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Hidradenitis suppurativa (HS), also known as acne inversa (Al), is a chronic, recurrent, debilitating skin disease thought to
involve occlusion of the hair follicle at the pilosebaceous unit (PSU) such as axillary, inguinal, and anogenital regions.
Clinically, HS manifests as painful inflammatory nodules, abscesses, and interconnected tunnels emitting malodorous
discharge and results in disfiguring scarring that has a considerable impact on a patient’s quality of life.
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| 1. Anti-TNF-a Therapy

Currently, there are some TNF-a inhibitors for hidradenitis suppurativa.

In 2015, the FDA approved the first biotechnology drug for HS: adalimumab. It is a fully human recombinant anti-TNF-a
immunoglobulin (Ig) G1 monoclonal antibody that binds and neutralizes sTNF-a and tmTNF-a to inhibit the inflammatory
cascade leading to HS skin lesions W[, The administration of adalimumab involves an initial subcutaneous dose of 160
mg, followed by an 80 mg dose after 2 weeks, and subsequently, a maintenance dose of 40 mg weekly Bl Although
substantial evidence supports its efficacy and safety 4, patients who are younger than four years old and weigh less than
15 kg are not advised to use it due to there being no adequate study about its safety for this group.

Infliximab is a chimeric IgG monoclonal antibody protein derived from recombinant DNA, incorporating components from
both murine and human sources. Despite its off-label use to treat HS, it targets TNF-a and also has presumed efficacy 2.
For patients who received an initial dose of 7.5 mg/kg followed by a maintenance frequency every 4 weeks, 47.6% at
week 4 and 70.8% at week 12 achieved a clinical response. If those patients have an incomplete initial response, the
dosage escalates to 10 mg/kg, which can achieve a clinical response of 37.5% at week 4 and 50% at week 12 (&,

Etanercept, an FDA-approved anti-inflammatory agent for several autoimmune diseases, is a fusion protein consisting of
the p75-Fc region of the human TNF-a receptor. It functions by competitively attaching to membrane-bound TNF-a
receptors 4. Although some small case series and an open-label phase Il trial illustrated the efficacy of etanercept in early
improvement of disease activity and local pain when given 50 mg once a week subcutaneously EIRIL9 it fajled to show
any benefit in other clinical trials 111, So far, there is no adequate evidence to support the benefit and optimal dosage of
etanercept in HS.

Certolizumab is a recombinant humanized 1gG4 that contains only polyethylene glycol antigen-binding fragments. Without
a fragment-crystallizable region, this agent cannot pass through the placenta [, indicating that usage on pregnant
individuals is relatively acceptable. Six case reports demonstrated the effectiveness of certolizumab in treating HS
patients in which certolizumab was given 200 or 400 mg every other week 22, However, it is not yet sanctioned for
treating HS. The effectiveness and safety of certolizumab for HS treatment remain inadequately established, warranting
further exploration through larger-scale trials.

Regarding golimumab, another monoclonal anti-TNF-a antibody that binds both forms of TNF-q, it has been under study
for its efficacy and safety in treating patients with HS. One case report demonstrated that a patient received a
subcutaneous dose of 200 mg, followed by 100 mg subcutaneously every 4 weeks, combined with antibiotic therapy,
resulting in the disappearance of HS lesions with no recurrence 22! In another case, a dosage of 50 mg subcutaneously
once a month for 8 months showed no benefits in improving the disease 4. This suggests that more research is needed
to confirm the effectiveness of this drug in HS treatment, and a higher dosage might be necessary for the treatment of HS.



| 2. Anti-IL-17 Therapy

Secukinumab is a fully human monoclonal antibody designed to specifically target IL-17A. It functions by inhibiting the
binding of IL-17A with IL-17R, consequently impeding keratinocyte hyperproliferation and T-cell infiltration and thus
attenuating the immune response. Though currently used off-label for HS @, two phase 3 trials, SUNRISE and
SUNSHINE, showed its efficacy in patients with moderate-to-severe HS. It is effective at rapidly improving clinical
presentation with a favorable safety profile when given as a subcutaneous dosage 300 mg every 2 weeks 131,

Instead of targeting cytokines, brodalumab is a fully human monoclonal IgG2 antibody that inhibits the function of IL-17 by
directly binding to its receptor, IL-17RA 181, By acting as an antagonist, it inhibits interactions with cytokines and is thus
explored as an off-label therapy for HS. An open-label cohort study administered brodalumab to ten patients with a dose
of 210 mg/1.5 mL subcutaneously at weeks 0, 1, and 2 and every 2 weeks until week 24. All of the ten patients achieved
hidradenitis suppurativa clinical response (HiSCR) with no serious adverse effects 4.

