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ABSTRACT

Danazol treatment of idiopathic myelofibrosis with severe anemia
FRANCISCO CERVANTES, JUAN-CARLOS HERNÁNDEZ-BOLUDA, ALBERTO ALVAREZ, ELISABET NADAL, AND

EMILIO MONTSERRAT

Institute of Hematology and Oncology, Department of Hematology, IDIBAPS, Hospital Clínic, University of  Barcelona,
Spain

Correspondence: : Francisco Cervantes, M.D., Hematology Department,
Hospital Clínic, Villarroel 170, 08036 Barcelona, Spain.
Phone/Fax: international+34-93-2275475 – E-mail: cervante@medici-
na.ub.es

Background and Objectives. Severe anemia is an
important problem in patients with idiopathic
myelofibrosis (IM). When other therapeutic mea-
sures are unsuccessful or not applicable, 40-50%
favorable responses are obtained with androgen
therapy. Oxymetholone is the drug usually
employed, but good results have also been report-
ed with danazol, although the experience is limited
to a few patients. The aim of the present study was
to evaluate the effect of danazol on the anemia of
IM.

Design and Methods. Seven out of 22 consecutive
IM patients were eligible for danazol treatment
because of severe anemia not treatable with (four
cases) or refractory to (three cases) other thera-
pies. Danazol (600-800 mg/day) was given orally
for six months and thereafter progressively tapered
to the minimum effective dose in responding
patients or discontinued in non-responders. Com-
plete response was considered cessation of trans-
fusion requirements with normalization of hemoglo-
bin (Hb) values; partial response was defined as a
> 30% reduction in transfusional needs or an
increase > 10 g/L in the Hb. The effect on platelet
counts was also analyzed.

Results. One patient splenectomized three years
earlier achieved a complete response and three a
partial response, giving an overall response rate of
57 %. A significant increase in platelet counts was
also observed in three responders. The responses
were first seen between three and six months after
the start of treatment, which was usually well tol-
erated.

Interpretation and Conclusions. Danazol, given at
an appropriate dosage for a sufficient time, is an
effective treatment for a substantial proportion of
IM patients with severe anemia without marked
splenomegaly or who have been previously splenec-
tomized.
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Idiopathic myelofibrosis (IM) is an infrequent
chronic myeloproliferative disorder characterized
by varying degrees of bone marrow fibrosis and

extramedullary hematopoiesis, with the fibrosis
being a reactive phenomenon to a neoplastic prolif-
eration of a pluripotent hematopoietic stem cell.1

IM is heterogeneous in presentation and clinical
course, with anemia being one of the most impor-
tant problems. Thus, 20 to 25 % of patients have
anemic symptoms at presentation and 50% or more
develop severe anemia during the evolution of the
disease.2,3 The origin of the anemia of IM is multi-
factorial.2 In a proportion of patients with severe
anemia without concurrent treatable causes such as
iron or folate deficiency, and who are not eligible for
either oral chemotherapy, corticosteroids or splenec-
tomy, favorable responses have been reported with
androgen therapy.1,4-7 Oxymetholone is currently the
most used drug,2 but good responses have also been
reported to danazol, a synthetic attenuated andro-
gen that can also correct thrombocytopenia in some
cases.1 However, the experience with danazol in the
treatment of the anemia of IM is limited, with only
two reports concerning a total of five patients hav-
ing been published.8,9

The aim of the present study was to analyze the
results of danazol treatment in seven patients with
IM in whom anemia was the most important clinical
problem.

Design and Methods

Patient eligibility and diagnostic criteria
Among 22 patients consecutively diagnosed with

IM at the Hematology Department of the Hospital
Clinic of Barcelona between 1995 and 1999, those
who had transfusion-dependent anemia or a Hb val-
ue below 100 g/L were selected for danazol treat-
ment. Criteria of selection also included lack of cri-
teria for oral chemotherapy, corticosteroids or
splenectomy or no response to the latter measures or
cyclosporin A, and exclusion of iron, folate or vita-
min B12 deficiency and immune hemolytic anemia.
The treatment modalities employed in the overall
group of 22 IM patients, as well as the characteris-
tics of the subgroup of patients receiving danazol,
are summarized in the Results section.

