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Abstract: Androgenetic alopecia (AGA) is the most common cause of hair loss in men and women. Traditionally, topical minoxidil
and oral finasteride have been the standard of care yielding mixed results. New treatments such as Low-Level Laser Therapy (LLLT),
microneedling, platelet-rich plasma (PRP), and others have been extensively studied in the literature, and the purpose of this review is
to provide a comprehensive discussion of the latest treatment methods and their efficacy in treating AGA. Novel therapies such as oral
minoxidil, topical finasteride, topical spironolactone, botulinum toxin, and stem cell therapy offer interesting alternatives to standard of
care therapies for patients. In this review, we present data from recent studies on the clinical efficacy of these treatments. Furthermore,
as new treatments have emerged, clinicians have tested combination therapies to assess whether there may be a synergistic relationship
between multiple modalities. While there has been a great increase in the treatments available for AGA, the quality of evidence varies
greatly and there is still a great need for randomized double blinded clinical trials to adequately assess the clinical efficacy of some
treatments. While PRP and LLLT have demonstrated encouraging results, standardized treatment protocols are needed to adequately
inform clinicians on how to use such therapies. Given the abundance of new therapeutic options, clinicians and patients must weigh the
benefits and risks of each treatment option for AGA.
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Introduction

Male Pattern Hair Loss (MPHL) and Female Pattern Hair Loss (FPHL), also known as androgenetic alopecia (AGA), is
the most common cause of hair loss." An estimated 30% of Caucasian men will suffer from AGA by the age of 30, and
approximately 80% of patients aged 70 and older are affected by AGA as prevalence increases with age.' Roughly 50%
of females are affected by AGA.? The principal cause of AGA is thought to involve changes in androgen metabolism
with increased age leading to progressive shortening of the anagen phase of hair growth and a decline in hair follicle
size.” Additionally, there is an increased telogen period leading to involution of the hair follicle.* The increased activation
of androgen receptors in AGA progressively shortens hair follicles until they can no longer penetrate through the
epidermis.’ Patients with AGA have been found to have higher levels of dihydrotestosterone (DHT), and regions of scalp
affected by AGA have increased androgen receptors.” AGA involves the loss of terminal hairs and replacement with
small vellus hairs usually in the temporal, vertex, and mid-frontal areas of the scalp.® The typical pattern of hair loss in
AGA begins with a bitemporal recession of the hairline followed by vertex hair thinning.” In women, AGA typically
affects the crown and bitemporal scalp areas without affecting the frontal hairline.* Minoxidil and finasteride remain the
only medical treatments approved by the Food and Drug administration (FDA), and the Lasermax Haircomb is the only
device approved by the FDA for treatment by the AGA.® Given the inconsistent results and dissatisfactory adverse effects
associated with each, alternative treatments have been evaluated for the treatment of AGA. In this review, we will
examine and present data on the clinical efficacy of the multitude of treatments available for AGA and give recommen-
dations on quality of evidence supporting these treatment claims.
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Topical Minoxidil Therapy

Mechanism of Action

The initial research and development of topical minoxidil for the treatment of AGA began in 1960.° Minoxidil was
originally developed as an oral treatment for hypertension.'® The main side effect was found to be hypertrichosis, which
gave rise to the first topical solutions aimed at combatting hair loss.'® Minoxidil is a prodrug that must be converted to its
bioactive metabolite, minoxidil sulfate, via SULT1A sulfotransferase residing within the hair follicle."""'? It is hypothe-
sized that topical minoxidil works through several mechanisms including arteriolar vasodilation, anti-inflammatory
effects, and Wingless and Int-1 gene (Wnt)/B-catenin signaling. Minoxidil acts on ATP gated smooth muscle K+ channels
leading to vasodilation. This is thought to increase blood supply and nutrients to hair follicles, facilitating increased
growth."® Minoxidil has also been shown to reduce pro-inflammatory cytokines such as interleukin-2 (IL-2) and
prostacyclins, which may play a role in the pathogenesis of AGA."*™'> Lastly, minoxidil is hypothesized to upregulate
the Wnt/B-catenin signaling pathway by increasing vascular endothelial growth factor (VEGF) levels.'® Minoxidil
formulations approved for men include 2% and 5% solutions as well as 5% foam, whereas a 2% solution and 5%

1
foam are approved for women.'’

Efficacy

The efficacy of topical minoxidil for AGA varies widely (Table 1). For men, the 5% topical solution has been shown to
be more effective than the 2% solution when applied twice daily.'® In females, studies show that 5% solution is superior
or equivalent to the 2% solution.'>*° Goren et al reported that after 16 weeks of continuous topical application of
minoxidil, less than 40% of patients responded.”' The earliest effects of minoxidil on hair growth begin at 6-8 weeks and
reached maximal effect by 12-16 weeks without significant further improvement with additional time.** Olsen et al
evaluated men using daily topical minoxidil for 5 years and found that hair growth peaked at 1 year followed by a slow,
steady decline afterward.”® It has been estimated that 60% of male patients may not respond to topical minoxidil therapy
due to decreased baseline levels of the sulfotransferase required to activate minoxidil to its active metabolite.**
Furthermore, analyzing sulfotransferase activity in plucked hair follicles was found to be an accurate predictor of female
response to topical minoxidil treatment.?> In summary, daily application of topical 5% minoxidil monotherapy appears to
be more effective than 2% minoxidil; its effectiveness is dependent on the concentration of sulfotransferase available
within the hair follicle, and results take at least 6-8 weeks to appear.

Adverse Effects

Although minoxidil has beneficial results for hair growth, long-term compliance is often challenging in patients due to
adverse effects and the need for daily application. While topical minoxidil is considered safe, patients often experience an
irritant contact dermatitis causing pruritis and scaling.'” It may also cause a transient increase in hair shedding at the
beginning of the treatment, which can temporarily worsen physical appearance and dissuade patients from continuing the
treatment regimen.'®° This shedding period arises from alterations to the hair cycle such that the hair follicle enters the
anagen phase prematurely, which requires it to pass through a shorter telogen phase and thus a period of hair shedding
occurs before clinical improvement can be observed.**** The most common adverse effect of topical minoxidil is
hypertrichosis.”® The second most common adverse effect of topical minoxidil is headache, which affected 2-4% of the
153 patients in a large scale study."®

