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Abstract: Hair-loss diseases comprise heterogenous conditions with respective pathophysiology and
clinicopathological characteristics. Major breakthroughs in hair follicle biology and immunology have
led to the elucidation of etiopathogenesis of non-scarring alopecia (e.g., alopecia areata, AA) and cica-
tricial alopecia (e.g., lichen planopilaris, LPP). High-throughput genetic analyses revealed molecular
mechanism underlying the disease susceptibility of hair loss conditions, such as androgenetic alopecia
(AGA) and female pattern hair loss (FPHL). Hair loss attracted public interest during the COVID-19
pandemic. The knowledge of hair loss diseases is robustly expanding and thus requires timely
updates. In this review, the diagnostic and measurement methodologies applied to hair loss diseases
are updated. Of note, novel criteria and classification/scoring systems published in the last decade
are reviewed, highlighting their advantages over conventional ones. Emerging diagnostic techniques
are itemized with clinical pearls enabling efficient utilization. Recent advances in understanding the
etiopathogenesis and management for representative hair diseases, namely AGA, FPHL, AA, and
major primary cicatricial alopecia, including LPP, are comprehensively summarized, focusing on
causative factors, genetic predisposition, new disease entity, and novel therapeutic options. Lastly,
the association between COVID-19 and hair loss is discussed to delineate telogen effluvium as the
predominating pathomechanism accounting for this sequela.

Keywords: alopecia areata; androgenetic alopecia; female pattern hair loss; cicatricial alopecia;
trichoscopy; JAK inhibitor

1. Introduction

Hair loss diseases are heterogenous, consisting of conditions with respective patho-
physiology and clinicopathological characteristics [1–3]. Despite their high prevalence,
therapeutic options for hair loss diseases have still been limited when compared to other
major dermatological problems, such as atopic dermatitis and psoriasis. To fully establish
therapeutic strategies, accurate diagnosis and disease severity assessment are essential.

Recent progress in disease severity assessment and development of diagnostic tech-
niques for hair loss diseases have been remarkable. One of the hardships in diagnosing
hair diseases had been the paucity of globally standardized criteria/guidelines essential
for the diagnosis of rare and/or complicated conditions [4,5]. In addition, measurement
tools to score disease severity/activity and/or subgroup phenotypic variants had been
limited, making clinical assessment and therapeutic planning challenging [6,7]. Recently
invented diagnostic systems are useful for providing more reliable guidance than previous
versions [4,7,8]. Recent studies/reviews refined or standardized diagnostic procedures
represented by trichoscopy and hair pull test with evidence-based data and minimized the
variance among practitioners [9–11]. Furthermore, the development of novel non-invasive
diagnostic modalities is in progress [12,13].

In the last two decades, major breakthroughs have been made in hair follicle (HF) biol-
ogy and immunology, represented by the identification of bulge stem cells and discovery of
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HF immune privilege (HF-IP) [14,15], enabling in-depth dissection of the pathomechanism
underlying major forms of hair loss diseases such as IP-collapse in alopecia areata (AA) [1]
and the loss of stem cells in primary cicatricial alopecias, including lichen planopilaris
(LPP) [16]. Recent genetic and epidemiological analysis elucidated disease susceptibility
for androgenetic alopecia (AGA) and female pattern hair loss (FPHL) [17] and revealed a
possible link with environmental factors and frontal fibrosing alopecia (FFA) [18]. These
discoveries shed light on the etiopathogenesis for each condition, providing rationales for
therapeutic modalities, as the genome-wide association studies (GWAS) have led to the
invention of Janus kinase inhibitor for severe AA [19].

Hair loss attracted public interest during the COVID-19 pandemic as a frequently
observed sequela. A variety of hair diseases, such as AGA, AA and telogen effluvium
(TE), have been implied as a possible pathomechanism [20], which deserves bibliographical
consideration.

It is noteworthy that the knowledge of hair loss diseases is robustly expanding and thus
requires timely updates. This narrative review attempts to comprehensively summarize re-
cent advances in the understanding of the etiopathogenesis, diagnosis, and management of
representative hair loss diseases. First, the latest diagnostic criteria and classification/soring
systems and modalities for hair loss diseases are introduced, and then non-cicatricial and
cicatricial alopecias are sequentially reviewed, focusing on the advances made in our
understanding of their etiopathogenesis and development of treatment options.

2. Diagnosis and Severity Evaluation

The diagnosis of hair diseases can be made by the combination of standard procedures
such as medical interview, physical examination, and laboratory examinations in combi-
nation with hair disease-specific diagnostic modalities represented by trichoscopy and a
hair pull test. The following sections introduce current standards for the diagnosis and
pattern/severity evaluation of hair diseases, along with updates and new insights.

2.1. Diagnostic Criteria and Classification/Scoring Systems

Table 1 summarizes the currently available diagnostic criteria and classification/scoring
systems for each disease. Diagnostic criteria are not essential but beneficial for hair diseases
which are rare or could otherwise be misdiagnosed.

For instance, FFA, a representative cicatricial alopecia and the variant of LPP, can be
confused not only with “classical” LPP but also with AGA. Previously, no globally con-
sented diagnostic criteria had been established, and thus the diagnosis had been often made
based on clinicians’/researchers’ discretion or in locally accepted manners [21]. Recently,
international guidelines for clinical trials of FFA were proposed by the international FFA
cooperative group (IFFACG) [4] (Table 1a). These guidelines include diagnostic criteria
(International FFA Cooperative Group Criteria for FFA), along with severity rating meth-
ods, and assessment measures, which were agreed upon by more than 90% of all IFFACG
members on each item/recommendation. The diagnostic criteria present five common
findings of FFA, each of which have 1 or 2 points, and ≥4/7 points are needed to confirm
the diagnosis of classic FFA. They also provide criteria for probable FFA in which typical
signs such as frontal hairline recession can be absent. Although these consensuses were
made for the purpose of providing reliable standards to conduct clinical trials, they would
be helpful for clinicians to diagnose FFA and evaluate its severity in daily practice.

Fibrosing alopecia in a pattern distribution (FAPD) is another rare condition in which
features of LPP and AGA were concomitantly observed [22]. The diagnosis can be chal-
lenging due to its mixed phenotypic manifestation. Griggs et al. proposed the diagnostic
criteria for FAPD in 2020 based on the outcome of the literature review of 15 articles [5]
(Table 1b). The criteria are composed of seven major and six minor items with regards to
clinical, trichoscopic, and histopathologic features, outlining this entity and solidifying
the disease concept. How many criteria items should be satisfied to confirm the diagnosis
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remains elusive, and thus, further optimization is required to fully establish the diagnostic
criteria for FAPD.

Classification/scoring systems are useful for subgroup disease phenotypes or activ-
ity/severity once the diagnoses are made. Classifications are used to categorize patterns
or types of hair loss, while scoring systems are used for assessing the initial status of the
disease and planning treatment approaches and predicting the responses to therapeutic
interventions. Some systems can provide tools for both classification and scoring. The
Severity of Alopecia Tool (SALT) I was originally developed for the assessment of AA but
can also be useful in the severity assessment of other types of hair loss [23]. Its updated
versions, SALT II [24] and III [4], have been published and can be adopted in particular
situations requiring better precision (Table 1c). For AA, the severity can be graded into
S0, no hair loss; S1, less than 25% hair loss; S2, 25–49% hair loss; S3, 50–74% hair loss; S4,
75–99% hair loss; and S5, 100% hair loss based on SALT [23] (Table 1d). Recently, a more
practical AA severity scale was developed via an academic–industrial collaboration [25]. In
this scale, AA is classified into three severities: mild (20% or less scalp hair loss), moderate
(21–49% hair loss), and severe (50–100% hair loss). When one or more of the following
factors are present, a severity rating is increased by one level in mild or moderate cases: (1)
negative impact on psychosocial functioning resulting from AA, (2) noticeable involvement
of eyebrows or eyelashes, (3) inadequate response after at least 6 months of treatment,
and (4) diffuse (multifocal) positive hair pull test consistent with rapidly progressive AA
(Table 1e).

The Hamilton–Norwood classification is the most disseminated classification/scoring
system for AGA, in which the pattern and severity of hair loss are represented by seven
categories (I to VII) and variants (e.g., III vertex) based on hair thinning of the vertex and
recession of the frontal hair line [26] (Table 1f).

Ludwig’s classification [27] subdivides FPHL cases based on the extent of hair thin-
ning on the crown into three grades (Table 1h), and Olsen’s classification [28] focuses on
the frontal accentuation other than diffuse hair thinning (Table 1i). Currently, Sinclair’s
classification (Women’s Alopecia Severity Scale), which is a five-grade visual scale assessing
midline hair density (the width of hair part), is more widely used in clinical practice [29,30]
(Table 1j and Figure 1). By adopting a wider range of grades, Sinclair’s classification makes
up for the shortcomings of Ludwig’s classification in which even the mildest category (Lud-
wig I) demonstrates clearly recognizable hair loss and thus would not be suitable for the
distinction of mild FPHL. How to select the most suitable classification form among them
for the severity evaluation of each case is illustrated in Figure 1a–c. A recent investigation
reported that the “Trichoscopy Derived Sinclair Scale”, as calculated by the formula “3.9 ×
log (1/cumulative hair thickness density [total diameter of hair growing in scalp area unit])
as detected by trichoscopy) + 2.4”, enables a more precise evaluation [8] (Table 1k).

