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INFLAMMATORY PATHWAYS
Prostaglandin Analogs
Prostaglandins (PGs), a lipid-derived prostanoid family 
generated from arachidonic acid by cyclooxygenase 
(COX) isoenzymes, are known to variably modulate in-
flammatory responses.2 PG production typically in-
creases significantly during acute inflammatory processes 
prior to leukocyte recruitment and immune cell infiltra-
tion. The most commonly bioactive prostaglandins im-
plicated in regulation of the hair cycle with distinguishing 
effects include PGE2, PGF2a, PGD2, and prostacyclin 
(PGI2) (Fig. 16.2) (level of evidence: 5).2 PGE2 and PGF2a 
can prolong the anagen phase of the hair cycle, with stud-
ies showing that patients with AGA have reduced levels of 
PGE2.3,4 PGE2 acts as a direct vasodilator and suppressor 
of T-cell signaling and proliferation and can help reduce 
inflammation present in AGA. PGF2 and its analogs 
stimulate follicular melanocytes and murine hair follicles 
in both the telogen and anagen phases.5

In contrast, AGA scalps have increased levels of 
PGD2, a lipid synthesized via the COX and PGD2  

INTRODUCTION
Androgenetic alopecia (AGA) is a common age-dependent 
hair-loss disorder affecting more than 60% to 70% of men 
and women worldwide.1 The exact pathogenesis of AGA 
is not well understood, but genetic susceptibility and 
androgens are pivotal in predisposing individuals to 
pattern hair loss. There are currently only two pharma-
cologic treatments that the U.S. Food and Drug Admin-
istration (FDA) has approved for AGA: oral finasteride 
and topical minoxidil. Several new medical treatment 
modalities and pathways are being explored. Remark-
able progress has been made in delineating novel signal-
ing targets implicated in hair growth regulation, includ-
ing pathways that upregulate key growth factors for 
germ-cell activation (Wnt mediators), reduce patho-
logic levels of androgenetic hormones (antiandrogen 
therapy), and reduce the level of inflammatory media-
tors (prostaglandins, Janus kinase [JAK] inhibitors). 
The scope of therapeutic options for AGA is rapidly 
expanding (Fig. 16.1) with emerging treatments that 
hold promise for improved results.

Emerging Medications
Fiore Casale, Cristina Nguyen, and Natasha Atanaskova Mesinkovska

K E Y  P O I N T S
•	 Topical prostaglandin analogs may increase vellus 

and terminal hair density and stimulate hair follicle 
activity.

•	 Janus kinase inhibitors demonstrate great success in 
the treatment of alopecia areata, with potential for 
androgenetic alopecia.

•	 Therapies targeting growth-factor regulation offer in-
novative options with success in androgenetic alopecia.

•	 Antiandrogen therapy has a long history of investi-
gation for therapeutic use androgenetic alopecia, 
and new topical therapies show promise.

•	 Topical estrogen therapy is supported by several 
studies for the treatment of androgenetic alopecia, 
but conflicting reports exist.
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synthase pathways (PGDS) (level of evidence: 4).4,6 
PGD2 acts as a proinflammatory mediator when re-
leased from mast cells and T helper (Th2) lymphocytes 
and has been implicated in the inhibition of hair 
growth.7 PGDS activity and PGD2 levels increase prior 
to the catagen phase, suggesting their role in the cessa-
tion phase of the hair cycle. In murine models, elevated 
levels of PGD2 induce follicle miniaturization, sebaceous 
gland hyperplasia, and alopecia (level of evidence: 5).4,8 
In human balding scalps, there are increased levels of 
PGD2, potentially caused by the upregulation of PGDS 
in comparison to normal scalps.4 PGD2 stimulates the 
expression of androgen-receptor related genes in hu-
man dermal papilla cells (DPCs), such as transforming 
growth factor beta 1 (TGF-b1). New investigational 
medications targeting prostaglandin pathways are being 
explored for the treatment of AGA (Table 16.1).

