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Background: Increasing evidence supports the united airway
disease concept for the management of upper and lower
respiratory tract diseases, particularly in patients with asthma
and chronic rhinosinusitis with nasal polyps (CRSwNP).
However, evidence for a combined approach in asthma and
CRSwNP is scarce.

Objective: In this systematic review, we focused on the role of
biologics in the lung function and quality of life in patients with
severe asthma and CRSwNP.

Methods: We conducted a systematic search of 3 electronic
databases using 2 search strategies to identify studies published
from January 2010 to March 2022. Quality assessment was
performed with the Critical Appraisal Skills Programme.
Results: Of 1030 studies identified, 48 original studies reporting
data of benralizumab (12), dupilumab (14), mepolizumab (10),
omalizumab (13), and reslizumab (2) were analyzed. Primary
diagnosis was mostly asthma or CRSwNP, with only 15 studies,
mainly observational, performed in populations with united
airway disease. In total, 18 studies reported data on quality of
life (mostly 22-item Sino-Nasal Outcome Test score), 8 on lung
function (mostly FEV,), and 22 on both outcomes. Significant
FEV, and 22-item Sino-Nasal Outcome Test score
improvements were consistently observed after 24-week
treatment, and thereafter, mostly in real-world studies that
included variable proportions of patients with asthma/CRSwNP.
Conclusions: The use of biologics in patients with severe asthma
and CRSwNP was overall associated with significant
improvements in lung function and quality of life. However, we
observed a high heterogeneity of populations and outcome
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measurements across studies. Notwithstanding the need of
larger studies, our results reinforce the joint management of
asthma and CRSwNP as united airway disease in clinical
practice. (J Allergy Clin Immunol Global 2024;3:100174.)

Key words: Asthma, chronic rhinosinusitis with nasal polyps, lung
function, quality of life, united airways disease

Upper and lower respiratory tract diseases have traditionally
been managed as independent entities in clinical practice.
Nowadays, increasing evidence supports a paradigm shift toward
united airways disease (UAD),' ™ a concept based on the common
pathophysiological and immunologic mechanisms that underlie
certain respiratory diseases,”® such as the eosinophilic airway
inflammation associated with Ty2 cytokines (IL-4, IL-5, and
IL-13) and/or IgE."” The UAD concept is particularly relevant
in the context of multimorbidity due to severe asthma and chronic
rhinosinusitis with nasal polyps (CRSwNP), a clinical scenario
that is particularly common, severe, and difficult to treat. The
prevalence rate of asthma in patients with CRSwNP is estimated
to be up to 60% to 70%, whereas severe asthma is associated with
nasal polyps in more than 70% of cases."”* Multimorbidity is
associated with worse outcomes and more severe disease,”® lead-
ing to an increased use of systemic corticosteroids in both dis-
eases. Moreover, approximately 10% of patients with CRSwNP
present aspirin-exacerbated respiratory disease (AERD) or
nonsteroidal anti-inflammatory drug—exacerbated respiratory
disease. "’

The symptomatology of UAD refers to that described for both
CRSwNP and asthma, but its combination often results in a higher
symptom burden, worse asthma control, and poorer lung function
and quality of life (QOL).'” Some studies have reported higher
rates of nasal polyps recurrence'' and asthma exacerbation,'?
possibly due to increased airway obstruction and eosinophilic
inflammation. Therapeutic approaches in patients with UAD are
mainly focused on minimizing the dose of systemic corticoste-
roids and increasing the use of biologics.'”'” Numerous studies
have consistently reported the clinical benefit of biologics in up-
per and lower respiratory tract diseases. In fact, significant im-
provements in asthma and sinonasal outcomes and a positive
impact on QOL'"® with dupilumab, omalizumab, and mepolizu-
mab have led to the approval of these drugs in the treatment of
asthma and CRSwNP. Reslizumab and benralizumab, which are
currently approved for asthma,'”'? have also shown promising re-
sults in patients with CRSwNP.?*!

