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Abstract Hidradenitis suppurativa (HS) is a chronic

inflammatory skin disease characterized by recurrent

inflammatory nodules mostly located in the armpits and

groin. Over the years multiple treatments for HS have been

proposed; however, to date a cure is still lacking. In this

update we provide an overview of most drug treatments

reported on for HS, where possible with their mode of

action and side effects. In mild cases, clindamycin lotion or

resorcinol cream have proven effective. Tetracyclines are a

first-line systemic option in more widespread or severe

cases, followed by the combination of clindamycin and

rifampicin. However, the recurrence rate is high after dis-

continuation of clindamycin plus rifampicin combination

therapy. Long-term treatment with retinoids, especially

acitretin is feasible, although teratogenicity has to be taken

into account in females of reproductive age. Multiple anti-

inflammatory drugs have been suggested for HS, such as

dapsone, fumarates or cyclosporine. However, their effec-

tiveness in HS is based on small case series with varying

results. If most common treatments have failed, biologics

(e.g., infliximab or adalimumab) are the next step.

Although not addressed in this review, surgical interven-

tions are often needed to achieve remission.

Key Points

Hidradenitis suppurativa (HS) is a chronic

inflammatory skin disease without a cure.

Antibiotics (topical or oral) are often the first

treatment option for HS.

In cases of more extensive or therapy-resistant HS,

biologicals (e.g., infliximab or adalimumab) are a

good therapeutic option.

1 Introduction

Hidradenitis suppurativa (HS), also known as acne inversa,

is a chronic, recurrent inflammatory skin disease [1, 2]. The

diagnosis is based on the clinical presentation. Patients

present with comedones, inflamed or non-inflamed nod-

ules, and abscesses, often followed by sinus tract forma-

tion, and scarring. These lesions are generally present in

the axillary, inguinal, pubic, and gluteal area, and the infra-

mammary area in female patients. To make the diagnosis,

these painful or purulent nodules have to occur at least

twice in six months [3]. The disease usually develops after

puberty, when patients are in their early twenties. However,

although rare, HS can also develop in children [4, 5]. The

disease has a prevalence ranging from 0.05 to 4 %, and

females are more often affected than males, with a female

to male ratio of 3:1 [6–8]. Disease severity can be assessed

using different severity scores. The oldest and still most

commonly used severity assessment is the Hurley score

(Table 1; Fig. 1) [2, 9]. It is easy to use, but static and
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therefore less suitable for monitoring treatment efficacy.

The modified Sartorius score is more dynamic. It is based

on the number of areas involved and the number of nod-

ules, fistulas, and hypertrophic scars [10, 11]. However,

because of its comprehensiveness, it is time consuming,

making it less suitable for daily practice. The hidradenitis

suppurativa physician global assessment (HS-PGA) score

is suitable for observing change during treatment and is

easy to use and validated [3, 12], therefore it is frequently

used at present (Table 2).

The pathogenesis of HS is still not fully understood. The

primary event is thought to be infundibular hyperkeratosis

and hyperplasia of the follicular epithelium causing

occlusion of hair follicles [13, 14]. This leads to accumu-

lation of cellular debris and cyst formation, and eventually

rupture of the hair follicle causing abscess formation and

the development of sinus tracts and scarring [15, 16]. The

role of an aberrant immune response gets more attention in

the pathogenesis of HS. Elevated levels of interleukin (IL)-

1b, IL-10, and tumor necrosis factor alpha (TNF-a) have

been found in lesional and perilesional skin [17]. Also

overexpression of macrophages producing IL-12 and IL-

23, and IL-17-producing cells were found in lesional HS

skin [18]. These results were recently confirmed by Kelly

et al. [19]. They also demonstrated activated caspase-1 in

HS skin, which is associated with IL-1b and IL-18 pro-

duction. These results suggest that the IL-23/Th17 and the

caspase-1 pathways play an important role in the patho-

genesis of HS [17–19].

To date, there is no medical cure for HS, and multiple

treatments have been suggested for HS. Often a combina-

tion of drug treatment and surgical intervention is needed

to achieve remission. Recently the European Guidelines for

the treatment of HS have been published [3], giving advice

on the therapeutic steps to be taken in the treatment of HS.

In this comprehensive review we will give an overview of

most HS drug treatments with their mode of action. The

commonly used antibiotics and biologics will be discussed,

as will a few more experimental and future therapeutic

options.

2 Topical Treatments

For mild HS, where only comedones, papules, pustules, or

inflammatory nodules are present, topical treatment, toge-

ther with lifestyle advice, are often sufficient. The best

results are achieved when a combination of a peeling

cream, to resolve and prevent follicular blockage, is given

with a local antibiotic, as a topical anti-inflammatory agent

and to prevent secondary infection.

2.1 Topical Clindamycin

Topical clindamycin is a simple and widely used treatment

for HS [20]. Daily topical application of clindamycin 1 %

proved more effective than placebo in a small double-blind

study of patients with Hurley stage I and mild stage II HS.

Table 1 Hurley’s classification for clinical staging of disease severity in hidradenitis suppurativa [2, 9]

Stage Description

I Abscess formation, single or multiple, without sinus tracts and cicatrization

II Recurrent abscesses with tract formation and cicatrization. Single or multiple separated lesions

III Multiple interconnected tracts and abscesses throughout an entire anatomic area

Fig. 1 Clinical presentation of the three stages of disease severity of hidradenitis suppurativa according to Hurley [2, 9]
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After 3 months of clindamycin application a significant

reduction in pustules, inflammatory nodules, and abscesses

was observed. The only side effect was a slight burning

sensation after application [21]. For solitary nodules,

clindamycin is an effective, safe, and low-cost option.

