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Purpose: Small observational studies suggest subclinical disease occurrence in the normal-appearing scalp zones of several primary
cicatricial alopecias. To aid patient management, we began routinely evaluating the entire scalp of patients with acne keloidalis nuchae
(AKN), including trichoscopy-guided biopsies.

Patients and Methods: This retrospective study evaluated 41 patients sequentially presenting with AKN at a single clinic between
June and December 2022. Primary lesions and normal-appearing scalp in the superior parietal scalp at least 5 cm away from AKN-
affected zones were clinically evaluated, and areas showing perifollicular erythema or scales/casts on trichoscopy were biopsied and
histologically analyzed.

Results: Forty-one men with AKN, including 20 men of African descent, 17 Hispanic, and 4 European-descended Whites, were
evaluated. All patients, including 22% with associated folliculitis decalvans, showed scalp-wide trichoscopy signs of perifollicular
erythema or scaling in normal-appearing scalp areas. All patients showed histologic evidence of perifollicular infundibulo-isthmic
lymphocytoplasmic infiltrates and fibrosis (PIILIF), with 96% showing Vellus or miniaturized hair absence. PIILIF was often clinically
mistaken for seborrheic dermatitis (44—51%). All White patients had mild papular acne keloidalis nuchae lesions mistaken for
seborrheic dermatitis.

Conclusion: PIILIF may be a precursor to a wide spectrum of primary cicatricial alopecias, including AKN and folliculitis decalvans.

This finding carries implications for the early diagnosis and management of AKN and other primary cicatricial alopecias.

Plain Language Summary: Acne keloidalis nuchae (AKN) is a type of hair loss and scalp condition marked by scarring and
inflammation. This condition falls under a group of chronic hair and scalp issues known as primary cicatricial alopecia (PCA). Current
treatments for AKN and similar PCAs often do not work well, and the condition tends to return. We have found a hidden scalp
condition that could be causing AKN and other PCAs. It’s a subtle disease that affects the entire scalp, even though it might not show
noticeable symptoms. We have observed this condition in all 41 AKN patients in our study, and it’s characterized by certain changes in
the hair and scalp’s structure and immune system response. Other studies have linked this condition to various other PCAs. We believe
this hidden condition could be causing AKN and making it come back after treatment. This study suggests that treating AKN might
require a broader approach beyond just treating the visible symptoms. Since this hidden condition exists in other PCAs, it might be

a common cause.

Keywords: folliculitis decalvans, lichen planopilaris, subclinical, central centrifugal cicatricial alopecia, frontal fibrosing alopecia,
scarring alopecia

Introduction

Acne keloidalis nuchae (AKN) is a form of primary cicatricial alopecia (PCA) that develops mainly in the occipital area
of men of color'* but rarely in women® and European-descended White men,* AKN is characterized by scattered
inflamed papules in the early stages, progressing to suppurative papules and nodules that merge to form plaques or
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masses, with associated hair loss and multi-shafted hair tufting.'*>° It is histologically characterized by lamellar
fibroplasia, mixed inflammatory cells consisting of neutrophils, lymphohistiocytic, and plasma cells mainly involving
the isthmus and infundibulum, signs of foreign body reactions to detached hair shafts, and ruptured hair follicles.”
Precipitating factors include scalp microtrauma, hairline carving, and friction from shirt collars and pillows."* The cause
of AKN remains unclear and without effective treatments. Although not a true keloidal condition, AKN can form at
surgical sites or in new areas separated from the parent lesions.'"’

Previously, a small, prospective, blinded study of histologic material collected from 10 patients with mild AKN®
suggested that an early subclinical disease characterized by perifollicular infundibulo-isthmic lymphocytoplasmic
infiltrates lamellar fibrosis (PIILIF), and sebaceous gland destruction may predate classical AKN lesions.® The finding
of a scalp-wide subclinical pathologic condition may influence our understanding of AKN and result in more effective
treatments. As such, our clinic began routinely screening the entire scalps of patients with AKN via trichoscopy”'® for
scalp diseases in normal-appearing-scalp (NAS) zones to optimize therapy and prevent a recurrence. Here, we report
a retrospective analysis of our experiences.