Unlike secukinumab, which targets IL-17A only, bimekizumab, an IgG1 monoclonal antibody, is created to inhibit both IL-
17A and IL-17F driving inflammatory processes 18, The data of BE HEARD | and BE HEARD Il phase 3 studies were
presented recently by UCB, a biopharmaceutical company, revealing that bimekizumab achieved substantial and clinically
significant responses in patients with HS. Over 55% of patients achieved HiISCR50 by week 16. Until week 48, over 60%
of patients attained HISCR75, and around 30% reached HISCR100.

Ixekizumab has emerged as a prominent subject in recent studies exploring its efficacy in treating HS. As a monoclonal
antibody belonging to the 1gG4 class, it has been humanized to target and neutralize both soluble IL-17A and IL-17 A/F
(191 presently, several case reports highlight its effectiveness. Patients in these studies received a dosage of 60 mg
initially, followed by 80 mg at weeks 2, 4, 6, 8, 10, and 12. In one of the reports, 80% of patients achieved HiSCR at week
12 [29, Additional case reports also demonstrated a substantial improvement in the disease, suggesting that ixekizumab
holds promise as a potential therapeutic agent for HS. However, further research is imperative to validate these findings.

Also, two novel nanobody drugs, sonelokimab and izokibep, are in phase Il clinical trials to evaluate their efficacy in
patients with moderate to severe HS [21],

| 3. Anti-IL-1 Therapy

Anakinra, a recombinant human IL-1Ra, acts as a receptor antagonist by competitively suppressing the binding of both IL-
la and IL-1P to their receptors 29, |t is primarily employed in the treatment of rheumatoid arthritis. Two studies have
investigated its impact on HS patients. In an open-label study, six patients underwent anakinra therapy, resulting in a
significant mean decrease in their modified Sartorius score at week 8 among five patients 22, Another double-blind,
randomized clinical trial involved 20 patients divided into two groups: one was prescribed a subcutaneous 100 mg dose of
anakinra, and the other received a placebo once daily. Following a 12-week follow-up, 78% of patients receiving anakinra
showed a reduction in disease activity scores compared to 20% in the placebo group. Additionally, there was a decrease
in the production of interferon-y and an increase in the production of interleukin 22 28, These findings indicate that
anakinra holds promise as a therapeutic agent beneficial to HS patients.

Canakinumab, a human monoclonal antibody specified for the blockage of IL-1[3 signal, has obtained approval from the
US FDA for treating familial cold auto-inflammatory syndrome and Muckle-Wells syndrome. Numerous clinical studies
have established its potential therapeutic benefits in conditions such as rheumatoid arthritis, systemic-onset juvenile
idiopathic arthritis, and gout arthritis 24, However, as of now, the evidence supporting its effectiveness in HS patients is
limited to case reports and series, where it was administered as a 150 mg subcutaneously dose once a week. Further
research is required to thoroughly investigate and confirm its efficacy in the context of HS treatment.

As IL-1a and IL-1B share similar physiological functions, biopharmaceuticals targeting IL-1a have been off-labeled and
used for HS. A phase Il open-label study of bermekimab indicated its safety and efficacy in patients with moderate-to-
severe HS. Bermekimab is a true human monoclonal antibody that has a high affinity with IL-1a. It was administered
subcutaneously at a dose of 400 mg per week for 13 weeks to two groups of patients with naive or failed anti-TNF therapy
previously. After 12 weeks of treatment, 61% and 63% of the two groups, respectively, achieved HiSCR. Significant
reductions in abscesses and inflammatory nodules, as well as in patients experiencing pain, were seen in both groups,
with the only adverse effect being injection site reactions 22,



| 4. Anti-IL-12/23 Therapy and Anti-IL-23 Therapy

Ustekinumab is a human monoclonal IgG1 antibody employed for the management and treatment of various inflammatory
conditions. This antagonist blocks the p40 subunit of IL-12 and IL-23, thus suppressing the interaction of these cytokines
with the IL-12RB1 receptor on the surface of natural killer cells and T cells. In doing so, ustekinumab can result in
downregulation of the immune system [281. A case series enrolled ten patients to evaluate the therapeutic outcomes of
ustekinumab. Improvements in the Physician Global Assessment Score and Numerical Pain Rating Scale were observed
in 70% and 80% of patients, respectively, with no severe adverse effects reported 7.

