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Abstract

Background:: There is currently at least | biologic (adalimumab) approved in North America for treatment of Hidradenitis
Suppurativa in the pediatric population. However, no reviews or clinical trials have specifically analyzed the effectiveness and
safety data of biologic use in this population. The objective of this systematic review is to identify and summarize the out-
comes of biologic therapy in pediatric patients with HS.

Methods:: MEDLINE and EMBASE databases were used to conduct the search on Sept 18, 2020.

Results:: The 15 included studies consisted of 26 patients, with the mean age of 15 + 2.3 years. Females accounted for
53.8% (n = 14/26) of cases. The mean duration of HS prior to biologic initiation was 3.5 + 2.9 years, with the majority having
Hurley Stage Il. The 26 patients received 34 biologics in total: 85.3% treated with TNF alpha inhibitors (adalimumab n = 17,
infliximab n = 10, etanercept n = |, unspecified n = ), 5.9% with IL-12/23 inhibitors (ustekinumab n = 2), 5.9% with IL-1 in-
hibitors (i.e., anakinra n = 2) and 2.9% received IL-23 inhibitors (i.e., guselkumab n = |) biologics. Of the 26 patients, 23.1%
(n = 6/26) experienced complete resolution (CR), 73.1% (n = 19/26) experienced partial resolution (PR), and 3.8% (n = 1/26)
had no resolution outcomes reported. The time to resolution of HS lesions after biologic initiation ranged from 10 days to
I'1.5 months (mean: 5.1 months). No adverse events were reported in the studies.

Conclusion:: Although anti-TNF alpha were the most common biologics used for HS in pediatric cases, large-scale trials
specific to pediatric patients with HS are needed to confirm these findings.
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Introduction Studies to date in adults generally report highest efficacy
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Although generally considered to have favorable side
effect profiles, biologics have been associated with compli-
cations. Adverse events linked to biologic use have been
reported in adult HS patients, including increased risk of
infection, reactivation of latent tuberculosis and cancers.’
Additionally, lymphoma, and demyelinating disorders have
been documented with biologic use in pediatric patients with
psoriasis.” However, little information is available on the
effectiveness and safety of biologic use for HS management
in pediatric population.'® This systematic review summa-
rizes the outcomes of biologic therapies in pediatric HS and
provides valuable information for dermatologists assessing
the risks and benefits of different biologics for treating this
population.

Methods

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines."!

Search Strategy

Searches were conducted using the EMBASE and MEDLINE
in OVID on Sept 18, 2020. No language or date restrictions
were applied. Variations of the following keywords were
used for the search: “hidradenitis suppurativa,” “specific bio-
logic,” and “children” (Supplemental File 1-2).

Study Eligibility Criteria

Original articles were included in this systematic review if
they (i) involved human participants, (ii) were observational
(i.e., case reports, case series, cross-sectional or cohort stud-
ies) or experimental (i.e., randomized controlled trials) stud-
ies, (iii) involved biologics as an intervention, (iv) included
pediatric patients with hidradenitis suppurativa, and (v) were
written in the English language.

Study Selection

Two reviewers (M.S and K.M.) independently screened
titles, abstracts, and full texts of retrieved articles and deter-
mined study eligibility. Discrepancies or conflicts were
resolved through discussion with a third reviewer (A.M.).
Reference lists from all relevant articles were checked to
identify additional studies not identified in the initial data-
base search.

Data Collection

Reviewers (M.S and P.K.) independently reviewed and
extracted data from each study using a structured form.
Conflicts were reviewed collectively and if consensus was
not reached, a third reviewer was consulted (A.M.). Study

design, patient demographic data, biologic treatments and
resolution outcomes were extracted and summarized in
Supplemental File 3. The following post-treatment outcomes
were extracted and analyzed:

i.  Resolution:

a. Worsening: defined by exacerbation of HS lesions

b. No Improvement: defined by no changes in HS
lesions

c. Partial Resolution: defined by improvement, yet
lack of complete remission, of HS lesions

d. Complete Resolution: defined by total remission
of HS lesions

ii. Resolution period: duration between onset and partial
or complete resolution of HS lesions

iii. Recurrence of HS lesions

iv. Reported adverse events

Level of Evidence Evaluation and Statistical Analysis

Level of evidence for all included articles was assessed inde-
pendently by two reviewers (M.S. and P.K.) using the Oxford
Centre for Evidence-Based Medicine 2011 Levels of
Evidence.'” Due to the considerable heterogeneity of the
included studies, a descriptive review was undertaken.

