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Abstract-Sixteen unselected untreated patients with primary myelodysplastic .yndromeJ (.IfDS) 
and various combinations of blood cytopenia were treated retith danazol, an attenuated androgen 
reported to be of some value in these conditions. After a 12 week trial (danarol 600 mgldayl 

p.o.), anaemia improved in 4114 patients, with transfusional requirements being reduced 4~ 50% 
or more in four other cases (response 57%). d n enhanced reticulocyte produrtzon was documented 
in 6/13 cases (46% j, and thrombocytopenia resolved in 5/% (62%). Results of the granulocvte 
count were less satisfactory, z&h onb one partial response obtained among ,&e cases. A 
normalization of the monocyte count was seen in 3/5 patients zeith chronic n;yelomono~tic 
leukaemia, with one of them achieving a complete haematological and clinical remission 1aJting 
6 months. Circulating blast cells decreased signiJicant(y (500/ 0 or more) in 1/6 cases. .Ilthoyh 
clinical symptoms from anaemia and bleeding disappeared in resporuice cases, ,fhu patients 
developed acute non-[_ymphocytir leukaemia. Danazol z’as well tolerated and produced no acute 
or chronic toxicig. The drug appears uJefu1 in the management of anaemic and thrombo~l’topenic 
MDS patient.c. 

INTRODUCTION 
THE primary myelodysplastic syndromes (MDS) 
constitute a heterogeneous group of clonal blood 
diseases characterized by a disordered marrow func- 
tion, various combinations of blood cytopenia, and 
a propensity for the development ofacute lcukacmia 
[ 11. At the present, treatment for MDS is unsatisfac- 
tory and unrewarding, only little bcncfit being 
produced by a number of approaches ranging from 
supportive care only to aggressive combination 
chemotherapy [2-41. Most MDS patients arc eld- 
erly people facing a multitude of collateral medical 
problems that make difficult when not contraindi- 
cated the USC ofsome ofthe potentially active drugs. 
An cffectivc treatment for MDS, therefore, should 
rcstorc as a near normal haemopoiesis as possible: 
prevent the progression to acute Irukacmia, and 
produce little or no toxicity. 

Danazol, an attcnuatcd synthetic androgcn [j], 
recently received attention as capable of improving 
thrombocytopenia in a small series of multiply 
transfused MDS patients [6]. From this and other 
reports [7,8], danazol appeared able to improve to 
some c‘xtcnt also red and white cell production, thus 
raising interest in it as a potential new candidate 
for the treatment of MDS. 
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To evaluate the clinical and hacmatological 
effects of danazol on a relatively large patient popu- 
lation, WC have conducted an open, uncontrolled 
study on 16 new MDS patients, who have been 
given oral daily danazol (600 mg) for 12 consecutive 
weeks. The results arc rcportcd and discussed 
below. 

PATIENTS AND METHODS 

Patients 
Sixteen consecutive patients with a rcccnt diag- 

nosis of primary MDS formed the study group: 
eight wcrc male and eight female. hlcdian age was 
72 and range 51-80 years. No patient had been 
given any sort of therapy during the previous 3 
months. ‘I’hc diagnosis of MDS was formulated 
upon the criteria proposed by the Frcnch- 
American-British (FAB) Group 191. Four patients 
were scvercly anacmic (Hb less than 8 g/dl) requiring 
transfusions with packed red cells (median 4 units 
per month) over the previous 3-6 months. Anarmia 
was moderate in two (Hb 8-lOg/dl), and mild 
in eight (Hb 10-12 g/dl). Thirteen patients were 
reticulocytopenic (less than 30 X lO”/l), five gran- 
ulocytopcnic (less than 1.5 X lO”/l), and tight 
thrombocytopenic (less than 120 X lO”/l). Circulat- 
ing blast cells could be detected in six casts, ranging 
from 0.2 to 1 X lo”/1 (median 0.6). ‘I’hcrc were five 
patients with an absolutr monocytosis of greater 
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than 1 X log/l. FAB diagnosis and clinico-labora- 
tory details of patients are shown in Table 1, 