Recent publications proposed new scoring systems focusing on early stage FPHL.
Based on the clinical photographs of 46 Japanese women with pattern hair loss, the severity
grading system was proposed and consisted of six severities: Stage 1 (mildest) to Stage 6
(severest), in which the severity of Stage 6 is comparable to Sinclair 2 (the second mildest
severity) [31] (Table 1l). Kaneko et al. took advantage of the surface-reflected light gener-
ated by camera flashlight on clinical picture recording and developed a grading scoring
system [32] (Table 1m). The FPHL Severity Index (FPHL-SI), which was published in
2016 by nine world hair experts, was adjusted to evaluate the early stage FPHL without
obviously visible hair loss [7]. This severity scale combines four validated measure items:
the amount of hair shedding, midline hair density, and two trichoscopic findings (hair
diameter diversity and the proportion of follicular units with single hair (increased in the
affected area) or those triple hair (decreased compared to that in occiput)) [7] (Table 1n).
As truly severe FPHL cases are rarely encountered, these approaches could provide more
convenient evaluation tools for clinical use.
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Figure 1. Common classifications for FPHL and representative clinical images. Ludwig’s, Olsen’s,
and Sinclair’s classifications are comparatively presented. Image (a) does not demonstrate remarkable
frontal accentuation and, thus, is better classified into Ludwig’s II or Sinclair’s 4. Image (b) can be
more preferentially classified into Olsen’s II than into Ludwig’s II or Sinclair’s 3, considering frontal
accentuation. Image (c) demonstrates mild hair thinning limited to the midline and, thus, is best
classified into Sinclair’s 2.

Table 1. List of diagnostic criteria and classification/scoring systems for major hair loss diseases.

Hair Diseases Diagnostic Criteria

Frontal fibrosing alopecia

(a) International FFA Cooperative Group Criteria for FFA (International guidelines for clinical
trials of FFA [4]): Combination of clinical and pathological findings to diagnose classic FFA (Frontal
hairline recession with loss of follicular ostia is necessary. Other items include positive biopsy result,
eyebrow loss, perifollicular anterior scalp erythema, and perifollicular anterior scalp
hyperkeratosis/scale) and probable FFA (frontal hairline recession is not necessary. Facial papules,
preauricular hair loss, and absence of vellus hairs in affected hairline are added). Each item counts
one or two points. Four or more points are needed to diagnose each condition.

Fibrosing alopecia in a
pattern distribution

(b) “Proposed diagnostic criteria for FAPD” [5]: Criteria include seven major items (symmetric hair
loss in androgen-dependent areas, sparing of androgen-independent areas, perifollicular
casts/hyperkeratosis, loss of follicular ostia, hair density variability, lymphohistiocytic infiltrate
around isthmus and infundibular region, and concentric perifollicular lamellar fibrosis) and six
minor items (sparing of non-scalp hairs, perifollicular erythema, hair tufting, predominance of single
hair follicles, interface dermatitis, and fibrosed follicular tracts) in three categories: clinical,
trichoscopy, and histopathology.
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Table 1. Cont.

Hair Diseases Diagnostic Criteria
Classification/scoring systems

All hair loss diseases (c) SALT (I, II, and III) [4,24]: Percentage of hair loss area (0–100) calculated by subdividing scalp
surface area into four quadrants.

Alopecia areata

(d) Severity scale [23]: Severity subgrouping (S0–5) based on the SALT score: S0, no hair loss; S1, less
than 25% hair loss; S2, 25–49% hair loss; S3, 50–74% hair loss; S4, 75–99% hair loss; and S5, 100%.
(e) Severity scale for clinical use [25]: Mild AA, 20% or less scalp hair loss; moderate AA, 21–49%
scalp hair loss; and severe AA, 50–100% scalp hair loss. If mild or moderate, increase AA severity
rating by 1 level if 1 or more of the following is present: negative impact on psychosocial functioning
resulting from AA, noticeable involvement of eyebrows or eyelashes, inadequate response after at
least 6 months of treatment, and diffuse (multifocal) positive hair pull test consistent with rapidly
progressive AA

Androgenetic alopecia

(f) Hamilton–Norwood classification [26]: The pattern and severity of hair loss is represented by
seven categories (I to VII) and variants (e.g., III vertex) based on hair thinning of the vertex and
recession of the frontal hair line.

(g) BASP classification [6]: The scale of pattern and severity of hair loss are composed of a basic type
(L, M, C, and U) and specific type (V and F).

Female pattern hair loss

(h) Ludwig’s classification [27]: severity scale based on degree of diffuse hair thinning on crown
from I (mildest) to III (severest).
(i) Olsen’s classification [28]: A severity scale of diffuse hair thinning on the crown (I to III), with the
concept of frontal accentuation.
(j) Sinclair’s classification (Woman’s Alopecia Severity Scale [WASS]) [29]: A severity scale from 1
(mildest) to 5 (severest) based on midline hair density.
(k) Trichoscopy Derived Sinclair Scale [8]: A scale of hair density calculated by the formula of
3.9 × log (1/cumulative hair thickness density [total diameter of hair growing in scalp area unit]) as
detected by trichoscopy) + 2.4.
(l) Shiseido’s classification [31]: A grading system (Stages 1–6) based on the hair thinning on the
crown. Stage 6 is comparable to Sinclair 2.
(m) Kaneko’s classification [32]: A grading system (Grades 1–5) judged by the pattern of
surface-reflected light, as detected by clinical picture recording.
(n) FPHL-SI [7]: A severity scale for early FPHL (0–20) combining four measure items: the amount of
hair shedding, midline hair density, and two trichoscopic findings.

Lichen planopilaris
(o) LPPAI [34]: An activity index (0–10) calculated by the formula including six symptoms (pruritus,
pain, burning, erythema, perifollicular erythema, and perifollicular scale), the result of pull test, and
the tendency of spreading.

Frontal fibrosing alopecia

(p) FFASI [35]: A severity index (0–100) combining the extent of recession of hair line in five
anatomical parts, existence of hair loss in five body parts, and six additional features.
(q) FFASS [36]: A severity score (0–25) by summing the extent of alopecia score (hair line recession
and loss of eyebrows, 0–21) and grade of inflammation score (pruritus and pain, 0–4)
(r) Frontal fibrosing alopecia global staging score (international guidelines for clinical trials of
FFA) [4]: A staging system comprising five common findings: scalp hair loss, eyebrow loss, facial
papules, prominent forehead veins, and facial hyperpigmentation, each of which have a range of
numbers (S0–4E0–2P0–1V0–1H0–1).

BASP, basic and specific; FAPD, fibrosing alopecia in a pattern distribution; FFA, frontal fibrosing alopecia; FFASI,
Frontal Fibrosing Alopecia Severity Index; FFASS, Frontal Fibrosing Alopecia Severity Score; FPHL-SI, Female
Pattern Hair Loss Severity Index; LPPAI, Lichen Planopilaris Activity Index; SALT, Severity of Alopecia Tool.

AGA and FPHL are influenced by racial predispositions, and thus ethnicity considera-
tion may be required to categorize certain cohorts. Asian AGA can manifest distinctive hair
loss limited to the vertex area with minimal recession of the frontal hair line, which would
not be well classified by the Hamilton–Norwood classification [33]. The basic and specific
(BASP) classification proposed by Lee et al. addressed this issue by involving a scoring
scale for vertex hair loss [6]. This classification depicts the pattern and severity of hair loss
by the combination of the basic (BA) types (L, M, C, and U) for the shape of the anterior
hair line and specific (SP) types (V and F) for hair density in vertex and frontal areas, with
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the respective severity scores and facilitates elaborate description of AGA/FPHL state in
Asians [31] (Table 1g).

Classification/scoring systems for cicatricial alopecia have been sparse. The LPP
activity index (LPPAI) was introduced to evaluate the disease activity of LPP and FFA
in 2010 [34] (Table 1o). For FFA, the FFA severity index (FFASI) and FFA severity score
(FFASS) were proposed in 2016 [35] and 2018 [36], respectively (Table 1p,q), and the FFA
global staging score was updated by IFFACG in 2021 to complement the limitations [4]
(Table 1r).

2.2. Scalp and Hair Examination

Upon scalp and hair examination, it is crucial to clarify if the patient has either hair
thinning, shedding, or both. Rarely, other symptoms, including an abnormal hair shaft
morphology and remarkable increase of gray hairs, can be presented. Hair thinning can
be evaluated by the criteria/classifications described above depending on the diagnosis.
The hair pull test is the most popular technique to assess the presence and extent of hair
shedding. The updated guidelines were proposed to minimize the limitations of the
procedure in 2017 [11], and modifications for Asian- and afro-textured hairs were recently
published as the supplement [10]. The assessment of the severity of hair shedding at a
single medical consultation would hardly be possible, as the symptom can be influenced
by multiple factors, such as hairstyle and daily haircare. Daily hair counts, the collection
of shed hair by patients themselves, is helpful to semi-quantify hair shedding and to
ascertain if the amount exceeds physiologic hair loss [37]. Other quantitative evaluation
methodologies include the daily hair card [38], tag test [38], wash test (standardized and
modified) [38], and contrasting felt examination [37].

2.3. Laboratory Examinations

Laboratory examinations can sometimes support the diagnosis of hair diseases. In
particular, a blood test can be considered to search for the cause of TE. Although sup-
porting evidence is rather insufficient, hypothyroidism/hyperthyroidism and renal and
liver dysfunction can be preferentially examined. Serum zinc, iron, ferritin, vitamin D,
and vitamin B12 can also be investigated [2]. One report suggested that vitamin B12 is
associated with TE, accompanied with scalp dysesthesia [39]. For other hair diseases, the
usefulness of blood tests has not been fully endorsed; however, abnormal results can be
found in certain hair diseases. S1 guideline published by the European Consensus group
described that a thyroid-stimulating hormone might be worth examining as laboratory
investigation for FPHL associated diffuse hair shedding [40]. The guideline also concluded
that an extensive endocrinological workup would not be essential unless medical history
and physical examination are indicative of the presence of androgen excess (polycystic
ovary syndrome, cycle disturbances, androgen-producing tumors, etc.) [40]. For cases
with the signs of androgen excess, examinations of the free androgen index (FAI = total
testosterone level/sex hormone-binding globulin level) and prolactin level were recom-
mended [40]. Vitamin D deficiency/insufficiency has been reported to be associated with
various hair diseases, including LPP/FFA, AGA, central centrifugal cicatricial alopecia
(CCCA), and AA, along with TE. Patients with LPP had 8.3 times higher odds, and TE
patients had 3.7 times higher odds of severe vitamin D deficiency when compared with
AA patients [41]. Severe deficiencies of zinc, copper, or Vit B-complex deficiencies have
been reported to be the causes of alopecia [42,43].

