Review

Investigational Treatments in Phase I and II Clinical Trials: A
Systematic Review in Asthma

Luigino Calzetta 1*, Marina Aiello !, Annalisa Frizzelli !, Elena Pistocchini 2, Beatrice Ludovica Ritondo 2,
Paola Rogliani 2 and Alfredo Chetta !

Citation: Calzetta, L.; Aiello, M.;
Frizzelli, A.; Pistocchini, E.; Ritondo,
B.L.; Rogliani, P.; Chetta, A.
Investigational Treatments in Phase
I'and II Clinical Trials: A Systematic
Review in Asthma. Biomedicines
2022, 10, 2330.
https://doi.org/10.3390/
biomedicines10092330

Academic Editor: Stanislawa

Bazan-Socha

Received: 27 July 2022
Accepted: 14 September 2022
Published: 19 September 2022

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and insti-

tutional affiliations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution  (CC  BY)
(https://creativecommons.org/license

s/by/4.0/).

license

1 Respiratory Disease and Lung Function Unit, Department of Medicine and Surgery, University of Parma,
43126 Parma, Italy

2 Unit of Respiratory Medicine, Department of Experimental Medicine, University of Rome “Tor Vergata”,

00133 Rome, Italy

Correspondence: luigino.calzetta@unipr.it

Abstract: Inhaled corticosteroids (ICS) remain the mainstay of asthma treatment, along with bron-
chodilators serving as control agents in combination with ICS or reliever therapy. Although cur-
rent pharmacological treatments improve symptom control, health status, and the frequency and
severity of exacerbations, they do not really change the natural course of asthma, including dis-
ease remission. Considering the highly heterogeneous nature of asthma, there is a strong need for
innovative medications that selectively target components of the inflammatory cascade. The aim
of this review was to systematically assess current investigational agents in Phase I and II random-
ised controlled trials (RCTs) over the last five years. Sixteen classes of novel therapeutic options
were identified from 19 RCTs. Drugs belonging to different classes, such as the anti-interleukin
(IL)-4Ra inhibitors, anti-IL-5 monoclonal antibodies (mAbs), anti-IL-17A mAbs, anti-thymic stro-
mal lymphopoietin (TSLP) mAbs, epithelial sodium channel (ENaC) inhibitors, bifunctional Ms
receptor muscarinic antagonists/p:-adrenoceptor agonists (MABAs), and anti-Fel d 1 mAbs, were
found to be effective in the treatment of asthma, with lung function being the main assessed out-
come across the RCTs. Several novel investigational molecules, particularly biologics, seem prom-
ising as future disease-modifying agents; nevertheless, further larger studies are required to con-
firm positive results from Phase I and II RCTs.
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1. Introduction

The 2022 Global Initiative for Asthma (GINA) report [1] describes asthma as a het-
erogeneous disease, often characterised by chronic airway inflammation, with a history
of respiratory symptoms, including wheeze, shortness of breath, chest tightness, and
cough that vary over time and in intensity, along with variable expiratory airflow limita-
tion.

The long-term goals of asthma management are to achieve symptom control, re-
duce the risk of exacerbations and mortality, preserve lung function, and minimise
drug-related side effects [1]. The stepwise approach used for pharmacological treatment
in asthma mandates an iterative cycle of assessment, adjustment of pharmacological and
nonpharmacological treatment, and review of the therapeutic response [1].

Over the last 30 years, inhaled corticosteroids (ICS) have been the mainstay of
asthma treatment, with the long-acting 2-adrenoceptor agonist (LABA) formoterol/ICS
combination serving as the preferred controller and/or reliever therapy, depending on
asthma severity [2]. Nevertheless, this therapeutic option has become increasingly unat-
tractive due to its inability to alter the natural course of the disease, including asthma
progression [3]. Although ICS are clinically efficacious in most asthmatics, a considera-
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ble subset of patients (3-10%) remain uncontrolled despite optimal therapeutic adher-
ence and proper inhaler technique [4]. Even after using the highest dosage of ICS, such
individuals do not achieve control over their symptoms, and often need to step up to
treatment with oral corticosteroids (OCS) in order to avert future episodes of life-
threatening exacerbations [5].

This variability in the therapeutic response is the result of the highly heterogeneous
nature of asthma [6] in terms of pathogenesis, disease severity, and outcomes [7]. Asth-
ma is nowadays referred to as an umbrella diagnosis encompassing a plethora of endo-
types and clinical phenotypes that vary from mild to severe forms [8].

More recently, the management of asthma has evolved from a blockbuster ap-
proach of “one size fits all” to a more personalised one, which treats the patient rather
than the disease. In the early 2000s, the introduction of biological therapies directed to-
wards specific inflammatory pathways advanced the improvement of asthma outcomes,
initially with the anti-IgE monoclonal antibody (mAb) omalizumab [9], followed 10
years later by the approval of the mAbs anti-interleukin (IL)-5 mepolizumab and res-
lizumab, and the anti-IL-5Ra benralizumab [10]. The newest treatment options for se-
vere uncontrolled asthma include the mAbs anti-IL-4/IL-13 dupilumab [11] and the anti-
thymic stromal lymphopoietin (TSLP) tezepelumab [12]. Such mAbs have noteworthy
properties, reducing asthma exacerbations with an OCS sparing effect [10].

In recent years, a lot of effort has been put into the development of a more personal-
ised approach [13]. The ability to target specific inflammatory mediators and cellular
pathways via highly selective therapeutic agents has progressively revolutionised the
treatment of a complex, heterogeneous disorder such as asthma [14]. Although current
medications may improve symptom control, QoL, and the frequency and severity of ex-
acerbations, they do not really induce asthma remission [3].

Therefore, the aim of this review was to systematically assess the investigational
agents in Phase I and II under development in the last five years, in order to understand
whether there is some emerging drug and/or formulation that might be developed in the
future for effective treatment of asthmatic patients.

2. Materials and Methods
2.1. Review Question

The question of this systematic review was to assess whether some of the current
investigational agents in Phase I and II clinical trials (CTs) might be suitable for effective
treatment of asthmatic patients.

2.2. Search Strategy

The protocol of this synthesis of the current literature has been registered to the in-
ternational prospective register of systematic reviews (PROSPERO, Protocol ID:
CRD42022336605), and performed in agreement with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) [15], with the relative
flow diagram reported in Figure 1. This study satisfied all the recommended items re-
ported by the PRISMA 2020 checklist [16].

The PICO (Patient problem, Intervention, Comparison, and Outcome) framework
was applied to develop the literature search strategy and question, as previously report-
ed [17]. Namely, the “Patient problem” included asthmatic patients; the “Intervention”
regarded investigational agents in Phase I and II CTs; the “Comparison” was performed
with respect to placebo (PCB) and/or active comparators; the assessed “Outcomes” were
lung function, symptoms control, blood eosinophil count (BEC), fractioned exhaled ni-
tric oxide (FENO), exacerbations and hospitalisations, the use of rescue medications, and
quality of life (QoL).

A comprehensive literature search was performed for Phase I and II CTs, written in
English and investigating the impact of investigational treatments in patients with asth-
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ma. The search was performed in ClinicalTrials.gov in order to provide relevant studies
available within the past 5 years (from May 2017 to May 2022).

Figure 1. PRISMA 2020 flow diagram for the identification of the RCTs included in the qualitative
and quantitative syntheses. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses; RCT: randomised controlled trial.

The term “asthma” was searched for the disease, “Interventional Studies (Clinical
Trials)” was selected for the study type, “Terminated” and “Completed” were chosen
for the recruitment status, and “Early Phase 1”7, “Phase 1”, and “Phase II” were selected
in the Additional Criteria of the Advanced Search in the ClinicalTrials.org database.

