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SIGNIFICANCE
This clinical study, conducted in 133 adult women with  
moderate acne, showed, for the first time, that treatment 
with spironolactone is significantly more effective than 
doxy cycline, and very well tolerated.
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Acne in adult females is triggered mainly by hormones. 
Doxycycline is a reference treatment in acne. Spiro-
nolactone targets the androgen receptor of sebaceous 
glands and is prescribed off-label for female adult acne. 
This multicentre, controlled, randomized, double-blind 
prospective and parallel study assessed the efficacy 
of spironolactone compared with doxycycline in adult 
female acne. A total of 133 women with moderate acne 
were randomized to receive treatment with: (i) doxy-
cycline and benzoyl peroxide for 3 months followed 
by a 3-month treatment with its placebo and benzoyl 
peroxide, or (ii) spironolactone and benzoyl peroxide 
for 6 months. Successfully treated patients continued 
with benzoyl peroxide or spironolactone alone for a 
further 6 months. Primary endpoints were treatment 
success at month 4 and month 6 with the AFAST score. 
At all visits, the ECLA score, lesion counts, local and 
systemic safety and quality of life were assessed. Spi-
ronolactone performed better at month 4 and showed 
a statistically significant better treatment success af-
ter 6 months than doxycycline (p = 0.007). Spironolac-
tone was 1.37-times and 2.87-times more successful 
compared with doxycycline at respective time-points. 
AFAST and ECLA scores, as well as lesion counts always 
improved more with spironolactone. Patients’ quality 
of life was better with spironolactone at month 4 and 
month 6. Spironolactone was very well tolerated. This 
is the first study to show that, in female adults with 
moderate acne, treatment with spironolactone is sig-
nificantly more successful than doxycycline and very 
well tolerated.

Key words: acne; adult female acne; AFAST; doxycycline; 
quality of life; spironolactone.
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Adult female acne differs from adolescent acne (1). 
In adolescents, acne presents with diffuse lesions, 

including non-inflammatory lesions, superficial inflam-
matory lesions and hyperseborrhoea on the face, while, 
in adult women, it presents more frequently with mild-to-
moderate lesions and a few deep, inflammatory chronic 
cysts on the mandibular zone of the face (2). The preva-
lence of adult female acne is estimated at 12–54% (3).

The physiopathology of adult female acne is charac-
terized by 2 specific features. First, a hormonal factor 
that triggers a premenstrual flare-up of acne lesions in 
more than 60% of women (4). This flare-up is efficiently 
controlled using either anti-androgens or 4th-generation 
oral contraceptives with a non-androgenic progestin. 
Secondly, a chronic activation of the innate immunity 
of the skin caused by resistant Cutibacterium acnes (C. 
acnes) strains in the pilosebaceous follicle, resulting from 
chronic courses of antibiotics (5).

In moderate-to-severe adult female acne, 4 different 
types of systemic treatments are approved, including: 
cyclins, which may potentially modify the cutaneous 
microbiome and cause bacterial resistance with a risk 
of non-clinical response; zinc salts, which mainly target 
inflammatory lesions and are considered to be less ef-
fective than cyclins; isotretinoin, which has been reported 
to be teratogenic, and a potential risk of depression (6); 
and anti-androgens, such as cyproterone acetate, which 
have recently been associated with meningioma and are 
therefore not recommended in acne (7, 8). 

Doxycycline was the first authorised tetracycline deri-
vate by the US Food and Drug Administration in 1967, 
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and is still one of the most frequently prescribed anti-
biotics (9). It is a safe and effective treatment in patients 
with acne and is currently indicated in the treatment of 
moderate-to-severe acne (10). As is the case for all oral 
antibiotics, doxycycline should not be administered for 
more than 3 months (11, 12).

Spironolactone has been in therapeutic use for al-
most 60 years as a diuretic in elderly patients (13). At 
low doses (150 mg/day or less), it loses its antidiuretic 
activity, but blocks 5-alpha-reductase receptors of the 
sebaceous gland and inhibits production of luteinizing 
hormone (LH) at the pituitary level (14). Spironolactone 
is currently prescribed for off-label use in female adult 
acne due to its sebum-limiting effect. Several publica-
tions have reported the clinical benefit of spironolactone 
in women with acne (15, 16). Comparative studies are 
sparse and, to date, the clinical benefit of spironolac-
tone in the treatment of moderate acne in adult females 
has not been compared in a blinded trial with that of a 
reference treatment of acne, such as systemic cyclins 
(11, 17). 

