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Abstract

Cicatricial alopecia (CA) is a heterogeneous group of inflammatory disorders causing irreversible
destruction of hair follicle stem cells and their replacement by fibrous tissue, affecting approximately
3-7% of patients presenting to dermatology clinics. Pathogenesis involves lymphocyte- or neutrophil-
mediated attack on the pilosebaceous unit, driven by JAK/STAT signaling, Th1/Th2/Th17 cytokine
imbalance, and microbial dysbiosis. This review evaluates the quantitative clinical efficacy of
biological agents, JAK inhibitors, and platelet-rich plasma in stabilizing disease activity and
promoting residual follicular survival.

Keywords: Cicatricial alopecia, lichen planopilaris, frontal fibrosing alopecia, JAK inhibitor,
tofacitinib, baricitinib, platelet-rich plasma, LPPAI score, follicular stem cell, pilosebaceous unit,
IFN-y, IL-17, fibrosis, TGF-B1, hair follicle regeneration.

Introduction

Cicatricial alopecia encompasses a clinically and histologically diverse group of inflammatory scalp
disorders whose defining characteristic is the irreversible destruction of hair follicle stem cells
residing in the follicular bulge region, followed by their replacement with fibrotic tissue. Once the
bulge stem cell compartment and the adjacent sebaceous gland are obliterated, no spontaneous
regeneration of the follicular unit is possible, making early intervention the only meaningful
opportunity to preserve hair-bearing surface area. The condition is estimated to account for 3-7% of
all alopecia cases seen in specialist dermatology clinics, with primary cicatricial alopecias (PCA)
subdivided by the predominant inflammatory infiltrate into lymphocytic forms - including lichen
planopilaris (LPP), frontal fibrosing alopecia (FFA), and pseudopelade of Brocq - and neutrophilic
forms such as folliculitis decalvans and dissecting cellulitis of the scalp. The chronic, progressive
nature of these conditions, combined with the irreversibility of established lesions and the limited
efficacy of conventional corticosteroid-based protocols, has driven increasing interest in targeted
biological therapies and regenerative approaches over the past decade.

Literature review

Lukowiak et al. (2025) published the most comprehensive narrative review to date of off-label
biological and JAK inhibitor use in scarring alopecias, covering six major subtypes and consolidating
evidence from 2018 through 2024. Wang et al. (2025, Journal of the European Academy of
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Dermatology and Venereology) conducted a systematic analysis of JAK inhibitor efficacy
specifically in LPP and FFA, identifying baricitinib and tofacitinib as the best-evidenced agents in
this class. A retrospective study by Moussa et al. (2022) on baricitinib in LPP patients provided the
first structured multicenter dataset for this molecule in cicatricial disease. The efficacy of tofacitinib
in a cohort of 74 biopsy-confirmed LPP patients was assessed by a single-center retrospective study
at Shohadaye Tajrish Hospital, with quantitative LPPAI scoring as the primary outcome metric. A
systematic review by Anudeep et al. (2022) surveyed regenerative cellular therapy across non-
scarring and scarring alopecias, offering a cross-modal comparative framework. PRP-specific
evidence in primary cicatricial alopecias was synthesized in a systematic review by Starace et al.
(2022), which confirmed anti-inflammatory and proangiogenic effects of platelet-derived growth
factors but underscored the absence of standardized preparation and dosing protocols as the principal
barrier to evidence consolidation.

Methodology

Study design. A structured narrative review was conducted. Literature searches were performed in
PubMed/MEDLINE, Scopus, Web of Science, Cochrane Library, and eLIBRARY .ru for publications
between January 2015 and April 2025. Primary search terms included: "cicatricial alopecia
treatment," "lichen planopilaris JAK inhibitor," "frontal fibrosing alopecia tofacitinib baricitinib,"
"primary cicatricial alopecia PRP," "biologics scarring alopecia,"” "LPPAI score outcomes,"
"follicular stem cell regeneration," and "hair follicle fibrosis mechanism." Inclusion criteria required
studies to report quantitative outcome measures - specifically LPPAI, SALT, or investigator-assessed
progression scores - with minimum follow-up of 12 weeks and at least 10 patients per cohort.
Systematic reviews and meta-analyses were incorporated regardless of cohort size. Preclinical and
animal studies were included only where they provided mechanistic data directly relevant to the
clinical interventions under review.

Classification of disease subtypes addressed. The review focused on lymphocytic PCAs, particularly
LPP and its frontotemporal variant FFA, as these subtypes carry the largest body of evidence for
biological and regenerative intervention. These conditions are pathogenetically characterized by
CD4/CD8 T lymphocyte-mediated destruction of the follicular epithelium in the isthmus and
infundibulum. FFA, now widely regarded as a clinical variant of LPP, predominantly affects
postmenopausal women and is distinguished by its characteristic pattern of progressive
frontotemporal hairline recession, eyebrow loss, and facial papules. Both conditions display
upregulated JAK/STAT signaling as a common thread linking immune activation to follicular
destruction.

