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Abstract: Atopic dermatitis (AD) is a chronic inflammatory skin disorder with high prevalence and a complex pathophysiology. This
relapsing and remitting skin disorder has many negative consequences on the patient’s quality of life and that of his family. Until now,
moderate-to-severe AD treatment was a symptomatic one, using skin emollients, topical corticosteroids, phototherapy, antihistamines
and systemic drugs — immune suppressants and other systemic treatments (dupilumab). Starting from 2021, abrocitinib, a Janus kinase-
1 inhibitor, was approved for the treatment of moderate-to-severe cases of AD in Europe, in adults. Multiple phase three studies (JADE
MONO-1 [NCT03349060]; JADE MONO-2 [NCT03575871]; JADE TEEN [NCT03796676]; JADE COMPARE; GOODERHAM;
JADE EXTEND) have yielded positive results in adults and adolescents suffering from this disease, with efficacy, a good tolerance,
safe profile, and with generally mild side effects. The positive results were obtained even starting from the first stages of the oral drug
administration. The low frequency of side effects and the advantage of having an orally administered medication makes abrocitinib an
important additional tool for the treatment of moderate-to-severe forms of AD.
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Introduction

Atopic dermatitis (AD) is a highly frequent chronic inflammatory skin disorder, affecting all skin types, and is clinically
described as “eczema”, having a heterogeneous pathophysiology not yet understood due to its elevated complexity.'~
The necessary diagnostic biomarkers for this world-wide disease have not yet been developed.® The prevalence of AD
can reach up to 3% to 10% of the adult population and even 25% of the pediatric population in countries, such as the
United States of America (USA) or it can even manifest as a worldwide phenomenon.” In Europe, AD has a particular
prevalence, with higher numbers of patients affected in the north than south, and more in the urban areas than the rural
ones, with the highest number of affected patients found in the pediatric population than the adult ones. More patients
with higher level of education and socioeconomic status have this disease, with the highest number of affected children
found in Denmark, while the highest numbers among the adult population can be found in Estonia.> AD frequently
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develops during childhood, more than half of the patients (approximately 60%) developing it under 1 year of age, almost
90% of them up 5 years of age and 10% as adults.®

Factors which are considered to be involved in AD development are as follows: the patient’s genetic predispositions
(such as filaggrin mutations which are involved in the skin’s barrier function, with pro-inflammatory properties, and/or
interleukin-13 (IL-13) and ovo like transcriptional repressor 1 — OVOL1 gene mutations which in turn regulate the
expression of filaggrin),"*”* disruption in the skin barrier, skin microbiota dysbiosis (Staphylococcus aureus coloniza-
tion — AD relapses were found to be linked to with an increased colonization of Staphylococcus aureus, which reduces
the skin’s bacterial diversity), dysregulation of the immune system (hay fever, asthma, allergies), disturbances in the
skin’s innate immunity, environmental factors (such as exposure to elevated levels of ambient nitrogen dioxide — NO, in
the first year of life, climate), climate or the patient’s diet.'*’

The patients describe this eczematous, relapsing and remitting skin lesion as being intensely pruritic, suffering from
multiple flares, having negative consequences on the patient’s quality of life and that of his family and other caretakers.*’
AD is the type of disease that not only does it bring physical and economical costs but it also has substantial
psychological and social impacts.'® Due to the nature of this disease, it is frequently associated with sleep disturbances,
anxiety, depression, pain, work absenteeism and higher healthcare addressing.'""'?

Although there is no serologic marker for diagnosing AD patients, the clinical signs and symptoms (dry skin, pruritus,
excoriations, serous exudate, lichenification), associated with the patient’s personal and family history, and the exclusion
of other inflammatory skin diseases, make the positive diagnosis of AD.’

The main objectives of the current work all stem from revealing the beneficial effects of JAK inhibitors on cases of
moderate-to-severe AD. This article aims at describing the current treatment options for such cases, the JAK-inhibitor
activity, the new abrocitinib medication and the results yielded from several clinical studies which included moderate-to-

severe AD patients.