2.4. Trichoscopy

Trichoscopy is the most prevailing non-invasive diagnostic technique for the diagnosis
of hair diseases. This technique was developed through the experience-based accumu-
lation of diagnostically important or disease-specific findings. Currently, used findings
can be grouped into changes in hair shaft, follicle and perifollicular area, scalp, and hair
distribution pattern [9]. Respective findings in AA, AGA/FPHL, and primary cicatricial
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alopecia are displayed in Figure 2, and their definitions are summarized in Table 2 [9]. The
paucity of the evidence-based guidelines/algorithms and resultant confusion in the termi-
nology, even among experts, represent the limitation of trichoscopy [9]. A few flowchart
diagnostic tools have been proposed [44–46]; however, these algorithms are not based on
the objective data. Some systematic reviews and meta-analyses have been published for
major hair diseases, such as AA [47], tinea capitis [48], primary cicatricial alopecia [49],
discoid lupus erythematosus [50], and trichotillomania [51]. A recent review integrated
terminology and proposed the flowchart algorithm based on a systematic approach [9].
This algorithm, as well as previous ones, suggest that trichoscopic assessment would better
start with the differentiation of cicatricial and non-cicatricial alopecia by evaluating the
presence or absence of follicular openings and then proceed to the detection of some of the
more disease-specific or -sensitive findings, enabling the practitioners to make the diagno-
sis [9,44–46]. For example, AA can be diagnosed when either of black dots or broken hairs
are detected, and then either coudability (tapered) hairs or exclamation-mark (tapering)
hairs are found [9].

1 
 

 
 Figure 2. The schema of representative trichoscopic findings of hair loss diseases and tricho-

scopic images: (a) Pohl-Pinkus constrictions, (b) coudability hair (tapered hair), (c) broken hairs,
(d) exclamation mark hairs (tapering hairs), (e) black dots, (f) yellow dots, (g) short vellus hairs,
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(h) pigtail hairs, (i) hair diameter diversity, (j) peripilar sign, (k) focal atrichia, (l) yellow dots (less
prominent than alopecia areata), (m) perifollicular erythema, (n) perifollicular scales, (o) blue-grey
dots (targetoid and speckled), (p) perifollicular whitish halo, (q) follicular pustule (more common
in neutrophilic conditions), (r) tufted hairs (typical in folliculitis decalvans), (s) absence of follicular
openings, (t) follicular keratotic pluggings (more common in discoid lupus erythematosus), (u)
white dots, (v) pinpoint white dots, (w) follicular red dots (typical in discoid lupus erythematosus),
and (x) white patch. Clinical images of alopecia areata with the findings of (c), (d), (e), and (g);
androgenetic alopecia with the findings of (i); and lichen planopilaris with the findings of (n) and (s).

Table 2. Representative trichoscopic findings, definitions, and suggestive diseases.

Findings Definitions Suggestive Diseases *
Changes in hair shafts

Black dot Fractured hair with dotted shape seen in hair ostia AA
Broken hair Short hair with dystrophic (or broken) peripheral ending AA
Coudability hair

(tapered hair) Terminal hair with tapered proximal shaft AA

Exclamation-mark hair
(tapering hair) Short and fractured hair with gradual thinning of proximal shaft AA

Pohl-Pinkus constriction Irregular narrowing of hair shaft AA
Short vellus hair Thin and hypopigmented short hair AA (recovering phase)

Upright regrowing hair Short regrowing hair with straight-up position and tapered
distal ending AA (recovering phase)

Changes in hair follicles
Absence of follicular openings Disappearance of follicular openings CA
Follicular keratotic plugging Thick keratotic material filling follicular ostia CA (DLE)

Follicular red dot Erythematous polycyclic structure observed in and around
follicular openings CA (DLE)

White dots Whitish fibrotic dotted area corresponding to disappeared
follicular openings CA (LPP)

Yellow dots Yellowish keratotic material and/or sebum filling follicular ostia AA, AGA/FPHL
Changes in perifollicular area

Blue-gray dot Blue-to-grey-pigmented dot annularly distributed or randomly
scattered around hair shaft CA (LPP)

Follicular pustule Pustule corresponding to hair follicle CA (FD and DC)
Perifollicular erythema Erythema observed around hair shafts CA (LPP)
Perifollicular scale Scale observed around hair shafts CA (LPP)
Perifollicular whitish halo Fibrotic whitish halo around hair shaft CA

Changes on scalp
Pinpoint white dot Small (<0.3 mm) white dot seen in interfollicular space CCCA **
White patch Non-structured and hypopigmented fibrotic area CA

Changes in hair distribution
Hair diameter diversity Distribution of randomly thinned hairs within the same field AGA/FPHL
Focal atrichia Small area lacking hairs AGA/FPHL
Tufted hairs Multiple terminal hairs from one hair ostia CA (FD)

AA, alopecia areata; AGA, androgenetic alopecia; CA, cicatricial alopecia; DC, dissecting cellulitis; DLE, dis-
coid lupus erythematosus; FD, folliculitis decalvans; FPHL, female pattern hair loss; LPP, lichen planopilaris.
* Parentheses include particularly suggestive diseases or conditions. ** Pinpoint white dots are found in normal
dark scalp but can be irregularly distributed in CCCA.

2.5. Other Non-Invasive Imaging Technologies

As trichoscopy detects changes observable on the scalp, other non-invasive modalities
are needed to directly probe dermal-to-subcutaneous changes. Ultrasound, especially the
one with high-frequent transducers, has been reported to be effective to diagnose/evaluate
hair diseases [12,52]. This technique has a hidden potential to replace scalp biopsy by depict-
ing clinically meaningful histological findings, such as the pattern and severity of inflamma-
tion and fibrosis, ratio of telogen/anagen hairs, and subcutaneous abnormalities [12]. Other
emerging imaging techniques include optical coherence tomography [13,53,54], phototri-
chogram [55], videodermoscopy [56], and reflectance confocal microscopy [57,58], which
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have been reported to provide non-invasive and supportive diagnostic tools for hair and
scalp diseases.

2.6. Scalp Biopsy

Currently, the scalp biopsy represents the most reliable diagnostic technique. To
enhance diagnostic accuracy, the preparation of both vertical and transverse sections is
recommended [59,60]. Vertical sections are used to evaluate interfollicular epidermal and
dermal changes and analyze whole hair shafts/follicles at different depths, while transverse
sections provide the information of hair cycle status, degree of hair miniaturization, types
of perifollicular inflammation and fibrosis, etc. The average number of total hairs, the ratio
of vellus/terminal hairs, and the ratio of telogen/anagen hairs in different racial cohorts
have been reported in previous studies [61–65]. According to these studies, Caucasians
tend to present more follicular unit structures and a larger number of HFs than African
and Asian people [62,64,65], while Asian people present with a greater ratio of terminal to
vellus hairs than Caucasians and African people [62,64,65].

3. Non-Cicatricial Alopecia
3.1. Androgenetic Alopecia and Female Pattern Hair Loss
3.1.1. Etiopathogenesis

AGA is one of the common hair loss conditions characterized by the miniaturization
of HFs in the frontal and parietal regions of the scalp predominantly affecting prime-aged
male [66]. The condition is with genetic predisposition, and the conversion of testosterone
to dihydrotestosterone, a more active form, within the dermal papilla at the root of the
HF by 5-α reductase has been shown to contribute to the etiopathology. In this condition,
acceleration of the hair cycle has been conceived to account for hair follicular miniaturiza-
tion and an increased ratio of kenogen HFs [67]. The involvement of the prostaglandin
pathway [68], Wnt/β-catenin pathway [69], mitochondrial activity [70], and oxidative
stress [71] has also been suggested. Recently, the association between the peroxisome-
proliferator-activated receptor (PPAR) signaling pathway and HF miniaturization has been
elucidated [72]. Upregulation of PPARGC1α in the inner and outer root sheath of HFs from
AGA patients was implicated in the follicular miniaturization and eventually contributes
to the development of characteristic clinical presentation [72]. Another recent investigation
also suggested that the impairment of autophagy might take part in the etiopathogenesis of
AGA [73]. These novel discoveries potentially set the basis for targets for the development
of future therapeutic approaches.

Individual lifestyle and environmental factors may influence the onset and/or exacer-
bation of AGA [74]. A community-based sociomedical study found a statistically positive
association between the risk for AGA and metabolic syndrome (odds ratio (OR), 1.67;
95% confidence interval (CI), 1.01–2.74; p = 0.04) and high-density lipoprotein cholesterol
(OR, 2.36; 95% CI, 1.41–3.95; p = 0.001) [74]. Excessive free-radical generation induced
by smoking and the environmental exposure to external insults, such as ultraviolet ra-
diation, pollutants, chemical irritants, and microbes, have also been implicated in AGA
etiopathogenesis [71]. In aggregate, reconsideration of the living environment and one’s
lifestyle constitute important elements in the management of AGA that might have not
been sufficiently emphasized previously.

