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T2 asthma and T2-associated diseases: a consolidated approach
to biological therapy
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BACKGROUND: This article is dedicated to the main characteristics of severe bronchial asthma (SBA) and its heterogeneity.
In particular, it describes T2 asthma and the role of the main cytokines involved in T2 inflammation. It focuses on the role
of IL-4 and IL-13 in the pathogenesis of asthma and other T2-associated diseases, as key cytokines in the initiation and
maintenance of T2 inflammation. The article presents the results of experimental studies proving that the activation of
1L-4/1L-13 can cause significant hyperresponsiveness of the human airway smooth muscles and the combined blockade of
the activity of these cytokines using a human monoclonal antibody against the common IL-4/13 receptor a.-subunit-dup-
ilumab-determines the clinical efficacy not only in relation to exacerbations and control of asthma symptoms, but also an
improvement of the lung function and a reduction in bronchial hyperresponsiveness. When type 2 helper cells (Th2) interact
with antigen-presenting cells, IL-4 and 1L-13 are simultaneously released, therefore, blocking IL.-4Ra. is more effective
than blocking each of the ligands separately, which explains the high efficacy of dupilumab not only in T2 asthma, but also
other T2-associated diseases: atopic dermatitis and chronic rhinosinusitis with nasal polyps. In addition to asthma and
atopic dermatitis, a new indication for dupilumab, chronic rhinosinusitis with nasal polyps, has recently been approved.
CONCLUSION: According to the recommendations of the European Academy of Allergy and Clinical Immunology (EAACI)
for the biological therapy of SBA 2020, dupilumab is recommended as an add-on maintenance therapy in adults and
children aged 12—17 years old with uncontrolled severe T2 asthma, including asthma with the allergic and eosinophilic
phenotype, as well as mixed (when there are signs of both phenotypes) and steroid-dependent asthma. At the same time,
dupilumab is well tolerated.
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T2 actma u T2-accouuupoBaHHblie 32001 €eBaHNSA: eIMHBII MOIXO0/
K 0MOJIOrM4ecKoii Tepanuu

© H.M. Henamesa

Poccuiickass MequmHCKasT aKageMusT HEIIPEPBIBHOTO ITpodeccnoHaIbHOTO 00pa3oBaHus MUHHMCTEpCTBA
3npaBooxpaHeHus Poccuiickoit @enepanun; . Mocksa, Poccuiickas ®eneparmst

Hacrosias ctaTbsl MocBsiilieHa OCHOBHBIM XapaKTepUCTUKaM Tsixkesoi OpoHxuanabHoi actMbl (TBA) u ee rerepo-
TEHHOCTH, B YACTHOCTU oxapakTepu3oBaHa T2 acTMma U MpeacTaBieHa poJib OCHOBHBIX LIMTOKUHOB, (POPMUPYIOIINX
T2-BocnaneHue. OCHOBHOI akIIeHT cesiaH Ha posiu uHtepiaeiikuna (MJ1)-4 u UJI-13 B matoreHe3e BA u apyrux T2-ac-
COLIMMPOBAHHBIX 3a00JIeBaHMIT KaK KITIOUEBBIX IMTOKMHOB B 3aITycKe U nmoaaep:kanun T2-BocmaneHus. [IpeacraBieHbI
pe3yabTaThl 3KCICPUMEHTATbHBIX MCCIeIOBaHNM, JOKa3bIBaloOIInX, 4To aktuBaumst MJI-4/MJI-13 MOXeT BBI3BIBATh
BBIPAXXEHHYIO TUIIEPPEaKTUBHOCTD IIaJAKUX MBILIL AbIXaTEAbHBIX IMyTEl YeJIoBeKa, M coueTaHHasl 610Kaaa akTUBHOCTH
9TUX LIUTOKMHOB Y€JIOBEUYECKUM MOHOKJIOHAIbHBIM aHTUTEIOM, HalleJICHHBIM Ha OOIIYIO 0.-CYObEeIMHUILY pelienTopa
WJI-4/1J1-13 gymmrymaba oOycaoBIMBaeT KIMHUIECKYIO 3((GEKTUBHOCTh HE TOJIBKO B OTHOIICHWM OOOCTPEHUIT U
KOHTPOJII CHMIITOMOB BA, HO 1 yiTydliieHUsT (PYHKIMU JETKUX Y YMEHbIIEHUsI OpOHXUAJIbHOM TUneppeakTUuBHOCTU. [1pu
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B3auMogeictBuu T-numdouunToB xeanepos 2-ro Tuna (Th2) u aHTUTeH-NTPE3eHTUPYIOIINUX KJIETOK BHICBOOOXKAAIOTCS
ogHoBpemeHHO MJI-4 u NJI-13, mosromy 6nokuposanue MJI-4Ra Oosee appekTuBHO, yeM OJI0Kaga Kaxkaoro u3
JINTAHIOB IO OTAETEHOCTH, YTO OOBSICHSICT BRICOKYIO 3(h(PEKTUBHOCTD IyNMIyMada He TOIBKO ITpu T2 acTMe, HO M IPYTHX
T2-accounMMpoBaHHBIX 3a00JICBAHUSX: aTOIMMYECKOM IEPMATUTE ¥ XpPOHMIECKOM ITOJIUIIO3HOM pHOCHHYycuTe. [ToMmmMo
aCTMbI M aTOIMYECKOTro AepMaTUTa HeIaBHO 3aperuCTPUPOBAHO HOBOE MOKa3aHUe IS OAyMuiyMada — XpOHUYECKUIA
MMOJIUMO3HBIN PUHOCUHYCHT.

CornacHo pexkoMeHmaumsM EBporreiickoit Akamemun Ameprojornu n Kimmanmaeckoit Ummynonmornu (EAACI) mo
ouonornueckoit Tepanuu TBA 2020, aynuiymad peKOMEHAYETCS B KayeCTBE JOTOJHUTENIbHON MoaaepKuBatolei
Teparnuu y B3pociblx U AeTeit 12—17 j1eT ¢ HeKOHTpoJupyeMoii Tskesioi T2 acTMoli, BKJTtoyasi acTMY ajllIepru4ecKoro
1 303MHOGUIBHOTO (heHOTUIIA, a TAKXKEe COYCTAaHHYIO (KOTrIa MPUCYTCTBYIOT MPU3HAKU TOTO U APYroro (eHOoTUIa) u
ropMoHo3aBucumyto. [1pu 3ToM oTMeueHa XopoImast ITepeHOCUMOCTD IIpeIapara.

