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Abstract

Background: There are many treatments available for alope-
Cia areata; however, none are approved by the US Food and
Drug Administration. Thus, there is clinician benéefit in effi-
cacy comparison. Methods: A network meta-analysis was
used to create direct and indirect comparisons of alopecia
areata studies in addition to an inconsistency analysis, risk of
bias, and quality of evidence assessment. Results: For mild
disease, intralesional corticosteroids were ranked the most
likely to produce a response at 78.9% according to SUCRA
(surface under the cumulative ranking curve) followed by
topical corticosteroids (67.9%), prostaglandin analogs
(67.1%), diphenylcyclopropenone (DPCP, 63.4%), topical mi-
noxidil (61.2%), and squaric acid dibutylester (SADBE, 35.0%).
In contrast, for moderate to severe disease (>50% scalp hair
loss), DPCP was the top-ranked treatment (87.9%), followed
by laser (77.9%), topical minoxidil (55.5%), topical corticoste-

roids (50.1%), SADBE (49.7%), and topical tofacitinib (47.6%).
There were insufficient eligible trials to include oral tofaci-
tinib in the network. Conclusion: Statistically significant evi-
dence is presented for the use of intralesional and topical
corticosteroids for treatment of mild disease and DPCP, la-
ser, SADBE, topical minoxidil and topical corticosteroids for
moderate to severe disease. Further controlled trials are re-
quired to analyze the relative efficacy of oral tofacitinib.

© 2019 S. Karger AG, Basel

Introduction

Alopecia areata (AA) is an autoimmune-mediated
nonscarring hair loss disorder that affects approximately
2% of the population [1, 2]. Hair loss is the result of an
autoimmune process that targets the hair follicle after loss
of its immune privilege [3] triggered by viral infections,
trauma, hormones, and stress [4, 5] in combination with
individual genetic predispositions [5-8]. Symptoms
range from mild patchy hair loss to severe (>50% scalp
involvement) or total hair loss with possible associated
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nail abnormalities. Spontaneous remissions are common,
especially in patients with milder symptoms; however, se-
vere symptoms can progress to total scalp hair loss (alo-
pecia totalis, AT) or total hair loss (alopecia universalis,
AU) that tend to have a chronic course.

With no clear consensus on optimum therapies and a
corresponding lack of approved medications from the US
Food and Drug Administration, treatment is not straight-
forward. Current treatments include steroids (intrale-
sional, topical, and systemic), topical immunotherapy
(diphenylcyclopropenone [DPCP], squaric acid dibutyl-
ester [SADBE]), topical immunosuppressants (tacrolim-
us, pimecrolimus), topical minoxidil, and topical prosta-
glandin analogs (bimatoprost, latanoprost). In addition,
new research is ongoing and includes Janus kinase (JAK)
inhibitors (tofacitinib, ruxolitinib), laser therapy, and
platelet-rich plasma therapy. Therefore, treatment data
was analyzed directly and indirectly through use of net-
work meta-analysis to compare efficacies of the various
available treatment options for both mild and moderate
to severe AA of the scalp.

Materials and Methods

Literature Search

PubMed was used with the search term “alopecia areata” and
completed on January 16, 2019. Studies were eligible for inclu-
sion if the efficacy of an AA treatment was compared with either
a control/placebo treatment or a comparator as well as the num-
ber of treatment responders being explicitly stated and defined.
A minimum of two such studies was required to include a par-
ticular treatment in the analysis. Case studies, studies with only
one arm, studies which investigated combination treatments, ar-
ticles where full text was not available, articles which were not
written in English, and articles which did not include detailed
methods or results were excluded. Combination treatments were
defined as more than one experimental treatment in the same
patch. Screening of articles was performed by two authors, J.L.C.
and K.AF.

