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Abstract: Since 2021, adalimumab biosimilar ABP 501 can be used alternatively to adalimumab
originator (ADAO) in the treatment of hidradenitis suppurativa (HS). Effectiveness and safety data
remain scarce. We investigated the impact of switching from ADAO to ABP 501 on disease severity
and the occurrence of adverse events (AEs) in patients with HS. We analyzed clinical data on patients
enrolled in the German HSBest registry. Evaluation outcomes were assessed at three time points
(baseline of originator (t0), prior to switching to biosimilar (t1) and 12 to 14 weeks after switching
(t2)) and included patient-reported AEs and disease severity using the International Hidradenitis
Suppurativa Severity Score System (IHS4) score. In total, 94 patients were switched from ADAO to
ABP 501. Overall, 33.3% (n = 31/94) of the patients developed AEs and/or loss of response (LoR)
within 12 to 14 weeks after switching. Of these, 61.3% (n = 19/31) experienced LoR but no AEs, 22.6%
(n = 7/31) LoR combined with AEs and 16.1% (n = 5/31) AEs only. Our study showed that switching
HS patients from ADAO to ABP 501 does significantly affect treatment effectiveness. Switching
patients who are on remission maintenance therapy should be viewed critically.

Keywords: hidradenitis suppurativa; biologics; TNF alpha; adverse drug reaction; biosimilar; drug
effectiveness; switching; adalimumab; registry

1. Introduction

Hidradenitis suppurativa (HS) or acne inversa is a chronic, recurrent inflammatory
skin disease. Typically starting after puberty, it manifests with inflamed lesions including
painful inflammatory nodules, abscesses and non-/draining tunnels, most commonly
located in axillary, inguinal, gluteal and perianal body regions [1,2]. Without adequate
therapy, these symptoms may lead to scarring with functional limitation [3]. Treatment
regimen depends on severity and includes topical and systemic antibiotics, surgery and
biologics. In recent years, biologic medication has been used with increasing frequency in
moderate-to-severe disease manifestation [4].
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Adalimumab is an immunomodulating human monoclonal antibody inactivating tu-
mor necrosis factor (TNF-) α [5]. This molecule appears to play a major role in pathogenesis
of HS but also other diseases such as rheumatoid arthritis, psoriasis, psoriatic arthritis,
Crohn’s disease and ulcerative colitis [5]. Clinical trials have demonstrated both high
effectiveness and safety in the therapy of HS [6–8].

Since its approval by the U.S. Food and Drug Administration (FDA) in 2015, adali-
mumab is the first and still the only biologic approved for the treatment of hidradenitis
suppurativa in Europe [9]. In most countries, the label includes an induction phase of
160 mg at baseline followed by 80 mg at week 2. Starting with week 4, either 40 mg weekly
or 80 mg every other week are applied.

Even though adalimumab has been a breakthrough in terms of quality of life improve-
ment and clinical response rate, its use is associated with high costs. In response to this
and in line with the originator’s patent expiration, increasing numbers of TNF-α inhibit-
ing biosimilars from various pharmaceutical companies are emerging as cost-effective
alternatives [10].

Biosimilars are biotherapeutic products structurally highly similar to the reference
biologic and have been developed to show equivalent efficacy, quality, safety and activity
but also are more accessible due to lower cost [11]. Unlike generics, which are identical
copies of the original drug, biosimilars vary among themselves and from the originator. The
reason can be found in the manufacturing process. In contrast to traditional drugs, biologics
are manufactured from living cells. When working with living cells, the slightest differences
in cell lines, materials used or laboratory conditions can significantly change the resulting
medication [12]. Because of these inevitable differences in the manufacturing process, there
will always be slight differences between a biosimilar and its respective originator [13]. If so,
the prescription of a biosimilar instead of the originator could potentially be advantageous
or disadvantageous for the patient due to higher or lower response rates and/or less/more
adverse events (AEs).

We intended to obtain evidence on the clinical course in patients being switched from
the adalimumab (ADA) originator (Humira®) to a biosimilar in patients with severe HS.
The following research questions were addressed:

1. Does switching from adalimumab originator (ADAO) to biosimilar ABP 501 in HS
patients have an influence on disease course?

