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SUMMARY

Background Prolonged systemic antibiotic treatment is often a part of management
of hidradenitis suppurativa (HS). Although biologic therapies are now available,
the patient’s treatment journey leading to biologic therapy is unclear.
Objectives To examine treatment patterns and duration of systemic treatment use
in patients with HS preceding biologic therapy.
Methods We identified all patients with HS receiving treatment with biologics in
the Danish National Patient Registry from 2010 to 2018 and extracted their
entire prescription history of specific systemic treatments from the Danish
National Prescription Registry since its inception in 1995. The patients’ treatment
journeys are graphically displayed through Sankey diagrams and box plots gener-
ated to show temporal distributions. Descriptive patient characteristics were pre-
sented as frequencies with percentages for categorical variables and as means
with SDs or medians with interquartile ranges (IQRs) for continuous variables.
Results A total of 225 patients with HS were included. Patients had most fre-
quently been treated with penicillin (n = 214; 95�1%), dicloxacillin (n = 194;
86�2%), tetracycline (n = 145; 64�4%) and rifampicin/clindamycin (n = 111;
49�3%), as well as the retinoids isotretinoin and acitretin, and dapsone. Prior to
biologic therapy, patients received a mean of 4�0 (SD 1�3) different systemic
therapies, across a mean of 16�9 (SD 11�3) different treatment series. The mean
time from first systemic therapy until biologic therapy was initiated was 15�3
(SD 5�1) years [8�2 (SD 5�9) years when excluding penicillin and dicloxacillin].
Conclusions Patients with HS who receive biologic therapy have long preceding
treatment histories with multiple drug classes and treatment series, many of
which are supported by relatively weak evidence in HS. Delay in the initiation of
biologic therapy may represent a missed opportunity to prevent disease progres-
sion.

What is already known about this topic?

• The treatment journey leading to biologic therapy in patients with HS has not pre-

viously been investigated.

� 2022 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.
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What does this study add?

• Our data from 225 patients with HS illustrate that patients who receive biologic

therapy have long preceding treatment histories with multiple drug classes and

treatment series, many of which are supported by relatively weak evidence in HS.

Hidradenitis suppurativa (HS) is a chronic, inflammatory skin

disease of the hair follicle defined by recurrent nodules, drain-

ing tunnels and scarring in the intertriginous regions.1 In

European countries, the estimated prevalence of HS is 1–
4%.2,3 HS can be challenging to treat, and patients often

undergo several prolonged treatment courses of systemic

antibiotics.4,5 In patients with moderate-to-severe HS, guideli-

nes suggest that systemic antibiotics (e.g. clindamycin and

rifampicin, dosage: 300 mg twice daily or tetracycline,

dosage: 500 mg twice daily) should be administered for at

least 3 months.6,7 Moreover, HS guidelines recommend bio-

logic therapy should pose an alternative if the above-

mentioned conventional therapies fail.7

With the introduction of biologics in HS a significant

reduction in disease flares has been reported in patients with

moderate-to-severe HS.8 In particular, the monoclonal anti-

body adalimumab, which targets tumour necrosis factor-alpha,

has shown efficacy compared with placebo in two phase III

trials8,9 and is considered as a first-choice biologic agent after

failure of conventional therapy.7 However, patients may go

for several years, and have frequent visits to emergency

departments and inpatient care units, before they initiate bio-

logic therapy.10,11 Moreover, patients have symptoms for a

mean of 7�2 (SD 8�7) years before they are adequately diag-

nosed with HS.12 Such delay may expose patients to multiple

systemic therapies, including potentially inappropriate treat-

ments with drugs that are not considered effective in HS, until

patients are started on targeted HS therapies.

So far, data on real-world systemic HS therapies prior to

use of biologics are relatively lacking. We therefore examined

the patterns and quantity of systemic treatment regimens in

patients with HS prior to use of biologic therapy in the Danish

national healthcare system, and whether observed real-world

clinical practice follows international recommendations for HS

management.