Topical Prostaglandin Analogs
Topical prostaglandin analogs include latanoprost (PGF 
analog) and bimatoprost (synthetic prostamide F2 ana-
log), which are eyedrops indicated for treatment of open-
angle glaucoma.8 The stimulating effects of PGs on hair 
growth were first observed as a side effect, prompting 
further studies and eventual FDA approval of bimatoprost 

Arachidonic Acid

PGG2

PGH2

TXA2 PGD2 PGE2 PGI2PGF2�

TxAS

TP

DP1 DP2

EP1–4

DP2
Antagonistx

PGDS PGES PGFS

FP

GqGi

Telogen hair
miniaturized hair

Anagen hair
Longer, thicker,

darker hair

G Protein

IP

PGF2�

anaIogue

PGIS

cox1, cox2

cox1, cox2

Fig. 16.2  Hair growth mechanistic pathways of prostaglandins 
and their associated therapies. �(Image author: Amanda Nguyen) 

1. Inflammatory pathway
 Prostaglandin analogs
 Janus kinase inhibitors

2. Growth factor regulation
 Wnt pathway mediators
 Topical growth factors
 Adenosine
 Caffeine
 Botulinum toxin

3. Hormonal regulalion
 Antiandrogen therapy
 Estrogen therapy
 Melatonin

4. Other miscellaneous treatments
 Antihistamines 

Fig. 16.1  Emerging treatments for androgenetic alopecia. �(Image author: Amanda Nguyen)
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0.03% solution for eyelash hypotrichosis. PG analogs in-
teract with local receptors to extend the length of the 
anagen phase while simultaneously stimulating resting 
telogen-to-anagen hair follicles, with hair bulb and dermal 
papilla growth. The major reported side effects for both 
topical PG analogs include eyelash hypertrichosis and 
malar area vellus hair growth.9-11

Bimatoprost (0.03% ophthalmic solution, Latisse, Al-
lergan Inc., Irvine, CA) is a synthetic PGE2 analog that 
increases the time hair follicles spend in the anagen 
growth phase.12-14 The initial excitement for its potential 
to grow scalp hair has thus far been supported by limited 
evidence, but clinical trials are still in progress at the time 
of publication. Studies suggest a concentration-depen-
dent increase in the (a) number of anagen follicles and 
(b) follicular growth rates.15 Two large clinical trials 
evaluated the effect of topical bimatoprost on mean 
change in hair growth (mm/cm2) from baseline com-
pared with vehicle-treated groups in men with mild-to-
moderate AGA after 24 weeks of treatment. Scalp appli-
cation of topical bimatoprost 0.03% solution once or 
twice a day produced a 0.92 mm/cm2 and 0.76 mm/cm2 
mean change in hair growth, respectively (level of evi-
dence: 1b).17 However, another large clinical trial re-
ported higher total hair counts with application of min-
oxidil 2% twice daily compared with once daily 
application of topical bimatoprost 0.03% among women 
with AGA after 6 months of treatment (level of evidence: 
1b).18 Common adverse effects included application site 
pruritis and upper respiratory tract infections.

Latanoprost (Xalatan, Pfizer, Inc.) is a PGF2 analog 
currently approved by the FDA for the treatment of 
open-angle glaucoma and ocular hypertension. It acts as 
an inducer of the hair anagen phase, making it interest-
ing for use in AGA. Evidence on the efficacy of com-
pounded topical formulations, however, is lacking. A 
single clinical trial reported 16 men with mild AGA who 
were treated daily for 24 weeks with topical latanoprost 
0.1% had a good clinical response and increased hair 
density compared with baseline (p,0.001) (level of 
evidence: 1b).19 Common adverse effects included ery-
thema and folliculitis.

Prostaglandin Antagonists
Setipiprant is a selective PG D2 receptor (PGD2R) an-
tagonist that has been linked to the regulation of in-
flammatory pathways in asthma and allergies. At the 
time of publication, a clinical trial was underway to 
study the efficacy and safety of oral setipiprant 1000 mg 
twice daily relative to placebo in men with AGA (level of 
evidence: 1b).20 Results are eagerly awaited, as setipip-
rant has been shown to be well-tolerated and with a fa-
vorable safety profile for other indications.21

Janus Kinase Inhibitors
JAK inhibitors are novel treatment options for alopecia 
area (AA) with therapeutic potential for other alopecia 
types. JAK inhibitors are a family of tyrosine kinases 
that mediate cytokine-receptor signaling through phos-
phorylation and activation of signal transducer and  

TABLE 16.1  Inflammatory Pathway Targets Prostaglandin for the Treatment of 
Androgenetic Alopecia

Medication
Mechanism  
of Action Route Dose Adverse Effects

Treatment  
Regimen

Latanoprost PGF2a analog Topical 0.1% solution Eyelash hypertrichosis,  
malar vellus hair forma-
tion, erythema, folliculitis

