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Summary Dihydrotestosterone (DHT) binding to androgen receptors (AR) in hair follicles is commonly accepted as the
first step leading to the miniaturizing of follicles associated with androgenetic alopecia (AGA). Testosterone is
converted to DHT by the enzyme 5a-reductase. Finasateride a 5a-reducase inhibitor blocks the production of DHT and
is currently used to treat AGA. The inhibition is not complete but a reduction of DHT systemically and in the scalp is
accomplished. Ketoconazole has been clinically shown to be effective in the treatment of AGA. In this paper, evidence
is presented to support the hypothesis that ketoconazole 2% shampoo has a local disruption of the DHT pathway. It is
proposed that using ketoconazole 2% shampoo as an adjunct to finasteride treatment could lead to a more complete

inhibition of DHT and thus better treat AGA.
© 2003 Published by Elsevier Ltd.

Introduction

Androgenetic alopecia (AGA) is commonly referred
to as male pattern hair loss or female pattern hair
loss in genetically susceptible men and women [1].
Thinning of hair diameter as well as a miniaturizing
of the terminal hair follicle is characteristic of
AGA. With time, miniaturized hair follicles produce
shorter and thinner hair [2,3]. The onset of AGA in
both sexes is between 12 and 40 years of age [1].
Until recently there were few treatment options
for thinning hair. Approved treatments by the FDA
are promising, but these regimens have their lim-
its. As a result, there is a need for continued re-
search into more efficacious treatments.

The hair cycle

In order to appreciate the pathophysiology of AGA, a
basic understanding of the hair cycle is needed.
There are three phases to the hair cycle: anagen
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(growth phase), catagen (involution phase), and
telogen (rest phase) [4]. At any given time about
90—95% of hair follicles are in anagen. The re-
maining 5—10% are in telogen with a small portion of
the follicles, about 1% in catagen [5]. When a follicle
ends the telogen phase the hair is shed and this
initiates the onset of the anagen phase, thus com-
pleting the cycle. The different phases of the hair
cycle have different time frames; anagen usually
lasts 2—6 years, categen lasts 2—3 weeks and telo-
gen last 2—3 months. It is the duration in the anagen
phase that determines the hair length and the di-
ameter of the hair bulb determines the thickness of
the hair [1]. Thus, a miniaturized hair follicle that
has a short anagen phase will produce a short and
thin hair. Treatment for AGA is ideally aimed at
prolonging anagen phase and preventing miniatur-
izing thus restoring of hair follicle size.

Androgenetic alopecia

AGA is a result of the effects of androgens in ge-
netically susceptible individuals [6]. The peripheral
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conversion of testosterone (T) by the enzyme
5a-reductase (5a-R) to the more potent dihydro-
tosterone (DHT) has been implicated as the re-
sponsible androgen in the progression of AGA
[1—6]. Although T and DHT both act at the andro-
gen receptor (AR), DHT has a higher affinity for the
receptor. Furthermore, the binding of DHT appears
to be necessary in the pathologic activity in tissues
like prostate or hair follicles [7]. Men genetically
deficient in 5a-R show an absence of AGA, sup-
porting the hypothesis of the role of DHT in AGA
[8]. In addition, studies have found an over ex-
pression of 5a-R in human hair follicles of patients
with AGA [9]. It has been suggested that DHT binds
to the AR causing the activation of the genes that
are responsible for the miniaturizing of the hair
follicles [1,3]. These miniaturized follicles in turn
are responsible for the production of the thin hair
seen in AGA.

The conversion of T to DHT is accomplished by
type | and type Il isoenzymes of 5a-R. Biochemical
studies have indicated that 5a-RI is the predomi-
nant isoform in the human scalp [12,13]. Immuno-
histochemistry studies performed to determine the
exact distribution of the two isoforms have con-
cluded that 5a-Rl is found exclusively in the seba-
ceous gland, whereas the 5a-Rll is found within the
innermost layer of the outer root sheath of the hair
follicle and extends into the inner root sheath into
more proximal regions of the follicle [14].

The mechanism of AGA development does not
seem to be limited to DHT levels. The number of AR
expressed by an individual may have an effect on
AGA as well. It is well established that individuals
with AGA have higher levels of AR [9—11]. When
compared, higher levels of AR have been found in
the hair follicles in thinning regions of the scalp
versus non-thinning regions [10].

Finasteride

Finasteride is a competitive inhibitor of 5a-RIl, the
isoenzyme of 5-R found mainly in the root sheath.
Consequently, administration of finasteride pre-
vents the conversion of T to DHT [15]. Reducing the
total amount of DHT available lowers the overall
binding of DHT to androgen receptors. Since fin-
asteride has no affinity for the AR, it only inhibits
the production of DHT, not the binding of DHT to
the AR in the hair follicle [2,9]. The optimal dose of
finasteride for the treatment of AGA has been de-
termined to be 1 mg/day [6]. Finasteride 1 mg/day
reduced serum DHT levels by 71.4% and reduced
scalp DHT levels by 64.1%. Finasteride had no sta-
tistically significant reduction on the serum con-

centrations of T but a 41 % increase in scalp T
concentrations was noted [16]. The selectivity of
finasteride for 5a-RIl along with the predominance
of 5-Rll in the scalp has led researchers to conclude
that the efficacy of finasteride in the treatment of
AGA is at least in part mediated by local inhibition
of 5a-RIl in the hair follicle [7].

The efficacy of oral finasteride in the treatment
of AGA is well documented. In three randomized,
double-blinded, placebo controlled studies, finas-
teride significantly increased hair counts and im-
proved scalp coverage [17—19]. After two years of
treatment with finasteride, about two-thirds of
men showed improved scalp coverage, about one-
third maintained their coverage, and only 1%
showed a decrease in scalp coverage. It is believed
that since the miniaturizing of the hair follicle
takes years the reversal of the process may also
takes years of treatment [1].

