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Abstract
Atopic dermatitis (AD) is a common, heterogeneous, inflammatory skin disorder characterized by chronic or relapsing 
eczematous lesions with intense pruritus and discomfort. Affected patients often experience significant impairment in their 
quality of life, and the treatment of moderate-to-severe AD forms remains challenging. In the past few decades, increasing 
knowledge on the AD pathogenesis has driven the development of novel targeted therapies. Interleukin (IL)-13 plays a 
central and pleiotropic role in AD pathogenesis, contributing directly or indirectly to epidermal barrier disfunction, type-2 
inflammation, dysbiosis, fibrosis, and itch response. For this reason, agents selectively targeting IL-13, such as lebrikizumab, 
emerged as a potential therapy for AD. This article reviews the current evidence about lebrikizumab in the management of 
AD. The phase II and phase III trials seem to corroborate efficacy of lebrikizumab in the treatment of moderate-to-severe 
AD, as shown by significant improvement of Eczema Area and Severity Index, body surface area, and pruritus scores. Also, 
lebrikizumab demonstrated favorable safety and tolerability profiles, with the majority of patients experiencing no significant 
adverse events. Lebrikizumab seems to be a promising emerging targeted biological agent for patients with moderate-to-
severe AD. More data on the long-term efficacy and safety, head-to-head comparisons with other agents, and real-world 
evidence will help to clarify its place in therapy in AD.

Key Points 

IL-13 plays a central and pleiotropic role in the 
pathogenesis of AD.

Lebrikizumab is a humanized monoclonal antibody 
that selectively binds to soluble IL-13, thus preventing 
IL‐4Rα/IL‐13Rα1 heterodimerization and downstream 
signaling.

Phase II and phase III trials seem to corroborate the 
efficacy and safety of lebrikizumab in the treatment of 
moderate-to-severe AD.

1  Introduction

Atopic dermatitis (AD) is the most common chronic 
inflammatory skin disorder, affecting up to 20% of children 
and 2–10% of adults worldwide, with an increasing global 
incidence and prevalence [1–4]. In most of cases, AD 
has an onset in early childhood and often precedes other 
atopic comorbidities such as asthma or allergic rhinitis [1, 
4]. A family history of atopy is known to be the strongest 
risk factor for AD, estimated to increase a child’s risk of 
developing AD 1.5-fold, up to approximately 3- and 5-fold 
if one or both of the parents have AD, respectively [3].

AD has a broad clinical spectrum characterized by a 
persistent or relapsing course of intense itching and eczema 
lesions (erythema with exudation and crusting in early 
stages; desquamation, lichenification, and fissuring in later 
stages) that typically vary in distribution and morphology 
according to age [3, 4]. Natural history of AD can have 
heterogeneous trajectories, with active disease beyond 
childhood being common, including persistent and adult-
onset forms [3, 4].

Itching and stigmatization due to visible skin lesions 
are the primary sources of morbidity in AD [4–6]. Both 
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children and adults often suffer from significant impairment 
in daily activities, sleep, self-esteem, social functioning, and 
school/work productivity [4–7]. There is a well-established 
correlation between AD and an increased incidence of 
mental disorders, such as depression and anxiety, with a 
clear association with the severity of the disease [5, 6].

AD is a multifactorial disease resulting from complex 
gene–gene and gene–environment interactions. Known key 
factors underlying AD pathogenesis include genetic suscep-
tibility, skin barrier disruption, T-helper 2 (Th2) cell-skewed 
immune dysregulation, immunoglobulin E (IgE)-mediated 
sensitization, dysbiosis, and an abnormal itching response [3, 
4, 8–10]. Interleukin (IL-4) and IL-13 are the main drivers 
of the Th2 inflammatory axis, and they have a well-known 
central role in the pathogenesis of the disease [8–12].

As a lifelong disease, long-term therapy is often necessary. 
In mild-to-moderate AD, topical therapies, such as corticos-
teroids, calcineurin inhibitors, phosphodiesterase-4 inhibi-
tors, and Janus kinase (JAK) inhibitors, in addition to skin 
emollients and avoidance of environmental triggers, remain 
as the mainstay of treatment [13, 14]. If the disease cannot be 
controlled with this approach or in the presence of moderate-
to-severe forms, systemic therapy is required. Conventional 
immunosuppressant agents (cyclosporine, methotrexate, aza-
thioprine, and mycophenolate mofetil) are highly limited by 
their toxicities in chronic use [15, 16]. Moreover, none of 
these agents targets any specific element of the AD pathway.

In the past few decades, advances in the knowledge of 
the molecular basis behind AD physiopathology has driven 
the development of targeted biological therapies and small 
molecules, thus changing the treatment landscape of AD [3, 
17]. Dupilumab, a human antibody that binds to the IL-4 
alpha subunit receptor inhibiting the activity of both IL-4 
and IL-13, was the first non-conventional immunomodulator 
agent approved for the treatment of moderate-to-severe AD 
in patients aged 6 months and older. More recently, JAK 
inhibitors (abrocitinib, baricitinib, and upadacitinib) and 
tralokinumab (a selective anti-IL‐13 human antibody) were 
also approved in Europe and the United States for moderate‐
to‐severe AD.

Lebrikizumab is another investigational selective 
anti–IL‐13 monoclonal antibody which binds to a different 
epitope than tralokinumab [18, 19]. Here we review the role 
of IL-13 and the most recent data on lebrikizumab in the 
management of AD.