Once daily

Bimatoprost Synthetic PGE2  
analog

Topical 0.03% solution Eyelash hypertrichosis,  
malar vellus hair formation

Once daily

Setipiprant Selective PGD2 re-
ceptor antagonist

Oral 500 mg Gastrointestinal disorders, 
upper respiratory infec-
tion, liver enzyme abnor-
malities

Twice daily
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immunosuppressive properties, there is an inherent risk 
of increased infections (e.g., herpes zoster),30-32 labora-
tory abnormalities (anemia, leukopenia, elevated cho-
lesterol levels), and potential risk for malignancy and 
thrombosis.33-35

GROWTH REGULATORY PATHWAYS
Complex arrays of growth factors are integral paracrine 
signals that regulate the hair follicle growth cycle.36 In-
duction of the anagen phase requires an elevation in 
Wnt signaling and stabilization of b-catenin within fol-
licular bulge cells, allowing stem-cell differentiation and 
growth.36 Also, fibroblast growth factor (FGF) is in-
volved in b-catenin expression and stabilization, while 
also promoting angiogenesis and improved dermal fi-
broblast and hair follicle mitogenesis.37 Maintenance of 
the anagen phase requires upregulation of three key 
growth factors: insulin-like growth factor- 1 (IGF-1), 
hepatocyte growth factor, and vascular endothelial 
growth factor (VEGF). IGF-1 promotes cellular prolif-
eration and migration, while simultaneously inhibiting 
the onset of catagen.38 Hepatocyte growth factor en-
hances hair follicle elongation and proliferation of fol-
licular epithelial cells,37 and VEGF is responsible for 
angiogenesis to support proper vasculature of the grow-
ing hair follicle.38 Several additional paracrine growth 
factors are believed to play critical roles in the growth 
cycle, but the entire mechanism remains to be uncov-
ered to further discern new targets in hopes of generat-
ing hair growth (Table 16.2).36

activator of transcription (STAT) nuclear proteins, 
which are critical for leukocyte activation and prolifera-
tion and play a major role in immune regulation.22,23

Oral JAK inhibitors (e.g., baricitinib, ruxolitinib, and 
tofacitinib) are emerging as a favorable treatment mo-
dality for a variety of inflammatory conditions, with 
current FDA approval for myelofibrosis, rheumatoid 
arthritis, polycythemia vera, psoriatic arthritis, ulcer-
ative colitis, and graft-versus-host disease. JAK-STAT 
inhibitors play a major role in hair regrowth by regulat-
ing T-cell mediated responses at the level of the hair 
follicle, affecting hair follicle growth and promoting 
anagen progression.24,25

Topical JAK inhibitor preparations in AGA have re-
sulted in anagen phase activation and rapid hair re-
growth.26 Investigational topical JAK 1/3 inhibitor (ATI-
50002, applied twice daily to scalp) effectively treated 
both women and men with AGA, with an increase of  
8.6 hairs/cm2 in total nonvellus hair count over  
26 weeks and without any serious adverse events (level 
of evidence: 1b).27 However, oral JAK inhibitor treat-
ments have not shown to be as effective for AGA thus 
far, as one study showed that, among men with AA with 
hair regrowth, the loss in AGA pattern was preserved.28 
Similarly, in a later small observational study, men with 
severe AA on an oral JAK 1/3 inhibitor for 24 to  
50 weeks experienced significant hair regrowth, but the 
AGA-pattern loss remained (level of evidence: 4).29

Future studies are needed to address the conflicting 
results and determine the specific types of JAK inhibi-
tors of use in AGA. As systemic JAK inhibition can have 

TABLE 16.2  Growth Regulation Pathways for Treatment of Androgenetic Alopecia

Medication
Mechanism of 
Action Route

Formulation / 
Dose Adverse Effects

Treatment  
Regimen

Various Topical 
Growth Factor 
Combinations

Paracrine  
stimulation of 
hair follicles

Topical or  
Intradermal

Formulation: FGF 
(2.5mg/mL), IGF-1  
(1 mg/mL), stem 
cell factor (2.5 mg/
mL, VEGF (2.5 mg/
mL), keratinocyte 
growth factor-2 
(2.5 mg/mL),  
superoxide  
dismutase-1  
(5 mg/mL), Noggin 
(2.5 mg/mL)

