
Simply put, the treatment of acute myelogenous leukemia (AML) has 2 
steps: the first step involves therapy to get it into remission, and the second 
step involves therapy to prevent it from coming back. Over several decades our 
approach to the first step has largely remained the same, but our approach to the 
second step has evolved significantly. The fundamental clinical decision for the 
second step has become: is the prospect for durable control better with posttrans-
plantation chemotherapy or with hematopoietic cell transplantation? Insights 
gathered incrementally from research have allowed us to tailor our therapies and 
avoid a “one size fits all” approach. Perhaps the most important insights for step 
2 decision-making are the identification of biologic markers present at diagnosis 
before treatment and the characterization of minimal residual treatment after  
step 1 therapy.

Recognition of the prognostic significance of clonal cytogenetic abnormali-
ties has revolutionized the management of these patients; however, considerable 
variation in clinical response and survival remains, indicating molecular heteroge-
neity within each cytogenetic risk group. Molecular markers are now beginning to 
revolutionize the management of AML. Today, we have the ability to identify sub-
groups within the cytogenetic risk groups to further refine our treatment options. 
Identification of FLT3 and CEBPA mutations in patients who are otherwise cyto-
genetically normal have emerged as very strong negative and positive prognostic 
indicators. We now recognize that combinations of certain mutations add even 
more prognostic information. The World Health Organization classification for 
AML has recognized NPM1 and CEBPA as provisional entities and recommends 
that all patients be tested for FLT3. Both the NCCN and the European Leuke-
mia Net guidelines recommend use of FLT3, NPM1, and CEBPA to categorize 
cytogenetically normal patients. Additionally, the increased sensitivity of these 
molecular tests or the use of flow cytometry allows us to detect small numbers of 
residual leukemic cells after treatment, even when the patient appears to be in a 
histological and cytogenetic remission, again providing prognostic significance.

The challenge for molecular markers in the coming decade will be how best to 
use them in our patients to personalize our approach for each patient. Molecular 
markers are not mutually exclusive, and the prognostic impact of a particular 
molecular marker can vary in the presence or absence of another marker. New 
markers are constantly being identified, which further complicates the prognostic 
evaluation. Additionally, the impact of assessing molecular markers on the out-
comes after stem cell transplantation remains an important unanswered question. 
This issue contains a review of a symposium that took place at the 2010 BMT 
Tandem Meeting in Orlando, FL. The topics review the current knowledge of 
molecular markers and their impact on treatment and outcome, minimal residual 
disease (MRD) monitoring, and the status of transplantation in the era of molecu-
lar testing.
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ASBMT News
Barrett Installed As President; Shpall Elected Vice 
President

A. John Barrett, MD, has been installed as president of the Ameri-
can Society for Blood and Marrow Transplantation. He is section chief 
for stem cell allotransplantation in the Hematology Branch of the NIH 
National Heart Lung and Blood Institute, Bethesda, MD.

Elizabeth J. Shpall, MD, the Ashbel Smith Professor of Medicine at 
the University of Texas MD Anderson Cancer Center, is the newly elected 
and installed vice president, to become president in 2012. She is also the 
cancer center’s Cell Therapy Laboratory medical director and the Cord 
Blood Bank director.

The installation of new officers and directors occurred at the society’s 
annual meeting, the BMT Tandem Meetings, on February 26 in Orlando. 
The election was by ballot among members of the society in December 
and January.

Newly elected and installed directors are:
Linda J. Burns, MD, of the University of Minnesota Medical 
School in Minneapolis, MN
Peter A. McSweeney, MD, of the Rocky Mountain Blood and Mar-
row Transplant Program in Denver, CO
Warren D. Shlomchik, MD, of the Yale University School of 
Medicine in New Haven, CT

All took office at the close of the BMT Tandem Meetings.
Daniel J. Weisdorf, MD, was elevated to president-elect and will 

assume the presidency in 2011. He is professor of medicine at the Uni-
versity of Minnesota in Minneapolis, the director of the University of 
Minnesota’s Adult Blood and Marrow Transplant Program, and scientific 
director for the National Marrow Donor Program and senior research 
advisor for the CIBMTR.

The new ASBMT president, Dr. Barrett, trained at St. Bartholomew’s 
Hospital London in 1968, and specialized in hematology and stem 
cell transplantation, studying in London and Paris. In 1982 he was 
appointed Professor of Hematology at Charing Cross and Westminster 
Medical School, and from 1988 at the Hammersmith Hospital, London. 
Since 1993 he has served at the NIH in Bethesda, MD, as Chief of the 
National Heart, Lung, and Blood Institute’s Bone Marrow Stem Cell 
Allotransplantation Section in the Hematology Branch.

Dr. Barrett has been a member of the ASBMT since its founda-
tion. He has a long association with the CIBMTR, as a Member of the 
Advisory Committee, Councilor, Member of the Executive Committee, 
Co-Chairman of the GVHD-GVL Working Committee, and Scientific 
Program chair 2007. He is a member of the International Society for Cel-
lular Therapy and senior editor of their journal Cytotherapy. He is also a 
member of the European Bone Marrow Transplantation Group and was 
EBMT president between 1983-1985.

Two New Investigators Win Bbmt Editorial Awards
Two medical scientists are the recipients of editorial awards for new 

investigators for their articles published this past year in Biology of Blood 
and Marrow Transplantation.

Both are recipients of a $5000 prize, supported by grants from StemCell 
Technologies, Inc., and StemSoft Software, Inc. Selection of the winning articles 
was by the BBMT Editorial Board and the ASBMT Publications Committee.

Veronika Bachanova, MD, of the University of Minnesota, in Min-
neapolis is the winner of the Ernest McCulloch & James Till Award for 
best basic science article by a new investigator. The award is supported 
by an education grant from StemCell Technologies, Inc.

Her article, published in the in February 2009, was “Activated 
Notch Supports Development of Cytokine Producing NK Cells Which 
Are Hyporesponsive and Fail to Acquire NK Cell Effector Functions.”

Cristina Fondi, MD, of the University of Florence, in Florence, Italy, 
is recipient of the George Santos Award for best clinical science article 
by a new investigator. The award is supported by an education grant 
from StemSoft Software, Inc.

Her article, published in the August 2009 issue, was “Increase in 
FOXP3+ Regulatory T Cells in GVHD Skin Biopsies is Associated with 
Lower Disease Severity and Treatment Response.”

The awards were presented by BBMT Editor-in-Chief Robert Korn-
gold, PhD, and representatives of StemSoft Software and StemCell 
Technologies.

The awards were presented at the 2010 BMT Tandem Meetings in 
Orlando.

Lifetime Achievement Award Given To Jon Van Rood
The 2010 recipient of the ASBMT Lifetime Achievement Award is 

Jon van Rood. Dr. van Rood was recognized for his pioneering work in 
the field of human leukocyte antigens (HLA).

