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ABBREVIATIONS

- AF-SS - Acne fulminans with systemic symptoms

- AF-WOSS - Acne fulminans without systemic symptoms
- BPO - Benzoyl peroxide

-  CRP - C-reactive protein

- DHEA - Dehydroepiandrosterone

- DHT - Dihydrotestosterone

- EMA - European Medicines Agency

- ESR - Erythrocyte sedimentation rate

- FADS 2 - Fatty acid delta-6 desaturase 2

-  FDA - Food and Drug Administration

- HSP - Heat shock proteins

- |IAF-SS - Isotretinoin-induced acne fulminans with systemic symptoms
- IIAF-WQOSS - Isotretinoin-induced acne fulminans without systemic symptoms
- IL - Interleukin

- INF - Interferon

- LPS - Lipopolysaccharide

- LTB4 - Leukotriene B4

- MMP - Matrix metalloproteinase

- PARs - Protease activated receptors

- PMN - Polymorphonuclear

- PGN - Peptidoglycan

- RAR - Retinoic acid receptor

- RARE - Retinoic acid response element

- RXR - Retinoid X receptors



SAPHO syndrome: synovitis, acne, pustolosis, hyperostosis and osteitis
syndrome

TGF - Transforming growth factor

TLR - Toll-like receptor

TNF - Tumor necrosis factor
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SUMMARY

Title: Treatment of severe acne
Author: Marko Kozelj

Acne vulgaris is a chronic inflammatory condition of the pilosebaceous unit, typically
starting at puberty. The prevalence rate of 85% has been estimated among persons
aged 12-24 years.

Acne formation is influenced by four major factors: androgen-induced increased
sebum production, altered keratinization within the follicle, increased colonization of
the pilosebaceous duct Cutibacterium acnes, and release of inflammatory mediators.
Clinical features include non-inflammatory lesions (open and closed comedones),
inflammatory lesions (papules, pustules, nodules), and various degrees of scarring.
Acne may present as a mild (comedonal acne), moderate (mild to moderate
papulopustular acne), or severe disease (severe papulopustular/moderate nodular
acne, severe nodular/conglobate acne, and acne fulminans).

All severe acne vulgaris require systemic treatment with oral isotretinoin as the first-
line treatment. Isotretinoin decreases the proliferation of sebocytes and sebum
production, reduces the colonization of Cutibacterium acnes secondarily, normalizes
the keratinization process within the follicle, and inhibits inflammation.

Oral hormonal antiandrogens and oral antibiotics may be used as an alternative
therapy.

Acne fulminans is a rare and severe form of inflammatory acne, presenting with an
abrupt onset of painful, hemorrhagic pustules and ulceration, usually accompanied by
systemic symptoms (fever, polyarthritis, and laboratory abnormalities). Systemic
corticosteroids are recommended as the initial treatment due to their anti-inflammatory
effect. After 2-4 weeks, isotretinoin can be added with the corticosteroid/isotretinoin

overlap for at least four weeks.

Key words: acne vulgaris, severe acne, acne fulminans, inflammation,

isotretinoin



SAZETAK

Naslov: Terapija teskih oblika akne
Autor: Marko Kozelj

Acne vulgaris je kroni¢na upalna bolest pilosebacealne jedinice, a tipi¢no se javlja u
pubertetu. Procjenjuje se da je prevalencija akne medu osobama u dobi od 12 do 24
godine oko 85%.

Nastanak akne pod utjecajem je Cetiri glavna Cimbenika: pojatanog lu€enja loja pod
utjecajem androgena, poremecene Kkeratinizacije folikula, poveéane kolonizacije
pilosebacealnog kanala bakterijom Cutibacterium acnes i otpustanja proupalnih
medijatora.

Klinicka obiljeZja uklju€uju neupalne lezije (otvorene i zatvorene komedone), upalne
lezije (papule, pustule, nodusi) i ozZiljke razli€itog intenziteta.

Akne se moze prezentirati kao blaga (ache comedonica), umjereno teSka (blaga do
umjerena acne papulopustulosa) i teSka bolest (teSka acne papulopustuloda/umjerena
acne nodularis, teSka acne nodularis/acne conglobata i acne fulminans).

Svi teski oblici vulgarne akne zahtijevaju sustavno lijecenje oralnim izotretinoinom kao
prvom linijom lije€enja. Izotretinoin smanjuje proliferaciju sebocita i sintezu loja te
sekundarno smanjuje kolonizaciju Cutibacterium acnes, normalizira keratinizaciju u
folikulu i inhibira upalu. Alternativho se mogu oralni hormonski antiandrogeni i oralni
antibiotici.

Acne fulminans je rijedak i tezak oblik upalne akne, a pojavljuje se naglo, u vidu bolnih
hemoragi¢nih pustula i ulceracija, koji su obi¢no praceni sustavnim simptomima
(vruéica, poliartritis i poremecaji u laboratorijskim testovima). Sustavni kortikosteroidi
se preporucuju kao pocetno lije€enje zbog njihovog protuupalnog ucinka. Nakon 2-4
tiedna, dodatno se uvodi izotretinoin koji se tijekom najmanje 4 tjedna primjenjuje

zajedno s kortikosteroidima.

Kljuéne rije€i: acne vulgaris, teski oblici akne, acne fulminans, upala,

izotretinoin






1. Introduction

Acne vulgaris is a chronic inflammatory condition of the pilosebaceous unit (defined
as a hair follicle associated with a sebaceous gland) that commonly occurs on the
face, chest, and back. Acne is a term that the ancient Greeks have coined. It is a
condition that has been known for millennia in human history and has already been
described in ancient Egyptian pharaohs. It was described in the Egyptian Ebers
Papyrus Pharmacopeia (3400 before the Common Era (BCE) - 1500 BCE ) as Aku-t,
a condition described as a skin disorder with inflamed skin that contained boils,
pustules, and sores. Hippocrates associated acne with puberty, and Aristotle gave
further descriptions of this disease in ancient Greek medicine (1).

Acne is known today as a condition typically starting at puberty; however, it may occur
in prepubertal children and adults. Typical clinical features include non-inflammatory
lesions (open and closed comedones), inflammatory lesions (papules, pustules,
nodules), and various degrees of scarring (2).