NR Topical and  
intradermal 
preparations

(Continued)
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(average increase of 4.5 hairs/cm2) and density (average 
increase of 217.9 mm) after 6 months compared with 
placebo, while also increasing hair bulb nuclear expres-
sion of Ki-67, a marker of cell proliferation (level of 
evidence: 1b).43,44 Similarly, an investigational complex 
consisting of a proprietary concentration of bioengi-
neered Wnt proteins (among other growth factors) in-
creases hair thickness by 6.3%, hair density by 12.8%, 
and terminal hair density by 20.6% when assessed  
52 weeks after a single session of intradermal injections 
(level of evidence: 1b).41 The adverse events reported 
include erythema, site burning or stinging, pruritus, 
and skin exfoliation.44

Wnt Pathway Mediators
Wnt/b-catenin signaling is a well-described pathway 
that influences the inductive potential of dermal papilla 
cells and induces the differentiation of bulge stem cells 
into hair follicles.39,40 Specifically, Wnt proteins activate 
the signal transduction pathways for hair germ forma-
tion during the next anagen phase and induce the tran-
sition from telogen to anagen.39,41,42

There are no currently approved alopecia medica-
tions targeting Wnt pathways; however, there are prom-
ising results from investigational small molecules that 
activate the Wnt pathway. Topical application of 0.15% 
SM04554 significantly increases hair follicle counts  

NR, Not reported.

Medication
Mechanism of 
Action Route

Formulation / 
Dose Adverse Effects

Treatment  
Regimen

Wnt Pathway Mediators
Hair Stimulating 

Complex
Follistatin and 

Wnt proteins
Intradermal Proprietary  

bioengineered 
Wnt proteins  
and growth  
factors,  
nondisclosed

NR Single treatment

 SM04554 Small molecule 
that stimulates 
the Wnt  
pathway

Topical 0.15% or 0.25% 
solution

Erythema,  
site burning  
or stinging,  
pruritus, skin 
exfoliation

Once daily

Adenosine Upregulated  
expression of 
VEGF and  
FGF-7

Topical 0.75% adenosine 
lotion 

Scaling, sebor-
rhea, folliculi-
tis, pruritus

Twice daily

Botulinum
toxin

Stimulation of 
TGF-b1 in  
dermal papilla 
cells

Intradermal 5 to 150 units in at 
least 30 injection 
sites

Pain, edema,  
erythema  
at the  
injection  
site

One to four  
sessions

Caffeine Phosphodiester-
ase inhibitor 
and IGF-1  
stimulator

Topical 0.2 to 1% lotion NR Once daily

TABLE 16.2  Growth Regulation Pathways for Treatment of Androgenetic Alopecia—cont’d
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(relative recovery rate of 1.9% vs. 2.4%, respectively,  
p 5 0.17) (level of evidence: 2b).54 After 12 months, 
topical adenosine is reported to increase the ratio of 
thick hairs (.80 mm) and increase the anagen growth 
rate by at least 0.4 mm/day (level of evidence: 1b).50 
Adverse events are minimal, including scaling and seb-
orrhea, folliculitis, and pruritus.52,54

Botulinum Toxin
Botulinum toxin (BTX) prevents the release of acetyl-
choline at the neuromuscular junction and is a treat-
ment modality for various neurologic and dermatologic 
conditions.55-57 It has gathered attention as an emerging 
therapy for AGA after several successful clinical studies. 
Though the mechanisms are not fully understood, bot-
ulinum toxin has potential as another future treatment 
for patients with AGA.

Its success in AGA has been speculative and attributed 
to increased oxygen delivery to tissue secondary to mus-
culature relaxation. Higher concentrations of oxygen al-
low for greater quantities of testosterone to be converted 
to estradiol rather than dihydrotestosterone (DHT), with 
potential reduction of hair loss.58 DHT is known to in-
duce TGF-b1 in DPCs to inhibit follicular epithelial cell 
growth; therefore botulinum toxin type A (BTX) may 
indirectly inhibit TGF-b1 secretion within the hair bulb, 
similar to its action on scar tissue fibroblasts.59

Several open-label studies have evaluated the safety 
and efficacy of BTX injections, with varying dosages  
(5 to 150 units) injected into the muscles surrounding 
the scalp with over 30 injection sites and variable num-
bers of sessions (one to four). One study showed a sta-
tistically significant increase of mean hair counts be-
tween baseline and week 48 (p,0.0001) and visible hair 
growth in men with AGA after 60 weeks and three treat-
ment cycles (level of evidence: 4).58 Other studies report 
70% of patients with good-to-excellent responses after 
24 weeks (Fig. 16.3) (level of evidence: 4)60 and hair re-
growth in 36% of subjects 6 months after receiving one 
BTX treatment (level of evidence: 4).61 The latest open-
label study showed a superior therapeutic effect demon-
strated by higher hair counts with the combination of 
BTX and oral finasteride compared with BTX alone af-
ter a total of four sessions (one BTX injection every 
3  months) (level of evidence: 2b).62 Commonly de-
scribed transient side effects are pain, edema, or ery-
thema at the injection site.61,62 As there are also reports 