The ASBMT Lifetime Achievement Award is supported by Pfizer Inc.
Six abstracts chosen as best of 2010 bmt tandem meetings
A total 498 abstracts from 35 countries were accepted for the 2010 

BMT Tandem Meetings.

Six of the abstracts were selected for awards by the 
abstract review committees.

Recipients of the ASBMT Best Abstract Awards for Basic Science 
Research were:

Denise Kellar, MD, M.D. Anderson Cancer Center – •	 CD56+ T 
Cells Co-Expressing a CD56-Specific Chimeric Antigen Receptor Can 
Target CD56+ Malignancies without Autolysis
Daniel Kraft, Stanford University – •	 Identification of a Clonogenic 
Osteochondral Skeletal Progenitor which Forms the Functional 
Hematopoietic Stem Cell Niche
Yanling Liao, PhD, Columbia University Morgan Stanley Chil-•	
dren’s Hospital – Derivation and Expansion of Neural Stem Cell 
(NSC) Like Cells from Human Umbilical Cord Blood (HUCB) 

Each received a $1000 prize. The Basic Science Research awards are 
supported by a grant from Histogenetics, Inc.

Recipients of the CIBMTR Best Abstract Awards for Clinical Research 
were:

Yoshiko Atuska, MD, Nagoya University Graduate School of •	
Medicine – Comparison of Unrelated Cord Blood Transplanta-
tion and Human Leukocyte Antigen Mismatched Unrelated Bone 
Marrow Transplantation for Adult Patients with Hematological 
Malignancy
Sophie Paczesny, MD, PhD, University of Michigan – •	 Frequency of 
CD4+CD25highFoxP3+ Regulatory T Cells has Diagnostic and Prog-
nostic Value as a Biomarker for Acute Graft-Versus-Host Disease
Patrick Stiff, MD, Loyola University Medical Center – •	 A Prospec-
tive, Randomized Double-Blind Phase III Trial of Aprepitant vs. Placebo 
Plus Oral Ondansetron and Dexamethasone for the Prevention of Nau-
sea and Vomiting (N/V) Associated with Highly Emetogenic Preparative 
Regimens Prior to Hematopoietic Stem Cell Transplantation (HSCT)

Each also received a $1000 prize. The clinical research awards are 
supported by a grant from WellPoint, Inc.
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Symposium Report

Statement of Need
Acute myeloid leukemia (AML) affects vari-

ous white blood cells including granulocytes, 
monocytes, and platelets. Leukemic cells accu-
mulate in the bone marrow, replace normal 
blood cells, and can spread to the liver, spleen, 
skin, or central nervous system. There is a 
greater incidence of leukemia among people 
exposed to large amounts of radiation and cer-
tain chemicals (eg, benzene). Although approxi-
mately 80 to 90 percent of children with acute 
myeloid leukemia attain remissions (absence 
of leukemic cells), some of those patients have 
later recurrences. About 70 percent of children 
with AML achieve long-term remissions with 
chemotherapy or stem cell transplantation.

Among treatment strategies, chemotherapy 
is the most common form of therapy for chil-
dren with AML. Allogeneic stem cell transplan-
tation (SCT), using stem cells harvested from 
bone marrow, cord blood, or peripheral blood, 
is the preferred treatment for those patients 
with AML who are at a high risk of relapse or 
who have disease that is resistant to other treat-
ments. Allogeneic transplantations use stem 
cells from a donor. An evidence-based review 
by the ASBMT found that there is no significant 
advantage of autologous SCT over chemo-
therapy. Most of the data reflect outmoded 
treatment strategies, and studies using modern 
technologies may affect outcomes; however, the 
same review found there was a survival advan-
tage for allogeneic SCT versus chemotherapy 
for patients younger than 55 years with high-
risk cytogenetics. Based on the review in adults 
(and a companion review in children), a closer 
look at treatment options and therapy regimens 
warrants further analysis.

Target Audience
This continuing education activity is targeted 

to clinicians caring for patients undergoing 
bone marrow and stem cell transplantation.

Learning Objectives 
Interpret molecular prognostic data •	
and the role of HSCT in subsequent 
therapy
Describe current approaches to the •	
measurement of minimal residual dis-
ease in patients with AML
Evaluate the role of allogeneic and •	
autologous HSCT in the management 
of AML

Accreditation Statement
The Medical College of Wisconsin is accred-

ited by the Accreditation Council for Continu-
ing Medical Education to provide continuing 
medical education for physicians.

Designation of Credit
The Medical College of Wisconsin desig-

nates this educational activity for a maximum of 
1.0 AMA PRA Category 1 Credit(s)™. Physicians 
should only claim credit commensurate with 
the extent of their participation in the activity.

Disclaimer
This material has been prepared based on a 

review of multiple sources of information, but 
it is not exhaustive of the subject matter. Par-
ticipants are advised to critically appraise the 
information presented, and are encouraged to 
consult the above-mentioned resources as well 
as available literature on any product or device 
mentioned in this program. 

Disclosure of Unlabeled Uses
This educational activity may contain discus-

sion of published and/or investigational uses of 
agents that are not approved by the US Food and 
Drug Administration. For additional information 
about approved uses, including approved indica-
tions, contraindications, and warnings, please 
refer to the prescribing information for each prod-
uct, or consult the Physician’s Desk Reference.

CJP Medical Communications Disclosure
The employees of CJP Medical Communica-

tions have no financial relationships to disclose.

Faculty Disclosure
Consistent with the current Accreditation 

Council for Continuing Medical Education policy, 
the CME Provider must be able to show that 
everyone who is in a position to control the 
content of an individual educational activity has 
disclosed all relevant financial relationships. The 
CME Provider has a mechanism in place to iden-
tify and resolve any conflicts of interest discovered 
in the disclosure process. The presenting faculty 
members have all made the proper disclosures, 
and the following relationships are relevant:

Jeffrey Szer, MD, PhD, does not have any 
relevant financial relationships with any com-
mercial interests.

Frederick R. Appelbaum, MD, does not 
have any relevant financial relationships with 
any commercial interests.

Dario Campana, MD, PhD, does not have 
any relevant financial relationships with any 
commercial interests.

Guido Marcucci, MD, does not have any 
relevant financial relationships with any com-
mercial interests.

Therapy for Acute Myelogenous Leukemia: What Therapy and When?
Adapted from a continuing medical education symposium presented at the 2010 BMT Tandem Meetings on February 24, 2010, in Orlando, Florida.  

This program is supported by an educational grant from Otsuka America Pharmaceutical, Inc.