2.3. Study Selection

Randomised controlled trials (RCTs) reporting results concerning the efficacy pro-
file of investigational treatments vs. PCB and/or active comparators were included in the
systematic review.

Two reviewers independently checked the relevant studies identified from Clini-
calTrials.gov. The studies were selected in agreement with previously mentioned crite-
ria, and any difference in opinion regarding eligibility was resolved by consensus.
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2.4. Data Extraction

Data from included studies were extracted and checked for study references, a NCT
number identifier, study duration, treatments and comparators with doses and regimen
of administration, number and characteristics of analysed patients, age, gender, smoking
habit, forced expiratory volume in 1 s (FEV1), peak expiratory flow (PEF), Asthma Con-
trol Questionnaire (ACQ) score and other outcomes related to the impact on symptoms,
BEC, FENO, asthma exacerbations, hospital admissions, rescue medication use, Asthma
QoL Questionnaire (AQLQ) score, St George’s Respiratory Questionnaire (SGRQ) score,
and study quality assessment via the Jadad Score [18] and Cochrane Risk of Bias 2 (RoB
2) [19].

2.5. Endpoints

The co-primary endpoints of this systematic review were the impact of investiga-
tional treatments on lung function and symptoms control.

The secondary endpoints were the impact of investigational treatments on blood
eosinophil count, FENO, exacerbations and hospitalisations, the use of rescue medica-
tions, and QoL.

2.6. Strategy for Data Synthesis

Data from original papers were extracted and reported via qualitative synthesis,
and the statistical significance was set at p <0.05.

2.7. Quality Score

The summary of the risk of bias for each included randomised trial was analysed
via the Jadad score [18] and Cochrane RoB 2 [19]. The weighted assessment of the overall
risk of bias was analysed via the Cochrane RoB 2 [19] using the robvis visualisation
software [20,21]. The Jadad score, with a scale of 1-5 (with a score of 5 being the best
quality), was used to assess the quality of the papers concerning the likelihood of bias re-
lated with randomisation, double blinding, withdrawals, and dropouts [18]. Studies
were considered of low quality at Jadad score < 3, of medium quality at Jadad score =3,
and of high quality at Jadad score > 3. The weighted assessment of the risk of bias was
analysed via the Cochrane RoB 2 tool [19] by using the robvis visualisation software
[20,21].

Two reviewers independently assessed the quality of individual studies, and any
difference in opinion about the quality score was resolved by consensus.

3. Results
3.1. Study Characteristics

Of the 101 records identified in the ClinicalTrials.gov database, 75 documents were
excluded due to inconsistency between the study title and the PICO framework or be-
cause no results were available. Among the remaining CTs, 19 RCTs were deemed eligi-
ble for the systematic review.

Study results for seven RCTs [22-29] were retrieved from ClinicalTrials.gov, results
for five RCTs [30-39] were published in full text articles, and data for two RCTs [40-43]
were obtained through the European Union (EU) Clinical Trial Register. Results for two
RCTs [44-47] were available only from conference abstracts or posters, data for one RCT
[48-50] were retrieved from both the EU Clinical Trial Register and abstract, and for an-
other RCT, they were retrieved from both ClinicalTrials.gov and the abstract [51,52]. Re-
sults for one RCT [53,54] were provided on the pharmaceutical company’s website. The
main characteristics of the studies included in the systematic review are reported in Ta-
ble 1.

3.2. IL-4Ra Inhibitor
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Antagonising the IL-4 receptor a subunit (IL-4Ra) interferes with the downstream
IL-4/IL-13 signalling, which is central to the pathogenesis of asthma [55]. As a matter of
fact, IL-4 regulates the proliferation and survival of T helper 2 (Th2) cells as well as im-
munoglobulin E (IgE) synthesis, while IL-13 is implicated as a key effector in AHR, mu-
cus hypersecretion, ASM alterations, and subepithelial fibrosis [56].

In a Phase I RCT [46,47], mildly asthmatic patients received nebuliser treatment
with the IL-4Ra inhibitor AZD1402 (PRS-060) at delivered doses of 2-60 mg twice daily
(BID) to establish its efficacy profile. After a single administration, AZD1402 induced a
rapid decrease in the FENO level, with a significant (p < 0.05) percentage reduction vs.
PCB between 24.0% (95%CI 1.8-41.0) and 36.4% (95%CI 22.0-48.0) across all doses. No
data are available for lung function and symptoms control [46,47].

3.3. Anti-IL-5 mAbs

Targeting BEC reduction through the inhibition of IL-5 represents an established
therapeutic option in severe asthma [57]. Depemokimab (GSK3511294) is a subcutane-
ously administered anti-IL-5 mAb, designed for improved affinity and long-acting IL-5
suppression compared to the currently approved anti-IL-5 mAbs, and it has been evalu-
ated in a first-in-human Phase I RCT [30,31] enrolling mild to moderate asthmatic pa-
tients with BEC > 200 cells/uL at screening.

A single administration of depemokimab generally improved lung function param-
eters with an increase in the dose from 2 mg to 300 mg. Depemokimab 300 mg induced a
greater improvement from baseline in FEV1 (240 mL (95%CI 68-412)) vs. PCB (105 mL
(95%CI not calculated)) and in percent predicted normal FEV:1 (7.65% (95%CI 1.76-
13.54)) vs. PCB (3.85% (95%CI not calculated)). No data are available for symptoms con-
trol [30,31].

Across all doses, depemokimab markedly decreased the circulating BEC by >48.0%
24 h post-dose, and reductions of 54.0% and 53.0% were observed in patients treated, re-
spectively, with depemokimab 100 mg and 300 mg. The duration of such marked sup-
pression of BEC was dose dependent, and thus was maintained for longer with the in-
creasing dose. Six months after the single-dose administration, depemokimab induced
reductions in BEC of 31.0% (2 mg), 41.0% (10 mg), 72.0% (30 mg), 82.0% (100 mg), and
83.0% (300 mg) vs. PCB [30,31].