Acne usually presents in areas of the body with the highest density of pilosebaceous
units, such as the face, neck, upper chest, shoulders, and back. It is considered a
chronic and relapsing inflammatory condition of varying severity and which may
require long-term treatment (1).

Acne may present as a mild disease (comedonal acne), a disease of moderate
severity (mild to moderate papulopustular acne), or severe disease (severe
papulopustular/moderate nodular acne, severe nodular/conglobate acne, and acne
fulminans) (3).

Prevalence rates of acne by age have been determined, and it has been estimated

that 40-50 million U.S. individuals have acne, with an 85% prevalence rate in those



aged 12-24 years. Among those patients, 15-20% suffered from moderate to severe
disease types. Prevalence of severe acne is virtually nil in the first decade of life but
increases linearly from 11 years (1.7%) to 17 years of age. A study on the German
population found that 64% of people aged 20-29 years and 43% of those aged 30-39
years had visible acne, and another study found that 3% of men and 5% of women
aged 40-49 years still had a degree of acne. Acne is more common in Caucasians
than in other ethnic groups at ages 14-15, girls aged 12-14, and people with higher
socioeconomic standards (4). As acne is known to be mainly a disease of
adolescence, the prevalence is highest at the age of 14 years in females and 16 years
in males which also marks the peak occurrence of puberty (5).

A study conducted on 1002 highschool pupils concluded that pupils with a family
history of acne exhibited a significantly higher prevalence of moderate/severe acne
(19.9%) than those with no family history (9.8%) (6).

Around 20% of neonates have an acneiform eruption but this usually resolves
spontaneously within 1 to 3 months. This form is more commonly present in boys than
girls (7). After the teenaged years, women are more often affected by acne than men.
The overall prevalence of acne does decline with age in both sexes, but significant
number of individuals experience either a worsening of acne symptoms or fail to
experience improvement after the teenaged years (8).

A study conducted among the U.S. population showed that severe acne might be
associated with a higher prevalence of sinopulmonary disorders (sinus infection, non-
streptococcal pharyngitis, non-asthmatic lung disease, hay fever, and respiratory
allergy), gastrointestinal comorbidities (reflux or heartburn, abdominal pain, nausea

and vomiting, and food or digestive allergy) and psychological comorbidities



(depression, anxiety, attention deficit hyperactivity disorder, and insomnia) (9).

However, further studies are needed to evaluate these associations.



2. Etiopathogenesis of acne

Acne is a multifactorial disease affecting the pilosebaceous unit. Acne formation is a
consequence of the interaction of four main pathogenic factors, including (I) increased
production of sebum; (Il) disturbed keratinization within the follicle; (lll) increased
colonization of the pilosebaceous duct by the Cutibacterium acnes (C. acnes); and
(IV) release of inflammatory mediators (10). Figure 1 illustrates those four main

pathogenic factors in acne formation.

Figure 1: Four main pathogenic factors in acne formation (created with

BioRender.com)



2.1 Overview of acne pathogenesis

In acne pathogenesis, the first step is the formation of microcomedone (10), which
occurs mainly due to increased sebum production and altered follicular keratinization.
Both processes are stimulated by androgens (dihydrotestosterone (DHT) and
testosterone), usually at the time around puberty. It has been shown that androgens
induce the proliferation of sebocytes of mainly facial skin (11). In addition, the
differentiation and maturation of sebocytes are also under the influence of other
hormones and cellular pathways such as peroxisome proliferator-activated receptors,
substance P receptors, a-melanocyte-stimulating hormone, insulin-like growth factor,
corticotropin-releasing hormone, vitamin D and ectopeptidases (12, 13). An increase
in keratinocyte number within the pilosebaceous unit combined with their decreased
shedding leads to mechanical obstruction of the duct (14). The accumulation of sebum
and debris within the initial microcomedone results in clinically visible open and closed
comedones. Thus, the environment of infra-infundibulum and follicles becomes
favorable for the colonization of lipophilic commensal bacterium C. acnes.

C. acnes stimulate inflammation by releasing the inflammatory mediators into the
surrounding perifollicular dermis. Released mediators are chemoattractants for
immune cells, thus drawing them into the area where they induce the formation of
inflammatory lesions. C. acnes contributes to inflammation by releasing lipases,
proteases, and chemotactic factors (15). Released lipases degrade triglycerides,
proteases damage the pilosebaceous unit, and chemotactic factors recruit CD4*-
lymphocytes, neutrophils, and monocytes to the area of inflammation. Increased
colonization of the pilosebaceous unit by C. acnes also causes activation of Toll-like
receptor (TLR)-2 on monocytes, leading to the release of pro-inflammatory cytokine

interleukin (IL)-8. IL-8, in turn, causes the attraction of neutrophils to the area (16, 17).



Other noteworthy processes contributing to the overall pathology include C. acnes-
induced upregulation of other pro-inflammatory cytokines, namely IL-1 alpha, IL-1
beta, and IL-17. In addition, C. acnes induces activation of inflammasome on
peripheral neutrophils by acting as a superantigen and activation of TLR-2 on
keratinocytes which influences the keratinocyte differentiation and thus contribute to
comedone formation (15, 18, 19).

In addition to these events, there is also a significant genetic component to acne
formation. Recent research has identified six gene loci associated with the
development of severe acne: 11q13.1, 5911.2, 11p11.2, 1941, 1924.2, and 8q24.
They are involved in androgen metabolism, inflammation processes, and scar
formation. In addition, they contain genes that are linked to the transforming growth
factor (TGF)- B cell signaling pathway, overexpression of which leads to hypertrophic
scars and keloid formation (20-22).

Genetic influences are found particularly in neonatal acne, nodulocystic acne, and
conglobate acne. Additionally, acne developing after the adolescent years correlates
with having a first-degree relative with acne in 50% of cases (23).