Data Extraction

As many studies reported results by number of patches,
treatment effects were evaluated based on the number of patch-
es that responded to treatment (response defined as >75% re-
growth and cosmetic acceptability) at study-defined measure-
ment points. Patches including AT and AU patients were de-
fined by study investigators. Some studies included multiple
treatments per patient where different patches of AA received
different treatments or were half-head studies where patients
served as their own controls. Relapse rates were not included in
this analysis as this data was not always available and in some
cases patients remained on treatment after study completion.
Treatment effects were based on response rates of patients who
completed the studies.
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Quality of Evidence and Risk-of-Bias Assessment

Two authors (J.L.C. and K.A.F.) assessed evidence quality and
risk of bias. Details regarding the quality of evidence and risk-of-
bias assessment for this review are provided in online supplemen-
tary Appendix S1 (online suppl. materials and methods; for all online
suppl. material, see www.karger.com/doi/10.1159/000501940) [9].

Meta-Analysis of Direct Treatment Effects
For supporting information, see online supplementary material.

Network Meta-Analysis

Network meta-analysis was used to make mixed comparisons
among the therapeutic options and to rank treatments, using the
program Aggregate Data Drug Information Software (ADDIS)
version 2 [10] (online suppl. Appendix S1; for supporting informa-
tion, see online suppl. material). Convergence diagnostics and
model fit (including heterogeneity) were used to determine that
data retrieved from studies of mild disease versus severe disease
required separate analysis. Thus, studies were sorted into two
groups according to how investigators defined disease severity as
best as possible and analyzed: (1) those which described the disease
as mild or patchy (<3 patches) and (2) studies which described the
disease as severe, affecting >50% of the scalp, AT, or AU. Studies
containing a mixture of patients (both mild and severe disease)
were included in the second analysis of moderate to severe disease
as heterogeneity was used to determine the better fit. Nonetheless,
this remains a limitation of the analysis. For supporting informa-
tion on inconsistency analysis, see online supplementary material.

Results

Clinical Trial Analysis

A total of 38 trials were included in the analysis, with
11 labeled mild including 968 patches, and 27 labeled
moderate to severe including 1,976 patches. Treatment
options with sufficient evidence (a minimum of two clin-
ical trials matching the treatment to a control/placebo or
comparator) are listed in Table 1. There were too few
eligible studies to include oral tofacitinib in the network.
Treatment success was evaluated over a period of
3 months to 1 year for most studies. A network graph
summarizes the comparisons (Fig. 1).

Risk of Bias
Foe supporting information, see online supplementary
material.

Quality of Evidence

Evidence was graded from moderate to very low (online
suppl. Table S4; for supporting information, see online sup-
pl. material). Evidence was downgraded due to the preva-
lence of trials which were not described as randomized. For
each comparison, the inclusion of even one nonrandom-
ized trial resulted in a grade of very low-quality evidence.
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Table 1. AA treatments with sufficent evidence for analysis

Treatments analyzed for mild disease

Treatments analyzed for moderate to severe disease

DPCP

Calcineurin inhibitors (pimecrolimus, tacrolimus)

Topical minoxidil (1 and 5%)

SADBE

Prostaglandin analogs (bimatoprost, latanoprost)

Intralesional corticosteroids (triamcinolone acetonide,
betamethasone dipropionate)

Topical corticosteroids (desoximetasone, betamethasone
dipropionate, betamethasone valerate, clobetasol
propionate, mometasone furoate)

DPCP

Laser

Topical minoxidil (1, 3, and 5%)

SADBE

Topical tofacitinib

Topical corticosteroids (clobetasol (di)propionate,
desoximetasone, fluocinolone acetonide, mometasone furoate)

Efficacy of Direct Comparisons of Monotherapy versus

Control

Direct comparisons (meta-analysis and network meta-
analysis) of moderate to severe disease with untreated or
placebo controls yielded significantly greater odds ratios
(OR) of obtaining responders with all treatments (DPCP,
topical minoxidil, SADBE, laser, and topical corticoste-
roids) with the exception of topical tofacitinib (two stud-
ies) (Table 2; online suppl. Table S3). Fewer studies per
comparison were available in the case of mild disease. Me-
ta-analysis resulted in significantly greater OR in the case
of topical corticosteroids (two studies) versus untreated or
placebo controls (online suppl. Table S3) while network
meta-analysis revealed a significantly greater OR with the
use of intralesional corticosteroids (two studies) (Table 2).

