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A tale of two siblings: two cases of AML arising from a single
pre-leukemic DNMT3A mutant clone

Leukemia (2015) 29, 2101–2104; doi:10.1038/leu.2015.67

Acute myeloid leukemia (AML) patients with DNA methyl-
transferase 3A (DNMT3A) mutations in remission after induction
chemotherapy may have hematopoiesis arising from a putative pre-
leukemic clone lacking the full spectrum of mutations seen at AML
diagnosis.1,2 DNMT3A mutations in hematopoietic stem cells lead to
increased self-renewal capacity and dominance of the stem-cell
compartment.2 The common DNMT3AR882H mutation is usually
heterozygous and results in loss-of-function with a dominant-
negative effect. DNMT3A mutations are thought to occur early in
AML ontogeny,3 and are found in around 20% of de novo AML and
in a higher proportion of secondary AML cases.4,5 In population
studies clonal mutations of DNMT3A6 and other epigenetic
regulators are more common with increasing age, and may
contribute to a proportion of cases of age-related skewing of
X-chromosome inactivation.1,7 Two recent reports from large cohorts
identified DNMT3A, Tet methylcytosine dioxygenase 2 (TET2) and
additional sex combs like transcriptional regulator 1 (ASXL1;
epigenetic modifying genes) as the most commonly mutated genes
in peripheral blood samples,8,9 with a combined prevalence of
⩾10% in individuals aged over 65 years. One study provided
evidence that individuals with clonal hematopoiesis are more likely
to develop hematopoietic malignancy, and examined in detail
subsequent myeloid malignancy diagnosis samples together with
the initial asymptomatic blood samples for three cases.8 All three
cases were found to have multiple (2–6) known pathogenic
mutations at the time of asymptomatic blood sampling suggesting
that clonal hematopoiesis could be attributed to outgrowth of early
leukemic cells. Importantly, a number of the driver mutations were
only found upon detailed genetic analysis of the initial blood
sample. A similar observation was recently reported in chronic
myeloid leukemia, where a DNMT3A mutation that was discovered
in molecular remission after treatment was also present in the
leukemic clone at diagnosis.10 Hence, although these studies imply
that, at least in some cases, a pre-leukemic clone carrying a single
epigenetic founder mutation may be present for some time prior to
the development of neoplasia, they do not provide direct evidence
of its pathogenicity.
Here we report direct evidence to fill this knowledge gap that a

pre-leukemic clone can evolve to AML. Clonal hematopoiesis
(DNMT3AR882H) was transplanted from an apparently healthy
marrow donor to his brother, with subsequent evolution to
genetically distinct AML clones in each brother. A healthy 53-year-
old man with normal blood counts and bone marrow morphology
donated steady-state bone marrow to his 49-year-old brother for
treatment of relapsed lymphoma. Fourteen months after the bone
marrow transplant, the donor developed normal karyotype AML
with mutations in DNMT3A, nucleophosmin 1 (NPM1), and fms-like
tyrosine kinase 3 (FLT3). Four months later (18 months post-
allograft) the recipient developed normal karyotype AML with
identical mutations in DNMT3A and NPM1, but wild-type FLT3.
Chimerism analysis confirmed donor-derived leukemia. Both
brothers received induction chemotherapy and both relapsed
after a short-lived remission.

Whole-exome sequencing and targeted massively parallel
sequencing of 29 genes recurrently mutated in myeloid malig-
nancies (Supplementary Information) identified a somatic
DNMT3AR882H mutation that dominated donor hematopoiesis (allelic
burden 46%), despite normal blood counts and morphology. This
clone was transplanted to the recipient, who later developed AML
with a mutational profile distinct from that seen in the donor
(Figure 1 and Supplementary Table 1). The DNMT3A mutation
persisted at transformation to AML and at relapse. Of the multiple
somatic mutations, other than DNMT3A, only NPM1 (W288Cfs*12)
was identical in both brothers. This mutation was not detected in an
aliquot of the transplanted bone marrow harvest product (sensitivity
o0.1%). W288Cfs*12 is the most common NPM1 mutation in AML,
accounting for almost 80% of variants.11 Most DNMT3A-mutant AML
cases also have an NPM1 mutation,12 and the latency period was
longer than that predicted from the known kinetics of NPM1 AML,13