Comedones develop after the initial formation of the microcomedo, which is the
primary non-inflammatory lesion that can be observed. Comedones can be either
open, named blackheads, or closed, named whiteheads. Finally, due to the stimulation
mentioned above of inflammatory mediators, inflammatory lesions (papules, pustules,

and inflammatory nodules) develop (1).
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Figure 2: Pathogenesis of acne. (created with BioRender.com)
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2.2 The role of Cutibacterium acnes

Skin microbiome, specifically C. acnes, has been linked to acne pathogenesis and
formation. It is a gram-positive, anaerobic, lipophilic diphtheroid, commensal in human
skin, and essential for acne development. These bacteria colonize the pilosebaceous
unit and induce inflammation, as previously mentioned, by converting triglycerides to
free fatty acids and producing mediators and chemotactic factors. Other bacteria, such
as Staphylococcus epidermidis, and yeast Mallasezia spp., have also been postulated
to be potentially part of this process (1). Biopsy and culture of early non-inflamed
lesions have shown that 30% of these are without bacteria, suggesting that ductal
bacteria are not needed for the initial development of comedones. However, they are
likely involved later in comedogenesis (24). Recent research showed that C. acnes is
the most abundant and predominant bacterium in the microbiota of pilosebaceous
follicles both in acne patients and in individuals with unaffected skin; however, they
differentiate in specific genetic and phenotypic characteristics. Therefore, it is
hypothesized that certain strains contribute to healthy skin (phylotype 1A2, IB, and Il),
whereas others can contribute to acne formation (phylotype IA1) (25, 26). The most
important virulence factors recognized in C. acnes contributing to acne formation are
neuraminidase, lipase, polyunsaturated fatty acid isomerase, the iron acquisition
protein HtaA (a highly immunoreactive cell surface antigen), and heat shock proteins
(HSP) (HSP 20, DnaK, Dnad, GrpE, and GroEL). They activate innate immunity via
the expression of protease-activated receptors (PARs), tumor necrosis factor (TNF)-a
and toll-like receptors (TLRs), and the production of interferon (INF) -y, interleukins
(IL-8, IL12, IL- 1), TNF, and matrix metalloproteinases (MMPs) (27). Additionally, C.
acnes may promote comedo formation via the production of IL-1a and possibly induce

comedogenesis via the insulin-like growth factor -1/IGF-1 receptor (IGF-1/IGF-1R)



pathway (28). Studies have also shown that several genes on the C. acnes genome
are potentially involved in forming a biofilm, which contributes to the forming of an
“adhesive glue” leading to the binding of corneocytes resulting in microcomedones
(29). The biofilm formed might also make cells more resistant to antimicrobial agents
hence providing an insight into reasoning behind failed antibiotic therapies in acne
patients (30).

Cutibacterium species are naturally resistant to 5-nitroimidazole agents
(metronidazole, tinidazole, and ornidazole), aminoglycosides, sulfonamides, and
mupirocin but are generally susceptible to erythromycin (macrolides), clindamycin
(lincosamides) and tetracyclines. However, resistance to those has emerged over the

years (31, 32).

2.3 The role of androgens

Increased circulating androgens are critical to the multifactorial pathogenesis of acne.
It is well established that increased androgens exert a stimulatory effect on skin
sebocytes which causes them to increase sebum production. The onset of acne
correlates with the increase in androgens in adolescence (33).

A key component is the rising plasma testosterone in young teenagers, which involves
converting testosterone to dihydrotestosterone by 5-a-reductase in the skin. It has
been shown that the activity of 5-a-reductase is greater in acne-prone locations, such
as the face than in non-acne-prone skin (1, 34). Additionally, levels of 5-a-reductase
were greater in the sebaceous glands of patients with acne than in those without acne
(35).

Androgen receptors (AR) are present in basal and differentiating sebocytes as well as

in pilosebaceous duct keratinocytes, suggesting an androgenic influence on



pilosebaceous duct keratinization (36). Estrogen can inhibit the sebaceous gland
stimulation, and these influences on acne can be seen in girls with estrogen level
changes that can be observed during the menstrual cycle (1).

The earliest lesions, microcomedones, begin to appear at adrenarche (around age 8).
During that time, adrenal androgens stimulate follicular hyperkeratosis and sebaceous
hyperplasia in pilosebaceous units on the face. Around two years later, gonadal
androgens are produced. The combined effect of colonization with C. acnes and
adrenal effect cause the formation of comedones. Recent evidence suggests that
androgens might also directly contribute to inflammation in the sebaceous gland due
to the stimulation of androgen receptors on sebocytes. Besides increased sebum
production, this can lead to the production of pro-inflammatory cytokines by sebocytes

themselves (33).

2.4 The role of inflammatory mediators

Many factors contribute to inflammation of the pilosebaceous unit in acne formation. It
has been shown that C. acnes plays a role in inflammation; however, several studies
reported that C. acnes has not been present in all inflamed acne lesions. (37).
However, it has been shown that keratinocytes and sebocytes may be activated by C.
acnes via Toll-like receptors (TLR), CD1, and CD14 molecules, leading to the release
of inflammatory cytokines and increasing the inflammation of the pilosebaceous unit
(38).

C. acnes induces monocytes' IL-8 and IL-12 protein production via a TLR-2 pathway
(17). TLR-2 and TLR-4 are expressed on keratinocytes and are primarily responsible
for sensing peptidoglycan (PGN) and lipopolysaccharide (LPS), respectively (39).

TLR-2 and TLR-4 expression is increased in the epidermis of acne lesions. C. acnes

10



induces TLR-2 and TLR-4 expression and the expression and secretion by the
keratinocytes of matrix metalloproteinase (MMP)-9 (19).

Human SZ95 sebocytes express constitutively TLR-2, TLR-4, CD14, IL-1q, IL-18, IL-
6, and IL-8. Proinflammatory cytokine production is dependent on exposure to LPS of
Gram-negative bacteria or lipoteichoic acid of Gram-positive bacteria (40).

Matrix metalloproteinases (collagenases, gelatinases, stromelysins, matrilysins) are
zinc-dependent endopeptidases produced by keratinocytes and sebocytes. They are
implemented in the process of inflammation in remodeling, neovascularization, wound
healing, and malignant transformation (41). Due to their nature, MMPs are able to
break down the components of the extracellular matrix. Hence, MMP can facilitate the
rupture of the pilosebaceous follicle and enhance the ongoing inflammation (42).
Additionally, a decreased concentration of linoleic acid in skin surface lipids of acne
patients may be recognized by keratinocytes and sebocytes, leading to the production
of inflammatory cytokines (43, 44). The primary peroxidation product in human skin
surface lipids is squalene monohydroperoxide which might lead to increased
keratinocyte proliferation and upregulation and release of inflammatory mediators,
which indicate a pro-inflammatory activity of by-products of squalene oxidation (45).
Fatty acid delta-6 desaturase 2 (FADS2) might also contribute to inflammation by
converting the essential fatty acid linoleic acid to arachidonic acid, which is a pro-
inflammatory w-6 polyunsaturated acid and an essential component of membrane
phospholipids. Arachidonic acid is the precursor of many pro-inflammatory lipids and
leukotriene Bs (LTB4) (46). It is also known to stimulate IL-6 and IL-8 synthesis in
sebocytes and enhance the synthesis of sebaceous lipids (47, 48). This might

contribute to the reasoning that increasing the intake of w-3 fatty acids through a diet

11



rich in fish and seafood may result in lower rates of acne due to their inhibitory activity
on the pro-inflammatory cytokines secretion and the LTB4 synthesis (49).

