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Abstract: Hidradenitis suppurativa, also known as acne inversa, is a chronic, progressive, debilitating,
recurrent inflammatory skin disease characterized by the occurrence of very severe, persistent, painful
nodules, abscesses, and fistulas, most commonly found in the skin folds of the axilla, groin, gluteal,
and perianal areas. Treatment is rather difficult and typically requires the use of multiple modalities.
Regardless of the presence of several therapeutic options, treatment often turns out to be ineffective or
poorly selected concerning the clinical picture of the disease. Thus, the search for new biologics and
other target treatments of hidradenitis suppurativa is ongoing. The safety and efficacy of adalimumab,
still the only U.S. Food and Drug Administration approved biologic in the hidradenitis suppurativa
treatment, paved the way for new drugs to be compared with it. Several more drugs with new
immunological targets are currently under investigation for the treatment of acne inversa. The aim of
the article was to present the current and future targets of acne inversa treatment, simultaneously
providing insights into the molecular pathomechanisms of the disease.
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1. Introduction

Hidradenitis suppurativa (HS), also known as acne inversa, is a chronic, progressive,
debilitating, recurrent inflammatory skin disease characterized by the occurrence of very
severe, persistent, painful nodules, abscesses, and fistulas, most commonly found in the
skin folds of the axilla, groin, gluteal, and perianal areas [1]. Several studies tried to assess
the general prevalence of hidradenitis suppurativa; nonetheless, due to the demographic
diversity of the surveyed populations and different research methodologies, the results
of the studies differ significantly, and presently, the prevalence range is estimated at
0.00033—4.1% [2]. Nevertheless, it is worth noticing that the prevalence of the disease in the
majority of the research does not exceed 1% and a result as high as 4% occurred only in
a single prospective study conducted in 1992 in Denmark on 507 people [3]. The highest
incidence of the disease is noted in the 20-40 age range group, whereas the prevalence
declines in those over 50 years of age. Even though it is a rare phenomenon, and the
first symptoms of the disease occur most often in the twenties, the disease can also affect
pediatric patients, which might be related to the family history of the disease. The most
prevailing comorbidities in patients with HS are cardiovascular disease, spondylarthritis,
subclinical atherosclerosis, inflammatory bowel disease, sexual dysfunction, and mental
disorders. Treatment is rather difficult and often requires the use of multiple therapeutic
options. The choice of an appropriate treatment for HS should depend on the clinical
severity of the disease. There are numerous therapeutic options for patients with acne
inversa, including a pharmacological and surgical approach. They should be supported by
adjuvant therapy based on lifestyle modifications such as weight loss or smoking cessation,

Int. . Mol. Sci. 2022, 23, 9716. https:/ /doi.org/10.3390/ijms23179716

https:/ /www.mdpi.com/journal/ijms


https://doi.org/10.3390/ijms23179716
https://doi.org/10.3390/ijms23179716
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0003-3555-3070
https://orcid.org/0000-0002-3561-5705
https://orcid.org/0000-0003-3360-716X
https://doi.org/10.3390/ijms23179716
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms23179716?type=check_update&version=2

Int. J. Mol. Sci. 2022, 23,9716

20f18

which are known to exacerbate the course of the disease [1,4]. For mild stages of HS, topical
therapy with antibiotics, keratolytic, or intralesional corticosteroids is advised. Patients
with moderate to severe lesions are typically offered systemic antibiotics for 3 months or
biologic therapy with the only approved drug in HS, adalimumab. Retinoids, systemic
corticosteroids, metformin, and cyclosporin A have also found their use in the treatment
of acne inversa. Chronic, severe lesions, and unresponsive to previous pharmacological
therapy are recommended to be treated with surgery [1,5,6]. Regardless of the presence of
several therapeutic options, treatment often turns out to be ineffective or poorly selected
concerning the clinical picture of the disease. Thus, the search for new biologics and other
target treatments of HS is intensively ongoing.

The aim of this article was to present the current and future targets of HS treatment,
simultaneously providing insights into the molecular pathomechanisms of the disease.

2. Pathogenesis

The pathogenesis of hidradenitis suppurativa is multifactorial and has not been fully
established yet. Factors such as genetics, lifestyle, hormonal status, environment, and
microbiota all seem to play a role in the process. They cause immune activation that leads
to chronic inflammation. In hidradenitis suppurativa, intertriginous regions around the
pilosebaceous-apocrine unit are where the skin lesions develop [1]. Mechanical friction
within the skin fold causes local cell damage, which results in the production of cellular
damage-associated molecular patterns (DAMPs) and entering microbiological components
into the skin. These processes lead to the activation of local resident immune cells, mainly
macrophages, which secrete pro-inflammatory cytokines such as IL-1(3 and TNF as a result
of pattern recognition receptors (PRR) (such as toll-like receptors (TLR) or NOD-like recep-
tors (NLR)) stimulation by DAMPs [7,8]. Moreover, the role of the inflammasome, which is
required for the detection of DAMP and the subsequent post-translational activation of IL-
1p and IL-18, is already present at this stage. Activation of the pathway of the currently best
known inflammasome—NLRP3 (NOD-like receptor family, pyrin domain-containing 3) is
enhanced in skin lesions of patients suffering from HS, leading to the enhanced expression
of several inflammatory mediators such as interleukin (IL)-1f3, IL-17, caspase-1, SI00AS,
and S100A9 [9,10]. According to research, IL-1(3 and TNF are pleiotropic cytokines that
influence various cell types and have in some measure overlapping outcomes [11,12]. The
production of chemokines by fibroblasts, such as CXCL1 and CXCL6 being the most lead-
ing, is induced by secreted IL-13. On the other hand, TNF induces chemokines production
such as CXCL8, CXCL11, CCL20, and CCL2 in keratinocytes. Consequently, the chemokine
release and endothelial cell activation result in a significant immune cell infiltration of the
forming lesions [13]. The most prevalent cells in HS lesions are neutrophilic granulocytes,
macrophages, dendritic cells, and T lymphocytes [14,15]. T17 cells and T1 cells, supported
by the dendritic cell mediators IL-23 and IL-12, produce their particular cytokines IL-17 and
interferon vy (IFNYy), respectively. IFNy, the main cytokine of TH1 cells, stimulates dermal
endothelial cells in the HS lesion, allowing immune cells from the circulation to infiltrate
and stimulate macrophages and tissue cells, and also the production of TH1-attractive
chemokines such as CXCL10, resulting in a positive feedback loop [16,17]. IL-17 increases
the synthesis of certain chemokines (such as CCL20, CXCL1, and CXCLS), cytokines (such
as G-CSF and IL-19 (which enhances the effects of 1L-17)), and epidermal antimicrobial
proteins (AMPs) [18,19]. Although IL-17 produces relatively mild cell responses on its
own, it works synergistically with TNF, IL-22, and IFN [1]. The consequence of the action
of interleukins, chemokines, hyperplasia, and hyperkeratosis of the infundibular epithe-
lium of the hair, causing follicular occlusion, is follicular rupture, inflammatory nodule
fistulas, and abscesses formation [1]. Interestingly, skin in acne inversa also has the ability
to express the anti-inflammatory mediator, IL-10. It is induced by the autocrine action
of pro-inflammatory cytokines, including TNF in macrophages. By suppressing the pro-
duction of pro-inflammatory cytokine by monocytes and macrophages, IL-10 decreases
immune responses and thus limits the activation of T cells [9,20]. Although IL-36 is not
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under the highest interest of scientists working on HS, it has been proved that IL-36«, -3,
and -y concentrations are considerably greater in HS patients’ lesions compared to healthy
subjects. Moreover, S. Hessam et al. showed that IL-36 receptor antagonist (IL-36RA) was
significantly dysregulated in lesional and perilesional hidradenitis suppurativa (HS) skin,
so IL-36 signaling may be unrestricted in these patients [21].

3. Treatment

The treatment of HS is based on multiple options including topical, systemic, surgical,
and combined therapies. Despite the presence of several therapeutic modalities, treatment
often turns out to be ineffective, hence the search for novel alternatives is ongoing.

3.1. TNF-« Inhibitors
3.1.1. Adalimumab

Adalimumab (ADA) is the only registered biologic in the treatment of moderate
to severe hidradenitis suppurativa. It is a fully human recombinant IgG1 monoclonal
antibody against TNF-« [6]. ADA is administered as a 160-mg loading dose injected
subcutaneously at week 0, followed by an 80-mg subcutaneous injection at week 2, and
40-mg subcutaneous injections weekly thereafter. It binds soluble TNF-«, preventing
it from interacting with TNFR1- and TNFR2 cell receptors. Furthermore, it alters the
amounts of adhesion molecules responsible for leukocyte migration and decreases serum
concentrations of CRP (C—reactive protein), the erythrocyte sedimentation rate, and IL-6.
It also decreases the serum levels of metalloproteinases by 50% (MMP-1 and MMP-3) [22].
Several studies proved its safety and efficacy for the treatment of moderate to severe acne
inversa [23-25]. According to research, ADA has the ability to decrease the production of
cytokines in the lesional skin of patients with HS, specifically IL-13 and CXCL9 [26].

To this day, the most significant phase III trials for the evaluation of the efficacy and
safety of ADA in acne inversa treatment are the PIONEER I and PIONERR 1I [24]. The
study included a total of 633 patients (n = 307 and n = 326, respectively, in PIONEER I
and PIONEER II) who were given either a placebo or loading doses of adalimumab for
the first 2 weeks, and a lower dose weekly thereafter. The design for two trials was
nearly indistinguishable. The main distinction was the concomitant oral tetracycline class
antibiotics allowed in PIONEER II. The primary efficacy end point was HiSCR (hidradenitis
suppurativa clinical response), defined as more than a 50% reduction in the number of
inflammatory lesions (the total count of abscesses and inflammatory nodules), no increase
in the number of abscesses, and no increase in the number of draining fistulas. For patients
treated with adalimumab, the HiSCR achievement rate was significantly higher compared
with those treated with a placebo (41.8 vs. 26% in PIONEER I and 58.9 vs. 27.6% in
PIONEER 1II). Moreover, in the PIONEER II, ADA was demonstrated to be remarkably
more effective than the placebo in secondary outcomes, which included disease severity,
pain reduction, and the number of skin lesions. What is more, a statistically significant
improvement in quality of life (DLQI) was observed in this group. The percentage of
patients reporting minor side effects or severe adverse events were comparable across the
placebo-treated and adalimumab-treated groups in both trials.

In addition, Bechara et al. investigated the safety and efficacy of adalimumab in
conjunction with surgery in moderate to severe HS in a phase IV trial [27]. In this study,
a total of 206 patients were randomized 1:1 to receive 40mg of adalimumab or placebo
during presurgery (12 weeks), perioperative (2 weeks), and postoperative (10 weeks)
periods. The proportion of patients achieving a clinical response across all body regions at
week 12 was the primary end point. Significantly more patients receiving adalimumab (49
of 103) vs. placebo (35 of 103) achieved a clinical response across all body regions at week
12. Adverse reactions were reported in 72% in the ADA group and 67% in the placebo
group. Noteworthy, no increased risk of postoperative wound infection or complication
was observed. Currently there are two phase IV trials investigating the safety and efficacy
of ADA [28,29].
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3.1.2. Infliximab

Infliximab (IFX) is a chimeric mouse /human monoclonal IgG1 antibody against TNF-cx.
It prevents TNF-o from attaching to its receptors by binding to the soluble and transmem-
brane forms of it [30]. According to the European S1 guidelines [6], IFX is administered on
week 0, 2, 6, and then regularly every 8 weeks. It is recommended as a 2nd line therapy in
moderate to severe HS unresponsive to adalimumab.