The aim of this study was to demonstrate the effective-
ness of spironolactone compared with doxycycline, the 
reference treatment in the management of adult female 
acne, in order to provide evidence that spironolactone is 
an efficient and safe alternative to doxycycline in adult 
female acne.

METHODS
This multicentre, controlled, randomized, double-blind prospective 
and parallel study was conducted at 7 sites in France between 31 
January 2018 and 30 June 2022.

The study complied with all local legal requirements for the 
conduct of clinical trials and conformed with Good Clinical Prac-
tice and the principles of the Declaration of Helsinki. The study 
received ethics committee approval from Comité de Protection des 
Personnes SUD OUEST  and OUTRE MER on 3 October 2017 
(Clinical Trial identifier NCT03334682 and EudraCT number: 
2017-001392-22). The patients provided written informed consent 
to publication of their case details.

The study design is detailed in the recently published study 
protocol Female Acne Spironolactone vs doxyCycline Efficacy 
(FASCE) (18). Hereafter, the main methods, as well as the main 
statistical analysis applied, are provided. The global scoring tool 
AFAST was used for clinical evaluation (19). The global score is 
composed of 2 scores. Score 1 assesses lesions on the entire face 
and score 2 assesses lesions in the mandibular regions. In addi-
tion, a count of inflammatory and non-inflammatory lesions was 
performed. Inclusion criteria were: female patients, aged above 20 
years, with moderate acne (at least 10 inflammatory lesions and no 
more than 3 nodules according to the AFAST scoring tool). Patients 
had to be cyclin-treatment naïve or might have previously received 
oral cyclins for their acne, except during the 3 months preceding 
study participation. Moreover, patients had not received zinc salts 
or oral antibiotics for 30 days and oral isotretinoin for 6 months 
prior to inclusion. Patients with clinically confirmed polycystic 
ovary syndrome were excluded from the study.

The overall study duration was 12 months with a 6-month dou-
ble-blind treatment period followed by a 6-month open-labelled 
maintenance period. The overall study design is shown in Fig. 1.

Suitable patients were randomized in 1:1 (Ennov® Clinical, Paris, 
France) to receive either doxycycline 100 mg/day (Doxycycline 
Sandoz® 100 mg, Sandoz, Levallois-Perret, France) for 3 months 
followed by an oral placebo for 3 months, or spironolactone 150 
mg/day (Spironolactone Arrow® 75 mg, Arrow Laboratory, Lyon, 
France) for 6 months. Randomization to treatment was stratified 
according to the different classes of contraception (combined 
oestrogen-progesterone, progesterone-only, and continuous or 
extended use pill) (20). As monotherapy with systemic antibiotics 
is not recommended, patients in both groups received benzoyl per-
oxide 5% (BPO, Cutacnyl® 5%, Galderma International, Courbe-
voie, France) in addition to their systemic treatment. Treatment 
blinding was removed for all patients after 6 months, in order 
to limit constraints for subjects in the doxycycline arm. If after  
6 months the AFAST score 1 had decreased less than 2 points or if 
no decrease was observed compared with baseline, or if the AFAST 
score 2 was unchanged or higher than 1 compared with baseline, 
then subjects were withdrawn from the study and an alternative 
therapy was initiated (21). Patients whose acne improved at  
6 months, and who were considered as “successfully treated” 
with doxycycline, continued treatment with BPO alone, while 
those who had received spironolactone continued spironolactone 
without BPO for a further 6 months. 

Clinical assessments included Adult Female Acne Scoring 
Tool (AFAST) scores (1 and 2 at months 2, 4, 6, 9 and 12 visits 
from month 0, inflammatory and non-inflammatory lesion count 
and evolution of truncal acne using the ECLA scale at month 0, 
2, 4, 6, 9 and 12, local and systemic safety, including laboratory 
blood analyses and adverse event (AE) assessments were made 
throughout the entire course of the study (22). Patients were 
asked to complete the Cardiff Acne Disability Index (CADI) and 
Euro Qol - 5D (EQ-5D) quality of life (QoL) questionnaires at 
all visits (23, 24). 

