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Purpose: Dissecting cellulitis of the scalp (DCS) is a chronic, relapsing, suppurative primary cicatricial alopecia. Perifollicular
infundibulo-isthmic lymphocytic inflammation and fibrosis (PIILIF) occurs in clinically normal-appearing scalp (cNAS) in other
primary cicatricial alopecias but has not been systematically evaluated in DCS.

Patients and Methods: In this retrospective exploratory study, we reviewed consecutive patients with clinicopathologically
concordant DCS evaluated at a single Los Angeles dermatology clinic from December 2022 to November 2024. Patients underwent
trichoscopy-guided 6-mm punch biopsy of cNAS and a second biopsy of an active lesion or inactive nodule. Specimens were
processed with vertical and transverse sections and independently reviewed by two blinded board-certified dermatopathologists. CD4,
CD8, CD117, and, when needed, a-smooth muscle actin immunostaining supported characterization. Exact tests with false-discovery-
rate adjustment were exploratory.

Results: Twelve men were included (mean age, 30 years; range, 21-46 years). PIILIF was identified in all cNAS biopsies (12/12;
100%; exact 95% CI, 73.5-100%) and all inactive nodules (3/3). Active lesions (9/9) showed suppurative inflammation and
remodeling superimposed on PIILIF (infundibulo-isthmic fibrosis, 9/9; lymphocytes, 8/9), with increased neutrophilic infiltrates (9/9
vs 0/9 in matched cNAS; adjusted P<0.001), granulation tissue (5/9 vs 0/9; adjusted P=0.035), and complete sebaceous gland loss (6/9
vs 0/9; adjusted P=0.012). Infiltrates were CD4-predominant with prominent CD117-positive mast cells. PIILIF was observed in
a sideburn biopsy in one patient, and 3 patients (25%) had concurrent histologic acne keloidalis nuchae.

Conclusion: In this small cohort, PIILIF was consistently observed in ctNAS and inactive nodules from patients with DCS, while active
lesions showed additional suppurative destruction. These findings support the hypothesis that PIILIF may represent a subclinical histopatho-
logic component of DCS. Prospective controlled studies are needed to determine specificity, temporal sequence, and prognostic significance.

Plain Language Summary: Dissecting cellulitis of the scalp is a painful condition that causes deep bumps, drainage of pus, tunnels
under the skin, and permanent hair loss. It often comes and goes, and even when a flare improves, the condition can return.

We asked if scalp skin that looks normal in people with dissecting cellulitis is truly normal under the microscope. We studied 12 men with this
condition. Using a magnified scalp exam, we took small skin samples from areas that looked normal and from areas with active or quiet bumps.

All patients had immune inflammation around the upper part of hair follicles with early scarring, even in scalp that looked normal.
When the disease was active, we also saw pus-forming inflammation and loss of the oil glands that protect hair follicles. In bumps that
were quiet, the hidden inflammation pattern was still present, but the oil glands were usually preserved.

Because this was a small retrospective study, the results should be interpreted as early and hypothesis-generating. These findings
suggest that dissecting cellulitis may have a silent stage that affects a wider area of scalp than we can see. Finding and treating this
early stage may help prevent permanent damage and reduce relapses. Larger controlled studies are needed to confirm these findings
and to test treatments that target this early stage.
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Introduction

Dissecting cellulitis of the scalp (DCS), also termed perifolliculitis capitis abscedens et suffodiens, is an uncommon,
chronic, relapsing suppurative primary cicatricial alopecia (PCA) that results in sinus tracts and scarring alopecia.'™*
Although traditionally categorized among neutrophilic PCAs, many patients experience recurrent flares despite anti-
biotics, oral retinoids, intralesional corticosteroids, and biologics, suggesting that the histopathologic drivers of relapse
and extension remain incompletely addressed.”

Published DCS studies have emphasized follicular occlusion, follicular rupture, abscess formation, sinus tracts,
granulation tissue, and scarring.”* These features define active destructive disease, but they do not fully explain why
flares recur, why disease extends into adjacent scalp, or why clinically quiet nodules may later reactivate.