2. What is the rate of non-response among patients with HS who were switched to
biosimilar ABP 501?

3. Does disease severity have an impact on the response rate to ABP 501?
4. Do comorbidities affect the response to biosimilar ABP 501 in patients with HS?

2. Methods
2.1. Study Center and Data Collection

Adult patients with HS (≥18 years old) were prospectively enrolled in the German
HS registry (HSBest). The data for the present study were collected at the Institute for
Health Services Research in Dermatology and Nursing (IVDP) of the University Medical
Center Hamburg-Eppendorf (UKE), which is a specialized center providing comprehensive
guideline-based surgical and pharmacological care for patients with HS.

For the current study, the following inclusion criteria were applied:

1. Treatment starts with ADAO after inclusion in the registry;
2. Treatment with ADAO between January 2021 and August 2021;
3. Treatment duration with ADAO of at least 24 weeks;
4. Hidradenitis Suppurativa Clinical Response (HiSCR) achievement prior to switching,

defined as 50% reduction in total AN count, with no increase in abscess count, and no
increase in draining fistula count relative to baseline [14].

Only fully documented datasets were considered for analysis.



Life 2022, 12, 1518 3 of 8

Systemic routine therapy of HS was started with ADAO until January 2021. Following
the drug regulation in Germany, all patients were then systematically switched to the
adalimumab biosimilar ABP 501.

The following data were collected: duration of therapy with ADAO prior to switching
to ABP 501, disease severity at baseline of originator (t0) and severity and safety under
originator at follow-up prior to switching to biosimilar (t1) and 12 to 14 weeks after
switching to ABP 501 (t2).

Disease severity was determined by the number of inflammatory lesions such as
nodules, abscesses and inflammatory tunnels. The International Hidradenitis Suppurativa
Severity Score System (IHS4) score was calculated [15]. The Hurley Stage was also recorded
at baseline before therapy with ADAO [16]. Safety data were obtained at each visit based
on an explicit patient interrogation.

2.2. Study Setting

Two groups were analyzed in comparison (Figure 1): The group of patients with good
response and no AEs and the group of patients with a loss of response (LoR) and/or at
least one AE. LoR was defined as an increase in IHS4 score of at least 50% compared to
the switching point to biosimilar (t1). In a further step, the group of AEs was evaluated in
more detail descriptively.

Life 2022, 12, x FOR PEER REVIEW 3 of 9 
 

 

4. Hidradenitis Suppurativa Clinical Response (HiSCR) achievement prior to switch-
ing, defined as 50% reduction in total AN count, with no increase in abscess count, 
and no increase in draining fistula count relative to baseline [14].  
Only fully documented datasets were considered for analysis. 
Systemic routine therapy of HS was started with ADAO until January 2021. Follow-

ing the drug regulation in Germany, all patients were then systematically switched to the 
adalimumab biosimilar ABP 501.  

The following data were collected: duration of therapy with ADAO prior to switch-
ing to ABP 501, disease severity at baseline of originator (t0) and severity and safety under 
originator at follow-up prior to switching to biosimilar (t1) and 12 to 14 weeks after 
switching to ABP 501 (t2). 

Disease severity was determined by the number of inflammatory lesions such as nod-
ules, abscesses and inflammatory tunnels. The International Hidradenitis Suppurativa Se-
verity Score System (IHS4) score was calculated [15]. The Hurley Stage was also recorded 
at baseline before therapy with ADAO [16]. Safety data were obtained at each visit based 
on an explicit patient interrogation.  

2.2. Study Setting 
Two groups were analyzed in comparison (Figure 1): The group of patients with 

good response and no AEs and the group of patients with a loss of response (LoR) and/or 
at least one AE. LoR was defined as an increase in IHS4 score of at least 50% compared to 
the switching point to biosimilar (t1). In a further step, the group of AEs was evaluated in 
more detail descriptively. 

 
Figure 1. Distribution of 94 patients on systemic therapy according to the protocol (t0: baseline, start 
with adalimumab originator (ADAO); t1: switching point to adalimumab biosimilar (ABP 501); t2: 
outcomes measurement 12–14 weeks after switch to ABP 501). After induction (t0) and a treatment 
period of at least 6 months with originator ADAO, all patients were switched to ABP 501 (t1). At a 
follow-up 12–14 weeks after switch, response rate and side effects were captured. 