Karouesnie caosa: T2 actMa, Tskenast actMa, T2-accouuupoBaHHbIe 3a001eBaHMsI, UHTEPAEKUHBI-4 U - 13, Orooruyeckas
Tepanusi, Iynuaymao
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M odern therapy with biological drugs or small mole-
cules targeting certain mediators or inflammatory
pathways is a promising area of treatment for severe
allergic diseases, including bronchial asthma, atopic
dermatitis, chronic rhinosinusitis with nasal polyps,
and chronic urticaria. The pathogenesis of allergic dis-
eases involves a complex and still incompletely known
mechanism, including genetic factors, cells of innate
and adaptive immunity, epithelial barriers, cytokines and
chemokines, neurotransmitters and many other cellular
and mediator elements that form various phenotypes
and endotypes of the disease. These phenotypes and
endotypes are constantly modulated and can change
under the influence of external and internal factors, such
as epigenetic factors, exposome, and microbiome [1].
In this regard, questions arise about the possibility of
overcoming the redundancy of a certain inflammatory
pathway by blocking one cytokine or one receptor, as
well as the choice of this key receptor/cytokine. The issue
of selecting patients with severe asthma, who will most
optimally respond to a particular biological product, as
well as the choice of biomarkers and additional criteria
for prognostic efficacy, is still relevant. Evaluation of the
efficacy of therapy with biological drugs in relation to
various outcomes of asthma can serve as a reference for
selection of a particular biological molecule. Some of
these issues are discussed in this article.

T2-Associated Diseases

T2 asthma, T2 inflammation, T2-associated diseases
are terms that have recently came into the use of specialist
medical practitioner: allergists/immunologists, pulmo-
nologists, dermatovenereologists and otorhinolaryngol-
ogists. These terms take roots in recent advances in our

understanding of the mechanisms of asthma and some
related conditions (allergic rhinitis, chronic rhinosi-
nusitis with nasal polyps, atopic dermatitis), as complex
heterogeneous diseases with different, but interrelated
immune inflammatory pathways, continuously modified
under the influence of many external and internal fac-
tors [2—6]. Severe asthma accounts for a small proportion
(3—10%) of all cases of bronchial asthma (BA) and,
like all BA types, is heterogeneous. The characteristics
of different phenotypes of severe BA include clinical
symptoms, functional parameters, morphological and
inflammatory indicators, and microbiome-related char-
acteristics; however, they do not always reflect the under-
lying pathogenetic mechanism that the endotypes best
characterize. As defined by G.P. Anderson [2], a disease
endotype is a subtype of the disease defined by a unique or
distinctive functional or pathophysiological mechanism.
One BA endotype can underlie several phenotypes, since
an endotype forms the molecular basis of phenotypes.
To investigate the molecular endotypes of BA, a study
was carried out of the gene expression of main surrogate
markers of T2 inflammation mediated by cytokines
IL-13/IL-4 (CLCAL, periostin, and serpin B2) by epithe-
lial cells of the bronchial mucosa, which were obtained
by bronchoscopy and biopsy of the bronchial mucosa of
“naive” patients (i.e. not treated with anti-inflammatory
therapy for asthma) with mild and moderate to severe
asthma and healthy subjects (control group) [7, 8]. This
study showed that about half of BA patients had high ex-
pression levels of these genes, while the rest had the same
levels as in healthy subjects. Further study of the genes
of interleukins (IL)-13 and IL-5 using a quantitative
polymerase chain reaction confirmed the hypothesis that
the population of BA patients is heterogeneous: some had
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high T2 inflammation in the mucous membrane, while
others had low T2 inflammation. In addition to Th2 cells,
recently discovered innate immunity cells, ILC2 (type 2
innate lymphoid cells), are involved in the formation of
eosinophilic inflammation in BA, which, like Th2 cells,
generate an excessive amount of T2 cytokines: 1L-4,
IL-5, IL-13. Therefore, the name of this type of inflam-
mation and BA endotype was changed from Th2, which
implied the production of these cytokines exclusively by
Th2 lymphocytes, to type 2 inflammation (T2 inflam-
mation), which, accordingly, underlies T2 asthma [9].

The main immune inflammatory mechanisms of
severe BA (SBA) include endotypes with high T2 in-
flammation (T2 asthma), low T2 inflammation (non-T2
asthma) and mixed endotypes, which may have common
genetic, epigenetic, metabolic, neurogenic, and remod-
eling characteristics [3, 10—12].

According to research results, the majority of patients
with severe asthma (55—77%) belong to the T2 asthma
endotype and have eosinophilic inflammation in the mu-
cous membrane of the lower respiratory tract [13—15]. T2
asthma is associated with an eosinophilic and/or allergic
phenotype, in which inflammation is caused by increased
expression of type 2 cytokines (T2 cytokines). T2 cyto-
kines include interleukins (IL) 4, 5 and 13. These are key
cytokines that play a major role in the pathogenesis of
type 2 inflammation, which underlies the development of
T2-associated diseases: bronchial asthma, allergic rhinitis
(AR), atopic dermatitis (AD), chronic rhinosinusitis
with nasal polyps (CRSwNP), aspirin-exacerbated
respiratory disease (AERD), eosinophilic esophagitis,
eosinophilic COPD [16—22]. When determining the T2
endotype of asthma, the attention should be paid to blood
eosinophilia, tissue eosinophilia, increased serum levels
of immunoglobulin (Ig) E, nitric oxide levels in exhaled

air, the presence of concomitant diseases of the nose and
paranasal sinuses, atopic dermatitis.