Materials and Methods

The current work is a narrative review type of article, using materials that are new and updated, such as articles from
2021, 2020, 2019, but not earlier than 2017. Database searches were done using Google Scholar and Web of Science,
using keywords such as “abrocitinib”, “once daily abrocitinib”, “abrocitinib” and “adolescents” or “adults” combined:
“abrocitinib moderate-to-severe atopic dermatitis”, generating the current work after disregarding duplicates in writing
and after selection of the most representative and work-related articles (Figure 1, Tables 1 and 2).

Results and Discussions
AD treatment benefitted from a classical (albeit insufficient) therapeutic approach: a symptomatic one, using emollients/
moisturizers (which help avoid skin dryness), topical corticosteroids (to reduce skin erythema and edema), antihistamines

most re‘d work-

Figure | Prism flow diagram with article selection process steps.
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Table | Keywords/Key Phrases Used in Initial Database Search and Articles Found

Keyword/s Web of Science Google Scholar
abrocitinib 120 633
Once daily abrocitinib 14 286
abrocitinib adolescents 29 291
abrocitinib adults 40 464
abrocitinib moderate to severe atopic dermatitis 72 522

Table 2 Second Step of Database Search Which Included Articles Published Only Since 2017

Keyword/s Web of Science Google Scholar
abrocitinib 120 585
Once daily abrocitinib 14 272
abrocitinib adolescents 29 277
abrocitinib adults 40 431
abrocitinib moderate to severe atopic dermatitis 72 481

(to reduce intense episodes of pruritus), phototherapy or systemic treatments such as immune suppressors or other
systemic agents (such as dupilumab — a monoclonal antibody, as subcutaneous injections).** !

Systemic treatment is currently used in those moderate-to-severe AD cases in which topical treatment has failed or
has been highly used, immune suppressant agents having a rather modest disease response to many adverse events.''*'?
Cyclosporine is an example of an immunosuppressive drug, which has been approved and is currently used in Europe for
severe cases of AD, but with low tolerance rates and multiple adverse events; however, it has an efficacy rate of almost
95% with short-term treatments. Other immune suppressors which can be used are as follows: azathioprine (selective use;
it is considered to be a second-line medication for adults, after cyclosporine, having the risk of bone marrow suppres-
sion), methotrexate (selective use, having similar efficacy to azathioprine; it is considered a second-line treatment in
pediatric and adult cases of moderate-to severe AD, after cyclosporine), mycophenolate mofetil (it has low recommenda-
tion evidence levels; prolonged treatment presents the risk of herpes infection).'*'* Dupilumab, an anti—IL-4—receptor a
mono-clonal antibody which is approved by both the Food and Drug Administration (FDA) and the European Medicines
Agency (EMA) for use in moderate-to-severe cases of AD in adolescents and adults, has the capacity to bind to the
shared a-chain receptor of both IL-4 and IL-13, having a partial limiting effect on the inflammation driven by the Th2
activity.""™'* Thus being said, although many patients benefitted from it (with total response and/or no side effects), it
might have limited use because not all patients respond to this treatment, they can present a partial response to it, they
can develop tolerance or might not even want it due to its administering pathway (subcutaneous injections); it also
determines injection site adverse reactions, neck and/or face erythema, conjunctivitis.'' '

AD treatment deals with the frequent skin flares, secondary infections and recurrence prevention; also, important are
avoidance of the aggravating factors and gentle skin cleansing.® Unfortunately, due to the nature of AD, especially in
moderate-to-severe forms, treatment needs to be flexible, adapting the dosage and the nature of administered drugs,
trying to obtain the best benefit-to-risk ratio.*’

Recent medical research has yielded a new type of AD medication called Janus kinase-1 (JAK) inhibitors [part of
the DMARDs (disease-modifying antirheumatic drugs) family, with the JAK-1, JAK-2, JAK-3 and tyrosine kinase-