Patients and methods

Data sources

At birth or immigration, all Danish residents are given a

unique personal identification number,13 which enables

unambiguous individual-level linkage of nationwide adminis-

trative registry-data. The Danish tax-supported healthcare sys-

tem provides equal and unrestricted access to general

practitioners and specialists without co-pay. Biologics for HS

are given directly from tertiary dermatology clinics, and dis-

pensing of these drugs is recorded in the Danish National

Patient Registry,14 which records data on diagnoses and inter-

ventions from inpatient and outpatient (ambulatory) contacts

from all hospitals in Denmark, as well as from a number of

private clinics. Data on dispensed medication from all commu-

nity pharmacies in Denmark are recorded in the Danish

National Prescription Registry using the Anatomical Therapeu-

tic Classification (ATC) system.15

Study design

We included all patients who initiated treatment with biolog-

ics for HS (International Classification of Diseases, tenth revi-

sion, code L73.2) in Denmark between 1 January, 2005 and

31 December 2018. The date of first-ever biologic prescription

served as the index date, from which the patients’ historical

treatment journeys were mapped back to the inception of the

Danish National Prescription Registry (1995). The following

systemic treatments were identified: tetracycline-class drugs

(henceforth ‘tetracycline’; ATC code group J01AA), rifampicin

and clindamycin (ATC code J04AB02 together with J01FF0),

acitretin (ATC code D05BB02), isotretinoin (ATC code

D10BA01), dapsone (ATC code J04BA02), phe-

noxymethylpenicillin (henceforth ‘penicillin’, ATC code

J01CE02) and dicloxacillin (ATC code J01CF01). These drugs,

their role in HS, and potential competing indications are sum-

marized in Table S1 (see Supporting Information). We gener-

ated treatment series (i.e. sequences of continuous treatment

with the same drug) and a treatment was considered valid for

90 days following a filled prescription (except for isotretinoin,

which was valid for 30 days, as this is only dispensed as 30-

day dosing in Denmark, and penicillin and/or dicloxacillin,

which was valid for 14 days). Two treatment sequences were

merged if the same drug was used in two consecutive series

and the discontinuation was less than 30 days, with the

exception of penicillin and/or dicloxacillin, which were

always regarded as a new treatment series whenever a new

prescription was filled.

Statistical analysis

We presented descriptive patient characteristics as frequencies

with percentages for categorical variables and as means with

SDs or medians with interquartile ranges (IQRs) for continu-

ous variables. We displayed patients’ treatment journeys

� 2022 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.
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graphically through Sankey diagrams and generated box plots

to show temporal distributions. For practical purposes, only

the five most recent treatment sequences were displayed in the

Sankey diagram but all treatment sequences were included in

calculations of number of prior treatments. To avoid loss of

anonymity, groups containing data on only one or two

patients are presented as ‘< 3’. Analyses were performed using

SAS v. 9.4 (SAS Institute Inc. Cary, NC, USA), R v. 4.1.0 (R

core Team, Vienna, Austria) and Python v. 3.7.4 (Python Soft-

ware Foundation, Wilmington, Delaware, USA). The Strength-

ening the Reporting of Observational Studies in Epidemiology

(STROBE) recommendations were used for conduct and

reporting of this study.16

Results

Patient characteristics

A total of 225 patients with HS (63�1% women) were

included. The mean age at first biologic treatment was 41�2
(SD 12�4) years (Table 1). Before biologic therapy, patients

had most frequently been treated with penicillin (n = 214;

95�1%), dicloxacillin (n = 194; 86�2%), tetracycline (n = 145;

64�4%) and rifampicin/clindamycin (n = 111; 49�3%),
respectively. Ninety-six (42�7%) patients had been treated

with isotretinoin, whereas doxycycline (n = 65; 28�9%), dap-
sone (n = 28; 12�4%) and acitretin (n = 17; 7�6 %) were used

less frequently (Table 1). Forty-eight (21�3%) patients

received five different treatments prior to biologic therapy,

and 24 (10�7%) patients received more than five different

treatments. The mean number of different treatments prior to

biologic therapy was 4�0 (SD 1�3) (Figure 1).

In 95 (42�2%) patients, the number of different treatment

series prior to biologic therapy was between 11 and 20, and

in 49 (21�8%) patients between 21 and 40. The mean number

of systemic treatment series prior to biologics was 16�9 (SD

11�3) (Figure 1).

Among patients treated with penicillin and dicloxacillin,

these groups received a mean of 0�6 (SD 0�6) and 0�8 (SD

0�8) treatment series with these drugs each year from first

such prescription until initiation of biologics, respectively.

