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Abstract

Purpose To provide dermatologists and oncologists with a foundation for practical understanding and uses of Sa-reductase
inhibitors and spironolactone for breast cancer patients and survivors receiving endocrine therapies (ETs), including the
effect of these treatments on sex hormone levels, any reported drug interactions, and any risk of malignancy.

Methods All published studies from January 1978 through April 2018 were considered, using databases such as PubMed,
Google Scholar, and Science Direct. Forty-seven studies were included in this review.

Results There is no evidence of interactions between Sa-reductase inhibitors and spironolactone with ETs used in breast can-
cer. Sex hormone alteration with Sa-reductase inhibitor or spironolactone use is variable. Three randomized controlled trials,
1 case—control study, and 6 retrospective cohort studies, including 284 female patients, studied the effects of 5Sa-reductase
inhibitors on serum estrogen levels. Levels were increased in 97 of 284 (34%) patients, decreased in 15 of 284 (5.3%) patients,
and unchanged in 162 of 284 (57%) patients. Four retrospective cohort studies, 1 case study, and 1 double-blinded crossover
study, including 95 female patients, assessed the effect of spironolactone on estrogen levels. Levels were increased in 25 of
95 (26%) patients, decreased in 6 of 95 (6.3%) patients, and unchanged in 64 of 95 (67%) patients. Ultimately, most patients
did not have a significant alteration in the level of estrogen when using Sa-reductase inhibitors or spironolactone. No consist-
ent evidence of increased risk of female breast cancer while on spironolactone was reported in 3 studies including 49,298
patients; the risk of breast cancer with the use of Sa-reductase inhibitors has not been studied.

Conclusions Most patients did not show increased estrogen levels with spironolactone and there were no data suggesting
increased risk of breast cancer. Based on hormonal and pharmacological activity, spironolactone may be considered for
further research on alopecia and hirsutism in breast cancer patients.
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Introduction

Breast cancer is the most common cancer in women [1].
Over 250,000 women in the US are diagnosed with breast
cancer each year [2]. Fortunately, systemic therapies, such as
endocrine therapies (ETs), can improve these patient’s lives’

P4 Mario E. Lacouture
lacoutum @mskcc.org

Department of Dermatology, Memorial Sloan-Kettering
Cancer Center, 16 East 60th Street, Suite 407, 4th Floor,
New York, NY 10022, USA

The Ronald O. Perelman Department of Dermatology, New
York University School of Medicine, New York, NY, USA

Multidisciplinary Pituitary and Skull Base Tumor Center,
Memorial Sloan-Kettering Cancer Center, New York, NY,
USA

Breast Medicine Service, Memorial Sloan Kettering Cancer
Center, and Department of Medicine, Weill Cornell Medical
College, New York, NY, USA

expectancy significantly, but are also associated with adverse
events (AEs) related to estrogen deprivation [3], including
hot flashes (40%), arthralgias and myalgias (21%), and alo-
pecia (15-25%) [4, 5].

Approximately 15-25% of women taking ETs will
develop alopecia, similar to androgenetic alopecia [6].
ET-induced alopecia (EIA) is clinically characterized
as a diffuse alopecia over the fronto-parietal area of the
scalp, with or without frontal hairline recession; it is simi-
lar to female androgenetic alopecia (female AGA), has a
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substantial negative impact on quality of life [7], and can
hinder patients’ adherence to cancer therapies. In a system-
atic review including 13,415 women from 35 clinical trials,
4.4% developed EIA with the highest incidence in patients
treated with tamoxifen (25.4%) [4].

Incomplete hair regrowth 6 months following chemother-
apy completion in patients who received cytotoxic chemo-
therapy is defined as persistent chemotherapy-induced alo-
pecia (pCIA) [8]. pCIA has a reported incidence of up to
30% [9] in women treated with taxane-based chemotherapy
(paclitaxel and docetaxel) [8, 10-13] and cyclophospha-
mide-based chemotherapy [11, 14, 15].