2 — TYK-2 molecules] which (from a pharmacological viewpoint) are small molecular (synthetic) compounds that
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inhibit the intracellular transduction of the signal derived from the cell’s cytokine receptors.*® Cytokines such as IL-
1, 2, 4, 5, 13, 22, 31, stromal thymic lymphopoietin, interferon-y are involved in AD’s pathologic process; JAK
inhibitors exert their activity by cytokine receptor phosphorylation (an inhibiting action), which in turn modifies the
immune response (by decreasing it).*®%!% In its etiopathogenic complexity, AD derives from T helper 2 (Th2)
immune reactions (important in developing the pruritus symptom, due to cytokines, such as IL-4, IL-13 and IL-31);
chronic cases of AD, or those found in Asian patients, particularly have a Th17 and Th22 immune profiles.'>"'® They
are in essence a group of cytoplasmic tyrosine kinases, which aid in mediating the signaling pathways that are
cytokine-activated and inhibit them.'® JAK-1 activity is not only associated with the development of AD but it also
plays a role in the pathophysiology of other inflammatory/immunologic skin disorders, such as psoriasis, dermato-
myositis, vitiligo, pruritus, lichen sclerosus, granuloma annulare, alopecia areata, sarcoidosis, lichen planus, morphea
and, possibly, Multiple Autoimmune Syndrome (MAS).%'”2° Statins are agents which have a new potential for being
used in the treatment of alopecia areata by modulating the JAK/STAT pathway; they can also be used in combination
with a JAK inhibitor, ensuring lower necessary doses of the latter for the same therapeutic effect, thus avoiding the
possible complications or side effects when using higher dosages, as in the case of myeloproliferative neoplasms.>'

Abrocitinib is part of the JAK-1 inhibitor class, currently being investigated for the use in cases of moderate-to-severe
AD, which did not have a proper response to the use of topical treatment. Phase 3 studies have yielded beneficial responses in
adolescents and adults who received abrocitinib once a day in doses of 200 mg or 100 mg, improving the eczema’s severity,
area and pruritus. It has a general safe profile and can be used in combination with topical AD treatment, being effective and
well tolerated in the adolescent and adult populations.” Reports are encouraging for cases of moderate-to-severe AD that
were treated with topical or oral JAK-1 inhibitors (anti-JAK1);'* abrocitinib use was found to have a lesser likelihood of
stimulating an immunogenic response, in comparison to biologic treatment.'" Currently, the opportunity to use anti-JAK1
topically for AD (also known as atopic eczema) treatment is also investigated, targeting agents such as ruxolitinib and
delgocitinib.® The life-long AD course requires that anti-TAK 1 be thoroughly investigated in order to discover their benefit-to
-harm ratio so that they can be prescribed to patients with intermittent relapses.**

Once-daily, orally administered abrocitinib was reported by multiple studies to make possible the selective and
reversible inhibition of JAK-1, highlighting its efficacy, good tolerance and positive results in adolescents and adults
suffering from moderate-to-severe AD (such as: JADE MONO-1 [NCT03349060]; JADE MONO-2 [NCT03575871];
JADE TEEN [NCT03796676]; JADE COMPARE; GOODERHAM; JADE EXTEND — with not yet available results), in

combination with topical therapy or not;'*:!324%3

it also has the advantage of not exerting effects on JAK2 (by not
inhibiting it), significantly lowering the risk of developing anemia and neutropenia. Pruritus, a major AD symptom,
improved after neuronal JAK1 pathway inhibition.'® Studies with combination therapy (anti-JAK1 and topical corticos-
teroids) had a higher level of difficulty of interpreting the results obtained, due to the additional dilemma of discerning

which drug exerted the positive effects on AD lesions.**

Abrocitinib in Adolescents (>12 Years Old)

Adolescents suffering from AD have a higher probability to suffer from mental health problems and psychosocial ones,
with sleep disturbances (troubles falling asleep, nighttime awakenings, and daytime drowsiness — as a consequence),
anxiety, depression, interpersonal relationship problems, or even physical activity interferences.®

