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Acne vulgaris is one of the most common chronic inflamma-
tory skin diseases. On a global scale, it is the 8th most com-
mon disease with a prevalence of 9.4% that includes both 

adult and pediatric populations of diverse ethnic backgrounds.1 
While acne is frequently associated with the adolescent popula-
tion, it is increasingly emerging as a chronic disease beginning as 
early as ages 7-9 years and persisting into adulthood past 50 years 
of age. 

Acne vulgaris develops around the pilosebaceous unit and mani-
fests as open and closed comedones, as well as inflammatory pap-
ules, pustules, and nodules. Acne pathogenesis involves abnormal 
keratinization that causes impaction and distension of the lower 
portion of the infundibulum, forming the comedo.2-4 Other factors 
include a complex interplay among sebum production, with chang-
es in lipid composition, hypersensitivity to androgen stimulation, 
Propionibacterium acnes (P acnes) colonization, and local inflam-
matory cytokines mediated by the innate immune system.5,6 

Androgen stimulation is one of the major etiologic factors con-
tributing to acne as prepubertal castration was shown to prevent the 
development of acne.7 While androgens are primarily produced by 
the gonads and adrenal glands, they are also produced locally at the 
level of the sebaceous glands. Adrenal and gonadal androgens are 
converted to testosterone and dihydrotestosterone (DHT) by type 
1 5α-reductase, which is located within the follicular infundibu-

lum.8,9 At the level of the sebaceous glands, androgens promote ke-
ratinocyte and sebaceous gland proliferation.10,11 It has been shown 
that sebaceous glands are also androgen target tissues. When an-
drogens act on the androgen receptors (AR) in the epithelial cells 
of the sebaceous glands, sebum production is increased and this 
likely contributes to sebum hypersecretion; additionally, stimula-
tion of AR can promote the inflammatory response mediated by 
macrophages and neutrophils.12,13

The exact mechanisms by which androgens and AR regulate se-
bocyte activity and sebum production in acne is not completely 
understood; however there are 3 primary hypotheses. First, AR 
may enhance the activities of fibroblast growth factor receptor 2 
(FGFR2), which was shown to be imperative in sebaceous gland 
development and homeostasis.14,15 Second, AR may enhance lipo-
genesis in sebocytes by increasing the expression of sterol-regula-
tory element-binding proteins (SREBPs).16 Third, androgens may 
communicate with the insulin-like growth factor-1 (IGF-1) path-
way in regulating acne development.16,17 

Androgens and their receptors are the main players in the hor-
monal pathogenesis of acne, and thus are the major target of sys-
temic hormonal therapies. These therapies will be the focus of this 
review. 

Therapies
Acne therapies rely on both topical and systemic formulations of 
a handful of medications from several different pharmacological 
classes. Topical therapies are indicated for mild-to-moderate acne 
and as adjunctive treatment for severe and nodular-cystic acne. 
Topical therapies include benzoyl peroxide, retinoids, antibiotics, 
and azaleic acid. Systemic therapies are indicated for moderate-
to-severe and nodular-cystic acne, and include oral antibiotics, 
hormonal modulators, and isotretinoin. Currently, hormonal thera-
pies are directed toward females who are the focus of this review 
(Figure). 

Oral contraceptives
Combined oral contraceptives (COCs) are an increasingly com-
mon option for acne treatment. The three US Food and Drug 
Administration (FDA) approved COCs for acne treatment are: 
norgestimate-ethinyl estradiol (Ortho Tri-cyclen®, Ortho-McNeil-
Janssen Pharmaceuticals, Inc, Raritan, New Jersey), ethinyl estra-
diol with norethindrone (Estrostep®, Warner-Chilcott, Rockaway, 
New Jersey), and ethinyl estradiol with drospirenone (Yaz®, Bayer 
Healthcare Pharmaceuticals Inc, Whippany, New Jersey; Table 1). 
These 3 formulations are all approved for the treatment of mod-
erate acne in menstruating females at least 14 or 15 years old.18 
Although there are only three FDA-approved COCs for the treat-
ment of acne, a Cochrane review demonstrated that 6 different 
COCs (levonorgestrel, norethindrone acetate, norgestimate, dro-
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spirenone, dienogest, and chlormadinone acetate) were effective 
in reducing both inflammatory and noninflammatory facial acne 
lesions compared to placebo, with few important and consistent 
differences.19 

In regards to their mechanism of action, COCs inhibit ovar-
ian and adrenal production of androgens; and most formulations 
include both progestin and estrogen in order to avoid unopposed 
estrogen exposure, a significant risk factor for endometrial carci-
noma.20 At the same time, while progestin-only oral contraceptive 
pills are prescribed for contraceptive purposes, only COCs should 
be prescribed for acne because synthetic progestins have andro-
genic activity which is modulated by the addition of estrogen.21 