Management of pCIA and EIA in breast cancer survivors
is mostly based on case reports and expert opinion. Con-
sequently, there are currently no Food and Drug Adminis-
tration (FDA) approved therapies for pCIA and EIA [16].
Improvement with topical minoxidil has been shown in case
reports of pCIA [13, 14] and in one uncontrolled study for
EIA, where 37 of 46 patients (80%) had moderate to sig-
nificant improvement [7]. Spironolactone has shown some
efficacy in female AGA in a study on 80 non-cancer women;
44% experienced regrowth with oral spironolactone [17]. On
the other hand, finasteride’s efficacy remains controversial;
both treatment successes and failures exist in the literature
[18-28]. Improved hair growth at doses ranging from 1.25 to
5 mg daily [33] has been reported in both hyperandrogenic
and normoandrogenic women with female AGA. Despite
these findings, a review of 47 randomized trials found that
there is low-quality evidence to support finasteride’s efficacy
over placebo in treating female AGA [18]. Finasteride has
reportedly been successful in treating idiopathic hirsutism
in several studies [29-32]. Despite moderate quality evi-
dence favoring finasteride’s efficacy over placebo, to treat
hirsutism, still only a weak recommendation exists [34].

The goal of this review is to provide dermatologists and
oncologists with a foundation for practical understanding
and uses of Sa-reductase inhibitors and spironolactone for
EIA and pCIA among breast cancer patients and survivors
receiving ETs, including the effect of these systemic alope-
cia therapies on sex hormone levels, any reported drug inter-
actions, and any risk of malignancy and tumor recurrence.

Sex hormones and hair cycle

Estrogen promotes hair growth [35], whereas dihydrotes-
tosterone (DHT) is responsible for transforming large, ter-
minal hair follicles into miniaturized hair follicles [36, 37],
causing AGA. Sex hormone binding globulin (SHBG) may
also serve a role in female AGA, as it is the major transport
protein for circulating testosterone and estradiol. Elevated
androgens, notably testosterone, DHT, and their precur-
sors—dehydroepiandrosterone (DHEA), dehydroepian-
drosterone sulfate (DHEA-S), and androstenedione—block
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SHBG production, while estrogen increases SHBG synthe-
sis. Total testosterone is normally bound to SHBG in the
serum, whereas free testosterone is active in peripheral tis-
sues and accounts for 2% of total testosterone [38]. Only free
testosterone and estradiol are active in the body; therefore,
SHBG levels have been reported inversely proportional to
the degree of female AGA [39].

Since estrogen receptor (ER) stimulation prolongs the
duration of anagen in human scalp hair follicles [40, 41],
antagonizing signaling through ERs is expected to shorten
anagen, inducing premature hair follicle regression (cata-
gen), and telogen effluvium. Since female AGA likely results
not only from the undesired effects of androgen stimulation
of hair follicles in androgen-sensitive skin regions, but also
from a relative lack of hair follicle stimulation by estrogens
[42], this may explain the similarities between EIA and
female AGA treated with anti-estrogens.

Endocrine therapies used in breast cancer

Breast cancers can be hormone responsive (ER and/or pro-
gesterone receptor positive), human epidermal growth fac-
tor 2 (HER?2) responsive, or triple negative for hormones
or HER2. High levels of estrone and testosterone have
been associated with an elevated risk of breast cancer [44].
B-estradiol (E2) works via binding to the ERs, ERa and
ERp, found in the mammary gland, activating cell growth.
ERa is present in about 40-70% of breast cancers and is
thought to be predictive of ET responsiveness [45]. Approxi-
mately 2/3 (66%) of breast cancer cells express aromatase,
which functions to convert androgens to aromatic estrogens
[43].

Selective ER modulators (SERMs) act as estrogen ago-
nists on bone, liver, and the cardiovascular system, and as
estrogen antagonists on the breast, but the effects of each
SERM depend on where it is metabolized [46]. The binding
of tamoxifen to ERa blocks breast cancer proliferation. Als,
notably anastrozole and letrozole, are first line anti-estrogen
agents of choice for post-menopausal women, by blocking
estrogen production in peripheral tissues. Circulating estro-
gen competes with androgens for binding to SHBG, and
it is postulated that SHBG synthesis reflects the estrogen/
androgen balance [47]. Als inhibit the enzyme aromatase,
and can lead to increased testosterone and DHT, as well as
decreased estrogen in the scalp [48-50]. Lastly, fulvestrant is
an estrogen antagonist used to treat post-menopausal women
with advanced breast cancer [51]. GnRH agonists, such as
leuprolide, have also been used in pre-menopausal women
to suppress ovarian production of estrogen (Table 1).
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Table 1 Endocrine agents examined

Classes Drug names

Selective estrogen receptor Tamoxifen, toremifene, raloxifene

modulators (SERMs)
Aromatase inhibitors Anastrozole, letrozole, exemestane
Estrogen receptor antagonist Fulvestrant

Gonadotropin-releasing hormone Leuprolide
agonist (GnRH agonist)