2.3. Statistical Analysis 
Patient characteristics were first analyzed descriptively by using means, minimum, 

maximum and standard deviations. Non-parametric methods were applied to assess 
group differences and statistical significance; for metric variables, the Mann–Whitney U 
test was used and for ordinal variables the Pearson’s chi-squared or Wilcoxon test were 
used, where appropriate. Correlation analysis between variables and loss of effectiveness 
were performed using eta or phi coefficient as appropriate. Sign tests were also conducted 
for the IHS4 score, number of inflamed nodules, number of inflamed tunnels and number 
of abscesses. Comparison between patients with and without LoR was performed using 
Mann-Whitney U test, cross-tabulation, and Chi2 test. There were statistically significant 
results for the Hurley score and for IHS4 at t1 and t2. Statistical analyses were performed 
using SPSS 27.0.0 for Windows 10 (IBM, Armonk, NY, USA). 

Figure 1. Distribution of 94 patients on systemic therapy according to the protocol (t0: baseline, start
with adalimumab originator (ADAO); t1: switching point to adalimumab biosimilar (ABP 501); t2:
outcomes measurement 12–14 weeks after switch to ABP 501). After induction (t0) and a treatment
period of at least 6 months with originator ADAO, all patients were switched to ABP 501 (t1). At a
follow-up 12–14 weeks after switch, response rate and side effects were captured.

2.3. Statistical Analysis

Patient characteristics were first analyzed descriptively by using means, minimum,
maximum and standard deviations. Non-parametric methods were applied to assess group
differences and statistical significance; for metric variables, the Mann–Whitney U test
was used and for ordinal variables the Pearson’s chi-squared or Wilcoxon test were used,
where appropriate. Correlation analysis between variables and loss of effectiveness were
performed using eta or phi coefficient as appropriate. Sign tests were also conducted for
the IHS4 score, number of inflamed nodules, number of inflamed tunnels and number
of abscesses. Comparison between patients with and without LoR was performed using
Mann-Whitney U test, cross-tabulation, and Chi2 test. There were statistically significant
results for the Hurley score and for IHS4 at t1 and t2. Statistical analyses were performed
using SPSS 27.0.0 for Windows 10 (IBM, Armonk, NY, USA).

2.4. Ethics

Before the initiation of the registry, approval was obtained from the ethics commission
of the State Medical Association Hamburg. Written informed consent of all patients was
obtained before inclusion in the HSBest registry. The study was conducted in accordance
with the Declaration of Helsinki.
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3. Results
3.1. Demographic and Patient Characteristics

In total, 94 patients from a single HS center met the inclusion criteria and were selected
for analysis. The mean age of the patients was 39.3 (±13.2) years, and 49% were male. The
mean Hurley score was 2.26 (±0.7). Patients had a mean of 2.19 (±1.9) comorbidities and a
mean of other pre-existing conditions of 0.4 (±0.7). They had received ADAO for a mean
of 17.6 (±12.7) months before switching to ABP 501.

3.2. Descriptive Analysis of the Population with AE or LoR vs. the Non-AE/Non-LoR Population

Overall, 33.3% (n = 31) of the patients developed an AE or LoR within 12 to 14 weeks
after switching from ADAO to ABP 501. Of these, 61.3 % (n = 19) experienced LoR but
no AE, 22.6% (n = 7) LoR in combination with AEs and 16.1% (n = 5) AEs without LoR.
The median duration of therapy under ADAO in this patient group (n = 31) was 19.0
(±13.3) months, without significant differences between patients with LoR and without
LoR (Table 1).

Table 1. Comparison of disease course in patients with/without loss of response under therapy with
ABP 501 at three time points: before initiation of therapy with ADAO (t0), at switch to ABP 501 (t1)
and 12 to 14 weeks after ABP 501 treatment initiation (t2).