2 � The Role of Interleukin‑13 
in the Pathogenesis of AD

A multiplicity of multidirectional and interconnected 
mechanisms are involved in the complex pathogenesis of AD 
[3, 4]. Epidermal barrier disruption, immune dysregulation 

(cutaneous and systemic), and disordered microbiome 
are thought to be the mechanistic drivers of the disease, 
interacting each other in a self-amplifying loop [3, 4].

AD is an immunologic disease characterized by an 
inappropriate activation of Th2 cell-mediated pathways, 
leading to overexpression of associated type 2 cytokines, 
such as IL‐13 and IL‐4 [4, 11]. These cytokines have been 
underlined as the central mediators of AD pathogenesis, 
exerting its effects through a shared heterodimeric receptor 
consisting of either the IL-4Rα subunit and the common 
γ-receptor chain (known as type 1 receptor) binding only 
IL-4 or the IL-4Rα subunit and IL-13Rα1 subunit (also 
known as the type 2 IL-4 receptor) binding both IL-4 and 
IL-13 [4, 11, 20, 21]. IL-13 also binds to IL-13Rα2, the 
function of which remains enigmatic. It has been thought to 
have an anti‐inflammatory decoy function via internalization 
of excessive IL‐13 circulant levels, lacking any known signal 
transduction function [21, 22].

Binding of IL-4 and IL-13 to their respective receptor 
subunits triggers its dimerization and subsequent 
downstream signaling via JAK-mediated phosphorylation 
of the signal transducer and activator of transcription 6 
(STAT6). This transcription factor promotes Th2 cell 
differentiation, stimulates IgE class-switching, and 
suppresses the activity of regulatory T cells [4, 11, 20, 21]. 
Th2 cytokines also contributes to barrier disfunction by 
downregulating the expression of key structural proteins, 
such as fillagrin, involucrin, and loricrin [11, 21, 23]. Skin 
barrier damage and inflammation can be further enhanced 
by microbiotal abnormalities, in particular the overgrowth 
of Staphylococcus aureus (S. aureus) [4, 10]. IL-13 and IL-4 
have been found to reduce antimicrobial peptide (AMP) 
expression by keratinocytes, increasing propensity to S. 
aureus colonization and infection [20, 23]. Damage to the 
skin barrier leads to increased transepidermal water loss and 
favors the penetration of potential irritants, allergens, and 
microorganisms into the skin, which can in turn enhance 
the inflammatory immune response [3, 24]. IL-13 and IL-4 
are also pruritogens, contributing to itch response mainly 
through a histamine-independent sensory nerve stimulation, 
either directly or by amplifying the IL-31 pruritogenic 
effects [9, 23, 25]. Physical damage by scratching further 
increases skin disruption [9].

Recently, IL‐13 has been suggested as the primary 
cytokine involved in AD inflammation, rather than IL-4 [12]. 
Studies have shown that protein and mRNA levels of IL-13 
are consistently dominant in lesional skin of AD patients, 
in contrast to the barely detectable levels of IL-4 [26–29]. 
Furthermore, levels of IL‐13 in lesional skin have been 
significantly correlated with disease severity, as measured 
by the Scoring Atopic Dermatitis (SCORAD) tool [28, 30]. 
IL-13-mediated inflammation also promotes recruitment 
of fibroblasts and collagen deposition, thus inducing skin 
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fibrotic remodeling and lichenification [20, 31]. Because of 
its central role in pathogenesis, targeting IL-13 appears to 
be a valid therapeutic strategy for AD.

3 � Mechanism of Action and Pharmacology 
of Lebrikizumab

Lebrikizumab is a humanized IgG4κ monoclonal anti-
body which binds to soluble IL-13 with high affinity to 
an epitope that does not interfere with its binding to the 
receptor but instead prevents IL‐4Rα/IL‐13Rα1 heter-
odimerization, thus blocking downstream signaling [21, 
22]. Unlike tralokinumab, lebrikizumab does not prevent 
IL-13 binding to the IL-13Rα2 decoy receptor, therefore 
allowing it to maintain this putative endogenous regula-
tory mechanism [21, 22]. Lebrikizumab’s mechanism of 
action is schematized in Fig. 1.

Lebrikizumab was first investigated for the treatment 
of asthma. A meta-analysis of more than 2000 patients 
that received lebrikizumab for moderate-to-severe 

asthma aimed to characterize its pharmacokinetics [32]. 
Lebrikizumab is administered by subcutaneous injection 
and has consistently shown linear dose-proportional 
pharmacokinetics, high bioavailability (estimated as 85%), 
and a half-life of 19–26 days [18, 32].