Estrogen Estradiol
Progestational agents Megestrol, medroxyprogesterone
acetate

5a-Reductase inhibitors used for alopecia
(finasteride/dutasteride)

Finasteride and dutasteride exert their effects via competitive
inhibition of type 2 Sa-reductase, blocking the conversion of
testosterone to DHT [29]. DHT binds to androgen receptors
on the scalp and results in miniaturized follicles [52, 53].
Sa-Reductase inhibitors, theoretically, may increase serum
total testosterone levels, leading to increased estrogen levels
via aromatization. Hyperandrogenemia has been displayed in
82-87% women with female AGA exhibiting clinical signs
of hirsutism [39, 54]. However, anti-androgen therapy with
finasteride has not been consistently successful in treating
female AGA in normoandrogenic patients [39].

Safety

Finasteride is generally safe in women with female AGA
based on several studies [20-28]. However, it has been
associated with depression, reduced libido, and fetal terato-
genicity, warranting its classification as an FDA pregnancy
category X drug and is contraindicated in pregnant and
reproductive age women [18].

Evidence of alterations in sexual hormones with
Sa-reductase inhibitors is generally not seen, except for vari-
ability in serum testosterone levels. The efficacy of finas-
teride has been assessed in 21 studies including 394 women
with idiopathic hirsutism, and 7 studies including 135
women with polycystic ovarian syndrome (PCOS), with no
existing studies on female breast cancer patients taking fin-
asteride. No change in serum levels of estrogen [29, 55-59],
free testosterone [29, 55, 56, 60—-62], or total testosterone
[58, 63—-67] were demonstrated in 6 of 21 studies (29%) on
hirsute women given finasteride (Table 2). Overall, out of
284 female patients included in Table 2, 97 (34%) had an
increase in serum estrogen level, 15 (5.3%) had a decrease in
serum estrogen level, and 162 (57%) showed no significant
change in serum estrogen level. Of note, none of the stud-
ies specified when in the menstrual cycle the estrogen level
was drawn. Consequently, more than half of the patients did

not experience a significant alteration in the level of serum
estrogen, after taking Sa-reductase inhibitors. Eleven of 21
(52%) studies reported no change in LH/FSH [32, 55-58, 61,
65-69], and 12 of 21 (57%) reported no change in SHBG
[32, 55-60, 62-64, 66, 69]. However, 8 of 21 (38%) studies
reported an increase in total testosterone [29, 31, 32, 55,
56, 60, 62, 69]. As expected, DHT was generally decreased
with finasteride use in women with hirsutism, with as high as
90.2% serum DHT reduction from baseline, after 24 months
of treatment [70-72].

To date, there is no established association between fin-
asteride use and increased risk of prostate or male breast
cancer. Finasteride demonstrated a reduction in the overall
risk of prostate cancer by 25% in 597 men receiving fin-
asteride versus 676 receiving placebo (OR, 0.97; 95% CI,
0.91-1.04), despite high-grade prostate cancer being more
common in the finasteride treatment group (OR, 1.00; 95%
CI, 0.93-1.09) [73].

There are limited data on the use of finasteride and risk
of male breast cancer. Two case—control reports, including
300400 cases compared to approximately 4000 and 6800
controls, resulted in no significant association between fin-
asteride use and male breast cancer [74, 75]. However, in an
epidemiologic study including 90,000 of 7.5 million men
from Nordic countries, an increased incidence rate ratio of
1.44 was observed among finasteride users, compared to
non-users [76].

Spironolactone

Spironolactone acts as an aldosterone antagonist, but is also
a peripheral anti-androgen, and is commonly used to treat
heart failure and clinical signs of hyperandrogenism includ-
ing hirsutism and alopecia. Unfortunately, the mechanism
of action of spironolactone is not well understood [77].
Proposed mechanisms include direct inhibition of the min-
eralocorticoid receptor and action via active metabolites.
Spironolactone also acts as an agonist on the progesterone
receptor, yet is also an androgen receptor antagonist.