Outcome measurement tools applied. The Lichen Planopilaris Activity Index (LPPAI) served as the
primary composite outcome measure. LPPAI integrates subjective symptoms (pruritus, pain, burning)
scored on 10-point visual analog scales with objective clinical signs (erythema, perifollicular scale,
spreading) scored 0-3 by the examining physician, and trichoscopic findings of active disease. The
total score ranges from 0 to 10, with values below 2.0 considered to indicate disease quiescence and
values above 5.0 indicating high-activity disease. Secondary outcome parameters included
trichoscopic density measurements (follicular units/cm), dermoscopic inflammatory regression
(reduction in perifollicular erythema and scale), and patient-reported outcomes via DLQI and VAS-

99| Page




4

‘\%

c_g-ﬁ
_ y
- —

A

8

o)
'

, Practice and Nursing

icine

Journal of Med

icine:

&P webofjournals.com/index.php/5

% Web of Med

< x

+

Volume 4, Issue 5, May 2026 ISSN (E): 2938-3765

pruritus scales. JAK inhibitors - systemic. Tofacitinib (pan-JAK inhibitor, primarily JAK1/JAK3) at
5 mg twice daily and baricitinib (JAK1/JAK?2 inhibitor) at 2-4 mg once daily were evaluated as oral
systemic agents for refractory LPP and FFA. Treatment duration across reviewed studies ranged from
16 weeks to 18 months. JAK inhibitors - topical. Tofacitinib 2% cream applied twice daily to active
scalp margins was evaluated in open-label series as an alternative with reduced systemic exposure.
Biologics - off-label. Dupilumab (IL-4Ra antagonist), secukinumab (IL-17A antagonist), and
ustekinumab (IL-12/23 antagonist) were reviewed in case-series and retrospective cohorts in patients
with concurrent atopic comorbidities or Th2/Thl17-dominant immunophenotypes. Platelet-rich
plasma (PRP). Autologous PRP was prepared at platelet concentrations of 4-6 times the patient's
circulating baseline (typically yielding 600,000-1,500,000 platelets/uL) and injected intradermally at
0.1 mL/cm into active scalp margins at 4-week intervals for 12-16 weeks. The primary growth factors
implicated in the mechanism include PDGF, VEGF, EGF, TGF-B1, and IGF-1.

Pathomechanistic findings relevant to targeted therapy. The inflammatory cascade driving
lymphocytic PCA is initiated by antigen presentation to CD4 helper T cells by Langerhans cells in
the follicular epithelium, followed by cytotoxic CD8 T cell recruitment to the peri-isthmic zone. IFN-
vy, secreted by lesional T cells, activates the JAK1/JAK2-STAT1 axis in follicular keratinocytes,
inducing expression of MHC class II antigens on epithelial cells - a process that removes immune
privilege from the hair follicle and amplifies autoantigen presentation. IL-17 from Thl7 cells
promotes neutrophil recruitment in mixed-infiltrate variants, while TGF-f1, present in PRP platelet
a-granules at concentrations of 40-80 ng/mL, drives fibroblast differentiation and progressive peri-
follicular collagen deposition. The convergence of JAK1/2-mediated IFN-y signaling and STAT3-
mediated IL-6 and IL-17 activity on the follicular stem cell compartment provides the molecular basis
for JAK inhibitor efficacy in these conditions. Tofacitinib outcomes - LPP. In the largest published
retrospective cohort (n = 74 biopsy-confirmed LPP patients; 83.3% female; mean age 46.6 8.0 years),
tofacitinib 5 mg twice daily produced a mean LPPAI reduction from 6.82 at baseline to 2.14 at week
16, representing a 68.6% decrease in composite disease activity (p < 0.001). Disease stabilization,
defined as LPPAI 2.0, was achieved in 61 of 74 patients (82.4%). Trichoscopic evidence of active
inflammation - perifollicular erythema and tubular scaling - resolved completely in 48 patients
(64.9%) within 24 weeks. Treatment-resistant disease requiring dose escalation was observed in 11
patients (14.9%). The most frequently recorded adverse effects were nausea (8.1%) and mild
elevation of liver enzymes returning to normal without dose adjustment (5.4%). Serious infections
occurred in 4.8% of patients receiving long-term oral JAK inhibitor therapy across the broader
reviewed literature. Baricitinib outcomes - FFA. In the prospective multicenter baricitinib trial for
FFA in postmenopausal women, LPPAI scores decreased from a mean of 6.18 at screening to 2.26
by week 12, representing a 63.4% reduction. Patient-reported perception of scalp hair growth
improved significantly from baseline, though objective trichoscopic follicular density measurements
did not yet show statistically significant changes at 12 weeks, consistent with the expected lag
between inflammatory suppression and measurable follicular recovery. Frontotemporal hairline
stabilization was confirmed in 92.1% of patients with FFA or FFA/LPP overlap in a separate topical
tofacitinib series: 31.6% demonstrated objective improvement and 60.5% showed stabilization, while
only 7.9% continued to progress. In the baricitinib retrospective study by Moussa et al. (2022, n =20
LPP patients), disease activity improvement was documented in 85% of patients at 6-month follow-
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up, with LPPAI reduction from 5.9 to 2.3. Among oftf-label biologics, the available dataset remains
limited to case series and small retrospective cohorts. In the systematic review by Lukowiak et al.
(2025), 9 studies evaluating JAK inhibitors across CA subtypes identified tofacitinib as both safe and
effective for CA with an overall favorable signal. Dupilumab showed clinical benefit in patients with
LPP and concurrent atopic dermatitis, suggesting IL-4/IL-13-driven Th2 polarization as a relevant
pathogenic contributor in a subset of patients. Secukinumab demonstrated disease stabilization in
isolated cases of LPP with pronounced Th17 signatures, though cohort sizes of 3-7 patients preclude
robust conclusions. PRP outcomes in cicatricial alopecia. Evidence for PRP in PCA is considerably
more limited than in non-scarring alopecias. In a case study of a patient with multi-treatment-resistant
FFA receiving PRP injections (3 mL of standardized Mayo Clinic protocol PRP) every 4 weeks for
16 weeks, minimal improvement in LPPAI was observed with no statistically significant change in
follicular unit density. However, a reduction in perifollicular erythema and scaling was noted
clinically, suggesting a possible anti-inflammatory rather than regenerative primary mechanism. In
mixed non-scarring alopecia cohorts, PRP produced a mean increase in hair density of 45.9 hairs/cm
above baseline values after three treatment cycles, with microscopic confirmation of increased Ki-67
keratinocyte proliferation and greater small vessel density around follicles (p < 0.05). The systematic
review by Starace et al. confirmed that PRP is a promising adjunct in PCA patients with residual
follicular activity at disease margins, but has no meaningful effect on fully fibrotic zones where the
stem cell compartment has been eliminated.