LTB4 plays significant roles in acne comedogenesis and inflammation. It is the most
potent leukocyte chemotactic mediator; it induces superoxide radicals, activates
complement, induces IL-8 production by neutrophils, and stimulates DNA synthesis
and subsequent proliferation of keratinocytes. (50). In addition, LTB4 binds and
activates PPARa, which can modulate inflammatory response in sebocytes by
inhibiting the expression of pro-inflammatory genes that regulate the production of

cytokines, metalloproteinases, and acute-phase proteins (50, 51).

12



3. Classification of acne according to the European guideline

group
Acne is a multifactorial inflammatory disease with typical distribution mostly to the face;
however, other sites, including the back and chest, are commonly affected in moderate
and severe subtypes of acne. Acne is not a single disease but a collection of multiple
subtypes with specific clinical features and presentations ranging from mild acne to
severe fulminant iliness. Thus, the clinical approach varies depending on the subtype
of acne. According to the European Evidence-based (S3) Guidelines for the Treatment
of Acne, several acne subtypes have been recognized, varying in severity. These
include comedonal acne, mild to moderate papulopustular acne, severe
papulopustular/moderate nodular acne, severe nodular/conglobate acne, and other
acne variants and acneiform eruptions such as acne fulminans, rosacea fulminans,
vasculitis, mechanical acne, oil/tar acne, chloracne, acne in neonates and infants and
late-onset, persistent acne. It is important to note that in all subtypes of acne, the
development of a microcomedo is an initial acne lesion from which all other subtypes

further develop (3, 52).

3.1 Comedonal acne

Comedonal acne is the mildest form of the disease, including non-inflamed lesions
that develop from a microcomedo. In clinical presentation, open comedones
(blackheads) and closed comedones (whiteheads) are predominant. Occasional
papules or pustules are also present (53).

They have a midfacial distribution in childhood, and when shown early in the course

of the disease, they harbor a poor prognosis (3, 52).

13



3.2 Mild to moderate papulopustular acne

Mild to modular papulopustular acne comprises both non-inflammatory and
inflammatory lesions. Red, painful papules are present, some of which develop into
papulopustules (53). The superficial inflammatory lesions can progress into deep
pustules or nodules, leaving reddish macules and, occasionally, scars as they regress

(3, 52).

3.3 Severe papulopustular / mild nodular acne

Severe papulopustular/mild nodular acne is characterized by numerous papules,
pustules, and some inflamed nodules. They are more frequently seen also on the back

and sternum (53).

3.4 Severe nodular / conglobate acne

Nodular/conglobate acne is the most severe form of acne. It is characterized by
numerous nodules and cysts on the patient's skin, with comedones, papules, and
pustules. Nodules are painful inflammatory lesions. We can differentiate between
small nodules, which are <5mm in size, and large nodules which are >1cm in size.
They can cover large areas and extend deeply, forming painful sinus tracts with
extensive tissue destruction. Conglobate acne is a rare severe form presenting most
commonly in adult males in their twenties to thirties. In contrast to ordinary acne, where
lesions most commonly target the facial area, these usually extend over the trunk,
lower limb, and buttocks. Characteristic lesions for conglobate acne are multiple
grouped comedones among multiple inflammatory papules and painful, suppurative

nodules. After healing, extensive scarring is frequent (3, 52).

14



This thesis focuses on severe forms of acne, which will be described in detail in later

sections.

3.5 Other acne variants

As already mentioned before, many unusual variants of acne and other acneiform
eruptions mimic acne but are their own entities with different etiology and
pathophysiology. These include acne fulminans, gram-negative folliculitis, rosacea
fulminans, vasculitis, mechanical acne, oil/tar acne, chloracne, acne in neonates and
infants, and late-onset acne that can be connected to different genetic or iatrogenic
endocrinopathies. (3, 52, 54)

Acne fulminans (AF) is a rare and severe form of inflammatory acne. It clinically
presents with an abrupt outburst of painful, hemorrhagic pustules and ulcerations,
which may or may not be associated with systemic symptoms like fever, polyarthritis,
and laboratory abnormalities. Typically, it affects male teenagers with pre-existing
acne, and the treatment significantly differs from severe acne according to the severity
of clinical presentation and possible systemic involvement. Acne fulminans will be

described in more detail in the separate section of this thesis (55).
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4. Therapeutic approach to severe acne

Severe forms of acne can be classified into three distinct groups: severe
papulopustular acne to moderate nodular acne, severe nodular/conglobate acne, and
acne fulminans.

The severity of acne in adolescence is associated with several factors, such as the
positive history of severe acne in first-grade relatives, especially the mother,
occurrence in early puberty, and occurrence in girls with notably elevated
dehydroepiandrosterone (DHEA) sulfate serum levels during the adrenarche.

Severe acne is, in most cases, chronic disease and is often a component of systemic
diseases or syndromes.

Treatment options for severe acne are different from those in mild and moderate
subtypes since all forms of severe acne require systemic treatment. These include
oral isotretinoin, oral antibiotics, oral hormonal antiandrogens, and systemic

corticosteroids combined with oral isotretinoin (56).

41 Treatment of severe papulopustular acne to moderate

nodular acne

Severe papulopustular acne presents with superficial inflammatory papules and
pustules (5mm or less in diameter) that evolve into deep pustules or nodules. After the
regression, inflammatory macules persisting for many weeks can also be observed.
Typical for nodular acne are nodules which 5mm or less in diameter, inflammed
lesions painful on palpation.