Efficacy of Direct Comparisons of Monotherapy versus

Comparator

Direct comparisons (meta-analysis) of mild disease re-
vealed a significantly greater OR of achieving treatment
response with intralesional corticosteroids compared with
topical corticosteroids (Table 2). In one study, bimatoprost
was observed to produce significantly greater OR when
compared with topical corticosteroids (Table 2). Differ-
ences between all additional comparators (including mod-
erate to severe disease) were found to be not significant.

Mixed Treatment Comparisons

Mixed treatment comparisons are the network analy-
ses that compare more than two interventions indirectly
with at least one pair compared both directly and indi-
rectly [11]. Network results showed no significant differ-
ences between comparators for mild disease (all treat-
ments) as well as moderate to severe (topical corticoste-
roids, topical tofacitinib) disease.

Network Meta-Analysis for Alopecia
Areata

SADBE

Topical steroids Prostaglandin analogs

Negative control Minoxidil

Intralesional steroids
DPCP

a Calcineurin inhibitors

Tofacitinib
Topical steroids

SADBE

Control

Minoxidil

DPCP
b Laser

Fig. 1. The network graph shows the evidence network for all se-
lected interventions. The size of an intervention’s circle reflects the
total number of patches for that intervention. Lines signify that
interventions are connected through at least one study, with thick-
er lines indicating more connecting studies. a Network graph of
moderate to severe disease. b Network graph of mild disease.
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Table 2. Comparison of the included interventions

Moderate to severe disease

Control  249.211 59.734 40.654 952.795 3,324.585 105.541
(5.357, 295,374.700) (1.560, 4,295.830) (0.157,77,419.967)  (20.342, 673,336.174) (81.990, 1,079,490.793)  (1.659, 14,404.559)
Topical corticosteroids ~ 0.241 0.152 3.996 12.271 0.411
(0.000, 56.741) (0.000, 111.286) (0.002, 5,142.528) (0.010, 7,003.043) (0.000, 134.788)
SADBE 0.681 16.192 54.554 1.673
(0.001, 3,136.930) (0.071, 33,057.376) (0.260, 54,339.137) (0.006, 841.512)
Tofacitinib 23.924 75.001 2.631
(0.009, 109,316.213) (0.040, 219,476.402) (0.001, 3,698.194)
Laser 3.037 0.107
(0.005, 2,193.821) (0.000, 40.189)
DPCP 0.032
(0.000, 8.866)
Minoxidil
Mild disease
Control 12.102 18.791 2.112 40.009 0.206 14.714 12.207
(0.646, 639.445) (0.186, 7,360.624) (0.005, 771.858) (1.242, 4,553.721) (0.000, 36.863) (0.074, 9,768.322) (0.205, 2,345.139)
Topical corticosteroids  1.551 0.172 3.351 0.017 1.212 1.024
(0.019, 176.938) (0.000, 64.994) (0.086, 168.848) (0.000, 2.726) (0.002, 801.753) (0.008, 119.510)
Prostaglandin analog 0.109 2.178 0.011 0.744 0.659
(0.000, 79.202) (0.007, 581.668) (0.000, 5.609) (0.001, 1,097.182) (0.002, 137.153)
SADBE 19.621 0.095 7.078 5.937

(0.034, 48,630.199)

Intralesional corticosteroids

(0.000, 241.194)
0.005
(0.000, 1.039)

Calcineurin inhibitors

(0.056, 4,335.967)
0.362

(0.000, 386.488)
75.129

(0.062, 686,938.467)
DPCP

(0.025, 4,074.079)
0.305

(0.001, 77.200)
60.989

(0.121, 255,505.701)
0.870

(0.002, 326.523)
Minoxidil

Values are odds ratio (95% confidence interval) (Aggregate Data Drug Information Software). Each cell represents the effect of the column-defining intervention relative to the

row-defining intervention.

