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erythropoiesis. This conclusion is in a good agreement with the
finding that TPO enhances bone marrow erythropoiesis in DBA
patients in the presence of erythropoietin and stem cell fac-
tor and/or interleukin-3.5 Alterations in TPO serum levels have
been described in a number of hematological disorders, how-
ever, the majority of changes are consistent with a model of
platelet-mediated degradation of TPO.6 In this respect, the
finding of elevated TPO levels in 50% of DBA patients with
normal or slightly changed platelet counts seems to be nov-
el. Screening for mutations in c-mpl was carried out in 14
patients at the genomic level (DNA isolated from peripheral
blood mononuclear cells), and in three patients a sequence
alteration was identified (21.4%). In two patients, the same
nucleotide change was identified in exon 3 (G340A) leading
to an amino acid substitution Val114Met. It was reported
that the 340A allele might represent a polymorphism with a
frequency of 0.04.7 Our own control data confirm this find-
ing with a frequency of 0.05 (5 heterozygotes in 50 controls).
The relevance of the Val114Met substitution for the function
of c-Mpl remains to be determined. 

In the third patient, two novel point mutations were iden-
tified in the same allele (and were also present in buccal swab
and nails). The first mutation in exon 11 (C1570T) is silent
(Leu524Leu), changing the wild type codon CUG to UUG.
Although the mutation is silent, the wild type codon CUG is
more than three times as frequent in human mRNA as the
UUG codon (Codon Usage Database; available at URL:
www.kazusa.or.jp/codon), raising the possibility that the lev-
el of c-Mpl protein may be influenced. The second mutation
is located in exon 12 (G1666T), leading to a Val556Phe sub-
stitution. No mutation in either site was identified in 50
healthy controls, indicating that the 556Val  may be signifi-
cant for the c-Mpl function (556Val is located between box
1 and box 2 in the cytoplasmic domain of the receptor impor-
tant for its internalization).8 All affected amino acid residues
are conserved in mice. Functional studies should reveal the
effect of each single mutation on function or protein level of
c-Mpl.

Homozygous mutations in c-Mpl have been reported to be
the cause of congenital amegakaryocytic thrombocytopenia
(CAMT) — a disease characterized by a severe hypomega-
karyocytic thrombocytopenia with high levels of TPO which
develops into pancytopenia in later childhood, suggesting a
general defect in hematopoiesis.9,10 Since a single normal allele
of c-Mpl is sufficient for both normal megakaryopoiesis and
erythropoiesis,9,10 c-Mpl mutations observed in our patients
are unlikely to be the primary cause of DBA. On the other
hand, erythropoiesis in DBA patients is quite inefficient, so it
is conceivable that additional changes in hematopoietic reg-
ulatory mechanisms could greatly influence the final output
of red cells in these patients. Because TPO and c-Mpl seem to
be essential for the production and maintenance of multipo-
tent hematopoietic progenitors,2 we conclude that (i) elevat-
ed TPO serum levels in DBA patients may represent a physio-
logical compensatory mechanism to boost their impaired ery-
thropoiesis; and (ii) alterations in the c-Mpl sequence could
affect the course of the disease and/or influence the erythro-
poietic defect in DBA patients. To provide solid correlations
between serum TPO levels, changes in c-Mpl and various DBA
characteristics, studies with a larger cohort of patients are
needed.
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Myelodysplastic Syndromes

Latency of onset of de novo myelodysplastic syndromes

The latency of onset of de novo myelodysplastic syn-
dromes (MDS) is unknown. We report a retrospective
analysis of blood counts from patients with MDS and
acute myeloid leukemia (AML), and demonstrate tempo-
ral differences in rates of change of haemoglobin con-
centration and mean cell volume within 2-3 years of
diagnosis, indicative of the earliest evidence of disease.  

haematologica 2004; 89:1392-1394
(http://www.haematologica.org/2004/11/1392)

The myelodysplastic syndromes (MDS) are a heteroge-
neous group of clonal hematopoietic stem cell diseases,
whose aetiology is largely unknown, except for the rela-
tively few cases presenting after exposure to cytotoxic
chemotherapy.1 Definition of the latency of onset of de novo
MDS and acute myeloid leukemia may inform future epi-
demiological studies of the etiology of these diseases.  