2.2 Resorcinol Cream

In our center resorcinol cream is commonly used. It has a

peeling effect on the skin, due to its keratolytic properties

at higher concentrations. It is hypothesized that it targets

the follicular keratin plug, which is considered be a pri-

mary event in the pathogenesis of HS [13, 14, 22]. In

addition, it also has an antiseptic effect. The effectiveness

of resorcinol 10–15 % has been described in a small study

of 12 patients. After daily application, patients reported a

decrease in pain and a reduction in the number of days the

nodules and abscesses persisted [23]. In our clinical

experience, resorcinol effectively prevents new inflamma-

tory lesions by reducing follicular occlusion and it also

helps to resolve active nodules faster. However, patients

should be warned that resorcinol should be applied to

limited skin areas to prevent systemic exposure due to

absorption, and that it can have a discoloring effect on their

skin and cloths. In addition, due to insufficient data, the use

of resorcinol should be avoided during pregnancy [22, 23].

2.3 Other Topical Agents

Topical antiseptics, such as iodine scrubs or chlorhexidine,

are widely used for HS [20]. They can be effective by

preventing secondary bacterial infection of lesions. How-

ever, their efficacy in HS has never properly been

investigated.

Azelaic acid is registered for mild acne. In vitro it has

been shown to have antifungal and bacteriostatic proper-

ties, and to inhibit keratinocyte proliferation [22, 24]. It is

suggested that azelaic acid can have preventive properties

in HS; however, this is based on clinical experience and no

studies are available on its use in HS [22]. Nothing is

known about the efficacy or usefulness in HS of topical

agents such as salicylic acid, tretinoin, adapalene, and

benzoyl peroxide, which form the basis of treatment for

acne vulgaris.

3 Systemic Antibiotics

Even though bacterial infections are not primarily involved

in the early phase of the pathogenesis of HS, antibiotics are

the treatment of first choice [3]. Cultures of HS lesions are

often sterile or show common skin flora [3, 25, 26]. Most

commonly found bacteria are coagulase-negative staphy-

lococci (CoNS), Staphylococcus aureus, and strains of the

intestinal flora such as Proteus mirabilis, Enterococcus

faecalis, or Escherichia coli [26–31]. S. aureus is mostly

cultured from chronic suppurative lesions, suggesting that

it is not pathogenic in HS, but mostly a superinfection of

already existing lesions [27, 30]. CoNS are more often

found in deep lesions. In addition, it has recently been

shown that Staphylococcus lugdunesis was often found in

Hurley stage I lesions, whereas in Hurley stage II or III

more often a mixed group of anaerobic flora can be found,

including strict anaerobes, anaerobic actinomycetes, and

streptococci of the milleri group [32]. However, antibiotics

are also thought to be effective because of their anti-in-

flammatory properties, and in addition by treating or pre-

venting superinfections. In mild cases long-term antibiotics

can lead to total remission (Table 3). However, when fis-

tulas, scars, or fibrosis are present, antibiotics are rarely

curative, but they can reduce the amount of inflammation

and improve conditions for surgery.

3.1 Tetracyclines

Antibiotics from the tetracycline group are the first-line

systemic treatment for HS [20, 29, 33]. Tetracyclines are

broad-spectrum antibiotics and act by inhibition of bacte-

rial protein synthesis through reversible binding to the 30S

ribosomal subunit [34]. In addition, tetracyclines have

multiple non-antibiotic properties. They act in an anti-in-

flammatory fashion by suppressing chemotaxis and

Table 2 Physician’s global assessment scale of hidradenitis suppurativaa

Clear No inflammatory or non-inflammatory nodules

Minimal Only non-inflammatory nodules

Mild Less than five inflammatory nodules; or only one abscess or draining fistula present

Moderate Five or more inflammatory nodules; or one abscess or draining fistula and at least one inflammatory nodule; or

two to five abscesses or draining fistulas an less than ten inflammatory nodules

Severe Two to five abscesses or draining fistulas and ten or more inflammatory nodules

Very severe More than five abscesses or draining fistulas

a Adjusted physician’s global assessment scale for hidradenitis suppurativa [3, 12]
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neutrophil migration, inhibiting the expression of nitric

oxide synthase, downregulating pro-inflammatory cytoki-

nes such as TNF-a and IL-1b, and upregulating the anti-

inflammatory cytokine IL-10 [34–36]. Furthermore, they

can inhibit angiogenesis [35], which is a common process

in HS inflammation.

Because of these anti-inflammatory properties and a

mild side-effect profile, tetracyclines are useful for long-

term treatment and stabilization of HS [29, 33]. However,

they are less effective in treating or preventing exacerba-

tions of HS. Matusiak et al. [29] cultured the bacteria

isolated from HS patients and found that 64 % of the iso-

lated strains were resistant for tetracyclines. In addition, in

a randomized double-blind controlled trial, topical clin-

damycin 1 % lotion was shown to be as effective as sys-

temic tetracycline 500 mg twice daily in terms of number

of nodules and abscesses and patient pain score [37].

Although no studies are available on the effectiveness of

doxycycline or minocycline in HS, we believe that they can

be very effective in mild HS when given for several

months.

Common side effects of tetracyclines are photosensi-

tivity, gastrointestinal complaints, and irreversible dental

staining in children [36, 38]. Tetracyclines should not be

taken together with iron supplements, antacids, or milk,

because together they can form insoluble complexes in the

intestine, and reduce their absorption. In addition, the use

of tetracyclines during pregnancy is contraindicated

because of the risk of intrauterine dental staining and

hepatic necrosis in pregnant women [39].

3.2 Clindamycin and Rifampicin Combination

Therapy

Most studies on antibiotics in HS have been published on

the combination therapy of clindamycin and rifampicin.

Clindamycin is produced by substituting chlorine to the

hydroxyl group of lincomycin, an antibiotic isolated from a

strain of Streptomyces lincolnesis in the early 1960s [40].