Across multiple PCAs, increasing evidence indicates that a low-grade lymphocytic perifollicular process can be
present beyond the clinically obvious disease margin. Perifollicular infundibulo-isthmic lymphocytic inflammation and
fibrosis (PIILIF) has been reported in clinically normal-appearing scalp (¢cNAS) in acne keloidalis nuchae (AKN), central
centrifugal cicatricial alopecia (CCCA), lichen planopilaris (LPP), frontal fibrosing alopecia (FFA), and folliculitis
decalvans (FD), among others.>”'' These studies support a field-effect hypothesis in which upper-follicle immune
inflammation and early fibrosis may be present beyond clinically inflamed or scarred skin.

The present study differs from our prior PIILIF work by focusing specifically on DCS and by examining paired cNAS and
lesional biopsies across active and clinically inactive DCS states. Whether a similar subclinical PIILIF pattern is present in
DCS, and whether it differs across cNAS, clinically inactive nodules, and active lesions, has not been systematically evaluated.

If present, PIILIF in ctNAS could help explain (1) extension of disease beyond clinically inflamed nodules, (2) relapse
after apparent clinical quiescence, and (3) overlap with other folliculocentric scarring disorders.>'? In this clinicopatho-
logic study, we evaluated paired biopsies from cNAS and lesional scalp across clinical stages of DCS and characterized
associated immune and adnexal features. We hypothesized that PIILIF is present in cNAS of patients with DCS and may
represent a subclinical histopathologic substrate associated with DCS.

Patients and Methods
Study Design and Ethics

This retrospective clinicopathologic study included consecutive patients evaluated for DCS in a single dermatology clinic
(Los Angeles, California) from December 2022 through November 2024. The Western Institutional Review Board
(WIRB) Copernicus Group (WCG IRB Work Order #1-1775045-1) granted exemption from full review because the
analysis used deidentified data from routine clinical care with no intent to re-identify or contact participants. All patients
provided written informed consent, including permission to use and publish anonymized clinical photographs. The study
followed the Declaration of Helsinki (1964) and its later amendments.

Analyses were performed retrospectively on deidentified clinical and histopathology data from routine care.
Trichoscopy and biopsies were performed contemporaneously during clinical evaluation; no procedures were performed
prospectively for research, and endpoints and follow-up intervals were not prespecified.

No formal sample-size calculation was performed. The sample comprised all consecutive eligible patients who
underwent the protocolized biopsy approach during the study interval; analyses were exploratory.

Study Population

Patients were eligible if they had a clinical diagnosis of DCS (Figure 1A and B) supported by characteristic clinico-
pathologic findings (eg, suppurative folliculitis with follicular rupture, abscess formation and/or granulation tissue, and
scarring) and underwent protocolized biopsies of both cNAS and lesional scalp Patients were excluded if biopsy
specimens were inadequate for assessment of the upper follicle and surrounding dermis.
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Figure | Clinical overview photographs showing representative active and clinically inactive DCS lesions and the typical ctNAS trichoscopy/biopsy target zone. (A) Top-
down view of a patient with DCS showing multifocal indurated nodules and scalp folds of cutis verticis gyrata. The green circle identifies a representative clinically inactive
DCS lesion, defined as an uninflamed indurated residual nodule. (B) Top-down view of a second patient with advanced DCS showing confluent inflammatory plaques,
crusting, and scarring alopecia. The red circle identifies a representative active DCS lesion, defined clinically by visible inflammation. The blue circle identifies a representative
cNAS trichoscopy/biopsy target zone in uninvolved-appearing scalp, approximately 2—-3 cm from the nearest clinically evident lesion.

Abbreviations: ctNAS, clinically normal-appearing scalp; DCS, dissecting cellulitis of the scalp; CVG, cutis verticis gyrata.

Biopsies were performed during routine clinical evaluation. Prior treatment exposure before biopsy was extracted
from the medical record and was heterogeneous; treatment timing was not standardized because the study was

retrospective.