Dana201 treatment and response evaluation 
The decision to start treatment was taken if 

any of the following were found: haemoglobin 
concentration below 11 g/d1 or continuous transfu- 
sional requirements for at least 3 months; polymor- 
phonuclear cell count below 1.0 X log/l; platelets 
below100 X log/l. Two patients (Nos. 7 and 9) had 
all three features, one (No. 10) had two, and the 
remaining presented with one. These data were 
confirmed through an observation phase of 3-20 
months, during which a trend towards worse clinico- 
haematological conditions was demonstrated, and 
institution of treatment was felt appropriate. The 
basic outline of the study, drug scheduling, and 
possible adverse effects were explained to patients; 
written consent was not requested. 

Danazol (Danatrol psM, Maggioni-Winthrop SpA, 
Milan, Italy) was administered orally at a total 
daily dose of 600 mg (200 mg 8 hourly) for 12 
consecutive weeks, after the original study by Cines 
et al. [6], and then discontinued in all cases. No 
maintenance or intermittent schcdulc was adopted, 
nor did patients rcccivc in association drugs known 

to affect in any way blood count and bone marrow 

function. Patients were seen fortnightly, each time 
having a complete physical examination and a full 
blood count. The frequency of blood transfusions 
was recorded, as well as the occurrence of toxic 
side-effects: dyspepsia, weight gain, pruritus, skin 
changes. Liver function tests were performed only 
if clinically indicated. The effects ofdanazol therapy 
on the clinical and haematological parameters were 
evaluated, for the purposes of the study, after 6 and 
12 weeks (bone marrow aspirates at the 12th week 
only), and again 6 weeks after stopping the drug (15 
patients). A response to treatment was arbitrarily 
defined as any or more of Ihe following [lo] : >50% 
decrease from baseline in transfusion requirements; 
increase in haemoglobin level of >2 g/d1 without 
red blood cell support; >50% increase from baseline 
in absolute granulocyte count; normalization (com- 
plete response) or >50% increase (partial response) 
from baseline in platelet count among thromboc ‘- 
topenic cases; >50% decrease from baseline m 
bone marrow and circulating myeloblasts; and a 
normalization of excess monocytcs in patients with 
CMML. 

RESULTS 
Peripheral blood and marrow changes observed 

during danazol therapy are summarized in Table 

Table 1. Clinico-haematologialfeatures and outcome of 16 patients with myelodysplastic syndrome 

