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Danazol Treatment for Thrombocytopenia
in Myelodysplastic Syndromes: Can an
“Old-fashioned” Drug be Effective?
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evere thrombocytopenia is a relatively uncommon event in

myelodysplastic syndromes (MDS) and may occur in high-

risk patients, advocating treatment with hypomethylating

agents or with allogeneic bone marrow transplantation.!
In low-risk patients, thrombocytopenia may significantly influ-
ence the prognosis since a major bleeding may be a life-threat-
ening complication. Since hypomethylating agents are not
licensed in Europe for low-risk MDS, this condition remains
an unmet need. Immunosuppressants, such as corticosteroids,
cyclosporine, or antithymocyte globulin, showed some efficacy,
particularly in hypocellular cases.? The activity of thrombopoi-
etin receptor agonists (TPO-RA) is under evaluation, and pre-
liminary results showed that eltrombopag is effective in raising
platelet (PLT) counts and reducing bleeding events in about half
of the low-risk MDS patients.? Similar data have been reported
for Romiplostim,* although a warning on possible blast progres-
sion deserves further investigation. Danazol is a synthetic steroid
with antigonadotropic and antiestrogenic activities. It possesses
androgenic, progestational, and glucocorticoid anabolic proper-
ties. The drug inhibits steroidogenic enzymes and the pituitary
output of gonadotropins (follicle stimulating hormone and
luteinizing hormone) both in males and females, by blocking
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the ovarian/testicular function. Its half-life is 12-18 hours. This
drug is licensed for the treatment of endometriosis, fibrocystic
mastopathy, and hereditary angioedema. Its efficacy in autoim-
mune cytopenias, particularly immune thrombocytopenia and
aplastic anemia, is well documented.’ In MDS, danazol use was
explored in retrospective reports,® '3 although some limitations
(low number, heterogeneity of patient populations, variable tar-
get cytopenias, and different response criteria), did not allow
definite conclusions.

Here, we present the results of a multicentre observational
study exploring the efficacy and safety of danazol in patients
with thrombocytopenic MDS or MDS/myeloproliferative neo-
plasms (MDS/MPN), focusing on predictors of response and
impact on outcome. This was a retrospective multicenter study
including MDS or MDS/MPN overlap patients with thrombo-
cytopenia (PLT count <50x10°/L) and an international prog-
nostic scoring system (IPSS) score of low or intermediate-1
(for MDS only) treated with danazol at 6 centers, in northern
Italy. No patient had received hypomethylating agents before
danazol, based on the exclusion of these patients from 5-azacyt-
idine treatment in Europe.

PLT and erythroid responses were evaluated according to the
International Working Group-2018 criteria (Suppl. Materials
and Methods). The study was approved by the local ethical com-
mittee and conducted according to the Helsinki Declaration.

As shown in Table 1, a total of 57 patients were included (51
MDS, 5 chronic myelomonocytic leukemia, and 1 MDS/MPN
unclassified). They were mainly males (34/57) with a median age
of 69 years (27-87). They had all IPSS low or intermediate-1,
while IPSS-revised (IPSS-R) risk score was equally distributed
between very low/low (45%) and intermediate/higher (55%).
Notably, only 3 patients with an int-1 IPSS score had an IPSS-R
risk score >3.5 and had not received hypomethylating therapy due
to indication based on IPSS. Seventeen percent (9/43 evaluable) of
patients had a hypocellular bone marrow (<25%), while 26%
(11/43) had WHO grade 2 fibrosis. All patients were thrombo-
cytopenic (median 20 x 10%/L; range 2-49), and 30% (n = 17/57)
had required at least 1 PLT pool transfusion in the previous 8
weeks (only 2/17,12%, due to bleeding). One patient was receiv-
ing double antiplatelet therapy. Furthermore, 52% were anemic
(median hemoglobin 11.1g/dL, 6.9-15.7), 25% had received at
least 1 red blood cell transfusion in the 16 weeks before danazol
initiation, and 8 patients had severe neutropenia (median abso-
lute neutrophil count in all cases 2 x 10°/L; range 0.2-20).