Results

The search yielded 919 records after duplicates were
removed. Following the title and abstract screening, 93
records were selected for a full-text review. In total, 15 stud-
ies met eligibility criteria and were used for data collection
and analysis of 26 patients.">*” The analysis of the level of
evidence showed that 6 studies (40%) had a level of evidence
of 4 and 9 studies (60%) had a level of evidence of 5. Overall,
patients were between 6 and 17 years of age (mean: 15 years
+ 2.3) at presentation and initiation of biologics. Females
accounted for 53.8% (n = 14/26) of cases.

The average duration of HS prior to initiating biologics
was 3.5 + 2.9 years, with the majority presenting with Hurley
Stage II disease. The 26 HS cases were treated with a total of
34 biologics: 85.3% received anti-TNF-o (adalimumab n =
17/34, infliximab n = 10/34, etanercept » = 1/34, and unspec-
ified n = 1/34), 5.9% received anti-IL-12/23 (ustekinumab n
= 2/34), 5.9% received anti-IL-1 (anakinra n = 2/34), and
2.9% received anti-1L-23 (guselkumab n = 1/34). Of the 26
patients, 23.1% (n = 6/26) experienced complete resolution
(CR), 73.1% (n = 19/26) experienced partial resolution (PR),
and 3.8% (n = 1/26) had no resolution outcomes reported.
The time to resolution after biologic initiation ranged from
10 days to 11.5 months (mean: 5.1 months). Concomitant
interventions were reported in 23.1% (n = 6/26) cases,
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majority (66.7%, n = 4/6) of which were antibiotics
(Supplemental File 3).

Specifically, for anti-TNF-a, 15.4% (n = 4/26) achieved
CR, and 61.5% (n = 16/26) achieved PR (Supplemental File
3). Mean CR period was reported in 3 cases to be 6.2 months,
and relapse occurred in 10.7% (n = 3/26) of cases on anti-
TNF-o. Three patients, all females aged 15-17, did not
respond to adalimumab but thereafter had either PR or CR to
anti-IL12/23 or anti-IL-23 blockade. The 2 cases treated with
anti-IL-12/23 achieved CR within 11.3 months without
relapse. PR was achieved with anti-IL-1, and anti-IL-23 also
achieved PR at 6 months.

Discussion

Our systematic review revealed that the majority of pediatric
HS patients received biologics were treated with TNF-a
inhibitors (85.3%). The most commonly used anti-TNF-a
agents were adalimumab and infliximab, with only one
patient treated with etanercept. Specifically, for anti-TNF-a,
15.4% of cases achieved CR, and 61.5% achieved PR. This
complements the findings of another systematic review of
both pediatric and adult cases treated with biologics, which
documented highest efficacy with anti-TNF-o agents, adali-
mumab and infliximab, while etanercept was proven to be
ineffective.® Adalimumab was found to be more effective
than infliximab.® However, this study reviewed mostly adult
patients and did not report pediatric data separately,® whereas
our review included only pediatric studies.'*?’

In addition to anti-TNF-a , anti-IL-1 may be effective
against HS as elevated TNF-o and IL-1B levels have been
detected in HS lesions.?® IL-1p and TNF-a levels in HS
lesions were elevated 31-fold and 5-fold, compared to
healthy skin.”® Furthermore, following follicular rupture,
secondary bacterial colonization can result in an inflamma-
tory cascade mediated by TNF-0.”’ This may explain the
mechanism by which TNF-a blockade leads to improvement
in HS disease severity.”” However, the majority of the patho-
genesis data is based on adult patients; further mechanistic
studies specific to pediatric population are required to make
conclusions.