Total Population
(n = 94)

No Loss of Response
(n = 63)

Loss of Response ± AE *
(n = 31)

Differences
between Groups

Variable Mean SD Mean SD Mean SD p-value & Cohen’s d

Gender (1 = m; 0 = f) 0.49 0.50 0.52 0.50 0.42 0.50 0.385

Age 39.27 13.23 38.40 13.44 41.03 12.81 0.333

Hurley score (t0) 2.26 0.67 2.33 0.65 2.10 0.70 0.125

IHS4 (t0) 10.90 7.98 10.94 8.24 10.84 7.56 0.056

IHS4 (t1) 5.22 8.60 6.62 8.95 2.39 7.16 0.032, d = 0.47

IHS4 (t2) 5.57 8.80 5.14 9.06 6.45 8.31 0.007, d = 0.54

Number of
comorbidities 2.19 1.89 2.27 1.91 2.03 1.87 0.553

Number of nodules (t0) 3.01 3.48 2.65 3.49 3.74 3.39 0.024, d = 0.23

Number of nodules (t1) 0.72 1.35 0.79 1.53 0.58 0.89 0.863

Number of nodules (t2) 0.99 1.94 0,56 1.53 1.87 2.38 <0.000, d = 0.43

Number of tunnels (t0) 1.83 1.88 1.94 1.98 1.61 1.65 0.605

Number of tunnels (t1) 1.12 2.06 1.43 2.12 0.48 1.81 0.001, d = 0.35

Number of tunnels (t2) 1.12 2.02 1.13 2.08 1.10 1.94 0.630

Number of abscesses (t0) 0.23 0.73 0.27 0.83 0.16 0.45 0.809

Number of abscesses (t1) 0.03 0.18 0.05 0.22 0.00 0.00 0.219

Number of abscesses (t2) 0.07 0.30 0.03 0.18 0.16 0.45 0.064

* under ABP 501 treatment SD = standard deviation, n = number of patients, m = male, f = female, IHS4 =
International Hidradenitis Suppurativa Severity Score System, ADAO = adalimumab originator.

All the observed adverse events (n = 12) were mild and limited to the following
symptoms: injection site pain (n = 6) and fatigue (n = 4) and pruritus (n = 2). The mean IHS4
scores at the start of ADAO treatment (t0) were comparable in the patients experiencing
LoR (10.8 (±7.6)) and the patients without LoR (10.9 (±8.2)). At follow-up, mean IHS4
score was 2.4 (±7.2) and 6.6 (±8.9), respectively, at the time of switching to ABP 501 (t1),
and IHS4 score rated 6.5 (±8.3) and 5.1 (±9.1), respectively, after 12 to 14 weeks of therapy
with ABP 501 (t2) (Figure 2).
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Figure 2. IHS4 course of patients (n = 89) on adalimumab treatment at 3 time points: before initiation
of therapy with ADAO (t0), at switch to ABP 501 (t1) and 12 to 14 weeks after ABP 501 initiation (t2)
depicting patients with loss of effectiveness (n = 26) versus patients keeping response (n = 63). ◦ 1,5-
folt interquartile range. * 3-folt interquartile range. Abbreviations: IHS4 = International Hidradenitis
Suppurativa Severity Score System, t = time point.

3.3. Correlation Analysis between Variables and LoR

In the correlation analysis (Table 2), no correlation was observed between the effective-
ness after switching and selected variables with regard to sex (p = 0.341), age (p = 0.367),
number of comorbidities (p = 0.570), number of pre-existing conditions (p = 0.089), length
of pretreatment with ADAO (p = 0.448), Hurley score (p = 0.262), number of inflammatory
nodules (p = 0.474) or number of abscesses (p = 0.221).

Table 2. Differences between responders and non-responders at different time points and correlation
analysis between selected variables and loss of response.

Variable Differences at t1 and t2
(p-Value)

Correlation between Variable and
Loss of Efficacy (p-Value)

Age - 0.367
ADAO in month - 0.448

Sex - 0.341
Hurley - 0.262
IHS4 0.000 1, 0.026 2 0.237

Number of nodules 0.019 1, 0.486 2 0.474
Number of tunnels 0.000 1, 0.109 2 0.036

Number of abscesses 0.125 1, 1.000 2 0.221
Number of comorbidities - 0.570
Number of pre-existing

conditions - 0.089

1 Loss of response; 2 Without loss of response; ADAO = adalimumab originator, IHS4 = International Hidradenitis
Suppurativa Severity Score System.
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3.4. Statistical Analysis

Significant differences between t1 and t2 were identified for the IHS4 score (p < 0.001)
in both patient groups and the number of inflammatory nodules and tunnels in patients
with LoR (p < 0.05).