Table 3. Pooled odds ratios of the indirect, direct, and random effects standard deviation treatment comparisons of each head-to-head
analysis included in the network

Treatment 1

Treatment 2

Indirect treatment

Direct treatment

b

Inconsistency factor®

pvalue 7

comparison® comparison

Mild disease

Calcineurin inhibitors Intralesional corticosteroids -2.141 (-10.933, 6.148) -52.173 (-162.360, -6.273)  -50.169 (-159.300, —2.474) 0.028 1
Topical minoxidil Prostaglandin analog —-4.549 (-15.894, 5.983) 1.278 (-5.978, 8.453) 5.823 (-6.769, 19.088) 0.297 1
Topical corticosteroids Calcineurin inhibitors -0.933 (-9.440, 6.734) -56.625 (-197.340, -5.297)  -55.729 (-195.580, -2.921) 0.022 1
Topical corticosteroids Intralesional corticosteroids 1.047 (-5.271, 7.694) 1.104 (-3.599, 5.771) 0.062 (-8.302, 7.953) 0.989 2
Topical corticosteroids Topical minoxidil -2.554 (-10.604, 4.554) 0.428 (-6.350, 7.223) 3.003 (-6.555, 13.831) 0.476 1
Moderate to severe disease

Topical corticosteroids Topical tofacitinib 2.371 (-49.709, 80.337) 0.024 (-7.251, 7.342) -2.250 (-80.456, 50.124) 0.958 1

Values are odds ratio (95% confidence interval) (Aggregate Data Drug Information Software, node-splitting analysis).
2 Estimated using placebo or untreated control as a common comparator. ® Estimated directly from the trial using random-effects meta-analysis. ¢ Estimated using
random-effects network meta-analysis. ¢ Number of clinical trials making a direct comparison.

Inconsistency Analysis

Significant inconsistencies between the direct and in-
direct evidence were not detected with only one exception
(Table 3). One study investigating the calcineurin inhibi-
tor tacrolimus [12] compared with both topical and intra-

lesional corticosteroids for treatment of mild disease re-
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sulted in a significant difference between direct and indi-
rect evidence. Recent literature has suggested that the
probability of inconsistency is higher in the case of fewer
studies per treatment arm [13]. Thus, these results are not
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Table 4. Ranking of competing treatments for moderate to severe
AA and mild AA

Treatment SUCRA  PrRankl Mean
Rank
Moderate to severe disease
DPCP 87.9 50.4 1.8
Laser 77.9 26.9 2.6
Topical minoxidil 55.5 4.8 41
Topical corticosteroids 50.1 11.0 34
SADBE 49.7 1.9 4.5
Topical tofacitinib 47.6 5.0 4.7
Control 16.2 0.00 6.9
Mild disease
Intralesional corticosteroids 78.9 36.2 2.5
Topical corticosteroids 67.9 24.6 3.8
Prostaglandin analogs 67.1 21.9 33
DPCP 63.4 22.0 3.6
Topical minoxidil 61.2 11.1 3.7
SADBE 35.0 3.9 5.5
Calcineurin inhibitors 12.3 0.6 7.1
Control 21.7 0.00 6.5

SUCRA, surface under the cumulative ranking curve; PrRankl1,
probability of a treatment to ranking first.

surprising; however, the possibility of an outlier cannot
be eliminated without investigating additional studies
[13].

Ranking of Treatments

In the case of moderate to severe disease, DPCP was
ranked the most likely to produce responders (87.9%),
followed by laser (77.9%), topical minoxidil (55.5%), top-
ical corticosteroids (50.1%), and SADBE (49.7%) accord-
ing to SUCRA (surface under the cumulative ranking
curve) (Table 4). With a 47.6% probability, topical tofaci-
tinib was ranked the least likely active treatment to pro-
duce responders. For mild disease, intralesional cortico-
steroids were ranked the most likely to produce respond-
ers (78.9%), followed by topical corticosteroids (67.9%),
prostaglandin analogs (67.1%), DPCP (63.4%), topical
minoxidil (61.2%), and SADBE (35.0%) according to SU-
CRA (Table 4).