We have collected all known blood counts from 109
patients with MDS and AML over a 20-year period prior to
the date of their diagnosis (all diagnosed after 1995).
Sources of data were hospital case notes, computer data-
bases, and community general practice notes. Co-existent
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disease was not documented. The study was approved by the
Tayside Committee for Medical Research Ethics, and writ-
ten consent obtained from all live patients. We analyzed
data from 54 patients (31 female, 23 male) in whom 5 or
more blood counts were available, at least 1000 days prior
to diagnosis (denoted as -1000 days). French-American
British subtypes were: refractory anemia (RA) = 16; RA with
ring sideroblasts = 7; RA with excess blasts (RAEB) = 10,
chronic myelomonocytic leukemia = 8, RAEB-t/AML = 13.
Automated analysis of hemoglobin concentration and red
cell indices was available from 1973, subject to internal
quality assurance (QA) throughout, and external QA from
1990. The statistical analysis was based on a change point
model with two straight lines having 4 unknowns: the
change point time, an average level at this time and two
rates of change, before and after the change point. Standard
errors (SE) were obtained by bootstrapping the fitted mod-
el residuals and taking the 10% winsorised standard devi-
ation of the bootstrap distribution.

Median age was 75 years (range 40-95), and the median
number of data points per patient was 9 (range 5-67) for
haemoglobin concentration (Hb), and 8 (range 5-36) for
mean cell volume (MCV). Hb (n=697 data points) showed a
probable slow fall, initially of 0.035 g/dL/year (SE 0.016)
and latterly of 0.86 g/dL/year (SE 0.12) with a change point
at -1025 days (SE 140) (Figure 1A). Hb declined consider-
ably faster for males than females prior to the change point
(0.21 g/dL/yr vs. 0.011 g/dL/yr). MCV (n=573 data points)
showed a steady rise, initially of 0.42 fL/year (SE 0.09) and
latterly of 3.7 fL/year (SE 1.5), with a change point at -625
days (SE 205)(Figure 1B). Median Hb and MCV at the change
point were 12.4 g/dL (SE 0.2) and 95.2 fL (SE 0.9) respec-
tively, and at diagnosis were 9.5 g/dL (SE 0.21) and 102 fL
(SE 1.3) respectively. Platelets (n=915 data points) tended
to decrease at 7×109/L/yr (SE 1.0), and monocytes (n=784
data points) to increase at 0.035×109/L/yr (SE 0.0080), but
with no clear evidence for change points. Neutrophils
remained relatively constant throughout. Insufficient data
were available for meaningful analysis of individual FAB
subgroups.  This is the first systematic attempt to study the
latency of onset of de novo MDS/AML. We recognize the

limitations of our retrospective study, including the influ-
ence of co-existing disease and medication, the often arbi-
trary date that a diagnosis of MDS is made, and restrictions
of small sample size for meaningful analysis of MDS/AML
sub-groups. Nevertheless, the direction of change for each
parameter (increase or decrease) is as would be expected.
The slower phase of change (before the change point) for Hb
and MCV may represent a physiological age-related process,
comparable in magnitude to that in two previous cohort
studies from similar aged, healthy populations in Japan and
Sweden2,3, and similarly greater for males than females.  The
faster phase of change (after the change point), occurring
within 2-3 years prior to the date of diagnosis, more likely
represents the earliest clinical erythroid manifestation of
haematological disease. The presence of a change point for
both red cell parameters (Hb and MCV), not observed for
neutrophils, monocytes or platelets is consistent with a
more prevalent erythroid than non-erythroid defect in MDS
at diagnosis.4 White cell parameters were not studied in the
healthy Swedish or Japanese cohorts. We consider that a
progressive increase in monocytes and decrease in platelets
is likely to represent developing hematologic disease. Our
data suggest the onset of hematologically detectable de
novo MDS/AML at least 2-3 years prior to the presentation
of overt clinical disease. The more protracted evolutionary
phase for monocytes and platelets indicate that this latent
pre-clinical phase may be considerably longer. The length of
time from the first hematopoietic stem cell insult to the
development of laboratory changes in blood counts remains
unknown.
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Figure 1A. Hemoglobin concentration changes prior to
date of diagnosis. Crosses represent all values (n=697)
for all patients (n= 54). Bold lines represent the best fit
either side of a threshold (change point), indicated by
the intersection of both lines.