Due to the different time to efficacy and optimal duration of 
treatment between doxycycline and spironolactone, the primary 
efficacy outcome was the best result at month 4 or month 6. The 
success rate was defined as the decrease in AFAST score 1 of at 
least 2 points compared with month 0, or to grade 0 if the seve-
rity score at baseline was 1, combined with a decrease in AFAST 
score of 1 point if the month 0 score was > 1, or 0 if the month 0 
score was 1. 

For sample size estimation purposes, the targeted difference in 
the percentage of success was set at 70% in the spironolactone 

Fig. 1. Study design. M: month.

http://medicaljournalssweden.se/actadv
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group, compared with 50% success in the doxycycline group, 
indicating a relative increase in success equalling 40%. Assuming 
a type I error rate of 5% and at least 80% statistical power, the 
sample size required was a minimum of 91 subjects per group. 

As spironolactone has a slow onset of action, treatment success 
might not have been optimal after 3 months, as the primary end-
point of the study was to confirm the efficacy of spironolactone 
compared with doxycycline using AFAST after 4 or 6 months of 
treatment (25). The comparison between the 2 arms was carried 
out using a Cochran–Mantel–Haenszel test, checking for class of 
contraception (4 strata). A modified intention-to-treat (mITT) and 
per protocol (PP) analysis was applied. The mITT was defined 
as the study population from which subjects were excluded who 
did not met the inclusion criteria and who were included but who 
never received treatment. All secondary objectives were expressed 
as percentages or as a status at a fixed time-point of follow-up. 
General linear mixed models were applied considering repeated 
measurements collected from the same participant during the 
follow-up. Variable selection for the multivariate model was 
based on the Akaike information criterion. Significance level 
was set at 5%. 

RESULTS

A total of 133 adult female patients were included in this 
study. The mean age was somewhat higher in the doxy-
cycline than in the spironolactone group (29.75 ± 7.90 
years vs 27.52 ± 6.6 years, respectively). More subjects 
in the doxycycline group reported hyper-pilosity (12% 
vs 3% in the spironolactone group) and more subjects 
(68% vs 46% in the spironolactone group) reported a 
family history of acne. Detailed demographic data is 
shown in Table I.

At month 0, the mean overall AFAST score was 
2.7 ± 0.5 in both groups. The mean ECLA score on the 
trunk was 3.2 ± 2.3 in the spironolactone group and 
2.9 ± 2.4 in the doxycycline group. The mean number 
of inflammatory lesions in the spironolactone group 
was 17.6 ± 5.6; and 20.3 ± 15.3 in the doxycycline group. 
Non-inflammatory lesion counts were 19.8 ± 14.5 in the 
spironolactone and 17.4 ± 9.3 in the doxycycline group. 
Detailed clinical data at month 0 are shown in Table II.

Fig. 2 provides detailed information about the patient 
populations and disposition.

The primary efficacy criterion was treatment success, 
based on AFAST scores at month 4 and month 6.

When using the Mantel-Haenzel (MH) χ2 test on the 
mITT population, the odds ratio (OR) was in favour of 

Table I. Demographic data at month 0

Spironolactone 
group N = 65

Doxycycline group 
N = 68

Age (years)
 Mean ± SD 27.52 ± 6.6 29.75 ± 7.90
 Median (Min–Max) 26 (20–49) 27 (20–49)
Nibbling, n (%) 44 (68) 49 (72)
Frequency 19 (39) 21 (32)
 Never 35) (51) 27 (42)
 Rarely 14 (26) 15 (23)
 Frequently 0 2 (3)
 Always
Premenstrual signs, n (%) 36 (55) 37 (54)
Hyper-pilosity, n (%) 2 (3) 8 (12)
Irregular menstruation, n (%) 11 (17) 4 (6)
Acne history, n (%)
 Family 16 (46) 46 (68)
 Father 19 (41) 13 (28)
 Mother 21 (46) 20 (43)
Anti-mullerian hormone, n (%)
 Significant 1 (1) 1 (2)
 Not significant 20 (31) 9 (13)
 Not applicable 44 (68) 58 (85)
Contraception, n (%)
 Yes 62 (95) 65 (96)
Abstinence 3 (5) 4 (6)
  3rd and 4th generation oral 
contraception

14 (22) 13 (19)

  Intra-uterine device, 20 (31) 19 (28)
Implant, 1st or 2nd generation 
oral contraception, intrauterine 
progesterone-diffusing device or any 
other hormonal contraception

28 (43) 32 (47)

SD: standard deviation.