Faculty
Jeffrey Szer, MD, PhD (Chair)

Professor and Director
Department of Clinical 

Haematology & Bone Marrow 
Transplant Service

Royal Melbourne Hospital
Melbourne, Australia

Frederick R. Appelbaum, MD
Director, Clinical Research
Fred Hutchinson Cancer  

Research Center
Professor and Head, Medical Oncology

University of Washington  
School of Medicine

Seattle. WA

Dario Campana, MD, PhD
Vice Chair for Laboratory Research, 

Oncology
St. Jude Children’s Research Hospital

Professor of Pediatrics
University of Tennessee  

College of Medicine
Memphis, TN

Guido Marcucci, MD
Assistant Professor

Department of Internal Medicine 
Division of Hematology & Oncology

The Ohio State University 
Comprehensive Cancer Center

Columbus, OH



5

REVIEWSBlood and Marrow
TRANSPLANTATION

ASBMT

Introduction

Jeffrey Szer, MD

Treatment for acute myeloid leukemia 
(AML) has progressed historically from pri-
mary chemotherapy to current modes includ-
ing stem cell transplantation. Strategy has con-
tinually improved, as many cooperative group 
trials published over the years have trans-
lated into better outcomes. Transplantations 
in patients with AML have exceeded those in 
patients with other hematologic malignancies, 
eg, chronic myeloid leukemia, over the last 
decade. Additionally, transplantation grafts 
from unrelated donor sources have increased, 
based on better human leukocyte antigen 

(HLA) typing and matching of alleles. This has 
been reported in individual registries around 
the world and is a very common phenomenon, 
at least in the West.

In 1988, the first biologically randomized 
study of therapy for AML was published, 
which demonstrated the increasing effective-
ness of allogeneic stem cell transplantations 
from matched sibling donors for patients in 
first remission compared to chemotherapy [1]. 
This study formed the basis of expert opinion 
that these patients should at least be given an 
option for transplantation when in complete 
remission. The definition of complete remis-
sion may have changed since that time, but so 
have diagnosis, classification, and therapy.

For the future, molecular markers will 
weigh heavily in prognostic decisions. 

Analyses of genetic mutations are being 
refined with new technology. The impact 
of these mutations on treatment outcome 
is being analyzed, and patients will be 
selected accordingly for chemotherapy or 
stem cell transplantation. Individuals with-
out matched siblings or a relative are being 
matched with unrelated donors, and cord 
blood is being used more often, especially in 
the pediatric population. Cord blood has the 
advantage of lower incidence and severity of 
graft-versus-host disease [2]. The next sec-
tions will review new findings in molecular 
markers and their impact on treatment and 
outcome, minimal residual disease (MRD) 
as a criterion for relapse following therapy, 
and the current status of bone marrow 
transplantation.

Molecular Prognostic 
Factors

Guido Marcucci, MD

AML is a clinically and genetically hetero-
geneous disease, and cytogenetic and molec-
ular markers are very useful to guide treat-
ment. Based on the presence or absence of 
non-random cytogenetic abnormalities, AML 
patients are divided into favorable, inter-
mediate, and adverse risk groups. Patients 
with core binding factor (CBF) [ie, t(8;21) 
or inv(16) or t(16;16)] or acute promyelo-
cytic leukemia (APL) [ie, t(15;17] fall into 
the favorable risk category, and patients 
with complex karyotypes, 11q23, t(6;9), 
abnormality 5 or 7, and inv(3)/t(3;3) fall into 
the adverse risk group [3,4]. The remaining 
patients, including those with normal karyo-
type, t(9;11), and trisomy 8 are classified into 
the intermediate risk group; however, cyto-
genetic risk classification is not accurate in 
predicting outcome. For example, only 60% 
of the patients who fall into the favorable risk 
category have a good outcome, Therefore, 
the predictive value of cytogenetic aberra-
tions needs to be improved.

Following development of molecular bio-
logical assays for testing mutational status or 
measure expression gene levels, each cytoge-
netic group is being categorized molecularly 
and this information is being used to add to 
that provided by cytogenetic analysis and to 
guide therapy. 

Molecular Markers and Cytogenetic 
Risk

This section will focus on the molecu-
lar heterogeneity of 2 specific cytogenetic 
groups—core binding factor (CBF) and cyto-
genetically normal AML (CN-AML)—in which 
molecular markers have improved the ability 
to stratify patients to risk-adapted treatment.

CBF AML
Of AML patients diagnosed with de novo 

AML, ~13% have CBF AML defined by the pres-
ence of t(8;21)(q22;23) or inversion in chromo-
some 16, inv(16)(p13q22), or the molecular 
equivalent of these (ie, RUNX1/RUNX1T1 and 
CBFB/MYH11 respectively) [5-8]. These patients 
are usually treated differently from other adult 
AML patients by administration of high-dose 
cytarabine (HiDAC). Cancer and Leukemia 
Group B (CALGB) studies have shown that the 
cure rate of 10% to 25% has improved to 50% 
or 60% in these patients [9,10]; however, 40% 
to 50% of adults <60 years old, based on these 
studies, are not cured, so it begs the question as 
to whether molecular markers aid in the choice 
of therapy to improve the cure rate.

There are molecular markers that are asso-
ciated with outcome in CBF AML and allow 
us to recognize molecular high-risk patients 
in this otherwise favorable group. Studies are 
underway to test whether these molecular 
markers can be used in CBF AML for choos-
ing the appropriate therapy. KIT (CD117) is 
a tyrosine kinase receptor that promotes cell 
proliferation and survival and has been the 

first mutation recognized to have a prognostic 
impact in CBF. Activating mutations of KIT 
usually associated with KIT overexpression 
predict a worse outcome in patients with CBF 
mutations. Patients with t(8;21) and/or inv(16) 
treated on the CALGB protocol and assigned to 
optimal post-remission therapy with HiDAC 
experience a long-term survival of only ~20%  
if they also harbor KIT mutation [11]. This 
finding was validated by multivariate analysis 
showing that a patient with KIT mutations has 
5 to 6 times the risk of de novo AML than a 
CBF mutation.

Two abstracts recently presented at the 
2009 American Society of Hematology meet-
ing suggested that the type and number of 
KIT and other mutations may improve the 
prediction of outcome in CBF AML. In these 
abstracts, the German-Austrian AML Study 
Group reported treating patients on an anthra-
cycline/cytarabine-based induction therapy 
and HiDAC as consolidation therapy. In addi-
tion to KIT, these authors reported RAS muta-
tions, FLT3-TKD (tyrosine kinase domain), 
and FLT3-ITD (internal tandem duplication) 
mutations [12,13]. Patients with more than  
1 mutation have worse outcome. Interestingly, 
these studies showed that FLT3-ITD appears 
to be associated with worse outcome in CBF 
AML, but these results need to be confirmed.