Figure 1B. Mean cell volume changes prior to date of
diagnosis. Crosses represent all values (n=573) for all
patients (n= 50). Bold lines represent the best fit either
side of a threshold (change point), indicated by the inter-
section of both lines.
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Chronic Myeloproliferative Disorders

Anagrelide-associated cardiomyopathy in polycythemia vera
and essential thrombocythemia

A comprehensive database inquiry at our institutions
identified 11 patients with echocardiogram-documented
idiopathic cardiomyopathy that post-dated a diagnosis of
either polycythemia vera or essential thrombocythemia.
Anagrelide therapy was temporally associated with the
particular complication in 6 patients, all of whom experi-
enced symptomatic and/or objective improvement after
drug discontinuation. 
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Anagrelide, an oral imidazoquinazoline derivative, effec-
tively lowers platelet count in a spectrum of chronic myelo-
proliferative disorders, including essential thrombocythemia
(ET) and polycythemia vera (PV), with a proposed mechanism
of action that involves interference with megakaryocyte dif-
ferentiation.1,2 Previously reported side effects of anagrelide
have included headache, palpitations, diarrhea, fluid reten-
tion, and anemia.3 Less frequent side effects include abdom-
inal pain, nausea, dyspepsia, and rash. In addition, anecdot-
al reports of idiopathic congestive heart failure in patients
receiving anagrelide therapy have surfaced but have not been
formally studied.4

In a retrospective, IRB-approved study, the Mayo Clinic

Rochester database was queried and cross-referenced for
diagnoses of cardiomyopathy or heart failure and poly-
cythemia, thrombocytosis, or thrombocythemia. The initial
inquiry yielded 434 cases, which were thoroughly reviewed
to confirm the diagnosis of either PV or ET as well as to iden-
tify patients with an echocardiogram-documented idiopath-
ic cardiomyopathy (ICM) that post-dated the hematologic
diagnosis. A diagnosis of ICM required echocardiogram doc-
umentation of a reduced left ventricular systolic ejection
fraction (EF < 50%) as well as the absence of both coronary
artery disease and other causes of cardiomyopathy. Once a
temporal association between anagrelide therapy and ICM
was recognized during the initial phase of the study, the
Mayo Clinic Jacksonville database was subsequently queried
and cross-referenced for diagnoses of congestive, heart, and
anagrelide.

The database search from the two Mayo Clinic centers
resulted in the identification of 11 patients (9 females; age
range 46-78 years; 7 PV and 4 ET) with echocardiogram-
confirmed ICM that was recognized after the diagnosis of
PV/ET at a median period of 9 years (range, 0.5-20). Anagre-
lide therapy, at standard doses with a median daily dose of 2
mg/day, was temporally associated with ICM in 6 of the 11
patients (4 from Mayo Clinic Rochester and 2 from Mayo
Clinic, Jacksonville), all of whom were women and ranged in
age from 33 to 77 years (Table 1). 

Case #1 had a baseline EF of 69% one year before disease
diagnosis. One year after anagrelide had been initiated, an EF
of 50% was documented. Four years later, still on anagrelide
therapy, the patient developed progressive dyspnea and pal-
pitations and another trans-thoracic echocardiogram (TTE)
revealed an EF of 30%. Anagrelide treatment was continued
while the patient’s symptoms progressed over the next two
months and the EF further declined to 18%. Anagrelide was
stopped at that point and four months later the patient’s
symptoms as well as the EF (25%) improved. Sixteen months
after the diagnosis of ICM, the patient’s EF remains abnor-
mal at 28%. 

Case #2 was treated with anagrelide for 6 months before
experiencing acute onset congestive heart failure. TTE showed
an EF of 25%. Upon cessation of anagrelide, the patient’s
symptoms improved. 

Case #3 was on anagrelide therapy for just over three years
when she developed fatigue and dyspnea on exertion; TTE
showed an EF of 20%. Anagrelide was immediately discon-
tinued, her symptoms improved and follow-up TTE one year
later showed dramatic improvement of her EF to 66%. 

Table 1. Clinical and echocardiogram information in six patients, all females, with anagrelide-associated cardio-
myopathy.

Pt. Diagnosis Interval (months) Ejection fraction (%)
Diagnosis Anagrelide treatment Before treatment At ICM Off-anagrelide
to ICM to ICM diagnosis therapy for

0.2-16 months

1 PV 66 60 69 30 and then 18 28
on continued

anagrelide treatment
2 ET 8 6 NA 25 NA
3 PV 120 36 NA 20 66
4 PV 156 13 73 35 55
5 ET 108 10 NA 35 44
6 ET 108 11 58 10 34

ICM, idiopathic cardiomyopathy; Pt, patient; NA, not available.

 