Oral Finasteride

Mechanism of Action

Oral finasteride (5Smg/day) was approved by the FDA in 1992 for the treatment of benign prostatic hyperplasia.>> Due to
its anti-androgen properties, finasteride was examined as a potential treatment for AGA in men. In 1997 it was approved
for the treatment of male AGA at a dosage of 1mg/day.>® Finasteride is a selective So-reductase type II inhibitor that is
also FDA approved for the treatment of AGA in men. In the scalp, testosterone is converted to DHT by the enzyme Sa-
reductase.>” The pathogenesis of AGA is suggested to be due to DHT mediated miniaturization of the hair follicles,
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Table | Summary of Major Studies for AGA Treatments

prospective study

AGA

BID

to 5% topical minoxidil

Sensitivity was 100%, specificity was 71%

Topical Experimental Number of Experimental Groups Results Adverse Effects
Minoxidil Design Patients
Olsen et al'® 48 week double 393 men with Group |: 5% topical minoxidil BID Earlier treatment response in Group | Application site dermatitis, pruritis,
blinded, placebo AGA (157 patients) Group | increased nonvellus hair count headache most common in Group | (6% of
controlled Group 2: 2% topical minoxidil BID compared to Group 2 patients) compared to Group 2 (2% of
(158 patients) patients)
Group 3: Placebo (78 Patients)
Goren et al*' 6 month I5 patients with All patients received topical 5% minoxidil | Sulfotransferase assay predicted responders None

Olsen et al*®

Cross over study

31 male patients
with AGA

All patients received topical 3% minoxidil

BID for 5 years

Hair growth peaked at | year

Mean vellus hairs decreased at 4 and 5 years
(p=0.012)

9 patients reported increase in mean vellus

hairs greater at 5 years than at | year

Abrupt discontinuation of minoxidil

resulted in hair loss back to baseline

19

AGA

weeks

Group 2: LLLT with minoxidil for 38—40
weeks

Group 3: LLLT with finasteride for 38—
40 weeks

Combined therapy reduced oil secretion,
improved hair diameter, and hair density

better than monotherapy

Lucky et al 48-week, double- 381 women with Group |: Topical 5% minoxidil solution | Group | demonstrated a statistically Pruritis, dermatitis, hypertrichosis were
blind, placebo- AGA BID(n=153) significant (p=0.031) increase in non-vellus most prevalent in Group | (14% of
controlled, Group 2: 2% topical minoxidil solution hair count compared to Group 2 at 48 weeks | patients) compared to Group 2 (6% of
randomized trial BID(n=154) patients)

Group 3: Topical Placebo BID (n=74)

LLLT Experimental Number of Experimental Groups Results Adverse Effects
Design Patients

Munck et al*® Retrospective 32 patients with 6 patients received monotherapy with 86% of monotherapy patients showed No adverse reported
observational study | AGA Hairmax Laser Comb (655nm) 3 times moderate to significant improvement

weekly for 8—15mins for 24 months 85% of combined therapy showed moderate
26 patients received combined therapy to significant improvement
with LLLT and topical 5% minoxidil or
oral finasteride
Qiu et al?’ Prospective study 1383 patients with | Group |: LLLT monotherapy for 38—40 | Overall clinical effectiveness was 80% No adverse reported

(Continued)

aro(q

|e 30 Jasiey|


https://www.dovepress.com
https://www.dovepress.com

aa0(q

06€l

:sdyyy

91:£707 ASojorewus [euoneSisaAU| pue dIBWISOY) ‘BIIUID

Table | (Continued).

PRP Experimental Number of Experimental Groups Results Adverse Effects
Design Patients
Gkini et al*® Prospective Cohort | 20 patients with PRP preparation: 20 Single Spin with Hair loss stopped at 3 months 25% of patients felt mild pain which

Study

AGA

activation
20 patients received 3 treatment sessions
every 2| days with a booster session at 6

months

Hair density peaked at 3 months(p<0.001)
Hair regrowth was statistically significant at 6
months(p<0.001) and | year (p<0.001)

compared to baseline

subsided after 4 hours

60% of patients had scalp sensitivity

Singhal et al*’

Randomized

controlled study

20 patients with
AGA

PRP Preparation: two-spin method
with an activator

Group |: 10 patients received 8-12 cc
of PRP every 2 weeks for 4 total sessions

Group 2: 10 patients received no PRP

After 3 montbhs, all patients demonstrated
increases in hair growth, hair thickness, and

hair root strength

3 patients had mild headache after

procedure

Verma et al*°

Prospective
Randomized
controlled study

40 patients with
AGA

PRP Preparation: Double Spin with an
activator

Group |: 20 patients received monthly
PRP injections for 4 months

Group 2: 20 patients received topical 5%

minoxidil for 4 months

Group A demonstrated better regrowth on
global photography compared to Group B
Hair pull test was improved in both groups
with no statistically significant difference

between groups

Pain at injection site causing 4 patients to
drop out of study
Mild scaling of scalp in Group B

Microneedling

Experimental

Design

Number of
Patients

Experimental Groups

Results

Adverse Effects

Dhurat et al®'

Randomized single
blinded

100 patients with
AGA

Group |: Weekly microneedling with 5%
topical minoxidil for 12 weeks

Group 2: Topical 5% minoxidil for 12
weeks

Group | demonstrated statistically significant
increase in hair count compared to Group 2
(p=0.039)

No adverse effects reported

Starace et al*?

Open label non
randomized pilot

study

50 patients with
AGA

All patients received 3 treatments of
microneedling over 4 months in addition
to topical or systemic AGA therapy

Hair pull tests improved in all patients
7 patients demonstrated significant

improvement in hair growth

Scalp pain during microneedling with mild
erythema

[e 39 Jasiey|

aro(q


https://www.dovepress.com
https://www.dovepress.com

Dove Kaiser et al

ultimately rendering them unable to fully penetrate the epidermis.®® This subsequently causes progressive hair loss,
especially in men. This mechanism is corroborated by findings suggesting that men who are deficient in the type II Sa-
reductase are not affected by AGA.*®

Efficacy

Finasteride at a dosage of 1 mg/day has been shown to reduce the progression of AGA.*® A systematic review by Mella et al
found oral finasteride to significantly improve hair regrowth and mean hair count compared to placebo across 10 studies.*
A 10-year follow-up study by Rossi et al further found that daily finasteride use in men with AGA beyond 5 years resulted in
continued improved hair count in 21% of patients. Best results in hair regrowth were in the vertex region of the scalp, while
the frontal region showed minimal clinical improvement.>” A Japanese study examining 801 men with AGA treated with
finasteride 1 mg/day found an improvement in modified global photographic assessment (MGPA) over a 5-year follow-up
period.*® However, patients with worse MGPA scores at baseline exhibited much less improvement. The authors also noted
that the degree of improvement peaked after 1 year of sustained treatment and there was minimal improvement after 4 years
of use. A retrospective study examining 166 Korean men with AGA being treated with 1 mg of finasteride daily found that
there was sustained improvement of hair growth at 5 years. However, patients with frontal and vertex type AGA,
approximately 10% and 16% of patients, respectively, experienced relapse of AGA after peak response.*'

Off-label use of finasteride has demonstrated clinical efficacy in female patients with AGA.** The dosage of
finasteride in females varied widely, ranging from 1 to 5 mg daily and postmenopausal women were the predominant
population examined. Overall, 2.5 to 5 mg daily improved hair loss in females with AGA, while lower doses of 1 mg
daily provided very little improvement.** In summary, finasteride is effective for AGA given that it directly targets the
main pathogenic mechanism of DHT formation via inhibition of 5a-reductase type II. While some studies show that peak
effect of hair regrowth is achieved after 1 year, many patients will continue to have further regrowth. Notably,
maintenance therapy is also required to sustain the achieved regrowth effect.