Clinical Definitions

cNAS was defined as scalp skin without visible nodules, pustules, sinus tracts, or alopecia on inspection and palpation at
the time of biopsy. Lesions were classified as active when associated with erythema, tenderness, drainage, or fluctuance,
and as clinically inactive when presenting as residual indurated nodules without signs of active inflammation.
Representative spatial relationships among active lesions, clinically inactive lesions, and the cNAS target zone are
illustrated in Figure 1, while the trichoscopic appearance used for cNAS biopsy targeting is shown in Figure 2.
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Figure 2 Representative trichoscopic appearance of cNAS used for biopsy targeting in a patient with DCS. Trichoscopy of cNAS demonstrated subtle perifollicular
abnormalities, including mild perifollicular erythema/hyperpigmentation and/or scale, which were used to guide biopsy site selection.
Abbreviations: cNAS, clinically normal-appearing scalp; DCS, dissecting cellulitis of the scalp.
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Biopsy Protocol and Processing

All patients underwent a 6-mm punch biopsy from cNAS, typically in the parietal scalp, approximately 2-3 cm from
clinically evident lesions. A second 6-mm punch biopsy targeted either an active DCS lesion (when present) or
a clinically inactive nodule (when active lesions were absent). The paired ctNAS and lesional biopsies were obtained
from the same scalp during the same clinical evaluation. Specimens were processed with both vertical and transverse

sections to optimize visualization of perifollicular inflammation and fibrosis."*'*

Histopathologic Assessment

Two board-certified dermatopathologists independently reviewed all slides while blinded to clinical information, sam-
pling site, clinical activity status, and treatment history. Discrepancies were resolved by consensus, and the consensus
diagnosis was used for analysis.

PIILIF was defined as a perifollicular lymphocytic infiltrate centered on the infundibulum and/or isthmus with
associated perifollicular lamellar fibroplasia or early concentric fibrosis, in the absence of an alternative diagnostic
pattern such as interface dermatitis involving the interfollicular epidermis. Fibrosis was recorded as present or absent
rather than graded semiquantitatively because no validated DCS-specific grading scale for subtle upper-follicle fibrosis
was used in this retrospective study. For active lesions, additional features assessed included neutrophilic infiltrates,
granulation tissue, follicular rupture, sinus tract formation, and sebaceous gland status. When perifollicular fibrosis was
equivocal on hematoxylin and eosin, a-smooth muscle actin (a-SMA) was used to highlight early myofibroblast-rich

stromal remodeling.'®

Immunohistochemistry

CD4 and CD8 immunostaining was used to characterize T-cell subsets and report relative predominance (CD4>CDS vs
CD8>CD4). CD117 immunostaining was used to support mast cell identification. Immunohistochemistry was performed
on all specimens with sufficient remaining tissue (see Results). Cases without sufficient residual tissue were excluded
from immunohistochemistry-only analyses, and denominators are reported for each immunohistochemistry comparison.

Statistical Analysis

For the subset of patients with paired active lesion and cNAS biopsies, categorical histopathologic variables were
compared using exact tests. False-discovery rate was controlled using the Benjamini-Hochberg procedure. Exact
binomial 95% confidence intervals were calculated for the primary prevalence estimate. Clinically inactive nodules
were summarized descriptively because only 3 patients had inactive nodules; formal hypothesis testing in that subgroup
would be unstable and potentially misleading. Analyses were performed using R (R Foundation for Statistical
Computing). All analyses were exploratory, and nonsignificant comparisons should not be interpreted as equivalence.