Clindamycin is a broad-spectrum antibiotic, and is effec-

tive against Gram-positive bacteria and strains of Staphy-

lococcus aureus, with the exception of Streptococcus

faecalis. However, most aerobic Gram-negative bacteria

are resistant to clindamycin [40]. Clindamycin binds to the

50S ribosomal subunit leading to inhibition of the bacterial

protein synthesis. Besides its bacteriostatic effects, clin-

damycin has marked immune-enhancing properties. It

enhances chemotaxis and phagocytosis, and increases TNF

and IL-6 release [41, 42].

Rifampicin is a chemically modified version of rifa-

mycin, a natural metabolite of Nocardia mediterranei, and

is active against Gram-positive cocci (including Staphylo-

coccus aureus), Gram-negative cocci and bacilli, and most

anaerobes. Its bactericidal action is by inhibition of bac-

terial DNA-dependent RNA polymerase, and is effective at

extremely low concentrations and penetrates well into

Table 3 An overview of articles published on systemic antibiotics for hidradenitis suppurativa

na Dose and duration Outcome

Tetracyclines

Jemec and Wendelboe [37] 24 Tetracycline 500 mg bd, 3 months Reduction in physician’s and patient’s overall
evaluation, soreness, and abscesses. No data on
number of responders. No difference in results
compared with clindamycin 1 % lotion

Clindamycin and rifampicin

Mendonça and Griffiths [46] 14 Clindamycin 300 mg bd, rifampicin 300 mg bd,
10 weeks

Eight showed complete remission, two switched
from clindamycin to minocycline, and four
stopped because of side effects

Gener et al. [47] 70b Clindamycin 300 mg bd, rifampicin 600 g qd,
10 weeks

Eight showed complete response, 51 partial
response, and three no response or worsening.
Eight stopped because of side effects

Van der Zee et al. [48] 34 Different dose schemes and treatment durations Sixteen showed complete remission, 12 partial
remission, and no response in six patients

Bettoli et al. [49] 23 Clindamycin 600 mg qd, rifampicin 600 mg qd,
10 weeks

Seventeen showed response (reduction of 25 % in
Sartorius score). No response in three patients.
Three stopped because of side effects or personal
reasons

Rifampicin, moxifloxacin, and metronidazole

Join-Lambert et al. [54] 28 Rifampicin 10 mg/kg qd, moxifloxacin 400 mg qd,
metronidazole 500 mg tid, minimum 6 weeks

Sixteen showed complete remission, and 12 partial
remission

n Number of patients treated, qd once daily, bd twice per day, tid three times per day
a Number of patients treated with systemic antibiotics with their treatment outcome
b 116 patients were treated, but no data are available on the effectiveness in 46 patients
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many body tissues [43]. Rifampicin also has mild

immunosuppressive properties, which is not unexpected

since it is structurally related to the clear immunosup-

pressive macrolides such as tacrolimus and rapamycin. It

suppresses T-cell function and in vitro it was shown to

reduce lymphocyte transformation [44]. In vitro, rifampicin

has also been shown to inhibit IL-1b and TNF-a secretion,

whereas IL-6 and IL-10 secretion was significantly

increased in rifampicin-treated mononuclear cells [45].

For HS the most common regimen is clindamycin

300 mg twice daily, and rifampicin 600 mg once daily or

300 mg twice daily, for a period of 10 weeks. To date, four

studies have been published in which a total of 187 patients

were treated [46–49]. However, since in these studies dif-

ferent doses and different outcome variables were used to

assess efficacy (Table 3), it is difficult to compare or group

these studies. In three retrospective studies, 164 patients

were treated of whom 88 patients completed a 10-week

course of clindamycin 300 mg twice daily, and rifampicin

600 mg once daily or 300 mg twice daily [46–48]. Twenty-

one patients could not complete the treatment period

because of side effects, mostly diarrhea and nausea. No

data were available for the 55 patients regarding the effi-

cacy after 10 weeks, or different dosage regimens were

used. Of the 88 patients, 25 had a complete remission

(28.4 %) and another 57 showed a partial response

(64.8 %). In only six patients was the treatment either not

effective or worsening was observed (6.8 %). However,

relapse rates of up to 61.5 % have been reported after

discontinuation of the therapy [46–48]. In the only

prospective study available to date, 20 of 23 patients

completed the 10-week treatment course, and of these 17

had a reduction of 25 % in the Sartorius score. One patient

stopped prematurely because of gastrointestinal side effects

[49].

It has been suggested that clindamycin and rifampicin

have a synergistic bactericidal effect on S. aureus in vivo

[50]. Some studies have shown that the serum concentra-

tion of clindamycin is dramatically reduced, up to even

82 % of the peak concentration, when given together with

rifampicin [51–53]. Rifampicin is a potent inducer of

cytochrome p450, whereas clindamycin is metabolized

through a member of the cytochrome P450 system, namely

CYP3A4. This might explain the low serum levels of

clindamycin. In addition, when both are taken orally,

rifampicin may reduce the hepatic first-pass effect of

clindamycin, further reducing the bioavailability of clin-

damycin [51].

Most common side effects of clindamycin as well as of

rifampicin are gastrointestinal complaints, such as nausea,

vomiting, and diarrhea [40, 44]. In addition rifampicin can

cause a red/orange discoloration to urine, sputum, and

tears, and can permanently discolor soft contact lenses

[44]. Clindamycin is considered relatively safe for use

during pregnancy, since it is unlikely that children of

women treated with clindamycin during pregnancy have a

high risk of congenital anomalies [39]. However, for

rifampicin insufficient data are available on use during

pregnancy and therefore its use in these situations should

be avoided [39]. Because rifampicin interferes with the

metabolism of oral contraceptives, female patients should

use extra birth control measures [44].