so the presence of this mutation in both brothers likely reflects the
propensity for these mutations to co-occur in AML.
In addition known pathogenic mutations were identified in FLT3

and Isocitrate dehydrogenase 1 (IDH1) in the donor AML, as well
as a novel NOTCH4 mutation. Mutations in NOTCH1 and NOTCH2
are found in hematological malignancies,14 but NOTCH4mutations
have not previously been reported in AML. In the recipient we
identified an additional mutation in the Structural Maintenance of
Chromosomes 1A (SMC1A) gene, which is a member of the
cohesin complex: recurrent mutations in the cohesin complex
were recently identified in ~ 12% of AML cases, and are associated
with NPM1 mutations.15

DNMT3A-mutant hematopoiesis persisted in both brothers at
remission after chemotherapy (Figures 1a and b), consistent with
the reported chemoresistance of DNMT3A-mutant clones. The
high DNMT3AR882H allelic burden (likely 490% of cells carried the
mutation), and the disappearance of additional pathogenic
mutations indicated reversion to the pre-leukemic clone in
remission. In addition, both brothers had minimal residual disease
(MRD). In the donor this was evident retrospectively at AML
relapse with all earlier mutations plus an additional known
pathogenic Wilms’ Tumor 1 (WT1R394W) mutation (Figure 1a)
which is associated with poor outcome. The recipient was not
tested at relapse (sample not available), but in remission the NPM1
mutation was detected using very deep sequencing at ~ 0.01%
(Figure 1b), consistent with MRD. There was no evidence from the
sequencing data of a familial genetic predisposition to cancer: no
known pathogenic germline mutations were identified.
We also studied the persistence of DNMT3A mutations in

remission in de novo AML by sequencing remission samples from
12 additional patients with a DNMT3A mutation at diagnosis. We
identified persistence of the mutation in morphological remission
in 8/12 patients (75%; Supplementary Table 2 and Figure 2)
whereas all concurrent pathogenic AML-associated mutations
were undetectable in available remission samples (Supplementary
Table 2), consistent with previous reports.1,2,16 Interestingly, of the
four patients with a persistent DNMT3A mutation in multiple
remission samples, the mutant allelic burden expanded over time,
whereas peripheral blood counts and morphology remained
normal. If polyclonal hematopoiesis is not restored in remission,
the re-emergence of AML may be due either to failure to eradicate
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MRD or to the independent evolution of a second AML derived
from the original pre-leukemic clone. Available data suggest that
MRD is the dominant cause of relapse.
A striking feature of this case was the relatively short latency

period to the emergence of AML in both brothers (Figure 1c).
Whereas it is often assumed that immunosuppression of the

transplant recipient may contribute to the risk of donor-derived
leukemia,17 the latency periods in the healthy donor and
in the immunosuppressed transplant recipient were similar.
We speculate that the high allelic burden of the DNMT3A
mutations might have been a contributing factor in these two
cases, consistent with the observation from a population study
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Figure 1. Mutational evolution of independent AMLs in two brothers. Mutation profiles of the donor (a) and recipient (b) brothers prior to
AML diagnosis, at diagnosis, in remission, and at relapse. (c). Schematic of mutation acquisition and clonal expansion in donor and recipient
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relapse sample. In the donor, all mutations present in the diagnosis sample persisted at relapse. A relapse sample from the recipient was not
available. NPM1 detected at * ~ 0.01%. MSC, mesenchymal stromal cells; Dx, diagnosis; CR1, complete remission; Rel, relapse; BMT, bone
marrow transplantation; CTx, conditioning chemotherapy.