The diagnosis of IM was based on the presence of
an increased diffuse reticulin and/or collagen bone
marrow content with lack of the Ph chromosome or
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bcr/abl rearrangement and absence of monocytosis
and no apparent cause, with most patients showing
the typical picture of palpable splenomegaly, aniso-
poikilocytosis with tear-drop cells, and leukoery-
throblastosis in peripheral blood. Patients with con-
current carcinoma, granulomatous disorders, meta-
bolic osteopathy or lymphoma, as well as those with
previous polycythemia vera or essential thrombo-
cythemia, and acute myelofibrosis.10 Beside this, in
those patients without palpable splenomegaly at pre-
sentation, special attention was paid to the differen-
tial diagnosis with the myelodysplastic syndromes
with myelofibrosis, by ruling out the existence of dys-
plastic features affecting two or more hematopoiet-
ic cell lines, characteristic of the latter syndromes,
instead of the presence of  clusters of abnormal, high-
ly dysplastic megakaryocytes in the bone marrow,
characteristic of IM.

Bone marrow histology and cytogenetic study
According to the criteria of Lennert et al.,11 three

histologic subtypes of IM were considered: MF/C (IM
with increased hematopoietic cellularity and reticulin
fibrosis), MF/O– (IM with reticulin and collagen fibro-
sis but no new bone formation), and MF/O+

(decreased hematopoietic cellularity, marked retic-
ulin and collagen fibrosis, and osteosclerosis). The
karyotype of bone marrow or unstimulated periph-
eral blood cells was analyzed whenever evaluable
metaphases could be obtained.

Treatment schedule, criteria of response and
toxicity assessment

Patients were scheduled to receive a six-month
course of danazol, 600 to 800 mg (depending on the
patient’s body weight) per day orally. Following this
initial period, in responding patients the drug dosage
was decreased to 400 mg/day for an additional six
months and then gradually tapered down to the min-
imum effective dose as maintenance therapy, where-
as treatment was discontinued in the non-respon-
ders.

A complete response was defined as cessation of
transfusion requirements with normalization of the
Hb value. The general policy was to transfuse packed

RBC when the Hb levels dropped below 80 g/L or
the anemia was overtly symptomatic. A partial
response was defined as a ≥ 30% reduction in the
number of packed RBC transfused per month as
compared to the pre-treatment requirements or an
increase ≥ 10 g/L over the baseline Hb levels in
patients not previously transfused. The remaining sit-
uations were considered as treatment failures.

During the treatment period, in addition to stan-
dard hematologic parameters, patients’ liver func-
tion tests  were monitored on a monthly basis and the
patients were assessed for the possible development
of hepatic tumors by ultrasonography every six
months. Adverse effects were also recorded.

Results
Seven out of the 22 patients diagnosed with IM dur-

ing the study period were considered eligible for dana-
zol treatment. This drug represented the initial thera-
peutic choice in four cases; two patients received
danazol after the anemia failed to respond to corti-
costeroids or cyclosporin A, and the remaining
patients were given danazol therapy after having had
spontaneous splenic rupture with subsequent splenec-
tomy three years previously, followed by unsuccessful
hydroxyurea treatment. In the remaining 15 patients,
the following therapeutic modalities were employed:
hydroxyurea (six patients), prednisone (4 cases),
splenectomy plus hydroxyurea (one patient), splenec-
tomy plus allogeneic bone marrow transplantation
(one case), and wait-and-watch approach (four
patients).

Table 1 shows the main characteristics of the sev-
en patients treated with danazol. As can be seen,
three of these patients did not have a palpable spleen
at disease presentation, whereas one other had been
splenectomized. By contrast, out of the 15 patients
ascribed to other therapeutic modalities, only two
did not have a palpable spleen at IM diagnosis. One
patient (#1 in the table) achieved a complete
response to danazol and three (#2, 3, and 4) a par-
tial response, whereas the remaining three patients
(#5, 6 and 7) failed to respond to therapy. The com-
plete responder was the patient with a  history of
splenectomy and unsuccessful hydroxyurea treat-
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Table 1. Main clinico-hematological characteristics at the start of danazol treatment in seven patients with idiopathic myelofi-
brosis (IM) and severe anemia.