Applying a multidisciplinary, UAD-based approach to the
management of these patients is still a challenge and an unmet
need. Given the lack of recommendations for joint management in
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Abbreviations used
AERD: Aspirin-exacerbated respiratory disease
AQLQ: Asthma Quality of Life Questionnaire
CRSwNP: Chronic rhinosinusitis with nasal polyps
QOL: Quality of life
RCT: Randomized clinical trial
SNOT-22: 22-item Sino-Nasal Outcome Test
UAD: United airways disease
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approach could help decision-making processes. However, the
considerable heterogeneity among clinical trials, post hoc ana-
lyses, and real-world studies performed in patients with UAD
makes it difficult to compare data and findings.” Moreover,
studies in CRSwNP rarely evaluate asthma severity, and few
asthma trials take severity of CRSwNP into consideration,
hampering the evaluation of treatment response in these popula-
tions. With this background, we performed this systematic review
to explore and analyze the role of biologics in UAD, specifically,
their effect on lung function and QOL in patients with severe
asthma and CRSwNP.

METHODS

This systematic review follows the recommendations of the
PRISMA guidelines”” (see Table El in this article’s Online Re-
pository at www.jaci-global.org) and the Cochrane handbook
for systematic reviews.”> The search protocol was registered in
the international prospective register of systematic reviews,
PROSPERO (CRD42022318548).

Eligibility criteria

Systematic reviews with or without meta-analyses, randomized
clinical trials (RCTs) and nonrandomized trials, post hoc studies
of RCTs, and observational studies were included. Case reports
and series, narrative reviews, letters to the editor, expert
consensus, and preclinical studies were excluded. Only studies re-
porting on lung function and/or QOL in patients with asthma and
CRSwNP and/or AERD who were treated with biologics were
considered for inclusion. Lung function outcomes included
FEV,, percentage of FEV, predicted, prebronchodilator FEV},
postbronchodilator FEV, forced vital capacity, FEV /forced vital
capacity, forced midexpiratory flow, and peak expiratory flow.
QOL assessments determined by the Asthma Quality of Life
Questionnaire (AQLQ), 22-item Sino-Nasal Outcome Test
(SNOT-22), mini-AQLQ, St. George’s Respiratory questionnaire,
short-form 36 questionnaire, and Rhinosinusitis Outcome Mea-
sure were included.

Search strategy

The literature search was performed in PubMed/MEDLINE,
Scopus, and Web of Science databases; studies in English and
Spanish published between January 2010 and March 2022
were considered. A research question was formulated using the
PICO structure (P, patient; I, intervention; C, comparator; O,
outcome), and strategies were subsequently defined according
to expert advice. Two search strategies were developed, on the
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basis of the following research question: “What are the clinical
outcomes in terms of lung function and/or QOL in patients
with UAD (asthma and CRSwNP) who receive biologics?”
The interventions included all available biologics (anti-IgE
[omalizumab], anti—IL-4Ra [dupilumab], anti—IL-5 [mepolizu-
mab and reslizumab], and anti—-IL-5Ra [benralizumab] mAbs),
and outcomes related to QOL and/or lung function were
included. Search strategies were adapted for each database
(see Table E2 in this article’s Online Repository at www.
jaci-global.org).

Study selection and data collection

The results were screened by 2 independent reviewers.
Following the predefined inclusion and exclusion criteria,
publications were first selected on the basis of title/abstract,
and then after full-text reading. Data on study design, patient
characteristics, main outcomes, and additional findings were
extracted from the studies and uploaded by one of the
reviewers to a standardized Microsoft Excel template, which
was then double-checked and validated by the second
reviewer.

Methodological quality assessment

We performed a quality assessment of the selected studies
using the Critical Appraisal Skills Programme checklists (https://
casp-uk.net/casp-tools-checklists/). Study design, methodology,
outcomes, and results were evaluated as described in the specific
checklists.

Data synthesis

Study outcomes, specifically those related to lung function and
QOL, are presented in tables by biologics. Baseline, posttreat-
ment, and change from baseline values from independent studies
are indicated, if available, in the tables. Because of the hetero-
geneous nature of the studies included in this systematic review,
the data were synthesized descriptively.