3.3 Rifampicin, Moxifloxacin, and Metronidazole

Triple Therapy

For severe or therapy-resistant patients, the combination of

rifampicin, moxifloxacin, and metronidazole is an alter-

native therapeutic option [54]. Metronidazole was origi-

nally intended as an antiprotozoal agent that later proved

very effective for Gram-negative anaerobic bacteria. In the

presence of bacteria, it forms a redox intermediate

metabolite causing DNA strand breakage, repair inhibition,

and ultimately disrupted transcription and cell death [55].

In addition, it has immunosuppressive properties. Metron-

idazole can decrease the levels of IL-1b, IL-6, IL-8, IL-12,

interferon (INF)-c, and TNF-a. It also has anti-inflamma-

tory effects by blocking the migration of leukocytes from

blood into the tissues [56]. Moxifloxacin is an extended-

spectrum fluoroquinolone that inhibits bacterial DNA

topoisomerases, influencing the replication, transcription,

repair, and recombination of the bacterial DNA [57].

Moxifloxacin is a broad-spectrum antibiotic, and is effec-

tive against Gram-positive, Gram-negative, and atypical

respiratory pathogens. It also has been shown to be effec-

tive against S. aureus and S. pyogenes. Furthermore,

Moxifloxacin has immunomodulatory properties; it inhibits

the secretion of IL-1a and TNF-a by monocytes [58].

Moxifloxacin is not metabolized by cytochrome P450,

therefore its availability is not affected when taken together

with rifampicin.

In a retrospective study by Lamber et al. [54], 28 HS

patients were treated with a combination of rifampicin

(10 mg/kg once daily), moxifloxacin (400 mg daily), and

metronidazole (500 mg three times daily). Sixteen patients

in this study showed complete remission and another 12

patients showed a partial response [54]. To avoid neuro-

logical complaints, the metronidazole was stopped after

6 weeks, but reintroduced in four patients because of

recurrence. Over the past few years we have treated mul-

tiple HS patients with the above ‘‘triple therapy’’ with good

results as long as the patients are taking the drugs.

The most common side effects of metronidazole are

nausea, headache, and a metallic taste. A serious but rare

adverse effect of metronidazole is central or peripheral

nervous system toxicity. In a recent review, Cação et al. [59]
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reported on 84 cases of metronidazole-induced neurotoxic-

ity. In most cases (90.5 %) the central nervous system (CNS)

was involved, mostly causing cerebellar ataxia,

encephalopathy, or seizures. In addition, polyneuropathy

was reported in 26 cases. After discontinuation of metron-

idazole, the CNS toxicity resolved in 92 %, whereas 37 % of

the patients with polyneuropathy had complete resolution

[59]. Patients with longer treatment duration or higher doses

do not seem to be at a higher risk of developing CNS toxicity

[60]. It is important to inform patients to stop or minimize

alcohol intake during treatment with metronidazole since

this can lead to disulfiram-like reactions [55]. Most frequent

side effects of moxifloxacin are nausea, diarrhea, and

dizziness. In addition, it can cause QTc-interval prolonga-

tion, therefore combination with class IA or class III

antiarrhythmic drugs should be avoided [57]. The bioavail-

ability of moxifloxacin is substantially reduced when taken

together with antacids, sucralfate, or iron preparations.

All three antibiotics are contraindicated during preg-

nancy or breast-feeding. Female patients should use extra

contraceptive measures because of the interaction of

rifampicin with oral contraceptives.

4 Biologics

Since the early 2000s biologics are an upcoming treatment

for HS. The efficacy of infliximab, a TNF-a inhibitor, was

first described in HS patients with concomitant Crohn’s

disease (CD) [61, 62]. The first case was a 30-year-old

female CD patient who developed perianal abscesses, later

followed by inflammatory nodules in both axillae. Antibi-

otic therapies had only a temporary effect. After one dose

of infliximab all her lesions significantly improved, and

after the second dose the patient stayed in remission for up

to 6 months [61]. Shortly after, Katsanos et al. [62]

reported on a 39-year-old male CD patient who presented

with bilateral fistulizing axillary HS. He was started on

infliximab and after 1 year all of his fistulas dried up and

closed. In the following years, multiple case studies fol-

lowed on the use of TNF-a inhibitors in HS. Other bio-

logics were also given, such as adalimumab, etanercept,

and anakinra. Recently the results of the first large ran-

domized controlled multicenter trial on the use of adali-

mumab in HS patients has been published [12]. Even

though biologics are seldom curative in HS, they can

suppress the symptoms and can often be given for a pro-

longed period, making them a good treatment option for

chronic HS. The negative aspects of biologics are the cost

and that reimbursement is not covered by all insurance

companies [63].

Overall, anti-TNF-a biologics are well tolerated, and

patients can be treated for prolonged periods [12, 64, 65].

The most common side effects are injection-site skin

reactions or infusion reactions. Mostly they are mild and

transient local erythema, nodules, urticarial plaque, or

pruritus. Patients on infliximab may develop hypersensi-

tivity reactions such as generalized urticaria up to ana-

phylactic shock. Patients treated with adalimumab and

infliximab have a higher frequency of upper respiratory

tract infections, rhinitis, bronchitis, and urinary tract

infections [12, 66, 67]. Since TNF-a plays an essential role

in the host immune response against tuberculosis (TB), it is

known that TNF-a inhibitors can increase the risk of TB.

Therefore, screening of all patients for latent TB before

therapy is mandatory. In addition, the presence of heart

failure, hepatitis B infection, and malignancies should be

ruled out before therapy is started [65, 66]. Since biologics

might have an effect on the immune response in neonates,

it is contraindicated during pregnancy and women should

use adequate contraceptives for up to at least five half-lives

after the last dose. They are also contraindicated during

lactation, since biologics are secreted in breast milk [3, 65,

66].