CN AML
CN-AML patients harbor molecular het-

erogeneity that has been exploited to guide 
treatment. About 45% to 50% of de novo 
adult AML patients have CN-AML [14,15]. 
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These groups have been categorized previously 
as having an intermittent cytogenetic risk. 
The cure rate for these patients when treated 
with autologous stem cell transplantation or 
3 to 4 cycles of HiDAC is about 40% within 
the CALGB protocols [16]. Several molecular 
markers have emerged as strong prognostic 
indicators for this group of patients. At least 
3 markers appear to be clinically relevant 
and should be tested for at diagnosis: FLT3-
ITD, NPM1 mutations, and CEBPA mutations. 
FLT3-ITD has an adverse prognostic impact 
but NPM1 and CEBPA mutations are associated 
with better outcome.

The most recent World Health Organization 
(WHO) classification for AML includes AML 
with mutated NPM1 and CEBPA as new provi-
sional entities for AML and also recommends 
that each patient be tested for FLT3 [17]. 
The National Comprehensive Cancer Net-
work (NCCN) guidelines and the new Euro-
pean Leukemia Net guidelines both include 
the molecular risk based on the presence or 
absence of FLT3, CEBPA, and NPM1 muta-
tions to categorize patients with CN-AML or 
normal AML as favorable or intermediate risk. 
These classifications, however, do not take into 
account other markers and newer emergent 
markers. For example, recent findings with 
patients expressing the Wilm’s tumor-1 (WT1) 
mutations show worse outcomes than patients 
with WT1 wild type. Furthermore, aberrant 
expression levels of genes may predict for a 
worse outcome. Three such genes have been 
validated by several groups: if patients have a 
high expression of the genes BAALC, ERG, or 
MN1, they have a significantly worse outcome 
than patients with lower expression [18-21]. 
The prognostic significance of other mutations 
such as FLT3-TKD is still being evaluated.

Prognostic Significance of Markers in 
Patients Younger than 60 Years

Why are molecular markers complicated for 
guiding treatment in AML? First, the markers 
are not mutually exclusive, and new ones are 
being identified continuously. Second, there 
are different types of mutations and polymor-
phisms with each gene that may have distinct 
prognostic impact. Using CEBPA in CN-AML as 
an example, 1 mutation is not enough to define 
the molecular risk. If 2 mutations, 1 on each 
allele, are concurrently present, it is possible 
to stratify these patients into a low molecular 
risk category. Figure 1 shows the associations of 
different mutations in patients. The dilemma is 
how to treat patients who have a combination 

of unfavorable factors like FLT3-ITD and favor-
able factors like NPM1 or CEBPA. The solution 
may be to combine these molecular markers 
and try to evaluate the prognostic impact of 
molecular combinations.

The prognostic impact of the combination 
of 2 markers, FLT3-ITD, and NPM1 mutations, 
were assessed in patients with cytogenetically 
normal AML. The event-free survival (EFS) 
at 5 years is approximately 50% in patients 
with FLT3-ITDneg/NPM1mut, and only approxi-
mately 25% in patients with FLT3-ITDpos/
NPM1wt [22]. The former have been consid-
ered to be a molecular low-risk group and 
the latter, a molecular high-risk group. This 
classification has been refined by assessing 
the molecular risk in patients with the CEBPA 
mutation versus wild type. CEBPA mutations 
are not concurrently present with NPM1 
mutations. Patients with CEBPA mutations, 

especially those carrying 2 concurrent muta-
tions, have a relatively good prognosis, simi-
lar to patients with FLT-ITDneg/NPM1mut and 
fall into a molecular low-risk group [23]. By 
combining the 3 markers with other emerg-
ing markers, such as other mutations (WT1) 
or aberrant expression levels of genes (ERG, 
BAALC, MN1), the molecular risk classification 
can be further refined [23].

Other recurrent mutations are being identi-
fied in AML using a next generation sequencing 
approach. For some of them, their predictive or 
prognostic value remains to be fully validated. 
IDH1 and IDH2 gene mutations, for example, 
were found initially in glioma cells of brain 
tumors and more recently have been discov-
ered in AML. In a study measuring IDH1 and 
IDH2 gene mutations from 358 patients with 
CN-AML from the CALGB patient data bank, 
approximately 30% of patients were found to 

Figure 1. Frequencies of combinations of common mutations. More than 1 mutation has been 
found in each patient with cytogenetically normal acute myelogenous leukemia (CN-AML). 
ITD indicates internal tandem duplication; TKD, tyrosine kinase domain; PTD, partial tandem 
duplication; WT1, Wilm’s tumor-1. 
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NPM1+/FLT3-ITD+/FLT3-TKD+, 1%

NPM1+/FLT3-ITD+/CEBPA+, 1%

FLT3-ITD+/MLL-PTD+, 1%

CEBPA+/MLL-PTD+, 1%

FLT3-TKD+, 1%

FLT3-ITD+/CEBPA+, 2%

FLT3-ITD+, 2%

MLL-PTD+, 2%

NPM1+/FLT3-TKD+, 5%

CEBPA+, 10%

Wild-type, 11%

WT1+, 12%

NMP1+/FLT3-ITD+, 22%

NPM1+, 27%
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have mutations [24]. These markers appear to 
impact the long-term outcome in younger NPM1 
mutated patients, whereas the chemosensitivity 
in older patients needs to be validated as a prog-
nostic indicator. There is evidence that IDH1 
may refine the prognostic value of the NPM1 
mutation and the FLT3-ITD mutation assess-
ment, as they separate out patients with worse 
outcome among those patients with molecular 
low risk based on the NPM1 mutated FLT3-
ITDwt status. IDH2 seemingly has an adverse 
impact on the older patients.

Prognostic Significance of Markers in 
Patients Older than 60 Years

Most molecular marker studies have been 
done in patients <60 years old with de novo 
AML, but two-thirds of patients diagnosed with 

AML are older than 60 years. Prognosis remains 
poor for older patients, and the prognostic impact 
of molecular markers has yet to be evaluated 
for these patients. A recent CALGB study ana-
lyzed 148 de novo CN-AML patients older than  
>60 years treated intensively with chemotherapy 
for NPM1 mutations. Patients with NPM1 muta-
tion show higher complete response (CR) rate 
and a significant increase in OS compared with 
NPM1 wild type patients (84% versus 48%) [25]. 
This is an important finding because it may allow 
risk stratification of cytogenetically normal older 
patients into treatment regimens incorporating 
intensive chemotherapy rather than into low-
intensity treatments or best supportive care.

In conclusion, a few molecular markers are 
usable in the clinic today—KIT, FLT3, NPM1, 
and CEBPA for the CBF and CN-AML. Others 

need to be validated. Several molecular mark-
ers are being identified and several more will 
be found when sophisticated sequencing tech-
niques are used to define the mutations in AML. 
Other molecular markers that are being heavily 
investigated are micro RNAs. These are non-
coding RNAs that appear to be independent 
prognostic factors when they are considered in 
parallel with other molecular markers, includ-
ing the mutation or change in expression of cod-
ing genes [26]. For example, miR-181a expres-
sion has been independently associated with 
outcome in molecular high-risk CN-AML [27].  
An important consideration is that what is 
being discussed today may not be relevant 
tomorrow. As we change therapies for AML, 
some markers may change their predictive and 
prognostic significance.