In a phase II double-blind trial by Grant et al., patients received infliximab, or a placebo
for 8 weeks followed by an open-label crossover treatment phase and an observational
phase. The primary endpoint was based on the HS severity index (HSSI) and the secondary
endpoints included dermatology life quality index (DLQI), visual analog scale (VAS), and
physician global assessment (PGA) scores [31]. Patients treated with IFX responded with
a 50% or greater decrease in HSSI compared to the placebo. After 8 weeks of treatment,
significant improvements in the infliximab group compared to the placebo group in terms
of the mean DLQI change and mean PGA scores were also observed. In the placebo
group, patients treated with infliximab after crossover responded similarly to the original
infliximab group. Most adverse events were mild and expected.

Other studies also proved the efficacy and safety of IFX in HS [32,33]; however, it is
not under investigation in any ongoing clinical trials.

3.1.3. Etanercept

Etanercept (ETN) is a fusion protein that consists of two identical chains of the recom-
binant human TNF-receptor p75 monomer combined with the Fc domain of human IgG1.
It has the ability to bind and inactivate TNF [34]. Thus far, etanercept has been approved
by the FDA for use in several conditions including rheumatoid arthritis (RA), ankylos-
ing spondylitis, juvenile idiopathic arthritis, psoriatic arthritis, and plaque psoriasis [35].
Nonetheless, studies investigating the use of ETN in HS reveal diverse results. In a prospec-
tive open-label phase II research by Giamarellos-Bourboulis et al., 10 patients were injected
with 50 mg of etanercept subcutaneously once a week for 12 consecutive weeks [36]. The
VAS significantly decreased in seven patients at week 12 and in six patients at week 24.
A decrease in local pain at the site of lesions after week 4 was observed in each patient.
Overall, the therapy was well tolerated, and the results were notable.

Opposite results have been achieved in research by Lee et al., which failed to demon-
strate the efficacy of 50 mg of etanercept administered subcutaneously weekly for
12 weeks [37]. Out of 15 patients included in the study, only 3 achieved 50% or greater
improvement in PGA at week 12. A slight improvement was observed in DLQI (from
a median of 19 to 15; p = 0.02) and pain scores (from 6.4 to 4.1; p = 0.08), however, not more
than 29% of patients reported moderate improvement in their disease.

What is more, there has been only one randomized, double-blind, placebo-controlled
trial that also did not prove the efficacy of the treatment with ETN in acne inversa [38].
Twenty patients with moderate to severe HS enrolled in the study were administered 50 mg
of ETN or placebo twice a week for the following 12 weeks. After 12 weeks, each patient
received 50 mg of open label ETN subcutaneously twice a week for another 12 weeks.
The primary endpoint was defined as a physician global assessment (PGA) of clear or
mild at week 12. Secondary endpoints included the patient global assessment of lesions,
patient-reported pain, and DLQIL. No statistically significant differences in any of the above-
mentioned endpoints were obtained at week 12 and 24. All things considered, the evidence
supporting the use of etanercept in acne inversa is lacking; nevertheless, adequate doses
may have not been utilized in order to obtain satisfactory effects.

3.1.4. Golimumab

Golimumab is a human anti-TNFo monoclonal antibody (IgG1k). Heavy and light
variable chain regions (Fab) of GOL are made of an amino acid sequence that is very similar
to that of the human one. Its Fab region may bind to both sTNF and tmTNF since it is
bivalent and specific for human TNE. As a result, it reduces TNF binding to receptors
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and its circulation [39]. Golimumab has been so far approved by U.S. Food and Drug
Administration for the treatment of adult patients with moderately to severely active
rheumatoid arthritis (RA), in combination with methotrexate, active psoriatic arthritis (PsA)
in adults, alone or in combination with methotrexate, and active ankylosing spondylitis
in adults (AS) [40]. Antonio Tursi in a letter to editor described a case report of a patient
who suffered from hidradenitis suppurativa Hurley stage II, inflammatory bowel disease
grade 2 (according to endoscopic Mayo score), and pyostomatitis vegetans. The patient
started anti-TNF-« therapy with golimumab (200 mg subcutaneously followed by 100 mg
s.c. every 4 weeks), together with amoxicillin-clavulanate 2 g/day for 2 weeks: dermatolog-
ical, as a result of treatment, oral lesions disappeared within two months of therapy, and
colonoscopy complete mucosal healing. During the continued treatment with golimumab,
oral and dermatological lesions did not recur, and UC was in clinical remission [41]. In
another case report described by H.H. van der Zee et al., golimumab (50 mg subcutaneously
once a month for 8 months) showed no effectiveness in improving skin lesions in a patient
with severe HS and comorbid psoriatic arthritis, however, showed great improvement
selectively in arthritis treatment [42]. A comparison of the two mentioned may suggest that
a higher dosing of golimumab may be needed for HS treatment.

3.1.5. Certolizumab

A humanized antibody (IgG4) called certolizumab pegol is a polyethylene glycolylated
(PEGylated) fragment antigen binding (Fab) that interacts with both soluble and trans-
membrane TNFE. As a result, the TNF-dependent adhesion of molecules, chemokines, and
pro-inflammatory mediators becomes downregulated [43]. Certolizumab has been so far
approved by the U.S. Food and Drug Administration for the only one dermatological
condition with moderate to severe plaque psoriasis for adults being candidates for systemic
therapy or phototherapy [44]. It offers an alternative to other anti-TNF-inhibitor biologics
in pregnant patients, due to its inability to cross the placenta [45]. There are currently
four studies describing a total of five patients (three women including two pregnant,
and two men) who have been shown to be effective in treating HS with certolizumab
(200 mg or 400 mg; once a week or once every 2 weeks) [46—49]. However, in one other
retrospective study, authors described two cases of patients suffering from HS with no
response to a certolizumab 200 mg twice monthly treatment [50]. The effectiveness of
certolizumab pegol in hidradenitis suppurativa treatment across the published studies is
promising nonetheless, but still insufficient, and therefore the role of certolizumab pegol in
HS warrants further investigation.

3.2. IL-1 Inhibitors
3.2.1. Anakinra

Anakinra (ANR) is a recombinant IL-1 receptor antagonist that competitively inhibits
the binding of IL-1a and IL-1f3 to the IL-1 type 1 receptor. It is FDA-approved for the
treatment of rheumatoid arthritis (RA) and neonatal-onset multisystem inflammatory
disease [51]. It has been studied in a double-blind, randomized, placebo-controlled clinical
trial with a 12-week treatment phase and a 12-week follow-up phase [52]. Twenty patients
enrolled in the study were randomized to receive subcutaneous injections of 100 mg ANR
or placebo once daily for 12 weeks. The primary endpoint was the effect of ANR on HS
severity and the secondary endpoints were the period of time to a new exacerbation and the
production of cytokines. After 12 weeks, the disease activity score was reduced in 20% of
the placebo group in comparison to 78% of the study group. As far as the cytokines’ levels,
the production of interferon-y in the study group was decreased, and the production of
interleukin 22 was increased. Furthermore, a notably longer time until the new exacerbation
was observed after the ANR therapy. It is also worth mentioning that no serious adverse
events were noticed. Therefore, the authors stated that injections with 100 mg anakinra
might be a safe and effective treatment option for patients with acne inversa.
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3.2.2. Bermekimab

Bermekimab is a recombinant human immunoglobulin G1 kappa (IgGlk) mono-
clonal antibody that binds with high affinity and selectivity for human IL-1c.. Hence, it is
an effective blocker of IL-1x activity. Thus far, its safety and efficacy have been investigated
in two clinical trials [53,54]. In 2018, Kanni et al. presented the results of a randomized
study on patients with moderate to severe HS not eligible for adalimumab [54]. Twenty
patients were randomized to receive either a placebo or bermekimab for 12 weeks. The
drug was administered every 2 weeks at a dose of 7.5 mg/kg. The primary endpoint was
the hidradenitis suppurativa clinical response (HiSCR) score at the end of the treatment,
which was met in 10% of placebo and 60% of bermekimab patients (p = 0.035). The authors
reported no serious adverse events after bermekimab.

Two years later, in 2020, Gottlieb et al. conducted a phase II open-label study in
patients with moderate to severe acne inversa who have failed (group A) or were naive
(group B) to prior anti-TNF treatment [53]. Bermekimab was administered subcutaneously
at a dose of 400 mg once a week. After 12 weeks, HiSCR was reached in 63% of patients in
group A and 61% of patients in group B. What is more, a statistically significant reduction
in the visual analogue scale (VAS) pain score was observed by 54% (p < 0.001) and 64%
(p <0.001) in group A and B, respectively.

Currently, bermekimab is under investigation in one randomized, placebo-controlled,
double-blind phase II clinical trial [55].

3.2.3. Canakinumab

Canakinumab is a human monoclonal antibody against IL-13. In hidradenitis sup-
purativa, it has been given as a 150 mg subcutaneous weekly dose. Up to this point, no
large clinical trials investigated its safety and efficacy in HS and the only data come from
single case reports or case series [56-58]. The results of the treatment with canakinumab are
relatively varied, hence further research is needed to prove its validity in HS. A summary
of significant clinical studies concerning the IL-1 inhibitors in HS are presented in Table 1.

Table 1. A summary of significant clinical studies concerning the IL-1 inhibitors in HS.

Authors Biologic Drug Dosage Regimen Study Type Efficacy
Double-Blind,
. Randomized, HiSCR was achieved in 78%
Tzanetakou, V. et al. [52] Anakinra 100 mg s.c. for 12 weeks Placebo-Controlled of patients
Clinical Trial
After 12 weeks, HiSCR was
. . . achieved in 63% of patients
Gottlieb, A. et al. [53] Bermekimab 400 mg s.c. every week Open Label Trial in group A and 61% of
patients in group B
Kanni T, et al. [54] Bermekimab 7.5 mg/kgi.v. every Phase H Randqmlzed HiSCR was achleved in 60%
2 weeks Clinical Trial of patients

Sun, N.Z., et al. [56]
Jaeger T. et al. [57]
Houriet C. [58]

Canakinumab

150 mg s.c. every

week /4 weeks/8 weeks Case Reports Varied Results

3.3. IL-17 Inhibitors
3.3.1. Secukinumab

Secukinumab is a human monoclonal immunoglobulin G1 kappa (IgG1k) antibody
that selectively binds and neutralizes IL-17. It has been approved by the FDA in the
treatment of psoriatic arthritis, plaque psoriasis, and ankylosing spondylitis [59]. Two open-
label clinical trials investigated the use of secukinumab in acne inversa showing promising
results; however, both included a small number of subjects and indicated the need for
further studies [60,61]. The authors of both pieces of research used weekly injections of
secukinumab 300 mg subcutaneously.
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Currently, there are three ongoing phase IlI trials with much larger study groups that
will allow for a better assessment of the drug’s effectiveness in HS [62-64].

3.3.2. Bimekizumab

Bimekizumab is a humanized IgG monoclonal antibody that selectively inhibits IL-
17A and IL-17F In 2021, a double-blind, placebo-controlled, phase 2 randomized clini-
cal trial that included 90 patients with hidradenitis suppurativa demonstrated very en-
couraging results. Patients were randomized 2:1:1 to receive bimekizumab (640 mg at
week 0, then 320 mg every 2 weeks), placebo, or adalimumab (160 mg at week 0, 80 mg
at week 2, and 40 mg every week for weeks from 4 to 10). Bimekizumab achieved
a higher HiSCR (hidradenitis suppurativa clinical response) rate (57.3% in the bimek-
izumab group and 26.1% in the placebo group) and demonstrated greater clinical im-
provements compared with the placebo at week 12. Serious adverse reactions were
reported in 2 of 46 bimekizumab-treated subjects, 2 of 21 placebo-treated, and 1 of
21 adalimumab-treated [65]. According to a meta-analysis by CH Huang et al., among
all immunomodulatory drugs, bimekizumab has been found to be effective in improv-
ing both the severity of the disease and the quality of life [66]. At the time of writing,
a few phase III clinical trials are underway to investigate the potential of bimekizumab in
HS [67,68].