4.1 Infliximab

Infliximab is a chimeric monoclonal antibody consisting of

the human IgG1 still containing a murine fragment of the

antigen-biding (Fab) portion specific for TNF-a. It binds to

the soluble and transmembrane forms of TNF-a, inhibiting

TNF-a from binding to its receptors [68]. Multiple studies

have reported on the efficacy of infliximab in patients with

HS [69–71]. Mostly the same dose is given as in psoriasis,

with 5 mg/kg infliximab at weeks 0, 2, and 6, and contin-

ued every 8 weeks thereafter [3, 72]. Even though an

improvement is often reported in the inflammatory lesions

during infliximab therapy, recurrence is also high during

therapy. Up to 50 % develop new lesions after a treatment

period of 37 weeks [69–71]. Moriatry et al. [71] suggested

that an 8-week interval is too long for HS patients and that

a 4-week interval is more effective [71], because most

patients report a gradual increase in inflammatory lesions

around 6 weeks after infusion. In our experience, a 6-week

interval maintenance scheme works well in most HS

patients. Shorter intervals for infliximab infusions are not

recommended because they generally lead to more side

effects and because of the cost aspects. Unfortunately, no

trials have been done comparing different interval schemes

of infliximab in patients with HS.

4.2 Adalimumab

Adalimumab is a fully human recombinant IgG1 mono-

clonal antibody against TNF-a. It binds soluble TNF-a and

thereby prevents its interaction with TNFR1- and TNFR2-

220 I. E. Deckers, E. P. Prens



type cell receptors [66]. In addition, it changes levels of

adhesion molecules responsible for leucocyte migration,

and reduces serum concentrations of C-reactive protein,

erythrocyte sedimentation rate, and IL-6 [66].

The first reports of the use of adalimumab in HS patients

dates from 2006 [73, 74]. Initially it showed efficacy in an

African American male with concomitant seronegative

arthritis [73] and later in a Caucasian male with con-

comitant inflammatory bowel disease [74]. Over the years

multiple studies followed, reporting different clinical out-

comes. Two prospective studies using a dose of 40 mg

every other week showed initial improvement [75, 76].

However, after 12 weeks of treatment no difference could

be observed compared with baseline or with placebo.

Nonetheless, these studies report on high recurrence rates

after discontinuation [75, 76]. It has been suggested that a

weekly dose is more effective [3]. In a retrospective study

Blanco et al. [64] initially started with 40 mg every other

week, but in five of the six patients the dose had to be

increased to 40 mg every week to prevent relapse. In a

large prospective randomized placebo-controlled trial,

40 mg adalimumab weekly was more effective than 40 mg

every other week or placebo after 16 weeks of treatment

[12]. However, of the weekly patients, only 18 % achieved

the clinical end-point (clear, moderate to mild response

with a decrease of at least two grades). This response rate

dropped further when at 16 weeks the dose was decreased

to 40 mg every other week. Therefore, a high-dose regimen

seem to be needed to suppress HS [12].

4.2.1 Infliximab vs. Adalimumab

Only one retrospective study compared the effectiveness of

infliximab with adalimumab [77]. Ten patients were treated

for 8 weeks with three courses of infliximab 5 mg/kg,

whereas in the other group, ten patients were treated for a

year with adalimumab 40 mg every other week. After

1 year the three courses of infliximab seemed more effec-

tive than continuous adalimumab [77]. However, it was not

mentioned whether infliximab patients received other

treatments during the follow-up period. In addition, as set

out above, an every-other-week dosing regimen seems to

be insufficient for HS.

4.3 Etanercept

Etanercept is a dimeric fusion protein consisting of the

extracellular ligand-binding portion of the human p75 TNF

receptor, and the constant portion of IgG1. Etanercept

binds and neutralizes the soluble TNF, transmembrane

TNF, and lymphotoxin. In addition, it can alter dendritic-

cell, T-cell, and neutrophil emigration [65].

The first prospective open-label study of etanercept in

HS showed promising results. Patients were treated with

50 mg etanercept subcutaneously every week. After

12 weeks six out of ten patients showed a decrease of more

than 50 % in disease activity. This effect remained in the

12-week follow-up period [78]. However, in later open-

label and placebo-controlled studies, these results could not

be reproduced [79, 80]. In the open-label study 15 patients

were treated with 50 mg weekly. Only ten completed the

12-week treatment period, of whom three reached the

primary end-point, a 50 % reduction in the Physicians

Global Assessment (PGA) score [79]. In the placebo-con-

trolled trial, ten patients were treated with etanercept

50 mg twice weekly and ten received placebo. After

12 weeks of treatment, there was no difference in PGA,

patients’ global assessment, or DLQI between etanercept

and placebo. In addition, in the following 12-week open-

label phase, no improvement was observed [80]. Therefore,

etanercept is not a first choice biologic in HS.

4.4 Other Biological Treatments

4.4.1 Ustekinumab

Ustekinumab is a human monoclonal antibody that binds to

the p40 subunits of IL-12 and IL-23, preventing them from

binding to their receptor [81]. To date, eight HS patients

have been treated with 45 mg ustekinumab subcuta-

neously, mostly at weeks 0, 4, and 12, followed by every

3 months. Four patients showed a complete remission of

their HS, three patients had a partial response, and one

patient did not respond to ustekinumab treatment [82–85].

During the 23rd European Academy of Dermatology and

Venereology (EADV) congress in 2014 in Amsterdam,

Blok et al. [86] presented the results of the first prospective

open-label study of ustekinumab in HS patients. Seventeen

patients were treated with 45–90 mg, administered at

weeks 0, 4, 16, and 28. Twelve patients completed the

treatment protocol. A reduction of C50 % in the modified

Sartorius score was achieved by six patients (35 %) at

week 40, and another eight (47 %) showed a moderate

response (reduction of 25–50 % in the modified Sartorius

score). Five patients dropped out because of a lack of

efficacy, side effects, or psychological problems.