Results
Patient Characteristics

Baseline demographic and clinical characteristics are summarized in Table 1. Briefly, the cohort included 12 men (mean
age, 30 years; range, 21-46 years). Most patients underwent lesional biopsy during clinically active DCS (9/12), while 3/
12 had no active lesions at the time of biopsy but reported prior recurrent episodes of painful, draining nodules with
progressive hair loss. Comorbid acne vulgaris was common and hidradenitis suppurativa occurred in a minority
(Table 1). Notably, 3/12 (25%) had previously been treated for presumed seborrheic dermatitis, yet none of the study
biopsies showed histopathologic features of seborrheic dermatitis. Treatment exposure before biopsy was heterogeneous
and is detailed in Table 1, with corticosteroids and oral retinoids most frequently reported and antibiotics or tumor
necrosis factor inhibition less common. Because exposures were heterogeneous and the cohort was small, no treatment-

specific histopathologic inference was made.
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Table | Patient Characteristics (N=12)

Characteristic Value
Male sex, n (%) 12 (100)
Age, mean (range), y 30 (21-46)

Self-identified ancestry, n (%)

Hispanic/Latino 8 (66.7)
African-descended 3 (25.0)
Asian I (8.3)

Comorbidities, n (%)

Acne vulgaris 10 (83.3)

Hidradenitis suppurativa 2 (16.7)

Clinical status at lesional biopsy, n (%)

Active lesion 9 (75.0)

Clinically inactive nodule (no active lesions) 3 (25.0)
Prior misdiagnosis as seborrheic dermatitis, n (%) 3 (25.0)
Traumatic hair-grooming practices reported, n (%) I (8.3)

Treatment exposure before biopsy, n (%)

Intralesional and/or topical corticosteroids 6 (50.0)
Oral retinoids 6 (50.0)
Systemic antibiotics 3 (25.0)
TNF inhibitor I (83)

Concurrent histologic acne keloidalis nuchae on nape biopsy, n (%) | 3 (25.0)

PIILIF in sideburn (beard-area) biopsy, n (%) I (83)

Abbreviations: TNF, tumor necrosis factor; PIILIF, perifollicular infundibulo-isthmic lymphocytic
inflammation and fibrosis.

Histopathology of cNAS and Clinically Inactive Nodules

PIILIF was identified in all ctNAS biopsies (12/12; 100%; exact 95% CI, 73.5-100%) and all clinically inactive nodules
(3/3). Representative transverse sections from a ¢ctNAS biopsy demonstrating PIILIF are shown in Figure 3. In clinically
inactive nodules, PIILIF mirrored ¢cNAS, including preservation of sebaceous glands and absence of the destructive
suppurative features seen in active disease. Because only 3 patients had clinically inactive nodules, these specimens were
summarized descriptively rather than included in formal hypothesis testing.

Histopathology of Active Lesions

Among 9 active DCS lesions, prominent neutrophilic inflammation and tissue remodeling were superimposed on
a PIILIF background (Figure 4 and Table 2). Compared with matched cNAS biopsies from the same patients (n=9
pairs), active lesions demonstrated increased neutrophilic infiltrates (9/9 vs 0/9; adjusted P<0.001), granulation tissue (5/9
vs 0/9; adjusted P=0.035), and complete sebaceous gland loss (6/9 vs 0/9; adjusted P=0.012). In contrast, most upper-
follicle PIILIF features were shared between active lesions and ¢cNAS (infundibulo-isthmic fibrosis, 9/9 vs 9/9;
infundibulo-isthmic lymphocytes, 8/9 vs 9/9).

Clinical, Cosmetic and Investigational Dermatology 2026:19 https: 5
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Figure 3 Representative ctNAS histology from a patient with DCS. Hematoxylin and eosin (A) and/or a-SMA-stained (B) vertical and transverse sections demonstrate
perifollicular lymphocytic inflammation centered on the infundibulo-isthmic region with associated perifollicular fibrosis. Magnification x4.
Abbreviations: ctNAS, clinically normal-appearing scalp; DCS, dissecting cellulitis of the scalp; a-SMA, alpha-smooth muscle actin.

Figure 4 Hematoxylin and eosin stain (A) and a-SMA stain (B) of a transverse section from an active DCS lesion from the patient in Figure 3 showing mixed perifollicular
inflammation with neutrophilic predominance and associated infundibulo-isthmic lymphocytes (red arrow) with perifollicular fibrosis (black arrow). Magnification x4.
Abbreviations: a-SMA, alpha-smooth muscle actin; DCS, dissecting cellulitis of the scalp.