Topical Growth Factors
Topical growth factors are increasingly popular compo-
nents of cosmetic hair products, with very little evidence 
to substantiate their claims of promoting hair growth. 
Treatment with topical growth factors for hair loss is not 
FDA approved. Limited studies have examined the effi-
cacy of topical nonautologous growth factor formula-
tions in the treatment of AGA, and the existing prelimi-
nary results are positive but may have commercial bias. 
A topical growth factor solution (2.5 mg/ mL of FGF, 
IGF-1, VEGF, keratinocyte growth factor [KGF]-2, stem 
cell factor, Noggin, 5mg/mL superoxide dismutase-1) 
improved scalp hair-shaft density by greater than 10% 
when applied weekly with microneedling among 11 fe-
male patients (level of evidence: 2b).45 Similarly, an in-
vestigational formulation of topical FGF (with mi-
croneedling) improved hair density and hair diameter 
among 40 men with AGA (level of evidence: 2b).46 Intra-
dermal injections every 3 weeks of investigational bioen-
gineered, recombinant growth factor formulations (0.01 
to 100 mg/L of FGF, VEGF, IGF, and KGF; 0.005 to 
100mg/L thymosin b4; and, 0.1 to 500 mg/L copper tri-
peptide-1) were shown to increase the number of termi-
nal hairs, increase the hair-shaft diameter (3mm), and 
reduce vellus hair counts after eight sessions of multiple 
scalp injections in 680 males and 320 females (level of 
evidence: 2b).38 More studies are needed in this area to 
determine the growth factor ingredients and their opti-
mal concentrations to improve AGA outcomes.

Adenosine
Adenosine is an extracellular purine nucleoside that has 
far-reaching effects across many organ systems, with 
systemic therapeutic use for cardiovascular regulation.47 
Adenosine regulates several growth factor transduction 
pathways within dermal papilla cells and is known to 
upregulate the expression of VEGF.48,49 When bound to 
adenosine receptor A2b, production of FGF-7 increases 
and TGF-b levels decrease.50 TGF-b is an inhibitory  
factor in DPCs, which can be induced by androgens.51

Several clinical trials show promising results for off-
label use of topical adenosine in the treatment of AGA. 
Topical 0.75% adenosine lotion increases the quantity 
of thick hair (.60 mm) by 5.5 hairs/cm2 after  
6 months (level of evidence: 4),52,53 with comparable 
clinical improvement to patients using topical minoxidil 
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Daily use of caffeine shampoo (unspecified concentra-
tion) results in reduced hair shedding, decreased hair loss 
intensity, and fewer hairs extracted during hair-pull test in 
both men and women with AGA (level of evidence: 1b).68-70 
Similarly, caffeine lotion (unspecified concentration) has 
shown decreases in hairs extracted during the hair-pull 
test with potential increase in hair tensile strength for men 
with AGA (level of evidence: 2b).71 Topical caffeine has 
also been compared with other standard treatment mo-
dalities (topical minoxidil 5%, topical minoxidil 2.5%, 
azelaic acid 1.5%), with results showing improvements in 
anagen ratio (level of evidence: 1b),72 increased patient 
satisfaction (level of evidence: 1b), 73 and decreased hair 
shedding (level of evidence: 1b).74 No serious adverse 
events were reported.

HORMONAL REGULATION
Novel Antiandrogen Therapy
Classically, it is believed that 5a-reductase converts 
testosterone to DHT within DPCs and that DHT 
binds the androgen receptors resulting in the diminu-
tion of the number of terminal hairs.75 Finasteride, a 
5a-reductase inhibitor, is the only FDA approved an-
tiandrogen treatment for AGA, but several additional 
antiandrogen medications are currently under review 
(Table 16.3).76

of facial and scalp hair loss secondary to botulinum 
toxin treatment for other indications, it is imperative 
that the details of its effects and mechanisms are well 
established and confirmed in larger, randomized trials.