Danazol was administered for a median of 12.0 months (0.6—
149.5) at a daily dose of 500 mg (range 88-667). Concomitant
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Main Features, Doses, and Response Rates of MDS or MDS/
MPN Patients Treated With Danazol

Age and sex
Age at diagnosis (y, range) 69 (27-87)
Female (n, %) 23/57 (40)
Male (n, %) 34/57 (60)
WHO-2016 diagnosis
MDS-MLD 28/57 (49)
MDS-SLD 7/57 (12)
MDS-EB1 11/57 (19)
MDS-EB2 2/57 (4)
MDS-RS-MLD 1/57 (2)
CMML 5/57 (9)
MDS/MPN (not CMML) 1/57 (2)
MDS-U 2/57 (4)
Bone marrow features at diagnosis (n, %)
Available core biopsy at diagnosis 43/57 (75)
Hypocellular (cellularity <25%) 9/43 (21)
Fibrosis MF 0—1 30/43 (70)
Fibrosis MF 2 11/43 (26)
MF-not evaluated 2/43 (5)
IPSS at diagnosis (n, %), only for MDS (n = 51)
Low 17/51 (33)
Int-1 34/51 (67)
IPSS-R at diagnosis (n, %), only for MDS (n = 51)
Very low 2/51 (4)
Low 21/51 (41)
Intermediate 15/51 (29)
High 9/51 (18)
Very high 4/51 (8)
Blood counts before treatment
Hb (g/dL) 11.1(6.9-15.7)

PLT (10%/pL)
ANC (10%/uL)
Danazol dosing and timing
Mean daily dose (mg, range)
Dose reductions due to any cause (n, %)
Median treatment duration (mo, range)
Concomitant treatments at danazol start (n, %)

20 (2-49)
2.00 (0.26-20.4)

500 (88-667)
19/57 (33)
12,0 (0.6-149.5)

Erythropoiesis stimulating agents 5/57 (9)
Corticosteroids 12/57 (21)
Cyclosporin A 1/57 (2)

No concomitant treatments 41/57 (72)

Response data

Median follow-up (mo, range) 16.2 (0.7-171)
PLT response (n, %) 29/57 (51)
Median time to PLT response (mo, range) 3.3(1.3-24.6)
Erythroid hematological improvement (n, %) 10/24 (42)
Neutrophil hematological improvement (n, %) 4/9 (44)

ANC = absolute neutrophil count; CMML = chronic myelomonocytic leukemia; Hb = hemoglobin;
IPSS = International Prognostic Scoring System; IPSS-R = revised International Prognostic Scoring
System; MDS/MPN = myelodysplastic syndrome/myeloproliferative neoplasms; MDS EB1 =
myelodysplastic syndrome with excess blast 1; MDS EB2 = myelodysplastic syndrome with excess
blast 2; PLT = platelet.

treatments at danazol start included corticosteroids (21%),
recombinant erythropoietin (rEPO 9%), and cyclosporine in 1
patient. Overall, PLT response was obtained in 51% of evaluable
patients (29/57). Median time to response was 3.3 months (1.3—
24.6) from treatment start. PLT count progressively increased
at each time point as shown in Figure 1A: from a median of
21x10°/L at baseline to 37, 50, and 66 x 10°/L at 3, 6, 9 months,
respectively, and it stabilized thereafter. Among those who
met response criteria, the median (range) increase in PLTs was
+38x10%/L (+20 to +341 x 10°/L) at the time of first response and
+50x 10%/L (+23 to +341x10°L) at the time of best response.

Danazol in Myelodysplastic Syndromes

Among those who did not meet response criteria, the median PLT
count variation at 3 months was +2x10%/L (-12 to +23x 10°/L).
Registered bleeding events were mainly grade 1-2 (11%) and
all occurred in nonresponders. One nonresponding patient died
due to intracranial bleeding. Notably, 23.5% of patients (n =
4/17) who had received at least 1 PLT transfusion in the 8 weeks
preceding danazol resolved their transfusion need thereafter.
Similarly, 28.5% of patients (n = 4/14) with history of packed
red cell transfusion in the previous 8 weeks reached a transfu-
sion-free status after danazol start. PLT response was long-last-
ing, with 52% maintaining PLT response, only 14% relapses (n
= 4/29) and 34% (n = 10/29) of responders who were lost in
follow-up while on response, after a median of 17.2 months. We
observed higher PLT response rates in MDS/MPN versus MDS
patients (6/6, 100% versus 23/51, 45%, respectively; P = 0.02).
Myelodysplastic syndrome with excess blast 1 or 2 trended to
lower responses (4/13, 31%), although not significantly.

Erythroid improvement, evaluated in a subgroup of patients
with anemia, was obtained in 10 of 24 (42%) patients after a
median of 6.8 months (2.5-23.4), independently of concomitant
rEPO or steroids administration (Suppl. Table S1). Erythroid
improvement occurred only in patients with baseline low trans-
fusion burden (n = 3/10, all major responses) or transfusion-free
at baseline (n = 7/11).