Additionally, IL-12 and IL-23 expression has been found
to be elevated in dermal macrophages in HS lesions, and
both IL-12/T-helper cell (Th) 1 and IL-23/Th17 pathways
can be activated by TLRs to initiate autoimmune responses.’
Laboratory evidence revealed that multiple TLR agonists
alone can increase IL-23 expression, while several signals
are required to enhance IL-12 production.’ IL-23 has an
important role in recruiting and activating various inflamma-
tory cells that induce chronic inflammation.*® Thus, thera-
peutics that selectively inhibit IL-12 and IL-23 may be
effective in treating inflammatory immune-mediated
diseases. >

Comorbidities are a common and important consideration
in pediatric patients with HS.* The associated comorbidities
are reported in up to 85% of HS pediatric population, includ-
ing obesity, metabolic syndrome, inflammatory bowel and
joint disease, anxiety, and dcapression.34’3 > It is unknown if
earlier and more effective treatments impact comorbidities,
but they are likely to mitigate the impact of HS on mental
and physical health. The full impact of uncontrolled disease
on mental and physical health is difficult to quantify in the
long term. HS can also lead to significant socioeconomic
impacts, highlighting the need for early and effective
treatment.*

Nonbiologic treatments for HS include topical treatments
(i.e., clindamycin, resorcinol, antiseptics), antibiotics (i.e.,
tetracycline, doxycycline, minocycline, rifampicin), and sur-
gical interventions.*® While safe, topical treatments as solo
therapy are largely ineffective in moderate to severe pediatric
cases.’® Systemic antibiotics from the tetracycline family
pose a risk for children under the age of 8 due to tooth discol-
oration and dental enamel hypoplasia.*® Other antibiotics are
safer for children, including ertapenem, clindamycin, eryth-
romycin, and metronidazole.*® However, the use of rifampi-
cin in regions where tuberculosis is prevalent poses a risk
due to antibiotic restsance.*® Surgical interventions are effec-
tive; however, they are invasive and are associated with
recurrence and post-operative complications which include
infection, scars, and wound separation.36 Deroofing interven-
tions are another invasive, yet effective procedure in Hurley
stage I and II pediatric patients and are associated with lower
relapse rates and less post-operative complications compared
to excisions.”’*® Although this is a surgical intervention, it
can be done in office with local anesthesia and is well toler-
ated in older children.’” Additionally, it is important to note a
newer train of thought that surgical treatment should be an
adjunctive treatment that is done in tandem with biologic or
medical therapy, as chronic lesions often persist despite
being on biologic therapy.**® Based on our review, biolog-
ics are a promising noninvasive treatment method for HS, as
they may help mitigate the risks associated with other treat-
ment modalities. Our findings show a high efficacy for bio-
logics, specifically TNF-o inhibitors. Furthermore, no
adverse events were reported within the follow-up periods
for the studies in this review.

Limitations of this systematic review include small sam-
ple size, observational nature of the included studies (i.e.,
case reports and series), and missing data on disease severity.
The lack of larger trials and observational nature of the stud-
ies limits the scope of analysis and generalizability of our
findings to all pediatric patients on biologic treatment.
Additionally, due to the heterogeneity of the data, it may be
difficult to attribute causality between improvement of HS
outcomes and biologic use. Only one study reported
Hidradenitis Suppurative Clinical Response (HiSCR), a
standardized measure, which indicates at least a 50%
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reduction in total abscess and inflammatory nodule count rel-
ative to baseline.'” As a result, the varying measurement
scores used in each case complicates the comparison between
different biologics and the subsequent response to treatment.
Also, studies show that differences in individuals’ response
to therapy for HS also depend on genetic variations between
patients, which may have confounded our results.”