3.3.3. Brodalumab

Brodalumab is a fully human monoclonal antibody that binds to the IL-17 receptor A
and thus inhibits the biological effect of IL-17A, IL-17C, and IL-17F isoforms. Approved by
the FDA for the treatment of plaque psoriasis, several researchers also tried to investigate
its validity in acne inversa. In 2020, Frew et al. published the results of their cohort
study research in which the authors tried to assess the safety, tolerability, and clinical
response of brodalumab at weeks 12 and 24 in moderate to severe HS [69]. Ten patients
were administered brodalumab 210 mg/1.5 mL subcutaneously at weeks 0, 1, and 2,
and every 2 weeks thereafter until week 24. Hidradenitis suppurativa clinical response
(HiSCR), Sartorius, international hidradenitis suppurativa severity scoring system (IHS4),
ultrasonography, and skin biopsies were assessed. All patients achieved HiSCR and at
week 12, 80% achieved an IHS4 category change. An improvement in pain, itch, and
quality of life was also reported. Brodalumab was generally well tolerated with no serious
adverse effects. What is more, a significant decrease in vascularity and inflammation
measured by cutaneous Doppler ultrasonography was seen compared with the baseline
in each patient. In another open-label cohort study, ten patients were also injected with
brodalumab 210 mg/1.5 mL subcutaneously; however, unlike in the above-mentioned
research, it was administered weekly until week 24 [70]. A complete HiSCR response was
observed at week 4.

Some promising results also come from a case report of a 45-year-old male present-
ing with recalcitrant gluteal hidradenitis suppurativa [71] The patient was administered
brodalumab 210 mg subcutaneously at weeks 0, 1, and 2 followed by 210 mg for every
2 weeks. After 12 weeks of treatment, a significant reduction in the number of lesions,
pain, discharge, and smell was observed. Furthermore, the signs of laboratory systemic
inflammation also decreased. During 9 months of the patient’s follow-up, no relapse
was noticed.

Presently, there is only one ongoing early phase I clinical trial trying to characterize
the molecular response to brodalumab treatment and identify blood and tissue markers
that reflect the severity of the disease [72].

3.3.4. Ixekizumab

Ixekizumab (IXE) is a humanized IgG4 monoclonal antibody that neutralizes soluble
IL-17A and IL-17 A/E. It has been approved by the FDA for the treatment of plaque psoria-
sis, psoriatic arthritis, ankylosing spondylitis, and non-radiographic axial spondylarthritis
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with objective signs of inflammation [73]. The recommended dose of the drug is 160 mg at
week 0, followed by 80 mg every 2 or 4 weeks depending on the disease. The only data
on the use of ixekizumab in HS come from case reports; nonetheless, the results suggest
a considerable potential of the drug. In 2020, two case reports of acne inversa patients with
concomitant psoriasis treated with IXE were published [74,75]. The typical dosing regimen
was applied. Both of the reports suggest IXE as a safe and effective therapy for psoriasis
and HS, however, indicating the need of further research in this area.

Another case report from 2021 described a female HS patient with concomitant herpes
simplex virus (HSV) infection [76]. The patient was administered subcutaneous ixekizumab
160 mg at week 0, and 80 mg at weeks 2, 4, 6, 8, 10, and 12, followed by 80 mg every 4 weeks.
Thirteen months after the treatment with IXE, the patient demonstrated a significant
improvement in her disease. Thus, the authors postulated that IXE may come as another
promising therapeutic option for patients with acne inversa. A summary of the significant
clinical studies concerning the IL-17 inhibitors in HS are presented in Table 2.

Table 2. A summary of significant clinical studies concerning the IL-17 inhibitors in HS.

from week 16—80 mg s.c.
every 4 weeks

Authors Biologic Drug Dosage Regimen Study Type Efficacy
Week 0, 1, 2, 3, 4—300 s.c. o
Prussick, L. et al. [60] Secukinumab mg from week 8—300 mg Open Label Trial At week .24’ 78% .Of
patients achieved HiSCR
s.c. every 4 weeks
Week 0, 1, 2, 3, 4—300 mg
. s.c. from week . At week 24, 70% of
Casseres, R.G. et al. [61] Secukinumab 6/8—300 mg s.c. every Open Label Trial patients achieved HiSCR
2/4 weeks
Double-Blind,
Glatt, S. et al. [65] Bimekizumab v\f/\ieejli(zo—_??;(? riln ¥ S;:C- efr(;”n Placebo-Controlled, At week 12, 57.3% of
T ’ § 8.C. every Phase 2 Randomized patients achieved HiSCR
2 weeks L .
Clinical Trial
Week 0, 1, 2—210 mg s.c. .
-~ . 100% of patients
Frew, J. W. et al. [69] Brodalumab from week 4—210 mg s.c. Open Label Trial achieved HiSCR
every 2 weeks
. 100% of patients
Frew, J. W. et al. [70] Brodalumab 210 mg s.c. every week Open Label Trial achieved HiSCR
After 12 weeks
Week 0, 1, 2—210 mg s.c. a significant reduction in
Arenbergerova, M. [71] Brodalumab followed by 210 mg s.c. Case Report number of lesions, pain,
every 2 weeks discharge, and smell
was obtained
Week 0—160 mg s.c., week
.. . 2,4,6,8,10,12—80 mg s.c. .
Odorici, G. et al. [74] Ixekizumab from week 16—80 mg s.c. Case Report Satisfactory results
every 4 weeks
Week 0—160 mg s.c., week
. 2,4,6,8,10,12—80 mg s.c. .
Megna, M. et al. [75] Ixekizumab from week 16—80 mg s.c. Case Report Satisfactory results
every 4 weeks
kst mg s e
Reardon, K. et al. [76] Ixekizumab Lo i Case Report improvement in

the disease
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3.4. IL-12/23 Inhibitors
Ustekinumab

Ustekinumab (UST) is a human IgG1k monoclonal antibody against the p40 subunit
of IL-12 and IL-23. What is more, according to a study by Adedokun et al., it has the ability
to downregulate IL-8, IFN-y, IFN-y inducible protein-10, and monocyte chemoattractant
protein (MCP)-1 [77]. It is FDA-approved for use in moderate to severe plaque psoriasis,
active psoriatic arthritis, moderately to severely active Crohn’s disease, and moderately to
severely active ulcerative colitis [78].

A phase II open-label study by Blok et al. enrolled 17 patients with moderate to
severe HS [79]. The subjects were treated with either 45 or 90 mg of UST subcutaneously
at weeks 0, 4, 16, and 28. As much as 82% of patients achieved a moderate-to-marked
improvement of the modified Sartorius score at week 40 and the hidradenitis suppurativa
clinical response (HiSCR) was met in 47% of subjects. Moreover, patients described as
good responders to the biologic had a milder disease and a lower expression of leukotriene
A4-hydrolase (LTA4H), which may indicate the effectiveness of UST.

In a multicentric retrospective review, the authors presented the results of the treatment
of 14 HS patients with UST [80]. Patients were administered an intravenous infusion of
the biologic adjusted by weight (<55 kg, 260 mg; 55-85 kg, 390 mg; >85 kg, 520 mg), and
then a subcutaneous dose of 90 mg every 8 weeks. Half of the treated patients achieved
hidradenitis suppurativa clinical response (HiSCR) and 71.42% of them reached more than
a 30% decrease in the dermatology life quality index (DLQI) and visual analog scale (VAS)
of pain at week 16. Further investigation in randomized controlled trials is highly needed
to determine the appropriate treatment dose for patients with HS.

3.5. IL-23 Inhibitors
3.5.1. Guselkumab

Guselkumab is a human IgG1lk monoclonal antibody against the p19 subunit of
IL-23. It has been approved by the FDA for use in moderate to severe plaque psoriasis
in adults [81]. The recommended dose is 100 mg subcutaneously at week 0, week 4, and
every 8 weeks thereafter and data obtained in case reports of HS patients support this
regimen [82-84].

In a phase II placebo-controlled, double-blind study, 184 patients with moderate to
severe HS were randomized to receive either 200 mg subcutaneously or 1200 mg intra-
venously of guselkumab, or a placebo [85]. At week 16, HiSCR was achieved in 50.8%
of patients treated with 200 mg of guselkumab subcutaneously. From patients who re-
ceived 1200 mg of guselkumab intravenously at weeks 0, 4, and 8, followed by 200 mg of
guselkumab subcutaneously at week 12, 45% achieved HiSCR at week 16. In the placebo
group, 38.7% of the participants met HiSCR.

3.5.2. Risankizumab

Risankizumab is a fully IgG1k monoclonal antibody that targets the IL-23. Case
reports support the use of risankizumab in hidradenitis suppurativa [86-88]; however,
larger clinical trials are required to prove its safety and efficacy in the disease.

There was only one phase 2, multicenter, randomized, placebo-controlled, double-blind
trial to evaluate the safety and efficacy of risankizumab in hidradenitis suppurativa [89]. The
study included two treatment periods. In period A, patients were randomized to receive
either risankizumab dose A, dose B, or placebo, and in period B, subjects who received
risankizumab dose A or placebo during period A received risankizumab dose B. Patients
who received risankizumab dose B in period A remained on that dose in period B. However,
no results have been published yet. A summary of significant clinical studies concerning
the IL-17 inhibitors in HS are presented in Table 3.
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Table 3. A summary of significant clinical studies concerning the IL-23 inhibitors in HS.
Authors Biologic Drug Dosage Regimen Study Type Efficacy
g:;icj’ hﬁ] ztt 211’ [[E;é]] Week 0—100 mg s.c.
Y, : Guselkumab from week 4—100 mg Case Reports Varied Results
Jorgensen, A.-H.R. overy 8 weeks
et al. [84] y
At week 16, HiSCR was
achieved in 50.8% of patients
Week 0, 4, 8, 12—200 treated with 200 mg of

Janssen Research and

Phase II

mg s.c. or week 0, 4, guselkumab s.c. From patients

Development [85] Guselkumab 8—1200 mg i.v., week ]l;fﬁilf:.g?r?;r;ﬂzdl who received 1200 mg of
12—200 mg s.c. y guselkumab i.v. followed by
200 mg of guselkumab s.c., 45%
achieved HiSCR at week 16
Licata, G. et al. [86] Week 0, 4—150 mg s.c.
Marqu.es, E.etal. [87] Risankizumab  from week 16—150 mg Case Reports Satisfactory Results
Caposiena Caro, R.D. overy 12 weeks
etal. [88] y

3.6. Complement Cba Inhibitors
3.6.1. Vilobelimab

Vilobelimab (IFX-1) is an IgG4k monoclonal antibody binding to C5a and blocks
its biological activity. The first open-label trial on the efficacy of IFX-1 in HS enrolled
12 patients [90]. The authors reported that after 50 days, 75% of patients treated with IFX-1
achieved HiSCR. Additionally, after 134 days, the number increased to 83.3%.

In the phase II controlled trial, the patients with moderate to severe HS were random-
ized to receive either 400 mg of IFX-1 intravenously every 4 weeks, 800 mg every 4 weeks,
800 mg every 2 weeks, or 1200 mg every 2 weeks, or a placebo [91]. The HiSCR response
rate as high as 51.5% was met in the IFX-1 800 mg intravenously every 4 weeks group.

3.6.2. Avacopan

Avacopan is a small molecule C5a receptor antagonist administered orally.
A randomized, double-blind, placebo-controlled, parallel group, phase 2 study in patients
with moderate to severe hidradenitis suppurativa investigated the safety and efficacy of
avacopan in the disease [92]. The study included three randomized groups, 1:1:1, respec-
tively, in the placebo, avacopan 10 mg twice daily, and avacopan 30 mg twice daily for
12 weeks. The results of the trial are yet to be published.