Adverse Effects

The adverse effects of finasteride are well documented in men and women and include sexual dysfunction, birth defects,
and depression.** While current guidelines recommend taking finasteride for an indefinite amount of time, there are
limited data on the safety of long-term use. Sexual side effects remain the most common adverse effects of finasteride
use, and the rate of occurrence ranges between 1% to nearly 40%.** Adverse effects of finasteride include gynecomastia,
muscle atrophy, decreased libido, and impotence.*> The adverse effects of finasteride remain a major barrier to long-term
compliance. Clinicians should warn patients of the risks and together weigh them against the benefits of potentially
improving hair loss. Long-term studies have analyzed the relationship between finasteride and prostate cancer. The
Prostate Cancer Prevention Trial showed that finasteride may have a protective effect on the development of prostate
cancer but could also increase the risk of developing high-grade prostate cancer.*® Due to conflicting data in the
association between prostate cancer and finasteride, Wang et al performed a comprehensive review and concluded that
overall finasteride does reduce the risk of prostate cancer. However, they also found that there was an increase in the
degree of malignancy of prostate cancer in patients using finasteride.*® Patients should be informed of the risk versus
benefit to using finasteride and should be monitored for development of prostate cancer.

Off-Label Drugs and Drug Formulations Used in AGA
Oral Minoxidil

Oral minoxidil was originally used to treat resistant cases of hypertension in the 1970s.*” Minoxidil is a potent
vasodilator that was used to reduce systolic and diastolic pressure in select patients.*” As previously discussed, topical
minoxidil is one of the main treatments for AGA, but more recently systemic therapy with low dose oral minoxidil has
been proposed as an effective alternative therapy. Long-term compliance with topical minoxidil is difficult to achieve due
to the twice daily application requirement. It is thought that low dose oral minoxidil is far easier to use given the
requirement to take one pill per day. The dosage of oral minoxidil for the treatment of AGA is relatively low, ranging
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from 0.25 mg to 5 mg daily, much lower than the dosage originally used to treat hypertension (10 to 40 mg daily).'%*

Oral minoxidil is converted to its active metabolite in the liver as opposed to the scalp. Given that patients have varying
sulfotransferase expression in the scalp, metabolism by the liver increases bioavailability and can lead to greater

improvement in patients who have failed topical minoxidil treatment.*’

Data on Efficacy

The advantages of oral minoxidil over topical minoxidil include its convenience, cosmesis, cost, and compliance. It is
more convenient to take oral minoxidil than to apply it daily; it is more cosmetically effective as it does not alter gray
hair color or generate product residue as topical minoxidil does; and due to its convenience, there is good reported
compliance with therapy.”®

Ramos et al compared the use of 1 mg oral minoxidil to 5% topical minoxidil in 52 women.”' They found a non-
significant difference in total hair density increase between the two treatment groups. This study proposes that oral minoxidil
should be considered as an alternative option for patients with poor compliance or adverse effects with topical minoxidil.
Vastarella et al assessed the use of oral minoxidil in 12 women who had previously failed conventional treatments.>* Patients
were started with oral minoxidil 0.50 mg daily and then increased to 1.5-2 mg daily at 3 months. Overall, there was
a statistically significant increase in hair density per unit area and total number of hairs in the frontal scalp area at 24 weeks.

Low dose oral minoxidil has also been shown to be efficacious in the treatment of AGA in men.*® Jimenez-
Cauhe et al suggests that oral minoxidil 5 mg/day yields a faster clinical response than other AGA therapies,
including topical minoxidil and 5-alpha-reductase inhibitors.>> Males who underwent treatment with 5 mg daily of
oral minoxidil therapy for 6 months demonstrated a significant increase in total hair counts at 12 weeks and 24
weeks.** The results of this study suggest that low dose oral minoxidil is an effective treatment of androgenetic
alopecia. However, given the lack of randomization and control within this study, double-blind, placebo-controlled
studies are required to better understand the efficacy of oral minoxidil.

Randolph et al reviewed existing studies of oral minoxidil for the treatment of AGA and found that 0.25 mg to
1.25 mg daily was effective for treating AGA in men and women.'® Jimenez-cauhe et al evaluated oral minoxidil 5 mg
daily in a subgroup of 16 male patients for 6 months and found that 90% exhibited clinical improvement, with ~30%
demonstrating great improvement.*® Adverse effects were more common in the 5 mg dosage group, with ~25% of
patients reporting hypertrichosis and 5% reporting lower extremity edema. Overall there appears to be a dose-dependent
increase in efficacy and adverse effects, but otherwise oral minoxidil is well tolerated.'®

Adverse Effects

Sanabria et al summarized the adverse effects of low-dose oral minoxidil in the treatment of androgenetic alopecia.>
Hypertrichosis was the most common adverse effect occurring in 55.4% of patients. In men, hypertrichosis was
associated with younger age and was found to be dose dependent. Hair shedding at treatment onset was reported in
32% of patients and was also associated with younger age in men. Pedal edema was reported in 6% of patients. Of note,
35 patients (8%) discontinued treatment due to lack of efficacy, hypertrichosis, fear of interaction with other drugs,

intention to get pregnant, and hair shedding.

Topical Finasteride

Mechanism of Action

The adverse effects of systemic therapy with oral finasteride combined with the uncertain safety of long-term therapy
gave rise to the potential for a topical finasteride formulation. Given that finasteride blocks the conversion of testosterone
to DHT, systemic use may lead to numerous adverse effects, as previously noted. Topical finasteride locally inhibits
DHT, reduces DHT production in the hair follicle, and has fewer systemic effects. Furthermore, finasteride is a teratogen
but could be a safer alternative treatment in a topical formulation.”® Topical administration would locally inhibit DHT
and reduce DHT production in the hair follicle while minimizing systemic effects.
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Data on Efficacy

Casserini et al found that topical 0.25% finasteride solution applied twice daily lowered scalp DHT levels similarly
to oral finasteride therapy.>® Piraccini et al performed a Phase III randomized controlled clinical trial evaluating
the efficacy of daily topical finasteride 0.25% spray in 323 patients with AGA.”” After 24 weeks, there was
a statistically significant increase in target area hair count compared to placebo. No significant difference in mean
hair counts was found between the topical and oral groups. Notably, the plasma finasteride concentration was over
100-fold less than the oral variant. Another randomized double blinded clinical trial by Hajheydari et al compared
topical 1% finasteride gel to 1 mg oral finasteride.’®>° Both treatment groups had significant increase in terminal
hair count compared to baseline, but there was no significant difference between the two. Overall, the findings of
these studies suggest that topical finasteride promotes hair growth comparable to oral finasteride while having
minimal effects on plasma DHT levels, thereby diminishing adverse effects.