3.4. Anti-IL-17A mAbs

Increased expression of the Thl7-derived cytokine IL-17A has been observed in
sputum, airway tissue biopsies, and serum from asthmatic patients [58-62] and was pos-
itively associated with a more severe asthma phenotype [59,63,64] and neutrophilic in-
flammation [65]. Considering that Th17-high patients are less sensitive or even unre-
sponsive to ICS [59,66] and that asthma progression differs from more treatable Th2
types of the disease [67], developing an effective therapy targeting Th17/IL-17A axis
would overcome a major unmet need in severe asthma.
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Table 1. Characteristics of the studies included in the systematic review.
Clinical Tri-
als.gov Treatment Number of Drugs, D d Route of Current Post Bronch
Study and Identifier Study Characteris- rea n}en umbero rugf, 08€s, an o‘,l e' ° Inhaler De- Patients’ Characteris- Age rren O,S roncno Investigated  Jadad
Class of Drug . Duration Analysed Regimen of Ad- Comparator Administra- . Male (%) Smokers dilator FEV:
Year and/or tics . . . R vice (Brand) tics (Years) . Outcome Score
(wks) Patients ministration tion (%) (% Predicted)
Company
ID
Moderate to severe
Phase IIb, multi- eosinophilic as'thma FEV., PEF,
Moss et al centre, random- Standard of care Standard of (pre-bronchodilator ACQ, symp
- . _ <85% . ' -
2022, LEDA DP: antagonistNCT0368357 ised, PCB 24 481 treatment + GBOO1 care treatment GBOO1 and NA FEV: N 85% predlc-teAd 51.8 35.8 0.0 NA toms control, 3
6 controlled, double- 20 mg, 40 mg, 60 PCB: PO and airway reversibil-
[36,37] . +PCB . . and exacerba-
blind parallel- mg QD ity or AHR; peripheral tions
group study blood eosinophil count
> 250 cells/uL)
As-needed SABA  As-needed
and stable low to  SABA and Mild to moderate
. SABA,
Phase I, multicen- moderate dose of stable low-to- ICS/LABA. asthma (pre-
Sinch et al NCT0328731 tre, randomised, ICS or ICS/LABA + moderate dose ICS: oral i '_ bronchodilator FEVi> FEV: and eo-
ngh et al, Anti-IL-5 mAb PCB-controlled, 1 day 48 single dose of de- of ICS or sta- : .ora mn NA 60% predicted, ACT 44.0 95.8 0.0 81.0 . ! a.n €0
2022 [30,31] R R halation; de- sinophil count
double-blind paral- pemokimab ble low-to- emokimab: score >19, and blood
lel-group study (GSK3511294) 2 moderate dose P sC ' eosinophil count of
mg, 10 mg, 30 mg, of ICS/LABA + 2200 cells/uL)
100, 300 mg PCB
Phase I, single cen-
tre, two-part ran-
Cassetal, Antifungal NCT0271557 domised, PCB- Single dose of Oral inhala- .
2021[38,39] triazole 0 controlled, single-  » 9% ? PC945 5 mg PeB tion NA Mild asthma 377 667 NA NA FEV: 2
blind crossover
study
Phase TIb, multi- Asthma (patients wh AF (1;:(\2/1 PEF’_
Chupp et al,, centre, random- Velsecorat r:m:ilral ss;i;;:;i: toms /C(SJillrtr;(l:)’l
2021, sGrM  NCT0362211 - ised, PCB- 12 o5~ (AZD799)50ug,  FE(100ug  Oralinhala-  pypr a) onlow dose BUD 200 532 42.0 NA NA F:NO, rescue 3
GRANIT 2 controlled, double- 90 ug, 180 ug, 360  QD); PCB tion R T
[48-50] blind parallel- ug, 720 ug QD ug BID in Europe and medication
’ 180 ug BID in US] use, and exac-
group study .
erbations
Phase II, single-
centre, random-
De Gaix et . L Single dose of . .
al,popp  AnfiFeldl NCTOG83873  ised, PCB- 1day 56 REGN1908-1909 PCB sC Na  Midasthmawitheat oy 0 55 NA NA FEV: 3
mAD cocktail 1 controlled, double- allergy
[51,52] . 600 mg
blind parallel-
group study
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Phase II, multicen-

Moderate to severe

Siddiqui et Svntheti ¢ domised Dexpramipexole eosinophilic asthma
al, 2021,  OYMUNC NCT404693 o TANCOMISES (KNS-760704) 37.5 (FEV: < 80% predicted
aminobenzo- PCB-controlled, 12 103 PCB PO NA R
EXHALE thiazole double-blind paral- mg, 75 mg, 150 mg and bronchodilator
[28,29] el t-E d BID FEV: reversibility >
ergroup study 12% and 2200 mL)
Moderate to severe
asthma (pre-
Progressive with- bronchodilator FEV:i>
drawal of back- 50% and <85% predict-
ground medication Progressive ed and bronchodilator
with medium-to- withdrawal of FP/LABA: FEV1 reversibility >
Phase II, multicen- high-dose background oral inhala.— 12% and 2200 mL; >1
Wechsler et . tre, randomised, FP/LABA +itepe- medication L severe exacerbation
al., 2021 An;[I%I;) 3 NCTO;38785 PCB-controlled, 12 296 kimab with medium- Ei(i:;l;)teafji NA within 12 months prior
[32,33] double-blind paral- (SAR440340/ to-high-dose dupil b: to screening; FEV:1 >
lel-group study REGN3500)300 FP/LABA+ O PUUmay 20% reduction in re-
; . SC }
mg Q2W with or PCB or dupi- sponse to a provocative
without dupi- lumab concentration of in-
lumab 300 mg haled methacholine of
QW <8 mg/mL within 12
months prior to screen-
ing)
Asthma (pre-
. bronchodilator FEV1 >
Phase Il multlF o Background 50% and <90% predict-
tre, three-period Background ICS . . .
lete block dicati d ICS medica- ed normal, increase in
Miller et al,, NCT0325799 omprete lock Mecieation A% tion and SABA Oralinhala-  DPI  FEV:i>12% and > 200
LABA randomised, PCB- 2 54 SABA +in- . i . R
2020 [34,35] +indacaterol tion (Breezhaler) mL within 30 min after
controlled, double- dacaterol maleate L. .
blind 150 g QD acetate 150 ug administration of sal-
1nd crossover He QD; PCB butamol 400
study
ug/albuterol 360 ug or
equivalent dose)
Stable asthma
. treatment + Probi-
Phascte 11, ngl_e— otical® TID (con-
Moermans NCT0334140 cen rec,l rIa)réBom taining Lactobacil- Stable asthma Severe uncontrolled
et al., 2020 Probiotic 1sed, 12 46 lus, Bifidobacte-  treatment + PO NA asthma (ACQ score > 18.0-75.0
3 controlled, double- .
[44,45] . rium, and Strepto- PCB 1.5)
blind parallel- .
oup stud coccus thermophi-
group y lus, 18 billion bac-
teria per pill)
BUDEOR 160910y BUDEOR
NA, 2019 Selective BTK NCT0394470 P éB-controlIe d, - 7 BID + remibrutinib 160/9 g BID + oral inhala- BUD/FOR: Inadequately con-
[25] inhibitor § (LOU064) 100 mg He tion; LOUO64 DPI (NA) trolled asthma

