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Chronic Myeloproliferative Disorders

Clonality analysis by HUMARA assay in
Spanish females with essential
thrombocythemia and polycythemia vera

Analysis of the human androgen receptor gene
(HUMARA) allows clonality to be assessed in
essential thrombocythemia (ET) and polycythemia
vera (PV). We studied clonality in 44 patients with
ET, 18 with PV and in 64 healthy controls. The X-
chromosome inactivation pattern was analyzed  by
HUMARA-polymerase chain reaction on DNA
from purified granulocytes, T lymphocytes and the
CD3– fraction of mononuclear cells.
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Essential thrombocythemia (ET) and polycythemia vera
(PV) are clonal myeloproliferative disorders without con-
sistent karyotypic and molecular markers. HUMARA
analysis, an assay based on X-chromosome inactivation
patterns (XCIP), allows clonality to be assessed in ET and
PV. There is controversy over the percentage of clonal
hematopoiesis in ET and little is known about this feature
in PV patients.

The present study was conducted in a cohort of Spanish
ET and PV patients to determine: (i) the percentage of

clonality in these disorders; (ii) differences in frequencies
of clonality depending on whether granulocytes or CD3—

mononuclear cells are taken as the pathologic tissues and,
(iii) the relationship between clonality status and the
appearance of thrombotic and hemorrhagic complications.
One hundred and twenty-six people were included in this
study; 44 had ET, 18 had PV and 64 were healthy, age-
matched controls. The diagnoses of ET and PV were estab-
lished according to the PVSG criteria. 

Mononuclear cells and granulocytes were isolated from
peripheral blood. CD3+ lymphocytes were then separated
from the CD3— fraction by magnetic beads. Genomic DNA
was extracted from each fraction. The HUMARA assay
was performed according to normal procedures in our lab-
oratory. Clonality was calculated after correcting for the
degree of lyonization in CD3+ cells. Cells were considered
to be clonally derived when the corrected allele ratio was
<0.25. The sensitivity and specificity of the HUMARA
assay in our study were 39% and 94%, respectively. The
rate of heterozygosity of the HUMARA gene in our
Spanish women was 88%. Table 1 shows the clinical data
and HUMARA results from the ET and PV patients and the
controls. We found significant differences in clonality
results between controls and patients (p<0.001). Clonality
in normal controls has also been reported by other
authors1-9 (Table 2). Champion et al. suggested that this
phenomenon could be more frequent in elderly women,
probably due to constitutive skewing, age-related acquired
skewing or genetic factors leading to selective pressure.2

This might suggest that imbalanced myeloid XCIP in the
presence of balanced T cell XCIP in elderly patients (>65
years) should not be certainly interpreted as clonal
hematopoiesis.

A wide range of positivity for clonality has been report-
ed in ET patients (18.7-68%).1-9 These differences might be
attributed to methodology, number of studied patients and
criteria used to define a clonal pattern (allele ratios or the
equation of Asimakopoulos et al.10) (Table 2). There are
two studies reporting on clonality in PV. In one, 26/41
patients (8 ET, 30 PV and 3 primary myelofibrosis) had
clonal proliferation,2 and in the other, in which 31 PV
patients were studied, hematopoiesis was clonal in 16/22.6

Clonality analysis in ET and PV has mainly been per-
formed using granulocytes and platelets as target cells. A
major limitation of platelets is that the study has to be per-
formed on mRNA instead of DNA, using polymorphisms
that are less heterozygous than the HUMARA gene. For
this reason, we investigated not only granulocytes but also
CD3— mononuclear cells as these have been suggested to
share a common abnormal hematopoietic precursor cell.
Our data show that when CD3— cells were tested instead
of granulocytes, clonality was not detected in 13 patients
and therefore a substantial number of clonal results could
be missed (p<0.001) (Table 1).

Although no significant correlation was found between
clonality status and the patients’ age, there was a statisti-
cal trend to more clonal cases among elderly (>65 year)
women than among younger women (p=0.180). This
trend, not significant in our study, had been found to be
statistically significant by other authors.4,9 When skewed
cases were considered, there was statistical trend of more
skewed cases in elderly women (p=0.075).