Materials and Methods
Study Design and Population

All patients sequentially presenting with clinically diagnosed AKN to our Los Angeles area clinic who had their NAS
biopsied between June and December 2022 were included. All procedures were performed in accordance with the
Declaration of Helsinki (as was revised in 2013). Written informed consent was obtained from patients, including consent
for publication and use of photographs. An institutional review board exemption was obtained from the Western
Institutional Review Board (IRB) Copernicus Group, which has IRB authority over the site of the study and the source
of all patient data — Dr. U Hair and Skin Clinic. The exemption was issued because the study uses deidentified data from
procedures that are part of routine clinical care, with no plans to re-identify or contact the subjects.

Study Procedures

As part of routine clinical care, all patients underwent examination of their NAS zones, which included gross examina-
tion for perifollicular scales and erythema to direct further trichoscopy evaluation. In the right or left upper parietal areas,
trichoscopy-selected points with perifollicular erythema or cast scaling were biopsied at least 5 cm away from AKN-
affected zones (Figure 1A and B). Both vertical and horizontal sections were examined for histologic analysis of NAS
biopsies. Diagnosis of AKN (Figures 1A and 2A and B) and folliculitis decalvans (Figures 1A and 2B) was done by
clinical examination or previous histopathology reports. However, biopsies were performed in case of uncertain diagnosis
or as a post-surgical routine.

Figure | (A) Posterior view of a patient with histopathologically proven diagnosis of AKN in the nape area (red arrow) and FD in the right vertex area (Blue arrow). There
is a vast zone of NAS outside of the AKN and FD zones. (B) Same patient showing AKN (nape — red arrow) and FD (right vertex — blue arrow) and a marked parietal NAS
area targeted for biopsy. There is a vast zone of NAS outside of the AKN and FD zones.

Abbreviations: AKN, acne keloidalis nuchae; FD, folliculitis decalvans; NAS, normal-appearing scalp.
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Figure 2 (A) Posterior view of a patient with histopathologically proven diagnosis of AKN in the nape area (red arrow) and FD in the entire vertex area (Blue arrow). There
is a vast zone of NAS outside of the AKN and FD zones. (B) Posterior view of a patient with histopathologically proven diagnosis of AKN in the nape area. There is a vast
zone of NAS outside of the AKN zone.

Abbreviations: AKN, acne keloidalis nuchae; FD, folliculitis decalvans; NAS, normal-appearing scalp.

Data Collection and Analysis

Collected clinical data included patient age, self-reported race, and sex; the duration of AKN/FD disease (if known),
morphology, location, and AKN lesion classification® and the presence of FD; clinical symptoms in the AKN, FD, and
NAS zones, including whether the patient was aware of the AKN or FD; past or concurrent skin conditions of interest
(eg, seborrheic dermatitis); history of traumatic hair grooming practices (eg, chemical texturizers, hair dyes, hot combs);
the presence of symmetrical non-scarring alopecia signifying androgenic alopecia (AGA) graded using the Norwood
scale; and past treatments/interventions and their outcomes.

Histologic data included the presence of inner root sheath desquamation, desquamation without inflammation, Max
Joseph spaces, squamatized basal layers, Lichen planus interfollicular changes, absence of sebaceous glands, and absence
of Vellus or miniaturized hairs. The presence of fibrosis or lymphocytic, neutrophilic, lymphohistiocytic, and plasma
infiltrates in the perifollicular-infundibular, perifollicular-isthmus, perifollicular-bulbar, and interfollicular aspects was
noted, as were foreign body granulomas and released hair shafts. Additionally, we examined total hair count, including
anagen, catagen/telogen, and vellus/miniaturized hair from patients with documented data who underwent biopsies of
both their NAS and AKN zones.

To further evaluate the pathologies of NAS lesions and their relationship to AKN or FD and gain favorable treatment
insight, we began assessing CD4 and CD8 immunohistochemistry and CD117 expression analysis for mast cell activity
in some patients. Furthermore, because of the common complaints of seborrheic dermatitis, we also performed periodic
acid—Schiff (PAS) staining to detect pityrosporum or Demodex in some patients.

The histology and CD4/CD8/CD117 data (positive/negative) were compared between matched AKN and NAS biopsy
datasets using the chi-squared test (PASW 28, IBM) and raw p-values adjusted for type I error using the step-up
Hochberg procedure.