subject- and inves-
tigator-blinded

QD PCB

and PCB: PO
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parallel-group control
study
Phase II, multicen- Mild asthma with a
. tre, randomised, . known response to an
N?';;) 9 Pa;{ifrm' NCTO415034 bep_controlled, 2 2 T?;fi;%g & PCB Oralﬁlg:ala' DPI(NA) allergen challenge (pre- 420 708 NA NA FEV: 3
double-blind bronchodilator FEV1 >
crossover study 70% predicted)
Phase I, multicen-
i . . Mild asthma (pre-
. tre, randomised, AZD1402 (PRS- . Nebuliser .
Bruns et al., IL-4Ra inhibi- NCT0357480 PCB-controlled, =14 4 060) 2 mg, 6 mg, 20 PCB Oral }nhala— (InnoSpire bronchodllz.itor FEVi> 284 881 0.0 NA F:NO 2
2019 [46,47] tor single-blind paral- mg, 60 mg BID tion Go) 70% predicted and
g FEV1/FVC 20.7)
lel-group study
Phase II, single- Standard of care
centre, random- treatment + melril- Standard of Moderate to severe FEVi1, ACQ,
NA, 2018 Anti-IL-33R  NCT0339380 ised, PCB- 1 17 imab care treatment Melrilimab NA asthma with allergic 56.9 706 0.0 NA eosinophil 3
[23] mAb 6 controlled, double- (GSK3772847/ +PCB and PCB: IV fungal airway disease count, FeNO,
blind parallel- CNTO7160) 10 and AQLQ
group study mg/kg Q4W
Background medi-
Phase II, multicen- cation with high  Background ICS/LABA: .
A 201 Anti-IL-33 CT0346993 tre, randomised, dose ICS/LABA + medication oral inhala- s X hili FEZ_II' €osino-
N[ " i‘;]g “;;Xb' NCTO 44 993 pCB-controlled, =18 25 single dose of  with high dose  tion; NA e oS a5 720 NA NA LN (;(’:23 3
. double-blind paral- etokimab (ANB-  ICS/LABA + etokimab and exacerb,ations
lel-group study 020) 300 mg/100 PCB PCB: IV
mL
Inadequately con-
Phase II, multicen- trolled moderate to
tre, randomised, Standard care of severe asthma (FEV:1 >
R PCB-controlled, treatment + Standard care 40% and <90% predict-
NAFZ;;) 7 antlrjz_; 7A NCT0229968 subject- and inves- 12 118 CJM112300 mg  of treatment + CJllj\/élBl'ZSaCnd NA ed; ACQ score > 1.5; 56.6 39.8 NA NA FEViand ACQ 3
tigator-blinded QW for 4 wks, then PCB ' total serum IgE <1 50
parallel-group Q2W up to 12 wks IU/mL; peripheral
study blood eosinophils <
300/uL)
FP/SAL 500/50 ug
BID for 2 wks, then FP/SAL FEV:, PEF,
switch to FP 500 BI](DS)O ?éfg }:\{/gks ACQ, symp-
Phase I1a, multi- ug BID for 2 wks, . ’ Moderately severe toms control,
then switch to FP/SAL, FP: X K
centre, random- then FP dose re- FP (500 g oral inhala- asthma (bronchodilator rescue eosino-
NA, 2017, Anti-IL-33R NCT0320724 ised, PCB- 16 165 duction by 50% BID) for 2 wks, tion; melrili- FP/SAL, FP:  FEV: reversibility > 509 285 0.0 NA phil count, 3
[24] mAb 3 controlled, double- Q2W until discon- ’ ’ DPI (Diskus)  12% and 2200 mL; ’ : : FeNO, exacer-
. N . ., then FP dose mab and PCB: .
blind parallel- tinuation + melril- . ACQ score > 1.0 and bations and
. reduction by v s
group study imab 50% Q2W un- <4.0) hospitalisa-
(GSK3772847/ il discontinua- tions, and
CNTO7160) 10 R SGRQ
tion + PCB
mg/kg Q4W
NA, 2017 Anti-TSLP NCT0313881 Phase I, multicen- 12 28 Ecleralimab PCB Oral inhala- DPI (Pulmo- Mild atopic asthma 34.1 39.3 NA NA FEV1 3
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[53,54] mAD fragment 1 tre, randomised, (CSJ117) 4 mg QD tion Sol) with an early and late
PCB-controlled, response to a common
double-blind paral- inhaled allergen chal-
lel-group study lenge
Mild asthma upon
. methacholine challenge
cenee, random prebronchodiator
>70% icted;
NA, 2017 ENaCinhibi- NCT0313580 5 PCP- B1443651 100 g, Oralinhala-  SMI  FEV:>20% E;Zulcct:in
['2 6] tor 9 controlled, double- 2 days 37 400 pg, 1200 pg, PCB tion (Respimat)  in response to a pro- 374 91.9 0.0 NA FEV1 3
blind, double- thrice 12 h apart . .
dummy crossover voc.atlve concentration
study of inhaled methacho-
line of <1 mg; ACQ
score < 1.5)
Phase I/11, single-
centre, random-
L CHF6366 40 ug, 80 . Asthma (bronchodila-
I\T[Zigr MABA NCTO§’37864 Comieli: dlj(;]z;lble_ 1 48 ug 160pug 240pg  PCB Omlﬁl;:ala' NA  tor FEV: reversibility > 38.1 64.6 NA NA FEV: 3
blind parallel- QD 12% and 2200 mL)
group study

ACQ: asthma control questionnaire; ACT: asthma control test; AHR: airway hyperresponsiveness; AQLQ: asthma quality of life questionnaire; BID: bis in die,
twice daily; BTK: Bruton’s tyrosine kinase; BUD: budesonide; DP2: prostaglandin D2 receptor; DPI: dry powder inhaler; ENaC: epithelial sodium channel;
FENO: fractional exhaled nitric oxide; FEV1: forced expiratory volume in the 1st second; FP: fluticasone propionate; FVC: forced vital capacity; ICS: inhaled cor-
ticosteroid; IL-n: interleukin-n; IL-nR: interleukin-n receptor; IV: intravenous; JAK: Janus kinase; LABA: long-acting (32 adrenoceptor agonist; mAb: monoclonal
antibody; MABA: Ms receptor muscarinic antagonists/Bz2-adrenoceptor agonist; NA: not available; PCB: placebo; PEF: peak expiratory flow; PO: oral; QD:
quaque die, once daily; Q4W: once every 4 weeks; SABA: short-acting (32 agonist; SC: subcutaneous; SGRM: selective glucocorticoid receptor modulators; SMI:
soft mist inhaler; SGRQ: St. George’s Respiratory Questionnaire; TSLP: thymic stromal lymphopoietin; wks: weeks.
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A Phase II RCT [22] investigated the subcutaneously administered anti-IL-17A mAb
CJM112 300 mg when added to existing therapy in patients with inadequately controlled
moderate to severe asthma, with low serum IgE and BEC. The effect of CJM112 treat-
ment on trough FEV1 was not different from PCB, but a significant (p < 0.05) improve-
ment was observed in the ACQ6 score (mean difference (MD) —0.22 units (80%CI -0.41-
-0.04)) and the ACQ?7 score (MD —0.23 units (80%CI -0.40 to —0.06)) vs. PCB. A higher
proportion of patients receiving CJM112 had a decrease of >0.5 units in the ACQ7 score
compared with PCB (71.7% vs. 52.8%) [22].

3.5. Anti-IL-33 mAbs

Upon cellular damage or allergen exposure, interleukin (IL)-33 is released as an
alarmin by airway epithelial cells, airway smooth muscle (ASM) cells (ASMCs), and en-
dothelium to trigger innate and adaptive immune responses [68]. In patients affected by
severe asthma refractory to steroids, IL-33 activates type 2 innate lymphoid cells (ILC2s),
which may promote persistent airway eosinophilia [69]. Targeted inhibition of IL-33 re-
ceptor (IL-33R) signalling may prevent downstream production of type 2 cytokines and
chemokines [70].

Two RCTs [32,33,40,41] investigated the anti-IL-33 mAbs itepekimab
(SAR440340/REGN3500) and etokimab (ANBO020), and two other RCTs [23,24] assessed
the efficacy of the anti-IL-33R mAb melrilimab (GSK3772847/CNTO7160).

A Phase II RCT [32,33] investigated the efficacy of subcutaneous itepekimab 300 mg
administered alone or in combination with dupilumab 300 mg to patients with moderate
to severe asthma, who progressively reduced and discontinued background therapy of
inhaled corticosteroid/long-acting 32 adrenoceptor agonist (ICS/LABA) over 12 weeks.
Itepekimab significantly (p < 0.05) improved trough FEV1 compared to PCB (MD 140 mL
(95%CI 10-270)) and it was as effective as dupilumab, but no improvement was seen
upon treatment with the combination therapy. Itepekimab did not increase post-
bronchodilator FEV1 vs. PCB, but when combined with dupilmab, the improvement was
significant (p < 0.05) (MD 130 mL (95%CI 10-250)) and comparable to that of dupilumab
administered alone [32,33].

The percentage of patients with an event indicating a loss of asthma control was
lower in the itepekimab (22.0%) and combination therapy (27.0%) groups vs. PCB
(41.0%). The corresponding odds ratio (OR) for the comparison of itepekimab vs. PCB
was significant (p < 0.05) (OR 0.42 (95%CI 0.20-0.88)) and similar to the OR for dupi-
lumab vs. PCB; no difference was detected in the ORs for the comparison between com-
bination therapy and PCB, itepekimab monotherapy, and dupilumab monotherapy.
Itepekimab alone and combined with dupilumab significantly (p < 0.05) improved ACQ5
score vs. PCB (MD -0.42 units (95%CI -0.73—0.12) and MD -0.32 units (95%CI -0.63—
-0.01), respectively), and the effect was similar to that observed with dupilumab [32,33].

