
By 2008, genetic abnormalities became part of the 
picture, primarily FLT3, CEBPA, and NPM1, says 
Gail H. Vance, MD, a study coauthor and professor 
of medical and molecular genetics, Indiana Univer-
sity School of Medicine. 

But those three now face additional competition, 
as the NEJM study shows. Dr. Vance, who was in-
volved in E1900’s extensive cytogenetics central  
review, says she was surprised by the frequency of 
the DNMT3A, or methylation, gene. Its overall  
frequency was 23 per cent. (See Fig.1, Mutational 
Complexity of AML). FLT3 mutations had an over-
all frequency of 37 percent (ITD, 30 percent; TKD, 
seven percent), and NPM1, 29 percent. CEBPA had 

a relatively low frequency of nine percent.
“DNMT3A is a newcomer,” Dr. Vance explains. 

“I knew about FLT3, I knew about NPM1, I knew 
about CEBPA. Mutations of these three genes were 
fairly well established, even in this new age of mo-
lecular mutation evaluation.” In patients with nor-
mal cytogenetics, for example, an FLT3 mutation 
dictated an overall poor er prognosis. An NPM1 
mutation without FLT3 meant a good pr ognosis. 
And CEBPA, be it one mutation or homologous  
mutations, was a good prognosis.

“And then this gene, DNMT3A, arrives on the 
scene,” says Dr. Vance. It’s not the only newcomer. 
Other mutations with relatively high frequency (and 
studied as part of E1900) include TET2, WT1, and 
IDH2 (each with eight percent overall frequency), 
and IDH1 (seven percent). 

“For lack of an elo-
quent way of framing  
this, there’s now a bucket 
of mutations,” says Dr . 
Vance. Physicians had  
their pet mutations, she  
says, but until the E1900 
study, there had been no 
clear way to relate these 
mutations to one another, 
either by frequency or by 
outcome.

The study is both wel-
come and unsettling. 
“We had just gotten com-
fortable with CEBPA 
and NPM1 and FLT3,” 
Dr. Vance says. “Whether 

they be wild type or mutational, we wer e all con-
vinced we understood gene test results would frame 
up the possible outcome, the overall survival for this 
patient.”

“One of the things that I found so inter esting,” 
she continues, “was that we had thought AML 
normal chromosomes and NPM1 mutation had a 
better outcome. But then the data shows that muta-
tional status of NPM1 alone didn’t define that fa-
vorable subset—there actually had to be dif ferent 
alleles, or additional mutations, that stratified it 
further.” 

Dr. Vance likes another aspect of the study: the  
finding that molecular and cytogenetic mutations  
“held” even if a patient r elapsed. So an overall fa -
vorable prognosis in a patient meant he or she  
tended to do better if they relapsed; an overall un-
favorable prognosis meant they tended to do poorly, 
regardless of whether they were treated with high- 
or low-dose daunorubicin. 

Dr. Ketterling professes to being startled by the  
high percentage of patients with identifiable muta-
tions. That 97.3 percent figure shows the power of 
the genes selected for the study. “Very impressive,” 
he says. “That’s a surprisingly high number.”

He was also intrigued by findings regarding 
MLL, a relatively common translocation gene in  
AML. Historically this has been associated with a  
relatively unfavorable prognosis, he says, but the  
study suggests it actually confers an improved rate 
of survival when patients wer e given high-dose  
induction chemotherapy.

“In the end,” says Dr. Ketterling, “it’s getting at  
what trumps what. There are certain genetic sub -
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B Patients with Mutant DNMT3A C Patients with Mutant FLT3
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Gene
Overall

Frequency (%)

FLT3 (ITD, TKD) 
NPM1
DNMT3A
NRAS
CEBPA
TET2
WT1
IDH2
IDH1
KIT
RUNX1
MLL-PTD
ASXL1
PHF6
KRAS
PTEN
TP53
HRAS
EZH2

29
23
10
9
8
8
8
7
6
5
5
3
3
2
2
2
0
0

37 (30, 7)

D
N

M
T3

ARU
N

X1

ASXL1
CEBPA

N
PM

1

PTEN

PH
F6

TP53

TET2

FLT3

WT1

M
LL-PTD

N/KRAS

IDH1/2

KIT

D
N

M
T3

ARU
N

X1

ASXL1CEBPA

N
PM

1

PTEN

PH
F6

TP53

TET2

FLT3

WT1

M
LL-PTD

N/KRAS
IDH1/2

KIT D
N

M
T3

ARU
N

X1

ASXL1CEBPA

N
PM

1

PTEN

PH
F6

TP53

TET2

FLT3

WT1

M
LL-PTD

N/KRAS
IDH1/2

KIT

Fig. 1. Mutational Complexity of Acute Myeloid Leukemia (AML).
A Circos diagram (Panel A) depicts the relative frequency and pairwise co-occurrence of mutations 
in patients with newly diagnosed AML who were enrolled in the Eastern Cooperative Oncology Group 
E1900 clinical trial. The length of the arc corresponds to the frequency of mutations in the first gene, 
and the width of the ribbon corresponds to the percentage of patients who also had a mutation in the 
second gene. Pairwise co-occurrence of mutations is denoted only once, beginning with the first gene 
in the clockwise direction. Panel A also shows the frequency of mutations in the test cohort. Panels 
B and C show the mutational events in patients with mutant DNMT3A and mutant FLT3, respectively. 
Since, for clarity, only pairwise mutations are encoded, the arc length was adjusted to maintain 
the relative size of the arc, and the correct proportion of patients with only a single mutant allele is 
represented by the not-otherwise-occupied space within each mutational subset (all panels). ITD 
denotes internal tandem duplication, PTD partial tandem duplication, and TKD tyrosine kinase domain.
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