3.7. CD20 Inhibitor
Rituximab

Rituximab (RIX) is a chimeric mouse/human monoclonal antibody that targets the
CD20 protein. It has been approved by the FDA for the treatment of non-Hodgkin’s
lymphoma (NHL), chronic lymphocytic leukemia (CLL), theumatoid arthritis (RA), granu-
lomatosis with polyangitis (GPA), microscopic polyangitis (MPA), and moderate to severe
pemphigus vulgaris [93]. The dose regimen varies from the disease.

In 2018, a case report of a successful treatment of HS with RIX in a patient with
idiopathic carpotarsal osteolysis was published [94]. The patient also suffered from chronic
active antibody-mediated rejection (CAAMR). RIX was administered in low doses of
200 mg intravenously in two courses. A dramatic improvement in HS was observed,
without remission.
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3.8. CD40 Inhibitor
Iscalimab (CFZ533)

Iscalimab (CFZ533) is a human monoclonal antibody that has the ability to block the
CD40 pathway and the activation of CD40+ cell types. Currently, a phase II clinical study
to evaluate the efficacy and safety of iscalimab in patients with moderate to severe HS is
being conducted [95]. The trial is planned to be finished in mid-2023.

3.9. Phosphodiesterase-4 (PDE-4) Inhibitor
Apremilast

Apremilast is a selective phosphodiesterase-4 (PDE-4) inhibitor. It reduces the produc-
tion of TNF, IL-12p40, and IL-17 by blocking the cyclic adenosine monophosphate (cAMP)
degradation. Apremilast is approved by the FDA for the use in active psoriatic arthritis
and moderate to severe plaque psoriasis [96].

In a case series study of nine HS patients who failed to respond to other treatments,
subjects were administered oral apremilast 30 mg twice a day [97]. Five out of the six pa-
tients showed a significant improvement in the visual analog scale (VAS) in pain, Sartorius
score clinical staging, and dermatology life quality index (DLQI) scores.

In one randomized clinical trial, twenty patients with mild to moderate HS were
randomized in a 3:1 ratio [98]. Hence, 15 patients were administered 30 mg of apremilast
twice daily and five patients received a placebo. In the apremilast group, 53.3% of patients
achieved HiSCR after 16 weeks and none of the patients in the placebo group. What is
more, a significant difference was observed in the abscess and nodule count (p = 0.011) in
the study group.

After the study, participants who achieved HiSCR (n = 8) were offered to continue
the treatment with apremilast [99]. Out of the eight initial patients, four discontinued the
treatment within the first year. During the 2-year follow-up, all four remaining patients
maintained HiSCR.

3.10. Anti-IL-36 Agents
3.10.1. Spesolimab

Spesolimab is a monoclonal IgG1k receptor antibody against IL-36 that upregulates
neutrophil recruitment, the proliferation of keratinocytes, dendritic cells activation, and
the secretion of pro-inflammatory mediators such as IL-1s, TNF-«, IL-6, and IL-8 [100].
Although most of the data on spesolimab comes from the studies on pustular psoriasis, it
is currently under investigation in hidradenitis suppurativa. In the phase II clinical trial,
52 patients were randomized to receive either a placebo or the treatment with intravenous
spesolimab [101]. The results are yet to be published.

At the time of writing, there is one phase II clinical trial underway investigating the
safety and efficacy of spesolimab in HS, which is a continuation of the above-mentioned
research [102].

3.10.2. Imsidolimab

Imsidolimab is a human monoclonal antibody that inhibits the activation of the IL-36
receptor. Currently, there is one phase II, randomized, double-blind, placebo-controlled clin-
ical trial evaluating the efficacy and safety of imsidolimab in hidradenitis suppurativa [103].

3.11. Leukotriene A4 (LTA4) Inhibitor
LYS006

LYS 006 is a LTA4 hydrolase inhibitor administered orally. Presently, it is under
investigation in a phase II clinical trial in patients with moderate to severe hidradenitis
suppurativa. The study is supposed to be completed in mid-2023 [95].



Int. J. Mol. Sci. 2022, 23,9716

12 0f 18

3.12. Janus Kinase (JAK) Inhibitors
3.12.1. INCB054707

INCB054707 is a Janus kinase (JAK) inhibitor that has already been studied in two
multicentre phase II clinical trials, the results of which were published in early 2022 [104].
In study 1, 10 patients received open-label INCB054707 15 mg once daily. In study 2, the
participants were randomized to 30, 60, or 90 mg of INCB054707, or placebo for 8 weeks.
Safety and tolerability were the primary endpoints for both studies. Secondary endpoints
included the hidradenitis suppurativa clinical response (HiSCR), the DLQ)I, the pain score,
and the international hidradenitis suppurativa severity score system (IHS4). Out of the
enrolled patients, 3 in study 1, and 17 receiving INCB054707 compared with four patients
receiving placebo in study 2, achieved HiSCR at week 8. Moreover, the patients reported
improvements in QoL, IHS4, and skin pain that were maintained over the treatment period.

Furthermore, it is being evaluated in ongoing clinical trials regarding its efficacy and
safety in HS [105].

3.12.2. Tofacitinib

Tofacitinib, a JAK inhibitor, is known to suppress inflammatory cytokines involved in
the pathogenesis of acne inversa [106]. Its promising results have been already shown in
a case report by Savage et al [107]. Two HS patients, unresponsive to previous therapies,
were treated with 5 mg of tofacitinib twice daily in combination with other drugs often
used in HS (cyclosporine (cyclosporine and amoxicillin for patient 1, and amoxicillin,
amoxicillin-clavulanate, azithromycin, MMF, and triamcinolone ointment for patient 2)).
No serious adverse reactions have been reported.

3.12.3. Upadacitinib

Upadacitinib is another JAK inhibitor that was evaluated in a phase 2, randomized,
placebo-controlled, double-blind trial in patients with moderate to severe hidradenitis
suppurativa [108]. The participants were given doses of oral upadacitinib or placebo once
daily for 48 weeks; nevertheless, the results have not been published yet.

3.13. CXC Receptors (CXCR1 and CXCR2)
LY3041658

LY3041658 is a monoclonal antibody that has the ability to neutralize chemokines
binding to the CXCR1 or CXCR2 receptors. When activated, CXCR1 and CXCR2 mediate
neutrophil recruitment and trigger cytotoxic effects at infection sites [109]. Since HS is
considered a neutrophil-driven disease, this pathway seems promising.

Currently, there is an ongoing phase Il randomized controlled study to evaluate the
efficacy of intravenous LY3041658 in 52 patients with moderate to severe acne inversa [110].
A summary of immunomodulatory drugs and inhibited molecules, as well as ongoing
clinical studies with biologics in HS are presented in Tables 4 and 5.

Table 4. A summary of immunomodulatory drugs and inhibited molecules.

Adalimumab

Infliximab

e Etanercept
TNF-« inhibitors

Golimumab

Certolizumab

Anakinra

IL-1 inhibitors Bermekimab
Canakinumab

Secukinumab
IL-17 inhibitors Bimekizumab
BrodalumablIxekizumab
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Table 4. Cont.

IL-12/23 inhibitors Ustekinumab
IL-23 inhibitors R?;ﬁﬁﬁ:b
Complement Cba inhibitors Vilobelimab (IFX-1)Avacopan
CD20 inhibitor Rituximab
CD40 inhibitor Iscalimab (CFZ533)
Phosphodiesterase-4 (PDE-4) inhibitor Apremilast
Anti-IL-36 agents I?;Zﬂiﬁ;
Leukotriene A4 (LTA4) inhibitor LYS006
INCB054707
Janus Kinase (JAK) inhibitors Tofacitinib
Upadacitinib
CXC receptors (CXCR1 and CXCR2) LY 3041658

Table 5. A summary of ongoing clinical studies with biologics in HS.

Biologics Clinical Trial The Estimated Date of Estimated Size of the
Phase Completion of the Trial Study Group

CSL324 1 November 2022 40
Spesolimab 2 May 2024 45
Lutikizumab 2 December 2023 160
Imsidolimab 2 April 2023 120
Bermekimab 2 April 2024 290
Izokibep 2 February 2024 180
Bimekizumab 3 May 2023 505

4. Material and Methods

This study is a narrative review. The PubMed database has been searched for articles
relevant to the presented review. The analysis reviewed the papers published by July 2022.
Search terms included “hidradenitis suppurativa” or “acne inversa” and “immunomodula-
tory treatment” or “biological therapy” or “immunomodulation”. Duplicate articles, and
those wrote in any other language than English, were excluded. The obtained articles were
analyzed by content and quality analysis and compared. Additionally, a ClinicalTrials.gov
site was searched for research studies regarding the immunomodulatory treatment of HS.

5. Conclusions

Nowadays, there are numerous treatment options available for patients with hidradeni-
tis suppurativa. However, since the treatment often turns out to be ineffective, novel
therapies are in high need to be evaluated. The safety and efficacy of adalimumab, still the
only FDA-approved biologic in the HS treatment, paved the way for new candidates to be
compared with adalimumab. Several more drugs with new immunological targets such as
IL-12/23, IL-17, IL-23, IL-36, C5a, CD-20, CD-40, LTA4, and CXCR1/2 are presently under
investigation for the treatment of acne inversa. Larger clinical trials on novel therapeutic
agents to assess the efficacy and the safety of new drugs are mandatory in order to discover
effective treatment options for HS patients and to hopefully improve their quality of life.

Author Contributions: Conceptualization, 7.5, M.L. and W.B.-R; Methodology, 7.5, M.L. and
W.B.-R,; Investigation, 7S, ML, AS. and WB.-R; Writing—Original Draft Preparation, Z.S. and
M.L.; Writing—Review and Editing, A.S. and W.B.-R.; Supervision, W.B.-R. All authors have read
and agreed to the published version of the manuscript.


ClinicalTrials.gov

Int. . Mol. Sci. 2022, 23,9716 14 0f 18

Funding: The APC was funded by Medical University of Gdansk.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sabat, R.; Jemec, G.B.E.; Matusiak, L.; Kimball, A.B.; Prens, E.; Wolk, K. Hidradenitis suppurativa. Nat. Rev. Dis. Prim. 2020, 6, 18.
[CrossRef] [PubMed]

Nguyen, T.V.,; Damiani, G.; Orenstein, L.A.; Hamzavi, I.; Jemec, G. Hidradenitis suppurativa: An update on epidemiology,
phenotypes, diagnosis, pathogenesis, comorbidities and quality of life. J. Eur. Acad. Dermatol. Venereol. 2021, 35, 50-61. [CrossRef]
[PubMed]

Riis, P.T.; Pedersen, O.B.; Sigsgaard, V.; Erikstrup, C.; Paarup, H.; Nielsen, K.; Burgdorf, K.; Hjalgrim, H.; Rostgaard, K;
Banasik, K.; et al. Prevalence of patients with self-reported hidradenitis suppurativa in a cohort of Danish blood donors:
A cross-sectional study. Br. J. Dermatol. 2019, 180, 774-781. [CrossRef] [PubMed]

Jafari, S.M.S.; Hunger, R.E.; Schlapbach, C. Hidradenitis Suppurativa: Current Understanding of Pathogenic Mechanisms and
Suggestion for Treatment Algorithm. Front. Med. 2020, 7, 68. [CrossRef] [PubMed]

Alikhan, A.; Sayed, C.; Alavi, A.; Alhusayen, R.; Brassard, A.; Burkhart, C.; Crowell, K.; Eisen, D.B.; Gottlieb, A.B,;
Hamzavi, I; et al. North American clinical management guidelines for hidradenitis suppurativa: A publication from the United
States and Canadian Hidradenitis Suppurativa Foundations: Part II: Topical, intralesional, and systemic medical management.
J. Am. Acad. Dermatol. 2019, 81, 91-101. [CrossRef] [PubMed]