RESULTS

A total of 1030 studies were retrieved using the 2 search
strategies (see Figs E1 and E2 in this article’s Online Repository
at www.jaci-global.org). After duplicates had been removed, 613
studies were screened, of which 535 were excluded on the basis of
title/abstract and 7 after full-text reading. Of the 71 articles
selected for inclusion, 56 independent studies were identified.
Of these, 48 were original studies and 8 were systematic reviews
reporting data already identified in the original articles. Overall,
methodological quality of most studies was high to moderately
high (see Table E3 in this article’s Online Repository at www.
jaci-global.org). Characteristics of the original publications are
summarized in Fig 1.

Benralizumab

Twelve studies reporting on benralizumab were found, of
which 3 were RCTs,??*?° | wasa post hoc analysis,z(’ and 8 were
observational.”’** Of these, 10 studies considered asthma and 2
RCTs considered CRSwNP as the primary diagnosis of the study
population (Table I). Only 1 observational prospective study”’
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FIG 1. Characteristics of studies reporting on lung function (LF), QOL, or both. A, LF (all patients with
asthma); B, QOL (all patients with asthma); C, QOL (all patients with CRSwWNP); D, LF and QOL (all patients
with asthma); E, LF and QOL (all patients with CRSwWNP). Percentages on the X-axis indicate the proportion

of patients with asthma or CRSwNP.

and the post hoc analysis of the ANDHI trial”® reported data on

100% patients with UAD (ie, asthma + CRSwNP); the remaining
studies included variable percentages of asthmatic patients in the
population with CRSWNP (68%-83%)°"*> or patients with
CRSWNP in the population with asthma (35%-91%).>"*-2%-30-3
In total, 8 studies included lung function and 9 QOL outcomes;
of these, 5 studies reported both,>#26:27:30.33

In patients with severe asthma, the SNOT-22 score
decreased significantly after 24 weeks—by 34.8 points in an
observational study and by 10.4 points in the post hoc analysis
of the ANDHI trial.”>*’ The baseline score was higher in the
former study, which included only 10 patients.” The post
hoc analysis also reported a significant increase in FEV,
(320 mL) at week 24.7° Three studies assessed the impact of

benralizumab on QOL in patients with severe asthma with
CRSwWNP (35%-78%). The SNOT-22 score decreased by 22.0
points after 52 weeks (observational study)28 and by 8.9 points
after 24 weeks (RCT).” In the ANDHI trial, FEV, increased
by 160 mL after 24 weeks,”" and an observational study
showed significant FEV| and AQLQ-score improvements after
4, 16, 24, and 50 weeks.*’

Five observational studies reported the impact of benralizumab
on lung function in patients with severe asthma with CRSwNP
(58%-91%); 2 of them also evaluated the impact on QOL. In a
population of 18 patients, FEV= significantly increased after 24
weeks (700 mL)""** and 52 weeks (800 mL)."" Likewise, FEV,
improvement was confirmed in a larger population at week 4
(200 mL) and week 24 (400 mL),* whereas the increase was
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TABLE I. Studies reporting lung function and/or QOL with benralizumab
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Asthma/ Change from Change from
Reference Study design Population (n) CRSwNP baseline in lung function baseline in QOL
Bagnasco et al,”’ OBS Severe eosinophilic 100%/58% FEV,* SNOT-22 score
2020 retrospective asthma (n = 59) +180 mL after —13.7 points after 24 wk (P = .004)
24 wk (NS)
Bandi et al,zx OBS Patients with 100%/78% NA SNOT-22 score*
2020 prospective severe asthma 56 (IQR, 33 to 70) at baseline to
(n = 40) 24 (16-27) after 52 wk (P = .063)
Lombardo et al,”  OBS Severe eosinophilic ~ 100%/100%  NA SNOT-22 score*
2020 prospective allergic asthma 61.1 = 17.2 at baseline to 26.3
(n = 10) + 19.7 after 24 wk (P <.001)
Matsuno et al,* OBS Severe eosinophilic 100%/65% FEV,*] AQLQ score*

2020 retrospective asthma (n = 17) 55.3% *= 17.1% at baseline; 5.3 = 0.8 at baseline; improved
improved significantly significantly after 4, 16, 24, and
after 4,16, and 24 wk 50 wk