In addition to the benefit of contraception in women who do not 
desire pregnancy, the overall effect of COCs is anti-androgenic.21,22 
These hormones inhibit the production of the gonadotropins, lu-
teinizing hormone (LH) and follicle-stimulating hormone (FSH), 
and the outcome is inhibition of ovulation and LH-induced ovarian 
androgen production. Ethinyl estradiol increases hepatic synthesis 

of the sex hormone binding globulin (SHBG), which binds free 
testosterone in circulation, making it unavailable to bind to the 
AR or be converted to its more potent form, DHT.23 In addition, 
some progestin agents inhibit the enzyme 5α-reductase, thereby 
reducing the conversion of testosterone to DHT.24 The net effect 
of COCs is reduced androgens in the systemic circulation and less 
androgen-AR binding of the sebaceous glands. This leads to less 
sebum production and release, an anticipated clinical improvement 
in acne severity. The therapeutic effects of COCs typically take 3 
months for onset. During this 3-month time period, it is important 
to consider combination therapy (with other topical or oral agents) 
to maximize a beneficial response.18 

When patients initiate COCs, they may experience some mild 
adverse side effects, especially with inconsistent use including ir-
regular vaginal bleeding and diminished acne improvement. Even 
in those patients that ascribe to regular COC use, it is normal for 
them to experience some amount of spotting within the first 3 
months of initiating treatment;25 as well as headache, nausea, mood 

■ FIGURE. Acne hormonal therapies and their targets. Androgens are thought to influence acne pathogenesis by: 1) promoting kera-
tinocyte/sebocyte proliferation via FGFR2; 2) increasing lipogenesis in sebocytes by increasing expression of SREBP; 3) communicating 
with the IGF-1 pathway; and 4) promoting the inflammatory response mediated by macrophages and neutrophils. Treatments targeting 
these androgen pathways are shown. Abbreviations: AR, androgen receptor; DHT = dihydrotestosterone; FGFR2, fibroblast growth factor 
receptor 2;  IGF,  insulin-like growth factor; SREBP, sterol-regulatory element binding protein. 
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changes, breast tenderness;26,27 and a modest amount of weight 
gain likely due to water retention.28,29 The majority of these poten-
tial side effects, with the exception of spotting, may be limited by 
reducing the dose of ethinyl estradiol. 

While COCs offer the dual advantage of acne improvement and 
contraception, not all women are good candidates for this thera-
peutic option. Overwhelmingly, the use of COCs is limited in cer-
tain demographics of women due to increased risk of thrombotic, 
ischemic, or hemorrhagic events.30-33 Women who are pregnant, 
nursing women less than 6 weeks postpartum, and women aged 35 
years or older who smoke more than 15 cigarettes per day are ad-
vised against the use of COCs.34 Women of any age who experience 
migraine headaches with neurological symptoms and women aged 
35 years and older with migraines of any type are also advised not 
to take COCs.34 Additionally, current breast cancer, hypertension, 
and heart disease are all contraindications for COC use.35 COCs 
are contraindicated in patients with a history of or current deep ve-
nous thrombosis and/or pulmonary embolism, major surgery with 
extensive immobilization, heart disease, or stroke.32,33,35,36 Finally, 
patients with liver disease such as active viral hepatitis, cirrhosis, 
or benign or malignant liver tumors are ineligible for COC use as 
well.34

The potential risk of prolonged COC use and breast cancer has 
been well studied and documented.37,38 The 2 studies were mixed in 
the role of duration of COCs and breast cancer. One meta-analysis 
estimated that women with 4 years of COC use between the ages 
of 20 and 34 had a 50% increase (relative risk of 1.50) and those 
with 8 years of COC use had a 73% risk increase (relative risk of 
1.73) of developing invasive breast cancer in the future (P < .001). 
On the other hand, another meta-analysis found no time-dependent 
relationship with the duration of COC use.38 This study found that 
breast cancer risk significantly decreased in a time-dependent fash-
ion with regards to the time since last contraception use. In ad-
dition to breast cancer, HPV-positive women with COC have an 
elevated risk for the development of cervical cancer.38,39 

In conclusion, while COCs have some associated risks and are 
not indicated for certain populations of women including those 
with multiple cardiovascular risk factors, they are an effective, 
safe, and well-tolerated option for female patients with acne. 