Currently, adalimumab is indicated in Canada, the United
States and Europe for adolescents aged 12-17 with HS,
although the indication is based on clinical trials in adult
population. To date, there are no North American guidelines
for adolescent HS. Despite these limitations, we found that
anti-TNF-o were the most common biologics used for pedi-
atric HS. Further studies with larger sample sizes are required
to confirm the findings reported in this systematic review.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: Dr. Alavi is consultant for AA is consultant for abbvie, BI,
Janssen, Infla Rx, Novartis, UCB and investigator for BI, Processa.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iDs

Muskaan Sachdeva
Asfandyar Mufti
Khalad Maliyar
Afsaneh Alavi

https://orcid.org/0000-0002-2252-5663
https://orcid.org/0000-0002-3514-9513
https://orcid.org/0000-0003-2298-8374
https://orcid.org/0000-0003-1171-4917

Supplemental Material

Supplemental material for this article is available online.

References

1. Jemec GBE. Hidradenitis suppurativa. N Engl J Med Overseas
Ed. 2012;366(2):158-164. doi:10.1056/NEJMcp1014163

2. Deckers IE, van der Zee HH, Prens EP. Epidemiology of
hidradenitis suppurativa: prevalence, pathogenesis, and factors
associated with the development of HS. Curr Dermatol Rep.
2014;3(1):54-60. doi:10.1007/s13671-013-0064-8

3. Moran B, Sweeney CM, Hughes R, et al. Hidradenitis suppu-
rativa is characterized by dysregulation of the Th17: Treg cell
axis, which is corrected by anti-TNF therapy. J Invest Derma-
tol. 2017;137(11):2389-2395. doi:10.1016/j.jid.2017.05.033

4. Kelly G, Hughes R, McGarry T, et al. Dysregulated cytokine
expression in lesional and nonlesional skin in hidradenitis sup-
purativa. Br J Dermatol. 2015;173(6):1431-1439. doi:10.1111/
bjd.14075

5. Lee RA, Eisen DB. Treatment of hidradenitis suppurativa with
biologic medications. J Am Acad Dermatol. 2015;73(5 Suppl
1):S82-S88. doi:10.1016/j.jaad.2015.07.053

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Lim SYD, Oon HH. Systematic review of immunomod-
ulatory therapies for hidradenitis suppurativa. Biologics.
2019;13:53-78. doi:10.2147/BTT.S199862

Gupta AK, Studholme C. Adalimumab (Humira) for the
treatment of hidradenitis suppurativa. Skin Therapy Lett.
2016;21(4):1-4.

Wiodarek K, Ponikowska M, Matusiak t., Szepietowski JC.
Biologics for hidradenitis suppurativa: an update. Immunother-
apy. 2019;11(1):45-59. doi:10.2217/imt-2018-0090

Dogra S, Mahajan R. Biologics in pediatric psoriasis—effi-
cacy and safety. Expert Opin Drug Saf. 2018;17(1):9-16. doi:
10.1080/14740338.2018.1391787

Liy-Wong C, Pope E, Lara-Corrales I. Hidradenitis sup-
purativa in the pediatric population. J Am Acad Dermatol.
2015;73(5 Suppl 1):S36-S41.doi:10.1016/j.jaad.2015.07.051
Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA state-
ment. PLoS Med. 2009;6(7):e1000097. doi:10.1371/journal.
pmed.1000097

AM. Oxford Centre for Evidence-based Medicine - Levels of
Evidence (March 2009) [Internet]. CEBM. 2016. https://www.
cebm.net/2009/06/oxford-centre-evidence-based-medicine-
levels-evidence-march-

Adams DR, Gordon KB, Devenyi AG, loffreda MD. Severe
hidradenitis suppurativa treated with infliximab infusion.
Arch  Dermatol.  2003;139(12):1540-1542.  doi:10.1001/
archderm.139.12.1540

Chinniah N, Cains GD. Moderate to severe hidradenitis suppu-
rativa treated with biological therapies. Australas J Dermatol.
2014;55(2):128-131. doi:10.1111/ajd.12136

Oranges T, Chiricozzi A, lannone M, Romanelli M, Dini V.
Long-term outcome of adalimumab in a young girl with hidrad-
enitis suppurativa. Skin Appendage Disord. 2018;5(1):38-41.
doi:10.1159/000487365

