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Abstract

Therapeutic options for people with moderate or severe atopic dermatitis refractory to topical therapy have rapidly expanded
in recent years. These new targeted immunomodulatory agents—biologics and Janus kinase (JAK) inhibitors—have each
demonstrated high levels of efficacy and acceptable safety in mostly placebo-controlled clinical trials for atopic dermatitis,
but there is no universally applicable algorithm to help choose between them for a given patient. Hence, patients and physi-
cians should utilize shared decision making, discussing efficacy, safety, mode of delivery, monitoring, costs, speed of onset,
and other factors to reach individualized treatment decisions. In this review, we try to aid shared decision making by sum-
marizing the efficacy, safety, and monitoring of biologics and oral JAK inhibitors for adults with atopic dermatitis. Network
meta-analyses suggest that higher doses of abrocitinib and upadacitinib are more effective than biologics. They also show
that, among biologics, dupilumab is likely more effective than tralokinumab and lebrikizumab. Biologics are generally con-
sidered safer than JAK inhibitors, although concerns about JAK inhibitors are mainly extrapolated from older generation
JAK inhibitors used in higher-risk populations. We also outline evidence and considerations for choosing and using systemic
immunomodulatory treatments for special populations including pregnant individuals, those with human immunodeficiency
virus (HIV), hepatitis B and C, end stage kidney disease, and older adults.

Key Points

Atopic dermatitis is a complex, chronic inflammatory
skin condition that can be effectively managed with
systemic, targeted therapies such as biologics and Janus
kinase inhibitors.

Shared decision making, considering relative efficacy,
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[2, 3]. For people whose atopic dermatitis is inadequately
controlled or whose quality of life is substantially lowered
despite appropriate topical therapy, ultraviolet phototherapy
or systemic therapy can be used [4]. While phototherapy can
be effective for many patients, the evidence base underlying
it is of low certainty, and the need for frequent clinic vis-
its is often not feasible for patients [5]. Until recently, only
broad-acting systemic immunomodulators such as corticos-
teroids, methotrexate, mycophenolate mofetil, cyclosporine,
and azathioprine were available to treat atopic dermatitis.
Those agents are limited in many cases by poor tolerability,
the need for ongoing bloodwork monitoring, and limited
efficacy [6]. Additionally, cyclosporine, which is the most
effective of the older agents [7], is not recommended for
long-term use, which is problematic given the chronic nature
of atopic dermatitis.

Over the last decade, substantial progress has been made
to meet the therapeutic needs of people with refractory,
severe atopic dermatitis. While the role of Th2 cytokines
in atopic dermatitis pathogenesis has been known since
the 1990s, only recently has this pathway been targeted as
therapy [8, 9]. There are now four targeted systemic agents
approved by the US Food and Drug Administration (FDA)
for atopic dermatitis, including two biologics and two Janus
kinase (JAK) inhibitors, with several other agents at vari-
ous stages of development. These targeted treatments give
patients and clinicians multiple effective treatment options
for more severe atopic dermatitis, leading to improved qual-
ity of life for many patients. Patients and clinicians consid-
ering systemic therapy must choose between these agents,
taking various medication- and patient-specific factors into
account.

The objective of this review is to help inform clinical
decision-making for adults with atopic dermatitis consider-
ing systemic therapy. As this review focuses on treatment for
adults, we have not included in-depth data and suggestions
regarding pediatric populations. We present the mechanism
of action, efficacy and safety profiles, monitoring, and con-
siderations for special patient populations for biologics and
oral JAK inhibitors recently approved and those likely to
be approved soon for the treatment of atopic dermatitis in
adults.

2 Considerations When Choosing Systemic
Therapy

Once a patient and their clinician make the decision to pur-
sue systemic treatment for atopic dermatitis, there are several
considerations that may influence their choice of first-line
agent. Efficacy, including rapid onset of action, is important
[10]. Safety, including avoiding both nuisance and more
severe adverse effects, is essential. Patients may prefer oral

A\ Adis

versus injectable therapy, or a specific agent based on their
values or their own research of treatment options. Patients
and clinician should discuss the benefits and risks of dif-
ferent treatments to enable individualized shared decision
making [11, 12].

Patient characteristics, such as age, comorbidities, preg-
nancy status, and family planning also factor into treatment
decisions. Atopic dermatitis impacts individuals of all ages.
Although historically thought to occur primarily in early
childhood and resolve by adolescence, studies with longer
duration of follow-up show that atopic dermatitis can occur
at any age, and there is increasing recognition that atopic
dermatitis is common among older adults over 60 years of
age [13, 14]. Unfortunately, high-quality clinical evidence
for the use of systemic treatment in older patients is lack-
ing, as older individuals are often excluded from clinical
trials [15], along with pregnant individuals and people with
comorbidities including kidney or hepatic disease [16].

Costs and medication coverage (either through private or
public payors) may limit options for some patients. Newer
targeted agents are more expensive than older conventional
systemic agents [17-19]. As a result, access to new targeted
therapies such as biologics and small molecules are often
limited [16, 20]. In one US study, denial or lack of insur-
ance coverage was reported as the most common reason why
patients who were candidates for biologic treatment did not
initiate therapy [21]. Conventional systemic agents remain
viable treatment options for patients with moderate-to-severe
atopic dermatitis, particularly when cost or insurance cover-
age is an issue.