4.4.2 Anakinra

Anakinra is a recombinant human IL-1 receptor antagonist

that blocks the inflammatory effects of IL-1 [87]. In HS

elevated levels of IL-1 have been demonstrated in lesional

and perilesional skin [17]. To date, ten patients have been

treated with anakinra with mixed results [88–92]. In seven
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patients anakinra showed clear improvement of the HS

lesions [88, 89, 92], whereas in the other three patients with

severe HS, anakinra was ineffective [90, 91]. We await

results of a prospective, placebo-controlled trial with great

interest to see the position of anakinra as a treatment option

for HS.

5 Other Anti-Inflammatory Drugs

5.1 Dapsone

Dapsone is an aniline derivate from the sulfone group [93].

It not only has anti-microbial and antiprotozoal properties,

but also anti-inflammatory properties similar to those of

non-steroidal anti-inflammatory drugs (NSAIDs). In addi-

tion, it can suppress the levels of IL-8 and TNF-a [93]. To

date, two retrospective studies have been published on the

use of dapsone for HS. Kaur and Lewis [94] reviewed five

cases of refractory HS treated with 50–150 mg of dapsone

per day. All five patients showed improvement after

4–12 weeks of treatment. In a later series of 24 patients

treated with 50–200 mg per day, nine patients showed

slight to clinically significant improvement, whereas the

other 15 did not respond to dapsone therapy [95].

5.2 Fumaric Acid Ester Derivatives (Fumarates)

In Europe, fumarates are a common treatment for psoriasis

because of their immunomodulatory and anti-inflammatory

effects [72]. Among other multiple effects, they impair IL-

12 and IL-23 production by dendritic cells and macro-

phages [96]. Our department has recently reported on the

use of fumarates in HS [97]. Seven patients with moderate

to severe HS were treated with fumarates in a progressive

dosage scheme up to 720 mg a day. After 20 weeks of

treatment only one patient showed clear improvement, but

two others reported reduced inflammation and lesions that

resolved faster. Therefore, treatment was continued and

after 28 weeks all three showed slight to clear improve-

ment. Two patients continued up to 1 year with clear

improvement of their HS. However, four patients stopped

after 20 weeks due to lack of efficacy and one patient

stopped after 28 weeks because of persistent diarrhea [97].

5.3 Cyclosporine

Cyclosporine is a calcineurin inhibitor and a potent

immunosuppressive drug [98]. It suppresses IL-2 produc-

tion, and in the epidermis and dermis cyclosporine causes a

depletion of lymphocytes and macrophages. It also inhibits

the activation of T cells, natural killer cells, and antigen-

presenting cells. In addition, cyclosporine can inhibit

keratinocyte hyperproliferation [98]. To date, only a few

cases have been reported on the use of cyclosporine in HS.

Four patients with recalcitrant HS showed significant

improvement after treatment with 3–5 mg/kg cyclosporine

per day [99–101]. However, randomized controlled trials

and larger case series are lacking on the effectiveness of

cyclosporine in HS.

5.4 Systemic and Intralesional Steroids

Because of their anti-inflammatory and immunosuppressive

properties, systemic steroids have always been widely used

in dermatology. They are often mentioned as a treatment

option for HS [3, 102, 103], and in a survey among physi-

cians interested in HS from the UK, a quarter responded that

prednisolone was one of their top ten treatment choices for

HS [20]. A short-term treatment of 0.5–0.7 mg/kg can be

used to control acute flares [3, 102]. However, reports on the

use of oral steroids in HS date from more than 25 years ago,

and no recent studies are available.

The use of intralesional corticosteroids is mostly based

on clinical experience, but they are often used for solitary

inflammatory nodules [3, 20]. Intralesional injection of

5–10 mg/ml can cause a rapid reduction of the nodules and

is in our opinion a good option for single recalcitrant

inflammatory nodules [3, 22].

5.5 Azathioprine

Azathioprine is a purine antagonist with immunosuppres-

sive, immunomodulating, and anti-inflammatory proper-

ties. In a small retrospective study of nine HS patients,

azathioprine was ineffective in five patients, and the other

three showed only slight improvement [104]. However, the

therapeutic effects of azathioprine are normally reached

after 2–3 months, and six patients were treated for 6 weeks

or less due to side effects. In addition, the therapeutic range

of azathioprine is 1–3 mg/kg, but in five patients the dose

remained below 1 mg/kg. Therefore, it is possible that

azathioprine was ineffective due to a too short a treatment

duration and too low dosing [104].

5.6 Colchicine

The anti-inflammatory drug colchicine accumulates in

neutrophils, inhibits neutrophil expression of cell adhesion

molecules, and decreases neutrophil degranulation,

chemotaxis, and phagocytosis [105, 106]. In a small case

series of eight HS patients, colchicine did not show any

clinical improvement. Six patients dropped out before the

end of the study because of lack of efficacy. Of the two

patients who completed the 4-month period, only one

showed slight improvement [106].
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5.7 Methotrexate

Methotrexate is an anti-inflammatory and immunosup-

pressive drug that is often used for treating psoriasis,

psoriatic arthritis, or rheumatoid arthritis [107]. In a report

on three HS patients, a dose of 12.5–15 mg per week did

not have any effect on the existing lesions nor did it reduce

the number of flare-ups [108].

6 Retinoids

6.1 Isotretinoin

The vitamin A derivate isotretinoin is naturally present in

small amounts in the blood and tissue. It has an antipro-

liferative effect on sebocytes, inhibits cell differentiation

and sebum secretion, and reduces the size of the sebaceous

glands. In addition, it has anti-inflammatory,

immunomodulatory, and antineoplastic properties [109].