Caffeine
Caffeine is a phosphodiesterase inhibitor that increases 
cell cyclic adenosine monophosphate levels, thereby 
promoting cellular proliferation and metabolism.63 It is 
consumed in foods and beverages (2 to 200 mg of caf-
feine per 100 mL) and over-the-counter pain and 
weight-loss supplements, and it can cross the blood-
brain barrier as a central nervous system stimulant.64

Although topical caffeine-containing products have not 
been FDA approved for hair loss, many investigational 
studies have focused on its use for the treatment of AGA. 
Topical caffeine easily crosses skin barriers, and in vivo 
studies demonstrated good follicular penetration and ab-
sorption (level of evidence: 5).65 Several in vitro studies 
have noted that caffeine can promote hair growth 63 by  
(1) reversing the testosterone-inhibiting effect on keratino-
cyte proliferation66; (2) enhancing hair shaft elongation, 
prolonging anagen duration, and stimulating keratinocyte 
proliferation of the hair matrix67; (3) increasing IGF-1 ex-
pression (which promotes hair growth in both males and 
females)67; and (4) downregulating testosterone-induced 
TGF-b1 expression (level of evidence: 5).67

A B

Fig. 16.3  Clinical photographs of a male patient with AGA at baseline (A) and at 6 months after treatment  
(B) with botulinum toxin. �(Source: Shon U, Kim MH, Lee DY, Kim SH, Park BC. The effect of intradermal botu-
linum toxin on androgenetic alopecia and its possible mechanism. J Am Acad Dermatol. 2020;83(6):1838-
1839. doi:10.1016/j.jaad.2020.04.082)
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increased hair counts (growth of additional 10 to 14 hairs 
per 1-cm2 area, on average) with use of a 2.5%, 5%, or 
7.5% clascoterone solution for 12 months, without any 
reported adverse events (level of evidence: 1b).77

Fluridil is an investigational topical nonsteroidal 
antiandrogen that competitively binds to androgen  
receptors in the dermal papilla. A clinical trial of 43 men 
with AGA receiving topical fluridil 2% reported in-
creases in anagen counts and decreases in telogen counts 

Topical Anti-Androgens
Clascoterone is an ester derivative of cortexolone and is 
a potent direct androgen receptor inhibitor.77 When ap-
plied topically, the drug penetrates the skin and binds to 
androgen receptors within sebaceous glands and hair 
follicles and inhibits DHT-stimulated signaling. At the 
time of publication, clascoterone was approved for acne 
vulgaris treatment and under investigation for treatment 
of AGA. A clinical trial with 400 men with AGA reported 

TABLE 16.3  Emerging Hormonal Targets for Treatment of Androgenetic Alopecia

Medication
Mechanism of 
Action Route Dose Adverse Effects

Treatment  
Regimen

Anti-Androgen Therapies
Clascoterone Direct androgen 

receptor  
inhibitor

Topical 2.5%, 5%, or 
7.5% solution

NR Once daily

Pyrilutamide Androgen  
receptor  
antagonist

Oral 2.5-5 mg NR Once to twice 
daily

Fluridil Competitive  
androgen  
receptor  
antagonist

Topical 2% solution Scalp yellowing, reactiva-
tion of seborrheic derma-
titis, allergic reaction

Once daily

Flutamide Selective  
nonsteroidal 
androgen  
receptor  
antagonist

Oral 62.5-250 mg Liver toxicity, depressed 
plasma androgen levels, 
headaches, respiratory 
tract disorders, nausea 
and/or vomiting, diarrhea, 
dry skin, reduced libido

Once daily, in-
creasing the 
dose as tolerated

Estrogen Therapies
17a-estradiol Inhibition of  

5a-reductase
Topical 0.025%  

solution
Irritation, mild pruritus,  

erythema, scaling
Once daily

Estradiol  
valerate

Inhibition of  
5a-reductase

Topical 0.03% lotion Irritation, mild pruritus,  
erythema, scaling, post-
menopausal uterine 
bleeding

Once daily

Melatonin Therapy
Melatonin Antioxidant and 

prolactin  
stimulator

Topical 0.0033%  
solution

Headache, gastrointestinal 
distress, pruritus,  
erythema

Once daily

NR, Not reported.
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0.025% 17 a-estradiol solution experienced increases in 
total hair counts by an average of 60.08 hairs/cm2 and 
hair caliber from 0.05860.016 mm to 0.07360.015 mm 
(p , 0.05) after 12 months of therapy (level of evidence: 
2b).86 Another study concurred that topical 0.025% 
17 a-estradiol increases total hair counts by an average 
of 31.57 hairs/cm2 and hair diameter by an average of 
10.39 mm after 8 months of therapy (level of evidence: 
2b).83 However, one clinical trial using topical 0.025% 
alfatradiol therapy among 51 women for 6 months dem-
onstrated no significant difference in hair thickness or 
absolute hair density from baseline (level of evidence: 
1b).87 Similarly, oral cyproterone acetate therapy was 
found to be inferior to topical minoxidil therapy among 
66 women after 12 months of treatment (level of evi-
dence: 1b).88 Reported adverse events include irritation, 
mild pruritus, erythema, and/or scaling from the topical 
formulations. A case of breast adenocarcinoma was re-
ported in a patient who used estradiol valerate topical 
therapy, but no direct causation was established.84