Results

Forty-one men (mean age, 34.2 years, range 22—57) with AKN were included. Four patients were European-descended
Whites (10%), and the remaining patients were either of African descent (n=20, 49%) or Hispanic (n=17, 41%). AKN
lesion characteristics were as follows: Class I, n=8, 20%); Class II, n=17, 41%; Class III, n=11, 27%; and Class IV, n=5,
12%. Table 1 summarizes patient demographic and clinical data.
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Table | Associated Medical Conditions and Past
Treatments

Medical Condition n Percentage

Facial acne 12 29

Body acne 12 29

FD 9 22

Facial razor bumps 5 12

Keratosis pilaris 10 24

Seborrheic dermatitis 18 44

Previous treatments

Antibiotics 28 68
Steroids

Topical 9 22
Injections 4 10
Both 9 22
Retinoids 4 10
Biologics | 2
Procedures

Laser (hair removal) 10 24
Radiation | 2
Surgery 17 41
Multimodal 3

Electrocautery |

Other treatments

Topical (multimodal) solution 17 41
Antifungal agent | 2
Other 5 12

Abbreviation: FD, follicular decalvans.

Clinically, perifollicular erythema, with or without scales, is the most common trichoscopy indicator of PIILIF.
(Figure 3A and B). All specimens taken from the NAS zones showed histological features of PIILIF (Figure 4A and B),
with 96% showing Vellus or miniaturized hair absence. All PIILIF diagnoses were made during the first biopsy attempt,
except in one patient whose diagnosis required a second biopsy. Of all patients, 9 (22%) had FD lesions in their vertex
zones (Table 1). Thirty-six (88%) patients had prior AKN treatments involving either systemic/topical antibiotics (63%)
or steroids (21%; topical, injections, or both) (Table 1). The most common prior AKN treatments were surgery (40%),
laser hair removal (24%), or topical multimodal solutions (38%). At presentation, 36% of all patients had a history of
AKN recurrence or disease expansion post-treatment. None of the patients had a history of traumatic hair grooming
practices, keloids, or hidradenitis suppurativa.

Although most patients were unaware of a disease condition in their NAS zones, 60% reported itchiness with 18/41
(44%) assumed to have seborrheic dermatitis or receiving treatment for it (n=21, 51%), which was noted as PIILIF on
histology. No patient had seborrheic dermatitis on histologic examination. Patients commonly reported more severe
symptoms in AKN sites, with only 25-35% of these symptoms affecting NAS areas (Table 2). A third of the patients had
associated symmetric hair loss clinically consistent with AGA, which they self-reported as male-pattern baldness. Of the
nine patients with coexisting FD and AKN, FD was diagnosed much later than AKN; however, the exact interval was
unknown.

In descending order, the most notable differences in the histological results (Table 3) of the biopsies of AKN vs NAS
(PIILIF) that highly favored an AKN diagnosis over PIILIF are (1) lymphohistiocytic infiltrates and granulomas, which were
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Figure 3 (A) Typical trichoscopy finding in the NAS of patients with AKN showing perifollicular scales (Blue arrow) and erythema (Red Arrow), manifesting as
hyperpigmentation in a Black African patient. The blue ink mark indicates the biopsy site. (B) Typical trichoscopy finding in the NAS of patients with AKN showing
perifollicular scales (Blue arrow) and erythema Red arrow) in a nonblack Hispanic patient. The blue ink mark indicates the biopsy site.

Abbreviations: AKN, acne keloidalis nuchae; NAS, normal-appearing scalp.

Figure 4 (A) Hematoxylin and eosin stain of the vertical section of an NAS biopsy specimen showing PIILIF. Shows a follicle with lichenoid inflammatory cell infiltrate
composed of lymphocytes and plasma cells effacing the dermal-epidermal junction at the level of the infundibulum (Red arrow). There is basal squamatization associated with
a Max-Josef space (Green arrow). The interfollicular epidermis is spared of inflammation. Perifollicular and interfollicular fibrosis is present. No sebaceous glands or Vellus or
miniaturized hairs are present. Magnification 4x. (B) Hematoxylin and eosin stain of the horizontal section of the same NAS biopsy specimen showing PIILIF. Shows
perifollicular inflammatory cell infiltrate composed of lymphocytes and plasma cells effacing the dermal-epidermal junction (Red arrow), basal desquamatization associated
with a Max-Josef space (Green arrow), and perifollicular fibrosis (Blue arrows). Magnification 4x.