Oral isotretinoin monotherapy is the first-line treatment for this type of acne. Moderate
strength of recommendation is given for treatment with systemic antibiotics in
combination with adapalene, a fixed dose combination of adapalene and benzoyl
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peroxide (BPO), or azelaic acid. Low strength of recommendation for the combination
of oral antiandrogens with oral antibiotics or topical treatment. Treatment with single
or combined topical monotherapy is not advised in the treatment of severe

papulopustular and moderate nodular acne (3).

4.1.1 Oral isotretinoin
Isotretinoin or 13-cis-retinoic acid is an oral retinoid approved for use in the U.S. by
Food and Drug Administration (FDA) in 1982 for patients suffering from severe,
resistant, nodular acne that is unresponsive to conventional therapy, including

systemic antibiotics (57).

4.1.1.1  Mechanism of action

Isotretinoin targets all four main pathogenetic factors in acne. It decreases the
proliferation of sebocytes and sebum production and normalizes the keratinization
process within the follicle. Since it reduces sebum production, it indirectly leads to the
decreased colonization of lipophilic bacteria C. acnes.

Isotretinoin works through influence on cellular growth, differentiation, morphogenesis,
and apoptosis, inhibition of tumor promotion and malignant cell growth,
immunomodulatory actions, and alteration of cellular cohesiveness. It acts on RAR
(retinoic acid receptors) and RXR (retinoid X receptors) in the cellular nucleus.
Additionally, it directly binds to a specific retinoic acid response element (RARE) in the
promoter region of the target genes.

Anti-proliferative and anti-inflammatory actions of isotretinoin are proposed to be
mediated by a negative, indirect regulatory mechanism by downregulation of genes

that do not contain RARE in their promoter region. It antagonizes other transcription
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factors, such as activator protein-1 and nuclear factor-IL 6 through competition for co-
activator proteins. Isotretinoin has also been shown to regulate the expression and

activation of Toll-like receptors (58, 59).

41.1.2 Dosing
Dosing recommendation of systemic isotretinoin for severe papulopustular acne and
moderate nodular acne is 0.3-0.5 mg per kilogram of the patient's body weight.
Therapy should last at least six months, with the possibility of prolongation of treatment
in case of insufficient response (3).
Some studies suggest starting the daily dosing at 0.1mg/kg per day since this
significantly reduces the frequency and severity of side effects (60).
Additionally, intermittent isotretinoin therapy can also be used to lower the incidence
of the side effects while still providing similar clinical results associated with
conventional treatment. Intermittent isotretinoin therapy includes taking isotretinoin for
a specific period of time within a month while stopping its use for the rest of the month
and repeating the process for a few months, e.g. taking isotretinoin daily for one week
out of every four weeks (61, 62).
A single 10-20 mg daily dose of isotretinoin for over six months was shown to reduce
inflammatory lesions by 87-94%, non-inflammatory lesions by 81-88%, sebaceous
gland size was reduced by 35-58%, sebum production by 90-95%, follicular
keratinization by 55-70% and C. acnes by 33-73% (63).
Isotretinoin is a lipophilic molecule with low bioavailability that can be maximized by
taking it with meals (64).
Lidose is a novel technology that enhances intestinal absorption of poorly soluble

agents, such as isotretinoin. Lidose uses lipid agents to encase lipophilic drugs and
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create an optimal environment for absorption. Isotretinoin-Lidose is a novel isotretinoin
formulation that can be taken without regard to the meals while still providing

consistent absorption (64, 65).

4.1.1.3 Adverse effects

The severity and range of side effects depend on dose and personal factors, although
all treated patients suffer from some side effects. The side-effect profile qualitatively
resembles the toxic effects of vitamin A or hypervitaminosis A syndrome (66).

The most common dose-dependent adverse effect is cheilitis (dry lips), seen in up to
98% of patients. Others include xerosis (dry skin) with pruritus, acral desquamation,
facial erythema, eczema, skin fragility, paronychia, pyogenic granulomas, bruising,
eruptive xanthomas, photosensitivity, paronychia, onycholysis, nail plate fragility, and
alopecia. Besides mucocutaneous reactions, other noteworthy side effects are lipid
abnormalities. It is estimated that 20-45% of patients develop hypertriglyceridemia,
while 30% develop elevated total cholesterol and low-density lipoprotein levels. In
some cases, there may be a decrease in high-density lipoprotein levels, especially in
people with risk factors such as truncal obesity (increased waist-to-hip ratio),
hyperinsulinemia, presence of apoE gene, and a parent with hypertriglyceridemia.
However, these abnormalities are rarely severe enough to require discontinuation of
therapy, and they normalize to baseline after discontinuation of treatment (59).

Mild-to-moderate transitory elevations of liver enzymes have been observed in
approximately 20% of individuals treated with isotretinoin. Circulating alkaline
phosphatase levels, lactic dehydrogenase, and bilirubin levels may also become

elevated during retinoid therapy. Liver function abnormalities are mostly mild and
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usually occur 2—8 weeks after starting treatment, returning to normal within another
2—4 weeks, despite continued therapy.

Arthralgias and myalgias may occur in up to 2-5% of individuals receiving oral
isotretinoin in doses higher than 0.5 mg/kg/day, more commonly in adolescents and
young adults (66).

There have also been reports of isotretinoin being connected to skeletal abnormalities
such as diffuse idiopathic skeletal hyperostosis syndrome, calcification of ligaments,
osteoporosis, premature fusion of epiphyses, and long bone modeling abnormalities.
However, the recent study has shown no clinically significant radiographic bony
abnormalities (67).

A number of cases have been reported in the literature of mental symptoms associated
with isotretinoin, including depression and suicidal behaviour (68). However, several
systematic reviews came to different conclusions (3). Although recent meta-analyses
have not shown an association between isotretinoin and depression (68, 69), it is
recommended to evaluate prior symptoms of depression before isotretinoin initiation
and during the treatment (3). Also, patients should be informed for a possible risk of
depression (3).

Furthermore, the association between isotretinoin treatment and inflammatory bowel
disease is controversial (69, 70).

Isotretinoin can worsen acne in the initial phase of treatment. Usually, the flare-up
lasts only 2—3 weeks, although sometimes they can persist for several months.