Blood count 

Physical 
Pit 

Survival 
Case Agel findings and Hh 

Rets PMN 
% marrow MDS (months) and 

NO. sex complaints (g/dl) (x lO”/l) blasts subtype* oUtComC 

I 80/F Weakness 7.4 22.7 1.6 

2 76/F 
3 69/M 
4 65/M 
5 60/M 
6 78/F 

Splenomrgaly 
Hepatomegaly 

Wcakncss 
Bruising 
Hcpato- 

splenomegaly 
Weakness 

7.8 11.2 1.2 
II.5 10.5 I.6 
10.7 27.7 4.1 
12.2 14.3 10.3 
10.7 12.2 3.1 

7 63/M 7.9 27.5 0.7 

8 66/M Weakness 10.6 69.8 9.8 
9 73/M Wcakncss 10.6 74.4 0.27 

10 63/M Hepatomegaly 11.4 19.5 0.6 

II 51/F 
12 78/F 
13 73/F 

10.3 105 2.9 
11.8 7.9 0.6 
8.8 21.6 10.8 

14 72/F 
15 76/F 
16 74/M 

Weaknrss 
Weakness 
Hepato- 

splenomcgaly, 
bruising 

Wcaknrss 
Hepatomcgaly 

Bruising 

5.7 4 7.7 
9.9 20.8 2.8 
13.5 46.5 9 

Normal range 12-16 3&100 I J-7 

180 <5 

110 <5 
85 <5 
390 <5 
55 7 
150 6 

80 5 

330 8 
65 10 

55 5 

350 10 
14-O 25 

100 10 

150 15 
160 20 
40 5 

I2&350 

RA 

RA 
RA-S 
RA-S 

CMML 
RAEB 

48+, lost to 
rOllOW-Up 

41+, stablr 
42+, stahlr 
l6+, stable 
33+, stablr 
30+, stahlr 

RAEB 

RAEB 
RAEB 

RAEB 

RAEB 
RAEB-‘I 
CMMI. 

7, acute 
lcukacmia 
17+, stahlr 

18, acute 
lrukarmia 
12, acutr 

lcukarmia 
16+, stahlr 
17+, stahlc 

6, acutr 
lrukacmia 

CMaMMI. 6, sepsis 
CMMI. 16, sepsis 
CMMI, l3+, stahlr 

*RA = refractory anaemia; RA-S = RA with ringed siderohlasts; RAEB = RA with excrss of blasts (S20%); RAEB-‘I‘ = RAEB in 

transformation (blasts 20-30%); CMMI. = chronic mydo-monocytic Irukaemia. 
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Table 2. Variations of haematological parameters after danaeol treatment (600 mg daily for 12 weeks) in 16 patients 
with myelodysplastic syndrome: evaluation at the end of treatment ( 12th week) 

No. of cases 

Parameter At diagnosis 

Danazol therapy 

% positivr 
Improved Stable Worsrnrd rCSpo*,SC 

Anaemia (hhg/dl): 
absent 
mild (>lO-12) 
moderate (8-c 10) 

severe (~8) 
Reticulocytopenia 

(<30 x lO”/l) 
Thrombocytoprnia 

(<120x lO”/l) 
Ncutropenia 

(Cl.5 x lo”/l) 
Xlonocytosis 

(>l x lUl/l) 
Circulating blasts 
,Ilarrow blasts (%): 

RAiRAS (<5) 
RAEB (5-120) 
RAEB-‘I‘ (20-30) 
C:M?r41, (5-<20) 

57* 
2 - 1 1 
8 2 4 2 
2 2 - 

4 +t 

13 6 7 46 

8 5 3 62 

5 1 4 20 

5 3 2 60: 
6 4 2 664 

ti\ 
4 4 
6 3 3 
1 1 
5 1 3 1 

*Including four patirnts with reduced transfusional rcquiremcnt. 
+Rcduccd transfusional requirement (50% or morr). 
+Brlow 0.8 x lO”/l. 
‘34 err than 50% rrduction. 

2. Four of 14 anacmic patients achieved a normal 
hacmoglobin concentration within 6 (case No. 11, 
with RAEB; and case No. 12, with RAEB-T) or 12 
(cases No. 13 and 15, both with CMML) weeks of 
treatment (Fig. I). Four more patients (cases Nos. 
1, 2, 7 and 14), who were transfused monthly to 
maintain Hb above 8 g/dl, had a 50% or greater 
reduction of their transfusional requirements, 
though they remained anacmic. On the whole, 
concerning anacmia, a positive response to danazol 
was observed in 8/14 patients (57%). On the other 
hand, patient No. 16 became transiently anacmic 
during danazol, while anaemia worsened in patients 
Nos. 3 and 10. Rcticulocytcs reached normal values 
in 6/13 rcticulocytopcnic patients (Nos. 2, 5, 6, 10, 
11 and 13: Fig. 2), with some of them achieving a 
concurrent normalization of haemoglobin (Nos. 11 
and 13) or reduced transfusional rcquircmcnts (No. 2). 