4. Discussion

To our knowledge, this register-based monocentric study is the first to provide real-
world data on the treatment of HS patients with the adalimumab biosimilar ABP 501 and
on the process of switching from originator to this particular biosimilar during remission
maintenance therapy.

Our study results suggest that patients who underwent treatment switching to ABP
501 experienced a marked risk of LoR regarding an increase of tunnels after their reduction
under ADAO and AEs. In the study population, 20.2% of patients experienced LoR
after switching; 7.4% experienced LoR in combination with AEs; and 5.3% of patients
experienced AEs without LoR.

A recent report by Montero-Vilchez et al. on switching from ADAO to an undefined
adalimumab biosimilar in patients with HS comes to a comparable conclusion. In a
relatively small cohort of 17 patients, a loss of HiSCR occurred in 5 patients (29.4%) after
switching to the biosimilar. At the same time, 6 patients (35.3%) experienced side effects
such as pain at the injection site, dizziness and nausea [17]. One clinical trial observed
similar effectiveness and tolerability between originator adalimumab and biosimilar SB5 in
11 patients [18].

It cannot be excluded that the observed disease worsening in the HSBest cohort also
would have occurred under continuation of ADAO therapy. However, a large proportion
of secondary LoR in ADAO treatment usually occurs within the first year of application.
By contrast, the observed LoR after switching to ABP 501 in our study occurred in patients
who had already received ADAO for a mean of 19 months. Comparing our data with the
data from the extension study of the PIONEER 1 and 2 phase 3 trials on the long-term
efficacy of ADAO, it can be seen that secondary loss of efficacy in patients who have
been assessed as partial responders at week 12 is about 28% over the three-year period.
However, our patients have not received the treatment for this period of time. If we take
week 72 as the point of comparison, about 6% of the patients suffered a loss of efficacy in
the extension study. Looking at the efficacy curve of complete responders at week 12, the
rate of secondary loss of efficacy is numerically 0% as measured by HiSCR. It should be
noted, however, that our data are not one-to-one methodologically comparable with the
PIONEER data [7].

Moreover, psychological aspects of switching to a “cheaper” reference product should
not be neglected. Here, above all, the nocebo effect should be taken into account. Concerns
about switching to a certain biosimilar include the possibility of safety issues, increased
immunogenicity and LoR and may have influence the perception of treatment outcomes
and AEs [19]. However, a nocebo effect would not influence the detected increase of tunnels
under ABP 501 after initial reduction under ADAO. It is also possible that switching per se
poses a risk to an LoR, regardless of whether it is from originator to biosimilar or vice versa.

On the other hand, the study results in the therapy of psoriasis, Crohn’s disease and
rheumatoid arthritis indicate a good efficacy of ABP 501, so that in principle a comparable
bioavailability and receptor affinity can be assumed in comparison to ADAO. In the studies
conducted, however, the biosimilar was tested alone and not in comparison with ADAO. A
study with ABP 501 in adalimumab-naive patients might have produced similarly good
results in patients with HS. In order to generate valid results on the effectiveness and
safety profile of biosimilars in the future, an active comparator arm with ADAO should be
included in the study design to enable better comparability of the data.

In addition, one should bear in mind that there may also be indication-specific differ-
ences in response as well as in the safety profile. For this reason, it would be essential to
take this into account in the approval process for medical products, especially biosimilars.
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Approval across indications without prior testing of effectiveness and safety for specific
diagnoses is critical and requires further investigation. In addition, our study shows how
important it is to generate real-world data [8,20]. Nevertheless, biosimilars in general
provide an opportunity to increase patient access to biologic treatment.

Some limitations should be considered when interpreting the observed study results.
First and foremost, the short follow-up of 12 to 16 weeks should be mentioned. Further
analysis will be needed to assess long-term effectiveness and safety. The performed open-
label switch could have influenced the results, as a patient randomization would minimize
the above-mentioned nocebo effect. Moreover, the study comprised a relatively low number
of patients from a single German dermatologic outpatient center.