All skin resurfacing procedures (waxing, laser therapy, dermabrasion) should be
avoided during and at least six months after treatment to prevent irritation and scarring

(71).
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4.1.1.4 Contraindications

Isotretinoin is classified as a pregnancy category X drug under the FDA, meaning it is
contraindicated during pregnancy due to its well-known teratogenic potential. It is
estimated that 18—-22% of pregnancies exposed to isotretinoin result in spontaneous
abortion. Of those fetuses that survive, 20-30% will develop malformation, including
craniofacial defects (cleft lip, anotia, small/absent auditory canals, microphthalmia),
cardiac abnormalities (septal defects), central nervous system abnormalities
(microcephaly, hydrocephalus), thymic hypoplasia, and limb reduction or duplication
(59).

A pregnancy prevention program for each female patient of childbearing age is
required according to the European Medicines Agency (EMA) and FDA (iPledge
program). Two pregnancy tests are needed before isotretinoin treatment, one before
initiation of contraception and the other up to two weeks before treatment. Two forms
of contraception are required for at least one month before the treatment, two negative
pregnancy tests are required before the start of therapy, contraception is necessary
during the treatment, and five weeks after the therapy discontinuation (59, 66).

Other absolute contraindications are breastfeeding and noncompliance with
contraception, while relative contraindications are leukopenia, moderate-to-severe
hypercholesterolemia or triglyceridemia, hepatic or renal dysfunction, and

hypothyroidism (66).

4.1.2 Oral antibiotics
The most commonly used oral antibiotics in the treatment of acne vulgaris are
tetracyclines. Doxycycline and lymecycline are the antibiotics of choice. They work as

bacteriostatic agents by inhibiting protein synthesis through binding to the 30S subunit
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of the bacterial ribosomes. This causes a decrease in bacterial lipases and
consequent reduction in free fatty acids in the sebum. Additionally, they also have an
anti-inflammatory effect due to their ability to suppress neutrophil chemotaxis, inhibit
MMPs and reactive oxygen species formation, and upregulate the anti-inflammatory
cytokines and downregulate the pro-inflammatory cytokines. Doxycycline and
minocycline have also shown antiangiogenic property (34).

The most frequent adverse reactions of doxycycline are photosensitivity and
esophagitis, whereas, in treatment with minocycline hepatic dysfunction,
hypersensitivity reactions and lupus-like syndrome have been described. Tetracycline
has a decreased absorption when taken with dairy products. It also induces increased
photosensitivity in comparison with doxycycline and lymecycline. Lymecycline is
comparable to tetracycline, with lower phototoxicity than doxycycline (56).

The maximum duration of treatment with doxycycline and lymecycline should not be
longer than three months (3). They can also be combined with other treatment options

such as topical azelaic acid due to its anti-inflammatory properties (72).

4.1.3 Oral antiandrogens
Hormonal antiandrogens such as cyproterone acetate, chlormadinone acetate,
dienogest, desogestrel, and drospirenone, are effective in female patients with severe
acne. They are indicated for use in female patients with peripheral hyperandrogenism,
hyperandrogenemia, female patients with acne tarda (late-onset acne), and those with
acne refractory to treatment with other treatment modalities (73). The ideal duration
of therapy should be between 6 and 12 months for sufficient efficacy. They exhibit their
effect by binding to androgenic receptors and blocking them (73, 74). Additionally,

there is evidence that they act by inhibiting 3B-hydroxysteroid dehydrogenase/A>-
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isomerase in the skin, adrenal and sebaceous glands. This prevents the conversion
of dehydroepiandrosterone (DHEA) to testosterone and androstenedione (75, 76).
Another drug that can also be used due to its androgen receptor blocking action is
spironolactone, an aldosterone antagonist. It can be combined with other oral
antiandrogens to treat hormone-related acne (77).

Adverse effects of antiandrogenic treatment are edema, enhanced risk of thrombosis,

breast tenderness, increased appetite, weight gain, and a decreased libido (78).

4.2 Treatment of severe nodular and conglobate acne

As already mentioned, nodular acne is characterized by highly inflammatory painful
nodules, comedones, papules or pustules, and nodulocystic lesions. In its severe
form, it may extend deeply and over large areas, forming exudative sinus tracts and
tissue destruction. The likelihood of scarring is greater in this type of acne than in
papulopustular acne due to its delayed and specific inflammatory response.
Papulopustular acne is caused by a more immediate, nonspecific reaction (79).

Acne conglobata is not very common, and it is more commonly present in adult males
and may be associated with the use of anabolic steroids. It causes few or no systemic
symptoms. The lesions are present on the face, the trunk, and upper limbs and
frequently extend to the buttocks. Inflammatory nodules progress into deep burrowing
abscesses interconnecting together, forming sinus tracts. Cysts contain purulent
material pushing into adjacent tissues and being discharged on the skin surface. Scar
formation and disfigurement are common with this type of acne (3, 80).

As with severe papulopustular acne and moderate nodular acne, there is a strong
recommendation to treat severe nodular and conglobate acne with monotherapy of

oral isotretinoin. Second-line or medium strength of recommendation is given for
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systemic antibiotics and oral antiandrogens. These treatments are already described
in detail in the previous section on moderate to severe papulopustular acne. Those
treatments can be combined with adapalene-BPO fixed-dose combination or with
azelaic acid, with low strength of recommendation of the treatment with oral
antiandrogens in combination with a topical treatment. Monotherapy with oral
antibiotics and oral antiandrogens, artificial UV radiation sources, and visible light
monotherapy are not recommended for the treatment of conglobate acne. In addition,
topical monotherapy is not recommended for the treatment of this type of acne.

The dosage recommendation for systemic isotretinoin in the case of severe nodular
acne and conglobate acne is 0.5-1.0 mg per kilogram of the patient's body weight. As
in the case of severe papulopustular acne and moderate nodular acne, therapy should
also last at least six months, with the possibility of treatment prolongation in case of
insufficient response (3).

There have also been reports of adalimumab use to treat severe refractory cases of
acne conglobata. Adalimumab is a tumor necrosis factor (TNF)-alpha inhibitor, which
has been used successfully for the treatment of multiple chronic inflammatory
disorders such as psoriasis, hidradenitis suppurativa, psoriatic arthritis, rheumatoid
arthritis, ankylosing spondylitis, juvenile idiopathic arthritis, Crohn disease, and
ulcerative colitis. TNF alpha is one of the inflammatory cytokines involved in the

pathogenesis of acne formation (81).
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4.3 Acne fulminans

As already mentioned before, acne fulminans is a rare and severe form of
inflammatory acne. It presents with an abrupt onset of painful, hemorrhagic pustules
and ulceration, usually accompanied by systemic symptoms (fever, polyarthritis, and

laboratory abnormalities) (55).