Discussion
Based on network meta-analysis and meta-analysis re-

sults, DPCP, laser, topical minoxidil, topical corticoste-
roids, and SADBE treatment were significantly more ef-

Network Meta-Analysis for Alopecia
Areata

fective (OR) in the case of moderate to severe scalp AA
compared with untreated or placebo-treated controls.
Likewise, in the case of mild disease, intralesional corti-
costeroid treatments (network meta-analysis) and topical
corticosteroids (meta-analysis) demonstrated signifi-
cantly greater OR of attaining responders compared with
control treatments. Based on SUCRA, intralesional corti-
costeroids were ranked with the highest probability of
successful treatment (based on number of responders)
followed by topical corticosteroids, prostaglandin ana-
logs, DPCP, topical minoxidil, SADBE, and calcineurin
inhibitors for the treatment of mild disease. For moderate
to severe disease, SUCRA ranked DPCP with the highest
probability of success followed by laser, topical cortico-
steroids, topical minoxidil, SADBE, and topical tofaci-
tinib. Use of network meta-analysis not only allowed for
ranking of treatments but was also a method of analyzing
direct and indirect evidence. Use of both techniques is
considered beneficial as direct evidence is considered
higher quality and not subject to issues of similarity/tran-
sitivity but may result in similar bias not present in indi-
rect evidence [14].

Nonetheless, confidence in SUCRA rankings should
be interpreted according to quality of evidence [15].
Quality of evidence was found to vary from moderate to
very low. Evidence was downgraded to very low in cases
where data was extracted from nonrandomized trials or a
mixture of randomized and nonrandomized trials. There-
fore, although observational studies have been important
in identifying potential treatments, this analysis high-
lights the need for randomized controlled trials to con-
firm those results. Randomized, controlled trials could be
especially important in identifying a role for potential
new treatments such as oral and topical tofacitinib, rux-
olitinib, and platelet-rich plasma. A limitation of the cur-
rent analysis is the inability to include oral tofacitinib [16]
due to a lack of controlled studies. With only off-label
treatments currently available, investment in randomized
controlled trials could make a significant difference for
AA patients. A second point to consider is the inclusion
of both half-head and non-half-head studies. As many
AA treatments are local, use of half-head studies has been
considered beneficial for the detection of spontaneous re-
missions. Despite this, there is also evidence of a system-
ic effect of localized application leading to the possibility
of an underestimated treatment effect [17].

Similar to recent treatment recommendations [18],
this analysis also suggests that severity of disease should
influence front-line treatment options. For patients with
mild and patchy hair loss, either intralesional or topical
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corticosteroids might be a first-choice treatment which
aligns with current prescribing practices. In compari-
son, patients with >50% scalp hair loss might benefit
from progressing straight to DPCP which is also consis-
tent with the literature that suggests efficacy for severe
AA [19] but not for use in cases of mild AA [20]. Addi-
tionally, treatment choice should also consider the indi-
vidual patient. For instance, not all patients are candi-
dates for DPCP use, including pregnant women due to
possible mutagenic properties of a possible contaminant
[21] as well as younger patients with the possible adverse
effects such as blistering, severe irritation, hyperpig-
mentation, cervical and occipital lymphadenopathy, ur-
ticaria, facial swelling, erythema multiforme and severe
pruritus [22, 23], and development of multiple lentigi-
nes [24]. Further, although efforts were made to divide
studies by the severity of disease, there were still differ-
ences within the two analyses. For example, one investi-
gation of tofacitinib included only patients diagnosed
with AU [25], which has been documented with in-
creased recalcitrance to treatment [26]. Thus, the lower
ranking of topical tofacitinib in this analysis might be a
result of the treatment population versus the effective-
ness of the drug.

Use of responders with >75% regrowth and cosmetic
acceptability was chosen as a measure of efficacy due to
the nature of the disease. Partial regrowth was not con-
sidered as patients who still require use of hair pieces,
camouflage, hats, and other head coverings are not con-
sidered treatment successes [27].

Overall, despite being off-label treatments, intrale-
sional corticosteroids and topical corticosteroids were
found to lead to a significantly greater number of re-
sponders for mild disease and DPCP, SADBE, topical mi-
noxidil, topical corticosteroids, and laser were found to
lead to a significantly greater number of responders for
moderate to severe disease. Due to the limited number of
trials, the current analysis included both randomized and
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