Impact of Minimal Residual 
Disease Measurement in 
Pediatric AML

Dario Campana, MD, PhD

Minimal Residual Disease
Periodic examination of bone marrow 

samples for residual leukemic cells is an 
inherent part of the clinical management of 
patients with leukemia, but morphology has 
very limited sensitivity, and even an expe-
rienced hemopathologist has difficulties in 
distinguishing leukemic cells that represent 
less than 5% of the bone marrow population. 
The rationale for studies of MRD (disease 
undetectable by conventional morphologic 
techniques) is that a more accurate assessment 
of the residual leukemic burden would lead to 
more tailored clinical management practices 
and consequently improve cure rates.

Methods to Identify MRD
A number of methods have been developed 

to study MRD in patients with acute leukemia. 
These include flow cytometry, polymerase chain 
reaction (PCR) amplification of immunoglobulin 
(Ig)/T-cell receptor (TCR) genes, fusion tran-
scripts, and NPM1 mutations. Flow cytomet-
ric detection of aberrant immune-phenotypes, 
which are found in approximately 90% to 95% 
of patients with AML, has a sensitivity of 1 leu-
kemic cell in 1000, although in some patients 

it may be as high as 1 in 10,000. PCR ampli-
fication of Ig/TCR genes is a method widely 
used in acute lymphoblastic leukemia (ALL) 
to detect MRD, but this technique is not appli-
cable to AML because less than 10% of patients 
have rearrangement of these genes. The third 
technique is the PCR amplification of fusion 

transcripts, which can currently be used in 
approximately one-third of patients with AML. 
The sensitivity of this method varies from 1 in 
1000 to 1 in 100,000. Among other methods 
available to study MRD in patients with AML is 
PCR amplification of NPM1 mutations, which 
is applicable to about 30% of patients, but less 

Figure 2. Clinical significance of minimal residual disease (MRD) in childhood acute myelog-
enous leukemia (AML). Overall survival (OS) was based on MRD post induction-1. The patients 
were in morphologic remission [41].
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than 10% of children with AML The clinical 
value of this approach has not yet been estab-
lished. Another method is PCR amplification of 
the WT1 gene. How many cases of AML actu-
ally overexpress WT1 in comparison to normal 
hematopoietic progenitors is not entirely clear, 
but recently published work indicates that when 
the bone marrow of AML patients is compared 
to normal bone marrow samples, about 13% of 
cases will have a greater than 2 log difference in 
overexpression [28]. If the comparisons are made 
using peripheral blood, about 46% of patients 
with AML will have WT1 overexpression. A 
prognostic difference was found in patients from 
the European Leukemia Net treated with induc-
tion therapy, where the WT1 expression had a 
signal decrease by greater than 2 logs compared 
to patients in whom the signal decreased by less 
than 2 logs. Those with a less than 2 log reduc-
tion had a 79% relapse rate, and patients with a 
>2 log reduction had a 48% risk of relapse.

MRD as Prognostic Factor 
That MRD is a strong prognostic indicator 

in AML was first shown by reverse transcriptase 
(RT)-PCR studies of genetically defined subsets 
of AML targeting fusion transcripts of the 
promyelocytic leukemia retinoic acid receptor 
alpha gene (PML-RARA) [29,30]. Other studies 
indicated that RT-PCR amplification of fusion 
transcripts in AML1-ETO or inversion 16 AML 
can also provide useful prognostic information 
[31-33]. In adult AML, flow cytometry has 
been extensively used to monitor MRD. San 
Miguel and colleagues reported that detection 
of MRD after induction strongly correlated 
with subsequent relapse, and there was a direc-
tion correlation between level of MRD and risk 

of relapse. If MRD was >1%, >0.1% to <1%, 
or >0.01% to <0.1%, the incidence of relapse 
was 85%, 45%, and 14%, respectively [34].  
Maurillo and colleagues reported that MRD 
post-induction and post-consolidation was 
a strong prognostic indicator. Their paper 
included an analysis of patients undergoing 
transplantation and specifically addressed the 
clinical importance of MRD pre-transplanta-
tion; they demonstrated that in patients under-
going allogeneic or autologous transplantation, 
detection of MRD pre-transplantation was a 
strong predictor of outcome [35].

The experience in children with AML is 
more limited. An early trial (AML97) in a small 
group of patients showed that MRD detec-
tion at the end of induction was the strongest 
independent prognostic indicator. No other 
factor, including cytogenetics, age, or leuko-
cyte count, contributed to prognosis in this 
subset of patients (Figure 2). This analysis 
included morphologically negative patients, 
ie, all patients who had blasts by morphol-
ogy were excluded. Patients were divided into  
2 groups according to the presence or absence 
of MRD: for children who were MRD-negative, 
the probability of 3-year survival was 63% 
± 10%, whereas in those who were positive, 
survival was 36% ± 14% [36]. For children 
with AML undergoing transplantation, a recent 
report indicated the importance of MRD mea-
surements pre-transplantation. Investigators 
used WT1 with a threshold of 0.5 units, which 
was the level they found expressed in nor-
mal bone marrow samples, and noticed that 
patients who had levels of WT1 higher than 
the threshold had a significantly higher risk of 
relapse post-transplantation [37].

Evidence put forth by different groups 
looking at different subsets of patients using 
different methodologies suggests that MRD is 
a very strong prognostic indicator in AML. In 
2002, we initiated a multicenter trial (AML02) 
in which MRD was used for risk stratification 
and guiding the intensity of therapy. Several 
institutions participated in this trial, and all 
samples were tested for MRD monitoring by 
flow cytometry.

According to the schema of the AML02 
trial, MRD was measured at many different 
time points. The most critical points were after 
induction 1 and after induction 2. In this trial, 
210 samples were measured at diagnosis, and 
aberrant phenotypes were found in 95% of the 
patients (Figure 3). MRD could be measured in 
99% of the 1313 follow-up samples that were 
received. Initially, because the samples were 
shipped with a 24- or 48-hour delay, there was 
a concern that the samples would not be suit-
able for MRD analysis, but in fact the majority 
of samples were adequate. 

The prevalence of MRD ≥0.1% after first 
induction was 39%, similar to that previously 
reported [38]. The overall survival was 71%. 
MRD remained a significant predictor of out-
come. Patients who were MRD positive at the 
end of induction 1 still did worse than those 
who were MRD negative. Mean cumulative 
incidence of relapse was 38.6% for those who 
had MRD ≥0.1% and 16.9% for those with 
MRD <0.1%. The outcome of patients with 
low levels of MRD (0.1% to <1%), however, 
was not significantly different than that of 
MRD-negative patients. This suggests that 
intensification of therapy may be beneficial 
for patients who have low levels of MRD, but 

Figure 3. Cumulative incidence of relapse according to minimal residual disease (MRD) post-induction 1 from the AML02 trial. A, positive versus 
negative MRD; B, MRD levels [38].
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for patients who have very high levels, current 
treatment strategies still are not adequate. New 
agents are needed for this patient population.