The BEC significantly (p < 0.05) decreased upon treatment with itepekimab admin-
istered alone or combined with dupilumab vs. PCB, and the effect was significantly (p <
0.05) different from that induced by dupilumab monotherapy, which, as expected [32],
transiently induced blood eosinophilia. The FENO level was significantly (p < 0.05) low-
ered in the itepekimab group, although the magnitude of reduction was lower than that
observed in the combination therapy and dupilumab groups. Patients treated with
itepekimab administered alone or combined with dupilumab showed a significant (p <
0.05) improvement in their AQLQ score vs. PCB (MD 0.45 units (95% CI 0.14-0.77) and
MD 0.43 units (95% CI 0.11-0.75), respectively), with an effect comparable to that of
dupilumab [32,33].

In a Phase II RCT [40,41], a single dose of etokimab administered at 300 mg/100 mL
via intravenous infusion did not improve FEV1 compared to PCB in severe eosinophilic
asthma; no data are available for symptoms control.

The reduction in peripheral BEC following etokimab treatment was similar to that
observed with PCB, and no difference was detected in FENO levels. The number of
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asthma exacerbations experienced by patients treated with etokimab was no different
from those treated with PCB [40,41].

A Phase II RCT [23] reported that intravenously administering melrilimab 10 mg/kg
to patients with moderate to severe asthma and allergic fungal airway disease for 12
weeks did not improve their FEV1 and ACQ5 score compared to PCB. No differences be-
tween melrilimab and PCB were observed with respect to the change from baseline in
BEC, FENO level, and AQLQ score [23].

Another Phase II RCT [24] showed that melrilimab 10 mg/kg administered for 16
weeks to moderately severe asthmatic patients who gradually reduced and discontinued
background therapy with fluticasone propionate/salmeterol (FP/SAL) 500/50 ug, did not
improve trough FEV1 and morning and evening PEF vs. PCB. The reduction in ACQ5
score was similar with both melrilimab and PCB, but the percentage of patients who ex-
perienced loss of asthma control was lower in the group treated with melrilimab (67.0%)
than with PCB (81.0%). No differences between the two treatment groups were observed
in the percentage of night-time awakenings due to asthma symptoms requiring rescue
medication use and in the daytime asthma symptom score [24].

The effect induced on BEC and FENO level was similar in the melrilimab and PCB
groups. The percentage of patients with an asthma exacerbation requiring OCS and/or
hospitalisation was higher with melrilimab (13.0%) than with PCB (7.0%). No differences
between the two groups were observed in terms of daily use of rescue medications and
SGRQ total score [24].

3.6. Anti-TSLP mAbs

Similar to IL-33, TSLP is mainly an epithelium-derived alarmin, which plays an up-
stream role in the initiation of type-2-driven immune responses [71]. In asthma, the
number of cells expressing TSLP messenger ribonucleic acid (mRNA) within the airway
epithelium and submucosa is markedly increased compared to healthy controls [72]. In a
subset of patients with severe asthma, TSLP expression remained enhanced, independ-
ent of treatment with high-dose ICS or OCS [73]. Therefore, targeting TSLP signalling
represents an intriguing therapeutic strategy in asthma [74].

In a Phase I RCT [53,54] the anti-TSLP mAb fragment ecleralimab (CSJ117) 4 mg
was administered via a dry powder inhaler (DPI) for 12 weeks to patients with mild
atopic asthma, who exhibited an early asthmatic response (EAR) and late asthmatic re-
sponse (LAR) to a common inhaled allergen. Ecleralimab did not induce an attenuation
in the EAR, as documented by the maximum percentage fall in FEV: or as time-adjusted
area under the curve (AUC), and numerically increased the minimum of the absolute in
FEV1 compared to PCB. During the LAR, ecleralimab significantly (p < 0.05) reduced the
maximum percentage decrease in FEV1 (MD -8.42% (90%CI -15.66——1.18)) from pre-
allergen inhalation challenge and the time-adjusted AUC fall in FEVi (MD -7.18%
(90%CI -11.92—2.44)), compared to PCB. Patients in the ecleralimab group showed a
strong trend towards a significant (p = 0.05) increase in the minimum absolute FEV: dur-
ing LAR vs. PCB (MD 0.27% (90%ClI 0.00-0.55)) [53,54]. No data are available for symp-
toms control [53,54].

3.7. LABAs

The latest GINA report recommends treating patients with inadequately controlled
asthma with a triple combination of indacaterol acetate/glycopyrronium bro-
mide/mometasone [1]. Several studies provided evidence that indacaterol maleate is po-
tent and safe in asthmatic patients [75-78].

A Phase I RCT [34,35] compared the efficacy of the maleate salt with the acetate salt
of indacaterol 150 ug vs. PCB in patients with asthma. Indacaterol maleate significantly
(p < 0.001) improved trough FEV1 of 186.0 mL (95%CI 129.0-243.0), FEV1 AUCO0-4h by
248.0 mL (95%CI 186.0-310.0), and PEF of 33.0 L/min (95%CI 25.6-40.3) vs. PCB, and it
was as effective as indacaterol acetate. No data are available for symptoms control. Res-
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cue medication use was significantly (p < 0.01) reduced with both indacaterol salts of
0.42 puffs/day vs. PCB [34,35].

3.8. SGRMs

Compared to conventional glucocorticoids, nonsteroidal, selective glucocorticoid
receptor modulators (SGRM) preferentially favour transrepression over transactivation
[79]. SGRM are designed to activate the GC receptor and suppress inflammation by in-
hibiting nuclear factor-kappa B (NF-kB) and activator protein 1 (AP-1), whilst inducing
less GC response element (GRE)-driven adverse effects [80].

Phase IIb GRANIT RCT [48-50] enrolled patients with inadequately controlled
asthma on low-dose BUD to orally receive the SGRM velsecorat (AZD7594) 50-720 pg
vs. PCB or open-label fluticasone furoate (FF) 100 ug over 12 weeks. Velsecorat dose-
dependently improved trough FEV1 over the entire treatment period. When adminis-
tered at doses of 320 pg and 720 pg, velsecorat induced a trend towards a significant
improvement in trough FEV1 compared to PCB, which was numerically lower compared
to the effect of FF vs. PCB. Velsecorat 180-720 ug significantly (p <0.05) improved morn-
ing PEF vs. PCB from 9.12 L/min (95%CI 0.20-18.05) to 16.60 L/min (95%ClI 8.03-25.17)).
Evening PEF was significantly (p < 0.05) increased with velsecorat 360 pig and 720 pg vs.
PCB, respectively, by 10.26 L/min (95%CI 1.46-19.06) and 11.99 L/min (95%CI 3.57-
20.42). The effect of velsecorat on PEF was comparable to that induced by FF vs. PCB
[48-50].

Velsecorat administered at doses 90-720 g significantly (p < 0.05) improved the
ACQS5 score vs. PCB, by inducing a reduction between -0.19 units (95%CI —0.37—0.02)
and -0.27 units (95%CI -0.43—0.10), and it was as effective as FF vs. PCB. Velsecorat 50
ug and 180-720 ug significantly (p < 0.05) reduced the daily asthma symptom score be-
tween -0.14 units (95%CI -0.26 — -0.02) and —0.23 units (95%CI -0.35—-0.11) and im-
proved the percentage of symptom-free days between 8.61% (95%CI 0.30-16.91) and
11.34% (95%Cl 2.77-19.91) vs. PCB, to a similar extent as FF. The percentage of asthma
control days significantly (p < 0.05) increased with velsecorat 50 pg, 360 pg, and 720 pg
over the treatment period between 8.62% (95%CI 0.49-16.75) and 10.07% (95%CI 1.46-
18.67), similar to FF [48-50].