The key and central role of IL-4 and IL-13
in the pathogenesis of T2-associated diseases

Given the important role of IL-4 and IL-13 in the reg-
ulation of T2 inflammation, various targeted molecules
have been investigated over the past 20 years, but none
of them has demonstrated significant clinical efficacy.
However, the results of clinical studies of dupilumab, a
human recombinant monoclonal antibody (immuno-
globulin G4 (IgG4)) against the interleukin-4 receptor
subunit a (IL-4Ra), which is common to the 1L.-4 and
IL-13 receptors, have confirmed that 1L.-4 and I1L-13 play
a key role in the regulation of T2 inflammation (Fig. 1).
Interleukin-13 is a key cytokine that plays an important
role in the induction of inflammation and remodeling due
to stimulation of mucous hypersecretion by goblet cells,
fibrosis, smooth muscle changes, and the development of
airway hyperresponsiveness [23, 24]. Activation of 1L-4
and, to a lesser extent, IL-13 switches the production
of immunoglobulins by B cells towards an increase in
the production of IgE and IgG4 in humans and IgG1 in
mice [25—27]. Both cytokines (IL-4 and IL-13) promote
the migration of eosinophils from the bloodstream to
inflammatory foci due to the production of various fac-
tors, including IL-5 and eotaxin, by type 2 T-helper cells
(Th2) and epithelial cells [28]. Due to the overlapping
functions of IL-4 and IL-13, the contribution of each of
these cytokines to the implementation of the T2 immune
response and T2 inflammation is still poorly understood.

In this regard, a recent experimental study deter-
mined the role and specifics of the interaction of 1L-4
and IL-13 in the development of T2-inflammation in a
mouse model and clarified the mechanism of action of
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dupilumab [29]. Mice received 10 pg of IL-4 or 1L-13
intranasally for 12 days or 50 pg of house dust mite aller-
gen (HDMA) 3 times a week for 4 weeks. Mice exposed
to HDMA were divided into groups that either did not
receive antibodies (Ab), or received anti-IL-4Ra Ab
(dupilumab) 10 or 25 mg/kg 2 times a week, or anti-1L-4
Ab, ormouse IL-13Ra.2-Fc, orisotype-matched control
Abs (human IgG4 or mouse IgG2a). Antibodies were
administered 3 days before the HDMA challenge or on
the day of HDMA challenge in the FlexiVent experiment
(respiratory function assessment equipment). The results
showed that both cytokines, IL-4 and 1L-13, are capable
of inducing pulmonary inflammation. Intranasal admin-
istration of 1L-4 and IL-13 results in the development
of an asthma-like phenotype in mice. Infiltration of the
lungs with immune cells (CD45"), especially CD4" T
cells, increased with intranasal administration of 1L-4
and IL-13, while the number of immune cells circulating
in the bloodstream did not increase. Administration of
IL-13 and, to alesser extent, IL-4 resulted in a significant
decrease in the number of alveolar macrophages in the
lung tissue, reflecting a disruption of the epithelial barrier.
IL-4 and IL-13 also promoted the influx of eosinophils
and neutrophils to the lung tissue. Exposure to 1L-4
and IL-13 resulted in an increase in the production of
cytokines IL-6 and 1L.-33, as well as T2 cytokines I1L-4,
IL-5, IL-13. The expression of chemokines involved in
the mobilization of inflammatory cells also increased
under the influence of IL-4 and IL-13. IL-13 and, to a
lesser extent, IL-4 promoted the development of goblet
cell hyperplasia [29]. By comparing inhibitors to ligands
for each of the cytokines and double inhibition, it was
demonstrated that IL.-4 inhibition prevents B-cell activa-
tion, IgE production, differentiation of innate immunity
cells with Fc¢ RI expression, tissue infiltration with T cells,
while IL-13 inhibition prevents goblet cell hyperplasia.
It has been shown that it is the blockade of IL-4Ra. with
dupilumab, but not IL-4 and IL-13 separately, that is re-
quired to prevent Th2 activation of antigen presenting cells
(APC) in vitro and prevent pulmonary eosinophilia and
the production of inflammatory cytokines and chemokines
in the lungs in vivo. In addition, dual inhibition of IL-4/
IL-13 reduces HDMA-induced activation of B cells both
in the lungs and in the systemic circulation, but leads to a
decrease only in tissue eosinophilia, not affecting eosin-
ophils circulating in the blood. During the experiment,
some mice showed a tendency to an increase in eosinophil
counts in the pulmonary circulation, which is consistent
with the temporary change in eosinophil counts in the
blood observed in some patients [30, 31]. It is important
to note that blockade of IL-4Ra with dupilumab leads to a
significant decrease in the number of asthma exacerbations
and an improvement in the lung function, which means
that blood eosinophilia does not always correlate with
tissue eosinophilia, and it is eosinophilic tissue infiltration

that determines the course of the disease. Dual inhibition
of IL-4/IL-13 with dupilumab prevents HDMA-induced
impairment of the lung function in mice (Fig. 2) [29].

Thus, the experiments carried out showed that dup-
ilumab binds with high affinity to the IL-4Ra subunit,
preventing binding of I1L-4 and IL-13 to this receptor,
which disrupts the signaling pathways of these cyto-
kines, which, in turn, explains the clinical efficacy of the
drug for the treatment of T2-inflammation-associated
diseases [17, 18, 20, 22, 30, 31]. Since IL-4 and 1L-13
simultaneously release due to the interaction between
Th2 and APCs, blocking IL-4Ra is more effective than
blocking each of these ligands separately [29].

The role of IL-4 and IL-13 in the formation of
bronchial hyperresponsiveness

Bronchial hyperresponsiveness (BH) is the main fea-
ture of inflammation and clinical manifestation of BA;
all therapeutic strategies in BA are aimed at reducing
inflammation and decreasing BH. The results of clinical
studies and real practice demonstrate that biological
drugs targeting T2 cytokines (IL-5 or the alpha-subunit of
the IL-4/13 receptor (IL-4Ra)) contribute to a reduction
in the frequency of BA exacerbations in patients with
type 2 inflammation. However, it was unknown whether
these drugs could affect BH. A recently published article
sheds light on this issue [32]. The authors of the study
performed experimental work on isolated human airways
and relied on the hypothesis that inflammatory mediators
can directly affect the reactivity of smooth muscles of
the respiratory tract. IL-13 is most associated with this
form of hyperresponsiveness, since studies on mice and
rabbits showed that IL-13 increased bronchoconstriction
in rabbits. Similar effects were found for IL-5, IL-17A,
and IL-4 in other animal models.