Spironolactone
Spironolactone, a relatively weak antihypertensive, is not FDA 
approved for acne therapy (Table 2), and therefore, it is utilized 
off-label in the treatment of acne in females. Although it is not 
often considered a primary option, it is becoming an increasingly 
common agent especially in the subgroup of post-teenage patients 
with hormonal pattern acne that clinically manifests as primarily 
inflammatory papules located mostly in the lower half of the face 
and the anterior-lateral neck region.40 

Oral spironolactone was first synthesized as an aldosterone an-
tagonist in 1957; and prior to its use in acne therapy, was initially 
used as a potassium-sparing diuretic in the treatment of hyperten-
sion and congestive heart failure. Its effect on blood pressure is 
minimal, reportedly averaging 5 mmhg and 2.6 mmhg decreases 
in the systolic and diastolic pressures, respectively.41 Relevant to 
its application in dermatology, spironolactone exhibits a dual ef-
fect as an androgen-receptor blocking agent as well as an inhibitor 

■ TABLE 1. Combination oral contraceptive pills 
FDA-approved to treat moderate acne vulgaris

Trade name Estrogen Progestin

Ortho Tri-cyclen® Ethinyl estradiol 
35 μg

Norgestimate 180 mg, 
215 mg, 250 mg

Estrostep® Ethinyl estradiol  
20 μg, 30 μg, 35 μg

Norethinodrone acetate 
1 mg

Yaz® Ethinyl estradiol 
20 μg

Drospirenone 3 mg

■ TABLE 2. Hormonal therapies prescribed off-label to treat acne

Name (brand 
name)

Dosing in acne FDA-approved indication(s)

Spirinolactone 
(Aldactone®)*

50-250 mg once daily • Essential hypertension

•  Edema associated with excessive aldosterone secretion or with congestive HF

•  Primary hyperaldosteronism

•  Hypokalemia

•  Cirrhosis accompanied by edema or ascites

•  Nephrotic syndrome

•  Severe HF (NYHA class III-IV)

Flutamide** 62.5 mg, 125 mg, and 250 mg daily Prostate cancer

Cyproterone Acetate** •  2 mg once daily (in combination 
with 35- 50 μg ethinyl estradiol)

•  50-100 mg daily when used alone

•  NOT approved in United States

•  Prostate cancer, advanced

Abbreviations: HF, heart failure; NYHA, New York Heart Association Functional Classification.
*Aldactone®, Pfizer Pharmaceuticals, New York, NY.
**Not FDA approved for use in women.
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of 5α-reductase, the enzyme responsible for converting testoster-
one to the more potent DHT. The net effect of spironolactone is a 
reduction in sebum production and ultimately an improvement in 
acne severity.42,43 Improvement is reported within 4 to 6 weeks; 
however, 3 months is the typical response time.44 

The efficacy of spironolactone has been demonstrated in sev-
eral clinical trials. For instance, Krunic et al conducted a pro-
spective study examining the efficacy of a COC (30 μg ethinyl 
estradiol and 3 mg drospirenone; Yasmin®, Bayer Healthcare 
Pharmaceuticals, Inc), and 100 mg of spironolactone taken dai-
ly in the treatment of 27 women with either severe papular or 
nodulocystic acne. This combination therapy was effective with 
85% of subjects entirely clear of acne or with excellent improve-
ment; also, there were no significant elevations in serum potas-
sium nor were there any adverse events significant enough to 
warrant discontinuation of treatment in any of the subjects.45 Of 
note, drospirenone is a more potent analog of spironolactone with 
similarly significant anti-androgenic and anti-mineralocorticoid 
activity.45,46 A retrospective chart review of 41 women with cycli-
cal acne conducted by Lessner et al determined that the use of 
spironolactone (between 50-200 mg) with topical retinoid ther-
apy was more effective than the use of topical retinoids alone.47 
In a randomized, placebo-controlled, double-blinded trial, oral 
spironolactone 200 mg daily caused significant improvement 
in inflammatory lesions (P < .001) as well as subjective benefit  
(P < .001) for women with mild-to-moderate acne.48 

Topical formulations of spironolactone have been evaluated as 
well. Double-blind, clinical trials have demonstrated that spirono-
lactone 5% gel induces a therapeutic response in females with 
mild-to-moderate acne as evidenced by a statistically significant 
decrease in total lesion count (P = .007).49,50 However, unlike oral 
spironolactone which is known to affect sebum production, stud-
ies evaluating spironolactone cream have shown that it does not 
significantly decrease the sebum excretion rate, suggesting that it 
exerts its therapeutic effect through another mechanism.51 