In conclusion, these results on 94 real-world patients with HS being switched from
ADAO to ABP 501 permit the research hypothesis that ABP 501 is less effective and
induces more AEs in a substantial number of patients with HS. Hence, the non-medical
switch of patients to ABP 501–-and potentially other biosimilars–-who are on remission
maintenance therapy with the ADAO poses risks. In the future, an unknown and unwanted
substitution, performed by further treating doctors or pharmacists, could lead to a severe
disease worsening. Instead, if an adalimumab biosimilar was selected for treatment of HS,
it should be used at the very start of treatment, and multiple switches should be avoided.
The option of starting with or switching to ADAO should further be considered. Further
adjusted analyses from patient registries on HS with sufficient patient numbers are needed
to further clarify the research hypothesis raised.

Author Contributions: Conceptualization, M.A., N.K., F.O. and C.C.Z.; methodology, M.A., N.K.,
F.O. and K.G.; validation, N.K., F.O., K.G., G.G., B.S., N.B.-A., A.P., F.G.B., D.P., C.C.Z. and M.A.;
formal analysis, M.A., N.K., F.O. and K.G.; investigation, N.K., M.A., F.O., N.B.-A., G.G. and B.S.;
resources, N.K., M.A., F.O. and K.G.; data curation, K.G., F.G.B., A.P., D.P., C.C.Z., N.B.-A., G.G. and
B.S.; writing—original draft preparation, F.O., N.K., K.G. and M.A.; writing—review and editing,
F.G.B., A.P., D.P., K.G., N.B.-A. and C.C.Z.; visualization, N.K., K.G., F.O. and M.A.; supervision, M.A.,
N.K. and F.O.; project administration, M.A., F.O. and N.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the General Medical Council Hamburg (protocol
code 2020-10128-BO-ff, 23 March 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available from the corresponding author upon reasonable request.

Acknowledgments: The authors thank the Scientific Communication Team of the IVDP, in particular
Mathilda Meyer and Mario Gehoff, for copy editing. The Department of Dermatology, Venerology
and Allergology, University Hospital Würzburg (UKW), Würzburg, Germany and the Departments of
Dermatology, Venereology, Allergology and Immunology, Dessau Medical Center, Dessau, Germany
are health care providers of the European Reference Network for Rare and Complex Skin Diseases
(ERN Skin—ALLOCATE Skin group).

Conflicts of Interest: N.K. reports personal speaking fees, consulting fees and support for attending
meetings from Janssen, AbbVie, Almirall, Lilly, Pfizer, UCB, Celgene and Uluru. F.G.B. reports
personal speaking fees, consulting and grants for clinical studies from AbbVie, Novartis, Incyte,
UCB, Janssen and Boehringer Ingelheim. C.C.Z. reports personal speaking fees, consulting, grants,
advisory board participation and medial writing for studies from AbbVie, Novartis, Boehringer
Ingelheim, UCB, Regeneron, Bayer Healthcare, Inflarx and Janssen. M.A. has received consulting and
speaking fees from AbbVie, Almirall, Amgen, Biogen, Boehringer Ingelheim, Celgene, Centocor, Eli
Lilly, GSK, Janssen, LEO, Medac, Merck, MSD, Novartis, Pfizer, UCB and XenoPort and has been
involved in clinical trials for AbbVie, Novartis and UCB to AI/HS as an investigator. F.O., K.G., G.G.,
B.S., N.B.-A., A.P. and D.P. claim no conflict of interest.



Life 2022, 12, 1518 8 of 8

References
1. Zouboulis, C.C.; del Marmol, V.; Mrowietz, U.; Prens, E.; Tzellos, T.; Jemec, G.B.E. Hidradenitis suppurativa/acne inversa:

Criteria for diagnosis, severity assessment, classification and disease evaluation. Dermatology 2015, 231, 184–190. [CrossRef]
[PubMed]

2. Jemec, G.B. Clinical practice. Hidradenitis suppurativa. N. Engl. J. Med. 2012, 366, 158–164. [CrossRef] [PubMed]
3. Alikhan, A.; Lynch, P.J.; Eisen, D.B. Hidradenitis suppurativa: A comprehensive review. J. Am. Acad. Dermatol. 2009, 60, 539–561.