Unlike in AGA, the role of androgens in FPHL remains unclear, as the condition
can be developed in individuals with normal androgen levels [75], and thus, the term
“FPHL” is currently preferred over “female AGA” [76]. Genetic predisposition may play a
role in the development of FPHL in such individuals. Indeed, a family history of FPHL
has been reported in 40–54% of early onset cases with normal androgen levels [77]. A
single SNP in AGA susceptibility locus on androgen receptor (AR)/ectodysplasin A2
receptor (EDA2R) has been shown to be associated with FPHL in UK patients, but not in a
German patient group [17]. Another AGA-associated locus, 20p11, was not shown to be
associated with FPHL [17]. Interestingly, a recent study from a Korean group [78] found



J. Clin. Med. 2023, 12, 3259 10 of 33

that early onset FPHL (the onset at earlier than age 39) patients manifested clinical signs
of hyperandrogenism, such as an excess of scalp sebum, folliculitis, hypertrichosis, and
the presence of polycystic ovary syndrome and an association with a single nucleotide
polymorphism of PPARRGC1A, ABCC4, FSHB, and CYP19A. Furthermore, the upregulation
of PGC-1α, a gene product of PPARRGC1A, significantly suppressed hair growth in an
organ culture model, suggesting a role of genetic predisposition in the etiopathogenesis of
early onset FPHL [78]. Based on these findings and physical and laboratory examinations,
FPHL is currently considered to be heterogenous, which has been proposed to be divided
into four subsets depending on the age range and the presence or absence of androgen
excess: early (adolescent) onset FPHL, with or without androgen excess; and late (peri- or
post-menopausal) onset FPHL, with or without androgen excess (Figure 3) [79].

Figure 3. The heterogeneity of female pattern hair loss.

The incidence of FPHL tends to be higher in postmenopausal women with or without
androgen excess [75]. In line with this, hair loss can be observed in ovariectomized mice
with low estrogen levels, which can be prevented by the addition of exogenous estrogen,
further emphasizing a possible contribution of low estrogen to the development of post-
menopausal FPHL [80]. Intriguingly, angiopietin-2 (ANGPT2) was found to be located
at the downstream of estrogen in mice, thus potentially providing a future therapeutic
modality for FPHL [81].

The contribution of “microinflammation”, which refers to histopathological peri-
infundibular lymphocytic cell infiltrates, has been suggested in AGA and FPHL pathophys-
iology [82]. Putative triggers include ultraviolet radiation, environmental pollutants, and
perifollicular microbiota [75]. In line with this, a recent study demonstrated an increase in
the abundance of Cutibacterium acnes in miniaturized HFs in AGA. The role of perifollicular
dysbiosis in FPHL awaits further investigation [83].

Environmental (habitual and social) factors and comorbidities may also influence or
be associated with etiopathogenesis and clinical manifestation in FPHL. Psychological
stress, higher income, lack of physical activity, insufficient photoprotection, multiple mar-
riages, smoking, hypertension, and diabetes mellitus have been related to FHPL. Of note,
advanced-stage FPHL has been reported to be associated with aging, menopausal state, and
hypertension, whereas acne vulgaris is rather related to the early stage [84]. Both hirsutism
and acne vulgaris were more commonly seen in the Ludwig- and Hamilton–Norwood-type
than in those with Olsen-type hair loss, and hypertension was frequent in the Ludwig
type [84]. These observations further support that FPHL consists of heterogenous patient



J. Clin. Med. 2023, 12, 3259 11 of 33

subgroups and emphasize the necessity of subtype-wise analysis for further dissection of
the etiopathogenesis.

3.1.2. Treatment
5-α reductase Inhibitors

Oral 5-α reductase inhibitors, finasteride and dutasteride, have been widely prescribed
for AGA [66]. Finasteride inhibits 5-α reductase type II, while dutasteride inhibits both
type I and II isoforms [66]. A recent network meta-analysis demonstrated that the increase
in total hair count at 24 weeks with 0.5 mg/day of dutasteride was more efficacious
compared to that with 1 mg/day finasteride (mean difference (MD), 7.1 hairs/cm2; 95% CI,
5.1–9.3 hairs/cm2) with the similar adverse events profile [85,86]. Furthermore, a Korean
group analyzed the long-term efficacy and safety profiles of finasteride and dutasteride;
they reported that dutasteride-treated patients showed more significant improvement
in hair growth compared to finasteride-treated patients (95% CI, 1.08–3.95; p = 0.029),
and both medications were analogously safe (possibly with a lower incidence of sexual
adverse events than previously reported; dutasteride = 1.6%, and finasteride = 1.1%) [87].
Accordingly, oral 5-α reductase inhibitors represent the first-line treatment modality for
AGA because of their effectiveness and tolerability, and dutasteride further widened
therapeutic options [66,87].

The use of oral 5-α reductase inhibitors in women is not approved by the FDA, and
they are contraindicated for pregnant women because of their teratogenicity in the male
fetus [75]. Several reports described the efficacy of oral finasteride for FPHL; however,
the outcomes have been variable [75]. Considering the observation that oral finasteride
(1.25 mg daily) was effective for FPHL patients with hyperandrogenism but not for those
without that condition [88] and that oral finasteride at a different dose (2.5 mg daily) was
more efficacious in improving hair loss in those with a lower Ludwig score and/or older
onset [89], the reported outcomes could have been influenced by the way patients were
recruited, as FPHL consists of heterogenous patient subsets with respective pathophysi-
ology. Oral dutasteride has been reported to improve FPHL, as well [90]; considering the
potential risk, off-label use for FPHL should require careful risk–benefit consideration.

In recent years, topical finasteride has been attracting great interest as a therapeutic
modality for AGA and FPHL, and a review of the literature supported its safety profile and
promise [91]. Still, the data are preliminary, and formulations, especially the finasteride
concentration and the composition of the vehicle, have not been standardized [91]. The
plasma dihydrotestosterone level can be moderately reduced [92], and therefore, safety
concerns, especially potential teratogenicity, need to be addressed when used for FPHL.

Minoxidil

Topical minoxidil treatment is still a popular medication for AGA. Based on the re-
sults of previously conducted randomized controlled trials, 2% and 5% topical minoxidil
formulas were approved by the Food and Drug Administration (FDA), and 1% and 5%
formulas were available as an over-the-counter medicine in Japan [66,86]. For FPHL, topical
minoxidil 2% solution twice daily and 5% minoxidil foam once daily were approved for
FPHL by the FDA [75]. Both formulas have been reported to exhibit similar efficacy for
FPHL [93]. The precise mechanism underlying the mode-of-action of minoxidil remains
elusive. Minoxidil has been reported to promote dermal papilla vascularization via a
stimulation of vascular endothelial growth factor (VEGF) expression, resulting in the main-
tenance of vascularization around anagen HF [94]. Furthermore, minoxidil is converted
into its active form, minoxidil sulfate, by sulfotransferase expressed in the outer root sheath
which opens potassium channels, resulting in the promotion of hair growth [95]. Previous
reports suggested that sulfotransferase activity in the outer root sheath of plucked HFs
can be considered a useful biomarker for predicting the response to topical minoxidil in
AGA [95,96].
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Oral minoxidil has been prescribed for both AGA and FPHL in some clinics [75].
Off-label use of oral minoxidil can increase hair density; however, it can also cause adverse
events, such as postural hypotension, fluid retention, and hypertrichosis (facial hypertri-
chosis can be quite problematic for female patients) [75]. Indeed, the latest version of the
Japanese Dermatological Association (JDA) guideline for the diagnosis and treatment of
AGA and FPHL does not recommend the use of oral minoxidil [66]. However, in recent
years, low-dose oral minoxidil is attracting interest as an effective and well-tolerated ther-
apeutic option [97]. A recent multicenter study concluded that low-dose oral minoxidil
had a good safety profile as a therapeutic option for hair loss diseases, including AGA and
FPHL, with a discontinuation rate as low as 1.7% due to adverse events [97]. Low-dose oral
minoxidil (0.25 mg daily) could be combined with an androgen antagonist spironolactone
(25 mg daily) and used for FPHL treatment; this has been reported to be both effective and
safe [98]. Larger placebo-controlled studies are required to convincingly justify the use of
low-dose oral minoxidil for FPHL.

Platelet-Rich Plasma

Platelet-rich plasma (PRP) refers to autologous plasma containing highly concentrated
platelets and their associated growth factors, including EGF, IGF-1, and VEGF, the factors
known to play pivotal roles in regulating hair growth [99]. A previous systematic review
and meta-analysis of 30 studies including 10 randomized controlled clinical trials reported
that PRP treatment resulted in a significant increase in hair density (the mean increase in
hairs/cm2 after PRP treatment was 33/cm2, which was a 20% increase from the baseline)
and hair thickness (the mean increase in hair diameter was 32 µm, which was a 49% in-
crease from the baseline) in male and female AGA [100]. Of note, recent studies showed
that the combination of PRP and other modalities, including topical minoxidil and oral
finasteride, synergistically promoted hair growth; the increase in hair density achieved
by the combination of PRP and topical minoxidil was 1.74 and 2.9 times greater than
those with topical minoxidil monotherapy and PRP monotherapy, respectively [101]. In
addition, the mean terminal hair density 6 months after the combination of PRP and topical
minoxidil or oral finasteride showed statistically greater improvement than monother-
apy of topical minoxidil or oral finasteride (mean ± SD; 136.8 ± 44.1 hairs/cm2 versus
152.9 ± 44.6 hairs/cm2, p < 0.05) [102]. Thus, PRP with or without the other modalities
could be a favorable therapeutic option, although the standardized protocol has not been
fully established.

Intriguingly, in a randomized clinical trial where PRP or saline was intradermally
injected into each side of the affected scalp, improvement of hair density was observed both
in the PRP- and saline-treated area, presumably because of PRP diffusion [99]. PRP injection
can be a fairly safe procedure; however, further accumulation of data and standardization
of the protocol are required to fully support its use for AGA/FPHL.