Table II. Disease data at month 0

Spironolactone 
group N = 65

Doxycycline group 
N = 68

AFAST Score Global
 Mean ± SD 2.71 ± 0.50 2.70 ± 0.50
 Median (Min–Max) 3 (2–4) 3 (2–4)
  AFAST Score 1 (GEA score) 
Mean ± SD

2.7 ± 0.5 2.7 ± 0.5

 Median (Min–Max) 3 (2–4) 3 (2–4)
  AFAST 2 Score (submandibular) 
Mean ± SD

2.0 ± 0.7 1.9 ± 0.7

Median (Min–Max) 2 (0–3) 2 (0–3)
ECLA score
 Mean ± SD 3.2 ± 2.3 2.9 ± 2.4
 Median 3 (0–11) 2 (0–11)
 Median (Min–Max)
Inflammatory lesion count (n)
 Mean ± SD 17.6 ± 5.6 20.3 ± 15.3
 Median (Min–Max) 17 (10–33) 16 (10–109)
Non-inflammatory lesion count (n)
 Mean ± SD 19.8 ± 14.5 17.4 ± 9.3
 Median (Min–Max) 17 (1–100) 17 (0–47)
CADI score (0–15)
 Mean ± SD 6.24 ± 2.64 6.32 ± 2.65
 Median (Min–Max) 6.5 (1–14) 6.32 (2–13)
EQ-5D score (1–5)
 Mean ± SD 5.7 ± 0.8 5.7 ± 0.9
 Median (Min–Max) 6 (5–8) 5.5 (5–8)

SD: standard deviation; AFAST: Adult Female Acne Scoring Tool; ECLA: Échelle 
de Cotation des Lésions d’Acné or Acne Lesion Score Scale; CADI: Cardiff Acne 
Disability Index; EQ-5D: Euro Qol - 5D.

Fig. 2. Patient disposition. ITT: Intent-to-treat; PP: per protocol ; Excl: 
excluded.

http://medicaljournalssweden.se/actadv


A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

B. Dréno et al. “Efficacy of spironolactone in moderate acne in adult females” 4/7

Acta Derm Venereol 2024

spironolactone, with an OR of 1.37 and a 95% confidence 
interval (95% CI) of 0.60–3.12 (p = 0.579) at month 4, 
and an OR of 2.87 and a 95% CI of 1.38–5.99 (p = 0.007) 
at month 6.

Treatment with spironolactone was 1.37-times and 
2.87-times more successful compared with treatment 
with doxycycline at month 4 and month 6, respectively.

As the randomization to treatment was stratified on 
contraception, a MH χ2 test was performed on the mITT 
population. The results showed that, for all contraception 
methods, treatment success was significantly (p = 0.0013, 
OR 3.40; 95% CI 1.66–6.98) superior with spironolac-
tone (62%) than with doxycycline (32%). 

Treatment success, according to the different means of 
contraception at month 4 and month 6, is shown in Fig. 3. 

The multivariate model using a regression lo-
gistic was applied to identify all factors associated 
with treatment success and assessed at month 0. The 
results confirmed results from the MH test (p = 0.0007; 
OR 3.90; 95% CI 1.77–8.58). An almost significant 
association observed regarding family acne history 
and AFAST 1 (p = 0.05; OR 0.438; 95% CI 0.19–1.02). 
Analysis of the PP data confirmed the mITT results.

The overall AFAST score, as well as the AFAST 1 and 
AFAST 2 scores, decreased progressively over time in 
both groups; the decrease was more important with spi-

ronolactone than with doxycycline (Fig. 4). For AFAST 
1, the mean delta at month 4 from month 0 was 1.3 for 
spironolactone and 1.1 for doxycycline. At month 6, the 
mean delta was 1.7 and 1.1 for spironolactone and doxy-
cycline, respectively. The mean delta from month 0 for 
AFAST 2 for spironolactone was 1.2 and 1.6 at month 4 
and month 6, respectively, and for doxycycline 1.1 and 
1.2 at month 4 and month 6, respectively.