The most common side effects of spironolactone include head-
ache, diuretic effects, menstrual irregularities, and breast tender-
ness.41 However, these appear to be dose-dependent, are rarely 
severe enough to cause discontinuation, and can be blunted with 
the use of appropriate concomitant oral contraceptive pill (OCP) 
therapy. The most serious and feared complication is hyperka-
lemia, which can cause fatal cardiac irregularities, paresthesias, 
muscle weakness, fatigue, flaccid paralysis of the extremities, 
bradycardia, and shock. For this reason, spironolactone use is 
best avoided in patients with renal insufficiency and heart failure 
as these conditions may predispose the patient to hyperkalemia.52 
In addition, spironolactone is contraindicated with other medi-
cations including diuretics and other potassium-sparing drugs 
(eg, amiloride, triamterene). Although the risk of hyperkalemia 
should be considered prior to initiating spironolactone therapy, 
previous studies have shown that routine monitoring in otherwise 
healthy women is not warranted 45,53. 

Spironolactone should be avoided in pregnancy due to the risk 
of feminization of a male fetus. This recommendation is based on 
animal studies in which there is concern for hypospadias, femini-
zation of a male fetus, and other possible adverse effects.54 

The long-term safety of spironolactone is well document-
ed. Shaw et al followed 91 women up to 8 years after discon-

tinuing spironolactone therapy (average treatment length was  
28.5 months and range was between 0.5 and 122 months) and 
found that there were no cases of serious illness attributable to 
this medication.41 

There has long been speculation concerning the association be-
tween spironolactone and breast cancer, attributed to 2 reports from 
1975.55,56 As a result, the manufacturer issued a black-box warning 
on long-term spironolactone use in patients with increased risk of 
breast cancer either through personal or family history.55 Despite 
the black-box warning, several human studies40,57 have failed to 
demonstrate a link between spironolactone use and breast cancer. 
In addition, a study of 2.3 million Danish women showed no in-
creased risk of breast, uterine or ovarian cancers in spironolactone 
users.58 

Flutamide
Flutamide, a nonsteroidal androgen-blocking agent is less com-
monly prescribed for acne. It is FDA approved for prostate can-
cer but is used off-label for different hyperandrogenic states 
(acne, hirstuism, alopecia) in women.59,60 After oral administra-
tion, flutamide is broken down into several metabolites, including 
2-hydroxyflutamide, which mediates the drug’s anti-androgenic 
activity.61 This metabolite exerts its anti-androgenic effect periph-
erally where it acts as a competitive antagonist at the nuclear AR 
in target tissues.61,62 

A retrospective, observational study conducted over 15 years 
followed 230 women with acne, 211 of which also had seborrhea. 
Findings indicated that flutamide (250 mg, 125 mg, and 62.5 mg/
day), either alone or combined with OCP therapy, proved to be ef-
fective and even proposed flutamide as first-line therapy for these 
conditions.63 Possible adverse reactions due to flutamide use in-
clude gastrointestinal distress (primarily diarrhea), hematologi-
cal alterations, muscle cramps, and the most common and feared: 
acute hepatitis.64 

Although in several studies flutamide has proven to be effective 
for dermatological conditions such as acne, seborrhea, and hirsut-
ism, it does pose serious hepatotoxicity risks. Flutamide can in-
duce varying degrees of liver injury, including acute liver failure 
(ALF) in a young population,65 while it was associated with hepa-
totoxicity without ALF in an older population. 

While flutamide is used off label for female patients with acne, 
its cost and potential hepatotoxicity limit its use in clinical practice. 

Cyproterone acetate
Even less commonly prescribed for acne is cyproterone acetate. 
Outside of the United States, physicians can prescribe cyproterone 
acetate, a progesterone-receptor agonist and androgen-receptor an-
tagonist.66,67 Its primary mechanism of action is direct AR blockade 
especially for those sensitive to DHT, although it also inhibits the 
conversion of dehydroepiandrostenedione (DHEA) to androstene-
dione, thereby decreasing adrenal androgen production.9 Cyprot-
erone acetate is often combined with estrogen, specifically as the 
formulation co-cyprindiol (ethinyl estradiol 35 μg + cyproterone 
acetate 2 mg) in the United Kingdom.68 

While cyproterone acetate has proven to be efficacious for acne 
with a 75%-90% improvement in as little as 3 months; similar to 
flutamide, it does have potential hepatotoxicity.66,69,70 Although this 
is the most concerning side effect, it is dose-dependent and more 
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common. Less serious side effects include menstrual irregularities, 
breakthrough bleeding, breast tenderness, headache, and nausea, 
that typically resolve with time.71 

Finasteride
Finasteride is an oral medication that acts as an inhibitor of 
5α-reductase, the enzyme responsible for reducing testosterone 
to its active form, DHT.72 While finasteride exhibits selectivity for 
5α-reductase type II expressed in the prostate, it has a weak effect 
on type I primarily expressed in the skin and scalp.72 A retrospec-
tive study found that finasteride subjectively improves the symp-
toms of acne and alopecia in 75% of women with normal serum 
testosterone levels (9 out of 12).73 There were no adverse events or 
significant side effects. Double-blind, placebo-controlled studies 
are lacking and needed before the role of finasteride in acne can 
be determined. 