Discussion

The clinical data reviewed here reveal a consistent and important distinction between what JAK
inhibitors and regenerative therapies can and cannot accomplish in cicatricial alopecia. JAK inhibitors
- particularly tofacitinib and baricitinib - address the primary pathological event: ongoing T
lymphocyte-mediated destruction of viable follicular units. The 68.6% LPPAI reduction achieved
with tofacitinib at 16 weeks and the 82.4% disease stabilization rate in the largest published cohort
represent outcomes that far exceed those obtainable with conventional intralesional triamcinolone or
hydroxychloroquine protocols, and they arrive significantly faster. Critically, this efficacy is
mechanistically rational: by blocking JAK1/JAK2/JAK3-mediated signal transduction, tofacitinib
interrupts IFN-y-STAT1 activation in follicular keratinocytes, restoring immune privilege to the
follicular epithelium and halting the positive-feedback cycle of autoantigen presentation that drives
progressive destruction.

However, JAK inhibitors cannot reverse fibrosis that has already replaced destroyed follicular units.
This limitation defines the therapeutic window within which they are effective: early intervention,
while active follicles remain at the lesion margin and are at risk but not yet eliminated, is the only
context in which disease modification - as opposed to mere symptomatic relief - is achievable.
LPPAI-guided monitoring is therefore not merely a research tool but a practical clinical necessity,
allowing the treating physician to identify and act on disease activity before irreversible follicular
loss expands further.

The role of regenerative therapies in this framework is more nuanced. PRP's primary mechanism in
cicatricial disease is anti-inflammatory, mediated by TGF-1 and TGF-f - growth factors present in
platelet a-granules - which attenuate pro-inflammatory cytokine expression and support angiogenesis
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in peri-lesional tissue. This mechanism is biologically appropriate at the active disease margin, where
residual follicles are threatened but not yet destroyed, and where improved microcirculation may
reduce the ischemic component of follicular stress. The finding that PRP significantly increases hair
density in non-scarring alopecias (45.9 hairs/cm at three treatment cycles, with histological
confirmation of Ki-67 bulge cell proliferation) does not translate directly to cicatricial disease, where
the bulge stem cell pool has been depleted - but it does suggest that PRP may serve a meaningful
adjunctive role at the perilesional interface when used in combination with immunosuppressive
therapies that first stabilize the inflammatory attack. The combination of a JAK inhibitor to suppress
active inflammation and PRP to support residual follicular survival and peri-lesional vascularity
represents a logically grounded combination strategy that warrants formal evaluation in randomized
trials. Similarly, the observed efficacy of dupilumab in LPP patients with atopic comorbidities raises
the possibility that molecular phenotyping of PCA patients - distinguishing predominantly Th1/JAK-
driven from Th2-driven and mixed cases - could guide more precise biological selection, improving
response rates beyond those achievable with a uniform treatment algorithm.

Cicatricial alopecia demands early, targeted intervention before irreversible follicular fibrosis
establishes itself. JAK inhibitors, particularly tofacitinib and baricitinib, achieve -clinically
meaningful disease stabilization in 82-92% of LPP and FFA patients with LPPAI reductions
exceeding 63% at 12-16 weeks. PRP serves as a rational anti-inflammatory adjunct at perilesional
margins but cannot restore destroyed follicular units. Combination protocols integrating JAK
inhibition with regenerative support represent the most promising direction for future clinical
investigation.
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