:I normal platelet count was restored in 5/8 
thrombocytopcnic cases (62.5%), with a partial 
response being observed in the remaining three. 
Complctc rcsponscs occurred quickly, usually by 
the sixth week oftrratmcnt. Beyond this time platc- 
lets rose progrcssivcly, also in some non-thrombocy- 
topcnic patients (Fig. 3). The diffcrcnccs bctwccn 
initial and trratment rclatcd platclct count result& 
significant when asscsscd by the Wilcoxon matched 
pairs rank trst: I-’ < 0.005 (basal vs. 6th week) and 
CO.025 (basal vs.12th week). 

The neutrophil count was not greatly influenced 
by danazol. A temporary return to a low normal 
count was observed in only one out of hvc ncutrop- 
cnic cases (patient No. 13). In the rcmaindcr, 
whether neutropenic or not, no apprcciablc vari- 
ation was noted. An absolute monocytosis was 
present at diagnosis in the five cases with chronic 
myclomonocytic lcukacmia. Eventually, mon- 
ocytosis dcclincd below 0.8 X lo!‘/1 in three, either 
after 6 or 12 weeks of trcatmcnt. 

Blast cells disappcarcd from pcriphcral blood 
smears of 4/6 patients, while persisting grossly 
unchanged in the marrows of all but one case. With 
regard to bone marrow morphological character- 
istics, significant improvement was seen in four 
casts: reduced macroblastosis and vacuolization 
of precursor red cells (case No. 1, cxpcricncing 
reduced transfusional requircmcnts), cnhanccd 
crythropoictic activity (cast No. 6, showing a rctic- 
ulocytc response), and incrcascd crythropoicsis 
together with decreased dysplastic changes (case 
No. 11, achieving normal haemoglobin and rcticul- 
ocyte values). A fourth patient (No. 15)) who was 
diagnosed as having chronic myclomonocytic leu- 
kacmia with about 20% marrow blasts, had a 
complctc normalization of her bone marrow mor- 
phology and blood count, lasting 6 months. The 
striking changes obscrvcd in this cast arc illustrated 
in Fig. 4. 
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Fig. I. Effects of dana& therapy (600 mglday/p.o. for 12 weeks) on 
haemoglobin concentration from 12 non-transfused MDS patients. Ast- 

treatment evaluation 6 weeks after stopping danazol. 
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Effects of danazol therapy on absolute reticuloqte count from 16 
MDS patients (normal mqe 30-100 X lO”/l). 

PV- 6wk 12wk Post- 

treatment 

Fi.. 3. Effects of danazol therapy on platelet count from 16 MDS 
patients (normal, range 12CL350 X lW’/l). 
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Fig. 4. The picture illustrates bone marroz~~ changes occurring in patient No. 15 upon danazol therapy (Ma_wGrun&d-Giemsa 
stain, X 320). Bone marrow at diagnosis (left) showed focal accumulation of blast cells and aQpica1 monocytes, reduced 
erythropoiesis and megakaryopoiesis, abnormally hypogranulated and hypoposegmented neutrophils. Remission marrom (right) showed 

normal cellularity andmyelopoiesis with abnormal mononuclears belore, 5%. 
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Fifteen patients were evaluable 6 weeks after 
stopping danazol. Data analysis at this time showed 
a trend towards lower haemoglobin, reticulocyte 
and platelet values, with the exception of patient 
No. 16, who reached a normal haemoglobin concen- 
tration. In particular, reticulocytes fell rapidly 
below the normal range in 517 patients, as did the 
platelet count in another 4/5 patients who had had 
a complete rcsponsc (Figs. 2 and 3, column 4). A 
progression to acute leukaemia has occurred, so far, 
in four cases (Nos. 7, 9, 10, and 13), in one 
during danazol therapy. Danazol was restarted 
or continued at this time, but no positive effect 
observed. 

Some patients (see Table 1) were symptomatic 
before starting treatment, either because of bleeding 
or anaemia. These symptoms were relieved by the 
improvement ofblood cytopenia obtained with dan- 
azol. Danazol was well tolerated, and no toxicity 
attributable to the drug was noticed throughout the 
study.. 