Adverse Effects

The most common adverse effects due to topical finasteride are skin irritation and pruritis at the application site with no
patients experiencing sexual dysfunction.”’ Current evidence obtained from placebo-controlled and head-to-head studies
comparing topical to oral finasteride suggest that twice daily application of topical finasteride is equivalent in efficacy,
with favorable pharmacokinetics minimizing systemic absorption. However, further studies are required to assess the
optimal formulation and dosing.

Combination Topical Minoxidil and Topical Finasteride

With the emergence of topical finasteride as a viable treatment option for AGA, clinicians have attempted to
combine topical minoxidil with topical finasteride to boost the efficacy of both treatments. Given their orthogonal
mechanisms of action, as previously discussed, investigation into the potential synergy of both topical treatments
has become of great interest. Suchonwanit et al examined topical 0.25% finasteride mixed with topical 3%
minoxidil compared to topical 3% minoxidil monotherapy in 40 male patients with AGA.®® Both treatment groups
achieved significant increase in hair density and hair diameter compared to baseline. Combined therapy had
a greater increase in hair density than monotherapy at both 16 and 24 weeks. Additionally, hair diameter increase
was greatest in the combination treatment group at 24 weeks. Importantly, the authors found that plasma DHT
decreased only by 5% and no patients had significant adverse effects from either therapy. Topical 5% minoxidil
mixed with topical 0.1% finasteride was also shown to maintain hair density and prevent further hair loss.®':%?
Several studies reported no adverse effects from topical finasteride and minoxidil treatment.®*®' Patients were
apprehensive about using oral finasteride and reported more side effects compared to topical finasteride.

Oral Dutasteride

Mechanism of Action

As previously discussed, the conversion of testosterone to the more potent DHT by Sa-reductase is an important
mechanism of AGA. Humans express two known isozymes: type I and type II Sa-reductase. Type 1 is present in the
dermal papillae and follicle epithelial cells, while type II is predominantly expressed in male genitalia as well as the
anterior and parietal scalp dermal papilla.®® Oral dutasteride inhibits both type I and type II 5o-reductase and was first
approved as a treatment for benign prostatic hyperplasia (BPH).%?

Data on Efficacy

Oral dutasteride was compared at three dosages (0.02 mg/d, 0.1 mg/d, or 0.5 mg/d) to finasteride (I mg/d) or placebo in
a randomized double blinded control trial in 917 males with AGA.** Dutasteride resulted in a dose-dependent increase in hair
count (primary endpoint) and hair width after 24 weeks with a minimum dose of 0.1 mg/d required for efficacy. Dutasteride
0.5 mg/d was also found to be superior to finasteride at 12 and 24 weeks. Jung et al investigated dutasteride 0.5 mg/d in 31
male patients who failed oral finasteride.”> Approximately 80% of patients demonstrated clinical improvement after 6
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months of dutasteride therapy. Hair density increased ~10% with statistical significance, while hair thickness increased
~20%. Thus, dutasteride may be an effective therapeutic option in patients who fail oral finasteride.

Adverse Effects

Oral dutasteride has been associated with various sexual dysfunction side effects including decreased libido, impotence,
ejaculatory dysfunction, and gynecomastia. One study found that 17% of patients experienced alterations in libido in
response to oral finasteride therapy.®® Tsunemi et al assessed the long-term safety of oral dutasteride in 120 patients
taking 0.5mg daily for 52 weeks.®® The incidence of any adverse effect from dutasteride treatment was 53%. The most
common drug-related adverse effect was erectile dysfunction seen in roughly 10% of patients. As such, the side effect
profile associated with dutasteride poses a major obstacle.

Low Level Laser Therapy Treatment

Mechanism of Action

Low-level laser therapy (LLLT) represents a relatively new and efficacious treatment for AGA. LLLT has been used in
dermatology to reduce inflammation and promote wound healing.®® LLLT has also been used in dermatology to improve
wrinkles, scarring from acne, improve blood flow, and improve hypertrophic scars and burns.®” LLLT was first shown to
potentiate hair growth in mice in the late 1960s. Mice that had been shaved regrew hair after receiving treatment with
LLLT.%® Furthermore, clinicians using laser for permanent hair removal noticed that in peripheral areas where laser
therapy had been applied, there was a paradoxical increase in hair growth.®® Further investigation demonstrated efficacy
in humans. Due to its cost-effectiveness and noninvasive nature, LLLT is becoming a popular first-line treatment for
AGA. LLLT uses light with wavelengths between 600 and 1100 nm to stimulate hair regrowth. While this mechanism is
not completely understood, LLLT is believed to foster hair growth by promoting anagen-phase reentry of telogen hair
follicles, increasing the duration of anagen phase, and preventing premature conversion of anagen hairs to catagen-phase
hairs (similar to minoxidil).®* "> In 2018, the FDA approved LLLT as a therapy for AGA.”* Currently, the only FDA
approved LLLT device for the treatment of AGA is the Lasermax Haircomb.®

Data on Efficacy

LLLT has largely demonstrated positive effects in AGA (Figure 1). A retrospective observational study examining LLLT
655 nm for 3 sessions weekly (8 to 15 min per session) in 32 patients with AGA found 28 patients to have moderate to
significant improvement. Improvement was recognized as early as 3 months and lasting up to 24 months.?® A systematic
review by Afifi et al found that nine out of 11 studies had statistically significant improvements in hair count and hair
density in patients with AGA undergoing treatment with LLLT. In 2 out of 4 studies, improvements in hair strength and
hair thickness were observed.”* A more recent meta-analysis by Liu et al found that in 11 randomized double blinded
controlled trials patients treated with LLLT demonstrated a statistically significant improvement in hair density compared
to placebo device.”> Additionally, increased hair growth was observed in males and females as well as in both short- and
long-term follow-up. Another notable finding was that low treatment frequency was more effective than high treatment
frequency LLLT therapy. One of the largest studies to date by Qiu et al examined LLLT in 1383 patients with AGA.
LLLT was delivered at a wavelength of 650nm, and treatment was received for 20 min every other day. LLLT was found
to be effective in 52.0% of patients with mild AGA and 58.0% with moderate-to-severe AGA.>” Additionally, it was
significantly more effective for 28.0% of patients with mild AGA and 20.0% with moderate-to-severe AGA.