The objective of the study was to investigate the effect
of IL-13, presumably capable of causing BH, on the func-
tion of smooth muscles of the small airways in humans
and to compare these effects with those of IL-4, IL-5 and
IL-17Aunder the same conditions. To study the contrac-
tile response of isolated human bronchi, the method of
organ culture was used (lung tissue obtained as a result
of lobectomy in 33 patients with various lung neoplasms
(9 men, 24 women; mean age 69 years (44—82 years)), in
which isolated human respiratory tracts were exposed to
a controlled effect of inflammatory mediators [32]. The
study showed that the addition of IL-13 to the culture
caused a 2.4-fold an increase in bronchoconstrictor po-
tency of histamine in comparison with bronchi treated
with control solution (pEC,; 6.8£0.1 versus 6.4+0.1;
p<0.01). IL-4, like IL-13, increased 5.1 times the ability
of histamine to induce contraction of bronchial muscles
(pEC,,6.8£0.1 versus 6.1£0.1; p<0.05) and mobilization
of intracellular calcium. In contrast, culturing with IL-5
or IL-17A did not affect these histamine effects (pEC,,
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Fig. 2. Dual inhibition of IL-4/IL-13 prevents HDMA-induced impairment of the lung function (¢ — genetically modified mice were
challenged with HDMA or saline for 4 weeks. Two groups of mice exposed to HDMA were subsequently injected with hIgGcontr or
anti-1L-4Ra antibodies; d—f — 72—100 h after the last exposure to HDMA, pulmonary function and airway hyperresponsiveness in
mice were assessed using negative pressure-driven forced expiratory maneuvers (NPFE) and the forced oscillation technique (FOT)
on the FlexiVent platform. After registration of the baseline parameters (d), the mice received increasing doses of methacholine via a
nebulizer, for 10 seconds each (0; 2; 4; 6; 10 and 14 mg/mL), after which the functional parameters were measured again (e, f). For
each dose of methacholine, FEVO0,1 is presented in absolute figures (¢) and in relation to the baseline (f) (n>5 mice in the group);
d — *p<0.01 compared with mice that were not exposed to HDMA; e, f — # p<0.1; ## — p<0.01; ### — p<0.001 for mice not exposed
to HDMA, compared to mice exposed to HDMA; * — p<0.01; ** — p<0.001 for anti-1L-4Ra antibodies compared to groups treated
with IgG control (other significant comparisons not shown), adapted from [29]

6.310.2 and 6.4%0.2) compared to control solution
(pEC,, 6.2%0.1) and histamine-induced mobilization
of intracellular calcium [32]. RNA sequencing and an
expression analysis using real-time polymerase chain
reaction showed that both IL-4 and IL-13 induced
an increased expression of histamine and leukotriene
D4 (LTD4) receptors. The next series of experiments
investigated the influence of dexamethasone and dupi-
lumab on the effects of IL-13 in the bronchi and smooth
muscle cells of the human respiratory tract. Dexameth-
asone and the selective STAT6 inhibitor, AS1517499,
did not affect the effects induced by IL-13. In contrast,
pretreatment with the IL-4Ra inhibitor dupilumab
significantly inhibited the response to IL-4 and IL-13
(Fig. 3), further confirming that the observed effects
were due to the activation of common receptors for these

cytokines [32]. Probably, the effects of corticosteroids
(CSs) can be associated with their ability to suppress the
production of anti-inflammatory mediators, while the
effects of cytokines are not affected by CSs.

The simultaneous suppression of the effects of IL-13
and IL-4 with dupilumab in clinical trials led to a sig-
nificant reduction in the frequency of exacerbations of
severe asthma, improvement of the pulmonary function,
control of asthma and a decreased need for oral CSs in
patients with uncontrolled asthma and corticosteroid-de-
pendent asthma [30, 31]. The dupilumab effect does not
depend on the presence of CSs, which was confirmed in
the above mentioned study, when dexamethasone had no
effect on IL-13-induced BH [32]. The study of the effect
of IL-5 and IL-17A demonstrated neither an increase in
the contractile response of small airways, nor calcium
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Fig. 3. Effect of dupilumab on BH stimulated by IL-13 and IL-4. Cumulative concentration-response curves were ob-
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mobilization from intracellular stores, nor the expression
of receptors [32]. The authors of this study explain the
difference between these results and those obtained ear-
lier by the fact that their study used small bronchi of the
8—13™ generation, while previous studies used bronchi
of the 1—5" generation. Considering the effectiveness
of antibodies to IL-5 in the treatment of BA, the study
findings confirm that their effect on exacerbations and
other outcomes of BA is the result of the effect on eo-
sinophils, rather than a direct effect on the bronchial
smooth muscles. This can also explain an insignificant
effect of anti-1L-5 antibodies on the lung function [32].

Thus, this study showed that the activation of I1L-4/
IL-13 can cause pronounced hyperresponsiveness of the
smooth muscles of the human respiratory tract, which
in turn means that these two cytokines directly contrib-
ute to the development of BH and dual blockade of the
activity of these cytokines by dupilumab provides the
clinical efficacy not only in relation to exacerbations of
asthma, but also improvement of the lung function and
a reduction in bronchial hyperresponsiveness.