At doses 50-180 ug, the effect of velsecorat on FENO values was not different to
PCB, but when administered at 360 g and 720 ug, the improvement was significant (p <
0.05) vs. PCB (MD 0.81 ppb (95%CI 0.69-0.95) and 0.65 ppb (95%CI 0.56-0.76), respec-
tively), and comparable to that induced by FF vs. PCB [48-50].

Only velsecorat 360 g significantly (p < 0.05) increased the percentage of rescue-
free days by 11.79% (95%CI 1.49-22.09) vs. PCB, an effect that was superior to that of FF
vs. PCB. Rescue medication use was significantly (p < 0.05) lowered with velsecorat 50
ug, 360 pg, and 720 ug vs. PCB (MD between -0.24 puffs (95%CI —0.43—0.05) and -0.31
puffs (95%CI -0.49—0.13), an effect similar to that induced by FF vs. PCB [48-50].

Velsecorat 50-720 ug significantly (p < 0.05) delayed the time to recurrent CompEx
event (a composite endpoint combining severe asthma exacerbations and diary events)
vs. PCB (hazard ratio (HR) between 0.20 (95%CI 0.100.38) and 0.58 (95%CI 0.26-0.95)).
When administered at doses of 50 pg, 180 pg, 360 g, and 720 pg, velsecorat significant-
ly (p < 0.05) reduced the annualised CompEx event rate vs. PCB (MD between 0.11
(95%CI 0.04-0.25) and 0.44 (95%CI 0.20-0.94)), while at 90 pg, velsecorat induced a
strong trend towards a significant reduction in the rate vs. PCB. Overall, no comparative
analysis has been performed in the study between velsecorat and FF [48-50].
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3.9. MABAs

Bifunctional Ms receptor muscarinic antagonists/[32-adrenoceptor agonists (MABAs)
are dimeric molecules that simultaneously block Ms muscarinic receptors while activat-
ing (32 receptors, and thus may be readily co-formulated with anti-inflammatory agents
[81,82], simplifying dosing schedules and improving patient adherence to medication. A
Phase I/II RCT [42,43] reported that in asthmatic patients, the inhaled MABA CHF6366
significantly (p < 0.05) improved the change from pre-dose in FEV:1 on day 1 when ad-
ministered at 160 pg, but not at 40 pg, 80 pg, and 240 g, compared to the effect induced
by PCB, while no difference was detected in the change from pre-dose in FEV1 on day 7;
no data are available for symptoms control [42,43].

3.10. DP2 Antagonists

Evidence suggests that preventing the activation of the prostaglandin D2 receptor
(DP2) pathway improves symptoms of asthma and pulmonary function, and impairs
any change in eosinophil shape, while indirectly inducing a reduction in the number of
exacerbations in severe asthmatic patients [83].

The LEDA Phase IIb RCT [36,37] demonstrated that the DP2 antagonist GB001 giv-
en orally at 20 mg, 40 mg, and 60 mg, in addition to the standard of care therapy, in-
duced an effect on FEV1, PEF, and ACQ5 that was comparable to PCB in moderate to se-
vere asthmatic patients with a BEC of >250 cells/uL. Across all doses, GB001 numerically
reduced the odds of asthma worsening vs. PCB, with no dose-response effect; subgroup
analysis based on baseline BEC and/or FENO did not indicate greater treatment efficacy
with higher values. GB001 20 mg and 60 mg induced a significant (p < 0.05) delay in the
time to first asthma worsening compared to PCB (HR 0.72 (95% CI 0.52-0.995) and HR
0.70 (95% CI, 0.51-0.97), respectively), while GB001 40 mg induced a numerical delay vs.
PCB. Treatment with GB001 20 mg, 40 mg, and 60 mg significantly (p < 0.05) reduced the
annualised rate of asthma worsening vs. PCB (RR 0.56 (95% CI 0.39-0.80), RR 0.65 (95%
CI 0.46-0.93), and RR 0.68 (95% CI 0.48-0.96), respectively) [36,37].

There was a numerical reduction in the annualised rate of severe asthma exacerba-
tions compared to PCB [36,37].

3.11. Selective BTK Inhibitors

Bruton’s tyrosine kinase (BTK) is a member of the Tec family of tyrosine kinases in-
volved in the high-affinity receptor for IgE (FceRI)-dependent mast cell production of
cytokines and degranulation [84,85], and in the IgE-mediated activation of human baso-
phils [86]. BTK inhibitors could be useful to treat pathological mast cell responses of
asthma [87].

A Phase II RCT [25] reported that orally administering remibrutinib (LOU064) 100
mg to inadequately controlled asthmatic patients did not induce an improvement in
trough FEV1 and in morning and evening PEF compared to PCB. Changes in the ACQ5
score, in the asthma symptom score, and in the number of puffs of SABA taken daily
were not different between remibrutinib and PCB groups [25].

3.12. ENaC Inhibitors

An imbalance in ion transport across the airway epithelium has been implicated in
asthma pathogenesis. Dysfunctions in the cystic fibrosis transmembrane conductance
regulator and epithelial sodium channel (ENaC) cause changes in the airway surface
liquid permeation, leading to modifications of mucus rheological properties and im-
pairment. Blocking ENaC may reduce airway water reabsorption and increase mucus
moist, therefore it is considered a potential target for the treatment of asthma [88].

A Phase I RCT [26] investigated the ENaC inhibitor BI 443651 100 pg, 400 pg, and
1200 pg administered via soft mist inhaler (SMI) to patients with mild asthma following
a bolus methacholine (MCh) challenge. In the single-blind, double-dummy Part 1 of the
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RCT, no difference was detected between Bl 443651 and PCB in terms of absolute change
from baseline in maximum FEV1 reduction. In the double-blind, double-dummy Part 2
of the RCT, only BI 443651 administered at 1200 ug significantly (p < 0.05) improved the
maximum FEV: reduction vs. PCB (MD -157 mL (90%CI -266—47)). No data are availa-
ble for symptoms control [26].

3.13. Pan-JAK Inhibitors

According to in vitro studies performed on inflammatory cells isolated from asth-
matic patients, pan-JAK inhibitors reduced cytokine levels and showed an additive ef-
fect on lymphocyte inhibition when combined with ICS [89]. Lung inflammation was
improved upon treatment with pan-JAK inhibitors in animal models of airway inflam-
mation [90-92].

A Phase II RCT [27] reported that the pan-JAK inhibitor TD-8236 administered at
150 ug and 1500 pg via DPI did not improve the FEV1 AUC from 3 to 8 h and the maxi-
mum percentage decline in FEV1 from 3 to 8 h following inhaled allergen challenge
compared to PCB. No data are available for symptoms control [27].

3.14. Anti-Fel d 1 mAbs

The secretoglobulin Fel d 1 is the major cat allergen, eliciting IgE-mediated allergic
symptoms in up to 95% of individuals with a cat allergy [93,94], such as sneezing, runny
nose, nasal obstruction, conjunctivitis, and/or asthma [95]. REGN1908-1909 is an anti-Fel
d 1 cocktail of two IgG4 mAbs, REGN1908 and REGN1909, with a high affinity for and
noncompetitive binding to distinct epitopes of Fel d 1, which prevents the allergen cross-
linking of IgE-FceRI complexes on mast cells and basophils and the consequent degranu-
lation and release of inflammatory mediators [96,97].