DISCUSSION 
It appears from this study that danazol, under 

certain circumstances, may be a useful agent for the 
management of primary myelodysplastic syn- 
dromes. Ease of administration, tolerability, 
abscncc of toxicity and rate of positive responses 
make a therapeutic attempt worthwhile in MDS 
patients for whom other treatment modalities are 
unsuitable or contraindicated. In this category fall 
a number of cases with serious collateral illnesses 
or too advanced age. By using the schedule we have 
adopted, 600 mg daily for 12 weeks, positive effects 
on haemoglobin concentration and platelet count 
are to be expected in one third to one half of cases, 
thereby contributing to reduce morbidity from ana- 
cmia and bleeding in these patients. 

Cines el al. [S] reported for the first time on 
anacmia improved by danazol in MDS, followed 
by Adler el al. [ 71. Furthermore, Keyhani el al. 
[ 1 l] observed a significant improvement not 
only of anacmia, but also of leukopenia and throm- 
bocytopcnia in 11 patients with parox- 
ysmal nocturnal haemoglobinuria, a marrow dis- 
order closely related to MDS [ 121. On the other 
hand, Lippman et al. [ 131, Doll et al. 1141, and 
Buzaid el (11. [ 15 ] wcrc unable to confirm any benefit 
from danazol in 11 anacmic MDS patients, six cases 
of acquired idiopathic sideroblastic anacmia, and 
20 variously cytopcnic MDS patients, respectively. 
In the studies from Lippman et al. [ 131 and Buzaid 
~1 al. [ 151. however, danazol was likely administcrcd 
for an insuflicient time (4-6 weeks) to allow detec- 
tion of recovery from anacmia in potentially respon- 
sive cases. In fact, in the four cases of our series 
showing a response, the hacmoglobin concentration 
rosr relatively late, between the sixth and twelfth 

week of treatment. Interestingly, a rise in reticul- 
ocytes did not closely parallel or predict a concur- 
rent haemoglobin increase. We think that anaemic 
MDS patients should be given danazol for no less 
than 12 weeks before concluding for the inefficacy 
of treatment, and that an early rise in reticulocytes 
should not be taken as the unequivocal evidence 
of a positive response. Our data arc in partial 
agreement with Doll et al.‘s [ 141 and Buzaid et ul.‘s 
[ 151, as danazol induced no haemoglobin increase 
in the two patients with sidcroblastic anaemia. 
Danazol could be unsuitable for this particular 
subset of myelodysplastic syndrome, as far as ana- 
cmia is concerned. Variations of transfusional 
requirements provided another means of evaluating 
response. Blood transfusions were diminished by 
approx. 50% or more in four patients of our scrics, 
an obvious clinical benefit for the lessened risk of 
contracting blood transmitted diseases and iron 
overload. 

Our results confirm the original observation from 
Cines et al. [6] and Kornberg et al. ]8] that danazol 
may significantly increase the platelet count in 
thrombocytopenic MDS patients. Platelets rose 
quickly and stood at normal or cvcn higher levels 
in the majority (62.5%) ofthc patients treated, until 
they were taking the drug. Notably, some non- 
thrombocytopenic patients developed a mild throm- 
bocytosis, a finding to be further discussed. Con- 
trary to this, we could not demonstrate a positive 
effect of danazol on the neutrophil count of granul- 
ocytopenic patients, having obscrvcd only one par- 
tial response out of five ncutropcnic cases. This 
result is similar to what Cines et al. [S] and Buzaid 
et al. 1151 have reported, while it diffirs from the 
largely positive experience of Kcyhani et al. [lo] in 
paroxysmal noctural haemoglobinuria. Although 
the small number of cases and the ditfcrcnt subsets 
ofdisease considered might account for this discrcp- 
ancy, our study does not support a promising role 
for danazol in granulocytopenic MDS cases. 