Dupilumab mechanism of action

Dupilumab is a recombinant, fully human mono-
clonal antibody (MAT) that targets the a-subunit of
the 1L-4 receptor; thereby blocking the pathways of
IL-4 and IL-13, key cytokines in T2 inflammation.
The mechanism of action of dupilumab, already men-
tioned several times above, consists in the binding of the
drug to the IL-4Ra-subunit common to the I1L-4 and
IL-13 receptor complexes, thus it blocks the signaling
pathways of both IL-4 and IL-13 and inhibiting the
following activation of JAK/STAT and thereby leading
to a decrease in the T2-mediated inflammatory cascade
(Fig. 4). Blocking the 1L-4/IL-13 signaling pathway
with dupilumab in patients lowers concentrations of
many type 2 inflammation mediators, including immu-
noglobulin E, periostin, and multiple pro-inflammatory
cytokines and chemokines (e.g., eotaxin, thymus- and
activation-regulated chemokine (TARC)), and reduces
a fraction of exhaled nitric oxide (FeNO) — a marker of
inflammation in the lungs. It has already been discussed
above that blocking the IL-4/IL-13 signaling pathway
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Fig. 4. The main mechanism of action of dupilumab (adapted from Gandhi NA et al., 2016 [33]; JAK1,2,3 — Janus
kinases; TYK2 — tyrosine kinase; STAT — transcription factors)

with dupilumab in humanized animal models prevents
subsequent effects of these cytokines and chemokines,
including goblet cell hyperplasia, hyperresponsiveness of
airway smooth muscle cells, eosinophilic inflammation in
the lungs, and other inflammatory processes in the lungs,
and also prevents impairment of the lung function; at the
same time, severity of eosinophilic inflammation in the
lungs decreases regardless of normal or increased blood
eosinophil counts [29, 32].

Efficacy and safety of dupilumab in patients with
bronchial asthma

To assess the efficacy and safety of dupilumab in
patients with BA, three randomized, double-blind,
placebo-controlled, multicenter, parallel-group studies
(DRI112544, QUEST and VENTURE) lasting from 24
to 52 weeks were conducted, involving 2888 patients
(aged 12 years and older). Patients were enrolled in all
three studies regardless of baseline eosinophil counts or
other biomarkers of type 2 inflammation (eg, FeNO or
immunoglobulin E levels).

A pivotal phase 3 study QUEST was a 52-week,
randomized, double-blind, placebo-controlled study
assessing efficacy of dupilumab [30] in patients aged
>12 years with moderate to severe asthma, not con-
trolled on medium or high dose (fluticasone propionate
>500 ug/day or equivalent) inhaled corticosteroids (iCSs)
in combination with one or two additional maintenance
drugs (LABA or leukotriene receptor antagonist). In
addition, all patients had one or more exacerbations of
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Fig. 5. Dupilumab significantly reduced the frequency of severe
exacerbations in patients with uncontrolled persistent bronchial
asthma (adapted from [30])

asthma that required the use of systemic corticosteroids
or hospitalization/emergency visits in the previous year.
Dupilumab was prescribed as adjunctive therapy at a
dose of 200 or 300 mg subcutaneously (SC) every other
week (Q2W). The co-primary endpoints of the QUEST
study were an annual rate of severe exacerbations and an
absolute change in FEVI at 12 weeks versus the baseline.
The secondary endpoints of the study were the same
parameters in patients with eosinophil counts of >150
cells/uL and >300 cells/pL. Treatment with dupilumab
resulted in a pronounced decrease in the frequency of
severe exacerbations of asthma compared with placebo:
by 48% in patients treated with 200 mg and by 46% in pa-
tients treated with 300 mg (Fig. 5). An analysis depending
on the severity of blood eosinophilia in patients showed
that a more pronounced decrease in the annual frequency
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of severe exacerbations was observed in the subgroup of
patients with a baseline eosinophil count of >300 cells/pL
(a 66—67% decrease compared to the corresponding
placebo) [30]. Dupilumab caused a rapid improvement
in the lung function as measured by pre-bronchodilator
FEV1, and the difference between dupilumab and the
corresponding placebo at the first assessment as early as
2 weeks was statistically significant (p<0.001) for both
doses of the drug. The improvement in the lung function
was persistent, with statistically significant differences be-
tween dupilumab and placebo determined across all effi-
cacy assessments over the 52-week treatment period. The
most pronounced improvement in FEV1 was observed in
the subgroup of patients with a baseline eosinophil count
of >300 cells/pL (the change compared with placebo was
0.21 Land 0.24 L for dupilumab 200 mg Q2W and 300 mg
Q2W, respectively; the change from the baseline was
0.43 Land 0.47 L, respectively) [30]. Patients treated with
dupilumab experienced an improvement in BA control
according to ACQ-5.

Dupilumab was well tolerated, and the frequency
of adverse events was similar between the placebo and
dupilumab groups. Injection site reactions (mainly
hyperemia, sometimes with itching) occurred more
often in the dupilumab groups than in the placebo
groups (15% and 5% [200 mg Q2W]: 18% and 10%
[300 mg Q2W]), which was consistent with the data
of phase 2 clinical studies of dupilumab in asthma.

Placebo 300 mg Q2W

Based on our own experience, these reactions occur
in patients more often at the beginning of therapy, are
moderate and, as a rule, resolve on their own after a
short time. The frequency of these reactions decreases
with continued therapy.

The VENTURE study [31] evaluated the effect of
dupilumab on reducing the use of maintenance oral
corticosteroids. The initial mean oral corticosteroid
dose was 11.75 mg in the placebo group and 10.75 mg in
the dupilumab group. Compared with placebo, patients
treated with dupilumab achieved a greater reduction
in the daily dose of oral corticosteroids (OCS) while
maintaining asthma control. The mean overall decrease
in a daily OCS dose while maintaining asthma control
was 70.1% compared to the baseline in patients receiving
dupilumab and 41.9% in the placebo group (Fig. 6) [31].
It is important that after 24 weeks, severe exacerbations
of asthma were recorded 59% less frequently in the
dupilumab group than in the placebo group, and there
was a statistically significant improvement in the lung
function with a simultaneous dose reduction or complete
discontinuation of OCS.