Spironolactone and Other Hormone-Modulating Therapies

Spironolactone has been used as a therapeutic modality for FPHL. It acts as an al-
dosterone receptor antagonist and is a widely used diuretic for the treatment of various
systemic conditions, including heart failure, hypertension, edema, and hypokalemia [103].
It is also known to antagonize the androgen receptor and therefore has been used for
androgen-dependent conditions, including hirsutism, acne, hidradenitis suppurativa, and
FPHL, particularly with the sign of hyperandrogenism, as an off-label medication in der-
matological practice [104]. For FPHL, oral spironolactone at the dose of 50–200 mg/day is
conventionally prescribed [105]. A recent retrospective and observational study including
79 women demonstrated that all patients maintained or improved their initial Sinclair
score, with an average overall change of 0.65 after 6 months or longer use of the medica-
tion [106]. In addition, the effectiveness was independent of the concomitant use of other
hair loss therapies, contraception, or menopause status. This observation supported the
idea that spironolactone is an effective and well-tolerated therapeutic option for FPHL,
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either as monotherapy or adjunct therapy [106]. As mentioned above, combination therapy
with low-dose minoxidil and spironolactone can also be safe and efficacious [98]. Topical
spironolactone (1~5%), in combination with topical minoxidil, has been reported to achieve
favorable outcomes [107,108].

The well-known side effects of spironolactone are hyperkalemia, agranulocytosis, cycle
disturbance, breast tenderness, and hypotension; thus, regular monitoring of blood pressure
and a blood test are recommended [104,105]. The potential risk of estrogen-dependent
malignancies has also been debated. A recent retrospective analysis using an insurance
database concluded that there is no association between the use of spironolactone and
increased recurrence of breast cancer in female patients [109]; however, studies with a high
level of evidence are limited, and careful consideration and follow-up are indispensable
when the medication is used for those with medical/family history of estrogen-dependent
malignancies.

Oral cyproterone acetate combined with ethinyl estradiol and oral flutamide are
other conventional hormone-modulating therapies for FPHL, but supporting evidence is
insufficient [79,110,111]. A recent study concluded that the efficacy of topical 17-αestradiol
was inferior to that of finasteride 0.5% in combination with minoxidil 2% in postmenopausal
FPHL [112].

Hair Transplantation

Hair transplantation is an established procedure to treat AGA and FPHL which is
supported by the JDA guideline as a possible therapeutic option [66]. Insufficiency of donor
site can be encountered in female patients [75].

Other Modalities

Lines of evidence supported the efficacy of low-level laser therapy (LLLT) for AGA
and FPHL. LLLT has been reported to improve hair density, count, and growth [113].
Particularly, the LLLT utilizing the device irradiating the light wavelengths between 630
and 660 nm can be an alternative treatment modality for AGA [114]. The JDA guideline lists
LLLT as a possible treatment modality for AGA/FPHL [66]. A 1555 nm fractional erbium-
glass laser can also be used for FPHL [115]. LLLT has been considered to increase adenosine
triphosphate production; modulate reactive oxygen species; and induce transcription
factors, including nuclear factor kappa B and hypoxia-inducible factor-1, which are involved
in cell proliferation and migration [114]. Because high-level evidence supporting the efficacy
of LLLT is still insufficient [116], this modality could rather be a future therapeutic option.

Cetirizine, a selective H1-receptor antagonist, was recently shown to have anti-
inflammatory effects via the inhibition of prostaglandin D2, which suppresses hair growth
and induces the miniaturization of HF [117]. A systematic review suggested that 1% topical
cetirizine could significantly improve total hair density (MD, 27.72; 95% CI, 26.68–28.76)
and hair diameter (MD, 1.47; 95% CI, 1.22–1.72) compared with a placebo, and its efficacy
might be equivalent to topical minoxidil in terms of improving hair diameter in AGA [118].
One-percent topical cetirizine may be useful to improve hair loss, especially in those
insufficiently responding to topical minoxidil [118].

Intriguingly, a randomized placebo-controlled clinical study was conducted to assess
the usefulness of autologous-cell-based therapy in which dermal sheath cup cells (DSCCs)
were transplanted into the affected areas of AGA or FPHL. The study demonstrated
that autologous-cell-based therapy for AGA and FPHL adopting intralesional injection
of cultured DSCCs harvested from a non-affected occipital area increased the total hair
density and cumulative hair diameter [119]. The safety and efficacy of this approach needs
to be further evaluated by phase II/III clinical studies; however, the autologous-cell-based
therapy may provide a strategy for treating pattern hair loss, especially FPHL.

In addition to the therapeutic modalities described above, various approaches, such
as topical ketoconazole [120] and melatonin [121], nutritional supplementation [122], mi-
croneedling [123], and growth factor/mesenchymal stem cell injection [124], have been
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conceived and attempted to treat AGA/FPHL, with variable outcomes, and therefore
further investigation is needed.

3.2. Alopecia Areata
3.2.1. Etiopathogenesis

AA is a non-scarring hair loss disorder characterized by autoimmunity targeting
anagen HFs [125]. Clinically, AA manifests several phenotypes: it typically presents a
single alopecic patch or multiple alopecic patches on the scalp (Figure 4a) but occasionally
demonstrates band-like hair loss along the hairline on the occipital and/or temporal region
(alopecia ophiasis) (Figure 4b) and total scalp hair loss with or without whole-body hair
loss (alopecia totalis/universalis) (Figure 4c) [1]. Rare manifestations include an ophiasis
inversus/sisaipho pattern and a diffuse pattern [126]. The estimated lifetime prevalence
has been reported to be around 1.45–2.18% [127–129]; therefore, AA is a relatively common
disorder. Major advances have been made in our understanding of the etiopathogenesis of
AA in which NKG2D+CD8+ cytotoxic T lymphocytes play major roles [130,131]. Multiple
factors, such as genetic predisposition, atopic, and/or autoimmune background, in com-
bination with triggering factors such as viral infection, local trauma, daily lifestyle, and
physical or emotional stress, have been reported to play roles in the etiopathogenesis.

Figure 4. Representative clinical phenotypes of alopecia areata. (a) Typical form of alopecia areata
presenting multiple alopecic patches, (b) alopecia ophiasis, and (c) alopecia totalis/universalis.

A surge of interferon (IFN)-γ, secondary to the aforementioned insults, has been
proposed to elicit the collapse of HF-IP and subsequent autoimmune-response-targeting
HF autoantigens best represented by the activation of autoreactive cytotoxic NKG2D+CD8+
T cells plays central roles in AA pathogenesis [1,130–132]. Furthermore, IFN-γ also induces
the production of interleukin (IL)-2 and IL-15 from follicular epithelium, which further pro-
motes the activation of CD8+ T cells to produce IFN-γ secretion, resulting in the formation
of IFN-γ/IL-15 loop in persistent AA [132]. The JAK-STAT signaling pathway is located
at downstream of these cytokines and is shown to be responsible for the prolongation of
AA; based on this, JAK inhibitors were invented as the novel therapeutic agents for severe
AA [133].

These immunoreactions are mainly attributed to type 1 immunity, as supported by
the findings obtained by GWAS, global gene expression analyses, and experimentations
using AA model mouse [1,132,134]. At the same time, recent studies also implied a pos-
sible contribution of type 2 immune response and Th17 axis to the etiopathogenesis of
AA [135–137]. In addition, the influence of gut microbiota has been implicated in AA
development, highlighting the complexity of AA etiopathology [138].

3.2.2. Treatment
Optimization of Conventional Therapeutic Approaches

Several treatment modalities, including immunosuppressants (e.g., topical corticos-
teroid, corticosteroid injection, intravenous or oral corticosteroid pulse therapy, and oral
methotrexate) or immunomodulating agents (e.g., contact immunotherapy), have been
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adopted to treat AA in recent years (Figure 5) [1]. For better management of AA using
those modalities, optimization is pivotal. Several guidelines/expert consensuses have been
published to date [1,126,139–141]. Those reported by Italian, Brazilian, and Australian
experts narratively describe treatment options and provide flowcharts or algorithms for
AA management [126,139,140], whereas the latest Japanese and British guidelines list re-
spective treatments, along with the strength of recommendations and levels of evidence for
each therapeutic modality [1,141]. In 2020, the international expert opinion on treatment
for AA was summarized and published as the AA Consensus of Experts (ACE) [142].
In this report, a consensus was made on the use of topical corticosteroids as a first-line
treatment [142]. The ranking or importance of other therapeutic modalities can be influ-
enced by multiple factors, such as regional, racial, and cultural backgrounds, and more
specifically, medical insurance systems [142]. For instance, the latest JDA guideline recom-
mends intravenous corticosteroid pulse therapy as a possible therapeutic option for rapidly
progressive AA with SALT score ≥50 and the duration of 6 months or less [1], whereas
other guidelines/expert consensus do not positively support the use of it [126,139,140].
This suggests that the establishment of a globally consented flowchart/algorithm of AA
management can be challenging. In principle, an AA management plan can be made in
consideration of three major factors: age, severity (the size of affected area), and disease
activity (acute or chronic) [1,126,139–141]. We recently proposed a three-dimensional di-
agram, namely the “AA-cube”, globally illustrating the strategy for treatment selection
for AA (Figure 6) and a therapeutic flowchart for rapidly progressive subtype of AA [1].
Regardless of phenotypical severity, course observation can be a possible management
plan for some AA cases. Patients with a relatively small number of AA patches frequently
experience spontaneous remission within 1 year [140]. In addition, our case series study
demonstrated that even a severe subset of rapidly progressive and diffuse AA cases could
achieve almost full hair regrowth without any treatment, within a year, and can be named
as self-healing acute diffuse and total AA (sADTA) (Figure 7) [143]. A case can be sADTA
when the it has four or more of the following factors: being female, the absence of scalp
pain and itch, the absence of extra-scalp hair loss, the predominance of club hair in the hair
pull test, the predominance of short vellus hairs, and the increase in vacant follicular ostia
all over the scalp, as detected by trichoscopy. A possible sADTA can be followed up for 3
or 4 months without interventions such as intravenous corticosteroid pulse therapy [143].