Cortexolone 17α-propionate
While all current commercially available hormonal therapies are 
indicated for women, there may be a novel medication indicated 
for both male and female patients on the horizon. Cortexolone 
17α-propionate (CB-03-01; Cosmo S.p.A, Lainate, Italy) is a new 
topical steroidal anti-androgen with additional anti-inflammatory 
properties that easily penetrates skin and acts on local ARs without 
having any systemic anti-androgen effects.74 

A pilot, randomized, double-blind, comparative trial evalu-
ated the efficacy and tolerability of CB-03-01 1% cream in acne 
compared with placebo and topical tretinoin 0.05% cream.75 This 
clinical trial was limited to males with mild-to-moderate acne, 
who applied the medication nightly for 8 weeks.75 At the end of 
the study, CB-03-01 1% cream was more effective than placebo or 
tretinoin with regards to improving total lesion count (P = .0017), 
inflammatory lesion count (P = .0134), and acne severity index (P 
= .0090).75 Further study of CB-03-01 1% cream will better delin-
eate its role in acne therapy. 

Conclusion
Overall, there are multiple hormonally based therapeutic options 
that are available for the treatment of acne. Spironolactone and oral 
contraceptive pills can be used safely with minimal side effects in 
most females and have shown efficacy in treating acne in multiple 
studies. A meta-analysis comparing the efficacy of oral contra-
ceptives to antibiotics showed similar efficacy at 6 months after 
starting therapy.76 With the growing need to reduce antibiotic use,77 
future studies should prospectively assess the comparative efficacy 
of hormonal therapies and antibiotics as first-line systemic therapy. 
Unfortunately, the currently available anti-androgens are not ideal 
for use in male acne sufferers. However, the AR may serve as a 
potential target for acne treatments in both sexes if therapeutics can 
be targeted specifically to sebaceous glands.

References
1. Tan JK , Bhate K. A global perspective on the epidemiology of acne. Br J Dermatol. 

2015;172(Suppl 1):3-12.
2. Jeremy AH, Holland DB, Roberts SG, Thomson KF , Cunliffe WJ. Inflammatory 

events are involved in acne lesion initiation. J Invest Dermatol. 2003;121(1):20-27.
3. Guy R , Kealey T. Modelling the infundibulum in acne. Dermatology. 

1998;196(1):32-37.
4. Guy R , Kealey T. The effects of inflammatory cytokines on the isolated human 

sebaceous infundibulum. J Invest Dermatol. 1998;110(4):410-415.

5. Thiboutot D. Hormones and acne: pathophysiology, clinical evaluation, and thera-
pies. Semin Cutan Med Surg. 2001;20(3):144-153.

6. Thiboutot D, Jabara S, McAllister JM, et al. Human skin is a steroidogenic tis-
sue: steroidogenic enzymes and cofactors are expressed in epidermis, normal 
sebocytes, and an immortalized sebocyte cell line (SEB-1). J Invest Dermatol. 
2003;120(6):905-914.

7. Pochi PE , Strauss JS. Endocrinologic control of the development and activity of the 
human sebaceous gland. J Invest Dermatol. 1974;62(3):191-201.

8. Chen W, Thiboutot D , Zouboulis CC. Cutaneous androgen metabolism: basic re-
search and clinical perspectives. J Invest Dermatol. 2002;119(5):992-1007.

9. Fritsch M, Orfanos CE , Zouboulis CC. Sebocytes are the key regulators of androgen 
homeostasis in human skin. J Invest Dermatol. 2001;116(5):793-800.

10. Deplewski D, Rosenfield RL. Role of hormones in pilosebaceous unit development. 
Endocr Rev. 2000;21(4):363-392.

11. Gilliver SC, Ashworth JJ, Ashcroft GS. The hormonal regulation of cutaneous 
wound healing. Clin Dermatol. 2007;25(1):56-62.

12. Chuang KH, Altuwaijri S, Li G, et al. Neutropenia with impaired host de-
fense against microbial infection in mice lacking androgen receptor. J Exp Med. 
2009;206(5):1181-1199.