Menzella et al,”>  OBS Severe eosinophilic ~ 100%/55%  Pre-BD FEV,} NA

2020 retrospective asthma 1.9 = 0.8 L at baseline to 2.6

(refractory) + 1.1 L after 6 mo
(n = 18) (P =.0004)
Numata et al,™ OBS Severe eosinophilic 100%/77%-91% FEV,} NA

2020 retrospective asthma (n = 24) 2.0 = 0.6 L at baseline to 2.1
* 0.6 L after a median of
8 doses (P = .07)

Harrison et al,”* RCT (ANDHI Severe eosinophilic 100%/35% FEV, SNOT 22 score*

2021 trial) asthma (n = 656) Baseline: 1.9 = 0.6 L pre-BD/ Baseline: 51.5 = 20.4
2.1 = 0.7 L post-BD —8.9 (95% CI, —16.4 to —1.4)
+160 mL (95% CI, after 24 wk (P = .02)

90 to 230) after 24
wk (P <.0001)

Menzella et al,>’  OBS Severe eosinophilic ~ 100%/56%  FEV,i NA

2021 retrospective asthma (n = 18) 1.9 = 0.8 L at baseline to 2.6 *

1.1 L after 26 wk (P = .0002)
and 2.7 £ 1.1 L after 52 wk
(P =.034)

Nolasco et al,* OBS Severe eosinophilic 100%/58% FEV, 1 SNOT-22 score

2021 retrospective asthma (n = 137) 1.7 L (IQR, 1.2 to 2.3) at 46 (IQR, 39.5 to 64.5) at baseline to
baseline to 1.9 L (1.6 to 2.4) 32 (19 to 46) after 24 wk
after 4 wk (P <.0001) and (P <.0001)

2.1 L (1.7-2.6) after 24 wk
(P <.0001)
Tversky et al,25 RCT Severe CRSwNP 83%/100% NA SNOT-22 score
2021 (n = 24) Baseline: 57.6 = 16.8
—19.2 points * 2.6 after 20 wk
(P <.001)
Bachert et al,*’ RCT (OSTRO CRSwNP (n = 413)  68%/100%  NA SNOT-22 score
2022 study) Baseline: 63.9 = 19.8
—5.2 (95% CI, —11.1 to 0.7) after 40 wk
(P =.08) and —7.5 (—13.7 to —1.2)
after 56 wk (P = .02)
Canonica et al,”° Post hoc Severe eosinophilic 100%/100%  FEV* SNOT-22 score*}
2022 (ANDHI asthma (n = 153) Baseline: 1.7 = 0.6 L pre-BD/ Baseline: 51.5 = 20.4
trial) 2.1 = 0.8 L post-BD —10.4 (95% CI, —19.0 to —1.9) after

+320 mL (95% CI, 60 to 470)
after 24 wk (P <.0001)

24 wk (P = .018)

SNOT-22 scores range from O to 110. Higher SNOT-22 total-scores indicate worse symptoms.
IQR, Interquartile range; N-ERD, NSAID-exacerbated respiratory disease; NS, not significant; NSAID, nonsteroidal anti-inflammatory drug; OBS, observational study; post-BD,
postbronchodilator; pre-BD, prebronchodilator.

*Results for patients with both asthma and CRSwWNP are presented.
fResults from the 9 patients who received benralizumab are presented.
{This study reports other lung function and QOL parameters.

only numerical in other studies.””** The SNOT-22 score signifi-
cantly decreased, by approximately 14 points (a minimal clini-
cally important difference is defined as scores >8.9),”” after 24

weeks.””** Two RCTs reported the impact of benralizumab on
QOL in patients with severe CRSWNP and asthma (68%-83%).
A significant reduction in the SNOT-22 score was observed after
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20 weeks (19.2 points)25 and 56 weeks (7.5 points).zo The base-
line score and the number of patients were lower in the former
study.