Janus Kinase (JAK) Inhibitor

As mentioned above, recent investigations elucidated that the JAK-STAT pathway
plays a crucial role in the pathogenesis of AA [132]. The efficacy of the JAK inhibitor for
moderate-to-severe AA has been supported by the results of several case series, as well as
by ongoing international clinical trials (Table 3) [144–150]. The refinement of JAK inhibitors
is in progress. The first-generation JAK inhibitors block more than one JAK family member,
and the second generation of those specifically affects a single JAK family isoform [144].
Baricitinib, one of the representative first-generation JAK inhibitors blocking JAK 1 and
2, was approved by the FDA, the European Medicines Agency, and the Pharmaceutical
and Medical Devices Agency in Japan, based on the results of two phase-three trials
named BRAVE-AA1 (phase-three part) and BRAVE-AA2 [133]. In these trials, a total of
1200 patients were randomly assigned in a 3:2:2 ratio to take baricitinib at a dose of 4 mg,
2 mg, and placebo, and the percentage of patients who achieved a SALT score of 20 or less
after 36 weeks of treatment was reported to be 38.8%, 22.8%, and 6.2% in BRAVE-AA1 and
35.9%, 19.4%, and 3.3% in BRAVE-AA2, respectively [133]. Adverse events represented
by hyperlipidemia (34.8%), upper respiratory infection (7.0%), acne/folliculitis (5.3%),
elevated levels of creatine kinase (4.5%), urinary tract infection (3.5%), and herpes zoster
(1.0%) have been reported [133]; however, the incidence of major adverse events was quite
low in these trials, and therefore, baricitinib for severe AA has been considered to relatively
safe and, thus, tolerable. In those reports, the influence of discontinuation of baricitinib on
responders was not described. Previous studies reported that the discontinuation of JAK
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inhibitors could lead to the recurrence of AA at the rate of 17.9–31.3% [151]. Furthermore,
exacerbation of AA during the treatment has also been reported [152]. To date, phase-three
clinical trials of other JAK inhibitors, including CTP-543 (deuterated form of ruxolitinib,
JAK1/2 inhibitor) and ritlecitinib (JAK 3 inhibitor), are ongoing [144]. Additional JAK
inhibitors are expected to be assessed for their efficacy regarding AA to widen the choice of
therapeutic options.

Figure 5. Representative clinical courses of alopecia areata treated by corticosteroid injection, contact
immunotherapy, and intravenous corticosteroid pulse therapy (pulse therapy). Each patient is
considered a good responder. 

2 

 
Figure 6. “Modified-AA-cube”, a schema illustrating a strategy for selecting a therapeutic approach
in AA after the emergence of JAK inhibitor in market.
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Figure 7. Typical clinical course of self-healing acute diffuse and total alopecia (sADTA). Despite rapidly
progressive diffuse hair loss, A sADTA patient spontaneously improves without any intervention.

Dupilumab

Dupilumab is a humanized monoclonal-antibody-blocking IL-4/13 receptor, which
has been widely used to treat moderate-to-severe AD. Current studies implied that the
administration of dupilumab is a possible therapeutic option for AA concomitant with
AD [153–155]. Indeed, a phase 2a randomized clinical trial was conducted to evaluate the ef-
ficacy of dupilumab for AA [156]. In this trial, 32.5%, 22.5%, and 15% of dupilumab-treated
patients (mean SALT score was 70.5, and mean eczema area and severity index (EASI)
was 13.6 at baseline) achieved SALT30, SALT50, and SALT75, respectively, after 48 weeks
of dupilumab therapy, while placebo-treated patients tended to have worsened SALT
scores [156]. Furthermore, the patients with serum levels of IgE ≥200 IU/mL demonstrated
a 6.25 times higher SALT75 response rate than those with IgE <200 IU/mL after week 72,
and dupilumab responders were more likely to have an AD history and/or high serum lev-
els of IgE compared to non-responders [156]. Another study revealed that AA patients with
AD and high serum levels of IgE showed clinically severer forms of AA compared to those
without AD and with normal IgE levels [157]. These findings suggested that dupilumab
may be effective for AA patients with atopic background and that IgE level may predict
its efficacy regarding AA in such patients. Another study showed that dupilumab-treated
patients showed significant downregulation of type-2-related biomarkers represented by
CCL13/MCP-4 and CCL18/PARC, associated with significant upregulation of hair ker-
atins [158]. In contrast, the exacerbation or new onset of AA in dupilumab-treated AD
patients has also been reported [159]. The most recent case series study reported insufficient
improvement of AA even in the patients with higher IgE levels [57]. Thus, the efficacy
of dupilumab for AA remains controversial. The distinct difference in the response to
dupilumab in AA patients with AD could be explained by the characteristics of comorbid
AD; Kageyama et al. reported that dupilumab would not be effective for AA with intrinsic
AD but for those with extrinsic AD [160]. It should be noted that dupilumab is not ap-
proved for AA by FDA and would not be covered by the health insurance in Japan and in
other countries [1].

Platelet-Rich Plasma

PRP holds promise as a novel therapeutic modality for AA [161]. The mechanism
by which PRP exhibits its efficacy for AA remains elusive; the presence of TGF-β as an
ingredient and suppression of MCP-1 may lead to an anti-inflammatory effect [161]. A
systematic review and meta-analysis of four randomized clinical trials demonstrated that
the decrease in the SALT score of PRP-treated AA patients was comparable to that in
triamcinolone-acetonide-injection-treated groups [162]. The adverse events were relatively
mild, including headache, itch, transient erythema, and edema [161]. Previous studies
reported that a higher number of patients complained about pain during PRP adminis-



J. Clin. Med. 2023, 12, 3259 18 of 33

tration than those subjected to triamcinolone acetonide injection [163–165]. An optimized
treatment protocol has yet to be determined. A higher level of evidence is needed to fully
establish PRP as a therapeutic option for AA.

Other Modalities

Statins have been expected to be a therapeutic option for AA [166]. Simvastatin
has been reported to exhibit anti-inflammatory activities, including the modulation of
JAK/STAT pathway, leading to the downregulation of type 1 cytokine response and in-
hibition of leukocyte function, and activate the Wnt/β-catenin signaling pathway [167].
Furthermore, a recent study showed that statins effectively repressed pathogenic NKG2D-
MICA interactions [168]. The combination of simvastatin and ezetimibe has been shown
to be effective to AA both in human and mouse disease model studies; 12 of 19 patients
of AA with 40–70% scalp involvement showed >50% hair regrowth at week 24 [169]. In
addition, simvastatin/ezetimibe intraperitoneal injection resulted in remission of AA lesion
in C3H/HeJ mice [166]. Several biologics, including TNF-α blockers and monoclonal
antibodies against IFN-γ, IL-12/23, and CD11, have also been tested for their therapeutic
potential to AA [170–173]; however, their efficacy has not yet been established in the context
of AA [1]. Apremilast, which is a phosphodiesterase 4 (PDE4) inhibitor and suppresses the
production of pro-inflammatory mediators represented by IFN-γ via the upregulation of
cAMP, had been expected to be useful for AA; however, a randomized placebo-controlled
study negatively evaluated its efficacy in moderate-to-severe AA (Table 3) [174].

Table 3. List of clinical trials using JAK inhibitors and a phosphodiesterase 4 inhibitor to treat
moderate-to-severe alopecia areata.

Drug Study Patient Dose Outcome

Tofacitinib
(pan-JAK) [148] Phase 2, open label 12 adult patients with

moderate to severe AA
5 mg to 10 mg twice
daily for 6 months

91% of the patients achieved SALT score
improvement, and 67% patients reached
SALT 50.

Ruxolitinib
(JAK 1/2) [146] Phase 2, open label 12 adult patients with

moderate to severe AA
20 mg twice daily for
12–24 weeks

75% of the patients were responsive with the
average of 92% hair regrowth.

Delgocitinib
ointment [149] Phase 2, double blind 31 adult patients with

moderate to severe AA

30 mg/g ointment
applied twice daily or
vehicle control for 12
weeks

The mean decrease in SALT was 3.8 in the
delgocitinib group and 3.4 in the vehicle group.

Ritlecitinib
(JAK 3) [144]

Phase 2B/3, double
blind, placebo controlled

718 patients (>12 years
old) with moderate to
severe AA

Range of daily oral
dosing for a 4-week
loading phase/20-week
maintenance
phase/24-week
extension phase:
200 mg/50 mg/50 mg
200 mg/30 mg/30 mg
50 mg/50 mg/50 mg
30 mg/30 mg/30 mg
10 mg/10 mg/10 mg
placebo

The estimated rate achieving a SALT score 5 20
was 31% with 200/50/50 mg, 22% with
200/30/30 mg, 24% with 50/50/50 mg, 14.5%
with 30/30/30 mg, and 2% with placebo.

Brepocitinib
(JAK1/TYK2) [147] Phase 2a, double blind 70 adult patients with

moderate to severe AA

60 mg daily for 4 weeks,
subsequently 30 mg daily
for 20 weeks or placebo

64% of the patients receiving brepocitinib
achieved SALT 30, and 34% achieved SALT 90 at
24 weeks.

Baricitinib
(JAK1/2) [133] Phase 3, double blind 1200 adult patients with

severe AA
4 mg daily, 2 mg daily, or
placebo

The estimated rate of the patients achieved SALT
score of 20 or less at week 34 was 35.9–38.8%
with 4 mg baricitinib, 19.4–22.8% with 2 mg
baricitinib, and 3.3–6.2% with placebo.

CTP-543
(JAK1/2) [150]

Phase 2, randomized,
dose-ranging trial

149 adult patients with
moderate to severe AA

4 mg, 8 mg, or 12 mg
twice daily or placebo for
24 weeks

The percentage of patients with ≥50% reduction
of SALT score at week 24 was 58% with 12 mg
CTP-543, 47% with 8 mg CTP-543, 21% with 4
mg CTP-543, and 9% with placebo.

Apremilast [174]
A double-blind,
placebo-controlled
single-center pilot study

30 adult patients with
moderate to severe AA

30 mg daily or placebo
for 24 weeks

The percentage of patients with ≥50% reduction
of SALT score at week 24 was 8.3% with
apremilast and 12.5% with placebo.