The use of isotretinoin for HS comes from the former belief

that HS is associated with acne vulgaris. However, in HS

the sebaceous glands are not primarily affected and there is

no evident seborrhea [110]. Even though multiple studies

reported the lack of efficacy of isotretinoin in HS [111–

113], it is still often prescribed for this condition [20]. Blok

et al. [114] reviewed seven papers in which isotretinoin

was used for HS. In total, 174 patients were treated, of

whom only 32 reported significant improvement (18 %),

30 moderate improvement (17 %), and in 112 patients no

response was observed (64 %). Therefore, isotretinoin

should not be prescribed for standard HS, and should only

be considered if patients have concomitant acne vulgaris.

Isotretinoin is highly teratogenic, therefore female patients

should use adequate contraceptives up to 6 months after

therapy, and pregnancy tests should routinely be

performed.

6.2 Acitretin

Originally etretinate was the first retinoid registered for

psoriasis, but its use was limited because of its unfavorable

pharmacokinetic profile with a very long elimination time

and teratogenic effects. It was later replaced by acitretin,

which was derived from etretinate, but had a shorter half-

life [115]. Acitretin has anti-inflammatory properties and

modulates cellular differentiation, proliferation, and

cornification of the epidermis [115, 116]. Most importantly

it influences the process of hyperkeratosis of the

infundibular follicular epithelium, which is primary

involved in the pathogenesis of HS [13, 14, 116]. In a

retrospective study by Boer and Nazary [116], all 12

treated patients showed a positive response to

0.25–0.88 mg/kg acitretin for a period of 9–12 months.

Nine out of 12 patients achieved a marked or complete

remission, whereas the other three had a mild to moderate

response. All patients reported cheilitis as a side effect

[116]. In a recent prospective study, 17 patients were

treated with 0.5–0.6 mg/kg [117]. Nine patients completed

the 9-month treatment period, of whom eight achieved the

clinical endpoint, a reduction of 50 % in the HS disease

severity score (HSSI). Drop-out was mostly because of

ineffectiveness or side effects [117]. Like isotretinoin,

acitretin is teratogenic, and major human fetal abnormali-

ties are associated with retinoid use during pregnancy.

Female patients should use adequate contraceptives up to

2 years after discontinuation, since, especially in the

presence of ethanol, acitretin converts to etretinate, which

takes 2 years to be completely eliminated from the fatty

tissue [115].

6.3 Alitretinoin

Alitretinoin is a vitamin A derivative and is registered for

severe chronic hand eczema. Recently the first study on the

use of alitretinoin in HS was published [118]. Fourteen

patients were treated with 10 mg alitretinoin daily for a

period of 24 weeks. Six patients showed significant

improvement, with a reduction of 50 % in the Sartorius

score. Another five patients reported improvement; how-

ever, this was less than a 50 % reduction in the Sartorius

score. Only three patients did not respond [118]. Ali-

tretinoin is very similar to acitretin, except for its much

shorter half-life, making it a better treatment option for

female patients. Contraceptives have to be used up to

1 month after treatment discontinuation.

7 Other Medical Treatments

7.1 Zinc

Zinc plays a role in the innate and adaptive immunity. It is

believed that zinc can alter the differentiation and function

of T cells, and that it activates natural killer cells and the

phagocytic function of granulocytes. In addition, it leads to

an increased production of IL-6, IL-1b, and TNF-a [119,

120]. In a pilot-study, 22 patients started with 90 mg of

zinc and the doses was reduced by 15 mg every 2 months.

Eight patients showed complete remission, and partial

remission was achieved in the other 14 patients. Relapse

occurred when doses lower than 30–60 mg were given.

Gastrointestinal discomfort was the most common side

effect and was reported by four patients [120].
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7.2 Metformin

Metformin is an insulin sensitizer and is a first-line treatment

option for patients with diabetes type II. Metformin also has

anti-oxidative and anti-androgenic properties and has been

shown to inhibit human immortalized keratinocytes in vitro

[121, 122]. Metformin was initially reported to have an effect

on HS after a woman reported worsening of her HS after

metformin was stopped [123]. In a prospective study, 25 HS

patients were treated with a progressive dose scheme up to a

maximum of 500 mg three times a day. Eighteen patients

showed clinical improvement, with seven having a reduction

of more than 50 % in the Sartorius score. The other seven

patients were unresponsive to the treatment. Only minor

gastro-intestinal side effects were reported at the beginning

of the treatment [122].

8 Hormonal Treatment

The role of sex hormones in the pathogenesis of HS is still

under debate. The clinical course of HS would suggest a

role of sex hormones, due to post-pubertal onset, female

predisposition, reports of peri-menstrual flares, and

improvement during pregnancies [25, 103, 124]. However,

no difference was found in androgen levels between HS

patients and body mass index (BMI)-matched controls

[125].

8.1 Finasteride

Finasteride is a 5a-reductase inhibitor that inhibits the

conversion of testosterone to dihydrotestosterone [126]. It

was originally approved for treatment of benign prostatic

hypertrophy and later for androgenetic alopecia in men. To

date, the use of finasteride has been reported in 12 HS

patients—eight adults and four children. Seven adult

patients showed a good response on 5 mg finasteride daily

after a treatment period of 2–12 weeks [127, 128]. Two

patients showed recurrence 1 month after discontinuation.

The four female children were treated with finasteride

1.25–10 mg daily with good effect. However, all received

additional treatment with oral contraceptives, antibiotics,

or surgery [128, 129].

Side effects of finasteride in men are decreased libido

and gynecomastia. Finasteride should not be used during

pregnancy due to feminization of the male fetus [126].

8.2 Cyproterone Acetate

In 1986, Sawers et al. [130] reported on the effectiveness of

the antiandrogen cyproterone acetate combined with

estrogen in four female HS patients. However, a double-

blind controlled trial comparing ethinyloestradiol

50 lg/cyproterone 50 mg with ethinyloestradiol 50 lg/

norgestrel 500 lg showed no difference between the two

groups. However, of the 18 patients from both groups that

completed the trial, 12 showed a good response, suggesting

that both hormonal therapies can be effective in HS [131].