A Phase II RCT [51,52] investigated whether a single dose of the subcutaneously
administered REGN1908-1909 600 mg effectively reduced bronchoconstriction in mild
asthmatic patients with a cat allergy for up to 3 months following cat-allergen exposure.
REGN1908-1909 significantly (p < 0.05) increased the median time to EAR (defined as the
time leading to a 220% reduction in FEV1) vs. PCB on day 8 (HR 0.36 (95%Cl 0.17-0.77)),
day 29 (HR 0.24 (95%CI 0.12-0.48)), day 57 (HR 0.45 (95%ClI 0.22-0.89)), and day 85 (HR
0.27 (95%CI 0.13-0.56)). REGN1908-1909 significantly (p < 0.05) improved FEVi AUC
from 0 to 2 h vs. PCB at day 8 (MD 13.56% (95%CI 6.35-20.77)), at day 29 (MD 16.21%
(95%ClI 6.18-26.24)), at day 57 (MD 12.30% (95%CI 2.40-22.20)), and day 85 (MD 12.54%
(95%CI 3.43-21.65)). No data are available for symptoms control [51,52].

3.15. Synthetic Amino-Benzothiazoles

The synthetic amino-benzothiazole dexpramipexole was first developed as a treat-
ment for amyotrophic lateral sclerosis (ALS) and during the development program, a
marked targeted depletion of BEC was observed in ALS patients; therefore, dex-
pramipexole holds promise for asthma and eosinophil-associated diseases [98].

In the EXHALE Phase II RCT [28,29], dexpramipexole (KNS-760704) orally adminis-
tered at 37.5 mg, 75 mg, and 150 mg BID for 12 weeks was investigated in patients with
poorly controlled moderate to severe eosinophilic asthma with an absolute BEC of 2300
cells/uL. No differences were observed between dexpramipexole 37.5 mg and 75 mg and
PCB in trough FEV: and post-bronchodilator FEVi, while dexpramipexole 150 mg
showed a numerical improvement in both outcomes vs. PCB at the end of the treatment
period, and a significant increase in trough FEV1 at weeks 16/18 vs. PCB. The effect of
treatment on the ACQ6 score was similar to that observed in the PCB group [28,29].

Dexpramipexole 37.5 mg, 75 mg, and 150 mg significantly (p < 0.05) reduced BEC
vs. PCB (ratio to PCB of 0.45 (95%CI 0.23-0.87), 0.34 (95%CI 0.18-0.65), and 0.23 (95%CI
0.120.43), respectively). The FENO level numerically reduced upon treatment with dex-
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pramipexole vs. PCB across all doses. No differences were observed between the treat-
ment and PCB groups in terms of a change in AQLQ score [28,29]

3.16. Antifungal Triazoles

Respiratory fungal infections complicate lung diseases and, particularly in severe
asthma, up to 70.0% of patients are sensitised to at least one fungal allergen [5,99,100]. In
a Phase I RCT [38,39], a single dose of inhaled PC945 5 mg did not induce a change in
FEV1 (defined as >15.0% change from baseline, measured 10 min after receiving PCB) in
mild asthmatic patients, and no acute bronchospasm was observed.

3.17. Probiotics

Probiotics exhibited anti-inflammatory properties to modulate immune functions
and were characterised by good tolerance and safety [44]. According to preliminary re-
sults of a Phase II/III RCT [44,45] in severe uncontrolled asthma, a change from baseline
in ACQ score was similar in patients receiving the orally administered Probiotical® and
PCB; no data are available on lung function. A significant (p < 0.05) reduction in the per-
centage of sputum eosinophils was observed between baseline and after 3 months of
therapy in the Probiotical® group (0.5% (95%CI 0.0-2.3) vs. 0.1% (95%CI 0.0-0.5)) com-
pared to the PCB group (4.5% (95%CI 1.5-9.3) vs. 2.4% (95%CI 1.2-9.4)) [44,45].

3.18. Risk of Bias

The traffic light plot for the assessment of each included RCT is reported in Figure
2A, and the weighted plot for the assessment of the overall risk of bias by domains is
shown in Figure 2B.

All of the included RCTs (100.0%) had a low risk of bias in missing outcome data.
For 18 RCTs (94.7%), there was a low risk of bias for the randomisation process, and for
17 RCTs (89.5%), the bias due to deviations from intended intervention was low. For two
RCTs (10.5%), there were some concerns in the domain of bias due to deviations from in-
tended intervention, and for one RCT (5.3%) there were some concerns for the randomi-
sation process.

For 14 RCTs (73.7%), no information was available with regard to the risk of bias in
the measurement of the outcome and selection of the reported results, as no full text arti-
cles concerning the studies have been published yet.
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Figure 2. Assessment of the risk of bias via the Cochrane RoB 2 tool displayed by means of a traffic
light plot of the risk of bias of the included RCTs (A), and weighted plot for the distribution of the
overall risk of bias within each bias domain via the Cochrane RoB 2 tool (B) (n = 18 RCTs). Traffic
light plot reports five risk of bias domains: D1, bias arising from the randomisation process; D2,
bias due to deviations from intended intervention; D3, bias due to missing outcome data; D4, bias
in measurement of the outcome; D5, bias in selection of the reported result. Yellow circle indicates
some concerns on the risk of bias, green circle represents low risk of bias, and blue circle indicates
no information. NA: not available; RCT: randomised controlled trial; RoB: risk of bias.

4. Discussion

An investigational medication is defined as a drug and/or formulation that has been
approved for clinical testing by either the U.S. Food and Drug Administration (FDA) or
the European Medicines Agency (EMA), but has not gained marketing authorisation yet
[101,102]. Over the last five years, results from 19 Phase I and II RCTs on investigational
agents for the treatment of asthma reported data from sixteen classes of investigational
agents. Specifically, these investigational drugs included AZD1402, BI 443651, CHF6366,
CJM112, depemokimab, dexpramipexole, ecleralimab, etokimab, GBO001, itepekimab,
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melrilimab, PC945, REGN1908-1909, remibrutinib, TD-8236, velsecorat, indacaterol ace-
tate, and a probiotic. Overall, the quality of the studies was good, although often data
were not published in full text articles; thus, scarce information was available to ade-
quately perform the RoB assessment.

The investigational anti-IL-4Ra inhibitor AZD1402, the anti-IL-5 mAb depemo-
kimab, the anti-IL-17A mAb CJM112, the anti-TSLP mAb ecleralimab, the ENaC inhibi-
tor BI 443651, the MABA CHF6366, and the anti-Fel d 1 mAb REGN1908-1909 were
proven effective in the treatment of asthma, although data almost exclusively regarded
the assessment of lung function, and thus did not allow conclusions regarding symp-
toms control and the secondary endpoints of this systematic review. The effectiveness of
the LABA indacaterol was confirmed even when delivered using the formulation with
maleate salt, which demonstrated an effect that was comparable to the currently market-
ed indacaterol acetate on FEV1, PEF, and rescue medication use reduction. Among the
investigational anti-IL-33 mAbs, only itepekimab, but not etokimab and melrilimab, ef-
fectively improved asthma outcomes compared to PCB, but generally there was no fur-
ther improvement observed when itepekimab was combined with dupilumab. Treat-
ment with the SGRM velsecorat was generally superior to PCB when administered at
higher doses.

Overall, investigational agents did not show superiority to active controls, with the
exception of itepekimab, which significantly reduced BEC compared to dupilumab
monotherapy, and velsecorat, which induced a significantly greater improvement in
FEV1 vs. PCB compared to that produced by FF vs. PCB.

The main efficacy outcome assessed by the RCTs included in this systematic review
was FEVi. In this respect, Bl 443651, depemokimab, ecleralimab, indacaterol maleate,
itepekimab, REGN1908-1909, and velsecorat produced a statistically significant im-
provement in lung function compared to PCB, thus representing promising add-on ther-
apies for asthma in the future. It is also worth mentioning the synthetic amino-
benzothiazole dexpramipexole, which was found to markedly reduce BEC across all the
administered doses in patients with moderate to severe eosinophilic asthma, despite no
significant improvement in lung function, relative to PCB [28,29].