AA, alopecia areata; JAK, Janus kinase; SALT, Severity of Alopecia Tool.

3.3. Telogen Effluvium
3.3.1. Etiopathogenesis

Telogen effluvium (TE) is a hair loss condition typically manifesting an acute and
diffuse hair loss caused by internal or external insults [175]. Premature termination of
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the anagen (growing) phase of the hair cycle is the main pathomechanism of TE, which
leads to excessive and diffuse loss of club hairs [176]. Various conditions, such as febrile
or infectious diseases, childbirth, major surgy, chronic systemic diseases, emotional dis-
turbance, or medications, can cause TE [176]. Three major types of TE, (1)~(3), have
been proposed, based on the clinical time-course and the clearness in the association with
causative events/conditions [177]. (1) An acute form of TE lasts less than 6 month and
is typically with a sudden onset, while chronic forms of TE last longer [175,177]. The
latter includes (2) chronic TE as an idiopathic subtype and (3) chronic diffuse telogen hair
loss mostly due to systemic medical problems [175,177]. A chief complain of TE patients
is usually the increase in hair shedding noticed during shampooing or brushing [177].
Prognosis of TE is usually favorable when triggers or causes are no longer persisting or
already identified and resolved [177,178].

Probably because of its self-healing nature, TE does not attract great interest as a topic
of clinicopathological investigation. Still, some updates can be made.

Five respective pathomechanisms, (1)~(5), have been proposed by Headington [179].
This categorization explains the major clinicopathological characteristics of TE well and is
therefore widely accepted: (1) immediate anagen release—premature termination of the an-
agen phase and subsequent entry into the telogen phase (main pathophysiology explaining
acute TE cause by triggering events and causes); (2) delayed anagen release—prolongation
of the anagen phase with sudden termination (possibly accounts for postpartum hair
loss); (3) short anagen—idiopathic shortening of the anagen phase (e.g., short anagen
syndrome or etretinate-induced hair loss); (4) immediate telogen release—a consequence of
synchronous entry into new anagen phase (can be seen after topical minoxidil application);
and (5) delayed telogen release—rapid entry into the anagen phase after sustained telogen
(seasonal hair shedding in mammals). Recently, Rebora proposed a simpler classification of
TE [180]. In this classification, the term “teloptosis”, referring to the detachment of the hair
shaft produced in the preceding hair cycle from the follicular epithelial sac, is featured [2].
Three pathomechanisms, (1)~(3), are included. Premature teloptosis corresponds to the
abovementioned (1) “immediate telogen release”. Premature teloptosis may also include
(2) “delayed anagen and telogen release” resulting from the synchronization of the hair
cycles (e.g., postpartum TE or the effluvium of the newborn). (3) Premature entry to the
telogen phase can correspond to “immediate anagen release” induced by various triggers.
To what extent the addition of this new classification deepens our understanding of TE
etiopathogenesis remains elusive. Still, the less-complicated categorization can be more
easily applicable to daily practice.

Chronic TE is an idiopathic and unique form of TE that is typically seen in a middle-
aged woman [177]. Hair shedding lasts longer for several years, with fluctuation [177].
Chronic TE patients typically claim extensive hair shedding, and telogen club hairs can eas-
ily be pulled out from the vertex and occipital areas; however, visual hair thinning is often
minimal [177]. Bitemporal recession of hair can be observed [181]. The condition needs to
be differentiated from chronic diffuse telogen hair loss and female pattern hair loss [177].
A recent study reported the association between the Cdx1 and TaqI polymorphism of the
VDR gene and chronic TE, suggesting a possible genetic predisposition [182].

Febrile and/or infectious diseases are known TE triggers, and hair loss during the in-
fluenza epidemic has been described [183]. As described below in the section of COVID-19
and hair loss, the majority of COVID-19 hair loss has been reported to be TE due to cytokine
storm, physical exhaustion, and lockdown stress [184]. More recently, Dengue fever has
been reported as a possible trigger of acute TE [185].

3.3.2. Treatment

Essentially, TE can be improved once causative factors are eliminated. Course obser-
vation waiting for spontaneous resolution and psychological support with assurance of
hair regrowth represent the main approaches for managing TE [176,177,186]. Because of
its distressing nature, more positive therapeutic approaches could be applied to chronic
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TE; however, options are still limited. As a careful consideration for advantage and disad-
vantage balance is indispensable for the use of oral minoxidil, topical minoxidil can be a
possible option [184]. Levels of evidence for other treatment modalities, such as minerals,
vitamins, and nutrition supplementation; the use of antioxidant and anti-inflammatory
shampoo/lotion; photobiostimulation; and microneedling are still not high, highlighting
the necessity of further evaluation [184].

3.4. COVID-19 Associated Hair Loss

Despite the fact that the incidence of “Long COVID” associated with the currently
spreading omicron variant of SARS-COV-2 has been reported to be low when compared
to that caused by the delta variants [187] and that hair loss seems to be less frequently
discussed in the context of COVID-19 sequelae, hair loss after COVID 19 has still been
imprinted into the public memory as a representative symptom [184]. The frequency of
hair loss prior to the omicron variant surge has been reported to be 6–28.6% [184]. A
systematic review and meta-analysis found that AGA, AA, and TE were associated with
COVID-19 [20].

3.4.1. Etiopathogenesis

An increase in the prevalence of AGA has been reported in COVID-19; however,
AGA mostly precedes COVID-19, suggesting that AGA can be a risk factor rather than a
sequela of COVID-19 [20]. Indeed, the incidence of hospitalization due to severe COVID-19
was higher in AGA-affected individuals (both in male and female) than that in those
without AGA, suggesting that the presence of AGA could increase the chance of COVID-19
aggravation [20]. Androgen-mediated transmembrane serine protease 2 upregulation
promoting SARS-CoV-2 virion entry has been speculated to be a possible mechanism
underlying this observation [188], as implied by the results of clinical studies reporting the
protective effects of androgen-deprivation therapies [189,190].

Because of its autoimmune-mediated pathophysiology and possible association with
psychological stress due to quarantine or sociological restrictions as triggers, AA has been
speculated to be caused or exacerbated by COVID-19 [191]. A recent nationwide cohort
study from the Republic of Korea analyzing the National Health Insurance Service COVID-
19 cohort database reported that the adjusted incidence ratio of AA development among
COVID-19 patients was 0.78 (95% CI: 0.48–1.27) compared to controls when adjusted for
age and gender and 0.60 (95% CI: 0.35–1.03), after the adjustment for all demographic
variables [191]. In contrast, 95.1% of AA cases with a history of COVID-19 were found
to have preexisting AA, and the post-COVID-19 relapse rate of AA was reported to be
42.5% [187]. These data suggested that COVID-19 could increase the risk of worsening of
preexisting AA but might not be closely associated with a new onset. Possible associations
with vaccines and the pathogenesis of autoimmune diseases have been discussed [192]. As
COVID-19 vaccines elicit inflammatory responses, including the increase in the secretion
of IFN and IL-6, which have been implicated in AA pathogenesis, their putative role of
triggering AA has been a topic of global interest [192]. A recent case report and review of
the scientific literature suggested that COVID-19 vaccines may induce AA in predisposed
individuals, particularly in those with anti-thyroid peroxidase antibodies [192]. Still, further
accumulation of the cases is mandated to draw a definitive conclusion.

Recent reviews of the scientific literature elucidated that TE represents the main
pathomechanism of hair loss after COVID-19 (Figure 8) [20,184], and this was further
supported by a recent histopathological analysis [193]. A survey of the scientific literature
found that the median duration between COVID-19 and TE onset was 56.5 days, slightly
shorter than that reported in classic acute TE [20]. As described above, the increase in
inflammatory cytokines (e.g., IFN and IL-6) in COVID-19, together with other factors, such
as genetic susceptibility, severity of COVID-19, and physiological stress, should play a role
in casing TE [184].
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Figure 8. Clinical findings of hair loss two months after COVID-19. This case showed typical mani-
festation of telogen effluvium: diffuse hair loss (left panel); upright regrowing hairs, as highlighted
by white background (middle panel); and trichoscopy (right panel).

3.4.2. Treatment

As acute TE usually improves once causative events are cleared and TE predominates
COVID-19-associated hair loss, the treatment of COVID-19 by itself represents a main
therapeutic approach [184]. Topical minoxidil may enhance improvement when it is used
in and after the recovery phase of COVID-19 [184].

4. Cicatricial Alopecia
4.1. Etiopathogenesis
4.1.1. Lichen Planopilaris (LPP) and Frontal Fibrosing Alopecia (FFA)

LPP is a major inflammatory cicatricial alopecia, and FFA is considered its variant.
Some overlapping features in the etiopathomechanism have been suggested for LPP and
FFA [194,195]. CD8+ T-cell-dominated lymphocytic cell infiltration damaging HFs after
the collapse of IP involving the bulge stem cell region has been thought to play a main
role in both conditions [195]. Epidermal–mesenchymal transition (EMT), insufficiency in
PPAR-γ-mediating signaling [195], and dysregulation of shared gene expressions [196] are
potentially involved in the pathogenesis of both conditions. At the same time, characteristics
distinguishing LPP and FFA have been suggested in recent studies. An immunohistopatho-
logical analysis by Harries et al. reported that lesional increase in M2 macrophages was
apparent in LPP compared to FFA [195]. A recent genetic analysis revealed that LPP pos-
sesses significantly higher frequency of the HLA DRB1*11 and DQB1*03 [197]. In contrast,
another GWAS study reported that four loci, including CYP1B1 and HLA-B*07:02, are
susceptible for FFA [198]. Indeed, familial FFA cases have been reported in previous articles
suggesting the presence of genetic predisposition in this condition [199,200]. The contribu-
tion of environment factors in each pathogenesis can distinguish FFA from classical LPP.
The use of skin care products is considered a potential causative factor for each pathogene-
sis. A recent meta-analysis demonstrated that sunscreen or moisturizer use is associated,
respectively, with a 2.21- or 2.09-times higher risk of developing FFA [18]. How these
putative factors contribute to FFA pathogenesis remains elusive; allergic contact dermatitis
and lichenoid reactions, generation of reactive oxygen species, and hormone disruption
have been suggested to be underlying pathomechanisms [18]. In a recent retrospective
analysis of 168 LPP and FFA patients, androgen excess was identified in 31.5% of LPP,
whereas androgen deficiency was identified in 32.1% of FFA, with statistical significance in
both ratios [201], implying these two subgroups are distinctive in androgen dynamics.