In adolescents (aged 12- to 17-year olds) suffering from moderate-to-severe AD, three phase three clinical studies
(JADE TEEN [NCT03796676]; JADE MONO-1 [NCT03349060]; JADE MONO-2 [NCT03575871]) have found
abrocitinib (administered as monotherapy or as combination therapy) to be effective in improving the clinical signs
and symptoms, with amelioration in sleeping patterns and overall quality of life improvement.”*>* The patients were
assigned to randomly to receive abrocitinib once a day in doses of either 100 mg or 200 mg, in combination with topical
corticosteroids or as monotherapy, JADE TEEN, or, JADE MONO-1 and 2, respectively. All of the studies were
conducted in 2017, 2018, 2019 and 2020, respectively. In JADE TEEN, the topical medication which was allowed to
be used consisted of medium potency corticosteroids (on appropriate body areas), low potency corticosteroids (on thin-
skin body areas, such as the face, neck, genital areas, intertriginous ones, or areas with skin atrophy) due to the known
adverse effects of potent dermatologic corticosteroids; other types of medications were accepted for use, such as topical
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calcineurin inhibitors or phosphodiesterase inhibitors, in specially selected areas such as those with thinned skin suffering
from active lesions, or in special cases where the topical corticosteroids were considered unsafe for patient use. JADE
MONO —1/-2 also involved patients under 18 years of age (12 to 17, included), heavily burdened by the signs and
symptoms of the moderate-to-severe AD, and were allowed topical emollients, but as permitted medication, not
a required one.”%?’

These studies gave patient-reported outcomes, such as: patient-oriented eczema measure (POEM), children’s dermatol-
ogy life quality index (CDLQI), pruritus and symptoms assessment for atopic dermatitis (PSAAD), the night-time itch scale
(NTIS) and SCORing Atopic Dermatitis (SCORAD) Visual Analog Scale (VAS) sleep loss. These self-reporting scales for
pediatric patient use gave significant results when changes registered at least 6 points of improvement in the case of POEM
and CDLI, which reflect the frequency of signs and symptoms reported a week prior, and, respectively, the effects that
moderate-to-severe AD has on the quality of life of the patient also in the past week. PSAAD reports the patient’s
symptoms in the last 24 hours, while NTIS reports the worst itching during the most recent sleep during the night and while
SCORAD reports sleep loss during the last 3 nights prior to the evaluation.?®"-*

POEM revealed to register high levels of improvement (at least 6 points) in JADE TEEN, JADE MONO-1 and -2, the
abrocitinib groups having better results than the placebo one, or the abrocitinib 200 mg groups yielding better
improvement than the groups who received abrocitinib 100 mg, respectively. These results were found even from the
beginning of week 2. The achieved score was clear/almost clear or mild, ranging from 0 to 7.2%27-3

The CDLQI reflects a better response to treatment when patients report higher scores, thus a higher impact in
moderate-to-severe AD; all three studies revealed that abrocitinib had a “very large effect” on these patients, with the
200 mg dosage yielding better results.>*?’

PSAAD includes 11 items to be reported and ranges from the least severe symptom — 0, to the most severe one — 10,
with a significant clinical response being considered even a one-point difference. The best results were obtained with
a 200 mg dose of abrocitinib in all clinical studies, decreasing in effectiveness with the use of the 100 mg dose, as
compared to the placebo group.?*

NTIS assesses the severity of the itchiness, ranging from 0 to 10, from “no itch” to “worst itch imaginable”. JADE
TEEN and JADE MONO-2 revealed a minimum of 4 points improvement compared to the baseline, with better results
being reported for abrocitinib at 200 mg/dose, even from week 2 of treatment. The JADE MONO-1 clinical trial did not
report on NTIS.*

SCORAD VAS sleep loss scale ranges from none — 0 to worst — 10, all of the three JADE studies reporting lower
values for both of the abrocitinib groups, in comparison to the placebo ones, even at week 2 of treatment. The patients
reported reduced depression symptoms, decreased anxiety and fatigue.”*?’

The reported findings from the first phase three trial, JADE TEEN, were confirmed by the adolescent subpopulation
of the other 2 JADE trials (MONO — 1/-2). The promising results, which were reported at week 2, were maintained even
at week 12 of these studies. JADE TEEN reported a high “placebo effect”, but it might most likely be due to a high
adherence to topical therapeutics, as compared to the daily clinic experience; the pediatric population also has an
immature function of the skin barrier, thus increasing the patients’ systemic exposure to topical drugs and increasing the

positive results in the “placebo” group.?