At the end of the induction 1 none of the 
21 patients with inv(16) had MRD; by con-
trast, 25 of 29 patients with FLT3-ITD were 
MRD positive. In this trial, measurements 
of MRD in bone marrow were compared to 
MRD in peripheral blood, and the prevalence 
of MRD was higher in bone marrow than 
in peripheral blood. A new trial (AML08) 
uses MRD to guide therapy as it was used in 
AML02. Patients who have high levels of MRD 
after first induction are reclassified as having 
high-risk AML. If they have low levels of MRD, 
but it persists after second induction, they 

are also reclassified as high risk. All high-risk 
patients are candidates for transplantation.

Advances in MRD Detection
All of the studies reviewed so far were done 

with second-generation flow cytometry instru-
ments that are capable of 4-color analysis. 
The instruments available now are capable 
of analyzing more parameters. With these 
instruments it may be possible to achieve a 
sensitivity of 1 in 10,000 in every patient 
with AML. In efforts to identify additional 
markers for MRD studies, we compared the 
gene expression profiles of 200 cases of AML 
to those of normal CD34- and CD33-positive 
cells. This allowed us to identify a new set of 

markers for MRD studies. Another interesting 
advantage of multiparameter flow cytometry is 
the possibility of looking not only at MRD but 
also at some biologic features of the MRD cell 
population such as leukemia stem cells and 
drug resistance molecules.

Flow cytometry can be used to analyze sig-
naling pathways that are targeted by tyrosine 
kinase inhibitors. For example, in some of 
our current trials we are measuring the effect 
of sorafenib on the signaling pathways that it 
targets directly in leukemic cells. This presents 
a new possibility for MRD techniques that goes 
beyond defining prognosis. It should provide 
interesting information about how drugs work 
and about drug resistance.

Current Status of 
Allogeneic and Autologous 
Hematopoietic Stem Cell 
Transplantation in AML 
Management

Frederick R. Appelbaum, MD

This section will provide a review of the cur-
rent status of hematopoietic stem cell transplan-
tation (HSCT) in the management of adult AML. 
It will focus predominantly on randomized pro-
spective trials or meta-analyses, and when those 
are lacking, on the expert panel conferences that 
have been held and published recently.

In adults younger than 60 years, 3 categories 
of patients need to be considered: (1) patients 
with primary induction failure; (2) those with 
recurrent disease; and (3) those in first remis-
sion. Primary induction failure is defined as the 
condition in individuals who have persistent 
disease after 2 cycles of induction containing 
conventional dose cytarabine or a single cycle 
of HiDAC. Persistent disease in this instance 
is defined as more than 5% blasts in the bone 
marrow. If disease persists after 2 cycles of 
induction, there is no potential for cure with 
chemotherapy. Some patients who undergo an 
allogeneic transplantation at that time can be 
salvaged. A paper from the City of Hope shows 
that about 20% of patients given an allogeneic 
transplantation for primary induction failure can 
turn out to be long-term survivors more than a 
decade after the transplantation [39]. A study by 
Craddock and colleagues found that the results 
from unrelated donor transplantation (URD) for 

primary induction failure are similar to those 
for related donor transplantations. This trial 
involved 186 patients identified through the reg-
istry who had received 2 to 3 courses of induc-
tion therapy, failed induction, and then received 
URD transplantations. The day 100 mortality 
rate was 16%, and the 2-year survival rate was 
31%. In a multivariate analysis, shorter duration 
from diagnosis to transplantation, having better 
intermediate risk cytogenetics, and receiving a 
reduced intensity regimen were all associated 
with improved outcome [40]. The studies of 
Fung and Craddock emphasize the importance 
of incorporating HLA typing into the initial eval-
uation of new patients with AML so that they 
can expeditiously move on to transplantation if 
initial induction chemotherapy fails.

In individuals who have recurrent dis-
ease, a clinically useful prognostic index 
can improve choice of therapy. To evaluate 
the management of patients under age 60 
who have failed first-line chemotherapy, a 
multivariate analysis was done in 667 AML 
patients in first relapse who were selected from  
1540 newly diagnosed non-M3 AML patients 
from several consecutive Cooperative Group 
trials. Patients could be divided into 3 risk 
groups with favorable, intermediate, or poor 
outcomes, based on age, cytogenetics, and 

the interval from first remission to subsequent 
relapse. Within each of these groups were 
patients who received either chemotherapy 
or a transplantation. Within each group, the 
outcome, based on whether they received che-
motherapy or transplantation after their first 
relapse, showed a remarkable improvement in 
patients who received a transplantation versus 
chemotherapy (Table 1) [41]. There has not 
been and may never be a prospective random-
ized study of transplantation versus chemo-
therapy for patients who have failed first-line 
chemotherapy. Given this type of data, one 
could suggest that allogeneic transplantation is 
appropriate for any younger patient who has 
failed first-line chemotherapy.

To address the role of allogeneic hematopoi-
etic cell transplantation during first remission, a 
recent meta-analysis was conducted involving 
23 clinical trials and more than 5800 patients. 
Patients were given induction chemotherapy, 
and if they achieved complete remission, they 
were then assigned to an allogeneic transplanta-
tion if they had a matched sibling donor. If they 
did not, were given chemotherapy or autolo-
gous transplantation. In order to be included 
in the meta-analysis, the studies had to have 
survival as their outcome, and all had to have 
been analyzed on an intent-to-treat basis so 

Table 1. Management of Recurrent Acute Myelogenous Leukemia in Younger Patients [41]

Risk Group			                   Treatment				    5-Year Survival

Favorable			                Chemotherapy				           33%
			   Hematopoietic stem cell transplantation			          88%
Intermediate			               Chemotherapy				           21%
			   Hematopoietic stem cell transplantation			          48%
Poor			               Chemotherapy				            6%
			   Hematopoietic stem cell transplantation			          26%
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that patients who had matched siblings but 
did not receive a transplantation were included 
within the transplantation group. The results 
of this meta-analysis showed that there was 
a significant OS benefit for individuals who 
received an allogeneic transplantation in first 
remission. When the results were analyzed 
according to cytogenetic risk group, transplan-
tation provided a survival benefit for those with 
intermediate- or high-risk cytogenetics, but not 
for those with favorable risk disease. Based on 
this analysis, one could recommend an alloge-
neic transplantation from a matched sibling for 
all patients with AML in first remission, except 
those who were a good risk [42]. Within this 
good risk group are some individuals, particu-
larly those with AML with a mutation in c-KIT, 
who have a very poor outcome. Though it has 
not been proven that allogeneic transplanta-
tion would benefit these individuals, it is a 
reasonable hypothesis. Also among those with 
otherwise favorable risk cytogenetic AML are a 
portion with secondary leukemia, ie, leukemia 
developing after exposure to chemotherapy, 
often an anthracycline. These individuals have a 
poor outcome with conventional chemotherapy 
and thus also might be considered for allogeneic 
transplantation in first remission.