4 � Clinical Efficacy in AD

4.1 � Phase II trials

TREBLE trial (NCT02340234) was a randomized, placebo-
controlled, double-blind, phase IIa (proof of concept) 
multicenter study that evaluated efficacy and safety of 
lebrikizumab in different regimens as an add-on therapy to 
topical corticosteroids (TCS) in adults with moderate-to-
severe forms of AD. Patients (n = 209) aged 18–75 years 
with the diagnosis of moderate-to-severe AD (required to 
have an Eczema Area and Severity Index (EASI) ≥ 14, 
an Investigator Global Assessment (IGA) ≥ 3, an affected 
body surface area (BSA) ≥ 10%, and a visual analogue 

Fig. 1   Lebrikizumab binds to soluble IL-13 with high affinity and 
prevents IL‐4Rα/IL‐13Rα1 heterodimerization, thus blocking down-
stream signaling. Lebrikizumab does not prevent IL-13 binding to 

the IL-13Rα2 decoy receptor, therefore allowing it to maintain this 
endogenous regulatory mechanism [12, 21, 22]. Adapted from Bieber 
[12]
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scale for pruritus ≥ 3) inadequately controlled with TCS, 
and emollients were randomly distributed 1:1:1:1 into four 
arms to receive (1) lebrikizumab 125 mg single dose at 
baseline, (2) lebrikizumab 250 mg single dose at baseline, 
(3) lebrikizumab 125 mg every 4 weeks (Q4W) for 12 
weeks, and (4) placebo Q4W for 12 weeks. All patients 
were concomitantly treated with medium-potency TCS twice 
daily to avoid study dropouts. The primary endpoint, defined 
as the achievement of a 50% reduction in EASI score (EASI 
50) from baseline to week 12, was reached in a significantly 
greater proportion of patients treated with lebrikizumab 125 
mg Q4W than those who received placebo (82.4% versus 
62.3%; p = 0.026), with no statistically significant response 
in single-dose groups. Also, 125 mg Q4W group had 
significantly more patients achieving secondary endpoints, 
including an EASI 75 response (54.9% versus 34.0% 
placebo; p = 0.036), a 50% reduction in the SCORAD tool 
(SCORAD 50; 51.0% versus 26.4% placebo; p = 0.012), and 
an IGA score of 0 (clear) or 1 (almost clear; 33.3% versus 
18.9% placebo; p = 0.098) at week 12. Besides, the response 
plateau might not have been reached by the end of the study, 
as suggested by upward sloping response curves. Again, no 
statistically significant response was seen in single-dose 
groups at week 12, but the 250 mg single-dose group have 
shown numerically higher and earlier responses in many 
outcomes evaluated, denoting a possible dose-response 
relationship [18].

A phase IIb randomized, placebo-controlled, double-
blind, dose-ranging clinical trial (NCT03443024) was 
conducted to further elucidate efficacy, dose-response, 
and safety of lebrikizumab. Adult patients (n = 280) with 
chronic moderate-to-severe AD (defined as EASI ≥ 16, IGA 
≥ 3, and an affected BSA ≥ 10%) that did not get disease 
controlled with standard topical treatment were randomized 
in a 3:3:3:2 ratio into four arms: (1) lebrikizumab loading 
dose (LD) of 250 mg, followed by 125 mg Q4W; (2) 
lebrikizumab LD of 500 mg, followed by 250 mg Q4W; 
(3) lebrikizumab LD of 500 mg at baseline and at week 2, 
followed by 250 mg Q2W; and (4) placebo Q2W. In that 
trial, lebrikizumab was studied as monotherapy, although 
rescue therapy with TCS was allowed if needed. In the 
primary endpoint, all lebrikizumab groups demonstrated a 
statistically significant dose-dependent least square mean 
percentage changes in EASI score from baseline to week 16 
[−62.3% (p = 0.02) in 125 mg Q4W; −69.2% (p = 0.002) in 
250 mg Q4W; −72.1% (p < 0.001) in 250 mg Q2W] when 
compared with placebo (−41.1%). Lebrikizumab 250 mg 
groups also showed significantly superior response rates in 
secondary endpoints, including IGA 0/1 response, EASI 50, 
EASI 75, and EASI 90. Dose-dependent differences between 
placebo and lebrikizumab groups were noted as early as 
week 4. All lebrikizumab groups experienced improvement 

in pruritus Numerical Rating Scale (NRS) score (percentage 
mean changes from baseline: −35.9% in 125 mg Q4W; 
−49.6% in 250 mg Q4W; and −60.6% in 250 mg Q2W) 
versus placebo (mean worsening of 4.3%), with a reduction 
of at least 4 points in NRS score seen as early as day 2 in the 
high-dose lebrikizumab-treated group (15.3% versus 4.3% in 
placebo group). Notably, in placebo-treated patients, rescue 
TCS use was approximately 3-fold higher, earlier, and for 
a longer period than lebrikizumab-treated patients. Study 
outcomes did not appear to have been confounded by TCS 
use [19]. The main results of phase II trials are summarized 
in Table 1.

4.2 � Phase III trials

The lebrikizumab Phase III program consists of five key 
global studies, including two monotherapy pivotal duplicate 
studies (ADvocate 1 and 2 [33, 34]), a combination study 
(ADhere [35]), as well as long-term extension (ADjoin [36]) 
and pediatric studies [37]. Available results from phase III 
studies are included in Table 2.

The pivotal studies ADvocate 1 (NCT04146363) and 
ADvocate 2 (NCT04178967) are two randomized, double-
blind, placebo-controlled, parallel-group, phase III trials 
designed to evaluate lebrikizumab as monotherapy in adult 
and adolescent patients (12 years or older and weighing 
at least 40 kg) with moderate-to-severe AD (required to 
have an EASI ≥ 16, IGA ≥ 3, and affected BSA ≥ 10%), 
consisting of a 16-week induction treatment period followed 
by a 36-week maintenance treatment period [33, 34].