These findings imply that LPP and FFA share the same pathomechanism as stem to a
certain extent but are also influenced by distinct and diverse factors eventually resulting in
respective clinical presentations. Thus, these two entities can be likened to “two distinct
branches of the same tree” [16].
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4.1.2. Fibrosing Alopecia in a Pattern Distribution (FAPD)

FAPD is a relatively rare entity demonstrating mixed characteristics of LPP and AGA
(Figure 9) [5]. Its etiopathology is still ill understood; however, the inflammatory process
preferentially attacking miniaturized HFs has been speculated to be a main pathomech-
anism [5]. According to a review of the literature covering previous articles, the average
age at diagnosis was 55.1 for women and 46.5 for men [5]; however, a recent study from
Japan reported that Japanese male patients tend to develop this condition far earlier, and
also their hair loss pattern is distinctive, frequently involving the vertex area, with minimal
recession of the frontal hairline, indicating that racial predisposition may contribute to its
pathophysiology and clinical phenotypes [202].

Figure 9. Representative clinical and histopathological findings of fibrosing alopecia in a pattern
distribution. Hair loss with hair miniaturization on the parietal area mimicking androgenetic alopecia
(left panel). Loss of follicular openings and perifollicular erythema were also detected on trichoscopy
(middle panel), and histopathological examination showed perifollicular cell infiltration with con-
centric perifollicular lamellar fibrosis mimicking lichen planopilaris (right panel).

4.1.3. Central Centrifugal Cicatricial Alopecia (CCCA)

CCCA typically affects African American women, and thus, genetic background has
been speculated to influence its pathogenesis [203,204]. Importantly, a recent genetic study
revealed that mutations in PADI3, the gene encoding a protein essential to proper hair shaft
formation, are associated with CCCA [203]. Intriguingly, some conditions/diseases have
been reported in association with CCCA. An American population study revealed that
the ratio of diabetes mellitus type 2 was significantly higher in those with CCCA [205].
A retrospective study adopting a medical record review reported an increased risk of
uterine leiomyoma [206]; however, a microarray gene analysis study found no signs of
upregulation in genes associated with fibroproliferative disorders in CCCA patients [207].

4.1.4. Folliculitis Decalvans (FD)

FD was categorized into the “neutrophilic” type of PCA in the classification proposed
in 2003 by North American Hair Research Society (NAHRS), distinguishing this disease
from LPP and CCCA, which were both categorized into the “lymphocytic” type [208].
However, recent reports described the cases manifesting clinicopathological features of
both FD and LPP, and the term “FD/LPP phenotypic spectrum” (FDLPPPS) has been
proposed to describe this condition [209,210]. Based on the observation of eight FDLPPPS
cases in which FD proceeded LPP, Yip et al. speculated that dysbiosis in the skin micro-
biome may elicit damaging stress signals and propagate inflammatory response in the
microenvironment, with resultant IP collapse and exposure of follicular self-antigens as a
possible explanation for the pathomechanism [209]. They also hypothesized that forms of
FDLPPPS corresponded to the phenotypic manifestation of a final common pathway seen
in all scarring alopecia before the HF is ultimately destroyed [209]. Matard et al. supported
the hypothesis of Yip and colleagues based on their experience and the literature data,
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warning that this condition needs to be differentiated from real LPP from the therapeutic
point of view [211].

4.1.5. Other Types of Cicatricial Alopecia

The associations between other miscellaneous primary cicatricial alopecia (PCA) and
comorbidities are updated. Follicular (acne) keloidalis (FK) is one form of PCA that is cate-
gorized in the “mixed (lymphocytic and neutrophilic)” group [208]. Shavit et al. reported
the increased risk of gout in FK based on the result of a population-based study [212].
As the statistical significance was lost after the adjustment for metabolic comorbidities,
the authors speculated that the elevated risk of gout in FK is mainly explained by the
predominance of metabolic comorbidities in FK [212]. Another study demonstrated that
widespread FK can be seen in the setting of cutis verticis gyrata [213], a condition with
thickening of the scalp skin with excessive folds. Dissecting cellulitis (DC) (perifolliculitis
abscedens et suffodiens) is an independent form of PCA [208]. Zagelbaum Ward et al.
reported a case of DC with peripheral and axial spondyloarthritis with a review of the
literature which identified 12 DC patients with associated spondyloarthropathy [214]. The
association between seronegative peripheral and/or axial spondyloarthritis in patients with
hidradenitis suppurativa and acne conglobate, two conditions forming “follicular occlusion
triad” with DC, is well established; and thus, the authors’ report further supports that the
conditions in this triad share a predilection toward certain immunological conditions [214].

4.2. Treatment

As each of the PCAs share the same pathophysiology in which inflammation involving
the bulge stem cell area of HF with resultant permanent loss of HFs, anti-inflammatory
agents have been conventionally applied to all types of alopecia. Therapeutic approaches
include topical, intralesional, and systemic corticosteroid combined with immunosup-
pressants or immunomodulating modalities such as hydroxychloroquine, mycophenolate,
cyclosporine, methotrexate, and retinoids. For neutrophilic conditions, antibacterial agents,
including doxycycline, minocycline, azithromycin, clindamycin, and rifampicin, are also
considered [215–217]. Recently reported therapeutic options for PCA are listed below.

4.2.1. PPAR-γ Agonist

The dysfunction of PPAR-γ and dysregulation of PPAR-γ-stimulating lipid mediators
have been postulated to be critical factors in the pathogenesis of LPP [194]. Based on this
hypothesis, PPAR-γ agonists have been attracting interest as potential therapeutic medi-
cation for LPP. Some studies reported that oral pioglitazone was successful in controlling
symptoms, inflammation, or disease progression [218–220], while other studies reported
negative results with regards to continuity of improvement or curative efficacy [221]. Most
recently, a randomized clinical trial was conducted to compare the efficacy of oral pi-
oglitazone with that of topical clobetasol. Both treatments demonstrated a significant
decrease in LPPAI (aforementioned activity index) without significant difference between
two groups [222]. As to the safety profile, three out of 20 in the clobetasol group developed
folliculitis, whereas two out of 20 in the pioglitazone group developed mild headaches.
The outcome indicated that pioglitazone can be considered as a treatment option for LPP,
but its efficacy is comparable to that of topical clobetasol [222].

4.2.2. JAK Inhibitors

Several reports suggested the efficacy of JAK inhibitors for LPP/FFA. Yang et al.
retrospectively reviewed 10 cases with recalcitrant LPP/FFA treated by oral tofacitinib
10–15 mg/day for 2–19 months [223]. Eight out of ten patients demonstrated clinical
improvement, and a reduction in LPPAI score, ranging from 30 to 94%, in improved cases
was observed [223]. Another retrospective case series reported the clinical outcome of nine
LPP/FFA treated by topical or oral tofacitinib, in which all six patients on oral tofacitinib
demonstrated improvement in LPPAI scores [224]. A most recent retrospective review
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published in 2022 reported that five out of seven classical LPPs and three out of the five
FFA patients demonstrated a reduction in their LPPAI score achieved by oral baricitinib, a
JAK1/2 inhibitor [225]. No severe adverse event was reported [223–225]. These outcomes
may highlight the therapeutic potential of JAK inhibitors for LPP/FFA. However, the true
efficacy of them in LPP/FFA still remains unclear, as they were used with other therapeutic
modalities in most cases [223–225]. Studies with a higher evidence level are needed to
evaluate the bona fide efficacy of JAK inhibitors. The exact influence of JAK inhibitors on
the pathogenesis of LPP/FFA has not been elucidated; however, a recent research study
demonstrated that IFN-γ enhanced cell-mediated cytotoxicity against keratinocytes via
JAK2/STAT1 in lichen planus, supporting the idea that JAK inhibitors hold promise as
therapeutic agents in LPP/FFA [226].

4.2.3. Biologics

The benefit of TNF-α inhibitors in treating neutrophilic PCA resistant to initial stan-
dard therapies has been suggested [215,216,227]. A systematic review of 57 articles de-
scribing the outcomes of treatment switch due to insufficient effectiveness of conventional
therapeutic approaches in refractory DC reported favorable responses to adalimumab and
infliximab [215]. A recent multicenter study including 26 DC patients treated by TNF-α
inhibitors reported that the mean physician global assessment score decreased by 56% with
the decrease in the number of inflammatory nodules (−70%), the number of abscesses
(−89%) after a mean treatment duration of 19 ± 21 months [227]. Moreover, a recent
case series reported 23 FD cases refractory to conventional treatments and thus treated
by adalimumab alone demonstrated clinically meaningful responses [216]. Considering
that TNF-α is a main player in neutrophilic dermatoses and that a higher level of evidence
exists for the efficacy of TNF-α inhibitors in some of those conditions [228], the use of these
modalities may benefit neutrophilic PCAs represented by DC and FD.

5. Conclusions

Major advances have been made in the understanding, diagnosis, and management
of hair diseases. However, hair loss diseases are a complex entity with still undiag-
nosed/undefined conditions. Despite recent progress in therapeutic approaches, the
effectiveness of newly invented medications, for instance, that of JAK inhibitors for severe
AA, needs to be improved. A further dissection of pathomechanism and a new drug
discovery or invention of novel diagnostic and therapeutic modalities, in combination with
the accumulation of evidence-based data, are necessary to fully overcome this potentially
intractable disease complex.
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