Abbreviations: PIILIF, perifollicular infundibulo-isthmic lymphocytic infiltrates; NAS, normal-appearing scalp.

never found in any PIILIF specimen; (2) fibrosis or inflammatory cells outside the follicular zones (absent in PIILIF); (3)
released follicles (rare —4% of PIILIF); (4) neutrophilic infiltrates anywhere in the specimen (rare —4% of PIILIF); (5) peri-
bulbar fibrosis or inflammatory cells infiltrates (occurred in 29% of PIILIF); (6) the presence of plasma cells (found in 50%
of the cases of PIILIF for infundibular and isthmic aspects of perifollicular changes); and (7) absence of sebaceous glands
(absent in 45% of cases of PIILIF), suggesting that the least sensitive histologic differentiator between AKN and PIILIF are
the presence of plasma cells and the absence of sebaceous glands (Table 3). AKN and PIILIF are histologically indis-
tinguishable by the following: (1) infundibulo-isthmic lymphocytic infiltrates (100% concordance); (2) infundibulo-isthmic
fibrosis (100% concordance); (3) absence of Vellus or miniaturized hair (occurring in >90% of AKN and PIILIF patients);
and (4) root sheath desquamation usually occurring over half the time in both conditions in the presence of inflammatory
cells. Max Joseph features and squamatized basal layers were three times more frequent in PIILIF than in AKN and FD,
likely due to effacement of the affected zones by severe neutrophilic inflammation in AKN and FD.
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Table 2 Scalp Clinical Characteristics

Variable I: AKN 2: NAS 3: FD Notes
Mean (SD) duration since diagnosis (years) 1:33 I. AKN: 5 patients were unaware of
2:0 AKN; 3 reported time as “years”).
3:9 2. NAS: All were unaware they had
7.5 (3.97) | Unknown 8.3 a disease in their NAS
3. FD: Out of 9, 7 reported time and |
reported as “years”.
Morphology n (%) 41 N/A N/A
Discrete papules 12 (29) Morphology classification expressed
Merged/merging papules 9 (22) as a percentage
Plaques 13 (32)
Tumorous mass 7 (17)
Scalp symptoms n (%) 1:27
2: 46
3:10
Itching 19 (70) 28 (61) 7 (70) Symptoms reported for each scalp
Flaking 4 (15) 1 (2) I (10) expressed as a percentage
Bleeding 1 (41) 49 4 (40)
Discharge or pus 9 (33) 6 (13) 3 (30)
Pain 12 (44) 6 (13) 6 (60)
Other 3(1) 37 0
No symptoms reported 4 (I5) 16 (35) 2 (20)
Hair loss 2 NW2 n (%) 14 (34) 14 (34) 14 (34) 0 None
Hair loss 2 NW4 n (%) 5(12) 5(12) 5(12) 0
Patients aware of symptoms in NAS zones n (%) 17 (46) N/A Most thought they had “dandruff”
Patients who experienced recurrence, spread, 22 (54) N/A
or new lesion post-AKN treatment. n (%)

Abbreviations: AKN, acne keloidalis nuchae; FD, follicular decalvans; NAS, normal appearing scalp; NW, Norwood; NS, not statistically significant.

Among 12 patients with paired biopsies of NAS and AKN zones, featuring recorded hair counts per 4mm punch
biopsy sections, NAS exhibited a significantly higher mean hair count (15.9 vs 10.0 in AKN, p=0.036), and anagen:
catagen-telogen ratio (6.4 vs 1.7 in AKN, p=0.001).

Based on immunohistochemistry analysis, AKN and NAS showed CD4>CDS ratios. The CD117 maker for mast cells
was ubiquitously present in AKN and NAS specimens. A similar trend was found in FD lesions, although very few FD
specimens were analyzed (Table 4).