Ultimately, while there is no universally applicable thera-
peutic algorithm for systemic treatment of atopic dermatitis,
utilizing a shared decision-making process that incorporates
patient preferences and characteristics, as well as a discus-
sion of benefits, risks, costs, and availability of therapies,
will be important in formulating a therapeutic plan. Given
the large evidence base supporting their efficacy and safety,
biologics and oral JAK inhibitors are generally preferred,
when available, over conventional systemic agents. As such,
the focus of this article is on those newer targeted agents,
and we do not discuss conventional agents in detail.

3 Biologics
3.1 Dupilumab

Dupilumab is a human IgG-4 monoclonal antibody that
blocks the interleukin-4 receptor a (IL-4Ra), ultimately
downregulating the effects of IL-4 and IL-13 cytokines
(Table 1) [22]. It has been approved by the FDA and Euro-
pean Medicines Agency (EMA) for atopic dermatitis since
2017 and is now used in a variety of conditions including
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Table 1 Mechanism of action, approved dosing, and relative efficacy of targeted systemic medications for atopic dermatitis

Target Route of administration Dosing FDA approval status for Change in EASI (95%
atopic dermatitis Crl) relative to placebo?
Biologic
Dupilumab Anti-IL-4Ra; leads Subcutaneous 600 mg loading dose at  Approved —-10.8 (- 12.3,-9.5)
to downregulation baseline then 300 mg
of IL-4 and IL-13 Q2 weeks
cytokines
Tralokinumab Binds to IL-13, pre- Subcutaneous 600 mg loading dose at  Approved -63(-178,-4.7)
venting interaction baseline then 300 mg
with IL-13Ral and Q2 weeks
IL-13Ro2
Lebrikizumab Binds to IL-13 and Subcutaneous 500 mg loading dose Not approved® (com- -6.5(-119,-1.0)
blocks interaction at baseline and pleted phase 3)
with IL-4Ra week 2, then 250 mg
Q2 weeks
Nemolizumab Binds to IL-31Raand ~ Subcutaneous 60 mg loading dose at ~ Not approved® (com- -59(-99,-18)
prevents IL-31 signal- baseline then 30 mg pleted phase 3)
ing pathway Q4 weeks
JAK inhibitor
Abrocitinib Inhibits JAK1 specifi-  Oral 50-200 mg daily Approved 100 mg OD: — 8.6
cally (—104,-6.8)
200 mg OD: — 13.0
(—14.8,-11.1)
Upadacitinib  Inhibits JAK1 specifi- ~ Oral 15-30 mg daily Approved 15 mg OD: — 11.0
cally (—12.7,-9.3)
30 mg OD: — 13.5
(—15.2,-11.9)
Baricitinib Inhibits JAK1/JAK2 Oral 2-4 mg daily Not approved® (com- 2mgOD: —5.1(-6.9,
pleted phase 3) -34)
4mgOD: —75(—94,
-5.6)

EASI Eczema Area and Severity Index, Q2 weeks every 2 weeks, Q4 weeks every 4 weeks, OD once daily, FDA US Food and Drug Administra-

tion, CrI credible interval

*Relative change in EASI compared with placebo obtained from living network meta-analysis of systemic treatments for atopic dermatitis hosted
at http://www.EczemaTherapies.com. Data presented here include the results of analyses on clinical trials captured in a 7 November 2022 search

®Lebrikizumab and baricitinib are currently approved for use in Atopic Dermatitis in Europe

“Nemolizumab is currently approved for use in Atopic Dermatitis in Japan

atopic dermatitis for children as young as 6 months old,
asthma, rhinosinusitis with nasal polyposis, eosinophilic
esophagitis, and prurigo nodularis. For adults with atopic
dermatitis, an initial loading dose of 600 mg followed by
300 mg every 2 weeks is administered by subcutaneous
injections. For pediatric patients aged 6 months to 17 years
of age, dosing regimens differ depending on age and weight.

Compared with placebo, dupilumab has shown to improve
or clear atopic dermatitis and associated symptoms as well
as improve quality of life in both 16 and 52 week phase 3
clinical trials [23-27]. The most common adverse events
associated with dupilumab are conjunctivitis and injection-
site reactions with few serious adverse events reported in
clinical trials (Table 2) [27, 28]. Dupilumab-associated
conjunctivitis can be managed with supportive therapies
including warm compresses and lubricating or antihistamine

eyedrops [29]. If patients are experiencing more severe con-
junctivitis, referral to ophthalmology and antiinflammatory
eyedrops and topical agents can be considered.
Pharmacovigilance and observational studies from use in
routine clinical practice have identified that dupilumab may
be associated with some rare side effects including arthritis,
cutaneous T-cell lymphoma, head and neck dermatitis, and
psoriasiform reactions [30-34]. Limited studies investigat-
ing arthritis associated with dupilumab postulate that IL-4«
receptor antagonism leads to immune dysregulation favor-
ing IL-23 and IL-17 effects, and consequent inflammatory
arthritis [35]. Cessation of therapy is reported to result in
resolution of dupilumab associated arthritis. Long-standing
atopic dermatitis has been observed to evolve into mycosis
fungoides in the absence of targeted systemic therapy [36,
37]. Further, mycosis fungoides can mimic atopic dermatitis
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Table2 Commonly reported adverse events, laboratory monitoring, and contraindications for targeted systemic medications for atopic dermatitis

Common reported adverse events

Laboratory monitoring

Contraindications

Biologic
Dupilumab

Tralokinumab
Lebrikizumab
Nemolizumab

JAK inhibitor
Abrocitinib

Upadacitinib

Baricitinib

Conjunctivitis, injection site reaction
Conjunctivitis, injection site reaction
Conjunctivitis, injection site reaction