[CrossRef] [PubMed]
4. Zouboulis, C.C.; Bechara, F.G.; Dickinson-Blok, J.L.; Gulliver, W.; Horváth, B.; Hughes, R.; Kimball, A.B.; Kirby, B.; Martorell, A.;

Podda, M.; et al. Hidradenitis suppurativa/acne inversa: A practical framework for treatment optimization—Systematic review
and recommendations from the HS ALLIANCE working group. J. Eur. Acad. Dermatol. Venereol. 2019, 33, 19–31. [CrossRef]
[PubMed]

5. Zouboulis, C.C. Adalimumab for the treatment of hidradenitis suppurativa/acne inversa. Expert Rev. Clin. Immunol. 2016, 12,
1015–1026. [CrossRef] [PubMed]

6. Jang, D.-I.; Lee, A.-H.; Shin, H.-Y.; Song, H.-R.; Park, J.-H.; Kang, T.-B.; Lee, S.-R.; Yang, S.-H. The Role of Tumor Necrosis Factor
Alpha (TNF-α) in Autoimmune Disease and Current TNF-α Inhibitors in Therapeutics. Int. J. Mol. Sci. 2021, 22, 2719. [CrossRef]
[PubMed]

7. Zouboulis, C.C.; Okun, M.M.; Prens, E.P.; Gniadecki, R.; Foley, P.A.; 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. [CrossRef] [PubMed]

8. Marzano, A.V.; Genovese, G.; Casazza, G.; Moltrasio, C.; Dapavo, P.; Micali, G.; Sirna, R.; Gisondi, P.; Patrizi, A.; Dini, V.;
et al. Evidence for a ‘window of opportunity’ in hidradenitis suppurativa treated with adalimumab: A retrospective, real-life
multicentre cohort study. Br. J. Dermatol. 2021, 184, 133–140. [CrossRef] [PubMed]

9. Zouboulis, C.C.; Gulliver, W.; Ingram, J.; Kirby, B.; Giamarellos-Bourboulis, E.J.; Podda, M.; Tzellos, T.; Jemec, G.B.E. Endpoints
of clinical trials for hidradenitis suppurativa: Proceedings of a round-table session. Exp. Dermatol. 2020, 29 (Suppl. 1), 67–72.
[CrossRef] [PubMed]

10. Constantin, M.M.; Cristea, C.M.; Taranu, T.; Bucur, S.; Constantin, T.; Dinu, A.; Jinga, M.; Nita, I.E. Biosimilars in dermatology:
The wind of change. Exp. Ther. Med. 2019, 18, 911–915. [PubMed]

11. European Medicines Agency. Guideline on Similar Biological Medicinal Products. 2014. Available online: https://www.ema.
europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-rev1_en.pdf (accessed on 5
January 2022).

12. Kanase, S.J.; Gavhane, Y.N.; Khandekar, A.; Gurav, A.S.; Yadav, A.V. Biosomilar: An overview. Int. J. Pharm. Sci. Res. 2013, 4,
2132–2144.

13. Schellekens, H. Bioequivalence and the immunogenicity of biopharmaceuticals. Nat. Rev. Drug Discov. 2002, 1, 457–462.
[CrossRef] [PubMed]

14. Kimball, A.; Sobell, J.; Zouboulis, C.; Gu, Y.; A Williams, D.; Sundaram, M.; Teixeira, H.; Jemec, G. HiSCR (Hidradenitis
Suppurativa Clinical Response): A novel clinical endpoint to evaluate therapeutic outcomes in patients with hidradenitis
suppurativa from the placebo-controlled portion of a phase 2 adalimumab study. J. Eur. Acad. Dermatol. Venereol. 2016, 30,
989–994. [CrossRef] [PubMed]

15. Zouboulis, C.C.; Tzellos, T.; Kyrgidis, A.; Jemec GB, E.; Bechara, F.G.; Giamarellos-Bourboulis, E.J. Development and validation
of IHS4, a novel dynamic scoring system to assess hidradenitis suppurativa/acne inversa severity. Br. J. Dermatol. 2017, 177,
1401–1409. [CrossRef] [PubMed]

16. Hurley, H.J. Hidradenitis suppurativa. In Roenigk & Roenigk’s Dermatologic Surgery: Principles and Practice, 2nd ed.; Roenigk, R.K.,
Roenigk, H.H., Jr., Eds.; Marcel Dekker, Inc.: New York, NY, USA, 1996; pp. 623–645.