Fulvestrant
Fulvestrant is an estrogen receptor antagonist without 
any known agonist properties, originally formulated for 
intramuscular administration (250 mg/mL) in the 
treatment of breast cancer.89,90 When bound to the es-
trogen receptor, the complex is destabilized and inter-
nalized within the cell for degradation.91 Interestingly, 
topical formulations have demonstrated preclinical mu-
rine success in the treatment of hair loss by causing hair 
follicles to transition from the telogen to anagen phase 
(level of evidence: 5).92 Despite this preclinical success, 
to date, clinical trials using topical 30 mL/cm2 of fulves-
trant 70 mg/mL solution reported no improvement in 
men and women over the age of 18 with Hamilton-
Norwood grades III to Va or Ludwig I to II after  
16 weeks of use (level of evidence: 1b).92

Melatonin
Melatonin (5-methoxy-N-acetyltryptamine) is a lipo-
philic hormone synthesized and secreted by the pineal 
gland from a pathway that includes both tryptophan 
and serotonin.93 The well-established function of mela-
tonin is its involvement in circadian rhythm and sleep 
cycle control and its strong antioxidant properties.93,94 
Human skin is known to have its own melatoninergic 
antioxidative system, which includes melatonin recep-
tors within hair follicle keratinocytes and dermal papilla 

compared with placebo (level of evidence: 1b).78 Mini-
mal adverse reactions were reported, including yellow-
ing of the scalp, reactivation of seborrheic dermatitis by 
sun exposure, and allergic reaction after concurrent ap-
plication of topical deodorant.

Oral Anti-Androgens
Flutamide is a pure selective nonsteroidal antiandrogen 
and acts peripherally to competitively block the  
binding of androgens to cytoplasmic and/or nuclear 
androgen receptors, and is currently approved for oral 
administration (250 mg thrice daily) solely for the 
treatment of metastatic prostate cancer.79,80 Few studies 
have examined the efficacy of off label use of flutamide 
for AGA, but preliminary results note improvements in 
Ludwig scores with daily oral 62.5 to 250 mg flutamide 
(level of evidence: 2b).79,81 Reported adverse reactions 
include depressed plasma androgen levels, elevated 
transaminase levels, headaches, respiratory tract disor-
ders, nausea and vomiting, diarrhea, dry skin, and  
reduced libido.79

Pyrilutamide is an oral androgen receptor antagonist 
currently investigated for AGA. A randomized, double-
blind, placebo-controlled clinical trial is in progress, 
using oral pyrilutamide 2.5 to 5 mg daily in 120 men 
with AGA (level of evidence: 1b).82 There are no known 
serious side effects.

Estrogen Therapies
The mechanism delineating how estrogen may benefit 
AGA-affected hair follicles remains unclear despite pro-
lific scientific efforts. At the level of the hair follicle, 17 
a-estradiol can suppress the function of 5a-reductase 
and diminish the quantity of DHT formed.83 Moreover, 
by stimulating P-450 aromatase, it may upregulate the 
conversion of testosterone to 17b-estradiol and the con-
version of androstenedione to estrone, further decreas-
ing pathologic levels of DHT.83,84

Topical estrogen therapy is currently FDA approved 
for treatment of postmenopausal symptoms and for 
hormone replacement therapy.85 In terms of AGA, evi-
dence for estradiol off label use has predominantly 
shown promising results. Postmenopausal women (ages 
48 to 71 years) applying estradiol valerate 0.03% lotion 
to the scalp for 12 weeks experienced an anagen-to-
telogen ratio increase from 1.57 to 2.27, indicating a de-
creased telogen rate and/or increased anagen rate (level 
of evidence: 1b).84 Female patients applying topical 
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acid secretion. Evidence from a small study in the 1980s 
in women with AGA (n 5 10) recorded clinical im-
provement at a dose of 300 mg five times daily for up to 
9 months of therapy.103,106 However, no further relevant 
studies have been conducted, and interest surrounding 
its use for AGA has faded, mostly as a result of its side 
effect profile (dizziness, somnolence).103