Nasopharyngitis, upper respiratory tract
infection

Nausea, nasopharyngitis, acne, herpes
infection

Acne, upper respiratory infection,
nasopharyngitis, headaches, herpes
infection

Nasopharyngitis, nausea, diarrhea, upper
respiratory infections, headaches,
herpes infection

No routine monitoring is reported to be
necessary for this medication

No routine monitoring is reported to be
necessary for this medication

No routine monitoring is reported to be
necessary for this medication

To be determined

Baseline:

CBC, CMP, HIV, hepatitis B/C, TB

4-12 weeks post-initiation or dosage
increase:

CBC, lipids

Every 3-12 months:

CBC, lipids

Baseline:

CBC, CMP, HIV, hepatitis B/C, TB

4-12 weeks post-initiation or dosage
increase:

CBC, lipids

Every 3—12 months:

CBC, lipids

Baseline:

CBC, CMP, HIV, hepatitis B/C, TB

4-12 weeks post-initiation or dosage
increase:

CBC, lipids

Every 3—12 months:

CBC, lipids

Hamster protein hypersensitivity, helminth
infections, live attenuated vaccines

Helminth infections, live attenuated vac-
cines

Helminth infections, live attenuated vac-
cines

To be determined

Antiplatelet therapy (except low dose aspi-
rin < 81 mg), DMARDS, live attenuated
vaccines, immunosuppressants

DMARDS, live attenuated vaccines,
immunosuppressants

CKD, liver failure, DMARDS, live attenu-
ated vaccines, immunosuppressants

CBC complete blood count, CMP complete metabolic panel, H/V human immunodeficiency virus, 7B tuberculosis, DMARDS disease-modifying
antirheumatic drugs, CKD chronic kidney disease

clinically and histologically, thus making the causal con-
nection between dupilumab and mycosis fungoides difficult
to dissect. More research is needed to understand the rela-
tionship between dupilumab and cutaneous lymphoma [38].
There are limited studies examining the cause of dupilumab
associated head and neck dermatitis. It has been linked to
varying etiologies including Malassezia (supported by some
cases improving with antifungal therapy), rosacea, aller-
gic contact dermatitis, and steroid withdrawal; treatment
commonly involves topical corticosteroids and tacrolimus
[39—41]. Psoriasiform reactions induced by dupilumab are
thought to be secondary to upregulation of the Th17 path-
way, which is described in pathogenesis of psoriasis [42].
Management of de novo psoriasis should follow general
guidelines on classical and reactive psoriasis [43]. At this
time, these manifestations of immune dysregulation asso-
ciated with dupilumab, and whether and how they ought
to change management strategies for individual patients,
remain poorly understood.
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No routine screening or monitoring investigations are
required for people initiating or taking dupilumab (Table 2).
Contraindications include hamster protein hypersensitivity
and helminth infections [44, 45].

3.2 Tralokinumab

Tralokinumab is a human IgG4 monoclonal antibody
that directly binds to IL-13, preventing interaction with
IL-13Ral and IL-13Ra2 [46, 47]. In addition to downregu-
lating JAK1 and tyrosine kinase 2 pathways by blocking
interaction with Type II receptors, constituting IL-13Ral
and IL-4Ra, tralokinumab inhibits signaling mediated by
IL-13Ra2. It has been FDA- and EMA-approved since 2021.
In the USA it is approved for adults (age 18 and over) with
atopic dermatitis, and in Europe for patients 12 years of age
and older. The dose for adolescents and adults is 600 mg
then 300 mg subcutaneous injections every 2 weeks. Tralok-
inumab has shown to improve atopic dermatitis clearance,
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sleep, pruritus, and quality of life in 16 and 52 week phase
3 clinical trials [48, 49, 50].

These trials demonstrated comparable overall rates
of adverse effects between treatment groups and placebo
groups [51]. Conjunctivitis was a common adverse event,
as was seen with dupilumab (Table 2). No routine screening
or monitoring is necessary for tralokinumab. It is contrain-
dicated in patients with previous hypersensitivity reactions
and those with helminth infections.

3.3 Lebrikizumab

Lebrikizumab is a human IgG4 monoclonal antibody that
binds to a different epitope of IL-13 than tralokinumab,
and blocks interaction with type II receptor consisting of
IL-4Ra/IL-13Ral subunits (Table 1) [46, 47]. This ulti-
mately results in inhibition of JAK1 and tyrosine kinase 2
pathways. Phase 3 trials for treatment of atopic dermatitis
have been completed and it has been approved for use by
the EMA. Phase 3 trials have revealed that 500 mg of leb-
rikizumab at week 0 and 2 and then followed by 250 mg
every 2 weeks improves clearance of atopic dermatitis and
associated symptoms at 16 and 52 week endpoints [52, 53].
While lebrikizumab showed early promise for the treatment
of asthma [54], it was not effective in larger trials [55].