Dupilumab

In total, 14 studies reported dupilumab data: 2 RCTs, 16,367 post
hoc analyses,””** 1 RCT pooled analysis,** 1 open-label trial,*
and 3 observational studies.”®*® Of these, 10 studies analyzed
CRSwNP, 2 asthma, and 2 AERD as the primary diagnosis
(Table II). One observational retrospective study reported data
on 100% patients with UAD,"® whereas the remaining studies
included 58% to 87% patients with asthma in the population
with CRSwNP. The post hoc analysis of the LIBERTY ASTHMA
QUEST included 20% patients with CRSWNP."” Three studies re-
ported data on patients with AERD.***>** All studies included
data on QOL, and 8 also reported lung function
outcomes, | 6-36:38:42-45.48

An observational study showed a significant increase in FEV;
(300 mL) and a decrease in SNOT-22 scores (39.4 points) in pa-
tients with UAD after only 4 weeks.*® The first RCT evaluating
dupilumab in patients with severe CRSWNP (58% patients with
asthma) reported a numerical FEV increase (200 mL) and a sig-
nificant reduction (18.1 points) in SNOT-22 scores after
16 weeks.*>*” Dupilumab consistently improved both lung func-
tion and QOL in the LIBERTY NP SINUS-24 and SINUS-52
populations (patients with severe CRSWNP, 59% patients with
asthma). In the RCT, FEV significantly increased (210 mL) after
24 weeks, and the SNOT-22 score significantly decreased by 21.1
and 17.4 points after 24 and 52 weeks, respectively, in the sub-
group of patients with CRSWNP and asthma.'® These improve-
ments were further confirmed in subsequent post hoc
analyses.”*** Additional analyses evaluated the impact of dupilu-
mab on the QOL of the overall CRSwNP population. Two of them
showed consistent improvements in the SNOT-22 score after 24
weeks (19.2 points” and 36.6%"") and 52 weeks (23.9 points),”
and another showed that the SNOT-22 score significantly
improved 1 or more minimal clinically important difference at
week 24, regardless of the number of previous surgeries."’

QOL has been shown to improve in patients with CRSwNP
(74%-87% patients with asthma) treated with dupilumab versus
functional endoscopic sinus surgery.’” However, the post hoc
analysis of the liberty ASTHMA QUEST study revealed a signif-
icant increase in FEV, (160-280 mL) and decrease in SNOT-22
scores (10.3-11.9 points) in patients with asthma with CRSwWNP
(20%) who received dupilumab for 52 weeks.*

In patients with AERD, the SNOT-22 score decreased by 48.0
points after at least 6 months, by 34.4 points at week 4, and by
24.4 points after 24 weeks in an observational study, open-label
trial, and post hoc analysis, respectively.’“l’}’45 A0 Notably, baseline
SNOT-22 values varied across studies, and were particularly high
in Bertlich et al."® Lung function was shown to significantly
improve after 4 and 12 weeks in the open-label trial (12%),"
and at week 24 in the post hoc analysis (260 mL).*

Mepolizumab

A total of 10 studies reported outcomes with mepolizumab: 2
RCTs, 17:491 open-label trial,’” and 7 observational studies.?%>'-5°
Asthma was the primary diagnosis in 8 studies and CRSwNP in 2
studies (Table I1T). Only 2 observational studies, 1 retrospective™®
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and 1 prospective,” and the open-label trial™ reported outcomes
in 100% patients with UAD; the remaining studies included 68%
to 78% patients with asthma in the population with CRSwNP,' 7+’
and 34% to 88% patients with CRSwNP in the population with
asthma.”®>'*>° Eight studies included data on QOL and 7 on
lung function outcomes; 5 of them reported both,**->0-%3%-53

In the 3 mepolizumab studies in patients with UAD, FEV in-
creases were statistically significant in the open-label trial (at
week 24 and 48)°° and in 1 observational study (at week 52),%
but only numerical in patients dependent on oral corticosteroid.”®
SNOT-22 scores significantly decreased by 18.0 points at week
48,°° by 19.8 points at week 24, and by 21.8 points at week
52.>* A significant improvement in QOL was reported in the pop-
ulation with CRSwNP in the 2 observational studies in patients
with asthma. With similar follow-up (=52 weeks), the SNOT-22
score decreased by 17.3 and 27.0 points in the retrospective’’
and prospective studies,”® respectively. Of note, the baseline
SNOT-22 value was lower in the former and sample size was
smaller in the latter.