Adverse Effects

Adverse effects due to LLLT were minimal. Nonetheless, adverse effects included temporary hair shedding, pruritis,
tenderness, and acne.”®’® Overall, the minimal adverse effects and low cost of treatment make LLLT a favorable adjunct
therapy to minoxidil and finasteride or an alternative option for patients who cannot tolerate their side effects.
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Figure | Efficacy of Low-level laser therapy for the treatment of androgenetic alopecia. Reproduced from Suchonwanit P, Chalermroj N, Khunkhet S. Low-level laser
therapy for the treatment of androgenetic alopecia in Thai men and women: a 24-week, randomized, double-blind, sham device-controlled trial. Lasers Med Sci. 2019;34-
(6):1107—1114. Creative Commons Attribution 4.0 International License. (https://creativecommons.org/licenses/by/4.0/).”>

Combination Topical Minoxidil with LLLT

Esmat et al found that patients receiving LLLT with topical 5% minoxidil had the highest patient satisfaction compared to
monotherapy, showed a statistically significant increase in the number of follicles at 4 months and the greatest overall
improvement at 4 months.”® Importantly, this study showed the potential for LLLT treatment to confer an early
therapeutic advantage, while patients waited for the delayed efficacy of minoxidil. A systematic review of the combina-
tion of LLLT and minoxidil therapy was performed by Kaiser et al and found that there were mixed results in the
literature concerning the efficacy of combined therapy.®® Of the five available studies analyzed in their review, three
studies found that combination therapy was superior to monotherapy, while two found that there was no statistically
significant difference between therapies. Studies were limited by small sample sizes and lack of long-term follow-up.
A meta-analysis by Zhou et al attempted to compare minoxidil monotherapy to minoxidil and LLLT combination
therapy.”” The authors noted that there was considerable heterogeneity in the studies, but using their parameters, they
found that combination of LLLT and minoxidil demonstrated superior efficacy to monotherapy. While combination
therapy may confer a therapeutic advantage, further evaluation with larger sample sizes and a more uniform LLLT
treatment regimen is necessary. There was also no increase in adverse effects with combination therapy.

Platelet Rich Plasma Treatment

Mechanism of Action

Platelet Rich Plasma (PRP) is a technique that has been employed in a variety of medical fields including orthopedic
surgery, sports medicine, and cosmetic procedures. The regenerative properties of PRP have been used extensively to
improve tendinopathy, tears in tendons, and disorders of bone structure.”® PRP has become an increasingly popular
therapeutic modality in dermatology for skin rejuvenation, acne scarring, and vitiligo.”” PRP is the fraction of plasma and
platelets isolated from autologous venous blood of patients. PRP contains chemokines, growth factors, cell signaling
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molecules, and cytokines with important implications in the control and regulation of many cellular processes. Among
the many molecules contained within PRP, the most important components for treating AGA are alpha granules produced
and stored in platelets. These alpha granules contain platelet-derived growth factor (PDGF), vascular endothelial growth
factor (VEGF), transforming growth factor beta (TGFp), and insulin-like growth factors (IGF).*>®' These factors are
especially important in the induction of stem cell differentiation as well as promoting angiogenesis. The main role of PRP
in treating AGA is thought to be from the large release of PDGF, which plays an important role in reducing follicular
apoptosis and promoting follicular cell growth.”” DHT plays a prominent role in the miniaturization of hair follicles
while also reducing local IGF-1 production. PRP contains large amounts of IGF-1 and can counteract the inhibitory effect
of DHT on the hair follicle.*

Data on Efficacy

Recent studies have shown that PRP can be a viable treatment for AGA. Gkini et al examined PRP treatment in 20
patients with AGA.”® PRP was prepared using the single spin method with activation. Hair regrowth was statistically
significant compared to baseline at both 6 months and 1 year. Hair growth peaked at 3 months and was sustained for the
entire one-year follow-up period. Singhal et al investigated PRP therapy for 10 patients with AGA.?° PRP was prepared
using the two-spin method, and an activator was used prior to injection. All 10 patients reported satisfactory hair
regrowth at 3 months and the average hair removed by hair pull test decreased by 65%. A meta-analysis by Gupta et al
evaluated studies using PRP as a treatment for AGA.*® Nearly every study demonstrated a statistically significant
increase in hair growth and hair density in the PRP treatment group compared to the placebo. The authors recommended
that PRP therapy should be conducted at 1-month intervals for 3 months followed by maintenance therapy. Another
meta-analysis performed by Giordano et al examined six randomized controlled trials using PRP injection for the
treatment of AGA. Similarly, the authors found that PRP injection increased hair number and cross-sectional hair
thickness compared to control groups.® While the initial data seems promising for the therapeutic efficacy of PRP,
both previously mentioned meta-analyses noted that the existing studies had small sample sizes and inadequate follow-up
times to adequately measure the treatment response in patients.

Verma et al compared PRP monotherapy to minoxidil therapy.’® PRP was prepared using the double spin method and
activated with calcium gluconate. Injections of 0.1-0.2 mL of PRP were administered at monthly intervals for 4 months.
In the minoxidil monotherapy group, 1 mL of minoxidil was applied topically twice daily for 6 months. The PRP therapy
group was found to have improved hair pull test and improved patient satisfaction compared to the minoxidil group. The
PRP therapy group was also found to have a greater improvement in global hair photography compared to minoxidil.
Although there appear to be promising clinical results from the use of PRP in patients with AGA, lack of standardization
of PRP protocols remains a barrier in adequately characterizing the therapeutic response in patients. In 2021, the National
Indian Association of Dermatologists, Venereologists, and Leprologists (IADVL) PRP Taskforce published their recom-
mendations for the preparation of PRP for AGA. The authors recommended using a wide bore needle for drawing blood
to prepare for PRP, using a double spin method, and recommended against using an activator of PRP prior to injection.®

Adverse Effects

PRP has emerged as a viable, minimally invasive alternative treatment for patients with AGA. The overall risk of adverse
effects remains small, however there is a risk of infection. Additionally scalp sensitivity and mild scalp scaling are the
most common adverse effects.* Not all patients are candidates for PRP. PRP therapy should be avoided in patients with
a history of malignancy, platelet disorders, anemia, bleeding disorders, pregnant woman, or immunocompromised
patients.”’