13. Lai JJ, Lai KP, Chuang KH, et al. Monocyte/macrophage androgen receptor sup-
presses cutaneous wound healing in mice by enhancing local TNF-alpha expression. 
J Clin Invest. 2009;119(12):3739-3751.

14. Melnik BC. Role of FGFR2-signaling in the pathogenesis of acne. Dermatoendo-
crinol. 2009;1(3):141-156.

15. Melnik BC, Schmitz G , Zouboulis CC. Anti-acne agents attenuate FGFR2 signal 
transduction in acne. J Invest Dermatol. 2009;129(8):1868-1877.

16. Melnik BC. FoxO1 - the key for the pathogenesis and therapy of acne? J Dtsch 
Dermatol Ges. 2010;8(2):105-114.

17. Ben-Amitai D , Laron Z. Effect of insulin-like growth factor-1 deficiency or admin-
istration on the occurrence of acne. J Eur Acad Dermatol Venereol. 2011;25(8):950-
954.

18. Harper JC. Should dermatologists prescribe hormonal contraceptives for acne? Der-
matol Ther. 2009;22(5):452-457.

19. Arowojolu AO, Gallo MF, Lopez LM , Grimes DA. Combined oral contraceptive 
pills for treatment of acne. Cochrane Database Syst Rev. 2012;7:CD004425.

20. Ali AT. Reproductive factors and the risk of endometrial cancer. Int J Gynecol Can-
cer. 2014;24(3):384-393.

21. Koulianos GT. Treatment of acne with oral contraceptives: criteria for pill selection. 
Cutis. 2000;66(4):281-286.

22. Lam C , Zaenglein AL. Contraceptive use in acne. Clin Dermatol. 2014;32(4):502-
515.

23. Thorneycroft IH, Stanczyk FZ, Bradshaw KD, Ballagh SA, Nichols M , Weber ME. 
Effect of low-dose oral contraceptives on androgenic markers and acne. Contracep-
tion. 1999;60(5):255-262.

24. Rabe T, Kowald A, Ortmann J , Rehberger-Schneider S. Inhibition of skin 5 al-
pha-reductase by oral contraceptive progestins in vitro. Gynecol Endocrinol. 
2000;14(4):223-230.

25. Harper JC. Hormonal therapy for acne using oral contraceptive pills. Semin Cutan 
Med Surg. 2005;24(2):103-106.

26. Harper JC. Should dermatologists prescribe hormonal contraceptives for acne? Der-
matol Ther. 2009;22(5):452-457.

27. Haider A , Shaw JC. Treatment of acne vulgaris. JAMA. 2004;292(6):726-735.
28. Gallo MF, Lopez LM, Grimes DA, Carayon F, Schulz KF, Helmerhorst FM. 

Combination contraceptives: effects on weight. Cochrane Database Syst Rev. 
2014;1:CD003987.

29. Coney P, Washenik K, Langley RG, DiGiovanna JJ , Harrison DD. Weight change 
and adverse event incidence with a low-dose oral contraceptive: two randomized, 
placebo-controlled trials. Contraception. 2001;63(6):297-302.

30. Gerstman BB, Piper JM, Tomita DK, Ferguson WJ, Stadel BV , Lundin FE. Oral 
contraceptive estrogen dose and the risk of deep venous thromboembolic disease. 
Am J Epidemiol. 1991;133(1):32-37.

31. Schwartz SM, Petitti DB, Siscovick DS, et al. Stroke and use of low-dose oral 
contraceptives in young women: a pooled analysis of two US studies. Stroke. 
1998;29(11):2277-2284.

32. Ischaemic stroke and combined oral contraceptives: results of an international, mul-
ticentre, case-control study. WHO Collaborative Study of Cardiovascular Disease 
and Steroid Hormone Contraception. Lancet. 1996;348(9026):498-505.

33. Haemorrhagic stroke, overall stroke risk, and combined oral contraceptives: re-
sults of an international, multicentre, case-control study. WHO Collaborative 
Study of Cardiovascular Disease and Steroid Hormone Contraception. Lancet. 
1996;348(9026):505-510.

34. Stewart FH, Harper CC, Ellertson CE, Grimes DA, Sawaya GF , Trussell J. Clini-
cal breast and pelvic examination requirements for hormonal contraception: current 
practice vs evidence. JAMA. 2001;285(17):2232-2239.



Vol 35, June 2016, Seminars in Cutaneous Medicine and Surgery  73 

Hassoun et al

35. Cardiovascular disease and steroid hormone contraception. Report of a WHO Scien-
tific Group. World Health Organ Tech Rep Ser. 1998877):i-vii, 1-89.