The mean ECLA score for the trunk (Fig. 5), as well 
as the mean inflammatory and non-inflammatory lesion 
count (Fig. 6), decreased continuously in both groups 
starting at month 2 until month 12, with a more important 
decrease in the spironolactone group.

At month 4, the mean delta from month 0 for the 
inflammatory lesion count was 12.7 lesions with spiro-
nolactone and 13.0 with doxycycline. At month 6, the 
mean deltas were 14.4 and 12.9 with spironolactone and 
doxycycline, respectively.

At month 4, the mean delta from month 0 for the non-
inflammatory lesion was 9.2 with spironolactone and 5.6 
with doxycycline. At month 6, mean  deltas were 12.2 and 
6.2 with spironolactone and doxycycline, respectively.

The QoL assessed with CADI was similar in both 
groups at baseline (spironolactone: 6.24 ± 2.64 points; 
doxycycline: 6.32 ± 2.65 points) until month 4 and then 
started to improve more with spironolactone (2.56 ± 2.38 

Fig. 3. Treatment success at Month 4 and Month 6 according to contraceptive means and overall. (a) Treatment success at Month 4. (b) 
Treatment success at Month 6.

Fig. 4. Evolution of the Adult Female Acne SCoring Tool (AFAST) score. (a) Global AFAST score, (b) AFAST 1 (Global Evaluation of Acne; GEA) 
score and (c) AFAST 2 (submandibular) score. *Evaluation of treatment outcome (success or failure).

http://medicaljournalssweden.se/actadv
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points) than with doxycycline (3.44 ± 2.44) from month 
6. Details are shown in Fig. 7.

The EQ-5D score remained almost unchanged in both 
groups (baseline: spironolactone: 5.8 ± 0.8 points; doxy-
cycline: 5.7 ± 0.9 points), with no relevant change during 
the study (month 6: spironolactone: 5.5 ± 0.8 points; doxy-
cycline: 5.8 ± 0.7 points and month 12: spironolactone: 
5.6 ± 0.8 points; doxycycline: 5.5 ± 1.0 points).

Overall, 309 adverse events (AEs) were reported in 118 
patients (50 patients who received doxycycline and 68 
who received spironolactone) during the study. Of those 
AEs, 189 (61.2%) occurred in the spironolactone group 
and 120 (38.8%) in the doxycycline group; all but 3 AEs 
were mild or moderate in intensity. The 3 non-serious 
but severe AEs reported with spironolactone were pain in 
the upper abdomen, gastric reflux, and breast discomfort. 
Six AEs were considered serious, 4 (dyskinesia, gastro-
enteritis, hand/foot cramp and dizziness with vestibular 
damage) in the spironolactone and 2 (Staphylococcus 
aureus over-infection and papillary carcinoma of the 

right thyroid section) in the doxycycline group; none 
was considered to be related to the studied treatment. 
All AEs were transient and resolved during the conduct 
of the study without discontinuing study treatment. 
Twenty-three non-serious AEs, related to spironolactone, 
were reported; 9 events of dysmenorrhea combined with 
irregular menstrual cycles, 9 events of vaginal bleeding 
and intermenstrual bleeding, and 5 events of upper 
abdominal pain. None led to withdrawal of the patients 
from the study.

Laboratory evaluations did not show any clinically 
abnormal values. Moreover, no cases of hyperkalemia 
were observed in patients who received spironolactone.

DISCUSSION

To the best of our knowledge, this is the first double-
blind clinical study to compare the effectiveness of spi-
ronolactone taken for 6 months with that of doxycycline 
administered for 3 months (according to its labelling) 
followed by its placebo (for 3 months), after 4 and 6 

Fig. 5. Evolution of the Échelle de Cotation des Lésions d’Acné 
or. Acne Lesion Score Scale (ECLA) score over time. *Evaluation of 
treatment outcome (success or failure).

Fig. 6. Evolution of lesion count over time. (a) Inflammatory lesion count, (b) non-inflammatory lesion count. *Evaluation of treatment outcome 
(success or failure).

Fig. 7. Evolution of Cardiff Acne Disability Index (CADI) score over 
time. *Evaluation of treatment outcome (success or failure).
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months in women with moderate-to-severe acne using 
AFAST. 