However, larger, well powered studies on the use of hor-

monal therapy in HS are lacking.

9 Pain Management

Pain management is a crucial part of the treatment of HS.

However, no studies are available on the use of analgesics

in HS, and only two reviews have been published on pain

management in HS patients [132, 133]. Even though these

are comprehensive reviews on a broad spectrum of anal-

gesics, its use in HS is mostly based on clinical experience

[132, 133]. First of all it is recommended that a visual

analogue scale is used to assess the pain level of the

patients, and this can also be a guide to evaluate if the

prescribed analgesics are sufficient. For moderate constant

pain, oral acetaminophen (paracetamol) 1000 mg four

times per day is often the first step in pain treatment. In

general, acetaminophen is well tolerated; however, exces-

sive doses can lead to liver toxicity [132, 133]. When

acetaminophen does not sufficiently reduce the level of

pain, or when the patient complains of sporadic acute pain,

NSAIDs are indicated. The dose depends on which NSAID

is chosen, and standard regimens are recommended [3].

There is no evidence that one NSAID is superior to another

[132, 133]. Long-term use of NSAIDs can increase the risk

of gastric ulcers, therefore proton pump inhibitors are

recommended when patients use NSAIDs on a frequent

basis. When patients have high levels of chronic pain,

opiates are indicated [3]. Codeine is the first option of this

drug class, due to its lower risk of addiction. When higher

levels of pain medication are needed, referral to a pain

team is recommended [132].

10 Lifestyle Changes

Smoking and obesity are strong risk factors for HS. Most

HS patients are active smokers (66–71 %) or ex-smokers

(8–15 %), and 51–82 % of patients are overweight or

obese, with a BMI [25 kg/m2 [134–137]. Disease sever-

ity is positively correlated with BMI [134–136], and case

reports have demonstrated remission of HS after extensive

weight loss [138, 139]. In one study patients were asked

after bariatric surgery if they had suffered from HS before

the operation and if the symptoms had changed after the

operation. After a decrease in BMI of 15 %, half of the
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patients stated they were free of inflammation and another

20 % reported to have fewer symptoms [140]. Since HS

is also associated with the metabolic syndrome [141],

patients with HS should be strongly advised to reduce

weight.

The exact effect of smoking cessation on HS is still

unclear. However, it is thought that smoking can trigger the

onset of HS, and heavy smokers tend to have more severe

disease than non- or mild smokers [134–136]. In a study on

the clinical course, patients were asked 22 years after the

diagnosis was made if they still suffered from HS. Non-

smokers and ex-smokers were more often disease-free than

active smokers, indicating that smoking cessation con-

tributes to disease remission. This is supported by a case

report of two patients who became free of symptoms after

they quitted smoking. However, mostly cessation does not

give instant improvement of the disease [142], often

leading to disappointment in the patients and causing them

to restart smoking. Patients should be well educated that

they should not expect instant relief after cessation but that

it helps towards improvement or even remission over the

years. We believe that active referral of patients with HS to

their GP or any other ‘‘stopping smoking’’ and/or ‘‘weight

loss’’ programme is essential.

11 Future Options

Recently, elevated levels of IL-17 and IL-23 have been

found in lesional HS skin [18, 19]. These findings point

towards new treatment options. Biologics targeting IL-17

are secukinumab, ixekizumab, and brodalumab. Secuk-

inumab is a fully human IgG1 monoclonal antibody

against IL-17A, whereas ixekizumab is a humanized

IgG4 monoclonal antibody that neutralizes IL-17A, and

brodalumab is human IgG2 monoclonal antibody that

blocks IL-17R, a receptor subunit shared by IL-17A, IL-

17F, and IL17A/F heterodimer ligands [143, 144]. It is

also possible to target IL-23 alone, with tildrakizumab or

guselkumab. Tildrakizumab is a humanized IgG1k

monoclonal antibody against IL-23p19, whereas it does

not bind to IL-12 or the p40 subunit, just like guselk-

umab, which is a human IgG1 monoclonal antibody

against IL-23p19 [143].

Another immunomodulating drug is apremilast. It is a

selective inhibitor of phosphodiesterase 4, and has been

shown in vivo to inhibit the production of the pro-inflam-

matory cytokines (e.g., IL-2, IL-5, IL-12A, IL-13, IL-17

IL-23A, TNF-a, INF-a, and INF-c), and chemokines (e.g.,

CXCL9 and CXCL10) [145].

Even though these therapeutic options have been shown

to be effective in psoriasis [143–145], no studies are

available on their use in HS.

12 Conclusion

Hidradenitis suppurativa is a chronic inflammatory skin

disease. Over the years multiple treatment options for HS

have been suggested; however, so far none has been

curative for HS. In mild disease, clindamycin lotion or

resorcinol cream can give long-term remission. When these

are insufficient or in more severe HS, mostly tetracyclines

are first-line systemic options. However, the combination

of clindamycin with rifampicin is the best-documented

antibiotic treatment for HS and is often effective in mod-

erate to severe HS. Although antibiotics can be effective in

reducing the number of inflamed lesions, the recurrence

rate is high after discontinuation. A more long-term treat-

ment option is possible using retinoids, especially acitretin;

however, due to their teratogenicity, they are less useful for

females in the reproductive age. When patients fail to

respond to most common treatments, biologics (e.g.,

infliximab or adalimumab) are the next step. Multiple anti-

inflammatory drugs have been suggested for HS, such as

dapsone, fumarates, or cyclosporine. However, their

effectiveness in HS is based on small case series with

varying results. Although not addressed in this review,

surgical interventions are often needed to achieve remis-

sion, especially when sinus tracts or scarring are present.

For each patient treatment should be chosen based on the

clinical presentation of the HS and the preferences of the

patient.
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