Zouboulis, C.C.; Desai, N.; Emtestam, L.; Hunger, R.E.; Ioannides, D.; Juhész, I; Lapins, J.; Matusiak, L.; Prens, E.P; Revuz, J.; et al.
European S1 guideline for the treatment of hidradenitis suppurativa/acne inversa. J. Eur. Acad. Dermatol. Venereol. 2015, 29,
619-644. [CrossRef]

Wolk, K.; Warszawska, K.; Hoeflich, C.; Witte, E.; Schneider-Burrus, S.; Witte, K.; Kunz, S.; Buss, A.; Roewert, H.]J.; Krause, M.; et al.
Deficiency of IL-22 contributes to a chronic inflammatory disease: Pathogenetic mechanisms in acne inversa. J. Immunol. 2011,
186, 1228-1239. [CrossRef]

Van Der Zee, H.; De Ruiter, L.; Broecke, D.V.D.; Dik, W.; Laman, J.; Prens, E. Elevated levels of tumour necrosis factor (TNF)-c,
interleukin (IL)-1f3 and IL-10 in hidradenitis suppurativa skin: A rationale for targeting TNF-oc and IL-1f. Br. J. Dermatol. 2011,
164, 1292-1298. [CrossRef]

Kelly, G.; Hughes, R.; McGarry, T.; Born, M.V.D.; Adamzik, K.; Fitzgerald, R.; Lawlor, C.; Tobin, A.-M.; Sweeney, C.; Kirby, B.
Dysregulated cytokine expression in lesional and nonlesional skin in hidradenitis suppurativa. Br. ]. Dermatol. 2015, 173,
1431-1439. [CrossRef]

Manfredini, M.; Giuliani, A.L.; Ruina, G.; Gafa, R.; Bosi, C.; Zoppas, E.; Di Virgilio, F; Bettoli, V. The P2X7 Receptor Is
Overexpressed in the Lesional Skin of Subjects Affected by Hidradenitis Suppurativa: A Preliminary Study. Dermatology 2021,
237,111-118. [CrossRef]

Dinarello, C.A.; Simon, A.; Van Der Meer, ].W. Treating inflammation by blocking interleukin-1 in a broad spectrum of diseases.
Nat. Rev. Drug Discov. 2012, 11, 633-652. [CrossRef]

Sedger, L.M.; McDermott, M.F. TNF and TNF-receptors: From mediators of cell death and inflammation to therapeutic
giants—Past, present and future. Cytokine Growth Factor Rev. 2014, 25, 453-472. [CrossRef]

Wolk, K.; Haugen, H.S.; Xu, W.; Witte, E.; Waggie, K.; Anderson, M.; Baur, E.V.; Witte, K.; Warszawska, K.; Philipp, S.; et al. IL-22
and IL-20 are key mediators of the epidermal alterations in psoriasis while IL-17 and IFN-y are not. . Mol. Med. 2009, 87, 523-536.
[CrossRef] [PubMed]

Hunger, R.; Surovy, A.; Hassan, A.; Braathen, L.; Yawalkar, N. Toll-like receptor 2 is highly expressed in lesions of acne inversa
and colocalizes with C-type lectin receptor. Br. |. Dermatol. 2008, 158, 691-697. [CrossRef] [PubMed]

Van der Zee, H.; de Ruiter, L.; Boer, ].; Broecke, D.V.D.; Hollander, ].D.; Laman, J.; Prens, E. Alterations in leucocyte subsets and
histomorphology in normal-appearing perilesional skin and early and chronic hidradenitis suppurativa lesions. Br. J. Dermatol.
2012, 166, 98-106. [CrossRef] [PubMed]

Schroder, K.; Hertzog, PJ.; Ravasi, T.; Hume, D.A. Interferon-gamma: An overview of signals, mechanisms and functions.
J. Leukoc. Biol. 2004, 75, 163-189. [CrossRef]

Van Raemdonck, K.; Van den Steen, P.E.; Liekens, S.; Van Damme, J.; Struyf, S. CXCR3 ligands in disease and therapy. Cytokine
Growth Factor Rev. 2015, 26, 311-327. [CrossRef]

Kao, C.-Y,; Chen, Y.; Thai, P.; Wachi, S.; Huang, F.; Kim, C.; Harper, RW.; Wu, R. IL-17 Markedly Up-Regulates 3-Defensin-2
Expression in Human Airway Epithelium via JAK and NF-«B Signaling Pathways. J. Immunol. 2004, 173, 3482-3491. [CrossRef]
Albanesi, C.; Cavani, A.; Girolomoni, G. IL-17 Is Produced by Nickel-Specific T Lymphocytes and Regulates ICAM-1 Expression
and Chemokine Production in Human Keratinocytes: Synergistic or Antagonist Effects with IFN-y and TNF-«. ]. Immunol. 1999,
162, 494-502.


http://doi.org/10.1038/s41572-020-0149-1
http://www.ncbi.nlm.nih.gov/pubmed/32165620
http://doi.org/10.1111/jdv.16677
http://www.ncbi.nlm.nih.gov/pubmed/32460374
http://doi.org/10.1111/bjd.16998
http://www.ncbi.nlm.nih.gov/pubmed/29999187
http://doi.org/10.3389/fmed.2020.00068
http://www.ncbi.nlm.nih.gov/pubmed/32195261
http://doi.org/10.1016/j.jaad.2019.02.068
http://www.ncbi.nlm.nih.gov/pubmed/30872149
http://doi.org/10.1111/jdv.12966
http://doi.org/10.4049/jimmunol.0903907
http://doi.org/10.1111/j.1365-2133.2011.10254.x
http://doi.org/10.1111/bjd.14075
http://doi.org/10.1159/000502026
http://doi.org/10.1038/nrd3800
http://doi.org/10.1016/j.cytogfr.2014.07.016
http://doi.org/10.1007/s00109-009-0457-0
http://www.ncbi.nlm.nih.gov/pubmed/19330474
http://doi.org/10.1111/j.1365-2133.2007.08425.x
http://www.ncbi.nlm.nih.gov/pubmed/18241264
http://doi.org/10.1111/j.1365-2133.2011.10643.x
http://www.ncbi.nlm.nih.gov/pubmed/21929531
http://doi.org/10.1189/jlb.0603252
http://doi.org/10.1016/j.cytogfr.2014.11.009
http://doi.org/10.4049/jimmunol.173.5.3482

Int. . Mol. Sci. 2022, 23,9716 150f18

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Sabat, R.; Griitz, G.; Warszawska, K.; Kirsch, S.; Witte, E.; Wolk, K.; Geginat, J. Biology of interleukin-10. Cyfokine Growth Factor
Rev. 2010, 21, 331-344. [CrossRef]

Hessam, S.; Sand, M.; Gambichler, T.; Skrygan, M.; Riiddel, I.; Bechara, F.G. Interleukin-36 in hidradenitis suppurativa: Evidence
for a distinctive proinflammatory role and a key factor in the development of an inflammatory loop. Br. |. Dermatol. 2018, 178,
761-767. [CrossRef] [PubMed]

Traczewski, P.; Rudnicka, L. Adalimumab in dermatology. Br. J. Clin. Pharmacol. 2008, 66, 618. [CrossRef] [PubMed]

Kyriakou, A.; Trigoni, A.; Galanis, N.; Sotiriadis, D.; Patsatsi, A. Efficacy of adalimumab in moderate to severe hidradenitis
suppurativa: Real life data. Dermatol. Rep. 2018, 10, 26-30. [CrossRef] [PubMed]

Kimball, A.B.; Okun, M.M.; Williams, D.A.; Gottlieb, A.B.; Papp, K.A.; Zouboulis, C.C.; Armstrong, A.W.; Kerdel, F.; Gold, M.H;
Forman, S.B.; et al. Two Phase 3 Trials of Adalimumab for Hidradenitis Suppurativa. N. Engl. |. Med. 2016, 375, 422-434.
[CrossRef]

Zouboulis, C.C.; Okun, M.M.; Prens, E.P.; Gniadecki, R.; Foley, PA.; Lynde, C.; Weisman, J.; Gu, Y.; Williams, D.A.; Jemec, G.B.
Long-term adalimumab efficacy in patients with moderate-to-severe hidradenitis suppurativa/acne inversa: 3-year results of
a phase 3 open-label extension study. J. Am. Acad. Dermatol. 2019, 80, 60—69.€2. [CrossRef] [PubMed]

Van Der Zee, H.H.; Laman, ].D.; De Ruiter, L.; Dik, W.A_; Prens, E.P. Adalimumab (antitumour necrosis factor-«) treatment
of hidradenitis suppurativa ameliorates skin inflammation: An in situ and ex vivo study. Br. |. Dermatol. 2012, 166, 298-305.
[CrossRef]

Bechara, F.G.; Podda, M.; Prens, E.P.; Horvath, B.; Giamarellos-Bourboulis, E.J.; Alavi, A.; Szepietowski, ].C.; Kirby, J.; Geng, Z.;
Jean, C,; et al. Efficacy and Safety of Adalimumab in Conjunction with Surgery in Moderate to Severe Hidradenitis Suppurativa:
The SHARPS Randomized Clinical Trial. JAMA Surg. 2021, 156, 1001-1009. [CrossRef]

Cost-Effectiveness of Adalimumab and Surgery vs. Adalimumab in HS. Available online: https://clinicaltrials.gov/ct2 /show/
NCT03221621?term=adalimumabé&cond=Hidradenitis+Suppurativa&phase=3&draw=2 (accessed on 1 July 2022).
Hidradenitis Suppurativa Patient Experience with Humira Treatment. Available online: https://clinicaltrials.gov/ct2/show/
NCT04132388?term=adalimumabé&cond=Hidradenitis+Suppurativa&phase=3&draw=2&rank=1 (accessed on 1 July 2022).
Deckers, LE.; Prens, E.P. An Update on Medical Treatment Options for Hidradenitis Suppurativa. Drugs 2016, 76, 215-229.
[CrossRef]

Grant, A.; Gonzalez, T.; Montgomery, M.O.; Cardenas, V.; Kerdel, F.A. Infliximab therapy for patients with moderate to severe
hidradenitis suppurativa: A randomized, double-blind, placebo-controlled crossover trial. . Am. Acad. Dermatol. 2010, 62,
205-217. [CrossRef]

Lesage, C.; Adnot-Desanlis, L.; Perceau, G.; Bonnet, M.; Palot, ].-P.; Bernard, P.; Reguiai, Z. Efficacy and tolerance of prolonged
infliximab treatment of moderate-to-severe forms of hidradenitis suppurativa. Eur. J. Dermatol. 2012, 22, 640-644. [CrossRef]
Ghias, M.H.; Johnston, A.D.; Kutner, A.].; Micheletti, R.G.; Hosgood, H.D.; Cohen, S.R. High-dose, high-frequency infliximab:
A novel treatment paradigm for hidradenitis suppurativa. J. Am. Acad. Dermatol. 2020, 82, 1094-1101. [CrossRef]

Weinblatt, M.E.; Kremer, ].M.; Bankhurst, A.D.; Bulpitt, K.J.; Fleischmann, R.M.; Fox, R.L; Jackson, C.G.; Lange, M.; Burge, D.J.
A Trial of Etanercept, a Recombinant Tumor Necrosis Factor Receptor:Fc Fusion Protein, in Patients with Rheumatoid Arthritis
Receiving Methotrexate. N. Engl. |. Med. 1999, 340, 253-259. [CrossRef] [PubMed]

FDA. Highlights of Prescribing Information Enbrel® (Etanercept) Solution for Subcutaneous Use Initial U.S. Approval; FDA: Silver Spring,
MD, USA, 1998. Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label /2020/103795s5574s55771bl.pdf
(accessed on 1 July 2022).