Guselkumab is a human IgG1A monoclonal antibody that selectively targets the p19 subunit of IL-23, thus blocking the IL-
23-mediated signaling pathway [28. A phase lla trial was carried out for patients with moderate-to-severe HS 22, Twenty
patients were subcutaneously administered guselkumab 200 mg every 4 weeks for 16 weeks. A total of 65% of patients
achieved HiSCR at the end of the trial, with a statistically significant decrease in the median international hidradenitis
suppurativa severity score system (IHS4) score. However, a lower HiSCR response of 45-50.8% was reported in another
phase Ilb NOVA trial, indicating that guselkumab seems only to be beneficial to a minor group of HS patients 29,

Risankizumab, another humanized IgG1 monoclonal antibody that impedes immune signaling by targeting the p19 subunit
of IL-23 B9 was investigated for its efficacy and safety in patients with moderate-to-severe HS. A phase |l trial allocated
patients randomly to receive risankizumab 180 mg, risankizumab 360 mg, or placebo subcutaneously. HISCR was
achieved by 46.8%, 43.4%, and 41.5% at week 16, respectively, indicating that risankizumab does not appear to be an
effective treatment for moderate-to-severe HS 211,

| 5. Janus Kinase Inhibitors

As the JAK pathway plays a crucial role in the pathophysiology of HS, the blockade of this pathway is considered to offer
a novel treatment option for HS. INCB054707 is an example that has undergone two clinical trials to assess its efficacy
and safety in the treatment of HS. In these trials, 10, 9, 9, 8, and 9 patients who received INCB054707 at doses of 15, 30,
60, 90 mg, or placebo, respectively, once daily, achieved HiSCR at rates of 43%, 56%, 56%, 88%, and 57% at week 8.
Although improvement in life quality, IHS4, and skin pain was observed, several patients experienced treatment-emergent
side effects, including upper respiratory tract infection and thrombocytopenia 22,

Tofacitinib and upadacitinib are two additional JAK inhibitors, and a case report highlights the potential benefits of
tofacitinib in HS. In this research, two patients received a dosage of 5 mg twice daily in conjunction with other
medications, such as antibiotics and immunosuppressants 23, Moreover, an ongoing phase |l trial, including 68 patients,
is currently assessing the efficacy of upadacitinib in treating individuals with moderate to severe HS. Prescribed doses
include upadacitinib 30 mg orally or a placebo, followed by upadacitinib 15 mg. The primary outcome is the percentage of
participants achieving HISCR at Week 12.

Furthermore, various drugs are currently undergoing clinical trials for HS treatment, including PF 06650833, PF
06700841, PF 06826647, PF-06650833, brepocitinib, ropsacitinib, and KT-474 191,

The current and potential therapeutic agents and their targeting immune mediators are summarized in Figure 1.
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Figure 1. Immunopathogenesis and therapeutic agents targeting immune mediators in hidradenitis suppurativa. Upon
APCs sensing pathogens, tmTNF-a and sTNF-a were secreted, and both bound to TNFR1 to facilitate apoptosis,
necroptosis, and inflammation reactions. tmTNF-a will also bind to TNFR2 to play a role in regulation of cell activation,
migration, and proliferation. Adalimumab, certolizumab, golimumab, and infliximab bind and neutralize sTNF-a and
tmTNF-q, thus inhibiting the inflammatory cascade. IL-1( is initially produced as a precursor and then cleaved by NLR3 to
become a mature form. Mature IL-13 binds IL-1R1 with co-receptor IL-1IRAcP to promote keratinocyte proliferation.
Anakinra inhibits both IL-1a and IL-13, whereas sonelokimab targets IL-1(3, and bermekimab targets IL-1a specifically to
use off-label for HS. APCs release IL-12 for the differentiation of naive T cells into Thl and IL-6 for the differentiation of
naive T cells into Th17 cells. Th17 cells produce IL-23, which promotes the production of IL-17. IL-17 binds to its receptor,
contributing to the proliferation of keratinocytes. Sekukinumab, bimekizumab, izokibep, sonelokimab, ixekizumab, and
brodalumab are biologic agents that block IL-17 pathway and thus have been explored as off-label treatments for HS.
Ustekinumab is an antagonist that blocks both IL-12 and IL-23 to result in the downregulation of immune system.
Guselkumab and risankizumab bind selectively to IL-23 only. Three biologics act as JAK inhibitors: tofacitinib,
upadacitinib, and TNCB054707.
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