Microneedling

Mechanism of Action
The development of microneedling as a therapeutic technique can be dated back to the 1900s when it was used for scar
treatment in plastic surgery. Since its advent, it has been implicated in collagen induction therapy, acne treatment,
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hyperpigmentation, and androgenetic alopecia.*®** Hollow or solid microneedling devices are available and can be used
for directly creating channels in the skin or delivering small molecules or nanoparticles for local or systemic therapy.®
Microneedling has also been discussed as a potential breakthrough topical or transdermal drug delivery system.”® The
device consists of micron-sized needles ranging from 100 to 2000 pm fixed to a base plate.”® Its mechanism of action is
based on controlled, repetitive, tissue microinjury, which creates transdermal microchannels within the stratum corneum.
This is thought to promote growth factors, activate bulge stem cells, and increase expression of genes associated with
hair growth.”’ Microneedling is also thought to stimulate hair growth via upregulation of Wnt/B-catenin signaling and
induction of vascular endothelial growth factor.®’

Many microneedling devices are present on the market with variations in needle length, drum size, and automation
depending on the target of therapy and desired outcome.’>** The wide variety in microneedling therapy parameters can
make establishing a standard protocol for the treatment of AGA difficult.

Efficacy

A pilot study by Dhurat et al sought to evaluate the effectiveness of microneedling treatment in men with AGA.*" In this
study, 44 men were treated with 5% topical minoxidil monotherapy and 50 men were treated with 5% topical minoxidil
therapy in conjunction with weekly microneedling. The average change in hair count from baseline to week 12 was
significantly greater for the combination therapy group compared to the minoxidil monotherapy. Microneedling was also
investigated over 6 months with 3 sessions spaced 4 weeks apart in a 24-week open-label, non-randomized study of 29
females and 14 males with AGA.** Participants were advised to continue with topical minoxidil therapy 24 hr after
treatment. All patients reported partial or complete perceived reduction in hair loss with negative pull tests. On
trichoscopy, males had a 25.16% and 17.45% increase in frontal and vertex hair density, respectively, and females
experienced a 32.35% and 35.88% increase in frontal and vellus hair density, respectively, by the end of the study. The
authors recommend microneedling for those who seek quick improvement as well as in cases of hair loss refractory to
standard of care treatments.

Microneedling can serve as a generally tolerable and valuable augmentation tool for standard of care therapies, even
in treatment refractory androgenetic alopecia. Side effects include pain during treatment, transient pinpoint bleeding,
erythema, and even enlargement of lateral cervical lymph nodes.**** Other potential adverse effects include pruritis,
seborrheic dermatitis, and headache.”” However, some studies reported no adverse events.>"?*°7 Given the microtrauma
created during therapy, there is a risk of infection as well. However, microneedling overall exhibits minimal side effects
with low risk for serious adverse events.

Combination Treatment with PRP, Minoxidil, LLLT, and Microneedling
Given the different mechanisms of action of PRP, minoxidil, LLLT, and microneedling, clinicians have experimented
with combination therapy. Together, these different modalities act on different pathways to treat AGA, potentially
allowing for synergistic results when used together in patients with AGA.

Investigation of PRP with minoxidil has yielded encouraging results in existing studies. Alves et al compared 5%
topical minoxidil solution twice daily with PRP injection in a split scalp study of 13 patients.”® Half of the scalp was
treated with topical minoxidil and PRP combination and the other half of the scalp was treated only with topical
minoxidil. Combination therapy resulted in a significant increase in hair density and mean hair count compared to
minoxidil monotherapy. Although the sample size was small and follow-up time was limited to 6 months, the results
were encouraging. Pakhomova et al performed a three-arm study examining PRP with 5% topical minoxidil compared to
topical minoxidil monotherapy or PRP monotherapy in 69 male patients with AGA.”” Combination therapy outperformed
PRP monotherapy as overall hair density increased nearly threefold compared to PRP monotherapy. Other studies found
similar results with PRP and minoxidil combination therapy outperforming minoxidil or PRP monotherapy, suggesting
that the combination of these two treatments could have synergistic benefits.'*'%

There is growing evidence that combination therapy with PRP and microneedling can improve hair growth (Figure 2).
Gentile et al compared LLLT with PRP and microneedling in 23 patients with AGA.'"%* Combined treatment demon-
strated an increase in mean hair density at 58 weeks in all patients compared to baseline. Although there was no control
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Figure 2 Before and after of a patient with AGA treated with PRP and microneedling. Reproduced from Aggarwal K, Gupta S, Jangra RS, Mahendra A, Yadav A, Sharma
A. Dermoscopic assessment of microneedling alone versus microneedling with platelet-rich plasma in cases of male pattern alopecia: a split-head comparative study.
Int | Trichol. 2020;12(4): 156, under the Creative Commons Attribution-Non Commercial-ShareAlike 4.0 License.'%®

group, this study demonstrated that combination therapy is both efficacious and safe. Shah et al examined PRP with
microneedling and minoxidil in 50 patients with AGA.> In this study, 25 patients received only topical 5% minoxidil
twice daily and 25 patients received topical 5% minoxidil with monthly PRP injections and microneedling for 6 months.
Both patient satisfaction and clinician graded improvements were highest in the combination therapy group. Yepuri et al
trialed PRP and microneedling combination therapy every 4 weeks for up to 6 months in 60 patients who previously did
not respond to minoxidil or finasteride monotherapy.'® Over 80% saw at least a 40% improvement in hair growth.
Adequate treatment response was observed after four total sessions of PRP and microneedling, which can aid in future
studies seeking to establish a standardized treatment regimen. A retrospective study by Jha et al performed
a comprehensive evaluation of minoxidil, PRP, and microneedling treatment modalities.'® In this study, 93 patients
were divided into three treatment groups composed of 31 patients treated with topical 5% minoxidil twice daily, 31
patients treated with PRP and topical 5% minoxidil, and 31 patients treated with topical minoxidil, PRP, and micro-
needling. PRP was administered in 3-week intervals for a total of 4 sessions. The authors found that triple combination
therapy yielded the highest number of negative hair pull tests, the highest terminal to vellus hair ratio, and the greatest
improvement in hair growth than the other treatment groups.

Overall, there appears to be increasing evidence that combination therapies outperform monotherapy options. Given
the favorable side effect profiles of LLLT, topical minoxidil, PRP, and microneedling, patients are not at an increased risk
of adverse outcomes with combined therapy. Patients must also be candidates for PRP, as previously discussed, and
should be informed of the potential costs associated with all modalities.