Immunophenotype

Immunohistochemistry was evaluable in 8 active lesion/cNAS pairs. Across disease stages, infiltrates were consistently
CD4-predominant (CD4>CD8) and CD117-positive mast cells were prominent (Figure 5, Table 2 and Supplementary
Table S1).

Extension Beyond the Scalp and Overlapping Folliculocentric Disease
PIILIF was identified in a sideburn (beard-area) biopsy in one patient. In addition, 3 patients (25.0%) had nape biopsies
diagnostic of acne keloidalis nuchae (AKN), suggesting overlapping pathology within the same individuals (Figure 5).

Discussion

In this small retrospective, exploratory clinicopathologic study, PIILIF was observed in all cNAS biopsies and clinically
inactive nodules from patients with DCS, while active lesions showed destructive suppurative inflammation and adnexal
loss superimposed on this upper-follicle lymphocytic-fibrotic pattern. These observations support a field-effect hypoth-
esis in DCS that parallels reports in other PCAs, in which upper-follicle immune inflammation and early scarring may
extend beyond the clinically obvious disease margin.” '' Because this cohort was small and lacked healthy controls, these
findings should not be interpreted as evidence that PIILIF is universal or specific to all DCS cases.
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Table 2 Histopathologic Features in Active DCS Lesions vs Matched Clinically Normal-Appearing Scalp (cNAS) (n=9 Pairs)

Domain Feature Active Lesions Matched cNAS Adjusted
(n=9), n (%) (n=9), n (%) P value*
Upper follicle (PIILIF features) Infundibulo-isthmic lymphocytic infiltrate 8 (89) 9 (100) >0.9
Upper follicle (PIILIF features) Infundibulo-isthmic perifollicular fibrosis 9 (100) 9 (100) >0.9
Lower follicle features Bulbar lymphocytic infiltrate 3(33) 1 (1) 0.58
Lower follicle features Bulbar fibrosis 1 (1) 0 (0) >0.9
Adnexal structures Complete sebaceous gland dropout 6 (67) 0 (0) 0.012
Follicular epithelial changes Epithelial atrophy 4 (44) 1 (1) 0.27
Follicular epithelial changes Intraepithelial neutrophilic pustules 1 (1) 0 (0) >0.9
Follicular destruction Follicular destruction/rupture 6 (67) 0 (0) 0.012
Follicular destruction Extravasated hair shafts 6 (67) 0 (0) 0.012
Dermal remodeling Granulation tissue 5 (56) 0 (0) 0.035
Dermal remodeling Avascular scar 6 (67) 1 (1) 0.02
Dermal remodeling Fibrous streamers 6 (67) 3(33) 0.36
Neutrophilic inflammation Perifollicular neutrophilic infiltrate 9 (100) 0 (0) <0.001
Neutrophilic inflammation Interfollicular dermal neutrophilic infiltrate 9 (100) 0 (0) <0.001
Neutrophilic inflammation Deep dermal neutrophilic infiltrate 6 (67) 0 (0) 0.012
Sinus tracts Sinus tract present 1 (1) 0 (0) >0.9
Inflammatory cell admixture Lymphohistiocytic infiltrate 7 (78) 3(33) 0.2
Inflammatory cell admixture Plasma cells present 5 (56) 2 (22) 0.3
Immunohistochemistry CD4>CD8 (n=8 pairs) 8/8 (100) 8/8 (100) >0.9
(subset)
Immunohistochemistry CD|1 17-positive mast cells (n=8 pairs) 8/8 (100) 8/8 (100) >0.9
(subset)

Notes: P values reflect exact tests with Benjamini-Hochberg false-discovery-rate adjustment; interpret within the context of small sample size and exploratory analysis.
Infundibulum/isthmus denotes the upper follicle from the follicular ostium to the arrector pili insertion; the bulbar region denotes the lower follicle, including the suprabulbar
segment and bulb. Clinically inactive nodules were not included in formal testing because n=3.

Abbreviations: cNAS, clinically normal-appearing scalp; PIILIF, perifollicular infundibulo-isthmic lymphocytic inflammation and fibrosis.