During the induction phase, patients (n = 424 in 
ADvocate 1; n = 427 in ADvocate 2) were randomized 2:1 
to receive either (1) 500 mg of lebrikizumab as a loading 
dose at baseline and week 2 followed by 250 mg Q2W from 
weeks 4 to 14, or (2) placebo Q2W. Topical treatment (such 
as TCS) was allowed as rescue therapy, but if systemic 
rescue therapy was deemed to be necessary, lebrikizumab 
was discontinued. In both trials, a significantly higher 
percentage of patients taking lebrikizumab achieved the 
primary outcome response, defined as an IGA score of 0 or 
1, with a reduction of at least 2 points from baseline at week 
16 [43% in ADvocate 1 (versus 13% of placebo) and 33% in 
ADvocate 2 (versus 11% of placebo)] [33].

Patients receiving lebrikizumab also experienced sta-
tistically significant improvements in skin clearance and 
pruritus, as well as improvements in interference of itch 
on sleep and quality of life, as measured by key second-
ary efficacy endpoints (EASI 75, EASI 90, pruritus NRS 
≥ 4 points improvement, Sleep-Loss Scale Score ≥ 1 point 
improvement, and DLQI). A higher percentage of patients 
had an EASI 75 response at week 16 in the lebrikizumab 
group (59% in ADvocate 1; 52% in ADvocate 2) than in 
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the placebo group (16% and 18%, respectively; p < 0.001). 
In both studies, statistical significance was achieved start-
ing at week 4 for IGA 0/1, EASI 90, and pruritus NRS. In 
trial 1 (but not in trial 2), patients treated with lebrikizumab 
achieved clinically significant improvement in pruritus NRS 
versus placebo as early as week 2 [33].

Maintenance treatment period (weeks 16–52) is based 
on re-randomization 2:2:1 of responders in the induction 
period (patients who achieved an EASI 75 or IGA 0/1 with 
≥ 2-point improvement, and no rescue medication use) to 

receive (1) lebrikizumab 250 mg Q2W, (2) lebrikizumab 
250 mg Q4W, with one placebo injection 2 weeks after each 
lebrikizumab injection, or (3) placebo Q2W. Patients who 
needed rescue treatment for AD during the induction period 
or who did not meet protocol-defined response criteria at 
week 16 were eligible for treatment in an escape arm, where 
they received lebrikizumab 250 mg Q2W from week 16–52 
[34].

Combining the results of ADvocate 1 and 2, the 
proportion of patients who maintained an IGA score 0/1 

Table 2   Summary of disclosed phase III results evaluating lebrikizumab in the treatment of AD

ADv1 ADvocate 1, ADv2 ADvocate 2, DLQI Dermatology Life Quality Index, EASI Eczema Area and Severity Index, IGA Investigator Global 
Assessment Score, LD loading dose, N number of participants, NRS Numerical Rating Scale, Q2W every 2 weeks, Q4W every 4 weeks, SD 
single dose, TCS topical corticosteroids

Trial Study design Endpoints Main results disclosed Main adverse events

ADvocate 1 
and 2 [33, 
34]

Randomized, 
placebo-controlled, 
parallel-group, 
double-blind

N = 424 (ADv1) and 
427 (ADv2) adults

16-week induction 
period

 2:1
 500 mg LD at 

baseline and week 
2, then 250 mg 
Q2W

 Placebo Q2W
36-week maintenance 

period
 Re-randomization of 

responders 2:2:1
 250 mg Q2W
 250 mg Q4W
 Placebo Q2W 

Rescue medication 
use as needed

Primary: % patients with EASI 75 
and IGA 0/1 with reduction of  
≥ 2 points at week 16

Secondary: % patients with IGA 
0/1 with reduction of ≥ 2 points 
at weeks 2 and 4; EASI 90;

 ≥ 4-point reduction in pruritus 
NRS at weeks 1, 2, 4, and 16; 
Sleep-Loss Scale Score and 
DLQI improvement; Mainte-
nance of IGA 0/1, EASI 75, and 
≥ 4-point reduction in pruritus 
NRS at week 52

Significantly higher percentage 
of% patients receiving 
lebrikizumab achieved an EASI 
75 versus placebo (59% versus 
16% in ADv1; 52% versus 18% 
in ADv2), as well as IGA 0/1 
(43% versus 13% in ADv1; 33% 
versus 13% in ADv2)  
(p < 0.001), at week 16

Lebrikizumab Q2W from week 16 
up to week 52 provided similar 
clinical responses to lebriki-
zumab Q2W

Greater proportion of patients 
on lebrikizumab maintained an 
IGA score 0/1 versus those in 
the withdrawal arm (65 to 81% 
versus 47 to 50%), as well as 
EASI 75 (77 to 85% versus 61 to 
72%) at week 52

80 to 90% of patients on 
lebrikizumab maintained a  
≥ 4-point on pruritus NRS at 
week 52 versus 65 to 68% in the 
withdrawal arm

Conjunctivitis (8%), 
nasopharyngitis (7 to 10%, 
headache (3% to 6%), herpes 
infection (5%), injection 
site reactions (2 to 3%), 
eosinophilia (1 to 2%)

ADhere
[35]

Randomized, 
placebo-controlled, 
parallel-group, 
double-blind

N = 211 adults and 
adolescents

2:1
500 mg LD at 

baseline and week 
2, then 250 mg 
Q2W + TCS

Placebo Q2W + TCS
16 weeks

Primary: % patients with EASI 75 
and IGA 0/1 with reduction of  
≥ 2 points at week 16