Oral Spironolactone
Mechanism of Action

Spironolactone is an aldosterone antagonist that is metabolized by the liver to its primary metabolite canrenone.'” It is
used primarily as an anti-hypertensive agent acting as a potassium sparing diuretic. Spironolactone can bind and inhibit
androgen receptors, which can treat hirsutism and acne in female patients, particularly those with polycystic ovarian
syndrome (PCOS).'%® Spironolactone has also been used as a treatment for acne vulgaris in women due to its capacity to
reduce sebum production.'® Due to its anti-androgen properties, it is used off label to treat female pattern hair loss
(FPHL) only. It is believed that oral spironolactone can halt the progression of FPHL through decreasing the levels of
circulating androgens by inhibiting adrenal androgen production and inhibiting the effect of androgens in the hair
follicle.''*'"
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Data on Efficacy

Burns et al found that patients with a Sinclair hair loss severity score greater than 2.5 saw one integer of improvement in
hair loss regardless of concomitant therapy.''""!'* James et al found in a systematic review that nearly 50% of women
taking oral spironolactone as monotherapy for FPHL saw an improvement in hair loss.''" Furthermore, a dosage below
100 mg of spironolactone was ineffective in altering the disease course. Long term use greater than 12 months at
a dosage between 100 mg and 200 mg was required to see clinical improvement in FPHL."'" A retrospective study by
Famenini et al found that 74% of females receiving long-term spironolactone therapy for FPHL reported clinical
improvement and a halt in progression of FPHL.'*

Adverse Effects

The adverse effects commonly reported by patients on oral spironolactone were commonly hypotension, hyperkalemia,
and occasionally urticaria.''' The recommended treatment regimen was in non-pregnant females with FPHL beginning at
50 mg daily with an optimal dosage between 100 mg and 200 mg daily for at least 6 months in order to see clinical

improvement.'"!

Topical Spironolactone

Topically applied spironolactone offers the same local inhibition of androgens on the hair follicle without the systemic
side effect profile of oral spironolactone. Hussein et al examined the treatment response in 26 patients (16 males and 10
females) with AGA to topical 1% spironolactone.''? All patients applied 1% topical spironolactone daily for 6 months.
Nearly 77% of patients experienced clinical improvement measured by an increase in hair count in response to topical
spironolactone treatment. A study compared topical 5% spironolactone in 16 patients to 16 patients treated with topical
0.1% finasteride for 6 months and found that topical spironolactone improved hair density and diameter in both males
and females greater than topical finasteride.''> Combination therapy of topical 5% spironolactone and topical 5%
minoxidil was evaluated by Ammal et al in 120 patients with AGA.''® This three-armed study was divided as such:
40 patients received 5% topical spironolactone treatment, 40 patients received 5% topical minoxidil, and 40 patients were
treated with a combination of both therapies. Clinical improvement was evaluated by dermoscopy, which showed an
increase in upright regrowing hairs in all groups. Combination therapy showed the greatest improvement in dermoscopic
features, which suggests that minoxidil and spironolactone combination therapy could be beneficial to patients.

Botulinum Toxin

Mechanism of Action

Botulinum toxin is produced by the bacteria Clostridium botulinum and has been employed for a variety of uses
including skin rejuvenation, facial palsy, and facial synkinesis.''” The predominant form, botulinum toxin A, inhibits
the release of acetylcholine into the neuromuscular junction.''® The proposed mechanism of action for botulinum toxin in
the treatment of AGA is a reduction in scalp muscle tone that results in vasodilation and enhancement of local
microcirculation, thus increasing hair follicle oxygen perfusion and simultaneous removal of accumulated DHT.
Another hypothesis is that the toxin could inhibit neuromodulators such as substance P or calcitonin gene-related peptide
(CGRP) that may contribute to the pathogenesis of AGA.'"” Zhang et al theorized that in the vertex area of the scalp
there is lower blood perfusion due to muscle contraction and botulinum toxin may alleviate this lack of perfusion by
relaxing the frontalis or occipitalis muscles.''>'?° Local hypoxia is also thought to increase levels of DHT, potentiating
the progressive hair loss associated with AGA."'>'?! DHT has been shown to induce TGF-B1 in dermal papilla cells,
which suppresses growth of epithelial cells within the follicle.'** Botulinum toxin has been shown to inhibit TGF-B1

secretion in fibroblasts and may have a similar effect in dermal papilla cells.'*?

Data on Efficacy
An open-label study examined the effect of intramuscular botulinum toxin injection in 40 patients with AGA.'?' Patients
were injected with 150 units of botulinum toxin in the scalp for 2 sessions, with 24 weeks in between each session, over
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the course of 48 weeks. Patients experienced a 75% treatment response rate, with an 18% increase in mean hair count
being statistically significant compared to baseline. Zhou et al compared botulinum toxin injection to a combination of
botulinum toxin and oral finasteride."'® Injections were done every 3 months for a total of 4 sessions. 100 units of
botulinum toxin were injected into the scalp during sessions. The increase in hair growth compared to baseline was
statistically significant, and there was no statistically significant difference between the botulinum toxin and combined
groups. Wang et al performed a systematic review of botulinum toxin administered as a treatment for AGA and found
mixed results."'” The authors found that there were considerable differences in the dosing of botulinum toxin ranging
from 50 units to nearly 500 units across 11 published studies. A study by Cho et al investigated seven patients and found
only one patient demonstrated hair growth, while one patient had worsening of hair loss and the other five patients had no
response.'!7"'** Another systematic review by English et al reviewed five clinical studies and found that intramuscularly
injected botulinum toxin response rates ranged from 70% to 79%.'** Intradermally injected botulinum toxin demon-
strated only a 5% change in percent hair count. Most studies lacked control groups and had small sample sizes. Before
botulinum toxin can be recommended as a treatment for AGA, more rigorous clinical trials including double blinded
evaluation, control groups, and larger sample sizes are required.

Adverse Effects

The adverse effects associated with botulinum toxin were generally mild and included headache, injection site pain, and
erythema.''® Kowing et al reported adverse effects of madarosis and facial alopecia following 100 unit injections of
botulinum toxin every 3 months.'*> Other studies have reported potentially worsening hair-line regression.''”"'?® Overall,
botulinum toxin appears to be a safe treatment for AGA but currently lacks the evidence required to become a standard
recommended treatment.

Stem Cell Therapy

The regenerative potential of stem cell therapy is thought to be useful in the treatment of AGA. Stem cells are believed to
modulate AGA by reversing its effects and forming new mature hair follicles.'?” Hair follicle stem cells located in the
hair bulge interact with stem cells in the dermal papilla. Activation of Wnt signaling pathway by hair follicle stem cells
can modulate hair follicle growth and differentiation.'*® It is believed that androgens downregulate important signaling
factors from cells in the dermal papilla responsible for normal hair follicle stem cell differentiation.'*” Elmaadawi et al
found that intradermal injection of autologous stem cells in 20 patients with AGA demonstrated significant improvement
in hair growth, which was visualized by dermoscopy and immunostaining.'*® Other studies have shown that topical
131 Although recent
studies have not shown any toxicities or adverse effects associated with stem cell application, the long-term safety has

application of adipocyte-derived stem cells can improve hair growth up to 20% in as little as 8 weeks.

not been studied. The treatment of AGA with stem cell therapy remains an experimental treatment. Not only is it costly
but intradermal application of stem cells is also invasive, and its long-term safety is still unknown. Additionally, the cost
of transporting live stem cell culture is costly and can rarely cause graft-versus-host disease (GVHD).