Abrocitinib in Adults

JADE COMPARE, a phase 3 placebo-controlled trial, which included adults suffering from moderate-to-severe forms
of AD and who received doses of 200 mg or 100 mg of oral abrocitinib daily, is one of the studies, which rendered
abrocitinib useful for the systemic treatment of AD.?®*'7? The safety profile of this small molecule with selective anti-
JAK1 properties, abrocitinib, was found to be similar to that reported by other studies, demonstrating a fast improvement
in the patient’s signs and symptoms. This clinical study had a background in topical treatment (low or medium potency
corticosteroids, calcineurin inhibitors, phosphodiesterase-4 inhibitors) that was applied to the active lesions, continuing
for 7 days after they were under control. The efficacy of abrocitinib was compared continuously during the study with the
results of dupilumab’s activity on AD lesions. Improvement was rapidly registered with both oral doses of abrocitinib
(200 mg and 100 mg) as compared to the placebo patients, even as early as week 2 of treatment. Better results were found
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later during treatment, in between the 12th to 16th weeks of 200 mg abrocitinib, as compared to the 100 mg per dose
patients or dupilumab patients.*®>?

A systematic review done by Le et al revealed that three phase three clinical studies (Bieber et al, Simpson et al,
Silverberg et al) have also evaluated adults with moderate-to-severe forms of AD. These studies used the following
criteria for evaluation: the Eczema Area and Severity Index (EASI) score (with a baseline of at least 16), the
Investigator’s Global Assessment score (IGA, baseline = at least 3), the Body Surface Area (BSA, baseline = at least
10% of body surface affected) and the peak pruritus numeric rating scale (PP-NRS, baseline = at least 4). After 16 weeks
of treating the patients (12 weeks and, respectively, 12 weeks), this study revealed similar results. Most adults (71%, 63%
and, respectively, 61% of them) from these randomized, phase three trials, who were treated with abrocitinib 200 mg per
dose, had the best results, obtaining an Eczema Area and Severity Index (EASI)-75 score, meaning a 75 reduction from
baseline in the EASI score. At a decreasing frequency, EASI-75 was also found in most patients treated with abrocitinib
100 mg per dose and, respectively, those treated with dupilumab. An IGA score of 0 or 1 (meaning, clear to almost clear)
with an improvement of >2 grades from baseline and a PP-RNS improvement of at least 4 points from baseline were
necessary in order for the drug to be considered as clinical effective, and the results found concerning these items
reflected those of the EASI score, meaning that abrocitinib in 200 mg doses registered the best results, with decreasing
efficacy for abrocitinib 100 mg per dose and, respectively, dupilumab.®!3739-3435 These changes were also registered in
a phase IIb trial, which included adult patients suffering from moderate-to-severe forms of AD, and also reporting better
results for the 200 mg per dose oral abrocitinib, for all patient-reported outcomes.***-*>

The most significant and frequent patient-reported symptom of AD is pruritus; abrocitinib studies (including a Phase
2b one) reflected important improvement, alleviating this daily manifestation, along with other symptoms (dryness,
bleeding, redness, and so on), possibly through the inhibition of a common cytokine. The studies taken into account have
differences concerning their design, the degree of baseline severity, the population characteristics and the duration of
treatment, and their direct comparison is truly limited, but the overall patient improvement is highlighted by all.®!3-%-3¢

An integrated safety analysis study done by Simpson et al found that abrocitinib has a long-term safe profile, being
tolerated by moderate-to-severe AD patients that are selected for this type of treatment (both adults and adolescents); the
most frequent dose-related and drug-related reported side effects (Table 3) were mild, non-lethal ones, more frequently
located at the respiratory and/or gastrointestinal level, such as: headaches, dizziness, nasopharyngitis, symptoms of upper
respiratory tract infection, epigastric pain, nausea, vomiting, creatine phosphokinase increase (CK increase without
rhabdomyolysis), folliculitis and acne, all with mild or moderate intensity;*”** herpes zoster infection was found
occurring with a higher frequency in patients receiving 200 mg of abrocitinib in daily oral doses. These adverse effects
were self-limited and treatment rarely required interruption or even permanent discontinuation. Severe adverse events
were also reported, which were considered treatment-related: eczema herpeticum, herpangina and pneumonia (in 100 mg
abrocitinib receiving patients), acute pancreatitis, chronic inflammatory bowel disease; in 200 mg abrocitinib receiving

patients lowered platelet counts were registered, some patients even suffering from thrombocytopenia.®?!3-7