The intermediate risk group, made up of 
mostly cytogenetically normal individuals, can 

be further subdivided into those who have 
mutant CEBPA and those that have mutant 
NPM1 but wild-type FLT3-ITD. Those individ-
uals tend to have a favorable outcome, whereas 
all other genotypes tend to do unfavorably. A 
landmark paper published in the New England 
Journal of Medicine in 2008 by Schlenk showed 
that if the patient had mutant NPM1 without 
FLT3-ITD, there was no apparent advantage 
for transplantation in first remission because, 
in an intent-to-treat analysis, for patients with 
NPM1mut/FLT3wt, RFS was the same regardless 
of whether or not a donor was available. If the 
patient had any genotype other than NPM1mut/
FLT3wt, there was definite benefit to receiving 
the allogeneic transplantation or at least having 
the donor and the potential for transplantation 
while in first remission [43].

Poor Risk AML
Finally, there are the individuals who have 

poor-risk AML. A study from the Southwest 
Oncology Group (SWOG), where patients with 
high-risk AML were assigned to allogeneic 
transplantation if a matched sibling donor was 
available, showed a benefit for receiving an allo-
geneic transplantation in first remission with a 
44% 5-year survival rate compared with 14% 
in those who did not receive the transplanta-
tion [44]. This unfavorable risk group can be 

further subdivided into those with a poor and 
those with a very poor prognosis. Recently, a 
distinct group of patients have been identified 
as having a monosomal karyotype  defined as 
having AML with 2 or more distinct autosomal 
chromosome monosomies or 1 single auto-
somal monosomy and an additional structural 
abnormality [45]. In a study of 1344 AML 
patients treated on SWOG protocols, we identi-
fied 176 patients with a monosomal karyotype. 
Their overall survival at 4 years was only 3%, 
and the only survivors have been treated with 
hematopoietic cell transplantation.

Unrelated Donor Transplantation
More than two-thirds of patients do not have 

matched sibling donors. With modern HLA typ-
ing that relies on molecular rather than serologic 
methods, transplantation from 8 of 8 (HLA-A, 
B, C, and DRb1) matched unrelated donors 
for AML in first remission yields essentially 
the same results that are seen using matched 
siblings. There may be more graft-versus-host 
disease, but the 2 are similar in OS [46].

A recent study from the FHCRC and Uni-
versity of Minnesota compared the outcomes 
of matched unrelated donor transplantation to 
that seen using double cord blood as the source 
of stem cells. In this study, the preparative regi-
mens used for unrelated and cord blood trans-
plantation were essentially the same: cyclophos-
phamide and total body irradiation (CY/TBI) or 
cyclophosphamide, fludarabine, and total body 
irradiation (CY/FLU/TBI). The form of graft-
versus-host prophylaxis was likewise similar to 
calcineurin inhibitor (CNI) and methotrexate 
in unrelated donors or a CNI and mycophe-
nolate mofetil (MMF) in cord blood patients. 
There were no differences in DFS between 
the matched unrelated donors and the double 
cord blood group. OS likewise was similar in 
both groups [47]. These individuals were aged  
47 years or less. There was more transplantation-
related mortality with double cord blood trans-
plantation, but there was markedly less relapse 
with double cords than with matched unrelated 
donors. In this situation, because matched sib-
lings have the same result as matched unrelated 
donors and matched unrelated donors have the 
same result as double cord blood transplanta-
tions, by that logic, one could substitute any of 
these 3 sources of stem cells for individuals in 
need of a transplantation.

Autologous Transplantation
What is the role of autologous transplantation 

in AML? A meta-analysis that combined all the 

Figure 4. Therapy of high-risk acute myelogenous leukemia (AML). This study shows that the 
outcome of transplantation is similar for autologous transplantation and chemotherapy with a 
5-year estimated survival near 15%. Allogeneic transplantation produces much better outcome 
with a 44% 5-year estimated survival. Reprinted with permission from [48].
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randomized trials of autologous transplantation 
for AML analyzed on an intent-to-treat basis 
showed that there was no clear advantage for 
autologous transplantation for AML in first remis-
sion based on randomized trials [48]. A single 
autologous transplantation appears to be no bet-
ter or worse than going through 3 or 4 cycles of 
intensive consolidation therapy (Figure 4).

Reduced Intensity Transplantation in 
Patients Older than 60 Years

A randomized study of intensive chemo-
therapy that compared initial induction chemo-
therapy using either 45 mg/m2 or 90 mg/m2 per 
day for 3 days was recently reported [53]. This 
study was restricted to patients who had a per-
formance status of 2 or better. The trial showed 
an advantage for the higher anthracycline dose 
in patients’ ages 60 to 65 years, but even with 
this improvement, the estimated survival at 2 to 
3 years post-induction was approximately 25%. 
Above age 65 years, there was no advantage to 
escalating the dose of the anthracyclines, and 
OS was 15%. Even with the NPM1-positive 
group, the results were not much better than a 
20% survival rate going out 2 or 3 years [49].

Reduced intensity transplantation may be 
considered for this population of patients. A 
number of phase 2 trials of reduced intensity 
allogeneic transplantation for older patients 
with AML in first CR have recently been 
reported, with survival at 4 years averag-
ing around 40% to 45%. For example, a 
recent report by Gyurkicza, et al described 
160 patients, older than 55 years, treated with 
reduced intensity conditioning with fludarabine 

and low-dose total body irradiation. The 5-year 
overall survival was 40% and was not different 
between patients with matched related donors 
versus those with unrelated donors [53]. There 
is, of course, significant selection bias as to who 
receives transplantations and who does not, 
and the selection bias is not necessarily pre-
dictable. Some doctors may prefer to perform 
transplantations on someone with high-risk 
cytogenetics and may avoid it in those with 
favorable cytogenetics. Alternatively, healthier 
individuals with fewer comorbidities are like-
lier to be referred for transplantation [50].

There are at least 2 other studies, both retro-
spective, that suggest an advantage for transplan-
tation compared with chemotherapy. One is from 
a Japanese group showing the outcomes compar-
ing allogeneic transplantation to chemotherapy 
for a large group of patients aged 50 to 70 years. 
The transplantation group had a more favorable 
outcome than those assigned to chemotherapy 
[51]. Finally, there are data from the Medical 
Research Council (MRC). In the favorable- and 
intermediate-risk groups, allogeneic transplanta-
tion seems to benefit those who are older than  
45 years, but in cytogenetically poor disease, the 
outcomes are unfavorable whether reduced inten-
sity transplantation occurs in first remission or not.