Mepolizumab was associated with significant FEV| increases
in patients with severe eosinophilic asthma and CRSwNP
(80%-90%). In 2 observational studies with similar baseline
values, FEV; improved after 4 weeks (300 mL) and 24 weeks
(400 mL)’> and 12 months (200 mL)’" respectively.
A significant reduction of 17 to 19 points in the SNOT-22 score
was also observed in the former study.52 The study of Harvey
et al,”> which included 34% of patients with CRSwNP, reported
substantial improvements in FEV, (after 12 months) and AQLQ
score (at 12 and 24 weeks) in patients with high (>600 cells/
pL) versus low eosinophils level.”> Mepolizumab treatment re-
sulted in QOL improvement in 2 RCTs that included patients
with severe CRSWNP (68%-78% patients with asthma). SNOT-
22 scores significantly decreased by 13.2 points after 25 weeks "’
and by 16.5 points after 52 weeks'’; the baseline value was lower
in the former study. A FEV; numerical increase of 160 mL at
week 25 was also reported.”’

Reslizumab

Only 2 studies reported outcomes with reslizumab: 1 RCT”’
and 1 post hoc analysis.21 In both studies, asthma was the primary
diagnosis, and 30% to 42% and 16% of patients had CRSwNP,
respectively (Table III). With similar baseline FEV, values, in-
creases of nearly 200 mL after 15 weeks and 327 mL after
52 weeks were reported in the overall population of the RCT
and in the population with self-reported CRSWNP in the post
hoc analysis, respectively.zl’57 A significant improvement in
AQLQ score was shown in the latter.