Finasteride has been shown to be ineffective for
the treatment AGA in women. Clinical trials with
postmenopausal women given 1 mg of finasteride a
day for one year showed no positive benefit of
finasteride [1].

Ketoconazole

Ketoconazole is an imidazole broad-spectrum anti-
fungal and steroid biosynthesis inhibitor [20,21].
Ketoconazole in high doses (400 mg TID) blocks
both testicular and adrenal androgen biosynthesis
[22—24]. The androgen lowering potential of high
doses of ketoconazole has led to its use in the
treatment of advanced prostate cancer.

The mechanism of action of high doses of keto-
conazole is through the inhibition of cytochrome
P450 and 17, 20-lyase, which are involved in the
synthesis and degradation of steroids including the
precursors of testosterone [22—25]. Recent studies
have demonstrated that treatment with high doses
of ketoconazole can produce a significant response
in a majority of patients with advanced prostate
cancer. In the treatment of prostate cancer, keto-
conazole is considered to have a reasonable tox-
icity profile. The most serious potential adverse
effects of the drug can be ameliorated by simple
measures [24].

Ketoconazole has also been shown to be an
effective treatment for AGA. Long-term use of
shampoos containing 2% ketoconazole increased the
density, size and proportion of anagen follicles in
men between the ages of 21—33 [26]. In this study,
27 subjects used 2% ketoconazole shampoo exclu-
sively 2—4 times a week for 21 weeks. The remaining
12 in the control group used an unmedicated
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shampoo. Pilary index (Pl) was used to measure
AGA. Pl is calculated by multiplying the follicles in
anagen (A) with average diameter (D) of the hair
shafts (Pl = A x D). The unmedicated group showed
a linear decrease in Pl (r =0.56, p < 0.05) with
time. The ketoconazole group yielded progressive Pl
increase (r = 0.69, p < 0.01).

Although the effects of ketoconazole on 5a-R
have been documented, the authors of the study
concluded that the benefits were attributed to its
effects on fungal scalp infections in genetically
predisposed individuals. They argued that AGA has
a multifactorial pathogenesis with an inflammatory
reaction caused by a Malassezia fungal infection. It
was concluded that ketoconazole was therapeutic
by reducing inflammation through its anti-inflam-
matory properties and by clearing the adjacent
fungal infection. Exploration of the inflammatory
aspect of AGA was in great part based on the re-
sults of a biopsy study by Jaworsky et al. [27],
showing that AGA patients had signs of T-cell in-
filtration of follicular stem cell epithelium. How-
ever, limited conclusions should be drawn from the
Jaworsky study because it only included 4 subjects
and only 3 of them were men.

Discussion

The development of AGA in genetically susceptible
individuals has been linked to an overproduction of
50-R and an over expression of AR. Thus, a treat-
ment that addresses both components while
maintaining a favorable side effect profile would
be most beneficial.

It can reasonably be concluded that the clinical
efficacy of ketoconazole shampoo in the treatment
of AGA is primarily a function of DHT pathway
disruption rather than an anti-inflammatory effect.
In rat studies ketoconazole caused 5a-R inhibition
[28]. Furthermore, in humans ketoconazole has
also been shown to inhibit the binding of 5a-R to
sex hormone globulins [29]. These clinical studies
suggest that ketoconazole like finasteride may in-
hibit the production of DHT. Unlike finasteride
ketoconazole has been shown to bind to human AR
[30]. Thus, the effect of ketoconazole on the DHT
pathway may be two-fold: inhibition of DHT and/or
inhibition of DHT binding to AR. Either or both of
these properties would result in reduced incidence
of DHT binding to AR and inhibiting the pathway
that leads to the miniaturizing of hair follicles.

Although finasteride is a competitive inhibitor of
5a-R, increasing the dose of finasteride to further
inhibit DHT is unlikely to be beneficial in the
treatment of AGA. Scalp DHT levels were reduced

by 64.1% and 69.4% while serum DHT levels were
reduced by 71.4% and 72.2% with 1 and 5 mg of
finasteride, respectively [14]. Investigators found a
75% and 68% improvement in rating of AGA in pa-
tients taking 1 and 5 mg of finasteride, respectively
[6]. Clinically, 5 mg doses of finasteride have not
been superior over 1 mg in the treatment of AGA
[6,16]. Consequently, reducing the effects of DHT
in the hair follicle might also require inhibiting the
binding of DHT to the AR.

One possible argument against the use of keto-
conazole for AGA is that the high concentrations
required for ketoconazole to affect binding are
higher than safely possible through oral means
[30]. However, for purposes of AGA treatment, the
only tissue that requires a relative high concen-
tration of ketoconazole is the hair follicles.
Therefore, a local application of ketoconazole in
the form of a shampoo would be most appropriate.
In this way systemic toxicity can be avoided and
the ketoconazole can be directly delivered to the
area of concern. A review of the literature did not
turn up any studies determining the systemic con-
centration of ketoconazole when using ketocona-
zole 2% shampoo.

Clinical trials are needed to evaluate the ef-
fectiveness of ketoconazole shampoo in the treat-
ment of AGA. These trials should attempt to
elucidate the method of action responsible for the
results. Both the inflammation and the DHT path-
way need to be addressed.

Conclusion

Finasteride is effective at reducing scalp DHT level,
but it does nothing to stop the remaining DHT from
binding to the abundant AR found in AGA patients.
Local ketoconazole 2% can potentially inhibit DHT
production and/or DHT binding to AR. Finasteride
therapy adjunct with ketoconazole shampoo
could potentially block the DHT pathway more
completely; however, further clinical trials are
warranted.
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