Discussion

Our finding of PIILIF in trichoscopy-guided NAS biopsies in all 41 AKN patients suggests a strong association between
the two conditions and the presence of a subclinical disease state (PIILIF) predating AKN. PIILIF was not caused by
using chemical texturizers, hot combs, braiding, or other traumatic hair grooming practices since there was no significant
history of such involving the NAS of our patient cohort. Our finding of PIILIF in 100% of the cohort contrasts with that
of Sperling et al,’ who found PIILIF in 6/10 (60%) patients prospectively studied. Apart from its small sample size, the
study did not use trichoscopy to guide its biopsies; rather, biopsies were blindly taken from an area 4 cm above ear level
in the parietal zone.® In addition, Vellus or miniaturized hairs were not investigated, which were noticeably absent from
96% of NAS, 92% of AKN, and 100% of FD specimens in our study. Although they reported reduced sebaceous glands,
we could not evaluate this finding in our study as it would have required comparing previously matched biopsies with
current ones to assess interval changes. Furthermore, we did not observe definite histological evidence of sebaceous
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Table 3 Histological Analysis of the Biopsies for AKN, Healthy Scalp (NAS), and FD

AKN n (%) | NAS n (%) | FD n (%) | p-value (AKN vs NAS)
Perifollicular changes, infundibulo-isthmic
Lymphocytes 19 (79) 22 (92) 3 (75) NS
Plasma cells 21 (88) 12 (50) 4 (100) 0.007
Lymphohistiocytes 19 (79) 0 (0) 4 (100) 65x 108
Neutrophils 21 (88) I (4) 4 (100) 65x 1078
Fibrosis 24 (100) 24 (100) 4 (100) NS
Perifollicular changes, bulbar
Lymphocytes 15 (63) 0 (0) 2 (50) 53x10°
Plasma cells 18 (75) 0(0) 3 (75) 1.9x 107
Lymphohistiocytes 17 (71) 0 (0) 3 (75) 62x 1077
Neutrophils 19 (79) I (4) 3 (75) 53x 107
Fibrosis 22 (92) 7(29) 3 (75) 1.8x 107
Root sheath desquamation
Without inflammation 2(8) 521 0(0) NS
With Inflammation 15 (63) 13 (54) 2 (50) NS
Complete absence of sebaceous glands 18 (75) 10 (42) 4 (100) 0.025
Outside follicular zones/ interfollicular area
Lymphocytes 15 (63) 2 (8) 3 (75) 32x107*
Plasma cells 18 (75) I (4) 3 (75) 1.8 10°¢
Lymphohistiocytes 18 (75) 0 (0) 3 (75) 1.9 %107
Neutrophils 20 (83) I (4) 4 (100) 1.6 x 1077
Fibrosis 22 (92) 10 (42) 4 (100) 40x10*
Granulomatous Changes 16 (67) 0 (0) 3 (75) 1.8x10°
Released Follicles 18 (75) I (4) 2 (50) 1.8x10°¢
Epithelial changes
Squamatized basal layer 6 (25) 17 (71) 1 (25) 0.0015
Max Josef Spaces 521 18 (75) 1 (25) 3.0 %10
Interfollicular changes, lichen planus 0 (0) 0 (0) 0 (0) NS
Vellus or miniaturized hair absence 22 (92) 23 (96) 4 (100) NS

Notes: AKN and NAS biopsies are matched to the same patient (N=24); there are 4 FD biopsies, two of which come from the same patient with
different scalp areas. Figures represent counts (percentages).
Abbreviations: AKN, acne keloidalis nuchae; FD, follicular decalvans; NAS, normal area scalp; NS, not statistically significant.

gland destructions in the NAS zones. Our findings suggest that the absence of vellus or miniaturized hair is a more
consistent finding than sebaceous gland reduction in AKN-associated PIILIF. Furthermore, the significant difference in
sebaceous gland loss between AKN (75%) and PIILIF (42%) biopsies suggests that the destruction of vellus/miniaturized
hairs is an earlier feature of AKN than sebaceous gland destruction, which occurs after the disease is fully established.
Considering the prevailing view of sebaceous glands having a central role in PCA pathogenesis,'' our finding could
result from Vellus or miniaturized hairs being more susceptible to destruction than sebaceous glands. Furthermore, our
study revealed a significant reduction in anagen: telogen-catagen ratios, concomitant with a significant decrease in hair
count observed between specimens from NAS vs AKN. From our experience, it is critical to evaluate both vertical and
transverse sections of the biopsy specimens as some features of PIILIF are best seen in the vertical section (perifollicular
lymphocytic infiltrates) than in the transverse section and vice versa for perifollicular fibrosis). In our report, we did not
assign a name to the condition in the NAS but used the descriptive term - PIILIF. We did not call it lichen planopilaris