Patient Age/ Spleen Hb Reticulocytes WBC Platelets Histologic Previous Lapse dx- Cytogenetics
no. sex size* (g/L) (x109/L) (x109/L) (x109/L) phase° treatment# treatment@

1 61/M Splenectomy 62 46 5.1 86 MF/O- HU 12 Not evaluable
2 55/F 0 73 19 4.3 316 MF/C CsA 3.5 Der (8)
3 72/M 2 88 47 2.1 14 MF/O- No 1.5 Not evaluable
4 55/F 8 88 342 7.8 126 MF/O- No 23 -X, -8, + marker
5 42/M 0 68 12 12.2 103 MF/C PDN 2 Not evaluable
6 82/F 2 57 81 4.4 220 MF/O- No 2.5 Del 11 (q23q25)
7 72M 0 70 42 3.8 419 MF/C No 1.5 Not evaluable

*cm below costal margin; °according to Lennert et al (1975); #HU: hydroxyurea, CsA: cyclosporin A, PDN: prednisone; @in months



ment. As depicted in Figure 1, his transfusional needs
decreased from the third month of treatment, his Hb
values normalized and he became transfusion-inde-
pendent from the sixth month after starting treat-
ment. This situation persists at 10 months after the
start of danazol treatment. In one of the three partial
responders the monthly transfusion requirements
decreased from 6 to 3 and 2 packed RBC units at six
and eight months, respectively, whereas in another
patient they decreased from 5 to 2 transfused packed
RBC units per month at six months. The third partial
responder (patient #4 in the table) had never been
transfused before the start of treatment, and showed
an increase in the Hb values from 88 to 98 g/L at
four months of therapy. At that time, she decided to
discontinue the drug because of persistent and treat-
ment-attributed headache, and this was followed by
a progressive decrease in her Hb levels, which
increased again once danazol was recommenced.
Overall, in the above four patients the first signs indi-
cating a possible response to danazol were noted
between three and six months after the start of treat-
ment.

Among the three non-responders, one patient died
from pneumonia without showing signs of hemato-
logical response, three and a half months after the
start of danazol therapy, which had been instituted
after the failure of prednisone treatment. In another
patient IM evolved into acute myeloblastic leukemia
one year after diagnosis, whereas the third non-

responder showed no change in his transfusional
needs after six months of treatment.

After six months of therapy, three of the respond-
ing patients showed significant increases in their
platelet counts: from 86 to 213×109/L (patient #1),
from 14 to 26×109/L (patient #3), and from 316 to
515 ×109/L (patient #2).

Except for the patient who complained of persis-
tent headache coincidentally with danazol adminis-
tration, treatment was clinically well tolerated. A
moderate increase in the serum transaminase levels
(< 200 IU/L) was observed in two patients. No case
of peliosis hepatis or liver cell adenoma was regis-
tered during the study period.

Discussion
Idiopathic myelofibrosis, the least frequent of the

chronic myeloproliferative disorders, is markedly vari-
able in its clinicohematologic presentation and evo-
lution.12,13 From the clinical point of view, anemia is
an important problem in a majority of IM patients;
indeed 50% or more of them have severe anemia at
diagnosis or during the evolution of the disease.2,3

Moreover, the degree of anemia has been found to be
the most important prognostic factor of IM.14-18

Except for the minority of younger patients in whom
allogeneic marrow transplantation can be carried
out,19 no curative therapy is currently available for IM.
Because of this, and given the multifactorial origin of
the anemia in IM, treatment decisions should take
into account the main mechanisms operating in each
individual patient. In this sense, ineffective
hematopoiesis, splenic red cell sequestration, hemod-
ilution due to plasma volume expansion secondary to
splenomegaly, and hemolysis are the major mecha-
nisms contributing to the anemia, whereas iron and
particularly folate or vitamin B12 deficiency are less
often observed.2 In IM patients with severe anemia in
whom the latter three causes have been excluded and
who are not eligible for other therapeutic measures
such as oral chemotherapy, corticosteroids or
splenectomy, a trial with androgen therapy is indi-
cated.