Adverse events (AEs) were observed in 68% of cases, mainly
grade 1-2, the most common being creatinine increase (45%;
5% grade 3), transaminitis (35 %; 6 % grade 3), and mood disor-
ders (7%) (Suppl. Table S2). AEs required dose reduction in 11
(19%) and interruption in 5 (9%) of the patients.

Progression to acute myeloid leukemia equally affected PLT-
responders (n = 3/29, 10%, at +6, +18, and +38 months from
danazol start) and nonresponders (n = 4/28, 14%; at +2, +14,
+19,and +20 months from danazol, start). Twenty-eight patients
died during the follow-up. Responders had a significantly lower
mortality rate compared with nonresponders (34 % versus 64 %,
P =0.035) and a longer overall survival (P < 0.001; Figure 1B).
The occurrence of a PLT response was significantly associated
with lower risk of death by multivariate analysis (hazard ratio,
0.24; 95% CI, 0.09-0.64), independently of other features.

This is one of the largest series ever reported on the use of
danazol in thrombocytopenic MDS patients in the real world.
In fact, patients included were treated at Italian centers out-
side clinical trials and with a relatively inexpensive and easily
available medication. We observed a PLT response in half of
cases, which was long-lasting in more than half of the subjects
after a median of 16.2-month follow-up. Treatment was well
tolerated with mainly low-grade AEs and a small percentage of
discontinuation.

Such response rate well compares with historical data about
danazol use in MDS'* and with response rates to TPO-RA
eltrombopag?® and romiplostim.* An interesting result is the pos-
itive association of PLT response with survival, although the
retrospective nature of the study does not allow definitive con-
clusions. However, we note that only 1 bleeding-related death
was reported in nonresponders (ie, an intracranial bleeding in a
patient who did not respond to danazol, with PLT counts per-
sistently below 10x 10°/L), while no bleeding deaths occurred
among responders.

Notably, response requires time to establish, with a median
time to PLT improvement of 3.3 months from treatment start
and some responses occurring even after >1 year. This suggests
that danazol therapy should be continued for a minimum of 6
months before deciding to withdraw it. The low rate of throm-
bocytopenia relapse is also a valuable outcome to take into
account. The mechanism of action is unclear. Danazol efficacy
in autoimmune thrombocytopenia has been associated with an
impairment of the clearance of IgG-sensitized PLTs by reticu-
loendothelial cells.” In MDS, along with megakaryocytic dys-
plasia, an increased destruction of PLT has also been reported,
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Figure 1. Blood counts and survival of MDS or MDS/MPN patients after danazol start. (A) PLT values (gray box plots) and Hb levels (red box plots)
overtime from danazol start. Only Hb values from patients with baseline Hb <110g/L were reported. (B) Overall survival of PLT-responders vs nonresponders.
Survival was censored at 40 mo from danazol start. Hb = hemoglobin; PLT = platelet.

and danazol may act at this stage. Another possible mechanism
relies on regulation of telomerase genes expression, with reduc-
tion of stem cell apoptosis, as reported in telomere diseases.'® A
further consideration is the ability of danazol to induce eryth-
roid improvement in anemic patients, with a rate of 42% in
our series. These data suggest considering this therapy in low-
risk anemic MDS patients who failed or are not candidate to
erythropoietin, but also, in those with 5q deletion who failed
lenalidomide, or in MDS with ring sideroblasts after luspater-
cept. The potential synergism of danazol in combination with
TPO-RA and immunosuppressants for thrombocytopenia as

well as with ESAs, lenalidomide, and luspatercept for anemia
may be hypothesized and deserve future investigation.

Regarding safety, grade 3 or 4 AEs were rare, requiring
danazol discontinuation in only 5 patients, and dose reductions
in 11. A careful monitoring of creatinine and transaminases
is advised during treatment, these being the more frequently
altered parameters. Additionally, prostate-specific antigen dos-
ing and, possibly, urologic referral are advised in male patients
before starting the treatment, as well as abdominal echography
to rule out focal lesions in the liver. Pregnancy should also be
avoided while on treatment.
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Danazol appears to be a good treatment option for throm-
bocytopenic MDS patients, particularly in low-risk setting.
The rate of response well compared with newer drugs, partic-
ularly with TPO mimetics, while side effects seem manageable
with proper monitoring. Notably, responses may require some
months to establish, but appear long-lasting and are associated
with improved survival. The retrospective nature of our findings
and the limited number of patients may limit definite conclu-
sions about danazol efficacy. However, our real-life data high-
light the benefits of such old-fashioned drug and its potential as
a valuable option for this neglected patient-population, often
excluded from clinical trials of novel therapies.'”
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