(LPP) because biopsies were taken from NAS zones, where alopecia (required to diagnose LPP) was clinically absent.
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Table 4 Immunohistochemistry (CD4 and CD8 Cells), Mast
Cell Activity (CDI17 Cells), and Pityrosporum/Demodex

Tests
Test AKN NAS FD p*
CD4
| 0 (0) I (6) 1 (33) 0.11
2 0 (0) 0 (0) 0(0)
3 6 (43) I (6) 0 (0)
4 8 (57) 15 (88) 2 (67)
CD8
| 0 (0) 3(18) 1 (33) 0.11
2 11 (79) 12 (71) 1 (33)
3 3(21) 2(11) 1 (33)
4 0 (0) 0 0 (0)
CDI17
| 0 (0) 0 (0) I (33) 0.012
2 7 (50) I (6) 0(0)
3 6 (43) 13 (76) 2 (67)
4 1 (7) 3(18) 0 (0)
Pityrosporum 2 (14) 2 (12) 0 (0)
Demodex 0 (0) 1 (6) 0 (0)

Note: Results are classified as AKN (n=14), NAS (n=17), and FD (n=3). Scoring
for CD4/8 cells: | (percentage of total lymphocytes), 0-25%; 2, 25-50%; 3, 50—
75%; 4, 75-100%. Scoring for CDI117 cells is the same, except these are
percentages of white blood cells. Results are expressed as count (percentage).
*Comparison between AKN and NAS only.

Abbreviations: AKN, acne keloidalis nuchae; FD, follicular decalvans; NAS,
normal area scalp.

Sperling et al hypothesized that abnormal histologic changes in the NAS and perilesional biopsies were the same as
those of AKN papules, albeit less severe.® Our finding of PIILIF in five patients’ mild nuchal AKN papules supports this
hypothesis. Thus, in contrast to the 2003 North American Hair Research Society’s classification of AKN as a mixed
lymphocytic PCA,'? our study and that of Sperling et al suggest that AKN is a lymphocytic PCA that is affected in later
stages by secondary influences (eg, microbial and mechanical stimuli) leading to a chronic inflammatory and mixed
cellular response manifesting as suppurative lesions. Accordingly, AKN histology is PIILIF with secondary features of
neutrophilic and granulomatous reactions.

While PIILIF in NAS may be clinically asymptomatic and may not histologically indicate AKN severity in the
affected area, these observations may represent early-stage/mild AKN. Repeated treatments may disrupt the progression.®
However, to what extent medications use influences PIILIF progression to a more advanced condition or the absence of
symptoms remains unknown.

The prevalence of combined FD and AKN in our study population was 22%, consistent with other reports that
associates found FD in 6.5% (7/108),* 7% (3/42 patients),"> and 21% (12/57 patients)'* of AKN patients. Although the
number of histologic specimens for FD was too small to draw conclusions, our findings mirrored those of AKN in all
aspects (Table 3). This supports the notion that both diseases are histologically indistinguishable and the two can be
differentiated through clinical findings based on scalp location (AKN predominantly on the nape; FD on the crown) and
the presence or absence of neutrophilic response mediators (ie, Staphylococcus aureus in FD and not in AKN).'* We
observed PIILIF in NAS specimens of all the patients with combined AKN-FD. Furthermore, another recent non-
trichoscopy-guided NAS biopsy study of 25 patients with FD found an association between FD and PIILIF-like features
in NAS, including perifollicular infundibula-isthmic lymphocytic inflammation (in 64%) and fibrosis (in 48%)."
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Consequently, PIILIF may be a precursor of both AKN and FD. We also propose that the entities thus far reported as FD-

LPP phenotypesm*1 8

are likely FD-associated with scalp-wide PIILIF, which in the vicinity of an FD lesion is
compounded by the FD-induced alopecia. In those FD-LPP studies, biopsies and clinical assessments were confined to
FD lesion vicinities in which alopecia had already resulted from the FD.'®"'® Histologically and clinically, PIILIF lesions
in an area already manifesting signs of FD-induced cicatricial alopecia will be indistinguishable from a classic LPP
lesion; however, further investigation is needed to support our hypothesis.