The anti-IL-33 mAbs etokimab and melrilimab, the DP2 antagonist GB001, the se-
lective BTK inhibitor remibrutinib, the pan-JAK inhibitor TD-8236, and the antifungal
triazole PC945 induced an effect on lung function that was similar to PCB.

Although FEV1 is generally recognised by the research community and regulatory
agencies to be a suitable variable for airflow obstruction assessment [103], it is not the
most relevant endpoint for testing investigational anti-inflammatory agents, including
the DP2 antagonist GB001 and the pan-JAK inhibitor TD-8236, particularly for short-
term assessment. Thus, for such treatments, other efficacy endpoints should be consid-
ered in future studies. Although probiotics utilised in dietary supplements reside in a
sub-category under the general umbrella term of “foods” rather than drugs, according to
both the FDA [104] and the European Food Safety Authority (EFSA) [105], the probiotic
Probiotical® investigated in a Phase II RCT (NCT03341403) [44,45] for uncontrolled se-
vere asthma was included in this systematic review and was treated as investigational
agent. The hypothesis of such RCT [44,45] was that Probiotical® could have an impact in
asthmatic patients who were not optimally controlled, reducing the local and systemic
inflammatory state and then improving QoL and asthma control [44,45]. This hypothesis
was also supported by the evidence that certain probiotic strains have anti-inflammatory
and immunomodulatory effects in pre-clinical models of asthma [106,107] and RCTs of
adult asthma [108,109]. Interestingly, although dietary supplements are not subjected to
the pre-market approval requirement for drugs, an investigational new drug application
must be submitted to the FDA if the clinical investigation is intended to evaluate wheth-
er a dietary supplement is useful in diagnosing, curing, mitigating, treating, or prevent-
ing a disease, under the Code of Federal Regulations Part 312 [110]. In contrast, in the
EU, there is still no specific regulation covering probiotics, pre-biotics, synbiotics, or
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postbiotics, but as suggested by The International Scientific Association of Probiotics
and Prebiotics consensus statement, the definition of such products requires a health
benefit; thus, it is expected that the use of any of these terms would require a health
claim approval [111].

In any case, the daily administration of Probiotical® showed some improvement in
sputum eosinophil count after 3 months of therapy, but in agreement with the current
scientific evidence, the use of probiotics as adjuvant therapy for asthma is not yet con-
clusive [112]. Three meta-analyses carried out to explore the potential effects of probiot-
ics in preventing allergic diseases and asthma led to conflicting outcomes due to a high
degree of heterogeneity among the studies, mostly concerning the design, the character-
istics of included patients, the analysed variables, and the used probiotic strains [113-
115].

The assessment of efficacy outcomes reported by the RCTs included in this system-
atic review indicates that not only were some of the investigational agents superior to
PCB from a statistical point of view, but they also elicited clinically relevant effects com-
pared to PCB in asthmatic patients, as reported in Table 2. As a matter of fact, itepe-
kimab 300 mg Q2W, indacaterol maleate 150 pg QD, and velsecorat 720 ug QD over-
came the Minimal Clinical Important Difference (MCID) [103] threshold for trough FEV1
or risk of asthma exacerbation. Interestingly, velsecorat 720 ug QD, itepekimab 300 mg
Q2W, and itepekimab 300 mg Q2W + dupilumab 300 mg Q2W were borderline to reach
the MCID threshold for ACQ or AQLQ. Indeed, these promising results need to be con-
firmed by Phase III studies.

A main limitation of this systematic review is that most of the included studies (11
RCT, 57.9%) had a registry record on ClinicalTrials.gov and/or EU Clinical Trial Register
but no associated publication, and thus, sponsors and principal investigators are exclu-
sively responsible for the scientific accuracy of the provided results, which may be in-
consistent across all the provided studies.

Additionally, findings for three RCT of the included studies were retrieved from
grey literature which were not formally and rigorously peer reviewed, and thus should
be carefully interpreted due to potential publication bias [116].

There is a strong pharmacological need to look beyond current therapeutic strate-
gies and consider further promising biological drugs for asthma that are under devel-
opment and for which results have not been posted on clinical trial registries and are not
available in current literature.

Asthma remission is a complex condition that can be clinically defined as a sus-
tained absence of symptoms, optimisation or stabilisation of lung function, and no use of
OCS for exacerbation treatment [117], but controversy remains regarding the threshold
of each item used to assess the asthma remission itself [118]. Although these terms do
not necessarily imply the absence of airway pathology, a recent point of view suggested
that asthma remission may be an achievable goal, at least in asthmatic patients with the
T2 phenotype [117].

In conclusion, novel investigational agents, such as biologics, may have the poten-
tial to promote disease modification. Clearly, further larger studies are needed to con-
firm positive results from Phase I and II RCTs. So far, most of the investigated therapies
have been evaluated as add-on options to current treatment, but it would be extremely
advantageous for new therapies to be effective enough to replace current pharmaceuti-
cal options in order to simplify regimens of administration.
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Table 2. Clinical effect of investigational agents currently evaluated in Phase I and II RCTs for the treatment of asthma compared to PCB on efficacy outcomes
for which the MCID values are currently available. The investigational agents reported in this table also elicited statistically significant improvement vs. PCB (p

<0.05).
Outcome Treatment Drug Class Delta Effect Suggested MCID  Beneficial Clinically Rel-
[103] evant Effect
Troush FEV Itepekimab 300 mg Q2W Anti-IL-33 mAb 140 mL (10-270) >100 mL Yes
OHgh FEVL Indacaterol maleate 150 g QD LABA 186 mL (129-243) >100 mL Yes
Itepekimab 300 mg Q2W + dupilumab  Anti-IL-33 mAb + anti IL-
— 212% 2
Peak FEV1 300 Q2W 4/TL-13 mAb 130 mL (10-250) >12% and >200 mL No
PEF Indacaterol maleate 150 ug QD LABA 33.00 L/min (25.60-40.30) >5.39% ?
Morning PEF Velsecorat 720 pg QD SGRM 16.60 L/min (8.03-25.17) >5.39% ?
Evening PEF Velsecorat 720 pg QD SGRM 11.99 L/min (3.57-20.42) >5.39% ?
Itepekimab 300 mg Q2W Anti-IL-33 mADb -0.42 points (-0.73—0.12) >0.5 points Borderline
Itepekimab 300 mg Q2W + dupilumab  Anti-IL-33 mAb + anti IL- . .
=0. —0.60—0. >U.
ACQ 300 mg Q2W 4/IL-13 mAb 0.32 points (-0.63—0.01) 0.5 points No
Velsecorat 720 pg QD SGRM -0.27 points (—0.43—0.10) >0.5 points No
CJM112 300 mg QW IL-17A mADb -0.23 points (-0.40—0.06) * >(0.5 points No
Exacerbations Velsecorat 720 ug QD SGRM 0.11 rate (0.04-0.25) >-20% rate Yes
Itepekimab 300 mg Q2W Anti-IL-33 mAb 0.45 points (0.14-0.77) >0.5 points Borderline
AQLQ Itepekimab 300 mg Q2W + dupilumab  Anti-IL-33 mAb + anti IL- . . .
300 mg Q2W 4/IL-13 mAb 0.43 points (0.11-0.75) >0.5 points Borderline

* 80% Confidence Interval. ACQ: asthma control questionnaire; AQLQ: asthma quality of life questionnaire; FEV1: forced expiratory volume in the 1st second;
IL-n: interleukin-n; LABA: long-acting [32-adrenoceptor agonist; mAb: monoclonal antibody; MCID: Minimal Clinical Important Difference; NA: not available;
PCB: placebo; PEF: peak expiratory flow; Q2W: once every 2 weeks; QD: quaque die, once daily; RCT: randomised controlled trial; SGRM: selective glucocorticoid
receptor modulator; TSLP: thymic stromal lymphopoietin.
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