A basic issue to address is whether danazol may 
prevent or delay the progression to acute lcukaemia 
in MDS, thus contributing to prolong the patient 
survival. At the time of this writing, four of 16 
patients (25%) in our study developed acute non- 
lymphocytic leukaemia. Since the cstimatcd risk of 
acute leukaemia transformation for hlDS patients 
is 12-38% [ 161, danazol should have no or very 
little capacity in reducing the spontaneous pace of 
the disease towards an acute transformation. The 
data on blast cell content of marrows, remaining 
grossly unchanged in all but one case, would also 
support this view. The single patient with chronic 
myelomonocytic leukaemia showing a complete 
response reprcscnts a remarkable cxccption. That 
danazol can suppress a neoplastic ccl1 growth has 
been recently documented in human cndomctrial 
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carcinoma [ 171. Since danazol can bind to multiple 
classes of steroid receptors [5], a suppression of 
the growth of leukaemic cell clones is theoretically 
possible, provided leukaemic cells bear on their 
surface the appropriate receptor. 

The mode of action of danazol in MDS remains 
complex and not fully understood. A reduced plate- 
let clearing by the macrophage system and reduced 
erythrocyte destruction through suppression of 
immune phenomena are the mechanisms thought 
to operate in MDS [6, 81. A recent report, in 
addition, indicated that danazol might increase 
the marrow erythropoietic activity [ 181. Our study 
shows that factors other than inhibition of immune 
phenomena are likely to be involved, for three 
reasons. One is that an increased platelet count was 
obtained also in some non-thrombocytopenic cases, 
as mentioned above; the second that reticulocytes 
rose rather than diminished during danazol admin- 
istration in the majority of responsive cases, a 
finding not explainable by inhibition of immune 
haemolysis; and the third that an enhanced crythro- 
poietic activity of bone marrow was morphologically 

ascertained in some cases. 
Patients Nos. 7 and 12, however, in whom 

reduction of transfusional requirements and 

improvement of haemoglobin, respectively, were 
associated with a persisting low reticulocyte count, 
might represent examples of reduced immune- 
mediated red cell destruction or macrophagc clear- 
ing. On the contrary, one patient (No. 10) developed 
anaemia associated with reticulocytosis while on 
trcatmcnt; because of the subsequent rapid evol- 
ution to acute non-lymphocytic lcukaemia, these 
changes could simply result from a worsening of 

marrow ineffective haematopoiesis, independent of 
danazol. Other findings, such as the decrease in 
circulating blasts and monocytes in some patients, 
could perhaps be the consequence of a moderately 
improved haemopoiesis, redistribution of cells, a 
bias caused by the small number of cases, or a 
combination of any of these factors. 

In conclusion, danazol produced some clinical 
and laboratory improvements in anaemic and 
thrombocytopenic patients with myelodysplastic 
syndrome. Following withdrawal of the drug, a 
rather quick return to prc-treatment values occurred 
in most of the responsive cases, an observation 
which lends further support on the effectiveness 
of therapy, and also suggests that maintenance 
treatment should be considered in responding cases. 
A warning seems necessary, however: since the 
degree of peripheral cytopenia was not as severe in 
our patients as in those from another comparable 
study that gave mainly negative results [ 151, we 
think that some haematological characteristics pre- 
dicting a likely positive response could be identified. 
We can suppose that only those cases showing 
relatively mild cytopenia could benefit from danazol 
treatment, whereas those presenting with more 
advanced disease or nearer the end point of acute 
leukaemia transformation could not. The apparent 
inability of danazol in preventing this latter event 
in four cases is in keeping with this interpretation. 
Danazol was safe and well tolerated, even in long- 
term management. Issues to be clarified by con- 
trolled trials include the role of a maintenance or 
intermittent schedule, the use of higher doses, and 
association with other drugs. 
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