36. Acute myocardial infarction and combined oral contraceptives: results of an interna-
tional multicentre case-control study. WHO Collaborative Study of Cardiovascular 
Disease and Steroid Hormone Contraception. Lancet. 1997;349(9060):1202-1209.

37. Collaborative Group on Hormonal Factors in Breast Cancer. Breast cancer and hor-
monal contraceptives: collaborative reanalysis of individual data on 53 297 women 
with breast cancer and 100 239 women without breast cancer from 54 epidemiologi-
cal studies. Lancet. 1996;347(9017):1713-1727.

38. Gierisch JM, Coeytaux RR, Urrutia RP, et al. Oral contraceptive use and risk of 
breast, cervical, colorectal, and endometrial cancers: a systematic review. Cancer 
Epidemiol Biomarkers Prev. 2013;22(11):1931-1943.

39. Burkman R, Schlesselman JJ , Zieman M. Safety concerns and health benefits as-
sociated with oral contraception. Am J Obstet Gynecol. 2004;190(4 Suppl:S5-S22.

40. Kim GK , Del Rosso JQ. Oral spironolactone in post-teenage female patients with 
acne vulgaris: practical considerations for the clinician based on current data and 
clinical experience. J Clin Aesthet Dermatol. 2012;3(5):37-50.

41. Shaw JC , White LE. Long-term safety of spironolactone in acne: results of an 
8-year followup study. J Cutan Med Surg. 2002;6(6):541-545.

42. Goodfellow A, Alaghband-Zadeh J, Carter G, et al. Oral spironolactone improves 
acne vulgaris and reduces sebum excretion. Br J Dermatol. 1984;111(2):209-214.

43. Shaw JC. Spironolactone in dermatologic therapy. J Am Acad Dermatol. 1991;24;(2 
Pt 1):236-243.

44. Thiboutot D , Chen W. Update and future of hormonal therapy in acne. Dermatol-
ogy. 2003;206(1):57-67.

45. Krunic A, Ciurea A , Scheman A. Efficacy and tolerance of acne treatment using 
both spironolactone and a combined contraceptive containing drospirenone. J Am 
Acad Dermatol. 2008;(58(1):60-62.

46. Palli MB, Reyes-Habito CM, Lima XT , Kimball AB. A single-center, randomized 
double-blind, parallel-group study to examine the safety and efficacy of 3mg drospi-
renone/0.02 mg ethinyl estradiol compared with placebo in the treatment of moder-
ate truncal acne vulgaris. J Drugs Dermatol. 2013;12(6):633-637.

47. Lessner E, Fisher S, Kobraei K, et al. Spironolactone and topical retinoids in adult 
female cyclical acne. J Drugs Dermatol. 2014;13(2):126-129.

48. Muhlemann MF, Carter GD, Cream JJ , Wise P. Oral spironolactone: an effective 
treatment for acne vulgaris in women. Br J Dermatol. 1986;115(2):227-232.

49. Bagherani N. Efficacy of topical spironolactone in treatment of acne. Dermatol 
Ther. 2015;28(3):176.

50. Afzali BM, Yaghoobi E, Yaghoobi R, Bagherani N , Dabbagh MA. Comparison of 
the efficacy of 5% topical spironolactone gel and placebo in the treatment of mild 
and moderate acne vulgaris: a randomized controlled trial. J Dermatolog Treat. 
2012;23(1):21-25.

51. Walton S, Cunliffe WJ, Lookingbill P , Keczkes K. Lack of effect of topical spirono-
lactone on sebum excretion. Br J Dermatol. 1986;114(2):261-264.

52. Lopes RJ, Lourenco AP, Mascarenhas J, Azevedo A , Bettencourt P. Safety of spirono-
lactone use in ambulatory heart failure patients. Clin Cardiol. 2008;11(31):509-513.

53. Plovanich M, Weng QY , Mostaghimi A. Low usefulness of potassium monitor-
ing among healthy young women taking spironolactone for acne. JAMA Dermatol. 
2015;151(9):941-944.

54. Thiboutot D. Acne: Hormonal concepts and therapy. Clin Dermatol. 2004;22(5):419-
428.

55. Danielson DA, Jick H, Hunter JR, Stergachis A , Madsen S. Nonestrogenic drugs 
and breast cancer. Am J Epidemiol. 1982;116(2):329-332.

56. Loube SD , Quirk RA. Letter: Breast cancer associated with administration of spi-
ronolactone. Lancet. 1975;(1)7922):1428-1429.

57. Friedman GD, Ury HK. Initial screening for carcinogenicity of commonly used 
drugs. J Natl Cancer Inst. 1980;65(4):723-733.

