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Dear Editor,

The WHO 2008 classification of myeloid neoplasms lists the fol-
lowing three diagnostic criteria for AML with myelodysplasia-re-
lated changes (MRC): AML arising from a previously diagnosed
myelodysplastic syndrome (MDS) or MDS/myeloproliferative
neoplasm (MPN), AML with an MDS-related cytogenetic abnor-
mality, and AML with multi-lineage dysplasia [1]. However, a
history of Philadelphia chromosome-negative MPN (Ph-MPN)
does not warrant a diagnosis of AML with MRC. Here, we dem-
onstrate that AML evolving from Ph-MPNs (MPN-AML) has
similar cytogenetic characteristics and prognosis to AML evolv-
ing from MDS or MDS/MPN (MDS-AML).

We identified 103 patients in our bone marrow archive who
were diagnosed with AML that evolved from MDS (N=72),
MDS/MPN (N=10), or Ph-MPN (N=21) from January 2006 to
December 2014. The underlying Ph-MPNs included 13 (61.9%)
cases of primary myelofibrosis (PMF), five (23.8%) of essential
thrombocythemia (ET), and three (14.3%) of polycythemia vera
(PV). MDS-related cytogenetic abnormalities were identified in
31 of 82 (37.8%) MDS-AML patients and in 12 of 21 (57.1%)
patients with MPN-AML (P=0.175). The two most common ab-
normalities were a complex karyotype involving -5/del(5q) and

isolated -7/del(7q) in all patients, without significant differences
among patient groups (Fig. 1). Multi-lineage dysplasia was more
often identified in patients with MDS-AML (28, 34.1%) than in
patients with MPN-AML (2, 9.5%; P=0.031). Overall, 13
(61.9%) patients with MPN-AML were diagnosed with AML with
MRC on the basis of cytogenetics or cytomorphology. Two pa-
tients with PMF received cytotoxic therapy before transformation
of PMF to AML. During their progression to AML, one patient
had a normal karyotype and the other had a complex karyotype,
with both -5 and del(7q) already present during the PMF stage.
The median overall survival (OS) and relapse-free survival (RFS)
were 7.4 (5.2-9.2) and 22.5 (5.9-39.0) months, respectively, for
patients with MDS-AML, and were 4.9 (1.3-11.9) and 4.0 (3.2-
12.4) months, respectively, for those with MPN-AML. However,
there were no differences in the OS (P=0.162) and RFS (P=
0.467) between the 2 patient groups (Fig. 2A). Among the
MPN-AML patients, those with MRC features had a shorter OS
than those without MRC (P=0.008; Fig. 2B).

The patients with AML with MRC had significantly poorer clin-
ical outcomes than those with not-otherwise-specified AML [2].
Similar to patients with MDS transforming to AML, a substantial
proportion of PMF patients transform to AML [3]. Moreover,
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Fig. 1. The proportion and distribution of individual cytogenetic ab-
normalities sufficient to diagnose AML with myelodysplasia-related
changes in the study patients. No statistical differences were seen
between the frequencies of -5/del(5q) in complex karyotypes and
isolated -7/del(7q) in the two patient groups.

Abbreviations: MPN, myeloproliferative neoplasm; Ph-MPN, Philadelphia
chromosome-negative myeloproliferative neoplasm; C, complex karyotype.

even patients with PV or ET can develop AML without an inter-
mediate stage of myelofibrosis. The leukemic transformation in
Ph-MPN is associated with a uniformly poor prognosis [3]. From
this perspective, our current analysis showed that the majority
of patients with MPN-AML were diagnosed with AML with MRC,
mainly on the basis of cytogenetic abnormalities, and the differ-
ence between the outcomes of the patients with MDS-AML and
those with MPN-AML was not significant. Our most noteworthy
finding was that the cytogenetic patterns were very similar be-
tween these two patient groups. A complex karyotype with mul-
tiple chromosomal changes was the dominant cytogenetic ab-
normality in both groups, consistent with previous findings for
patients with MPN-blast phase or AML with MRC [3-7]. Of note,
a recent study reported that the involvement of del(5q) in com-
plex karyotypes was associated with an extremely adverse prog-
nosis in newly diagnosed MDS patients, which highlights the
critical role of del(5q) as the primary event leading to chromo-
somal instability, susceptibility to rearrangements, and genomic
damage [8]. Thus, the previously mentioned cytogenetic pattern
of MPN-AML could explain, at least in part, the adverse clinical
outcomes that were comparable to those of patients with MDS-
AML. According to a recent epidemiologic study, secondary
AML (sAML) occurring after non-MDS was associated with re-
duced survival across age and cytogenetic risk groups, whereas
previous MDS or therapy-related AML did not impact overall
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Fig. 2. Overall survival of the study patients. (A) Overall survival of
patients with MDS-AML (N=82) and those with MPN-AML (N=21).
There was no significant difference between overall survival rates in
the 2 patient groups. (B) Overall survival of MPN-AML patients
stratified by the presence or absence of MRC features. Patients
with MRC features (N=13) had shorter overall survival than pa-
tients without (N=8; P=0.008).