Prior DCS histopathology has emphasized destructive suppurative folliculitis, follicular rupture, abscess formation,
sinus tracts, granulation tissue, and scarring.>* Our paired-biopsy approach complements that literature by showing that
active DCS features may coexist with, or be superimposed on, an upper-follicle lymphocytic-fibrotic pattern detectable
outside clinically active lesions.

A key conceptual implication is that DCS may not be confined to clinically inflamed nodules but may instead include
a wider low-grade inflammatory field that can coexist with episodic neutrophil-dominant flares. This interpretation is
associative rather than causal. The cross-sectional design cannot determine whether PIILIF precedes, follows, or persists
after active DCS lesions. Notably, prior studies in LPP, FFA, AKN, FD and CCCA found that histopathologic activity in
clinically unaffected scalp may occur without clear correlation to symptoms or visible inflammation.” '

Why can PIILIF exist in cNAS without overt alopecia? We interpret PIILIF as a low-grade or smoldering folliculo-
centric process centered on the infundibulum and isthmus. At this stage, follicular cycling may remain largely preserved
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Figure 5 Immunohistochemistry from a single patient with DCS and AKN demonstrating CD4 (A column), CD8 (B column), and CDI17 (C column) staining in ctNAS
PIILIF (Ai-Ci), active DCS lesion (Aii-Cii), and AKN lesion (Auiii-Ciii).

Abbreviations: AKN, acne keloidalis nuchae; cNAS, clinically normal-appearing scalp; DCS, dissecting cellulitis of the scalp; PIILIF, perifollicular infundibulo-isthmic
lymphocytic inflammation and fibrosis.

and clinical hair density may appear normal, particularly when inflammation is patchy or below a destructive threshold.
A transition to clinically evident scarring likely requires additional events such as follicular rupture, intense neutrophilic
recruitment, and sustained dermal remodeling, which were prominent in active lesions in our cohort.

Clinically inactive nodules in our cohort retained PIILIF with preserved sebaceous glands and without the destructive
suppurative features of active lesions. This finding can be interpreted in more than one way. Clinically inactive nodules may
represent partially treated or spontaneously improved lesions, an earlier-stage component of a clinically larger lesion, or
a sampling point that missed a destructive focus. Although our cross-sectional design cannot determine temporal directionality,
the separation of sebaceous gland preservation in cNAS and clinically inactive nodules from dropout in active lesions raises the
hypothesis that sebaceous gland loss may mark a transition point toward less reversible disease, akin to observations in LPP
studies.'®

Diagnostic implications include the risk of misattribution of subtle perifollicular erythema and scale in ctNAS to seborrheic
dermatitis. In this cohort, several patients had previously been managed as seborrheic dermatitis; however, none of the study
biopsies showed histopathologic features supportive of seborrheic dermatitis. Nevertheless, because many patients use antifungal
shampoos or topical corticosteroids prior to referral, we cannot exclude partial treatment effects that might attenuate seborrheic
dermatitis features. Alternative explanations, including nonspecific perifollicular inflammation or treatment-related modification
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of disease expression, cannot be excluded. These observations support a low threshold for biopsy when perifollicular changes are
persistent or when symptoms and clinical course are discordant with a diagnosis of seborrheic dermatitis.

Accurate recognition of PIILIF requires adequate follicular sampling and review of both vertical and transverse sections.
Vertical sections best assess infundibulo-isthmic lymphocytic inflammation, whereas transverse sections improve detection of
concentric perifollicular fibrosis and adnexal dropout.'*'* Because the change may be confined to a narrow perifollicular rim,
detection is plane dependent and false negatives occur when only one plane is examined or the transverse level misses the peripilar
collar. When fibrosis is subtle on hematoxylin and eosin, a-SMA can highlight early perifollicular myofibroblast activity
consistent with incipient fibrosis and epithelial-mesenchymal transition.'> However, a-SMA cannot eliminate under-calling
because fibrosis may still be missed if sections pass above or below the affected zone. Accordingly, an infundibulo-isthmic
perifollicular lymphocytic infiltrate should raise suspicion for early fibrosis even when fibrosis is not demonstrable on available
H&E or a-SMA sections.