The efficacy of androgen therapy in the anemia of
IM has been well recognized since the pioneering
reports by Kennedy4 and Silver et al.5 The main mech-
anism of action of the androgens in these patients
seems to be stimulation of bone marrow function.2

Currently, oxymetholone is the drug most widely
used, producing favorable responses in approxi-
mately 40-50% of cases.2,7 Good results have also
been reported with danazol, a synthetic, attenuated
drug that has proved to be useful in some patients
with hematologic disorders such as idiopathic throm-
bocytopenic purpura,20 autoimmune hemolytic ane-
mia21 and myelodysplastic syndromes.22 As far as IM
is concerned, the experience with danazol treatment
is very limited, since only two such reports are avail-
able in the medical literature. Chabannon et al.8

reported the case of a patient with IM who experi-
enced a transient improvement in his severe anemia
and thrombocytopenia coincidentally with the
administration of danazol. More recently, Lévy et al.9

reported on four patients with IM and severe ane-
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Figure 1. Complete response to danazol treatment in a IM
patient with transfusion-dependent anemia and thrombocy-
topenia. Every  packed RBC transfusion is represented by
an arrow.



mia, two of whom had a complete response to dana-
zol treatment and the other two a partial response.
Correction of thrombocytopenia was observed in one
of the four patients and disappearance of the
splenomegaly in two. No side effect was registered.
However, given the character of  case reports of the
above two studies, it is not possible to infer the cri-
teria used for the selection of patients for danazol
treatment.

In the present series, one third of the patients diag-
nosed with IM in a single institution during a four-
year period were eligible for danazol therapy. The fact
that three of the seven patients assigned to this treat-
ment did not have palpable splenomegaly (one of
them because of previous splenectomy) clearly
reflects a selection bias in the danazol group, i. e.,
that patients with marked splenomegaly were usual-
ly assigned to other therapeutic modalities. In this
sense, it must be pointed out that in those patients
with bone marrow biopsy and peripheral blood fea-
tures typical of IM but without a palpable spleen,
special attention was given to establishing the differ-
ential diagnosis from the myelodysplastic syndromes
with myelofibrosis. In fact, although universally
accepted diagnostic criteria for IM do not exist, our
patients fulfilled the criteria recently proposed by the
Italian Consensus Conference for the diagnosis of the
disease.23

The 55 % favorable responses obtained with dana-
zol treatment in our patients, with a complete
response being observed in one of them, confirms the
effectiveness of this drug in the anemia of IM and
compares favorably with the 40-50% usually obtained
with oxymetholone.2,7 Additional advantages of dana-
zol would be the correction of the thrombocytopenia
observed in most responders and the limited toxicity
associated with the treatment. From a practical point
of view, the fact that in responding patients the first
signs of the favorable response were noted between
the third and sixth month of treatment is especially
noteworthy. This observation reinforces the notion
that danazol treatment must not only be given at an
appropriate dosage but also for a minimum period of
six months before treatment can be considered to
have failed. The mechanism of action of danazol is
not well known. It has been speculated that, in addi-
tion to its marrow-stimulating activity, and similarly
to its hypothetical effect in the myelodysplastic syn-
dromes,22 it improves cytopenias by decreasing the
number of monocyte Fcg receptors.

The small number of patients treated with danazol
in the present series precludes comparison of the
characteristics of the responders and non-respon-
ders. However, a roughly similar distribution of
patients was observed in the two subgroups in terms
of splenomegaly and presence of karyotypic abnor-
malities. This is of note, since the better responses to
androgen therapy have been reported to occur in IM
patients previously splenectomized or lacking mas-
sive splenomegaly and in those with a normal karyo-
type.2,6

Based on the results herein reported, as well as on
previous similar observations, we conclude that
danazol, given at an appropriate dosage and for a
minimum of six months, can be useful in a propor-

tion of patients with IM and severe anemia. In any
case, taking into account the lack of an effective ther-
apy for the majority of patients with IM, further stud-
ies are required aimed at evaluating the possible role
in this disease of newer treatment strategies, for
instance, the use of anti-angiogenic drugs.24

Potential implications for clinical practice

♦ Danazol, given at a dose of 600 to 800 mg/day,
can be an effective treatment for IM patients with
severe anemia in whom other treatable causes
have been excluded.

♦ The drug must be given for a minimum period of
6 months before the treatment can be considered
to have failed, since the favorable responses are
usually seen between three and six months after
the start of treatment.
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