Conclusion
For patients with matched related donors 

who are younger than 60 years, what are the 
indications for transplantation? For patients 
who fail to achieve first remission (primary 
induction failure), allogeneic hematopoietic cell 
transplantation offers the best, and likely the 

only, chance for cure. Recurrent disease in any 
category, even in those who have CBF leukemia, 
is generally an indication for transplantation. 
For patients in first remission in the cytogenetic 
good risk group, transplantation should be 
considered only for those who are c-KIT posi-
tive and those who have secondary AML. For 
intermediate risk candidates, transplantation 
should be considered for all patients, except for 
the subgroup who are CEBPA positive, or those 
who are NPM1 positive and FLT3 negative. 
Transplantation should be strongly considered 
for all individuals with poor risk cytogenetics 
who have matched related donors.

For patients with AML in first remis-
sion older than 60 years, and probably up 
to age 70 and in selected cases even older, 
reduced intensity transplantation is a reason-
able approach if the goal of the patient is 
long-term survival. There is little question but 
that allogeneic transplantation can reduce the 
quality of life in the short term, but for those 
who understand the risks and benefits of 
the procedure, available data would support  
considering this option.

For younger and older patients, outcomes 
using matched related and matched unrelated 
donors are similar. Transplantation outcomes 
using double cords as the source of stem cells 
look very similar to those with matched unrelated 
donors, at least in our hands, for patients under 
age 45 years. There are more complications with 
double cord transplantations than there are with 
matched unrelated or related donors, but relapse 
rates appear to be significantly lower, leading to 
similar overall survivals.
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	 Several large studies have helped categorize chromosomal 1.	
abnormalities into good, intermediate, and poor risk. 
Choose one the correct answer(s).

A.	 Patients with inv (16)/t(16;16)/del(16q) fall in the good risk 
category.

B.	 SWOG/ECOG indicate that Normal, +8, +6, -Y fall into the 
good risk category.

C.	 Complex karyotypes fall into the poor risk categories.

	 Two abstracts presented at the last American Society of 2.	
Hematology meeting suggested that the type and number 
of secondary mutations may improve prediction of 
outcome in acute myelogenous leukemia (AML). Choose 
the correct answer(s).

A.	 Expression levels of genes, ie, high expression of genes such 
as BAALC or ERG predict for worse outcome.

B.	 FLT3 mutations showed a trend for shorter overall survival. 

C.	 JAK2 kinase mutations were often seen in patients with 
AML.

	 Molecular marker analyses have been done mostly in 3.	
patients younger than 60 years with de novo AML.  
Which statements are true?

A.	 Most patients diagnosed with AML are older than 60 years.

B.	 Age is not a prognostic marker.

C.	 A CALGB study found that NPM1 mutation in older 
patients does not really predict a good outcome.

	 A number of methods are used to determine minimal 4.	
residual disease (MRD). These include flow cytometry 
and polymerase chain reaction (PCR) amplification of 
fusion transcripts or immunoglobulin T-cell receptor 
(TCR) genes. Which statements are true?

A.	 Flow cytometry is not very sensitive.

B.	 PCR can pick up false positives.

C.	 PCR amplification of TCR genes can only be used in 
children with acute lymphoblastic leukemia (ALL).

	 MRD post-induction and post-consolidation is a strong 5.	
prognostic indicator. Which statement is not true?

A.	 If MRD was ≥ 1% the incidence of relapse was 85%.

B.	 If patients were MRD positive after induction, subsequent 
therapy was more intensive.

C.	 MRD could be determined by the presence of blasts either 
circulating or in the bone marrow.

D.	 Identification of MRD is not useful for predicting outcome 
after therapy.

	 In the AML 08 trial the presence of MRD was used to 6.	
recommend further therapy. What would you do?

A.	 The presence of high levels of MRD after induction requires 
readministration of induction.

B.	 The presence of high levels of MRD after induction requires 
intensification of therapy for second induction.

C.	 The presence of MRD in a patient after second induction is 
recommended for transplant.

	 There are 3 categories of patients younger than 60 years 7.	
who will benefit from transplantation. Which category is 
NOT included?

A.	 Patients with intermediate risk cytogenetics

B.	 Patients with primary induction failure

C.	 Patients with recurrent disease 

D.	 Patients in first remission

	 In individuals with recurrent disease, a clinically useful 8.	
prognostic index can improve the choice of therapy. Is 
this a reasonably true hypothesis?

A.	 Yes

B.	 No

	 Which of the following will benefit the recipient of a 9.	
transplantation the most?

A.	 The availability of a related donor

B.	 Using one’s own cells, ie, an autologous transplantation

C.	 In the absence of a related donor, the use of a matched 
unrelated donor

D.	 Being of poor risk
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Release Date: June 30, 2010
Last Review Date: June 30, 2010
Expiration Date: June 30, 2011

Instructions
(1) Read the articles in the publication carefully. (2) Circle the correct response to each question on the Answer Sheet. (3) 
Complete the Evaluation Form. (4) To receive CME credit, fax the completed Answer Sheet and Evaluation Form to the Office 
of Continuing and Professional Education (414-456-6623) or mail to the Office of Continuing Medical Education, Medical College 
of Wisconsin, 10000 Innovation Drive, Milwaukee, WI 53226. No processing fee is required.

1. A B C
2. A B C
3. A B C
4. A B C

5. A B C D
6. A B C
7. A B C D
8. A B

9. A B C D

Please evaluate the effectiveness of this CME activity on a scale of 
1 to 5, with 5 being the highest, by circling your choice. Fax with 
the Answer Sheet to the Office of Continuing and Professional Edu-
cation, 414-456-6623, or mail to the Office of Continuing Medical 
Education, Medical College of Wisconsin, 10000 Innovation Drive, 
Milwaukee, WI 53226.

Overall Quality of the CME Activity 1 2 3 4 5

Articles in the publication were presented in a clear 
and effective manner. 1 2 3 4 5

The material presented was current and clinically 
relevant. 1 2 3 4 5

Educational objectives were achieved. 1 2 3 4 5

The CME activity provided a balanced, scientifically 
rigorous presentation of therapeutic options related 
to the topic, without commercial bias. 1 2 3 4 5

How will you change your treatment based on this CME activity?

Would you benefit from additional CME programs 
on this topic? Yes No

I have read these articles on Therapy for Acute Myelogenous Leu-
kemia: What Therapy and When?, published in Blood and Marrow 
Transplantation Reviews, and have answered the CME test questions 
and completed the Evaluation Form for this activity.

Signature Date

Last Name First Name MI Degree

Specialty Affiliation

Address

City State Postal Code

Phone Fax E-mail

CME Evaluation Form
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