Cetirizine, a second-generation selective histamine 
receptor 1 (H1) antagonist, functions by blocking eo-
sinophil activation and mast cell degranulation. Cetiri-
zine is approved for the treatment of allergic rhinitis 
and chronic urticaria, administered in oral doses be-
tween 5 mg and 10 mg, and is generally well tolerated 
with minimal side effects such somnolence, fatigue, and 
dry mouth.107 Interestingly, cetirizine has antiinflam-
matory and PGD2 suppressive properties.104 These 
newly uncovered PGD2 suppressive properties sparked 
interest in using cetirizine in hair loss, as PGD2 produc-
tion is implicated in the pathogenesis of AGA.4 Investi-
gational topical cetirizine 1% increased new hair growth 
(based on dermatoscopic exam) in 43.3% of patients 
after 6 months of daily scalp application (level of evi-
dence: 3b).108 Similarly, it increases total hair density by 
11% and terminal hair density by 18% while reducing 
vellus hair density by 15% after 6 months (level of evi-
dence: 2b).105 There have been no reports of adverse 
reactions to topical cetirizine therapy.

EVIDENCE SUMMARY
•	 Prostaglandin analog topical therapies show signifi-

cant evidence of efficacy in the treatment of andro-
genetic alopecia (strength of recommendation: C).

•	 Janus kinase inhibitors are greatly beneficial in the 
treatment of alopecia areata (strength of recommen-
dation: A). Comparable results in the treatment of 
AGA remain to be seen.

•	 Growth factor therapy stimulates hair follicle growth 
at the cellular level, and both topical and intradermal 
preparations have shown success (strength of recom-
mendation: D).

•	 Wnt pathway mediators are therapeutic options that 
may emerge as efficacious in the treatment of andro-
genetic alopecia, based on preliminary results 
(strength of recommendation: D).

•	 Topical adenosine, caffeine, and melatonin may im-
prove hair regrowth by reducing hair loss severity 
and increasing hair density and hair count in  

fibroblasts.95 Keratinocytes, fibroblasts, and melano-
cytes have functional melatonin receptors located in the 
hair root sheath, which are thought to assist in hair 
growth regulation and hair shaft stabilization.96 In vitro 
studies demonstrated that low doses of melatonin  
enhance human follicle proliferation, while melatonin 
antagonists suppress follicular stimulation. Thus, it is 
theorized that melatonin has a specific receptor-medi-
ated effect on follicular oxidative stress and growth, 
making it a possible candidate to counteract the  
oxidative stress associated with AGA.97

Several trials have evaluated the safety and efficacy of 
topical melatonin 0.0033% application in women and 
men with AGA, but it is currently not FDA approved. 
Various open-label and observational studies indicate 
topical melatonin 0.0033% cosmetic hair solution is 
highly tolerable with positive effects on hair growth. 
Specifically, daily application of 0.003% topical melato-
nin therapy did not increase serum melatonin levels 
(level of evidence: 1b),98 but showed significantly re-
duced hair loss severity (level of evidence: 2b)99 and 
increased hair density and hair count (level of evidence: 
2b).100 One large clinical trial evaluating men with stage 
I or II AGA (Hamilton scale) and women with stage I or 
II AGA (Ludwig scale) reported fewer patients with a 
positive hair-pull test and significant new hair growth 
(p,0.001) after 6 months of daily 0.0033% topical 
melatonin application (level of evidence: 1a).101 Inter-
estingly, one study noted only women with AGA experi-
enced hair-loss reduction in comparison to men after a 
6  month treatment period of daily topical melatonin 
0.0033% solution (level of evidence: 2b).102 Common 
side effects include headache,100 pruritis,101 burning, 
itching, erythema, and sensitivity.102

OTHER MISCELLANEOUS TREATMENTS
Antihistamines
There has been an increased interest in the role of 
histamine in various types of alopecias, as it is in-
volved in modulating both innate and adaptive im-
mune responses.103,104 Two antihistamines, cimetidine 
and cetirizine, are theorized to help treat AGA based 
on limited evidence of inherent antiinflammatory 
properties independent of their blockade of histamine 
receptors.105

Cimetidine is a selective histamine receptor 2 (H2) 
antagonist, originally FDA approved to reduce gastric 
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