Given that FD alopecia is typically present on the crown, we propose that genetically predisposed individuals with
PIILIF lesions in the vertex zone get influenced by the host’s immune profile and microbiome favor a neutrophilic
response (eg, from interleukin 8), accentuated by bacterial superantigen reaction (typically S. aureus).'>'® Furthermore,

1767 androgens and local factors (eg,

because AKN and FD in men are PCAs that occur after the onset of puberty,
dihydrotestosterone [DHT] or DHT receptor-related cofactors) likely have a role in determining the phenotypic endpoint
of their progenitor—PIILIF. Notably, both androgen receptors and S5a-reductase 1 and 2 enzymes responsible for
converting testosterone to DHT are expressed at higher levels in the crown than in the occipital zones.'” As FD primarily
affects the crown, this may be more noticeable where there are more DHT-sensitive follicles. Similarly, frontal fibrosing
alopecia (FFA) consistently manifests in AGA-prone zones responding to anti-DHT therapeutic agents.”* >
Anecdotally, we observed perifollicular erythema and scaling features in most of our patient cohort’s beard
(Figure 5A) and eyebrow trichoscopy examination, including PIILIF in a beard specimen in one patient requesting beard-
to-scalp hair transplantation (Figure 5B). This suggests that PIILIF may not merely be scalp-specific but rather part of
a systemic condition affecting other non-scalp hair follicles. Notably, PIILIF-like features were seen in biopsies of hairy
facial and body areas of patients with LPP and FFA.?' Conversely, isolated development of FD in the beard zone without
scalp involvement has been reported.”> Some studies have reported PIILIF development in other isolated areas (perhaps
ahead of future scalp disease). Findings of PIILIF in non-scalp zones of AKN and other primary cicatricial alopecias
support the hypothesis of a unifying condition (PIILIF) for a myriad of scalp and body conditions manifesting as

keratotic papules, atrophy, cicatricial alopecia or lichenoid histopathologies.?*

PIILIF as a PCA Precursor and Proposed Mechanism
While our study supports the role of PIILIF in AKN and FD pathogenesis, several other studies also suggest its role in
PCA in general. Multiple studies have found PIILIF-like features in NAS specimens of LPP, FFA, and central centrifugal
cicatricial alopecia (CCCA). >

During our study, all cases of dissecting cellulitis (DC) (n=2) and scalp discoid lupus erythematosus (DLE) (n=2)
exhibited PIILIF in inactive lesions and NAS zones, suggesting the need for further studies regarding the potential role of

PIILIF in DC and DLE. Finally, our finding of mast cell activity in all analyzed AKN, FD, and PIILIF specimens mirrors

Figure 5 (A) Trichoscopy of normal-appearing beard area of a patient with AKN showing perifollicular and interfollicular erythema Red arrows) and scales (Blue arrows). (B)
Hematoxylin and eosin staining of trichoscopy guided-normal appearing in the beard area of a patient with AKN showing PIILIF. A horizontally sectioned follicle with a scant
lichenoid inflammatory cell infiltrate composed of lymphocytes and plasma cells, effacing the dermal-epidermal junction associated with perifollicular fibrosis (Blue arrows).
Premature desquamation associated with a Max-Josef space (Green arrow) is visible. No Vellus or miniaturized hairs or sebaceous glands are present. Magnification 4x.
Abbreviations: AKN, acne keloidalis nuchae; PIILIF, perifollicular infundibulo-isthmic lymphocytic infiltrates.
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gene expression studies that found ubiquitous mast cell activity in LPP, FFA, and CCCA lesional and non-lesional

34,35

biopsies.”” This suggests a central role of mast cells and their known profibrotic activities in the pathogenesis of

PIILIF and PCAs. PIILIF may remain dormant, manifesting as a subclinical phenotype, often confused for seborrheic

dermatitis. It may progress to classical PCA phenotypes depending on a range of influencing factors, which may include

3749 neurologic factors,* cytokines,

6,43-45

genetic predispositions,”*~® scalp or body location, age, sex, hormonal influence,