Cusack C, Buckley C. Etanercept: effective in the man-
agement of hidradenitis suppurativa. Br J Dermatol.
2006;154(4):726-729. doi:10.1111/j.1365-2133.2005.07067.x

Fougerousse A-C, Reguiai Z, Roussel A, Bécherel P-A.
Hidradenitis suppurativa management using tumor necrosis
factor inhibitors in patients younger than 18 years: A series
of 12 cases. J Am Acad Dermatol. 2020;83(1):199-201. doi:
10.1016/j.jaad.2020.02.071

Genovese G, Caorsi R, Moltrasio C, Marzano AV. Successful
treatment of co-existent SAPHO syndrome and hidradenitis
suppurativa with adalimumab and methotrexate. J Eur Acad
Dermatol Venereol. 2019;33 Suppl 6(c2r, 9216037):40-41. doi:
10.1111/jdv.15849

Ianhez M, Mendonca L, Pereira S, Prado M, Ceccherini I, Gat-
torno M. Hidradenitis suppurativa in KID’s syndrome: Genetic
characterisation, clinical and surgical intervention. Exp Derma-
tol. 2019;28(Supplement 2):29.

Lopes S, Gomes N, Trindade E, Azevedo F, Magina S. Hidrad-
enitis suppurativa in a prepubertal girl. Acta Dermatovenerol


https://orcid.org/0000-0002-2252-5663
https://orcid.org/0000-0002-2252-5663
https://orcid.org/0000-0002-3514-9513
https://orcid.org/0000-0002-3514-9513
https://orcid.org/0000-0003-2298-8374
https://orcid.org/0000-0003-2298-8374
https://orcid.org/0000-0003-1171-4917
https://orcid.org/0000-0003-1171-4917
https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-
https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-
https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-

180

Journal of Cutaneous Medicine and Surgery 26(2)

21.

22.

23.

24.

25.

26.

217.

28.

29.

Alp Pannonica Adriat. 2019;28(3):139-141. doi:10.15570/
actaapa.2019.34

Mahiques Santos L, Juan Aguilar M. The importance of rec-
ognizing isolated facial hidradenitis suppurativa. J Am Acad
Dermatol. 2019;81(4 Supplement 1):AB285.

Sahu P, Aggarwal P, Dayal S, Kumar Jain V, Jain K V. Biologic
therapy: a boon for hidradenitis suppurativa-like lesions com-
plicating naevus comedonicus in a prepubertal child. Clin Exp
Dermatol. 2019;44(3):322-324. doi:10.1111/ced. 13685

Kamal N, Cohen BL, Buche S, Delaporte E, Colombel J-F.
Features of Patients With Crohn’s Disease and Hidradenitis
Suppurativa. Clin Gastroenterol Hepatol Off Clin Pract J Am
Gastroenterol Assoc. 2016;14(1):71-79.

Monsalvez V, Postigo C, Rivera R, Palencia S. Hidradenitis
suppurativa and ulcerative colitis, difficult treatment to control
both pathologies at the same time. Exp Dermatol. 2019;28(Sup-
plement 2):21.

Provini LE, Stellar JJ, Stetzer MN, Nguyen PD, Jen M.
Combination hyperbaric oxygen therapy and ustekinumab
for severe hidradenitis suppurativa. Pediatr Dermatol.
2019;36(3):381-383. doi:10.1111/pde.13775

Casseres RG, Kahn JS, Her MJ, Rosmarin D. Guselkumab
in the treatment of hidradenitis suppurativa: a retrospective
chart review. J Am Acad Dermatol. 2019;81(1):265-267. doi:
10.1016/j.jaad.2018.12.017