Abbreviations: MPN, myeloproliferative neoplasm; MRC, myelodysplasia-re-
lated changes.

outcomes among patients older than 60 yr of age and with an
adverse karyotype [9]. Among patients with non-MDS-sAML,
73.8% had Ph-MPNs. These results are in line with our findings
of poor outcomes for patients with MPN-AML, but suggest that
the biological mechanisms involved in the leukemic transforma-
tion of Ph-MPNs to AML may be different from those involved in
the transformation of MDS to AML.

Our findings indicate that the majority of patients with MPN-
AML were initially diagnosed with AML with MRC, and these pa-
tients showed cytogenetic distributions and clinical outcomes
similar to those with MDS-AML. From a clinical viewpoint, these
findings suggest that patients with MPN-AML or MDS-AML re-
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quire therapeutic modalities different from those with de novo
AML, in order to improve their outcomes.

Authors’ Disclosures of Potential Conflicts of
Interest

No conflicts of interest relevant to this article were reported.

REFERENCES

1. Arber DA, Porwit A, Brunning RD, Vardiman JW, Orazi A, Le Beau MM,
et al. Acute myeloid leukaemia with myelodysplasia-related changes. In:
Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, et al.,
eds. WHO classification of tumours of haematopoietic and lymphoid tis-
sues. 4th ed. Lyon: IARC, 2008:124-6.

2. Weinberg OK, Seetharam M, Ren L, Seo K, Ma L, Merker JD, et al.
Clinical characterization of acute myeloid leukemia with myelodysplasia-
related changes as defined by the 2008 WHO classification system.
Blood 2009;113:1906-8.

3. Tallarico M and Odenike O. Secondary acute myeloid leukemias arising
from Philadelphia chromosome negative myeloproliferative neoplasms:
pathogenesis, risk factors, and therapeutic strategies. Curr Hematol Ma-
lig Rep 2015;10:112-7.

http://dx.doi.org/10.3343/alm.2016.36.4.377

ANNALS OF
LABORATORY
MEDICINE

. Nguyen-Khac F, Lesty C, Eclache V, Couronné L, Kosmider O, Andrieux

J, et al. Chromosomal abnormalities in transformed Ph-negative myelo-
proliferative neoplasms are associated to the transformation subtype
and independent of JAK2 and the TET2 mutations. Genes Chromo-
somes Cancer 2010;49:919-27.

. Gangat N, Tefferi A, Thanarajasingam G, Patnaik M, Schwager S, Ketter-

ling R, et al. Cytogenetic abnormalities in essential thrombocythemia:
prevalence and prognostic significance. Eur J Haematol 2009;83:17-21.

. Xu XQ, Wang JM, Gao L, Qiu HY, Chen L, Jia L, et al. Characteristics of

acute myeloid leukemia with myelodysplasia-related changes: A retro-
spective analysis in a cohort of Chinese patients. Am J Hematol 2014;
89:874-81.

. Devillier R, Gelsi-Boyer V, Brecqueville M, Carbuccia N, Murati A, Vey N,

et al. Acute myeloid leukemia with myelodysplasia-related changes are
characterized by a specific molecular pattern with high frequency of
ASXL1 mutations. Am J Hematol 2012;87:659-62.

. Zemanova Z, Michalova K, Buryova H, Brezinova J, Kostylkova K, Bys-

tricka D, et al. Involvement of deleted chromosome 5 in complex chro-
mosomal aberrations in newly diagnosed myelodysplastic syndromes
(MDS) is correlated with extremely adverse prognosis. Leuk Res 2014;
38:537-44.

. Granfeldt @stgard LS, Medeiros BC, Sengelgv H, Ngrgaard M, Andersen

MK, Dufva IH, et al. Epidemiology and clinical significance of secondary
and therapy-related acute myeloid leukemia: A national population-
based cohort study. J Clin Oncol 2015;33:3641-9.

www.annlabmed.org 379