4.3.1 Epidemiology of acne fulminans
Acne fulminans accounts for less than 1% of total acne cases; however, its incidence
appears to be decreasing, possibly due to better and earlier treatment of acne (55,
82).
Acne fulminans mainly affects male adolescents aged 13 to 22 years (82). Several
risk factors have been recognized, including the use of anabolic steroids, high dose
testosterone, and high initial doses of systemic isotretinoin in the treatment of pre-

existing acne vulgaris (83).

4.3.2 Pathogenesis of acne fulminans

The etiology of acne fulminans is still not completely understood; however, different
etiologic factors have been proposed, including altered immune response, genetic
factors, infectious agents, and hormonal factors.

One theory suggests that acne fulminans develops as an immunologically mediated
type Ill and/or type IV hypersensitivity reaction to C. acnes antigens (84).

It has been shown that isotretinoin used in treating severe acne may paradoxically
induce acne fulminans. lIsotretinoin increases skin fragility ("isotretinoin-induced
fragility") by reducing the number of tonofilaments and desmosomal attachments in

the epidermis. It can also inhibit collagenase and gelatinase activity in stimulated
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fibroblasts in vitro. Furthermore, isotretinoin can induce the fragility of pilosebaceous
duct epithelium, which can cause profound contact of C. acnes antigens and/or its
attractants with the immune system (85).

Another theory suggests a genetically determined change in neutrophil activity that
causes hyperreactivity to chemoattractants, resulting in decreased phagocytosis of C.
acnes (86).

Elevated blood levels of testosterone may also play an important role in the
pathogenesis of acne fulminans (87). We can see those examples in patients treated
with testosterone due to excessively tall stature, bodybuilders self-medicating with
high doses of testosterone and anabolic steroids, and patients with Marfan syndrome
receiving testosterone therapy (88-90). A physiological increase of testosterone in
males during puberty might explain why this condition mainly affects male
adolescents. Large doses of androgenic and anabolic steroids increase sebum
secretion, leading to increased colonization of C. acnes. Consequently, C. acnes may,
in some patients, induce an immunological reaction to its antigens (90).

There is evidence that acne fulminans may be considered a complex autoimmune
disease since circulating immune complexes (arthus reaction) might be detected with
platelet aggregation test in some patients with acne fulminans, predominantly those
with musculoskeletal symptoms (91-93). This hypothesis is supported by a rapid
response of patients with acne fulminans to systemic steroids, an increase in gamma
globulins, and a decrease in C3 complement levels in several patients.

The association of acne fulminans with SAPHO (synovitis, acne, pustulosis,
hyperostosis, and osteitis) syndrome also suggests the involvement of tumor necrosis
factor-a (TNF-a). This theory is supported by the beneficial effects of the anti-TNF-a

agent, infliximab, in the treatment of acne fulminans (93).
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Due to the report of acne fulminans appearance two weeks after a measles infection,
there is a probability of infectious etiology of acne fulminans. In addition, measles can
trigger a transient release of inflammatory cytokines, which could trigger acne
fulminans in vulnerable individuals (94).

Alongside mentioned theories, genetic and hereditary factors might also play an
important role since acne fulminans has been reported in identical monozygotic twins.
The age of presentation and severity of the disease was similar in identical

monozygotic twins, which might be due to the associated HLAcw6 gene (95-97).

4.3.3 Clinical presentation

Acne fulminans is a syndrome comprised of 5 features: (I) sudden onset; (Il) severe
ulceration without cyst formation; IllI) systemic symptoms such as fever and
polyarthralgia; (1V) failure to respond to usual antibiotic therapy; and lastly (V) good
response to systemic steroid therapy after 4-6 weeks with the addition of oral
isotretinoin (93, 98). The lesions are described as hemorrhagic, tender, crusted
nodules of the face, upper chest, back and shoulders. Apart from fever and
polyarthralgia, systemic symptoms are malaise and myalgias (99). Arthralgia and joint
swellings occur mainly in large joints such as the iliosacral, iliac, and knee joints.
Additionally, aseptic osteolytic bone lesions and increased technetium uptake on bone
scans have been reported in acne fulminans, with various histological appearances of
benign reactive changes being reported. Preferred sites of bone involvement are the
anterior chest, including the sternum and clavicles, but hips, ankles and humerus can
also be involved (82).

Bacterial cultures from blood, joint fluid, and skin are usually sterile with sporadic

isolation of C. acnes from bone lesions (100). Usually, the patient's laboratory findings
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include accelerated erythrocyte sedimentation rate (ESR), increased C-reactive
protein levels (CRP) and leukocytosis with a leukemoid reaction up to 30 000/mm?
(101). Usually, there is an increased percentage of polymorphonuclear leukocytes,
elevated levels of liver enzymes, thrombocytosis, and normochromic normocytic
anemia. Sometimes there is also the presence of microscopic hematuria, proteinuria,
and other kidney abnormalities. Serum proteins are usually normal but may show
decreased albumin or increased a-globulin and y-globulin. Circulating immune
complexes have been found in some patients with both acne fulminans and erythema
nodosum (91, 92).

Acne fulminans can be involved as part of the SAPHO (synovitis, acne, pustulosis,
hyperostosis, and osteitis) syndrome spectrum. SAPHO syndrome is a clinical
condition in which there is an association between musculoskeletal disorders such as
synovitis, hyperostosis, osteitis, and various dermatological conditions (102). The
diagnostic criteria of SAPHO syndrome include: (I) osteoarticular manifestations of
palmoplantar pustulosis, severe acne (acne fulminans or acne conglobata) or
hidradenitis suppurativa; (Il) hyperostosis of the anterior chest wall, spine, pelvis or
limb, with or without dermatosis; and (lll) chronic recurrent multiple osteomyelitis with
or without dermatosis (103).