Letters to the Editor

2102

Leukemia (2015) 2098 – 2116 © 2015 Macmillan Publishers Limited



that higher allelic burdens were associated with an increased risk
of subsequent neoplasia.9 This study provides for the first time
direct evidence that a single pre-leukemic mutation can promote
evolution to hematopoietic malignancy; in this case, not only one
but two genetically distinct AML clones.
A number of clinically important questions arise from this case.

For AML cases with DNMT3A (or functionally similar) mutations,
should mutational analysis in remission be used to guide the post-
remission therapy? In our series of 12 cases of de novo AML, the
rate of relapse was high irrespective of the persistence of the
DNMT3A mutation in remission. Ploen et al.16 reported relapse in
only 50% of DNMT3A-mutant AML patients with the mutation
present in remission, but allogeneic stem-cell transplantation
would be offered to most individuals in this setting. Transplanta-
tion may potentially eradicate both AML and its antecedent clone.
What is the implication of pre-leukemic mutations for the
monitoring of MRD? A founder mutation that is present in a
pre-leukemic clone may not be a reliable indicator of AML
remission status. Genomic profiling of AML could be used to select
the best target(s) for MRD analysis: one or more genes that are
part of the evolved clone. Lastly, is there a case for mutation
screening for a defined panel of potential pre-leukemic mutations
as part of the allogeneic stem-cell donor assessment? On the basis
of recent reports,6,7,9 it would appear that the population
prevalence of such mutations might be sufficient for screening
to be justified in selected populations (e.g., older donors, or those
with a personal or familial history of malignancy). What is needed
to inform this decision is a better understanding of the natural

history of such clones, and the associated risk of emerging
hematopoietic malignancy.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS
We are grateful to the patients and to the South Australian Cancer Research Biobank for
providing the samples. This work was supported by grant funding from the National
Health and Medical Research Council of Australia APP1024215 and APP1023059.

AUTHOR CONTRIBUTIONS
DMR and CNH wrote the manuscript. DMR, AB, RJD, DKH, LBT and IDL treated
the patients and/or collected essential samples. CMB and GDC provided
essential samples. CNH, DMR, ALB, WTP, JF, AWS and HSS planned and analyzed
sequencing experiments. MH, MZ, KLA, YL, MB and GAE performed sequencing
experiments. All authors critically reviewed and approved the manuscript.

CN Hahn1,2,3,4,9, DM Ross3,5,6,9, J Feng7, A Beligaswatte5,6,
DK Hiwase5, WT Parker1,2,4, M Ho1, M Zawitkowski1, KL Ambler1,

GD Cheetham1, YK Lee1, M Babic1, CM Butcher5, GA Engler5,
AL Brown2,4,5, RJ D’Andrea2,4,5, ID Lewis3,5, AW Schreiber7,8,

LB To3,5 and HS Scott1,2,3,4,8
1Department of Molecular Pathology, SA Pathology, Adelaide, Australia;

2Centre for Cancer Biology, SA Pathology, Adelaide, Australia;
3School of Medicine, University of Adelaide, Adelaide, Australia;

Dx CR1 . . . Rel . CR2
0

20

40

60

80

100
M

ut
an

t A
lle

le
 L

oa
d 

(%
)

Dx CR1 . . . . . . . . . . . . . CR1
0

20

40

60

80

100

M
ut

an
t A

lle
le

 L
oa

d 
(%

)

Dx CR1 . . . . . . . . . . . . . CR2
0

20

40

60

80

100

M
ut

an
t A

lle
le

 L
oa

d 
(%

)

Dx CR1 . . . . . . . Rel CR2
0

20

40

60

80

100

M
ut

an
t A

lle
le

 L
oa

d 
(%

)

Patient 7 

Patient 6 Patient 4 

Patient 5 

0 1 19 25 341 13 150 

1 0 

28

43

271 0 

1048

TimeTimeTime

Time Time

Dx CR1 . . . . . P1 . . . . P2
0

20

40

60

80

100

M
ut

an
t A

lle
le

 L
oa

d 
(%

)

Patient 8 

CR2

Figure 2. Persistence of DNMT3A mutations in complete remission. The allelic burden of DNMT3A (R882H/C) mutation was measured using a
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time after diagnosis (months).