29,42

mast cell activity, the ameliorating effect of therapeutic medications and procedures, trauma and other

4647 or microbiome dysbiosis.*®

isomorphic or isotopic influences,

Furthermore, we propose that in genetically predisposed individuals with PIILIF, various stimuli result in the loss of
hair follicle immunity through the upregulation of Janus kinases and signal transducers and activators of transcription
(JAK/STAT) and interferon-gamma activity.**~>> This results in scarring alopecia due to CD8-mediated cytotoxic attacks

29343542 and transforming growth factor

and hair follicle destruction.**>*>? Fibrosis is accelerated by mast cell activity
beta (TGF-B) upregulation, which, together with peroxisome proliferator-activated receptor-y (PPAR-y) dysfunction,

causes a profibrotic epithelial-mesenchymal transition.’

Clinical Implications and Demographics

In our cohort, the diagnosis of AKN among four (10%) European-descended White men suggests that AKN may be more
common in that demographic than previously reported.' ® All four men were unaware of their AKN and had presented
only with concerns of male patterned baldness; however, on examination, they had mild scattered erythematous papules
in their nape areas (Figure 6), some of which showed characteristics of AKN and others of PIILIF on histology. All four
attributed the minor nape irritation to “dandruff’, which they treated with anti-dandruff shampoos. The failure to
recognize the presence of AKN in White men is likely due to its mild presentation and the simultaneous presence of
PIILIF involving the entire scalp, which is often confused for seborrheic dermatitis. Therefore, some patients can
subclinically manifest PIILIF without symptoms because of inadvertent treatments or genetics or be misdiagnosed as
seborrheic dermatitis. These patients may respond partially to anti-dandruff therapies, such as ketoconazole, whose anti-
inflammatory or retinoic acid agonistic activity may be beneficial.>®>’

Finally, our finding of nearly equal AKN incidence in Hispanics (41%) and men of African descent (49%) supports
that AKN commonly affects men of color, including Hispanic, Middle Eastern, and Asian demographics.”*

Overall, our findings suggest that apart from therapies directed locally at AKN lesions, an emphasis on early
diagnosis and expanded treatment approaches directed at inflammatory scalp-wide diseases (eg, steroids, tetracyclines,
or biologics) are necessary for all patients. Therapeutic targets include PPAR-y,® AMP-activated protein kinase,?® JAK/
STAT,** % TGF-B,°*¢! and mast cell stabilizers”® However, secondary therapeutic measures that recognize peculiarities

20,21

of specific diseases may be required, such as the use of antibiotics for FD,°> DHT blockers in FFA, and the avoidance

of chemical and heat injuries in CCCA and shaving micro-traumas in AKN.’

Figure 6 A European-descended White male showing scattered erythematous papules (Red arrows) in the nape area found to be AKN upon histologic analysis.
Abbreviation: AKN, acne keloidalis nuchae.
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Limitations

The study was limited by its retrospective nature. It was also performed in an AKN specialty clinic, which may skew the
study population towards more advanced and treatment-resistant diseases. Since previous trichoscopy and histologic
NAS studies of non-balding healthy patients showed no significant evidence of PIILIE,>>%**** we did not believe
a prospective control cohort was necessary to validate our findings.

Conclusion

We report the presence of PIILIF in NAS of all AKN and AKN-FD patients. This condition may be a precursor to AKN,
FD, and possibly other PCAs. A potential PCA precursor may aid in early diagnosis, treatment, and improved prognosis.
Thus, AKN management should focus on inflammatory, scalp-wide diseases. Further studies are needed to confirm the
association between PIILIF and other PCAs and understand why PCAs may share a common pathogenic pathway.
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AKN, Acne keloidalis nuchae, AGA, Androgenic alopecia. DLE, Discoid lupus erythematosus. DC, Dissecting cellulitis.
DHT, Dihydrotestosterone. FD, Folliculitis decalvans. FFA, Frontal fibrosing alopeciaJAK/STAT, Janus kinase, and
signal transducers and activators of transcription. LPP, Lichen planopilaris. NAS, Normal-appearing-scalp. PCA, Primary
cicatricial alopecia. PIILIF, Perifollicular infundibulo-isthmic lymphocytic infiltrate, and fibrosis. PPAR-Y, peroxisome
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