Safety

The link between spironolactone use and increased risk
of breast and gynecologic cancer remains weak [78—81]
(Table 4). However, it is hypothesized that spironolactone
may increase levels of estrogen and cause an increased
risk of hormone-responsive cancers such as breast and
ovarian [82]. When spironolactone was studied in 28,000
cases versus 56,000 controls out of a total population of
1,290,625 women aged 55 or greater, no increased inci-
dence of breast cancer was found [81]. Furthermore, no
increased incidence in cancers could be concluded, when
spironolactone was used in 74,272 patients matched 1:2
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Table 2 (continued)

Effect on hormone levels

Dose/duration of finasteride

Diagnosis (total n)
(n)

First author (year)

Androstenedione (n) DHEA-S (n)

Testosterone (1)

Estradiol ()

38)

NC (n

=38)

NC (n

38)

NC (total T) (n
(p<0.001)

=38)

NC (n

2.5 mg (n=19) daily or

=22)

IH (n

Tartagni (2004) [59]

every 3 days (n=19)

(10 mo)
2.5mg (n
5mg (n

PCOS (n=17)

=301)
94)

NC (n
D(n

81;total T  NC (n=155)

NC (free T, n

NC (n=162)

I(n

96)
389)

=394)

IH (total n

Systematic review

287)
I (n=103)

D(n

n

=97)

PCOS (total n=135)

D (n=15)

=9)

7.5 mg (n

Hyperandrogenism (total

=30)

29)

n

n Number of patients, /H idiopathic hirsutism, I increase, NC no change, D decrease, N/A not available, mo months, da days

with unexposed controls. Out of the 74,272 women,
52,671 (71%) were incident users, with a median follow-
up time of 11.3 years compared to 3.1 years for prevalent
users [82]. Lastly, no statistically significant association
between spironolactone exposure and increased incidence
of breast cancer was observed in two case—control reports.
One studied approximately 50,000 hypertensive women,
treated with spironolactone and compared to placebo [79],
and the other studied 975 hypertensive women with breast
cancer, compared to 1007 hypertensive women without
breast cancer [78].

The literature review supports that there is no significant
change in serum androgens, estradiol, or LH/FSH (Table 3).
A decrease in serum testosterone was found in 8 of 18 (44%)
studies [83-90], whereas no change in serum testosterone
was found in 10 of 18 (56%) studies [30, 61, 91-98]. No
change in DHEA-S was reported in 9 of 18 (50%) studies
[30, 61, 86, 88, 92, 93, 95-97], and a decrease in DHEA-S
was observed in only 2 of 18 (11%) studies [87, 98]. No
change in androstenedione was reported in 3 of 18 (17%)
studies [92, 94, 96], and a decrease in androstenedione was
observed in 2 of 18 (11%) reports [87, 88]. Out of the 95
patients included in Table 3, 25 (26%) had an increase in
serum estrogen level, 6 (6.3%) had a decrease in serum estro-
gen level, and 64 (67%) showed no significant change in
serum estrogen level. Of note, none of the studies specified
when in the menstrual cycle the estrogen level was drawn.
Serum estradiol was unchanged in 3 of 18 (17%) studies [87,
91, 92] and decreased in one case report involving a woman
with hirsutism, who experienced decreased estradiol and
testosterone levels after taking spironolactone for 6 months
[83]. Increased estradiol levels, no change in LH, and, oddly,
a decrease in FSH and progesterone were reported in 25 of
30 hirsute women, after 6 months of spironolactone [89].
Hence, the majority of patients had no significant alteration
in serum estrogen levels, after taking spironolactone. When
spironolactone was studied in 975 women with breast cancer
compared to 1007 women receiving placebo, no increased
incidence of breast cancer was demonstrated [78]. Mac-
kenzie et al. published the largest trial to date including
1,290,625 women older than 55 years of age without breast
cancer, where 28,032 were exposed to spironolactone versus
55,961 controls. This study found no association between
spironolactone use and increased risk of incident breast can-
cer (HR 0.99, 95% CI1 0.87-1.12) [81].

Currently, there are no data to support that spironolac-
tone interacts with ETs used for breast cancer (Table 4), and
spironolactone has not been linked to an increased incidence
of breast cancer, based on four published large reports [14,
74-76]. Additionally, the International Agency for Can-
cer Research deemed there to be a lack of adequate data to
support carcinogenicity of spironolactone in humans [99].
Finally, when spironolactone was given to a patient with
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breast cancer who had pCIA, no AEs or tumor recurrence
were reported [14].

5a-Reductase inhibitors and spironolactone
as off-label systemic therapies for female AGA

The available FDA-approved treatments for male AGA are
finasteride and topical minoxidil versus topical minoxidil
only for female AGA [7, 16, 38]. Minoxidil will not be the
focus of this review; however, it has an excellent safety pro-
file without significant AEs, when tested in patients with
female AGA. In fact, it showed a reduction in duration of
CIA by roughly 40 days [100] but failed to prevent CIA
[101]. Minoxidil’s mechanism of action is not fully under-
stood, but it reportedly induces hair growth via prolongation
of the hair follicle cycle into the anagen phase [102] and
suppression of androgen activity in the hair follicle [103].
Its hair growth promoting effects are reportedly unrelated
to its effects on vasodilation and opening of the potassium
channels [104, 105].