Letters to the Editor

2103

© 2015 Macmillan Publishers Limited Leukemia (2015) 2098 – 2116



4School of Pharmacy and Medical Sciences, University of South
Australia, Adelaide, Australia;

5Department of Haematology, SA Pathology, Adelaide, Australia;
6Flinders University and Medical Centre, Adelaide, Australia;

7ACRF South Australian Cancer Genomics Facility, Centre for Cancer
Biology, SA Pathology, Adelaide, Australia and

8School of Molecular and Biomedical Science, University of Adelaide,
Adelaide, Australia

E-mail: chris.hahn@health.sa.gov.au
9These authors contributed equally to this work.

REFERENCES
1 Corces-Zimmerman MR, Hong WJ, Weissman IL, Medeiros BC, Majeti R.

Preleukemic mutations in human acute myeloid leukemia affect epigenetic
regulators and persist in remission. Proc Natl Acad Sci USA 2014; 111: 2548–2553.

2 Shlush LI, Zandi S, Mitchell A, Chen WC, Brandwein JM, Gupta V et al. Identifi-
cation of pre-leukaemic haematopoietic stem cells in acute leukaemia. Nature
2014; 506: 328–333.

3 Hou HA, Kuo YY, Liu CY, Chou WC, Lee MC, Chen CY et al. DNMT3A mutations in
acute myeloid leukemia: stability during disease evolution and clinical implica-
tions. Blood 2012; 119: 559–568.

4 Fried I, Bodner C, Pichler MM, Lind K, Beham-Schmid C, Quehenberger F et al.
Frequency, onset and clinical impact of somatic DNMT3A mutations in therapy-
related and secondary acute myeloid leukemia. Haematologica 2012; 97: 246–250.

5 Yan XJ, Xu J, Gu ZH, Pan CM, Lu G, Shen Y et al. Exome sequencing identifies
somatic mutations of DNA methyltransferase gene DNMT3A in acute monocytic
leukemia. Nat Genet 2011; 43: 309–315.

6 Xie M, Lu C, Wang J, McLellan MD, Johnson KJ, Wendl MC et al. Age-related
mutations associated with clonal hematopoietic expansion and malignancies. Nat
Med 2014; 20: 1472–1478.

7 Busque L, Patel JP, Figueroa ME, Vasanthakumar A, Provost S, Hamilou Z et al.
Recurrent somatic TET2 mutations in normal elderly individuals with clonal
hematopoiesis. Nat Genet 2012; 44: 1179–1181.

8 Genovese G, Kahler AK, Handsaker RE, Lindberg J, Rose SA, Bakhoum SF et al.
Clonal hematopoiesis and blood-cancer risk inferred from blood DNA sequence.
N Engl J Med 2014; 371: 2477–2487.

9 Jaiswal S, Fontanillas P, Flannick J, Manning A, Grauman PV, Mar BG et al.
age-related clonal hematopoiesis associated with adverse outcomes. N Engl J Med
2014; 371: 2488–2498.

10 Schmidt M, Rinke J, Schafer V, Schnittger S, Kohlmann A, Obstfelder E et al.
Molecular-defined clonal evolution in patients with chronic myeloid leukemia
independent of the BCR-ABL status. Leukemia 2014; 28: 2292–2299.

11 Schnittger S, Schoch C, Kern W, Mecucci C, Tschulik C, Martelli MF et al.
Nucleophosmin gene mutations are predictors of favorable prognosis in acute
myelogenous leukemia with a normal karyotype. Blood 2005; 106: 3733–3739.

12 El Ghannam D, Taalab MM, Ghazy HF, Eneen AF. DNMT3A R882 mutations in
patients with cytogenetically normal acute myeloid leukemia and myelodys-
plastic syndrome. Blood Cells Mol Dis 2014; 53: 61–66.