Secondary: EASI 90; 
improvement in pruritus NRS, 
Sleep-Loss Scale Score, and 
DLQI at week 16

Higher percentage of patients on 
lebrikizumab plus TCS achieved 
an IGA 0/1 at week 16 versus 
placebo plus TCS (41% versus 
22%; p < 0.05)

Higher percentage of patients on 
lebrikizumab plus TCS achieved 
an EASI 75 at week 16 versus 
placebo plus TCS (70% versus 
42%; p < 0.05; p < 0.001)

Significantly more patients on 
lebrikizumab plus TCS achieved 
improvements in pruritus NRS 
(51% versus 36%; p < 0.05), 
Sleep-Loss Scale Score (35% 
versus 18%; p < 0.05), and 
DLQI (79% versus 57%;  
p < 0.05) at week 16

Conjunctivitis (5%), headache 
(5%), herpes infection (3.4%), 
injection site reactions (2.8%)
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at week 52 was greater in those treated with lebrikizumab 
Q2W (71%) and lebrikizumab Q4W (77%) than those in the 
withdrawal arm (48%). EASI 75 was maintained by 78% of 
patients treated with lebrikizumab Q2W, 82% of patients 
treated with lebrikizumab Q4W, and 66% of patients in the 
withdrawal arm at week 52. EASI 90 response rates were 
respectively 64%, 66%, and 42%. Regarding pruritus NRS, 
85% of patients on lebrikizumab Q2W and Q4W maintained 
a ≥ 4-point improvement from baseline to week 52 versus 
66% in the withdrawal arm. Most patients did not require 
topical rescue therapy, although use was permitted during 
the maintenance period [34].

ADhere  (NCT04250337) is a 16-week randomized, 
double-blind, placebo-controlled, parallel-group, phase 
III study designed to evaluate the efficacy and safety 
of lebrikizumab when used in combination with TCS 
treatment, compared with placebo, in combination with 
TCS in adult and adolescent patients with moderate-
to-severe AD. The study included 211 patients whose 
symptoms were inadequately controlled by TCS with 
or without topical calcineurin inhibitors, that were 
randomized (2:1, lebrikizumab: placebo) to treatment 
with either (1) lebrikizumab LD of 500 mg at baseline 
and week 2, followed by 250 mg Q2W, or (2) placebo 
Q2W. Patients were provided with mid-potency TCS 
(triamcinolone acetonide 0.1% cream) and low-potency 
TCS (hydrocortisone 1% cream, for sensitive skin areas) 
which could be tapered, stopped, or resumed as needed. The 
primary endpoints consisted of achieving an IGA score of 0 
or 1 with a reduction of at least 2 points from baseline and 
EASI 75 score at 16 weeks. Key secondary endpoints were 
measured by EASI, the pruritus NRS score, sleep loss due to 
pruritus, and the DLQI. Among patients taking lebrikizumab 
plus TCS, 41% achieved an IGA 0/1 response at week 16 
compared with 22% patients taking placebo plus TCS (p 
= 0.01). Also, 70% of patients taking lebrikizumab plus 
TCS achieved an EASI 75 response at week 16, compared 
with 42% taking placebo plus TCS (p < 0.001). Significant 
differences between patients receiving lebrikizumab with 
TCS and placebo with TCS were observed as early as 4 
weeks for EASI 75. Patients in the lebrikizumab group also 
achieved statistically significant improvements across all 
key secondary endpoints when compared with placebo plus 
TCS, including percentage in EASI score from baseline to 
week 16 [−76.5% versus −53.1%; p < 0.001], ≥ 4-point 
improvement in pruritus NRS (51% versus 36%; p < 0.05), ≥ 
2-point improvement in Sleep-Loss Scale Score (35% versus 
18%; p < 0.05) and ≥ 4-point improvement in DLQI (79% 
versus 57%; p < 0.05), at week 16. Clinically meaningful 
differences were observed as early as 4 weeks [35].

ADjoin (NCT04392154) is a recruiting, phase III exten-
sion, 110-week clinical trial designed to assess the long-term 
safety and efficacy of lebrikizumab for moderate-to-severe 

AD. The study will include patients that have completed 
participation in a lebrikizumab parent study and will also be 
open to additional participants [36]. ADore (NCT04250350) 
is a 52-week, open-label, single arm study that will assess 
the safety and efficacy of lebrikizumab in adolescent par-
ticipants (≥ 12–< 18 years and weighing at least 40 kg) 
with moderate-to-severe AD who are candidates for systemic 
therapy [37]. A study in pediatric population, 6 months to 
< 18 years of age, is already in progress. It consists of a 
16-week randomized, double-blind study, which aims to 
measure the effect, safety, and pharmacokinetics of lebriki-
zumab in pediatric participants with moderate-to-severe 
AD [37]. The effect of lebrikizumab on vaccine immune 
responses in adult patients is being investigated in a phase III 
randomized, double-blind, placebo-controlled trial, ADopt 
(NCT04626297) [38]. Ongoing clinical trials investigating 
lebrikizumab for treatment of AD are available in Table 3.

5 � Safety

Safety results from phase II and III clinical trials are 
summarized in Tables 1 and 2, respectively.