17. Montero-Vilchez, T.; Cuenca-Barrales, C.; Rodriguez-Tejero, A.; Martinez-Lopez, A.; Arias-Santiago, S.; Molina-Leyva, A.
Switching from Adalimumab Originator to Biosimilar: Clinical Experience in Patients with Hidradenitis Suppurativa. J. Clin.
Med. 2022, 11, 1007. [CrossRef] [PubMed]

18. Ricceri, F.; Rosi, E.; Di Cesare, A.; Pescitelli, L.; Fastame, M.T.; Prignano, F. Clinical experience with adalimumab biosimilar
imraldi in hidradenitis suppurativa. Dermatol. Ther. 2020, 33, e14387. [CrossRef] [PubMed]

19. Cohen, S.; Genovese, M.C.; Choy, E.; Perez-Ruiz, F.; Matsumoto, A.; Pavelka, K.; Pablos, J.L.; Rizzo, W.; Hrycaj, P.; Zhang, N.;
et al. Efficacy and safety of the biosimilar ABP 501 compared with adalimumab in patients with moderate to severe rheumatoid
arthritis: A randomised, double-blind, phase III equivalence study. Ann. Rheum. Dis. 2017, 76, 1679–1687. [CrossRef] [PubMed]

20. Zouboulis, C.C. First real-world data provides evidence for a “window of opportunity” in hidradenitis suppurativa/acne inversa
treatment. Br. J. Dermatol. 2021, 184, 10–11. [CrossRef] [PubMed]

http://doi.org/10.1159/000431175
http://www.ncbi.nlm.nih.gov/pubmed/26139027
http://doi.org/10.1056/NEJMcp1014163
http://www.ncbi.nlm.nih.gov/pubmed/22236226
http://doi.org/10.1016/j.jaad.2008.11.911
http://www.ncbi.nlm.nih.gov/pubmed/19293006
http://doi.org/10.1111/jdv.15233
http://www.ncbi.nlm.nih.gov/pubmed/30176066
http://doi.org/10.1080/1744666X.2016.1221762
http://www.ncbi.nlm.nih.gov/pubmed/27531618
http://doi.org/10.3390/ijms22052719
http://www.ncbi.nlm.nih.gov/pubmed/33800290
http://doi.org/10.1016/j.jaad.2018.05.040
http://www.ncbi.nlm.nih.gov/pubmed/29860040
http://doi.org/10.1111/bjd.18983
http://www.ncbi.nlm.nih.gov/pubmed/32119111
http://doi.org/10.1111/exd.14123
http://www.ncbi.nlm.nih.gov/pubmed/32691939
http://www.ncbi.nlm.nih.gov/pubmed/31384323
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-rev1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-rev1_en.pdf
http://doi.org/10.1038/nrd818
http://www.ncbi.nlm.nih.gov/pubmed/12119747
http://doi.org/10.1111/jdv.13216
http://www.ncbi.nlm.nih.gov/pubmed/26201313
http://doi.org/10.1111/bjd.15748
http://www.ncbi.nlm.nih.gov/pubmed/28636793
http://doi.org/10.3390/jcm11041007
http://www.ncbi.nlm.nih.gov/pubmed/35207280
http://doi.org/10.1111/dth.14387
http://www.ncbi.nlm.nih.gov/pubmed/33030281
http://doi.org/10.1136/annrheumdis-2016-210459
http://www.ncbi.nlm.nih.gov/pubmed/28584187
http://doi.org/10.1111/bjd.19165
http://www.ncbi.nlm.nih.gov/pubmed/32476130

	Introduction 
	Methods 
	Study Center and Data Collection 
	Study Setting 
	Statistical Analysis 
	Ethics 

	Results 
	Demographic and Patient Characteristics 
	Descriptive Analysis of the Population with AE or LoR vs. the Non-AE/Non-LoR Population 
	Correlation Analysis between Variables and LoR 
	Statistical Analysis 

	Discussion 
	References

