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TO THE EDITOR

Hidradenitis suppurativa has been previously defined as a “chronic, inflammatory, recurrent, 

debilitating skin disease” of the hair follicle that typically presents postpuberty with 

“painful, deep-seated, inflamed lesions in apocrine gland-bearing areas of the body,” 

particularly the axillary, inguinal, and anogenital regions (Paus et al., 2008). Although the 

precise molecular pathogenesis remains unknown, some patients with familial hidradenitis 

suppurativa (acne inversa, OMIM. Johns Hopkins University, Baltimore, MD. MIM 

Number: 142690. http://www.ncbi.nlm.nih.gov/omim/) bear mutations in the protease 

complex, gamma-secretase (GS) (Griffith et al., 2015; Pink et al., 2012). Interestingly, 

previous studies of conditional knockout mice have shown GS and its downstream signaling 

target, Notch, to be important for maintenance of the pilosebaceous unit (Pan et al., 2004). 

Nonetheless, it remains to be seen whether GS-dependent follicular pathology, as observed 

in familial hidradenitis suppurativa in humans, occurs early in hair follicle development, 

arises in a puberty-dependent process, or can be conferred in adult skin simply by knocking 

out GS.

Adverse dermatological events in trials of targeted therapy provide opportunities to improve 

our understanding about the biology of targets in skin. Inhibitors of GS, including 

semagacestat and avagacestat, have previously been investigated as potential treatments for 
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Alzheimer’s disease, owing to the role GS plays in cleaving amyloid precursor protein and 

generating pathognomonic amyloid plaques. Notably, the largest investigation of more than 

1,500 patients randomized to treatment with GS inhibitor semagacestat (Doody et al., 2013) 

was terminated early because of an unfavorable ratio of minimal benefit to adverse events, 

among which unspecified “rash” constituted the most frequent adverse event cluster (Henley 

et al., 2014).

To pursue the relationship between pharmacologic inhibition of GS and skin pathology, we 

investigated a cohort of 17 adults who were enrolled in an institutional review board-

approved phase II trial for targeted treatment of desmoid tumor/aggressive fibromatosis with 

the GS inhibitor PF-03084014 (niragacestat) (Kummar et al., 2017) and who provided 

written informed consent as well as permission to publish their images. Desmoid tumors are 

rare and rapidly growing mesenchymal neoplasms that do not metastasize but exert local 

mass effects that can restrict mobility, cause pain, and impair function of nearby tissues. 

They frequently recur after resection, prompting investigation into medical therapy that 

targets Notch via GS inhibition (Messersmith et al., 2015). From our cohort of patients with 

desmoid tumor, demographic information, the incidence of skin lesions, and treatment with 

antibiotics or local surgical intervention were recorded in a retrospective chart review 

(Supplementary Table S1 online). For the seven patients evaluated by the Dermatology 

Consult Service, information about the location of follicular and cystic lesions and more 

specific specialist descriptions of skin findings were noted and correlated with 

histopathology when available.

From the cohort of 17 patients, 12 patients (71%) reported CTCAE (v4.0) grade 1 and 2 skin 

adverse events during treatment, including follicular and cystic lesions (9/12 [75%]) and 

pruritic eruption (6/12 [50%]). Most patients with skin symptoms were successfully 

managed with topical and/or systemic antibiotics for skin findings (9/12 [75%]). In addition, 

five (42%) received local surgical intervention for follicular and cystic lesions. The 

frequency of skin toxicity noted in our GS inhibitor (niragacestat) trial is consistent with the 

reported incidence of skin and subcutaneous disorders noted in patients taking the GS 

inhibitor semagacestat for Alzheimer’s disease in the phase III IDENTITY trials (225/506 

[44.4%] on 100 mg daily and 275/527 [52.1%] on 140 mg daily vs. 105/501 [20.9%] for 

placebo), including rash (146/506 [28.9%] on 100 mg daily and 187/140 [35.3%] on 140 mg 

daily vs. 69/501 [13.8%] for placebo) (Henley et al., 2014). For the patients who held or 

discontinued treatment with the GS inhibitor on our trial, cutaneous side effects resolved; 

however, it is not possible to separate the effects of drug hold or additional therapy (e.g., 

antibiotics, antihistamine) in our retrospective review.

Among the seven patients evaluated by Dermatology, six had follicular and cystic lesions in 

intertriginous locations, including axilla (four patients), inguinal crease (three patients), labia 

(three patients), buttocks (three patients), and medial thigh (two patients). Patients did not 

present with nor report personal or family history of hidradenitis suppurativa or other 

comorbidities with reported associations with hidradenitis suppurativa (Fimmel and 

Zouboulis, 2010). The corresponding histology for these lesions was available for two 

patients. From the first patient who was a 30-year-old white woman with intermittent 

symptomatic cysts on the buttocks noted at Dermatology consult 8 months into the trial 
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(Figure 1a), a biopsy taken in month 21 from the buttocks showed an inflamed follicular cyst 

(Figure 1b). The second patient, a 24-year-old white woman with discrete purple-brown 

papules and pustules on the shins (Figure 1c), was found to have a follicular cyst, 

infundibular type (Figure 1d), and a follicular pustule with lichenoid inflammation (Figure 

1e). These results support clinical suspicions that lesions were localized to the hair follicle. 

Additional skin findings are presented in Supplementary Table S1.

In summary, our results show that the majority of patients taking this GS inhibitor developed 

skin toxicity, most frequently follicular and cystic lesions consistent with a role for GS in 

hair follicle maintenance demonstrated in mice. Although other studies of early hidradenitis 

suppurativa have identified histologic features including the absence of sebaceous glands 

(Kamp et al., 2011), the biopsies in this cohort were from developed lesions and 

demonstrated scarring that could independently cause loss of adnexa. Of clinical note, the 

chronicity of GS treatment for patients with desmoid tumor or other oncology patients will 

make anticipating skin toxicities an important priority in care. The salient involvement of the 

axilla, inguinal crease, buttocks, and other sites commonly afflicted by hidradenitis 

suppurativa supports the importance of GS loss of function, either through germline 

mutation or pharmacologic inhibition, in the pathogenesis of this disease. Our results 

suggest that the relationship between GS loss of function and hidradenitis suppurativa-like 

lesions does not depend on GS insufficiency in development or puberty, but rather can be 

recapitulated in developmentally normal, postpubertal skin with targeted inhibition of GS.
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Figure 1. Clinical and histopathologic findings in patients treated with PF-03084014.
(a) Scarred erythematous plaques with occasional pustules on buttocks and (b) hematoxylin 

and eosin biopsy specimen from buttocks revealed a follicular cyst, infundibular type 

(original magnification, ×10, scale bar = 200 μm). (c) Keratotic follicular papules on anterior 

tibia at trial month 10. Hematoxylin and eosin-stained biopsy specimens from anterior tibia 

biopsies showed (d) follicular cyst, infundibular type (original magnification, ×10, scale bar 

= 200 μm) and (e) follicular pustule with lichenoid chronic inflammation (original 

magnification, ×20, scale bar = 100 μm). Photographs published with patient permission.
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