This totalled a mean of 7�3 (SD 5�6) and 6�7 (SD 6�9) treat-

ment series of penicillin and dicloxacillin, respectively. Over-

all, patients started a mean of 1�2 (SD 0�7) new treatment

series annually before starting biologic therapy.

Time to biologic therapy

During the study, the mean time from first systemic therapy

until initiation of biologic therapy was 15�3 (SD 5�1) years

[8�2 (SD 5�9) years when excluding penicillin or dicloxacil-

lin]. As seen in Figure 2, there was no significant trend in the

time to initiation of biologics over the study period (Mann–
Kendall P = 0�755). A considerable temporal variation was

evident from 2010 until 2015, with fluctuations from 4�5 (SD

3�7) years to 10�2 (SD 5�2) years. Hereafter, a slightly more

uniform pattern was observed, ranging from 6�9 (SD 4�2)
years in 2015 to 8�9 (SD 7�3) years in 2017 (Table S2; see

Supporting Information). Similar findings, albeit somewhat

longer durations were seen when penicillin and dicloxacillin

were included (Table S3; see Supporting Information).

Systemic treatment patterns prior to biologics

We observed no overall pattern in the progression of pre-

scribed drug classes in the treatment series preceding initiation

of biologic treatment (Figure 3). A significant proportion of

the patients, 36�9%, did not receive any systemic treatment

immediately prior to biologics (i.e. last 90 days). Additionally,

16�4% and 21�3% of the patients were treated with tetracy-

cline or rifampicin/clindamycin, respectively, directly prior to

the initiation of biologic therapy. Several single courses of

penicillin and dicloxacillin constituted the majority of the

treatment path with several patients switching directly from

penicillin (6�7%) and dicloxacillin (7�6%) to biologics (Fig-

ure 3). In contrast, combination therapy of penicillin and

dicloxacillin only constituted a minor part of the road towards

biologics. A smaller fraction of the patients (7�6%) received

isotretinoin prior to biologic therapy.

Discussion

In this nationwide drug utilization study, we found a large

variation in the treatment journey towards biologics in

patients with HS, and patients waited a long time from first

systemic treatment until they were started on biologic therapy.

There was no apparent algorithm for treatments that were

chosen immediately prior to biologic therapy.

The treatment journeys for Danish patients prior to initia-

tion of biologics were dominated by systemic therapies that

have low evidence of efficacy (i.e. dicloxacillin, penicillin,

Table 1 Patient characteristics at initiation of first biologic therapy

(n = 225)a

Characteristic Value

Sex, n (%)
Women 142 (63�1)
Men 83 (36�9)

Age at first biologic therapy, mean (SD) 41�2 (12�4)
Systemic treatment prior to biologic therapy, n (%)
Penicillin 214 (95�1)
Dicloxacillin 194 (86�2)
Tetracycline 145 (64�4)
Doxycycline 65 (28�9)
Rifampicin/clindamycin 111 (49�3)
Dapsone 28 (12�4)
Isotretinoin 96 (42�7)
Acitretin 17 (7�6)

aTwo drugs given in combination (e.g. rifampicin/clindamycin)

is counted as one treatment modality.

� 2022 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.
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Figure 1 (a) Number of systemic treatment series and (b) number of different systemic treatments. The mean number of different systemic

treatments prior to biologic therapy was 4�0 (SD 1�3). The mean number of systemic treatment series prior to biologics was 16�9 (SD 11�3).

Figure 2 Box plot of time from first systemic therapy to initiation of biologic therapy. The systemic treatments include dapsone, isotretinoin,

rifampicin/clindamycin, tetracycline, doxycycline and acitretin. Penicillin and/or dicloxacillin are not included in this graph. The figure shows no

significant progression in the time to initiation of biologics over the study period (Mann–Kendall P = 0�755). The horizontal lines in the boxes

represent the median, the box represents the interquartile range and the whiskers the range of the data. The overall mean is 8�2 (SD 5�9) years.

The overall median is 6�9 (IQR 3�3–12�4) years.