In the phase II TREBLE trial there were no imbalances 
in proportions of patients reporting adverse events (AE) 
between lebrikizumab-treated and placebo groups (67% 
in lebrikizumab groups versus 66% in placebo group), as 
well in serious AE, events leading to discontinuation, and 
overall infections. Reported AE were mild to moderate in 
intensity and lasted a median of 1–3 days. No dose-response 
relationship was found. Conjunctivitis was reported in 15 
patients (9.6%) in the lebrikizumab group, but also in 4 
patients (7.5%) in the placebo group. Herpetic infections 
and peripheral eosinophilia occurred only in lebrikizumab-
treated patients but were infrequent (3.8% and 3.2%, 
respectively) and nonserious. All of these eosinophil-
associated events were asymptomatic [18].

In the phase IIb trial, AE were reported by 55.7% of 
lebrikizumab-treated patients versus 46.2% of those who 
received placebo, most of which were also mild to moder-
ate in intensity and did not lead to trial discontinuation. No 
serious AE were considered to be related to lebrikizumab. 
Most common AE in lebrikizumab groups (≥ 5% of patients) 
included upper respiratory tract infections, nasopharyngitis, 
headache, injection site pain, and fatigue. Low rates of AE 
of clinical interest were reported in the lebrikizumab-treated 
group, namely injection site reactions (5.7% versus 1.9% in 
placebo) and conjunctivitis (1.4%, 3.8%, and 2.7% for the 
lebrikizumab 125mg Q4W, 250mg Q4W, and 250mg Q2W 
groups, respectively, versus none in placebo). A similar rate 
of herpesvirus infection was seen in lebrikizumab-treated 
(3.5%) and placebo-treated (3.8%) patients. Transient small 
increases in eosinophil count were noted in lebrikizumab 
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patients [18]. No anaphylactic reactions or deaths have been 
described in both trials [18, 19].

This data seems to be consistent with the phase III 
results of ADvocate 1 and ADvocate 2 [33, 34]. During 
the induction period, patients taking lebrikizumab reported 
an overall lower frequency of AE in both ADvocate 
1 (lebrikizumab: 45%, placebo: 52%) and ADvocate 
2 (lebrikizumab: 53%, placebo: 66%), and no notable 
differences in discontinuation rates due to AE were observed 
between lebrikizumab group (1.4%) and placebo (1.7%). 
The most common adverse event consistently reported with 
higher frequency in patients who received lebrikizumab 
(versus placebo) was conjunctivitis (7.4% versus 2.8% in 
trial 1; 7.5% versus 2.1% in trial 2). On the other hand, 
the incidence of skin infections was lower among patients 
receiving lebrikizumab (2.8% versus 5.7% in trial 1 and 
1.4% versus 6.2% in trial 2) [33].

Considering all lebrikizumab treated patients through the 
52 weeks, 63% reported any treatment emergent AE. The 
most common AE in ADvocate 1 and 2 for those on lebriki-
zumab were conjunctivitis (8% in both studies), nasophar-
yngitis (7% and 10%, respectively), headache (3% and 6%, 
respectively), herpes infection (5%), injection site reactions 

(1.8% and 2.9%, respectively), and eosinophilia (1.3% and 
1.7%, respectively) [33, 34].

Most AE across the two studies were mild or moderate 
in intensity and nonserious and did not lead to treatment 
discontinuation. Serious AE were reported by 3% of 
patients, which includes 1 death that was assessed as being 
unrelated to the study drug. Across both trials, 3.1% of 
patients reported an AE leading to treatment discontinuation 
[33, 34].

In ADhere, patients taking lebrikizumab plus TCS 
reported a higher frequency of AE (43%) when compared 
with placebo plus TCS (35%). Also, most AE were mild or 
moderate in intensity and nonserious and did not lead to 
treatment discontinuation. The most common AE in patients 
taking lebrikizumab were headache (5%), conjunctivitis 
(5%), herpes infection (3%), injection site reactions (3%), 
and hypertension (3%) [35].

ADjoin is a 110-week ongoing clinical trial that will 
assess the long-term safety of lebrikizumab in AD as the 
primary endpoint [36] (Table 2). Data on the drug–drug 
interactions of lebrikizumab are currently unavailable.

Table 3   Ongoing clinical trials investigating lebrikizumab for treatment of atopic dermatitis

ClinicalTrials.gov identifier Title Phase Estimated 
enrollment 
(n)

Status Estimated study 
completion date

NCT04392154 [36] Long-term Safety and Efficacy Study of 
Lebrikizumab in Participants with Moderate-to-
Severe Atopic Dermatitis (ADjoin)

III 1000 Active, not recruiting September 2024

NCT04250350 [37] Study to Assess the Safety and Efficacy of 
Lebrikizumab in Adolescent Participants with 
Moderate-to-Severe Atopic Dermatitis (ADore)

III 206 Completed June 2022

NCT04626297 [38] A Study of Lebrikizumab (LY3650150) on Vaccine 
Response in Adults with Atopic Dermatitis 
(ADopt-VA)

III 240 Completed September 2022

NCT05369403 [50] A Study of Lebrikizumab in Adult and Adolescent 
Participants with Moderate-to-Severe Atopic 
Dermatitis Previously Treated with Dupilumab

III 120 Recruiting March 2024

NCT05372419 [51] A Study of Lebrikizumab to Assess the Safety and 
Efficacy of Adult and Adolescent Participants 
with Moderate-to-Severe Atopic Dermatitis and 
Skin of Color