It is known that the prevalence of thrombotic complica-
tions is strongly influenced by a patient’s age and duration
of follow-up. In addition, some authors observed that
thrombosis occurred more frequently in clonal than in
polyclonal ET patients.5,7,9 In contrast, El-Kassar et al.3
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found no correlation between the incidence of ischemic or
hemorrhagic episodes and XCIP. Our data do not show a
significant relationship between clonality status and retro-
spectively analyzed thrombohemorrhagic events in ET
(p=0.676). These discrepant results are probably due to dif-
ferences in the size of the populations studied. Among PV
patients, we found a statistical trend of more clinical com-
plications in clonal than in polyclonal patients (p=0.075).
This observation has not been reported before and should
be confirmed in future larger series. In addition, for the

whole group (ET and PV patients), no relationship was
found between clonal or polyclonal hematopoiesis and
platelet lowering treatments. Further studies of clonality in
ET and PV patients should be prospectively done in order
to determine the pathophysiology of these diseases in
detail and to ascertain the possible clinical implications of
clonal or polyclonal hematopoiesis.

Lurdes Zamora,*°# Blanca Espinet,*#@ Lourdes Florensa,#@^

Carles Besses,#^ Beatriz Bellosillo,*# Francesc Solé*@

Table 1. Clinical data and HUMARA results from ET and PV patients.

Disease Age in years CD3+/CD3– CD3+/granulocytes Thrombohemorrhagic Treatment*
(mean) complications

Essential 32-91 6 homozygous 6 homozygous 11 patients 21 patients
Thrombocythemia (61.4) 4 clonal 11 clonal (2 homozygous,
(n=44) 27 polyclonal 20 polyclonal 3 clonal, 4 polyclonal,

7 skewed 7 skewed 2 skewed)

Polycythemia Vera
(n=18) 30-86 1 homozygous 1 homozygous 4 patients 7 patients

(62.6) 1 clonal 7 clonal (1 homozygous,
14 polyclonal 8 polyclonal 3 clonal)

2 skewed 2 skewed

Controls
(n=64) 30-91 8 homozygous 8 homozygous 0 patients 0 patients

(62) 2 clonal 3 clonal
50 polyclonal 49 polyclonal

4 skewed 4 skewed

*Patients were receiving myelosupressive/platelet-lowering agents as follows: hydroxyurea ± acetylsalicylic acid (ASA) (n=19); anagrelide ± ASA (n=8) and busulfan
(n=1). Twelve patients only received ASA. Phlebotomy was performed when packed red cell volume was higher than 0.42 L/L.

Table 2. Review of the literature concerning clonality in ET and PV studied by the HUMARA assay.

Study Cases Age in CD3 separation Definition of Cut-off level Homozygous  Treated Clonal Non Clonal Complications1

years methods clonality of clonality informative controls

El-Kassar1 26 ET2 29-81 No separation Allele ratios8 80% 10 10/16 3/16 9/16 5/23 NA
Champion2 8 ET 60-88 Magnetic beads Asimakopoulos >50% 0 NA 26/41 1/41 15/65 NA

30 PV equation7 (Rg <0.33 and Rt= 1.0)7

3 PM
El-Kassar3 17 ET3 13-70 Magnetic beads Allele ratios8 80% 0 11/17 9/17 4/17 4/44 5/9 clonal

2/4 polyclonal
El-Kassar4 53 ET 13-80 Magnetic beads Allele ratios8 80% 4 18/30 31/49 5/49 NA NC
Harrison5 43 ET4 11-89 Magnetic beads Allele ratios8 80% 0 NA 10/43 20/43 0/9 6/10 clonal5

2/13 polyclonal
Mitterbauer6 23 ET 27-88 NA Allele ratios8 75% 3 ET NA 17/20 0/20 22/2426 NA

31 PV (allele ratio >3:1) 9 PV 16/22 0/22
Chiusolo7 40 ET 20-63 Magnetic beads Allele ratios8 75% 0 34/40 17/40 8/40 NA 7/17 clonal5

(allele ratio >3:1) 1/15 polyclonal
Shih8 73 IT 18-92 RBC Asimakopoulos >50%(Rg <0.33 9 NA 42/64 10/64 12/43 NA

rosetting equation7 and Rt= 1.0)7

Shih9 89 ET 15-92 RBC Asimakopoulos >50%(Rg <0.33 10 NA 54/79 10/79 NA 24/54 clonal5
rosetting equation7 and Rt= 1.0)7 1/15 polyclonal 

Present 44 ET 32-91 Magnetic Allele ratios8 75% 6 ET 21/44 11/38 7/38 3/64 3/11 clonal ET
study 18 PV 30-86 beads (allele ratio >3:1) 1 PV 9/18 7/17 1/17 4/20 polyclonal ET 

