or GM-CSF could provoke the growth of leukemic
cells in patients has not been realized.

In the light of these findings, neither G-CSF nor
GM-CSF has a standard role in the clinical care of
patients with AML. However, the use of these cyto-
kines might be justified in patients with serious in-
fections that do not respond to antimicrobial treat-
ment. A future role for myeloid colony-stimulating
factors in hematopoietic progenitor-cell mobilization
is suggested by studies in which autografts of pe-
ripheral-blood progenitor cells (instead of marrow
transplants) had accelerated rates of hematopoietic
regeneration after mobilization with colony-stimu-
lating factors and cytapheresis.107-109

CONCLUSIONS

In general, the trend in the treatment of patients
with AML is toward the modification of therapy to
treat specific subtypes of the disease and, more spe-

cifically, the targeting of the malignant cells with
molecular and immunologic therapeutic strategies.
The development of new drugs and treatment strat-
egies and the circumvention of resistance mechanisms
are major targets of current clinical investigation.
Cross resistance of drugs to structurally unrelated
cytotoxic agents — pleiotropic, or multidrug, resist-
ance — is common in patients with refractory leu-
kemia.110,111 Classic multidrug resistance (governed
by the MDR1 gene) is associated with the expres-
sion of the membrane marker P-glycoprotein. This
molecule transports antileukemic drugs (e.g., an-
thracyclines and etoposide) out of the plasma mem-
brane, so that high levels of expression of MDR1
have been associated with reduced intracellular con-
centrations of chemotherapeutic agents in tumor cells.

Other genes involved in the mechanisms of resist-
ance to chemotherapy and serving as predictors of
treatment response are MRP, which codes for mul-
tidrug-resistance–associated protein, a transporter of
the glutathione complex,112 and LRP, which encodes
the lung resistance protein.113-115 Although the mo-
lecular pathways leading to the development of drug
resistance in patients with AML remain largely un-
known, drugs that reverse or abrogate resistance are
being developed.116,117 Phase III studies of competi-
tive inhibitors of P-glycoprotein (e.g., cyclosporine
and its analogues) have recently been initiated.
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