In the replicate atopic dermatitis phase 3 trials, ADvocate
1 and ADvocate 2, the frequency of adverse events in the
lebrikizumab and placebo arms were similar [52]. Conjunc-
tivitis was the most commonly reported adverse effect, and
was reported at higher rates in the treatment arm. In phase 3
trials, rates of conjunctivitis appear numerically lower with
lebrikizumab than with tralokinumab and dupilumab; how-
ever, conjunctivitis adverse event reporting differs between
trials, and formal comparisons have not been made in either
head-to-head trials or network meta-analysis. In the ADhere
trial, higher rates of adverse events were reported for those
receiving lebrikizumab and topical corticosteroids com-
pared with those receiving placebo and topical corticoster-
oids (43.4% versus 34.8%). Conjunctivitis, headache, herpes
infection, hypertension, and injection site reaction were the
most commonly reported events (Table 2). While official
guidance has not yet been released, it is expected that no
routine screening or monitoring will be recommended for
lebrikizumab treatment.

3.4 Nemolizumab

Nemolizumab is a human monoclonal antibody that binds to
IL-31Raq, preventing IL-31 signaling, thereby reducing pru-
ritus (Table 1) [56, 57]. It was approved in Japan in 2022 to
treat itch in atopic dermatitis for patients 13 years of age and
older. Standard dosing of nemolizumab in Japan is 60 mg
subcutaneous injections given every 4 weeks. It is also in

phase 3 trials to treat itch in prurigo nodularis. In a phase
3 clinical trial, nemolizumab 60 mg improved severity of
atopic dermatitis, quality of life, and pruritus compared with
placebo, although there was no difference in achieving clear
or almost clear skin between the two groups [58].

More patients on nemolizumab compared with placebo
had injection-related reactions (8% versus 3%) [58]. A meta-
analysis including six randomized controlled trials found
that nemolizumab had similar rates of adverse events overall
compared to placebo [59].

4 Oral JAK Inhibitors
4.1 Background and Uses

JAK inhibitors interfere with the JAK signal transducer and
activator of transcription (STAT) signaling pathway by pre-
venting ATP binding, inhibiting downstream effects of tran-
scription induction of various genes [60]. Four JAK kinases
and seven STAT proteins, which exist in all cell types, work
in conjunction to affect the regulation of numerous cytokines
[61].

JAK inhibitors were first approved for rheumatoid arthri-
tis, myelofibrosis, and polycythemia vera, but further clinical
research revealed their therapeutic effects on additional con-
ditions including atopic dermatitis, psoriasis, inflammatory
bowel disease, vitiligo, spondylarthritis, and systemic lupus
erythematous [62, 63].

First generation JAK inhibitors, including ruxolitinib,
baricitinib, and tofacitinib, act broadly in that they non-
selectively inhibit multiple JAK kinases. Second generation
inhibitors, including abrocitinib and upadacitinib, prefer-
entially target specific JAK kinases, which could result in
potential differences in efficacy and side effects profiles [64].
Although JAK inhibitors can act selectively, in vitro and
laboratory studies have demonstrated that even highly selec-
tive JAK inhibitors can broadly inhibit signaling pathways
with increased concentration [65].

4.2 Abrocitinib

Abrocitinib preferentially inhibits JAK1, thereby inhibiting
IL-4, IL-13, TSLP, and IL-31 signaling and Th2 differentia-
tion (Table 1) [66, 67]. It has been FDA approved for atopic
dermatitis since 2022 for people 12 years and older, and it
has also been EMA approved since 2021 for use in adults.
It is approved at doses ranging from 50-200 mg by mouth
daily. Abrocitinib has been shown to improve clearance and
symptoms of atopic dermatitis compared to placebo in vari-
ous phase 3 clinical trials [68—70].

Integrated safety analysis for abrocitinib from five clini-
cal trials, consisting of participants receiving either placebo,
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100 mg, or 200 mg of abrocitinib, revealed that nausea,
headache, and acne were the most common adverse events
(Table 2) [71]. Though rates of serious infections were similar
between placebo and treatment arms, a dose-related increase
was seen in herpes zoster and herpes simplex infections. The
most frequent serious infections included pneumonia, herpes
simplex, and herpes zoster.

4.3 Upadacitinib

Upadacitinib is a second-generation selective JAK-1 inhibi-
tor (Table 1) [72]. It is approved for a variety of conditions
such as rheumatoid arthritis, psoriatic arthritis, ulcerative
colitis, ankylosing spondylitis, and axial spondylitis. It was
approved in or after 2021 in Europe, USA, Japan, and other
countries for the treatment of atopic dermatitis for those
12 years and older. It is available in 15 mg and 30 mg tab-
lets, with both doses approved for once daily use. Phase 3
clinical trials have demonstrated that upadacitinib improves
clearance of atopic dermatitis and associated symptoms at
16 week endpoints [73, 74].

Pooled analysis from four clinical trials, consisting of par-
ticipants receiving placebo, 15 mg, or 30 mg of upadacitinib,
revealed that most commonly reported adverse events were
acne, nasopharyngitis, upper respiratory tract infection, and
headache (Table 2) [75]. Rates of serious infections were simi-
lar between placebo and treatment arms. The most common
serious infections were eczema herpeticum, herpes zoster,
pneumonia, and coronavirus infection.