3/7 clonal PV
0/8 polyclonal PV

1Thrombotic or hemorrhagic; 2we excluded 16 patients because the HUMARA assay had been performed in DNA from unfractionated blood; 3we excluded
29 patients because polymorphisms (P55, IDS, G6PD) other than the HUMARA gene were used to study clonality in these patients; 4we excluded 3
patients because polymorphisms other than the HUMARA gene were used to study clonality in these patients; 5thrombotic complications were significantly
higher in clonal ET (p<0.05); 6control subjects included healthy women, those with secondary neutrophilia and reactive thrombocytosis; 7percentage of clon-
al granulocytes (Gc) was calculated using the following equation,10 when Rt (T-cell ratio) > Rg (granulocyte ratio); Gc: Rt-Rg / Rt(Rg+1) × 100; when
Rt < Rg Gc: Rg-Rt / Rg+1 × 100. This equation divides XCIP into 3 categories: 1) clonal, when Gc>50% (corresponds to a Rg <0.33 in the presence
of an Rt: 1.0); 2) polyclonal, when Gc<50% and Rt>0.33; 3) ambiguous, when Gc<50% and Rt<0.33; 8Expression of  the lower allele after correcting for
the degree of lyonization in T-lymphocytes.  ET: essential thrombocythemia; PV: polycythemia vera; PM: primary myelofibrosis; IT: idiopathic
thrombocytosis; NA: not available; NC: not conclusive. 
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Chronic Myeloproliferative Disorders

Safety profile of hydroxyurea in the treatment
of patients with Philadelphia-negative chronic
myeloproliferative disorders 

The efficacy of hydroxyurea (HU) in myeloprolif-
erative disorders is well documented. HU controls
thrombocytosis both in polycythemia vera (PV) and
in essential thrombocythemia (ET), while reducing
the risk of thrombosis.1 Despite many anectodal
reports, no evaluation of the prevalence and type of
side effects of  HU exists in large series of patients.

haematologica 2005; 90:261-262
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This is a retrospective study of 75 patients with ET and
54 with PV (53 males, 76 females, mean age 58,12±14,68
years) diagnosed in agreement with the Polycythemia
Vera Study Group criteria2,3 and treated with HU (median
follow-up 7.18 years) at our Department over the last 20
years. HU (Oncocarbide®, 500 mg) was given to reduce
platelet count (induction dosage 30 mg/kg/day and main-
tenance 15 mg/kg/day), for one or more of the following
reasons: (i) age over 60 years; (ii) previous major throm-
botic event; and (iii) platelet count over 1,500×109/L.1 The
achievement of a platelet count <600×109/L was consid-
ered a complete response (CR), while, if the platelet
count remained >600×109/L within 6 months of HU ther-
apy, the drug treatment was considered to have failed. All
side effects and toxic effects of HU were recorded; if a
side effect did not require drug withdrawal it was consid-
ered a minor effect.

One hundred and twenty patients (93%) achieved a
CR in a median time of 1 month (range 1-13 months). In
9 cases the drug treatment failed (7%). In 106 patients
(88% of CR) HU was successfully continued without rel-
evant complications over a median follow-up of 6.74
years to date (median 3.67 years). No hemorrhages but
15 thrombotic complications (4 cerebrovascular, 5 coro-
nary, 1 peripheral arteries and 5 deep vein thrombosis in
2 cases with pulmonary embolism) were documented
during HU therapy.

Minor effects. An increase of MCV (>98 fL) over normal
levels occurred in 54 patients (45% of responders) with-
in the first 6 months of therapy; this is a well known and
usually negligible side effect of HU. However, 19 females
and 13 males developed severe macrocytosis (MCV > 110
fL) within one year of treatment. One of these patients
had black nail pigmentation which disappeared within
three months after drug discontinuation; two more
patients had black nail pigmentation, which was stable
over time. This is an uncommon finding of not para-
mount importance.

Major effects. In 2 patients the drug was withdrawn
because of symptomatic anemia (Hb less than 85 g/L)
with MCV >130 fL occurred.4 In both cases, more than 20
mg/kg/day HU was given. Twelve patients came off the
drug because of toxic effects certainly or probably due to
HU (2 fevers, 2 allergies, 4 leg ulcers, 3 acute leukemias,
1 cancer) (Table 1). This rate of necessary HU discontin-
uation was 1.6×100 patients/year.

Fever occurred after 2 and 3.5 days of therapy in 2
patients. In both cases, we made another treatment
attempt which again resulted in fever. Fever can be