Treatment outcome was superior with spironolactone 
compared with doxycycline, with an OR of 1.37 (95% 
CI 0.60–3.12; p = 0.579) and an OR of 1.371 (95% CI 
of 1.37–5.99; p = 0.007) at month 4 and month 6, re-
spectively, with spironolactone being 1.37-times and 
2.87-times more successful compared with doxycycline 
at month 4 and month 6, respectively. 

ECLA confirmed that, for truncal acne, after 4 
months no further treatment benefit was observed with 
doxycycline, while treatment outcome continued to 
improve until month 6 with spironolactone, as reported 
by Bienenfeld et al. (26). After this period, patients who 
reported treatment success in the group previously trea-
ted with doxycycline and its placebo for 3 months each 
continued to improve when on BPO alone. However, 
this improvement remained less important compared 
with that observed in patients who continued their spi-
ronolactone treatment for a further 6 months. Results 
for AFAST and ECLA were paralleled for inflammatory 
and non-inflammatory lesion counts, showing a similar 
evolution over time. 

This study shows that the onset of efficacy of doxy-
cycline is faster than that of spironolactone, with an 
improvement in acne lesions within the first 2 months 
of treatment. Conversely, treatment with spironolactone 
results in a clinical benefit after only 2–4 months of treat-
ment. However, treatment outcome with spironolactone 
continues to improve after the first 4 months of treatment, 
which is not observed with doxycycline. 

Overall safety with spironolactone and doxycycline 
was good. All spironolactone-related AEs resolved 
during the course of the study, with no treatment withdra-
wal. No treatment-related serious AE was reported.

The observed tolerance to spironolactone was similar 
to that reported in the literature (27). No patient for 
whom AEs were reported also reported hyperkalemia. 
These results confirm results published by Wang et al. 
in 2020 (28). 

The number of systemic AEs was higher in the spiro-
nolactone group than in the doxycycline group after 6 
months of treatment. This may be because treatment with 
doxycycline was stopped after 3 months, while patients 
on spironolactone continued their treatment for a further 
3-month period. The majority of spironolactone-related 
AEs were mild to moderate events of irregular menstrua-
tion and did not lead to withdrawal of the patients from 
treatment. When analysing spironolactone-related AEs 
in depth, 23 mild or moderate non-serious AEs were 
reported. All of these resolved during the study and none 
led to the withdrawal of the patient from the study. 

While the number of AEs was higher with spiro-
nolactone than with doxycycline, the low number of 
spironolactone-related AEs may be due to the fact that 
this study did not include patients with clinically confir-

med polycystic ovary syndrome, who frequently require 
higher doses of spironolactone, thus increasing the risk 
of AEs related to spironolactone (29). This may be con-
sidered a bias of the current study and further research 
may have to be conducted to confirm these findings.

In 2010, St Jean et al. reported that, in patients not 
responding to treatment with oral isotretinoin, treatment 
with spironolactone improved facial acne in 50% and 
truncal acne in 37.5% of the patients. Thus, spironolac-
tone may not only be a valuable and safe alternative to 
doxycycline, but also to oral isotretinoin (30).

Quality of life improved in both treatment groups until 
month 4, and continued to improve in patients treated 
with spironolactone, although it worsened after month 
9 in those patients who received BPO alone after month 
6, showing that a continued improvement in acne also 
improves the patient’s quality of life.

Current international guidelines recommend treatment 
of moderate-to-severe acne with oral antibiotics, such as 
doxycycline, in combined use with topical retinoids and 
or BPO (11, 17).

To date, spironolactone has not received market 
approval to treat female acne, even in the USA where 
it has been prescribed off-label to treat acne for more 
than 40 years. This benefit is supported by numerous 
clinical studies, and spironolactone is proposed more and 
increasingly re frequently as an off-label alternative to 
antibiotics if the latter are contraindicated or if treatment 
with antibiotics is not successful (15).

In conclusion, while further studies may be necessary 
to confirm these findings, spironolactone deserves its 
authorisation as an efficacious and safe alternative to oral 
cyclins, and potentially to isotretinoin, in the treatment 
of female acne; even though a direct comparison with 
oral isotretinoin remains to be conducted. 
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