Giamarellos-Bourboulis, E.; Pelekanou, E.; Antonopoulou, A.; Petropoulou, H.; Baziaka, F.; Karagianni, V.; Stavrianeas, N.;
Giamarellou, H. An open-label phase II study of the safety and efficacy of etanercept for the therapy of hidradenitis suppurativa.
Br. J. Dermatol. 2008, 158, 567-572. [CrossRef] [PubMed]

Lee, R.A.; Dommasch, E.; Treat, J.; Sciacca-Kirby, ].; Chachkin, S.; Williams, J.; Shin, D.B.; Leyden, ].J.; Vittorio, C.; Gelfand, ].M.
A prospective clinical trial of open-label etanercept for the treatment of hidradenitis suppurativa. J. Am. Acad. Dermatol. 2009, 60,
565-573. [CrossRef] [PubMed]

Adams, D.R,; Yankura, J.A.; Fogelberg, A.C.; Anderson, B.E. Treatment of Hidradenitis Suppurativa With Etanercept Injection.
Arch. Dermatol. 2010, 146, 501-504. [CrossRef] [PubMed]

Boyce, E.G.; Halilovic, J.; Stan-Ugbene, O. Golimumab: Review of the efficacy and tolerability of a recently approved tumor
necrosis factor-« inhibitor. Clin. Ther. 2010, 32, 1681-1703. [CrossRef]

FDA; CDER. Highlights of Prescribing Information Simponi (Gollmumab) Injection, Solution for Subcutaneous Use Initial U.S. Approval;
FDA: Silver Spring, MD, USA, 2009. Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label /2009 /12528950
00lbl.pdf (accessed on 1 July 2022).

Tursi, A. Concomitant hidradenitis suppurativa and pyostomatitis vegetans in silent ulcerative colitis successfully treated with
golimumab. Dig. Liver Dis. 2016, 48, 1511-1512. [CrossRef]

Van Der Zee, H.H.; Prens, E.P. Failure of Anti-Interleukin-1 Therapy in Severe Hidradenitis Suppurativa: A Case Report.
Dermatology 2013, 226, 97-100. [CrossRef]

Baumgart, D.C.; Misery, L.; Naeyaert, S.; Taylor, P.C. Biological therapies in immune-mediated inflammatory diseases: Can
biosimilars reduce access inequities? Front. Pharmacol. 2019, 10, 279. [CrossRef]


http://doi.org/10.1016/j.cytogfr.2010.09.002
http://doi.org/10.1111/bjd.16019
http://www.ncbi.nlm.nih.gov/pubmed/28975626
http://doi.org/10.1111/j.1365-2125.2008.03263.x
http://www.ncbi.nlm.nih.gov/pubmed/18754844
http://doi.org/10.4081/dr.2018.7859
http://www.ncbi.nlm.nih.gov/pubmed/30370041
http://doi.org/10.1056/NEJMoa1504370
http://doi.org/10.1016/j.jaad.2018.05.040
http://www.ncbi.nlm.nih.gov/pubmed/29860040
http://doi.org/10.1111/j.1365-2133.2011.10698.x
http://doi.org/10.1001/jamasurg.2021.3655
https://clinicaltrials.gov/ct2/show/NCT03221621?term=adalimumab&cond=Hidradenitis+Suppurativa&phase=3&draw=2
https://clinicaltrials.gov/ct2/show/NCT03221621?term=adalimumab&cond=Hidradenitis+Suppurativa&phase=3&draw=2
https://clinicaltrials.gov/ct2/show/NCT04132388?term=adalimumab&cond=Hidradenitis+Suppurativa&phase=3&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04132388?term=adalimumab&cond=Hidradenitis+Suppurativa&phase=3&draw=2&rank=1
http://doi.org/10.1007/s40265-015-0516-5
http://doi.org/10.1016/j.jaad.2009.06.050
http://doi.org/10.1684/ejd.2012.1795
http://doi.org/10.1016/j.jaad.2019.09.071
http://doi.org/10.1056/NEJM199901283400401
http://www.ncbi.nlm.nih.gov/pubmed/9920948
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/103795s5574s5577lbl.pdf
http://doi.org/10.1111/j.1365-2133.2007.08372.x
http://www.ncbi.nlm.nih.gov/pubmed/18076705
http://doi.org/10.1016/j.jaad.2008.11.898
http://www.ncbi.nlm.nih.gov/pubmed/19185954
http://doi.org/10.1001/archdermatol.2010.72
http://www.ncbi.nlm.nih.gov/pubmed/20479297
http://doi.org/10.1016/j.clinthera.2010.09.003
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/125289s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/125289s000lbl.pdf
http://doi.org/10.1016/j.dld.2016.09.010
http://doi.org/10.1159/000343221
http://doi.org/10.3389/fphar.2019.00279

Int. . Mol. Sci. 2022, 23,9716 16 of 18

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

FDA. Highlights of Prescribing Information CIMZIA (Certolizumab Pegol) Injection, for Subcutaneous Use Initial U.S. Approval; FDA:
Silver Spring, MD, USA, 2008. Available online: https:/ /www.accessdata.fda.gov/drugsatfda_docs/label /2008 /125160s0001bl.
pdf (accessed on 1 July 2022).

Pasut, G. Pegylation of biological molecules and potential benefits: Pharmacological properties of certolizumab pegol. BioDrugs
2014, 28 (Suppl. S1), 15-23. [CrossRef]

Ramos, E].M,; Ruiz, R.G.; Puchades, A.M. Certolizumab pegol as an alternative treatment in patients with coexisting hidradenitis
suppurativa and other inflammatory immune-mediated diseases: Report of two cases. Dermatol. Ther. 2022, 35, €15266. [CrossRef]
[PubMed]

Esme, P.; Akoglu, G.; Caliskan, E. Rapid Response to Certolizumab Pegol in Hidradenitis Suppurativa: A Case Report. Ski.
Appendage Disord. 2021, 7, 58-61. [CrossRef] [PubMed]

Wohlmuth-Wieser, I.; Alhusayen, R. Treatment of hidradenitis suppurativa with certolizumab pegol during pregnancy. Int. J.
Dermatol. 2021, 60, e140-e141. [CrossRef] [PubMed]

Holm, J.G.; Jergensen, A.H.R,; Yao, Y.; Thomsen, S.F. Certolizumab pegol for hidradenitis suppurativa: Case report and literature
review. Dermatol. Ther. 2020, 33, €14494. [CrossRef]

Sand, FL.; Thomsen, S.F. Off-label use of TNF-alpha inhibitors in a dermatological university department: Retrospective
evaluation of 118 patients. Dermatol. Ther. 2015, 28, 158-165. [CrossRef]

FDA; CDER. Kineret® (Anakinra) for Injection, for Subcutaneous Use; FDA: Silver Spring, MD, USA, 2012. Available online:
https:/ /www.accessdata.fda.gov/drugsatfda_docs/label /2012 /103950s51361bl.pdf (accessed on 1 July 2022).

Tzanetakou, V.; Kanni, T.; Giatrakou, S.; Katoulis, A.; Papadavid, E.; Netea, M.G.; Dinarello, C.A.; Van Der Meer, ] WM,;
Rigopoulos, D.; Giamarellos-Bourboulis, E.J. Safety and Efficacy of Anakinra in Severe Hidradenitis Suppurativa: A Randomized
Clinical Trial. JAMA Dermatol. 2016, 152, 52-59. [CrossRef]

Gottlieb, A.; Natsis, N.E.; Kerdel, F; Forman, S.; Gonzalez, E.; Jimenez, G.; Hernandez, L.; Kaffenberger, J.; Guido, G,;
Lucas, K; et al. A Phase II Open-Label Study of Bermekimab in Patients with Hidradenitis Suppurativa Shows Resolution
of Inflammatory Lesions and Pain. |. Investig. Dermatol. 2020, 140, 1538-1545.e2. [CrossRef]

Kanni, T.; Argyropoulou, M.; Spyridopoulos, T.; Pistiki, A.; Stecher, M.; Dinarello, C.A.; Simard, J.; Giamarellos-Bourboulis, E.J.
MABp1 Targeting IL-1« for Moderate to Severe Hidradenitis Suppurativa Not Eligible for Adalimumab: A Randomized Study.
J. Investig. Dermatol. 2018, 138, 795-801. [CrossRef]

A Study of Bermekimab for the Treatment of Participants with Moderate to Severe Hidradenitis Suppurativa. Available online:
https:/ /clinicaltrials.gov/ct2 /show /NCT04988308?term=bermekimab&cond=Hidradenitis+Suppurativa&draw=2 (accessed on
1 July 2022).

Sun, N.Z; Ro, T; Jolly, P; Sayed, C.J. Non-response to Interleukin-1 Antagonist Canakinumab in Two Patients with Refractory
Pyoderma Gangrenosum and Hidradenitis Suppurativa. J. Clin. Aesthet. Dermatol. 2017, 10, 36.

Jaeger, T.; Andres, C.; Grosber, M.; Zirbs, M.; Hein, R.; Ring, J.; Traidl-Hoffmann, C. Pyoderma gangrenosum and concomitant
hidradenitis suppurativa—Rapid response to canakinumab (anti-IL-13). Eur. ]. Dermatol. 2013, 23, 408—410. [CrossRef]
Houriet, C.; Jafari, S.M.S.; Thomi, R.; Schlapbach, C.; Borradori, L.; Yawalkar, N.; Hunger, R.E. Canakinumab for Severe
Hidradenitis Suppurativa: Preliminary Experience in 2 Cases. JAMA Dermatol. 2017, 153, 1195-1197. [CrossRef] [PubMed]
FDA; CDER. Highlights OF Prescribing Information These Highlights Do Not Include All the Information Needed to Use Cosentyx
Safely and Effectively; FDA: Silver Spring, MD, USA, 2019. Available online: https://www.accessdata.fda.gov/drugsatfda_docs/
appletter/2020/1255040rig1s031ltr.pdf (accessed on 1 July 2022).

Prussick, L.; Rothstein, B.; Joshipura, D.; Saraiya, A.; Turkowski, Y.; Abdat, R.; Alomran, A.; Zancanaro, P.; Kachuk, C,;
Dumont, N.; et al. Open-label, investigator-initiated, single-site exploratory trial evaluating secukinumab, an anti-interleukin-
17A monoclonal antibody, for patients with moderate-to-severe hidradenitis suppurativa. Br. J. Dermatol. 2019, 181, 609-611.
[CrossRef] [PubMed]

Casseres, R.G.; Prussick, L.; Zancanaro, P.; Rothstein, B.; Joshipura, D.; Saraiya, A.; Turkowski, Y.; Au, S.C.; Alomran, A,;
Abdat, R; et al. Secukinumab in the treatment of moderate to severe hidradenitis suppurativa: Results of an open-label trial.
J. Am. Acad. Dermatol. 2020, 82, 1524-1526. [CrossRef] [PubMed]

This Is a Study of Efficacy and Safety of Two Secukinumab Dose Regimens in Subjects with Moderate to Severe Hidradenitis
Suppurativa. Available online: https://clinicaltrials.gov/ct2 /show /NCT03713619?term=secukinumab&cond=Hidradenitis+
Suppurativa&draw=2&rank=4 (accessed on 1 July 2022).

Study of Efficacy and Safety of Two Secukinumab Dose Regimens in Subjects with Moderate to Severe Hidradenitis Suppurativa.
Available online: https:/ /clinicaltrials.gov/ct2/show /NCT03713632?term=secukinumab&cond=Hidradenitis+Suppurativa&
draw=2&rank=3 (accessed on 1 July 2022).

Extension Study to Assess Effects of Non-Interrupted versus Interrupted and Long Term Treatment of Two Dose Regimes of
Secukinumab in Subjects with Hidradenitis Suppurativa. Available online: https://clinicaltrials.gov/ct2/show /NCT04179175?
term=secukinumab&cond=Hidradenitis+Suppurativa&draw=2&rank=2 (accessed on 1 July 2022).