Thus, the phase 3 studies Liberty Asthma QUEST
and VENTURE showed that dupilumab significantly
reduced the annual rate of severe asthma exacerbations,
significantly improved the lung function, and led to im-
proved quality of life and asthma control manifested as a
pronounced decrease in the dose of oral corticosteroids
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Fig. 6. The study of a steroid-sparing effect (VENTURE): a statistically significant decrease in the need for OCS compared to placebo
at week 24 in the general population while using dupilumab (adapted from [31])
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while reducing the frequency of exacerbations and im-
proving the lung function. At the same time, dupilumab
was well tolerated by adults and adolescents with uncon-
trolled persistent and corticosteroid-dependent asthma.

An analysis of the results of clinical studies showed that
the most pronounced improvement in the lung function
and a decrease in the frequency of exacerbations due to
dupilumab treatment was observed in patients with high
levels of two type 2 biomarkers (baseline blood eosinophil
count of >150/uL and baseline FeNO level of >25 ppb),
while blood eosinophil counts did not affect the efficacy
of dupilumab in corticosteroid-dependent asthma.

Results of using dupilumab in real clinical practice

The experience with the drug in real clinical practice
is very important, which makes it possible to solve the
critical question of whether the drug works under condi-
tions of greater heterogeneity of patient characteristics, in
different medical institutions and settings. Routine prac-
tice study results complement and expand RCT findings.
Such a study with dupilumab was carried out in France
under the early access and temporary authorization for
use (ATU) program for patients with severe asthma [34].
The authorization was granted to 86 patients with severe
BA. T2 biomarkers were not taken into account when
selecting patients. The program did not include patients
with a blood eosinophil count of >1500 cells/uL in the
previous 12 months. Prior to inclusion in the study, signs
of severe uncontrolled asthma persisted despite previous
therapy. All patients received inhaled CSs at 1200 pg/day.
73.4% of patients continued to receive systemic CSs
daily. The average dose of prednisolone was 20 mg/day.
11.7%, 95% and 17.7% of patients received various
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immunosuppressive drugs, long-acting beta-agonists
(LABA), and azithromycin, respectively. The majority of
patients received treatment with monoclonal antibodies,
omalizumab (83.9%) and mepolizumab (16.7%), prior to
inclusion in the study. Four patients underwent bronchial
thermoplasty. Dupilumab was injected subcutaneously:
600 mg on the first day, then 300 mg every two weeks
for 12 months. On average, four BA exacerbations were
recorded in patients in the previous year; 28 (43.7%)
patients were hospitalized over the last 12 months. The
average level of BA control according to ACT (Asthma
Control Test) was 14 and indicated uncontrolled BA.
According to functional tests, the patients had signs
of obstructive respiratory dysfunction and decreased
FEVI values. The total IgE level was above normal. In
half of the cases, the level of eosinophils was 150 cells/
uL and higher.

As a result of therapy, dupilumab significantly im-
proved the ACT score by the third month of treatment.
Improvement persisted at six months of therapy. At 12
months, the ACT score was 22 points (the difference
from the baseline value of 8.5 points). Moreover, the
control level exceeded 20 points in 25% of patients at
three months of therapy. At 12 months of therapy, the
proportion of such patients reached 51%. The frequency
of asthma exacerbations is an important characteristic of
the efficacy of therapy. Dupilumab significantly reduced
the frequency of exacerbations and improved the lung
function after 12 months of treatment. Patients had
four exacerbations per year at the baseline and one after
12 months of dupilumab therapy (Fig. 7). In addi-
tion, patients’ lung function significantly improved
(Fig. 7) [34].

Lung function

230 mL
200 mL
P<0.001
180 mL P<0.001
P<0.001
Baseline month 3 month 6 month 12
n=54 n=38 n=49 n=39

BD — bronchodilator; FEV1 — forced expiratory volume in 1 second

Fig. 7. A reduction in the frequency of exacerbations and improvement of the lung function (adapted from [34])
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The use of dupilumab allowed reducing the dose of
oral corticosteroids. On average, at 12 month of therapy,
the dose was reduced from 20 to 6 mg/day without the
patient’s condition worsening. Approximately 50% of
patients discontinued oral corticosteroids by month 12 of
dupilumab therapy. According to the physician (GETE),
an excellent or good effect of treatment was observed in
60% of patients at three months after its initiation and
in 78% at 12 months [34]. During the follow-up, the
investigators drew attention to one important point:
eosinophilia is often found in this group of patients. An
increase in blood eosinophil counts of 1500 cells/uL
and greater was recorded in 25% of patients. However,
hypereosinophilia was not accompanied by a worsening
of clinical symptoms and did not lead to discontinuation
of therapy. Moreover, the therapy had similar effects in
patients with eosinophil counts of >1500 cells/uL and
patients with lower eosinophil counts. After analyzing
the data obtained, the researchers concluded that the
clinical effects (according to FEV1, ACT score, the use
and dose of oral CSs, proportion of GETE score 1-2)
at 12 months did not change depending on the baseline
blood eosinophil counts. Previous treatment with mono-
clonal anti-IgE or IL-5 antibodies also did not affect the
outcomes of treatment with dupilumab [34].

for the biological therapy of severe asthma were published
only recently [12]. In the Guidelines, experts, follow-
ing the GRADE (The Grading of Recommendations
Assessment, Development and Evaluation) approach,
i.e. method for assessing the validity and quality of evi-
dence and the strength of recommendations, identified
recommendations for each biologic and each outcome.
In addition, an algorithm is proposed for selecting bio-
logical therapy and managing patients after prescribing
the drug. The response to biological therapy is assessed
at 4 months, and if necessary, the treatment is continued
with reevaluation every 3—6 months. Ifin 4—6 months the
doctor and the patient note a clinical effect according to
predetermined outcomes (exacerbations, lung function,
dose reduction of oral or inhaled corticosteroids, control
of asthma and/or comorbidities), then therapy should be
continued and safety parameters monitored [12]. Experts
emphasize that the primary criteria for assessing the
efficacy of biological therapy are: severe asthma exacer-
bations, asthma control, quality of life, safety (adverse
events). Important criteria for assessing the efficacy of bi-
ological therapy: FEV1, dose reduction of oral or inhaled
CSs. FeNO, sputum eosinophils and blood eosinophils
were scored as low importance criteria. The tables below
provide recommendations for the use of dupilumab in pa-