58. Biggar RJ, Andersen EW, Wohlfahrt J , Melbye M. Spironolactone use and the risk 
of breast and gynecologic cancers. Cancer Epidemiol. 2013;37(6:870-875.

59. Rittmaster RS. Hirsutism. Lancet. 1997;349(9046):191-195.
60. Castelo-Branco C, Moyano D, Gómez O , Balasch J. Long-term safety and tolerabil-

ity of flutamide for the treatment of hirsutism. Fertil Steril. 2009;91(4):1183-1188.
61. Brogden RN , Clissold SP. Flutamide. A preliminary review of its pharmacodynamic 

and pharmacokinetic properties, and therapeutic efficacy in advanced prostatic can-
cer. Drugs. 1989;38(2):185-203.

62. Namer M. Clinical applications of antiandrogens. J Steroid Biochem. 1988;31(4B): 
719-729.

63. Paradisi R, Fabbri R, Porcu E, Battaglia C, Seracchioli R , Venturoli S. Retro-
spective, observational study on the effects and tolerability of flutamide in a large 
population of patients with acne and seborrhea over a 15-year period. Gynecol En-
docrinol. 2011;27(10):823-829.

64. Manso G, Thole Z, Salgueiro E, Revuelta P , Hidalgo A. Spontaneous reporting of 
hepatotoxicity associated with antiandrogens: data from the Spanish pharmacovigi-
lance system. Pharmacoepidemiol Drug Saf. 2006;15(4):253-259.

65. Brahm J, Brahm M, Segovia R, et al. Acute and fulminant hepatitis induced by flu-
tamide: case series report and review of the literature. Ann Hepatol. 2011;10(1):93-98.

66. Savidou I, Deutsch M, Soultati AS, Koudouras D, Kafiri G , Dourakis SP. Hepato-
toxicity induced by cyproterone acetate: a report of three cases. World J Gastroen-
terol. 2006;12(46):7551-7555.

67. Gollnick H, Cunliffe W, Berson D, et al; Global Alliance to Improve Outcomes in 
Acne. Management of acne: a report from a Global Alliance to Improve Outcomes 
in Acne. J Am Acad Dermatol. 2003;49(1 Suppl):S1-S37.

68. Franks S, Layton A , Glasier A. Cyproterone acetate/ethinyl estradiol for acne and 
hirsutism: time to revise prescribing policy. Hum Reprod. 2008;23(2):231-232.

69. Adalatkhah H, Pourfarzi F , Sadeghi-Bazargani H. Flutamide versus a cyproterone 
acetate-ethinyl estradiol combination in moderate acne: a pilot randomized clinical 
trial. Clin Cosmet Investig Dermatol. 2011;4:117-121.

70. van Wayjen RG , van den Ende A. Experience in the long-term treatment of pa-
tients with hirsutism and/or acne with cyproterone acetate-containing prepara-
tions: efficacy, metabolic and endocrine effects. Exp Clin Endocrinol Diabetes. 
1995;103(4):241-251.

71. Bettoli V, Zauli S , Virgili A. Is hormonal treatment still an option in acne today? Br 
J Dermatol. 2015;172(Suppl 1):37-46.

72. Steiner JF. Clinical pharmacokinetics and pharmacodynamics of finasteride. Clin 
Pharmacokinet. 1996;30(1):16-27.

73. Kohler C, Tschumi K, Bodmer C, Schneiter M , Birkhaeuser M. Effect of finasteride 
5 mg (Proscar) on acne and alopecia in female patients with normal serum levels of 
free testosterone. Gynecol Endocrinol. 2007;23(3):142-145.

74. Celasco G, Moro L, Bozzella R, et al. Biological profile of cortexolone 17alpha-pro-
pionate (CB-03-01), a new topical and peripherally selective androgen antagonist. 
Arzneimittelforschung. 2004;54(12):881-886.

75. Trifu V, Tiplica GS, Naumescu E, Zalupca L, Moro L , Celasco G. Cortexolone 
17α-propionate 1% cream, a new potent antiandrogen for topical treatment of acne 
vulgaris. A pilot randomized, double-blind comparative study vs. placebo and treti-
noin 0.05% cream. Br J Dermatol. 2011;165(1):177-183.

76. Koo EB, Petersen TD , Kimball AB. Meta-analysis comparing efficacy of antibiotics 
versus oral contraceptives in acne vulgaris. J Am Acad Dermatol. 2014;71(3):450-459.

77. Eichenfield LF, Krakowski AC, Piggott C, et al; American Acne and Rosacea Soci-
ety. Evidence-based recommendations for the diagnosis and treatment of pediatric 
acne. Pediatrics. 2013;131(Suppl 3):S163-S186.  