III 80 Recruiting August 2024

NCT05149313 [52] A Study of Lebrikizumab in Combination with 
Topical Corticosteroids in Participants Having 
Atopic Dermatitis (AD) that Are Not Adequately 
Controlled or Non-eligible for Cyclosporine

III 331 Completed December 2022

NCT04760314 [53] A Study of Lebrikizumab (LY3650150) in 
Combination with Topical Corticosteroids in 
Japanese Participants with Moderate-to-Severe 
Atopic Dermatitis (ADhere-J)

III 286 Completed February 2023

NCT05559359 [37] A Study of Lebrikizumab (LY3650150) in 
Participants 6 Months to < 18 Years of Age with 
Moderate-to-Severe Atopic Dermatitis

III 300 Recruiting June 2026
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6 � Discussion

AD is a heterogeneous skin inflammatory disease with a 
complex pathogenesis and therapeutic challenges. Although 
multiple molecules are implicated in the pathogenesis of 
AD, the central and pleiotropic role of IL‐13 has been 
elucidated. IL-13 directly contributes to epidermal barrier 
disruption, induces Th2-mediated inflammation, reduces 
synthesis of AMP favoring skin dysbiosis, promotes 
fibrosis, and mediates itch response either directly or 
through IL-31 [3, 4, 8–12, 31]. Both IL-13 and IL-4 share 
overlapping biological functions, with recent data suggesting 
a greater relative importance of IL-13 in the pathogenesis 
of AD [12, 20, 29]. Therefore, agents specifically targeting 
IL-13, namely tralokinumab and lebrikizumab, emerged 
as potential therapeutic alternatives to dupilumab, which 
antagonizes both IL-4 and IL-13 signaling. In fact, inhibition 
of IL-13 alone seems to be sufficient to reach adequate 
therapeutic responses in AD, as demonstrated by the clinical 
efficacy of tralokinumab (already approved by Food and 
Drug Administration and European Medicines Agency) and 
lebrikizumab.

In the phase II study TREBLE, lebrikizumab 125 mg 
Q4W led to significant improvement of all disease severity 
scores assessed at week 12, with no significant response 
seen in single-dose groups. However, the lebrikizumab 250 
mg single-dose group has shown numerically higher and 
earlier responses for several outcomes, thus suggesting a 
dose-response relationship or even a potential benefit of 
a loading dose [18]. In the phase IIb study, lebrikizumab 
showed rapid onset of action and dose-dependent efficacy, 
with statistically significant improvements in skin lesions, 
pruritus, and quality of life scores at week 16. Notably, a 
reduction in pruritus severity was observed as early as day 
2 in patients receiving a high dose of lebrikizumab (500 
mg) [19].

The results of available phase III trials seem to 
corroborate effectiveness of lebrikizumab in the treatment 
of moderate-to-severe AD. Data from ADvocate and ADhere 
trials demonstrate the potential for lebrikizumab to reduce 
disease burden for patients with uncontrolled AD, when 
used either alone or combined with TCS, respectively. 
Lebrikizumab demonstrated rapid onset of action. Clinically 
meaningful differences were observed as early as week 4 
for skin clearance, pruritus, and quality of life measures. At 
week 16, more than 50% of patients receiving lebrikizumab 
achieved an EASI 75 response, increasing to 70% when 
combined with TCS. At this time, in all trials, more than 
one-third of the patients had clear or almost clear skin 
[33–35].

Results from 52-week ADvocate analyses demonstrated 
that around 80% of lebrikizumab responders maintained 

improvements in skin clearance, disease severity, and 
pruritus. Notably, during the maintenance period, dosing 
with lebrikizumab Q4W provided similar clinical responses 
to dosing lebrikizumab Q2W. These results may support 
less frequent dosing regimens, which translates into greater 
comfort for patients. It was also observed that loss of clinical 
response following withdrawal of lebrikizumab was slow, 
with about half of patients re-randomized to placebo still 
showing clear or almost clear skin at week 52. More than 
60% maintained improvement on disease severity and 
pruritus scores [34].

The use of rescue medication (mostly TCS) was 
protocoled and allowed to avoid drop-outs, limiting the 
evaluation of the efficacy of lebrikizumab as a monotherapy. 
On the other hand, add-on TCS therapy reflects real-
life clinical practice in the management of AD. Across 
all studies, lebrikizumab-treated patients showed less 
requirement of rescue medication [18, 19, 33–35]. Also, 
data reported in ADhere suggest an added benefit with TCS 
combination therapy [35].

Rapid and consistent efficacy of lebrikizumab in the relief 
of pruritus is worthy of note, since it is considered the most 
burdensome symptom among patients with AD [19, 33]. 
To better clarify the mechanisms underlying this clinical 
finding, a recent preclinical study [25] was performed to test 
the direct effects of IL-13 and lebrikizumab in neuronal itch 
pathways, using a human dorsal root ganglion model. The 
data obtained provides additional support to the hypothesis 
that IL-13 is a potent enhancer of neuronal responses to 
several pruritogenic stimuli, which are effectively blocked by 
lebrikizumab. Lebrikizumab shown to successfully reverse 
IL-13-elicited neuronal itch sensitization and excitability in 
a dose-dependent fashion, and also shown to downregulate 
some gene transcriptional changes driven by IL-13, exerting 
significant effects in the first 24 h after administration. Thus, 
lebrikizumab seems to directly address the IL-13-enhanced 
neuronal itch, which can explain its antipruritogenic efficacy 
in AD patients [25].