Glatt, S.; Jemec, G.B.; Forman, S.; Sayed, C.; Schmieder, G.; Weisman, J.; Rolleri, R.; Seegobin, S.; Baeten, D.; Ionescu, L.; et al.
Efficacy and Safety of Bimekizumab in Moderate to Severe Hidradenitis Suppurativa: A Phase 2, Double-blind, Placebo-Controlled
Randomized Clinical Trial. JAMA Dermatol. 2021, 157, 1279-1288. [CrossRef] [PubMed]


https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/125160s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/125160s000lbl.pdf
http://doi.org/10.1007/s40259-013-0064-z
http://doi.org/10.1111/dth.15266
http://www.ncbi.nlm.nih.gov/pubmed/34913547
http://doi.org/10.1159/000511284
http://www.ncbi.nlm.nih.gov/pubmed/33614722
http://doi.org/10.1111/ijd.15286
http://www.ncbi.nlm.nih.gov/pubmed/33247833
http://doi.org/10.1111/dth.14494
http://doi.org/10.1111/dth.12222
https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/103950s5136lbl.pdf
http://doi.org/10.1001/jamadermatol.2015.3903
http://doi.org/10.1016/j.jid.2019.10.024
http://doi.org/10.1016/j.jid.2017.10.030
https://clinicaltrials.gov/ct2/show/NCT04988308?term=bermekimab&cond=Hidradenitis+Suppurativa&draw=2
http://doi.org/10.1684/ejd.2013.2018
http://doi.org/10.1001/jamadermatol.2017.2392
http://www.ncbi.nlm.nih.gov/pubmed/28854317
https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2020/125504Orig1s031ltr.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2020/125504Orig1s031ltr.pdf
http://doi.org/10.1111/bjd.17822
http://www.ncbi.nlm.nih.gov/pubmed/30801662
http://doi.org/10.1016/j.jaad.2020.02.005
http://www.ncbi.nlm.nih.gov/pubmed/32044410
https://clinicaltrials.gov/ct2/show/NCT03713619?term=secukinumab&cond=Hidradenitis+Suppurativa&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03713619?term=secukinumab&cond=Hidradenitis+Suppurativa&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03713632?term=secukinumab&cond=Hidradenitis+Suppurativa&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03713632?term=secukinumab&cond=Hidradenitis+Suppurativa&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04179175?term=secukinumab&cond=Hidradenitis+Suppurativa&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04179175?term=secukinumab&cond=Hidradenitis+Suppurativa&draw=2&rank=2
http://doi.org/10.1001/jamadermatol.2021.2905
http://www.ncbi.nlm.nih.gov/pubmed/34406364

Int. . Mol. Sci. 2022, 23,9716 17 of 18

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Huang, C.-H.; Huang, I.-H.; Tai, C.-C.; Chi, C.-C. Biologics and Small Molecule Inhibitors for Treating Hidradenitis Suppurativa:
A Systematic Review and Meta-Analysis. Biomedicines 2022, 10, 1303. [CrossRef]

A Study to Test the Long-term Treatment of Bimekizumab in Study Participants with Moderate to Severe Hidradenitis Suppurativa.
Available online: https://clinicaltrials.gov/ct2/show /NCT04901195?term=Bimekizumab&cond=Hidradenitis+Suppurativa&
draw=2&rank=1 (accessed on 1 July 2022).

A Study to Evaluate the Efficacy and Safety of Bimekizumab in Study Participants with Moderate to Severe Hidradenitis
Suppurativa. Available online: https://clinicaltrials.gov/ct2/show /NCT04242498?term=Bimekizumab&cond=Hidradenitis+
Suppurativa&draw=2&rank=2 (accessed on 1 July 2022).

Frew, ].W.; Navrazhina, K.; Grand, D.; Sullivan-Whalen, M.; Gilleaudeau, P.; Garcet, S.; Ungar, J.; Krueger, J.G. The effect of
subcutaneous brodalumab on clinical disease activity in hidradenitis suppurativa: An open-label cohort study. J. Am. Acad.
Dermatol. 2020, 83, 1341-1348. [CrossRef]

Frew, ] W.; Navrazhina, K.; Sullivan-Whalen, M.; Gilleaudeau, P.; Garcet, S.; Krueger, ].G. Weekly administration of brodalumab
in hidradenitis suppurativa: An open-label cohort study. Br. J. Dermatol. 2021, 184, 350-352. [CrossRef]

Arenbergerova, M.; Arenberger, P.; Marques, E.; Gkalpakiotis, S. Successful treatment of recalcitrant gluteal hidradenitis
suppurativa with brodalumab after anti-TNF failure. Int. J. Dermatol. 2020, 59, 733-735. [CrossRef]

Molecular Characteristics of Brodalumab in Hidradenitis Suppurativa. Available online: https:/ /clinicaltrials.gov/ct2/show/
NCT04979520?term=brodalumab&cond=Hidradenitis+Suppurativa&draw=2&rank=2 (accessed on 1 July 2022).

FDA; CDER. Highlights OF Prescribing Information Taltz (Ixekizumab) Injection, for Subcutaneous Use Initial U.S. Approval; FDA: Silver
Spring, MD, USA, 2016. Available online: https:/ /www.accessdata.fda.gov/drugsatfda_docs/label /2017 /125521s0041bl.pdf
(accessed on 1 July 2022).

Odorici, G.; Pellacani, G.; Conti, A. Ixekizumab in hidradenitis suppurativa in a psoriatic patient. G. Ital. Dermatol. Venereol.
Organo Uff. Soc. Ital. Dermatol. Sifilogr. 2020, 155, 788-789. [CrossRef]

Megna, M.; Ruggiero, A.; Di Guida, A.; Patri, A.; Fabbrocini, G.; Marasca, C. Ixekizumab: An efficacious treatment for both
psoriasis and hidradenitis suppurativa. Dermatol. Ther. 2020, 33, €13756. [CrossRef]

Reardon, K.; Levin, J.; Levin, C. Severe hidradenitis suppurativa with herpes simplex virus 1 superinfection and clinical
responsiveness to ixekizumab. JAAD Case Rep. 2021, 9, 7. [CrossRef] [PubMed]

Adedokun, O.J.; Xu, Z; Marano, C.; O'Brien, C.; Szapary, P; Zhang, H.; Johanns, J.; Leong, RW.; Hisamatsu, T,
Van Assche, G.; et al. Ustekinumab Pharmacokinetics and Exposure Response in a Phase 3 Randomized Trial of Patients
With Ulcerative Colitis. Clin. Gastroenterol Hepatol. 2020, 18, 2244-2255.€9. [CrossRef] [PubMed]

FDA; CDER. Highlights of Prescribing Information Stelara® (Ustekinumab) Injection, for Subcutaneous or Intravenous Use Initial ULS.
Approval; FDA: Silver Spring, MD, USA, 2009. Available online: https:/ /www.accessdata.fda.gov/drugsatfda_docs/label /2016
/7610441bl.pdf (accessed on 1 July 2022).

Blok, J.L.; Li, K.; Brodmerkel, C.; Horvatovich, P; Jonkman, M.F.,; Horvath, B. Ustekinumab in hidradenitis suppurativa: Clinical
results and a search for potential biomarkers in serum. Br. J. Dermatol. 2016, 174, 839-846. [CrossRef] [PubMed]

Romani, J.; Vilarrasa, E.; Martorell, A.; Fuertes, I.; Ciudad, C.; Molina-Leyva, A. Ustekinumab with intravenous infusion: Results
in hidradenitis suppurativa. Dermatology 2020, 236, 21-24. [CrossRef] [PubMed]

FDA; CDER. Highlights of Prescribing Information Tremfya (Guselkumab) Injection, for Subcutaneous Use Initial U.S. Approval; FDA:
Silver Spring, MD, USA, 2017. Available online: https:/ /www.accessdata.fda.gov/drugsatfda_docs/label /2020/761061s0091bl.
pdf (accessed on 1 July 2022).

Kovacs, M.; Podda, M. Guselkumab in the treatment of severe hidradenitis suppurativa. J. Eur. Acad. Dermatol. Venereol. 2019, 33,
e140-e141. [CrossRef]

Kearney, N.; Byrne, N.; Kirby, B.; Hughes, R. Successful use of guselkumab in the treatment of severe hidradenitis suppurativa.
Clin. Exp. Dermatol. 2020, 45, 618-619. [CrossRef]

Jorgensen, A H.R.; Holm, ].G.; Thomsen, S.F. Guselkumab for hidradenitis suppurativa in a patient with concomitant Crohn’s
disease: Report and systematic literature review of effectiveness and safety. Clin. Case Rep. 2020, 8, 2873-2876. [CrossRef]

A Study to Evaluate the Efficacy, Safety, and Tolerability of Guselkumab for the Treatment of Participants with Moderate to Severe
Hidradenitis Suppurativa (HS). Available online: https://www.clinicaltrials.gov/ct2 /show /results /NCT03628924?view=results
(accessed on 1 July 2022).

Licata, G.; Gambardella, A.; Buononato, D.; De Rosa, A.; Calabrese, G.; Pellerone, S.; Argenziano, G. A case of moderate
hidradenitis suppurativa and psoriasis successfully treated with risankizumab. Int. ]. Dermatol. 2022, 61, e126—€129. [CrossRef]
Marques, E.; Arenberger, P.; Smetanova, A.; Gkalpakiotis, S.; Zimova, D.; Arenbergerova, M. Successful treatment of recalcitrant
hidradenitis suppurativa with risankizumab after failure of anti-tumour necrosis factor alpha. Br. J. Dermatol. 2021, 184, 966-967.
[CrossRef]

Caro, R.D.C.; Pensa, C.; Lambiase, S.; Candi, E.; Bianchi, L. Risankizumab effectiveness in a recalcitrant case of hidradenitis
suppurativa after anti-TNF and anti-interleukin-17 failures. Dermatol. Ther. 2021, 34, €15116. [CrossRef]

A Global Study Comparing Risankizumab to Placebo in Adult Participants with Moderate to Severe Hidradenitis Suppurativa.
Available online: https:/ /clinicaltrials.gov/ct2 /show /NCT03926169?term=Risankizumab&cond=Hidradenitis+Suppurativa&
draw=2&rank=1 (accessed on 1 July 2022).


http://doi.org/10.3390/biomedicines10061303
https://clinicaltrials.gov/ct2/show/NCT04901195?term=Bimekizumab&cond=Hidradenitis+Suppurativa&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04901195?term=Bimekizumab&cond=Hidradenitis+Suppurativa&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04242498?term=Bimekizumab&cond=Hidradenitis+Suppurativa&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04242498?term=Bimekizumab&cond=Hidradenitis+Suppurativa&draw=2&rank=2
http://doi.org/10.1016/j.jaad.2020.05.007
http://doi.org/10.1111/bjd.19478
http://doi.org/10.1111/ijd.14792
https://clinicaltrials.gov/ct2/show/NCT04979520?term=brodalumab&cond=Hidradenitis+Suppurativa&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04979520?term=brodalumab&cond=Hidradenitis+Suppurativa&draw=2&rank=2
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/125521s004lbl.pdf
http://doi.org/10.23736/S0392-0488.18.06135-7
http://doi.org/10.1111/dth.13756
http://doi.org/10.1016/j.jdcr.2020.12.036
http://www.ncbi.nlm.nih.gov/pubmed/33598516
http://doi.org/10.1016/j.cgh.2019.11.059
http://www.ncbi.nlm.nih.gov/pubmed/31816446
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/761044lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/761044lbl.pdf
http://doi.org/10.1111/bjd.14338
http://www.ncbi.nlm.nih.gov/pubmed/26641739
http://doi.org/10.1159/000501075
http://www.ncbi.nlm.nih.gov/pubmed/31288233
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761061s009lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761061s009lbl.pdf
http://doi.org/10.1111/jdv.15368
http://doi.org/10.1111/ced.14199
http://doi.org/10.1002/ccr3.3090
https://www.clinicaltrials.gov/ct2/show/results/NCT03628924?view=results
http://doi.org/10.1111/ijd.15704
http://doi.org/10.1111/bjd.19716
http://doi.org/10.1111/DTH.15116
https://clinicaltrials.gov/ct2/show/NCT03926169?term=Risankizumab&cond=Hidradenitis+Suppurativa&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03926169?term=Risankizumab&cond=Hidradenitis+Suppurativa&draw=2&rank=1

Int. . Mol. Sci. 2022, 23,9716 18 of 18

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Giamarellos-Bourboulis, E.; Argyropoulou, M.; Kanni, T.; Spyridopoulos, T.; Otto, I.; Zenker, O.; Guo, R.; Riedemann, N. Clinical
efficacy of complement C5a inhibition by IFX-1 in hidradenitis suppurativa: An open-label single-arm trial in patients not eligible
for adalimumab. Br. J. Dermatol. 2020, 183, 176-178. [CrossRef] [PubMed]

Efficacy and Safety Study of IFX-1 in Patients with Moderate to Severe Hidradenitis Suppurativa (HS). Available online:
https:/ /clinicaltrials.gov/ct2 /show /NCT03487276?term=Vilobelimab&cond=Hidradenitis+Suppurativa&draw=2 (accessed on
1 July 2022).