� 2022 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.
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dapsone or isotretinoin). These observations may reflect

potential unawareness of HS guidelines6,7 which recommend

tetracyclines and rifampicin/clindamycin as the cornerstone of

first-line systemic therapy for HS. Furthermore, the tendency

to prescribe penicillin and dicloxacillin for HS may indicate

that physicians misdiagnose HS as a skin infection associated

with common infectious pathogens such as staphylococci or

streptococci. In Denmark, general practitioners are responsible

for referrals to dermatologists. This may partly contribute to

the potential incorrect use of antibiotics as well as misdiagno-

sis of HS. Alternatively, the frequent treatment series with b-
lactam antibiotics may also indicate the intractable nature of

HS with intermittent fluctuations in HS disease activity. The

data highlight that lack of antibiotic stewardship continues to

be an issue in the HS care pathway for many patients.

Our data show that isotretinoin plays a considerable part in

the HS treatment journey in Denmark. Although conflicting

results have been demonstrated,17–19 isotretinoin is generally

not considered an efficacious treatment in HS,6 unless there is

concomitant moderate-to-severe acne. Interestingly our data

indicate that several patients with HS switch directly from iso-

tretinoin to biologics (7�6%). Although competing indications,

such as concomitant acne (Table S1), may partly explain this

pattern, the limited treatment options in HS may also at least

in theory contribute to this tendency.

The two major treatment regimens in patients’ treatment

journeys were tetracyclines and rifampicin/clindamycin,

which are also the recommended first-line treatment modali-

ties in HS.6 Although these therapies may be associated with

severe adverse effects (particularly gastrointestinal symptoms

such diarrhoea and nausea for rifampicin/clindamycin), both

treatments have demonstrated efficacy in several retrospective

studies.20–23 Increasing bacterial resistance, however, is

reported in large HS populations. Recently, among purulent

material from 137 skin lesions, the prevalence of resistance

was: clindamycin 65�7%, rifampicin 69�3%, penicillin 70�0%,
ciprofloxacin 74�0%, tetracycline 84�7% and erythromycin

89�0%.24 From this perspective a more targeted antibiotic

therapy that also covers the recently reported cutaneous core

microbiome in HS may yield higher efficacy.25,26

It is possible that initiation of biologics at an earlier stage in

the HS disease course might halt disease progression, prevent

severe clinical consequences (e.g. inflamed draining tunnels

and excessive scarring), and reduce the need for emergency

departments visits and inpatient care.10 Although our data did

not demonstrate a significant trend in the time to initiation of

biologics over the study period, the potential future introduc-

tion of more targeted biologics may result in earlier initiation

of biologics.

Currently adalimumab is the only US Food and Drug

Administration-approved biologic for HS; however, a number

of other biologics have demonstrated efficacy for HS in smal-

ler clinical trials. Indeed, biologics such as infliximab, ustek-

inumab, anakinra and secukinumab have shown promising

results in the treatment of moderate-to-severe HS27–31 and

secukinumab and bimekizumab are currently undergoing

phase III trials for the treatment of HS (NCT03713632,

NCT03713619, NCT04179175, NCT04242446).

Certain limitations apply to the interpretation of the current

study results. Although tertiary centre therapies (i.e. biologics)

are linked to specific diagnoses such as HS, we lacked data on

the specific indications of pre-biologic systemic therapies as

well as Hurley staging. It is well known that patients with HS

have higher risk of other concomitant skin conditions32 and

some treatments may have been prescribed for these condi-

tions instead. Penicillin and dicloxacillin may in some cases

have been prescribed for other indications, albeit we addressed

this issue through sensitivity analyses with these drugs

excluded. Our study focused on systemic treatments and

therefore did not include topical treatments such as topical

clindamycin and azelaic acid. Finally, as the Danish National

Prescription Registry was established in 1995 our data may

potentially be left-censored for some patients with long treat-

ments histories, albeit that our histogram suggests that this

was a minor issue.

In conclusion, in this nationwide drug utilization study, we

found that patients with HS on average were treated with sys-

temic therapies for 8 years before starting biologic therapy

(when excluding penicillin and/or dicloxacillin). The large

number of systemic treatment series used prior to initiation of

biologics may reflect referral delays or difficulties in achieving

disease control in patients with moderate-to-severe HS. Our

findings emphasize the need for optimized implementation of

evidence-based guidelines to harmonize treatment strategies,

as well as the need to develop and license additional effective

therapies for treatment of HS.
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