Table 1. Recommendations for the use of dupilumab as an add-on maintenance therapy in adults and children aged 12—17 years
old with uncontrolled severe eosinophilic asthma (adapted from [12])

Decrease severe asthma exacerbations | Strong recommendation

1. Dupilumab is recommended in adults and children | Improve quality of life

Conditional recommendation

aged 12—17 years old with uncontrolled severe eosino-
philic asthma* in spite of optimal controller treatment

Improve asthma control

Conditional recommendation

to: Improve lung function**

Strong recommendation

Reduce the rescue medication use**

Conditional recommendation

reactions is recommended

2. Dupilumab has shown a favorable safety profile, however long-term safety data (up to 2 years)
are extrapolated from studies in patients with atopic dermatitis; careful reporting of adverse drug | Conditional recommendation

Note. * — Population: severe asthma not controlled by medium/high doses of iCS, plus up to 2 additional controller drugs, including
oral CS; T2 inflammation (according to the EMA requirements), characterized by an increase in blood eosinophil levels (>150 cells/uL)
and/or an increase in FeNO >20 ppb; ** — population: a subgroup of adults with blood eosinophils >300 cells/uL or FeNO level >50 ppb;
**% _ although the size of the effect is small, it may be justified in patients at increased risk of complications due to the drug use; FeNO —
fraction of exhaled nitric oxide; iCS — inhaled corticosteroids; oCS — oral corticosteroids; EMA — European Medical Agency.

Thus, the results of a dupilumab study in real clinical
practice confirmed its efficacy and safety in patients
with severe uncontrolled BA. Dupilumab significantly
improves asthma control and the lung function, reduces
the frequency of exacerbations and the need for oral CSs.
These data are fully consistent with the data on the effica-
cy and safety from large-scale randomized clinical trials.

The place of dupilumab in the updated 2020 EAACI
Guidelines on the use of biologicals in severe asthma

The 2020 Guidelines of the experts of the European
Academy of Allergy and Clinical Immunology (EAACI)

tients with asthma, depending on different outcomes and
strength of recommendations, according to the EAACI
Guidelines on the use of biologicals in severe asthma [12].

Thus, dupilumab is recommended as an add-on main-
tenance therapy in adults and children aged 12—17 years
old with uncontrolled severe T2 asthma, including asthma
with the allergic and eosinophilic phenotype, as well as
mixed (when there are signs of both phenotypes) and
steroid-dependent asthma. However, there is a strong rec-
ommendation in respect of outcomes such as decreased
severe exacerbations, dose reduction or discontinuation
of oral corticosteroids, and improved lung function.
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Table 2. Recommendations for the use of dupilumab as an add-on maintenance therapy in adults and children aged 12—17 years
old with uncontrolled severe allergic asthma (adapted from [12])

Decrease severe asthma

. Conditional recommendation
exacerbations

1. Dupilumab is recommended in adults and children
aged 12—17 years old with uncontrolled severe allergic
asthma® in spite of optimal controller treatment to:

Improve asthma control Conditional recommendation

Improve lung function™* Conditional recommendation

2. Dupilumab has shown a favorable safety profile, however long-term safety data (up to
2 years) are extrapolated from studies in patients with atopic dermatitis; careful reporting | Conditional recommendation
of adverse drug reactions is recommended

Note. * — Population: severe asthma not controlled by medium/high doses of iCS, plus up to 2 additional controller drugs, including
oral CS; T2 inflammation (according to the EMA requirements), characterized by an increase in blood eosinophil levels (>150 cells/uL)
and/or anincrease in FeNO >20 ppb; ** — population: a subgroup of adults with blood eosinophils >300 cells/uL or FeNO level >50 ppb;
FeNO — fraction of exhaled nitric oxide; iCS — inhaled corticosteroids; oCS — oral corticosteroids; EMA — European Medical Agency.

Table 3. Recommendations for the use of dupilumab as an add-on maintenance therapy in adults and children aged 12—17 years
old with uncontrolled severe T2 asthma (adapted from [12])

Decrease severe asthma

. Strong recommendation
exacerbations

Dose reduction or discontinua-

; . . Strong recommendation
tion of oral corticosteroids** &

1. Dupilumab is recommended in adults and children aged
12—17 years old with uncontrolled severe T2 asthma* in
spite of optimal controller treatment to:

Improve quality of life Conditional recommendation

Improve asthma control Conditional recommendation

Improved lung function*** Strong recommendation

Reduced rescue medication use** | Conditional recommendation

2. Dupilumab has shown a favorable safety profile, however long-term safety data (up to 2 years)
are extrapolated from studies in patients with atopic dermatitis; careful reporting of adverse drug | Conditional recommendation
reactions is recommended

Note. * — Population: severe asthma not controlled by medium/high doses of iCS, plus up to 2 additional controller drugs, including
oral CS; T2 inflammation (according to the EMA requirements), characterized by an increase in blood eosinophil levels (>150 cells/uL)
and/or an increase in FeNO >20 ppb; ** — population: patients with severe corticosteroid-dependent asthma receiving controller ther-
apy with oCSs and high doses of iCSs in combination with a second controller drug; *** — population: a subgroup of adults with blood
eosinophils >300 cells/uL or FeNO level >50 ppb or patients with corticosteroid-dependent asthma (controller therapy with oCSs);
Rk although the effect size is small, this may be justified in patients at increased risk of side effects due to the drug use; FeNO —
fraction of exhaled nitric oxide; iCS — inhaled corticosteroids; oCS — oral corticosteroids; EMA — European Medical Agency.