We also observed overlapping pathology with AKN in 25% of patients. AKN is itself a PCA with upper-follicle
lymphocytic inflammation and early fibrosis described in clinically non-alopecic scalp.>'' The co-occurrence of DCS and
AKN in the same individuals (Figure 5) supports the possibility of shared folliculocentric immune pathways and warrants
consideration of broader pan-follicular susceptibility in some patients.

Hypothesis-generating framework. Addressing PIILIF may help mitigate progression in DCS, but this study did not directly
test therapeutic or molecular mechanisms. DCS predominantly affects men, most commonly in early adulthood, and an
androgenic contribution has been proposed based on epidemiologic patterns and clinical observations of disease onset or
exacerbation in the setting of exogenous androgen exposure.”'”'® One working hypothesis is that a chronic upper-follicle
lymphocytic-fibrotic pattern can coexist with episodic neutrophilic activation in DCS. This is biologically plausible because
dihydrotestosterone can upregulate IL-6 in follicular dermal papilla cells, IL-6 participates in inflammatory amplification and
fibrotic wound-healing programs, CXCLS8/IL-8 recruits neutrophils, mast cells can contribute to fibrotic remodeling, and
Cutibacterium acnes may amplify TLR/NF-«B signaling.'> ** These pathways were not measured in this study and should be
viewed as a framework for future mechanistic work, not as conclusions from the present data. Consistent with the possibility that
PIILIF can be hormonally and immunologically modulated, PIILIF has been described as an inflammatory endotype in
androgenetic alopecia, including beard and eyebrow sites, with improved outcomes reported when treatment addressed both
dihydrotestosterone signaling and inflammation.**

This study has limitations. The sample size was small and derived from a single specialty clinic, introducing potential referral
and spectrum bias. The study was retrospective and cross-sectional; therefore, it cannot establish whether PIILIF temporally
precedes the onset of clinically apparent DCS lesions or predicts relapse. Treatment exposures before biopsy were heterogeneous
and may have modified histopathologic features. The study was underpowered for treatment-stratified or subgroup analyses,
including clinically inactive nodules. Histopathologic variables were recorded categorically, so quantitative inflammatory burden
and fibrosis severity could not be assessed. Interobserver agreement statistics were not prespecified; instead, final interpretation
was based on independent blinded review followed by consensus.

We did not include healthy control scalp biopsies; therefore, specificity for DCS cannot be established. Prior studies
in other PCA contexts have reported absent or substantially lower similar changes in control scalp, but prospective
controlled DCS studies are needed. These limitations should temper prevalence estimates, particularly the 100% cNAS
finding in this small cohort.

Future work should include prospective, longitudinal studies with standardized clinical scoring and paired serial biopsies to
determine whether PIILIF in ctNAS predicts lesion development, extension, or relapse. Larger controlled studies should include
healthy controls or disease controls, prespecified quantitative histopathologic scoring, interobserver reliability analysis, and spatial
immune phenotyping. Mechanistic studies integrating microbiome profiling, cytokine signatures, and spatial immune phenotyp-
ing across cNAS, inactive nodules, and active lesions could clarify the pathways that govern transition from PIILIF to suppurative
destruction. Interventional trials are required to determine whether targeting the PIILIF stage, in addition to suppressing
neutrophilic flares, prevents irreversible follicular loss.
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Conclusion

PIILIF was consistently observed in this cohort of patients with DCS and may represent a subclinical histopathologic
component of disease. Active lesions showed additional neutrophilic inflammation, granulation tissue, and sebaceous
gland dropout superimposed on this pattern. Recognizing PIILIF in DCS may refine diagnostic evaluation, but the
present findings demonstrate association rather than temporal sequence. Prospective controlled studies are needed to
determine whether PIILIF predicts disease progression, extension, relapse, or treatment response.

Abbreviations

AKN, acne keloidalis nuchae; a-SMA, alpha-smooth muscle actin; ctNAS, clinically normal-appearing scalp; CCCA, central
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