Evaluation of Safety and Efficacy of Avacopan in Subjects with Moderate to Severe Hidradenitis Suppurativa (AURORA).
Available online: https://clinicaltrials.gov/ct2 /show /NCT03852472?term=Avacopan&cond=Hidradenitis+Suppurativa&draw=
2 (accessed on 1 July 2022).

FDA; CDER. Highlights of Prescribing Information Rituxan® (rituximab) Injection, for Intravenous Use Initial U.S. Approval; FDA: Silver
Spring, MD, USA, 1997. Available online: https:/ /www.accessdata.fda.gov/drugsatfda_docs/label /2021/103705s54641bl.pdf
(accessed on 1 July 2022).

Takahashi, K.; Yanagi, T.; Kitamura, S.; Hata, H.; Imafuku, K.; Iwami, D.; Hotta, K.; Morita, K.; Shinohara, N.; Shimizu, H.
Successful treatment of hidradenitis suppurativa with rituximab for a patient with idiopathic carpotarsal osteolysis and chronic
active antibody-mediated rejection. J. Dermatol. 2018, 45, e116—e117. [CrossRef] [PubMed]

Study of Efficacy and Safety of Investigational Treatments in Patients with Moderate to Severe Hidradenitis Suppurativa.
Available online: https://clinicaltrials.gov/ct2/show /NCT03827798?term=CFZ533&cond=Hidradenitis+Suppurativa&draw=2
(accessed on 1 July 2022).

FDA; CDER. Highlights of Prescribing Information Otezla® (Apremilast) Tablets, for Oral Use Initial U.S. Approval; FDA: Silver Spring,
MD, USA, 2014. Available online: https:/ /www.pi.amgen.com/-/media/Project/ Amgen/Repository/pi-amgen-com/Otezla/
otezla_pi_english.pdf (accessed on 1 July 2022).

Weber, P.; Morteza Seyed Jafari, S.; Yawalkar, N.; Hunger, R.E. Apremilast in the treatment of moderate to severe hidradenitis
suppurativa: A case series of 9 patients. J. Am. Acad. Dermatol. 2017, 76, 1189-1191. [CrossRef]

Vossen, A.R.J.V,; van Doorn, M.B.A.; van der Zee, H.H.; Prens, E.P. Apremilast for moderate hidradenitis suppurativa: Results of
a randomized controlled trial. . Am. Acad. Dermatol. 2019, 80, 80-88. [CrossRef] [PubMed]

Aarts, P; Vossen, A.RJ.V;; van der Zee, H.H.; Prens, E.P; van Straalen, K.R. Long-term treatment with apremilast in hidradenitis
suppurativa: A 2-year follow-up of initial responders. J. Am. Acad. Dermatol. 2021, 85, 258-260. [CrossRef]

Di Caprio, R; Balato, A.; Caiazzo, G.; Lembo, S.; Raimondo, A.; Fabbrocini, G.; Monfrecola, G. IL-36 cytokines are increased in
acne and hidradenitis suppurativa. Arch. Dermatol. Res. 2017, 309, 673—678. [CrossRef]

A Study to Test Whether Spesolimab Helps People with a Skin Disease Called Hidradenitis Suppurativa. Available online: https:
/ /clinicaltrials.gov /ct2 /show /NCT04762277?term=spesolimab&cond=Hidradenitis+Suppurativa&draw=2&rank=1 (accessed
on 1 July 2022).

A Study Investigating Long-Term Treatment with Spesolimab in People with a Skin Disease Called Hidradenitis Suppurativa Who
Completed a Previous Clinical Trial. Available online: https://clinicaltrials.gov/ct2/show /NCT04876391?term=spesolimabé&
cond=Hidradenitis+Suppurativa&draw=2&rank=2 (accessed on 1 July 2022).

A Study to Evaluate the Efficacy and Safety of Imsidolimab (ANB019) in the Treatment of Subjects With Hidradenitis Suppurativa.
Available online: https:/ /clinicaltrials.gov/ct2 /show /NCT04856930?term=Imsidolimab&cond=Hidradenitis+Suppurativa&
draw=2&rank=1 (accessed on 1 July 2022).

Alavi, A.; Hamzavi, L; Brown, K,; Santos, L.L.; Zhu, Z; Liu, H.; Howell, M.D,; Kirby, J.S. Janus kinase 1 inhibitor INCB054707 for
patients with moderate-to-severe hidradenitis suppurativa: Results from two phase II studies. Br. J. Dermatol. 2022, 186, 803-813.
[CrossRef] [PubMed]

To Assess the Efficacy and Safety of INCB054707 in Participants with Hidradenitis Suppurativa. Available online: https:
/ /clinicaltrials.gov/ct2 /show /NCT04476043?term=INCB054707 &cond=Hidradenitis+Suppurativa&draw=2&rank=3 (accessed
on 1 July 2022).

Mori, T.; Miyamoto, T.; Yoshida, H.; Asakawa, M.; Kawasumi, M.; Kobayashi, T.; Morioka, H.; Chiba, K.; Toyama, Y.; Yoshimura, A.
IL-1p and TNFa-initiated IL-6-STAT3 pathway is critical in mediating inflammatory cytokines and RANKL expression in
inflammatory arthritis. Int. Immunol. 2011, 23, 701-712. [CrossRef] [PubMed]

Savage, K.T.; Santillan, M.R.; Flood, K.S.; Charrow, A.; Porter, M.L.; Kimball, A.B. Tofacitinib shows benefit in conjunction with
other therapies in recalcitrant hidradenitis suppurativa patients. JAAD Case Rep. 2020, 6, 99-102. [CrossRef] [PubMed]

A Study of Oral Upadacitinib Tablet Compared to Placebo in Adult Participants With Moderate to Severe Hidradenitis Suppurativa
to Assess Change in Disease Symptoms. Available online: https:/ /clinicaltrials.gov/ct2/show/NCT04430855 (accessed on
1 July 2022).

Nasser, M.W.; Raghuwanshi, S.K.; Grant, D.J.; Jala, V.R,; Rajarathnam, K.; Richardson, R.M. Differential activation and regulation
of CXCR1 and CXCR2 by CXCL8 monomer and dimer. J. Immunol. 2009, 183, 3425-3432. [CrossRef]

A Study of LY3041658 in Adults With Hidradenitis Suppurativa. Available online: https://clinicaltrials.gov/ct2 /show /NCT044
93502?term=LY3041658&cond=Hidradenitis+Suppurativa&draw=2&rank=1 (accessed on 1 July 2022).


http://doi.org/10.1111/bjd.18877
http://www.ncbi.nlm.nih.gov/pubmed/31954061
https://clinicaltrials.gov/ct2/show/NCT03487276?term=Vilobelimab&cond=Hidradenitis+Suppurativa&draw=2
https://clinicaltrials.gov/ct2/show/NCT03852472?term=Avacopan&cond=Hidradenitis+Suppurativa&draw=2
https://clinicaltrials.gov/ct2/show/NCT03852472?term=Avacopan&cond=Hidradenitis+Suppurativa&draw=2
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/103705s5464lbl.pdf
http://doi.org/10.1111/1346-8138.14144
http://www.ncbi.nlm.nih.gov/pubmed/29168221
https://clinicaltrials.gov/ct2/show/NCT03827798?term=CFZ533&cond=Hidradenitis+Suppurativa&draw=2
https://www.pi.amgen.com/-/media/Project/Amgen/Repository/pi-amgen-com/Otezla/otezla_pi_english.pdf
https://www.pi.amgen.com/-/media/Project/Amgen/Repository/pi-amgen-com/Otezla/otezla_pi_english.pdf
http://doi.org/10.1016/j.jaad.2017.02.026
http://doi.org/10.1016/j.jaad.2018.06.046
http://www.ncbi.nlm.nih.gov/pubmed/30482392
http://doi.org/10.1016/j.jaad.2020.08.113
http://doi.org/10.1007/s00403-017-1769-5
https://clinicaltrials.gov/ct2/show/NCT04762277?term=spesolimab&cond=Hidradenitis+Suppurativa&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04762277?term=spesolimab&cond=Hidradenitis+Suppurativa&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04876391?term=spesolimab&cond=Hidradenitis+Suppurativa&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04876391?term=spesolimab&cond=Hidradenitis+Suppurativa&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04856930?term=Imsidolimab&cond=Hidradenitis+Suppurativa&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04856930?term=Imsidolimab&cond=Hidradenitis+Suppurativa&draw=2&rank=1
http://doi.org/10.1111/bjd.20969
http://www.ncbi.nlm.nih.gov/pubmed/34978076
https://clinicaltrials.gov/ct2/show/NCT04476043?term=INCB054707&cond=Hidradenitis+Suppurativa&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04476043?term=INCB054707&cond=Hidradenitis+Suppurativa&draw=2&rank=3
http://doi.org/10.1093/intimm/dxr077
http://www.ncbi.nlm.nih.gov/pubmed/21937456
http://doi.org/10.1016/j.jdcr.2019.10.010
http://www.ncbi.nlm.nih.gov/pubmed/31993474
https://clinicaltrials.gov/ct2/show/NCT04430855
http://doi.org/10.4049/jimmunol.0900305
https://clinicaltrials.gov/ct2/show/NCT04493502?term=LY3041658&cond=Hidradenitis+Suppurativa&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04493502?term=LY3041658&cond=Hidradenitis+Suppurativa&draw=2&rank=1

	Introduction 
	Pathogenesis 
	Treatment 
	TNF- Inhibitors 
	Adalimumab 
	Infliximab 
	Etanercept 
	Golimumab 
	Certolizumab 

	IL-1 Inhibitors 
	Anakinra 
	Bermekimab 
	Canakinumab 

	IL-17 Inhibitors 
	Secukinumab 
	Bimekizumab 
	Brodalumab 
	Ixekizumab 

	IL-12/23 Inhibitors 
	IL-23 Inhibitors 
	Guselkumab 
	Risankizumab 

	Complement C5a Inhibitors 
	Vilobelimab 
	Avacopan 

	CD20 Inhibitor 
	CD40 Inhibitor 
	Phosphodiesterase-4 (PDE-4) Inhibitor 
	Anti-IL-36 Agents 
	Spesolimab 
	Imsidolimab 

	Leukotriene A4 (LTA4) Inhibitor 
	Janus Kinase (JAK) Inhibitors 
	INCB054707 
	Tofacitinib 
	Upadacitinib 

	CXC Receptors (CXCR1 and CXCR2) 

	Material and Methods 
	Conclusions 
	References