Efficacy of dupilumab in patients with asthma and
concomitant chronic rhinosinusitis with nasal polyps

Epidemiological data support the coexistence of
asthma and upper respiratory tract diseases, including
allergic rhinitis (AR), chronic rhinosinusitis (CRS) with
or without nasal polyposis (NP), aspirin-exacerbated
respiratory disease, as well as obstructive sleep apnea and
vocal cord dysfunction [35, 36]. CRS symptoms may be
present in 22—42% of patients with BA [37]. A strong
association has been shown between CRS and asthma
(odds ratio, OR 3.47), while the association is stronger
in patients with both CRS and BA (OR 11.85) [38]. The
history and clinical symptoms of nasal polyps usually
precedes asthma, and up to 45% of patients with nasal

polyps develop asthma. The prevalence of CRS with
nasal polyps is higher in asthma patients (7%) compared
with the general population (4%) [39]. The presence of
CRS with nasal polyps (CRSwNP) is usually associated
with severe, poorly controlled asthma with frequent
exacerbations, with more pronounced inflammation in
the upper and lower respiratory tract. According to the
national registry for severe BA, about 10% of patiens have
chronic rhinosinusitis with nasal polyps [40], while its
prevalence does not differ between patients with allergic
and non-allergic SBA [41].

Analysis of patients included in the QUEST study
showed that 22—25% had chronic rhinosinusitis with
nasal polyps and/or chronic rhinosinusitis [30]. A sub-
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sequent retrospective analysis showed that the use of
dupilumab in patients with concomitant CRS/CRSwNP
and without CRS/CRSwNP significantly improved
FEV1 [42]. In addition, the use of dupilumab significant-
ly reduced the severity of symptoms specific for CRS/
CRSwNP and the quality of life compared to placebo,
based on the SNOT-22 score (a 22-item Sino-Nasal
Outcomes test) [42, 43].

For the first time, the effect of dupilumab on CRSwNP
was shown in a study by Bachert et al., in which 60 patients
participated [44]. Patients were randomized to receive
dupilumab 300 mg (loading dose 600 mg) or placebo.
The primary endpoint was the endoscopic nasal polyps
score at 16 weeks, which was significantly lower in the
dupilumab group (p<0.001). Significant improvements
were noted according to computed tomography of the
sinuses, SNOT-22 and olfaction as secondary endpoints.
Subsequent analyses were performed on 35 patients with
asthma [45]. In this group, dupilumab was associated with
improved asthma control and patients’ quality of life.

In June 2019, the FDA (American Food and Drug
Administration) approved the use of dupilumab in
patients with chronic rhinosinusitis with nasal polyps
(CRSwNP). This approval was based on the results of
two randomized, double-blind, placebo-controlled
studies [45]. The studies included patients with CRSwNP
who were refractory to surgical treatment or nasal ste-
roids in the previous two years. The first study involved
276 patients who were randomized to receive either 300
mg dupilumab or placebo every two weeks for 24 weeks
in combination with intranasal mometasone furoate.
Treatment with dupilumab resulted in a decrease in pol-
yps size according to the endoscopic nasal polyps score,
improvement in nasal congestion and other CRSwNP
symptoms. This improvement was accompanied by
reduced need for systemic steroids or surgery, and was
associated with improved FEV1 and asthma control in
patients with comorbid asthma [45]. The second long-
term study with 448 patients fully replicated these results
during 52 weeks of treatment [45].

Dupilumab was approved in September 2019 in the
EU countries and on July 17, 2020 in our country.

According to the European Position Paper on Rhi-
nosinusitis and Nasal Polyps 2020 (EPOS) [36], biolog-
ical therapy is recommended for patients with CRSwNP
who meet the following criteria. Presence of bilateral
polyps, a patient who has had sinus surgery or is not a
candidate for surgery and who has three of the following
characteristics: signs of T2 inflammation (tissue eosin-
ophils >10/per HPF or blood eosinophils >250 cells/uL
OR total IgE >100), the need for at least two courses of
systemic corticosteroids or continuous use of systemic
corticosteroids (>2 courses per year OR long-term (>3
months) low-dose corticosteroid courses OR contrain-
dications to systemic steroids), significantly impaired

quality of life (SNOT-22 score >40), a positive anosmia
test, and/or a diagnosis of comorbid asthma requiring
regular inhaled corticosteroids [36]. At the same time, the
level of evidence for the efficacy of dupilumab is marked
as la, which means the highest level.

Conclusion

Bronchial asthma is a heterogeneous disorder with
a variable course. Identification the pathobiological
mechanisms underlying the formation of BA phenotypes,
or the so-called BA endotypes, is an urgent task in opti-
mizing BA therapy, especially severe BA. The majority of
patients with severe asthma (55—77%) belong to the T2
asthma endotype and have eosinophilic inflammation in
the mucous membrane of the lower respiratory tract, with
a significant proportion of patients not achieving control
on iCS. I1L-4 and IL-13 play a key role in the regulation
of T2 inflammation, which determines the high efficacy
of dupilumab that blocks the common a-subunit of the
IL-4/13 receptor in patients with moderate to severe un-
controlled T2 asthma. Dupilumab significantly reduces
the frequency of severe asthma exacerbations, improves
the lung function, results in an improvement in the qual-
ity of life and asthma control, a pronounced decrease in
the dose of oral corticosteroids, while reducing the fre-
quency of exacerbations and improving the lung function.
At the same time, dupilumab is well tolerated by adults
and adolescents with uncontrolled persistent T2 asthma
and corticosteroid-dependent BA. Important predictors
of response to dupilumab in patients without corticoste-
roid-dependent asthma include blood eosinophil counts
over 150 cells/mm? and FeNO greater than 25 ppb (parts
per billion). Another factor in favor of dupilumab is the
presence of concomitant T2-associated diseases, includ-
ing atopic dermatitis, chronic rhinosinusitis with nasal
polyps, and allergic rhinitis.

Dupilumab is currently indicated:

* as an add-on maintenance therapy for moderate to
severe asthma in patients aged 12 years and older with
an eosinophilic phenotype or in patients with corticoste-
roid-dependent asthma, treated with oral CSs;

« for the treatment of moderate to severe atopic der-
matitis in patients aged 12 years and older whose disease
is not adequately controlled with topical drugs or in the
case when such drugs are not advisable; dupilumab can
be used with or without topical drugs;

 as an add-on maintenance treatment in adult pa-
tients with inadequately controlled chronic rhinosinusitis
with nasal polyps.
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