4.4 Baricitinib

Baricitinib is a JAK1/JAK2 inhibitor (Table 1) [76]. JAK2
plays arole in IL-5 signaling and Th2 differentiation, contrib-
uting to atopic dermatitis (AD) pathogenesis [66, 77]. It has
been FDA and EMA approved for conditions such as rheu-
matoid arthritis, coronavirus disease 2019 (COVID-19), and
alopecia areata. It has been approved in Europe, but not the
USA, since 2020 for atopic dermatitis in adults in 2 mg or
4 mg daily oral dosing. Compared with placebo, baricitinib has
been shown to improve clearance and associated symptoms in
phase 3 clinical trials [78-82]

In an integrated analysis of eight clinical trials of patients
receiving placebo, 2 mg, or 4 mg of baricitinib, the most com-
mon adverse events were upper respiratory tract infections and
headaches (Table 2) [83]. The most common serious infections
were eczema herpeticum, cellulitis, erysipelas, pneumonia,
and coronavirus infections.
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4.5 Monitoring Recommendations for JAK Inhibitor
Use

Clinical trial results are not sufficient to support specific evi-
dence-based recommendations for screening and monitoring
investigations for JAK inhibitors used in atopic dermatitis,
but there appears to be consensus that some investigations
are necessary [84—87]. Prior to initiating abrocitinib, upa-
dacitinib, and baricitinib, we recommend tuberculosis test-
ing, complete blood count (CBC), lipid profile, hepatitis B
and C serology, and complete metabolic panel (CMP), with
monitoring of the CBC and lipid profile at 4—12 weeks, and
pregnancy testing for those able to become pregnant. It is
unclear whether ongoing monitoring is necessary, but could
be considered every 3—12 months or after any dose increase.
Human immunodeficiency virus (HIV) can also be consid-
ered at baseline.

As JAK inhibitors are immunosuppressive, patients
should be aware of the associated increased risk of infec-
tion, including serious infection. Additionally, live vaccines
while on treatment should be avoided. Because of the risk
of herpes zoster (shingles) associated with JAK inhibitors,
consideration should be given to initiating the vaccination
series with the recombinant zoster vaccine prior to starting
therapy.

4.6 The FDA’s Black-Boxed Warning for JAK
Inhibitors

The FDA has mandated “black-boxed warnings” for all JAK
inhibitors, indicating increased risk of serious infections,
cardiovascular disease, malignancies, thrombotic events,
and mortality.

Warnings regarding cardiovascular risk, malignancies,
and thrombotic events have been extrapolated from con-
cerns and evidence related to oral ruxolitinib and tofaci-
tinib. In a large randomized controlled trial of rheumatoid
arthritis patients aged 50 and older with cardiovascular risk
factors, treatment with tofacitinib was not non-inferior to
tumor necrosis factor-o inhibition with regards to major
adverse cardiovascular events and cancer risk [88]. Studies
have also shown associations with malignancies in myelofi-
brosis patients on ruxolitinib [89]. Those patient popula-
tions are at higher baseline risk for serious adverse events
than most patients with atopic dermatitis, and tofacitinib
and ruxolitinib are different, less selective JAK inhibitors
than abrocitinib and upadacitinib. Still, the evidence and the
FDA’s warning should not be ignored. Recent meta-analyses
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of clinical trials of JAK inhibitors for atopic dermatitis
have noted no increased risk for venous thromboembo-
lisms, but the included trials are all short-term [90]. Ongo-
ing pharmacovigilance is warranted regarding the risk of
serious adverse events related to JAK inhibition for atopic
dermatitis.

5 Relative Efficacy and Safety of Targeted
Systemic Therapies

Most clinical trials of systemic therapy for atopic dermatitis
compare new targeted agents against placebo, with limited
head-to-head trials comparing outcomes between systemic
therapies. Head to head trials comparing dupilumab against
abrocitinib and upadacitinib have been conducted [91-93].

JADE COMPARE randomized 838 adult participants
into 200 mg or 100 mg of oral abrocitinib daily, 300 mg of
subcutaneous injections of dupilumab every 2 weeks, and
placebo groups [91]. Abrocitinib 200 mg daily was found
to be more effective than dupilumab in itch reduction at
2 weeks with no other formal statistical comparisons per-
formed. JADE DARE, another trial comparing abrocitinib
200 mg daily versus dupilumab, found 200 mg of abrocitinib
to be statistically superior to dupilumab in itch reduction at
2 weeks and skin clearance at 4 weeks, but only modestly
superior numerically in these outcomes by 16 weeks with
no formal statistical testing performed [92].

Heads Up compared upadacitinib 30 mg daily versus
dupilumab versus placebo among 692 adults with moderate-
to-severe atopic dermatitis [93]. Upadacitinib 30 mg daily
was found to be more effective than dupilumab at improv-
ing the signs and symptoms of atopic dermatitis at 16- and
24-week endpoints. No head-to-head studies of upadacitinib
15 mg versus dupilumab have been published.

To improve the precision of those head-to-head com-
parisons and to enable comparisons between treatments
that have not been compared in head-to-head trials, net-
work meta-analysis, which incorporates direct and indirect
clinical trial evidence, is a useful technique [94]. In a living
systematic review and network meta-analysis of systemic
immunomodulatory treatments used up to 16 weeks for
atopic dermatitis, the results for upadacitinib 30 mg daily
and abrocitinib 200 mg daily versus dupilumab are similar
to those seen in head-to-head trials [95, 96]. Compared with
dupilumab 600 mg then 300 mg every 2 weeks, abrocitinib
200 mg daily and oral upadacitinib 30 mg daily are both
somewhat more efficacious with regards to improving the
signs, symptoms, and health-related quality of life of atopic
dermatitis [Eczema Area and Severity Index (EASI) mean
difference (MD) — 2.1, 95% credible interval (CrI) — 4.1 to
0.0; EASIMD — 2.7, 95% Crl — 4.8 to — 0.5; respectively]
[95, 97]. Upadacitinib 15 mg daily had similar efficacy to

dupilumab (EASI MD — 0.2, 95% Crl — 2.3 to 2.1), while
baricitinib 2-4 mg daily (EASI MD 5.7, 95% CrI 3.5-8.0;
EASI MD 3.3, 95% Crl 1.0-5.7; respectively), abrocitinib
100 mg daily (EASIMD 2.2, 95% Crl 0.3-4.3) and traloki-
numab 600 mg then 300 mg every 2 weeks (EASI MD 4.6,
95% Crl 2.6-6.8) were less efficacious than dupilumab.