Spironolactone has been used off label to treat female
AGA at doses ranging from 5 to 200 mg daily for greater
than 20 years with a good long-term safety profile [20, 106,
107]. Despite no randomized controlled trials (RCTs) testing
spironolactone for female AGA, it has had promising results.
Higher doses of spironolactone, typically 200 mg daily, may
inhibit testosterone action and hence are used to reduce the
effects of hyperandrogenism. Existing data include a range
of doses, with 267/492 (54%) of patients taking 100 mg
spironolactone daily, which may not be sufficient to pro-
duce a significant anti-androgen effect. Notably, testosterone
levels were unchanged in patients receiving both higher and
lower doses of spironolactone, so the relationship between
circulating testosterone concentrations and the anti-androgen
effect of spironolactone is unclear. In addition, previous tri-
als have been short-term, with the longest study conducted
for 12 months. To better assess the effect of spironolactone
on serum hormone levels and their actions, longer studies
comparing a range of spironolactone doses should be con-
ducted, as clinical effects may require more than 12 months
to manifest.

Dosage of finasteride, duration of therapy, or androgen
levels at baseline may affect patient outcomes. Anti-andro-
gen therapies, such as finasteride and dutasteride, have been
used to treat female AGA when associated with elevated
levels of androgens [20]. Female AGA is usually milder
when compared to AGA in males, attributed to lower lev-
els of Sa-reductase and androgen receptors in the female
scalp [108]. Although finasteride is not fully favorable to
treat female AGA when minoxidil has failed, there have
been multiple reports of improved hair growth with its
use [20-28]. In a retrospective review on 136 women with
female AGA, of which 102 received finasteride 2.5 mg or

@ Springer

5 mg per day, 48 (47%) reported improvement and 54 (53%)
reported stabilization in symptoms. Conversely, a review
including 47 RCTs found finasteride failed to display higher
efficacy over placebo (RR 0.95; 95% CI 0.66-1.37) [18].
Data on the effects of finasteride on increasing hair count
were variable, as 2 studies on 219 patients found no signifi-
cant difference and 1 study on 12 patients concluded favora-
bility of finasteride [18]. Finally, when finasteride 1 mg daily
was studied in 137 pre-menopausal women without elevated
levels of androgens, no improvement in alopecia was noted,
after 1 year of treatment [28].

Summary and key points

EIA is a known complication of ETs used to treat hormone-
sensitive breast cancer, seen in approximately 15-25% of
patients [6, 7]. Patients with EIA experience a considerable
negative emotional burden from their alopecia. Unfortu-
nately, for those who respond poorly to topical minoxidil,
second line therapies are limited [7].

The efficacy of finasteride for female AGA remains con-
troversial, despite its increased popularity in off-label use
in treating female AGA, as both treatment failures and suc-
cesses have been published. Our understanding of its use
for female AGA is limited, as existing trial designs and data
vary in dosage, duration of therapy, and conditions treated.
The existing literature published on finasteride use in der-
matology includes hirsutism, AGA, lichen planopilaris, and
frontal fibrosing alopecia, with a wide range in treatment
duration. No studies on female breast cancer patients given
finasteride have been conducted, and results of finasteride
exposure in male breast cancer patients cannot be applied
to the female breast cancer population with EIA. Hence, the
safety profile of finasteride in the existing literature should
not be extrapolated to all women with female AGA, or EIA,
based on the inconsistent study designs and outcomes. A
meta-analysis is near impossible to perform with the existing
trial designs, and justifies why only short-term outcomes, up
to 24 months, have been published. Therefore, finasteride
should not be recommended for women with EIA until the
implications of long-term use are understood, which require
improved study protocols.

To date, no study has shown a significant increased risk
of incident female breast cancer while using spironolactone.
There are no controlled or long-term studies assessing AEs
of spironolactone in female breast cancer patients or on any
risk of breast cancer recurrence with the use of this sys-
temic therapy for female AGA. The consequences of altered
estrogen levels related to treatments also remains unclear.
Despite documented treatment successes and failures with
increased popularity of use, spironolactone has the potential
to be used as relatively safe systemic treatment options for
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the management of EIA in female breast cancer patients and
survivors on ET who respond poorly to monotherapy with
topical minoxidil.
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