13 Ommen HB, Schnittger S, Jovanovic JV, Ommen IB, Hasle H, Ostergaard M et al.
Strikingly different molecular relapse kinetics in NPM1c, PML-RARA, RUNX1-
RUNX1T1, and CBFB-MYH11 acute myeloid leukemias. Blood 2010; 115: 198–205.

14 Lee SH, Jeong EG, Yoo NJ, Lee SH. Mutational analysis of NOTCH1, 2, 3 and 4 genes
in common solid cancers and acute leukemias. APMIS 2007; 115: 1357–1363.

15 Kon A, Shih LY, Minamino M, Sanada M, Shiraishi Y, Nagata Y et al. Recurrent
mutations in multiple components of the cohesin complex in myeloid neoplasms.
Nat Genet 2013; 45: 1232–1237.

16 Ploen GG, Nederby L, Guldberg P, Hansen M, Ebbesen LH, Uffe Birk Jensen UB
et al. Persistence of DNMT3A mutations at long-term remission in adult patients
with AML. Br J Haematol 2014; 167: 478–486.

17 Flynn CM, Kaufman DS. Donor cell leukemia: insight into cancer stem cells and
the stem cell niche. Blood 2007; 109: 2688–2692.

This work is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivs 4.0 International License. The images or

other third party material in this article are included in the article’s Creative Commons
license, unless indicatedotherwise in the credit line; if thematerial is not included under
the Creative Commons license, users will need to obtain permission from the license
holder to reproduce the material. To view a copy of this license, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/

Supplementary Information accompanies this paper on the Leukemia website (http://www.nature.com/leu)

Effect of genetic profiling on prediction of therapeutic
resistance and survival in adult acute myeloid leukemia
Leukemia (2015) 29, 2104–2107; doi:10.1038/leu.2015.76

Therapeutic resistance, that is failure to achieve complete
remission (CR) despite not incurring treatment-related mortality
(TRM), or relapse after achieving CR, is the principal cause of failure
in acute myeloid leukemia (AML). Many clinical, cytogenetic, and
molecular characteristics are strongly associated with resistance.1

However, using areas under receiver operating curves (AUCs) to
quantify their predictive ability in 44500 younger and older
adults with newly diagnosed AML, we recently demonstrated that
such data, even when combined, provided only limited ability
(AUCo0.8) to predict resistance.2 Greater ability (AUC40.90–
0.95) to forecast resistance to standard therapy in individual
patients might obviate the need to randomize between standard
and investigational treatments, optimize care algorithms and
ultimately benefit patients.
Our previous analysis included molecular data pertaining only

to NPM1 mutations and FLT3/ITDs. At that time, we hypothesized
that consideration of mutational data for other genes might
improve predictive accuracy. Indeed, by profiling close to 20

genes, Patel et al.3 were able to separate participants of a recent
Eastern Cooperative Oncology Group (ECOG) phase 3 trial (E1900)
with cytogenetically defined intermediate-risk AML into three
subgroups with significantly different outcomes. Here, we
investigated the extent to which prediction of resistance and
survival can be improved by inclusion of detailed molecular data
in the E1900 study cohort. Our study also offered the opportunity
to assess whether CD25, a marker that has shown to improve risk
classification independent of other established biomarkers in the
E1900 cohort, could further improve the accuracy of outcome
prediction in individual patients.4

E1900 (NCT00049517) was a randomized trial that compared
daunorubicin doses of 45 and 90mg/m2 each given on days 1–3
together with standard-dose cytarabine in 657 patients aged 17–
60 years with newly diagnosed AML.5 Of these, 398 patients had
sufficient material available for complete genetic profiling (see
below).3 Institutional review boards of participating institutions
approved all protocols, and patients were treated according to the
Declaration of Helsinki.
For our analysis, early death TRM was defined as death within

28 days after initiating therapy6 or study registration, if the date of
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