Depending on the presence of severe symptoms and causative factors there has been
a proposed classification of acne fulminans into four categories: (1) acne fulminans
with systemic symptoms (AF-SS); (II) acne fulminans without systemic symptoms (AF-
WOSS); (lll) isotretinoin-induced acne fulminans with systemic symptoms (IIAF-SS);
and (IV) isotretinoin-induced acne fulminans without systemic symptoms (IIAFF-

WOSS) (83).
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Table 1: Acne fulminans classification according to symptoms and causative factors.

Acne fulminans form | Abbreviation Description
Acne fulminans with AF-SS Sudden flare of inflammatory acne,
systemic symptoms with erosions and crusts, ulcers,

hemorrhagic nodules/plaques +
systemic symptoms: fever, malaise,
bone pain, arthralgias, erythema
nodosum, and leukocytosis +
laboratory abnormalities: anemia,
leukocytosis, elevated ESR and CRP

Acne fulminans without AF-WOSS | A sudden flare of inflammatory acne,
systemic symptoms with erosions and crusts, ulcers,
hemorrhagic nodules/plaques without

systemic symptoms

Isotretinoin-induced acne [IAF-SS Same as AF-SS, induced by
fulminans with systemic isotretinoin

symptoms

Isotretinoin-induced acne | [IAF-WOSS | Same as AF-WOSS, induced
fulminans without isotretinoin

systemic symptoms

Abbreviations: AF, acne fulminans; AF-SS, acne fulminans with systemic symptoms;
AF-WQOSS, acne fulminans without systemic symptoms; IlIAF-SS, isotretinoin-induced
AF with systemic symptoms; IIAF-WOSS, isotretinoin-induced acne fulminans without

systemic symptoms.

4.3.4 Treatment of acne fulminans
The treatment of acne fulminans is challenging. In almost all cases, systemic
corticosteroids are recommended at the immediate onset of acne fulminans to quickly
control the severity of inflammation. Initially, treatment with 0.5 mg/kg/day to 1

mg/kg/day of prednisone is recommended for at least four weeks for AF-SS and at
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least two weeks for AF-WOSS, and it should be continued until the crusted lesions
have healed. Afterward, low dose isotretinoin (0.1 mg/kg/day) can be added with the
corticosteroid/isotretinoin overlap for at least four weeks. After that, isotretinoin can be
gradually increased with a slow taper (4 to 8 weeks) of corticosteroids (83). Patients
usually have a favorable response, but there is a high relapse rate if the dosage of
corticosteroids is reduced too quickly. In those cases the relapse usually occurs 2-8
weeks after the acute attack when the corticosteroid dosage is reduced or stopped,
with worsening of arthralgia and sometimes fever, but usually not with worsening of
the cutaneous nodules (82).

As isotretinoin can precipitate acne fulminans, it is not the initial treatment of choice.
When used in the treatment of acne fulminans, a minimum total dose of at least 120
mg/kg is recommended. Tetracyclines are not recommended as a first-line treatment
for acne fulminans since it showed a poor clinical response rate to antibiotics alone
(82, 83).

In case of refractory acne fulminans in which combination therapy of corticosteroids
and isotretinoin proves unsuccessful, other treatment modalities have been described
in the literature. Diaminodiphenylsulfone has been used due to its possible effect on
neutrophils by attacking the O>-dependent cytotoxic system of neutrophils by reducing
the concentration of toxic O intermediate and preventing the migration of neutrophils
into the tissue by inhibition of integrin-mediated adhesion to the vessel walls (104).
Cyclosporine A selectively suppresses the activation of T cells via suppression of
calcineurin and leads to the inhibition of IL-2 production. Additionally, it affects innate
immunity, inhibits monocyte and neutrophil phagocytosis, and prolongs NK cell

survival (105).
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The biologic agents etanercept (TNF inhibitor) and infliximab (chimeric monoclonal
antibody against TNF-alpha) have been successfully used to treat isotretinoin-
resistant acne conglobata (106, 107).

Isotretinoin therapy appears to predispose patients to the development of both
hyperplastic granulation tissue and pyogenic granulomas, particularly at sites of
trauma. Treatment of such lesions consists of high-potency topical steroids, topical

protein coagulants such as silver nitrate, electrocautery, excision, or pulse-dye laser

(108).
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5. Maintenance therapy

According to the European Evidence-based (S3) Guideline for the treatment of acne
(2016), the fixed-dose combination of adapalene and benzoyl peroxide (BPO) can be
considered for the maintenance treatment of severe papulopustular/ moderate nodular
acne and severe nodular/ conglobate acne. Azelaic acid, BPO alone, or topical retinoid
alone (preferable adapalene over tretinoin) can also be considered.

As systemic maintenance therapy for severe papulopustular/moderate nodular acne
and severe nodular/conglobate acne, low dose systemic isotretinoin (max. 0.3
mg/kg/day) can also be considered.

In females, continued hormonal antiandrogens and topical treatment (apart from

antibiotics) can also be considered. (3)
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6. Conclusion

Acne vulgaris is an illness affecting a large proportion of adolescents and sometimes
even persisting into adulthood. Severity of acne vulgaris varies from mild comedonal
and papulopustular to severe papulopustular, nodular and conglobate acne. There are
four main pathogenetic factors in acne, including an excess in sebum production,
disturbed keratinization within the follicle, increased colonization of the pilosebaceous
duct by the C. acnes, and lastly release of inflammatory mediators. All the severe
forms of acne vulgaris can be treated with oral isotretinoin. Isotretinoin is a systemic
retinoid successfully used to treat severe acne since it inhibits sebaceous gland
activity and normalizes the keratinization process within the follicle. However, it's
important to note the dose-related relationship with frequency and severity of side
effects and contraindication of isotretinoin use in pregnancy due to its highly
teratogenic potential.

Acne fulminans is a rare form of acne differentiated from other severe forms of acne
vulgaris in pathogenesis and treatment regimen. Initial treatment, in this case, consists
of systemic steroids, whereas oral isotretinoin is administered after 2-4 weeks with the
corticosteroid/isotretinoin overlap for at least four weeks.

While all forms of acne vulgaris can have a negative effect on patients’ well-being,
confidence, and self-esteem, severe forms can have a profoundly debilitating effect
on patients’ quality of life, mental health, and self-esteem beyond just a cosmetic
concern. Although extensive research has been done on pathogenesis and treatment
of acne, much about pathogenesis and treatment response remains unknown and is

a field of ongoing research.
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