Hsiao JL, Antaya RJ, Berger T, Maurer T, Shinkai K, Leslie KS.
Hidradenitis suppurativa and concomitant pyoderma gan-
grenosum: a case series and literature review. Arch Dermatol.
2010;146(11):1265-1270. doi:10.1001/archdermatol.2010.328
van der Zee HH, de Ruiter L, van den Broecke DG, Dik WA,
Laman JD, Prens EP. Elevated levels of tumour necrosis
factor (TNF)-a, interleukin (IL)-1p and IL-10 in hidrad-
enitis suppurativa skin: a rationale for targeting TNF-a
and IL-1B. Br J Dermatol. 2011;164(6):1292-1298. doi:
10.1111/5.1365-2133.2011.10254.x

Dréno B, Khammari A, Brocard A, et al. Hidradenitis sup-
purativa: the role of deficient cutaneous innate immu-
nity. Arch Dermatol. 2012;148(2):182-186. doi:10.1001/
archdermatol.2011.315

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Schlapbach C, Hanni T, Yawalkar N, Hunger RE. Expression
of the IL-23/Th17 pathway in lesions of hidradenitis suppura-
tiva. J Am Acad Dermatol. 2011;65(4):790-798. doi:10.1016/j.
jaad.2010.07.010

Roses RE, Xu S, Xu M, Koldovsky U, Koski G, Czerniecki BJ.
Differential production of IL-23 and IL-12 by myeloid-derived
dendritic cells in response to TLR agonists. J Immunol.
2008;181(7):5120-5127. doi:10.4049/jimmunol.181.7.5120
Langrish CL, McKenzie BS, Wilson NJ, de Waal Male-
fyt R, Kastelein RA, Cua DJ. I1-12 and IL-23: master reg-
ulators of innate and adaptive immunity. /mmunol Rev.
2004;202(1):96-105. doi:10.1111/.0105-2896.2004.00214.x
Kirby JS, Zaenglein AL. Recognizing the effects and dispar-
ities of pediatric hidradenitis suppurativa. JAMA Dermatol.
2021;157(4):379. doi:10.1001/jamadermatol.2020.5434
Liy-Wong C, Kim M, Kirkorian AY, et al. Hidradenitis sup-
purativa in the pediatric population: an international, multi-
center, retrospective, cross-sectional study of 481 pediatric
patients. JAMA Dermatol. 2021;157(4):385-391. doi:10.1001/
jamadermatol.2020.5435

Alikhan A, Sayed C, Alavi A, et al. North American clinical
management guidelines for hidradenitis suppurativa: a publica-
tion from the United States and Canadian hidradenitis suppu-
rativa foundations: Part I: diagnosis, evaluation, and the use of
complementary and procedural management. J Am Acad Der-
matol. 2019;81(1):76-90. doi:10.1016/j.jaad.2019.02.067
Choi E, Ooi XT, Chandran NS. Hidradenitis suppurativa in
pediatric patients. J Am Acad Dermatol. 2020;29(4).10.1016/].
jaad.2020.08.045 18 Aug 2020.

Janse I, Bieniek A, Horvath B, Matusiak L. Surgical procedures
in hidradenitis suppurativa. Dermatol Clin. 2016;34(1):97-109.
doi:10.1016/j.det.2015.08.007

Riis PT, Saunte DM, Sigsgaard V, et al. Clinical characteris-
tics of pediatric hidradenitis suppurativa: a cross-sectional
multicenter study of 140 patients. Arch Dermatol Res.
2020;312(10):715-724. doi:10.1007/s00403-020-02053-6
Savva A, Kanni T, Damoraki G, et al. Impact of Toll-like
receptor-4 and tumour necrosis factor gene polymorphisms
in patients with hidradenitis suppurativa. Br J Dermatol.
2013;168(2):311-317. doi:10.1111/bjd.12105



	Biologic Use in Pediatric Patients With Hidradenitis Suppurativa: A Systematic Review
	Abstract
	Introduction
	Methods
	Search Strategy
	Study Eligibility Criteria
	Study Selection
	Data Collection
	Level of Evidence Evaluation and Statistical Analysis

	Results
	Discussion
	Declaration of Conflicting Interests
	Funding
	ORCID iDs

	Supplemental Material
	References