Another treatment using autologous stem cells for AGA has been developed using autonomous cellular micrografts
(ACM). In this method, autologous stem cells are obtained from skin biopsies of the patient’s scalp and then processed
and reinjected as a solution into the area of hair loss on the patient’s scalp.'* This novel technique has produced some
promising data. In a 6 month follow-up study of 140 patients treated with ACM, hair density, hair thickness, and the
number of follicular units increased in every region injected.'*> While this therapy is early in development, it could
provide substantial benefit to patients.

Supplements and Dietary Options

The use of nutritional supplements in the treatment of AGA has also been under investigation, particularly those that are
hypothesized to inhibit 5-alpha reductase, stimulate IGF-1 production, decrease oxidative stress, and provide valuable
nutrients or blood flow to hair follicles.'*® Saw palmetto, pumpkin seed oil, and Forti5 combination supplement are all
thought to inhibit 5-alpha reductase; and studies have shown that these supplements may be used to stabilize hair loss or
even stimulate hair growth in men with AGA. Antioxidants such as vitamin E and vitamin C have also shown efficacy in
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treating female AGA by increasing hair density and thickness, and although side effects are limited, in large doses these
effects can be paradoxical. Protein-based supplements and probiotics, such as kimchi and cheonggukjang, also appear to
be clinically effective in treating AGA by providing essential nutrients and increasing blood flow to hair follicles. Despite
the favorable side effect profile of most of these supplements, it is important to note that these products may not undergo
FDA premarket approval, and current studies investigating their efficacy are generally limited by small sample size, lack
of control group, and/or lack of head-to-head comparison with standard therapies.

Drugs in the Pipeline

Clascoterone is a unique therapeutic option currently being evaluated for treatment of AGA. It is a novel androgen
receptor antagonist that competes with DHT binding sites on cytoplasmic androgen receptors.'** Clascoterone is FDA
approved to treat acne vulgaris and more recently has been explored as a topical treatment for AGA."* It is currently
undergoing Phase II clinical trials for the treatment of AGA."®

Discussion
Androgenetic alopecia is a complex disorder that can be managed through a myriad of therapies. Management of AGA
should be a patient-centered process requiring physician consultation to assess the patient’s expectations, goals of care,
and adverse effects associated with potential treatment options. It is also important to inform patients of the cost of
treatment options and consider the patient’s comorbidities when selecting a treatment plan. As always, it is important to
offer minimally invasive treatments first and escalate treatment accordingly until patient satisfaction is achieved.

In 2018, the S3 guidelines for the treatment of AGA in men and women were updated to include the latest available
data for each treatment of AGA."*’
included oral finasteride, oral dutasteride, and topical minoxidil. LLLT received a lower ranking for “B level evidence”,

According to these guidelines, treatments with the greatest body of evidence for men

while PRP was the lowest included therapeutic option and was ranked lowest due to “C evidence” from poorly designed
studies. In females topical minoxidil received the highest marks, followed by LLLT and PRP. The purpose of this review
is to summarize existing therapies for AGA, their adverse effects, clinical efficacy, and potential synergy with other
modalities. Since the 2018 version of the S3 guidelines was published, studies with better experimental design supporting
LLLT and PRP have been published.

Currently, topical minoxidil remains the safest starting point to assess therapeutic response. Patients with more
financial resources may also potentially be recommended combination therapy with LLLT. Both modalities offer
a minimally invasive therapeutic option for treating AGA. PRP injection, while more costly and more invasive than
LLLT or topical minoxidil, can be used orthogonally in the management of AGA. As previously discussed, patients must
be candidates to receive PRP and must understand the cost of the procedure. PRP can be employed in conjunction with
minoxidil and/or LLLT. Microneedling offers a safe and minimally invasive augmentative option, which can improve the
efficacy of topical minoxidil, LLLT, and PRP. Together, these techniques offer patients valuable options for managing
AGA. While oral finasteride is typically offered for long-term maintenance therapy for AGA, the adverse effects remain
major barriers to long-term compliance. Hair transplant remains an important tool in reversing the cosmetic results of
AGA but is often very costly and may not be an option for patients. Additionally, hair transplant does not alter the
progression of AGA and requires long-term anti-AGA therapy.

There is an abundance of alternative experimental therapies for AGA that have demonstrated encouraging results but
require far more clinical testing before they can be incorporated as mainstream treatments for AGA. Topical finasteride
represents an exciting alternative to oral finasteride and has been shown to offer similar clinical efficacy while
minimizing the off-target effects of lowering plasma DHT concentrations. While stem cell therapy is novel, there are
major logistic and financial barriers to overcome before it can be used to treat AGA.

Conclusion

While AGA remains difficult to manage, there are novel and exciting therapeutic options that have become widely
available to patients. Current evidence on combination therapy has demonstrated enough beneficial results for it to be
considered in patients, and it may eventually become the standard of care. Clinicians currently have incredible flexibility
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to offer cost-effective therapeutic options with favorable side-effect profiles for patients. Topical minoxidil has been
a first-line treatment for AGA for decades and has demonstrated some efficacy. Twice daily application and delayed onset
of action are difficult obstacles for patients to achieve long-term compliance. Given the synergistic relationship between
LLLT and topical minoxidil, the use of both therapies concurrently could improve compliance especially early on in the
use of topical minoxidil. Oral minoxidil is an alternative to topical minoxidil and is well tolerated at low doses ranging
from 0.5 to 2mg daily and is far easier to achieve long-term compliance with a once daily oral pill therapy. Early data on
efficacy appear promising, but more rigorous studies are required to adequately assess the efficacy.

Oral finasteride has also been a mainstay therapy for male AGA. While there does appear to be data supporting the
ongoing use of oral finasteride, adverse effects including decreased libido, erectile dysfunction, and limited data on the
long-term safety of oral finasteride may impair patient adherence. Topical finasteride is an interesting alternative therapy
that is still being evaluated for efficacy. Viable alternatives to finasteride are available should patients not tolerate the
adverse effects of sustained treatment. LLLT is one of the most recent FDA approved therapies for AGA and has the
most favorable side effect profile. Daily use with LLLT is efficacious, noninvasive, and relatively inexpensive. Platelet
Rich Plasma is a technique that has become more popular for AGA, but the increased cost and invasiveness can be off-
putting for patients. PRP could instead be considered in patients who have failed multiple other first-line modalities.
Techniques such as microneedling can be used as an augmentation tool for all therapies, especially topical minoxidil and
LLLT. Microneedling is both cost-effective and minimally invasive. Overall, patients and clinicians have a variety of new

therapeutic options for managing AGA that can be considered.
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