Table 3 Abrocitinib Side Effects

Abrocitinib Side-Effects
Mild, Self-Limited Severe
Headaches, dizziness Eczema herpeticum
Nasopharyngitis and/ upper respiratory tract infection symptoms Herpangina
Epigastric pain, nausea, vomiting Pneumonia
Creatine phosphokinase increase (CK increase, no rhabdomyolysis) Acute pancreatitis
Folliculitis, acne Chronic inflammatory bowel disease
Herpes zoster infection Thrombocytopenia

Note: Data from these studies®®'33738,
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In the studies already mentioned in this review, anti-JAK1 agents (such as: abrocitinib, upadacitinib) have shown to
have better results than dupilumab, but with higher rates of adverse events, these result being in accordance with results
published prior in the specialty literature. An important setback is that some studies have not separated the results
according to the adult and the adolescent population; those studies which have published their results according to the
patient population have found similar results between the two.>*

A recent study has found that abrocitinib use was generally safe for use and well tolerated, but in patients suffering
from moderate and severe renal function impairment, the drug’s active moiety was higher, proving the need for lowering
by half the dosage of abrocitinib in such high-risk patients.*’

In all of these studies, abrocitinib in doses of 100 mg (combined with topical corticosteroids) resulted in having the
safest profile in what concerns adverse effects (including severe ones), upper tract infections and withdrawal syndrome,
even slightly better than using abrocitinib 200 mg in association with topical corticosteroids.”** Also, studies which
evaluated the patients’ quality of life reported major progress, with improved work and an improved productivity (for
patients in the work field), changes which were statistically significant for abrocitinib as compared to the placebo groups,
even with or without topical corticosteroids.***” The Committee for Medicinal Products for Human Use of the European
Medicines Agency supports the marketing authorization for abrocitinib in treating AD, a statement issued in October.
Recently, in December 2021, abrocitinib was approved in Europe for the treatment of moderate-to-severe AD in the adult
population (candidates for systemic treatment) in dosages of 100 mg and 200 mg per day; also, a dosage of 50 mg a day
was approved for those suffering from moderate-to-severe renal impairment and for patients treated with P450
cytochrome inhibitors. The European Commission has approved the use of this systemic drug on the basis of the four
phase three clinical trials which were taken into consideration in this review — JADE MONO-1 and MONO-2, JADE
COMPARE and JADE REGIMEN, and also on an ongoing extension study named JADE EXTEND.*’

Concerning the USA, abrocitinib is currently being reviewed by the FDA, all the while being approved in 2021
for AD treatment in Japan, the United Kingdom and Korea. Other countries, such as Australia, are also considering

abrocitinib for AD treatment, and are reviewing the regulatory applications.*'

Conclusion

Research done by comparing the efficacy and safety profile of various therapeutic agents (especially, but not only) on AD
lesions, will prove useful for physicians in having treatment options, and consequently treatment will be adapted to the
patient’s profile. Caution needs to be paid due to the fact that AD is a life-long disease which requires long-term
treatment and research is limited in this matter. Given the existing evidence, the most satisfying results were found in
moderate-to-severe AD patients treated with high doses of abrocitinib for short time periods, gaining rapid symptom
control and having a general safe profile. The overall positive effects were obtained even from the first stages of oral drug
administration. The low frequency of adverse effects and the convenience of having an oral administered drug makes
abrocitinib an important additional tool for the treatment of moderate-to-severe forms of AD, besides agents such as
dupilumab; thus being said, the data presented stemmed only from clinical trials and the true nature of abrocitinib use
will reveal itself only by using it in the real world, with more studies on a higher number of patients, a trait which other

systemic treatments such as dupilumab rejoices in.*!'>*
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