The pattern of results is similar when comparing binary
outcomes such as the proportion of participants achieving at
least 75% improvement in EASI (EASI-75). Compared with
dupilumab, abrocitinib 200 mg daily [odds ratio (OR) 1.6,
95% Crl 1.2-2.1], upadacitinib 30 mg daily (OR 2.1, 95%
Crl 1.6-2.7), and 15 mg daily (OR 1.2, 95% CrlI 0.9-1.7)
have higher odds of achieving EASI-75, whereas abrocitinib
100 mg daily (OR 0.7, 95% CrI 0.5-1.0), baricitinib 2 mg
(OR 0.4, 95% CrI 0.3-0.6) and 4 mg daily (OR 0.5, 95%
CrI 0.3-0.7), and tralokinumab (OR 0.4, 95% CrI 0.3-0.5)
had lower odds of achieving EASI-75 [98]. Lebrikizumab
500 mg at week O and 2 then 250 mg every 2 weeks is asso-
ciated with similar but somewhat lower odds of achieving
EASI-75 than dupilumab (OR 0.8, 95% CrI 0.5-1.1), and
nemolizumab 60 mg every 4 weeks is associated with lower
odds of achieving EASI-75 than dupilumab (OR 0.3, 95%
Crl 0.1-0.6).

In a network meta-analysis analyzing potential harm
between different systemic therapies, there were higher
rates of adverse events in upadacitinib 30 mg daily [risk dif-
ference (RD) 108 more per 1000 patients, 95% confidence
interval (CI) 72—-141] compared with placebo [99]. Abroci-
tinib 200 mg daily, baricitinib 2—4 mg daily and upadacitinib
15 mg daily were rated as intermediate harm compared with
placebo (RD 85 more per 1000 patients, 95% CI 45-122; RD
60 more per 1000 patients, 95% CI 18-99; RD 55 more per
1000 patients, 95% CI 14-95). Dupilumab and tralokinumab
were deemed to be similar in their risk of adverse events
compared to placebo (RD 20 fewer per 1000 patients, 95%
CI — 50 to 10; RD 1 fewer per 1000 patient, 95% CI — 43
to 40). However, general adverse event outcomes in clinical
trials are heterogeneous, and in atopic dermatitis trials, they
sometimes include flares of atopic dermatitis as an adverse
event, making these comparisons difficult to interpret.

Of note, comparisons of efficacy and safety of biologics
and systemic JAK inhibitors in network meta-analysis reflect
short-term data. Relative comparisons of systemic therapies
in long-term studies have yet to be published.

6 Special Considerations for Use of Targeted
Systemic Agents in Special Populations
6.1 Pregnancy

There are currently insufficient clinical data available
to clarify drug-associated risks for targeted systemic
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Table 3 Evidence and recommendations for use of targeted systemic medications for atopic dermatitis in special populations
Pregnancy Breastfeeding HIV Hepatitis B and C | Liver disease | Kidney disease | Older adults
Biologics
Limited case ..
Limited case .
reports and Observational . Treatment-
. . reports and . . Observational
animal studies do . . Limited case Observational data | data and q emergent
animal studies do . N data and multiple
. not suggest reports suggest and multiple case multiple case adverse events
Dupllumab 2 not suggest case reports
increased safety . safe and reports suggest safe | reports suggest are comparable
increased safety . - suggest safe and
concerns or . effective use and effective use safe and . across age
teratogenicity in | SOncomS It effective use SilEie b roups
& ¥ breastfeeding group
pregnancy
. Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient
Tralokinumab . . . . . . .
evidence evidence evidence evidence evidence evidence evidence
s Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient
Lebrikizumab . . . . . . .
evidence evidence evidence evidence evidence evidence evidence
. Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient
Nemolizumab 3 3 . . . . :
evidence evidence evidence evidence evidence evidence evidence
JAK inhibitors
.. Use with caution
q 9 8 q ntraindicat 8.8 3
Case series and Contraindicated in _Co iz Contraindicated due to increased
. : . . in severe or . .
animal studies active/chronic in severe or end- | risk of adverse
e X q end-stage g
Abrocitinib suggest no disease, or until . s stage disease; effects; use
: . disease; dose N
increased safety | treatment is . dose adjustments | should generally
adjustments ..
concerns complete may be needed be limited to 100
may be needed .
mg daily dose
.. Use with caution
. . . ntraindi . .
Case series and | Contraindicated in .CO alicas Contraindicated | due to increased
. : . . in severe or . .
animal studies active/chronic in severe or end- | risk of adverse
o X . end-stage "
Upadacitinib suggest no disease, or until . S stage disease; effects; use
. . disease; dose .
increased safety | treatment is . dose adjustments | should generally
adjustments ..
concerns complete may be needed be limited to 15
may be needed .
mg daily dose
Case series and Contraindicated in _Contra1nd1cated Contraindicated 0L WI.t Lo et
o . . . . in severe or X due to increased
Baricitinib animal studies active/chronic in severe or end- .
X . end-stage . ’ risk of adverse
suggest no disease, or until . S stage disease;
: p disease; dose N effects
increased safety | treatment is . dose adjustments
adjustments
concerns complete may be needed
may be needed