Regarding the safety profile, lebrikizumab seems to 
be well tolerated in AD patients. The majority of patients 
experienced none or only mild side effects, which is 
consistent with what was previously observed in various 
phase II and phase III clinical trials for asthma [39–41]. The 
most commonly reported AE were conjunctivitis (2–10%), 
nasopharyngitis (5–10%), headache (3–6%), and injection 
site pain [18, 19, 33–35]. Transient and mild eosinophilia 
was also noted, but with no clinical implications. These 
changes are probably related to the decrease of eosinophil 
trafficking from the blood to the tissues as a result of reduced 
chemotaxis by inhibiting IL-13 activity [18, 40, 42]. Of note, 
the incidence of skin infections in ADvocate studies were 
lower in the lebrikizumab groups than in the placebo groups, 
thus suggesting a possible improvement of the skin barrier 
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function and immune-response in lebrikizumab-treated 
patients [33].

Dupilumab-induced conjunctivitis has emerged as a 
considerable issue with regard to the tolerability profile 
in AD patients, affecting approximately 1 in 4 dupilumab-
treated patients based in clinical trials and in real-world 
experience [43]. In patients receiving lebrikizumab, the 
occurrence of conjunctivitis was lower than 10% in both 
phase II and III trials, with no clear dose-response pattern. 
These rates were only slightly higher than those of placebo 
groups, remembering that the prevalence of conjunctivitis 
is increased in AD by itself [18, 19, 33–35]. In ADvocate 
trials, one-third of patients who reported conjunctivitis also 
reported a prior history of conjunctivitis [34].

Similar results have been reported in tralokinumab clinical 
trials, thus suggesting that selective IL-13 inhibitors may 
be associated with a minor increased risk of conjunctivitis 
in AD patients, but lower than dupilumab [19, 44]. The 
pathogenesis behind these findings is not fully understood. 
It has been suggested that inhibition of IL-4 signaling may 
induce a Th1 response, which leads to interferon γ-mediated 
goblet cell apoptosis and reduction in mucin production, thus 
causing eye dryness and conjunctivitis [19, 43]. The lower 
incidence of conjunctivitis with selective IL-13 inhibitors 
can reveal a potential advantage over dupilumab, although 
head-to-head studies are missing.

The vast majority of AE were nonserious, mild to 
moderate in intensity, resolved with simple general 
measures, and did not lead to treatment discontinuation [18, 
19, 33–35]. With the 110-week trial ADjoin, it is expected 
that further data on long-term efficacy, posology, and safety 
of lebrikizumab in AD will become available [36]. Clinical 
trials in the pediatric population are also ongoing [37].

JAK inhibitors also emerged as an effective and fast acting 
therapeutic option, but their safety profile may raise some 
concern, as JAK/STAT signaling pathway plays a role in 
several crucial immunological and cellular processes. These 
agents were associated with an increased risk of infections 
(including infection by opportunistic agents), hematopoietic 
dysfunction resulting in cytopenias, thromboembolic events, 
malignancies, and lipid abnormalities [45].

Lebrikizumab and tralokinumab are both selective 
IL-13 inhibitors that differ in their binding epitopes [44]. 
Cendakimab [46] is another investigational IL-13 antibody 
currently in phase II clinical trials, with a mechanism of 
action similar to tralokinumab. While tralokinumab and 
cendakimab prevent IL-13 from binding to both IL-13Rα1 
and IL-13Rα2, lebrikizumab blocks downstream signaling 
through the IL‐4Rα/IL‐13Rα1 heterodimeric receptor and 
does not prevent IL-13 binding to the IL-13Rα2 decoy 
receptor, thus allowing putative neutralization of excessive 
IL-13 through the decoy receptor IL-13Rα2 [47–49]. 

In vitro, lebrikizumab has shown a stronger binding affinity 
and a higher inhibitory potency of IL-13 than tralokinumab 
or cendakimab [47–49]. However, it is not clear that these 
differences have clinical implications.

Direct comparison between lebrikizumab and other 
targeted therapies, such as dupilumab, tralokinumab, and 
JAK inhibitors, is difficult because no head-to-head studies 
have been carried out, and individual studies have different 
designs, durations, population sizes, selection criteria of 
the participants, and concomitant TCS use. Head-to-head 
studies and network metanalyses comparing the efficacy and 
safety of lebrikizumab with these agents is warranted in the 
future.

Current data suggests that targeting IL-13 alone may 
be enough to achieve adequate therapeutic responses in 
patients with AD, maybe with less side effects, and supports 
the hypothesis that IL-13 is the pivotal cytokine in the 
pathogenesis of AD. Lebrikizumab seems to be a promising 
targeted biological agent for patients with moderate-to-
severe AD.

7 � Conclusion

IL-13 is a key cytokine involved in the pathogenesis of 
AD. The results of phase II and phase III trials seem to 
corroborate the efficacy of the selective IL-13 inhibitor 
lebrikizumab in the treatment of moderate-to-severe AD, 
with a favorable safety profile. More data on the long-term 
efficacy and safety, head-to-head comparisons with other 
agents, and real-world evidence will help to clarify its place 
in the therapeutic ladder of AD.
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