Red indicates a contraindication in the majority of cases; orange indicates moderate contraindication with consideration of the risk-benefit trade-
off; yellow indicates that limited information is available, and that some caution is warranted; green indicates that there is some evidence sup-
porting safety in that population; gray indicated that no direct evidence is available, but that there are no anticipated harms associated with use in

that specific population. HIV human immunodeficiency virus

medications for atopic dermatitis in pregnancy (Table 3).
Randomized controlled trials (RCTs) for dupilumab,
tralokinumab, lebrikizumab, and nemolizumab excluded
pregnant and breastfeeding individuals, and to date, few
data from interventional studies have been published on
exposure to biologics during pregnancy in atopic disease
[100]. In vivo data from animal studies for dupilumab
and tralokinumab are not suggestive of enhanced risk in
pregnancy [101]. Several case reports and limited case
series demonstrate good birth outcomes with maternal
dupilumab exposure during pregnancy [102—112]. There
are currently two observational studies underway aiming
to evaluate pregnancy outcomes after dupilumab use [110,
111]. There are no data published on the use of traloki-
numab, lebrikizumab, or nemolizumab during pregnancy
or breastfeeding. The European Task Force on Atopic
Dermatitis does not recommend the use of dupilumab
in pregnant or lactating patients, but note that available
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clinical data describing dupilumab use in pregnancy does
not indicate teratogenicity of dupilumab [102]. In contrast,
LactMed, a National Institutes of Health (NIH)-sponsored
database of medications and risks in lactation, states, “evi-
dence indicates that dupilumab is acceptable to use during
breastfeeding” [112]. This is due to the large molecular
weight and the protein composition of the therapy that
would be rapidly digested in the gastrointestinal tract.
JAK inhibitors for atopic dermatitis are contraindicated
in pregnancy. Preclinical data from in vivo animal studies
suggest potential effects on fetal development and pregnancy
outcomes [113]. It is recommended that patients with atopic
dermatitis at risk of becoming pregnant should use effective
contraception while taking JAK inhibitors for the duration of
treatment and at least 4 weeks after the last dose [114]. JAK
inhibitors for atopic dermatitis are also contraindicated dur-
ing lactation [115]. In vivo animal studies demonstrate that
JAK inhibitors are present in breastmilk. An observational
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registry is planned to assess the safety of abrocitinib in preg-
nant patients and their offspring [116].

6.2 Human Immunodeficiency Virus

There are multiple case reports of people living with HIV
on antiretroviral therapy successfully treated with dupilumab
[117-124], including two patients with acquired immuno-
deficiency syndrome (AIDS) [105]. Theoretically, the IL-4
inhibition could be beneficial in patients with HIV, as IL-4
upregulates chemokine receptor CXCR4, an important
mediator of HIV cellular entry. This is further supported
by genetic studies that demonstrate an association between
decreased IL-4 activity and decreased rates of HIV infection
[117]. A survey of the International Eczema Council (IEC),
conducted when dupilumab was still the only targeted agent
approved for atopic dermatitis, found 67% of members pre-
ferred dupilumab as first-line systemic treatment for patients
with HIV infection over older immunomodulators [16].

Data on treatment with other biologics in atopic derma-
titis for patients with HIV are lacking.

There are currently no clinical data on safety of JAK
inhibitors for atopic dermatitis in patients with HIV. Case
series have suggested that JAK inhibitors can be used safely
for other immune-mediated inflammatory diseases in peo-
ple with HIV [125]. Ex vivo and in vitro analyses demon-
strate JAK inhibitors use several mechanisms to impede the
seeding and maintenance of the HIV reservoir. RCTs are
currently underway to understand the impact of the JAK
inhibitor ruxolitinib on inflammation associated with HIV
infection [126].

6.3 HepatitisBand C

Several case reports and retrospective study data suggest safe
and effective use of dupilumab in patients with hepatitis B
and C [16, 105], including cases of concurrent treatment of
chronic hepatitis B virus at initiation of dupilumab [127].
We did not identify reports of other biologics used for atopic
dermatitis among people with hepatitis B or C.

Hepatitis B and C screening is recommended for all
patients prior to initiating JAK inhibitors. Several case
reports have reported reactivation of hepatitis B virus or
hepatitis C virus chronic infections in other immune-medi-
ated inflammatory diseases [128]. JAK inhibitors should not
be used in patients with evidence of active or chronic hepa-
titis B or hepatitis C infections until treatment is completed,
although treatment with an oral JAK inhibitor concurrently
with treatment of chronic hepatitis B virus infection may be
considered in consultation with a hepatologist [129, 130].

6.4 Liver Disease

Limited case reports and cohort studies show successful
treatment with dupilumab in patients with acute liver failure
and hepatosplenomegaly [16]. We did not identify reports
to date of other biologics for atopic dermatitis used in the
setting of hepatic impairment.

There are limited clinical studies on safety of JAK inhib-
itors for atopic dermatitis in patients with severe hepatic
impairment. Although pharmacokinetic studies demonstrate
that mild to moderate hepatic impairment does not result
in clinically significant consequences, JAK inhibitors are
contraindicated in severe liver disease [131-133].

6.5 End-Stage Kidney Disease

Dupilumab has been used successfully in people with end-
stage kidney disease (also known as end stage renal disease)
and kidney transplants [134—136]. A retrospective obser-
vational study found that dupilumab was effective and safe
among patients with chronic kidney disease [137]. We did
not identify reports of other biologics used for atopic derma-
titis among people with end-stage kidney disease.

The safety of JAK inhibitors in patients with severe kid-
ney impairment or end-stage kidney disease is unknown
[63]. Elimination of JAK inhibitor baricitinib occurs pri-
marily by renal excretion [138], whereas abrocitinib and
upadacitinib is excreted primarily via hepatic metabolism
[139-141]. Baricitinib is not recommended in patients with
severe or end-stage kidney disease. Dose adjustments may
be needed for patients with kidney disease.

6.6 Older Adults

Older adults are generally at increased risk for medication-
related adverse events due to altered drug metabolism and
increased rates of frailty, comorbidities, and polypharmacy
[142]. Pooled data from four randomized controlled trials of
dupilumab for atopic dermatitis, including a total of 2444
participants aged 25 years and older, demonstrated that
treatment emergent adverse events were comparable across
age groups, although older adults (aged 60 years and older)
were found to more commonly experience adverse events
of arthralgias, urinary tract infections, and conjunctivitis
[143]. Secondary analysis of three randomized controlled
trials of tralokinumab in atopic dermatitis also found that in
104 participants aged 65 years and older, those treated with
tralokinumab experienced similar rates of adverse events
compared to placebo [144]. Data for other biologics used to
treat AD among older adults are limited.

JAK inhibitors for atopic dermatitis should be used with
caution in older adults. Older adults have increased base-
line risks of serious infection, malignancy, major adverse
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cardiovascular events, thrombosis, and mortality relative to
younger people. Starting with the lower doses of abrocitinib
and upadacitinib is recommended for older adults, and dose
reductions below standard dosing of 100 mg and 15 mg,
respectively, should be considered in older patients greater
than 70 years of age [145].

6.7 Drug-Drug Interactions

While drug—drug interactions are not a particular concern
for biologic medications, JAK inhibitors broadly impact
cytochrome P450 and transporter proteins, suggesting
potential drug—drug interactions [146, 147]. Although
extensive assessment of clinical significance has yet to be
published, in vitro studies suggest that abrocitinib levels are
affected by cytochrome P450 inhibitors and inducers, and
appropriate dose adjustments should be made with coad-
ministration [148]. In vivo and in vitro studies demonstrate
low concern of cytochrome P450 or transporter mediated
drug—drug interactions with baricitinib and upadacitinib,
although coadministration of an OAT 3 inhibitor, probene-
cid, decreased renal clearance of baricitinib through OAT3
inhibition [147, 149].

7 Summary: How to Choose the Right

Medication for the Right Patient
New targeted systemic immunomodulators, including bio-
logics and JAK inhibitors, are highly effective for people
with moderate-to-severe atopic dermatitis. They improve
the symptoms of atopic dermatitis and alleviate its impact
on quality of life, reducing the burden of disease. Based on
available studies, including randomized trials, meta-analy-
ses, observational studies, mechanistic data, and our clini-
cal experience, we recommend the following considerations
when choosing between different targeted systemic treatment
options.

For most adults with moderate-to-severe atopic dermatitis
considering systemic therapy, dupilumab is a good choice
given its efficacy, longer safety track record and ease of use,
without any laboratory screening or monitoring required.
Despite a paucity of data, it may also be suitable for special
populations, including people with HIV, viral hepatitis, kid-
ney, and liver disease and older adults. Dupilumab is also the
only targeted agent approved to treat both atopic dermatitis
and asthma, so may have additional benefits for patients liv-
ing with both conditions.

Higher doses of upadacitinib and abrocitinib are faster
acting and somewhat more effective than dupilumab, and
their lower doses are very effective as well. Many of the
safety concerns for these JAK inhibitors are, at this point,
extrapolated from other JAK inhibitors used in higher-risk
populations. Those safety concerns do not preclude their use,
but caution is warranted, particularly in special populations
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at higher risk for adverse events. Further, regulators, includ-
ing the FDA, advise that JAK inhibitors are indicated only
after patients have had an inadequate response (or contrain-
dication to) other systemic medications, including biologics.

Tralokinumab, lebrikizumab, and nemolizumab 60 mg
appear to have similar benign safety profiles to dupilumab,
but with less long-term safety data in real-world clinical
practice to date. They are effective, but somewhat less so
than dupilumab in network meta-analysis of trials up to
16 weeks. Of note, patients may benefit from switching to a
different biologic if dupilumab therapy is unsuccessful; in
one study, approximately 50% of patients achieved improved
Investigator’s Global Assessment, numeric rating scale peak
pruritus scores, and patient satisfaction when treated with
tralokinumab after not tolerating or responding to dupilumab
[150].

When choosing among targeted systemic treatments
for atopic dermatitis, tradeoffs between efficacy and safety
concerns, as well as history of prior treatments, cost, and
patient preferences, should be discussed with patients, ena-
bling informed shared decision making. For most patients
using systemic treatments, particularly when they are first
initiated, concomitant topical antiinflammatory medications
are also recommended.

The last decade has seen a dramatic improvement in the
treatments we can offer people with more severe atopic
dermatitis, and we anticipate more targeted agents will be
approved in the coming years. Ongoing assessment of the
relative efficacy and safety of approved and upcoming med-
ications, incorporating head-to-head trials and long-term
observational studies that include special patient popula-
tions, will be essential to keeping clinicians and patients
informed as they choose between systemic treatment options.
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