Omalizumab

Of the 13 studies reporting outcomes with omalizumab, 2 were
RCTs,'®® 1 was an open-label extension RCT,> 2 were post hoc
analyses,(’o'(’] and 8 were observational studies.”®""°>%7 Overall,
6 studies analyzed asthma, 5 CRSwNP, and 2 AERD as the pri-
mary diagnosis of the study populations (Table IV). One RCT™®
and 4 observational studies (2 prospective®°® and 2 retrospec-
tive)®*®” reported data on 100% patients with UAD, whereas
the remaining studies included 49% to 61% patients with asthma
in the population with CRSWNP,'**” and 14% to 82% patients
with CRSwWNP in the population with asthma.”®"°! Five studies
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TABLE Il. Studies reporting lung function and/or QOL with dupilumab
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Asthma/ Change from baseline Change from
Reference Study design Population (n) CRSwNP in lung function baseline in QOL
Bachert RCT Severe CRSwWNP 58%/ FEV,* SNOT-22 score
et al,*® (NCT01920893) refractory to 100% +200 mL Baseline: 41.4 = 18.2
2016 intranasal CSs (95% CI, —20 to 500) —18.1 points
(n = 60) after 16 wk (P = .07) (95% CI, —25.6 to —10.6)
after 16 wk (P <.001)
Bachert RCT (LIBERTY Severe uncontrolled 59%/ FEV,;t SNOT-22 score
et al,”’ NP SINUS-24 CRSwNP 100% Baseline: 2.6 L Baseline: 50.9 = 20.7
2019 and SINUS-52) refractory +210 mL —21.1 (=252 to —17.1)
to intranasal CS (95% CI, 130 to 290) after 24 wk, and —17.4
(n = 724) after 24 wk (P <.0001) (—20.9 to —13.9)
after 52 wk (P <.0001)
Bachert Post hoc Severe CRSwNP 58%/ NA SNOT-22 score*
et al,’’ (NCT01920893) refractory to 100% Baseline: 41.4 = 18.2
2020 intranasal CSs —18.1 (95% CI, —25.6 to —10.6)
(n = 60) after 16 wk (P <.001)
Bertlich OBS retrospective ~ N-ERD (n = 31) 100%/ NA SNOT-22 score
et al,% 100% 68.1 = 13.9 at baseline to 20.1 = 13.9
2021 after 6.4 = 2.7 mo (P <.001)
Maspero Post hoc Uncontrolled 100%/ Pre-BD FEV, 1 SNOT-22 score*
et al,*”? (LIBERTY moderate to 20% Baseline: 1.9 * 0.6 L Baseline: 41.3 + 18.0 (200 mg)/42.8 = 18.0 (300
2020 ASTHMA severe asthma (200 mg)/1.7 = 0.5 mg)
QUEST) (n = 1902) (300 mg) —11.9 (—17.6 to —6.2) for dupilumab 200 mg
+280 mL (95% CI, 150 to 410) (P <.0001) and —10.3 (—15.8 to —4.9) for
with the 200-mg dose (P <.0001)  dupilumab 300 mg (P = .0002) after 52 wk
and +160 mL (30 to 280)
with the 300-mg dose (P = .02)
at week 52
Fujieda Post hoc Severe CRSwNP 63%/ FEV,t SNOT 22 score
et al,*® (LIBERTY NP refractory to 100% Baseline: 2.0 = 0.5 L in arm A, Arm Af: —16.1 (—25.8 to —6.5) at 24 wk (P =
2021 SINUS-52) intranasal CS 2.0 = 0.6 L in arm B} .001), —18.9 (—29.1 to —8.8) at 52 wk (P =
(n = 45) +340 mL (95% CI, 50 to 630) .02)
after 24 wk (P = .02) Arm Bi: —11.4 (—20.8 to —1.9) at 24 wk (P =
.0002), —11.5 (—21.4 to —1.6) at 52 wk (P =
.02)
Hopkins Post hoc Severe CRSWNP 59%/ NA SNOT-22 score
et al,* (LIBERTY NP refractory to 100% Baseline value (range, 49.7 to 52, depending on
2021 SINUS-24 and intranasal CS the number of previous surgeries) significantly
SINUS-52) (n = 724) improved (>8.9) at week 24
Laidlaw RCT pool analysis ~ Severe CRSwNP 59%!/ FEV,t SNOT-22 scoret
et al,] 2021 (LIBERTY NP refractory to 100% Baseline: 2.6 = 0.9 L Baseline: 52.2 = 19.8
SINUS-24 and intranasal CSs +210 mL —30.6 after 24 wk (P <.001)
SINUS-52) (n = 724) (95% CI, 130 to 290)
after 24 wk (P <.001)
Pelaia et al,“‘3 OBS retrospective Severe asthma 100%/ Pre-BD FEV *f SNOT-22 scoret
2021 (n = 20) 100% 2.0 = 0.9 L at baseline to 58.3 = 21.6 at baseline to 18.9 = 16.5 after 4 wk
2.3 = 1.0 L at week 4 (P <.0001)
(P <.01)
Buchheit Open-label trial N-ERD (n = 22) 100%/ FEV *t SNOT-22 scoref
et al,*” 100% FEV,% at baseline (75.7 = 19.6)  Baseline: 48.7 * 22.3
2022 improved at week 4 (12.6%, P = —34.4 points at week 4
.0002) and 12 (12.1%, P = .002) (P <.0001), sustained after 12 wk
Dharmarajan ~ OBS retrospective =~ CRSwNP 74%- NA SNOT-22 score

etal,’’ (n = 108) 87%/ 38.2 = 21.0 to 23.8 £ 18.2 (NS)

2022 100% Significant improvement vs FESS in extranasal
rhinologic (P = .02) and olfaction (P = .04)
domains after 12.2 mo

Fujieda Post hoc Severe CRSwNP 63%/ NA SNOT-22 score
et al,”’ (LIBERTY NP refractory to 100% Baseline: 53.1 = 204
2022 SINUS-52) intranasal CSs —19.2 (—23.5 to —14.8) at week 24,

(n = 438)

—23.9 (—28.2 to —19.7) at week 52 (P <.027)

(Continued)
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Asthma/ Change from baseline Change from
Reference Study design Population (n) CRSwNP in lung function baseline in QOL
Lee et al,”’ Post hoc Severe CRSWNP 59%/ NA SNOT-22 score
2022 (LIBERTY NP refractory to 100% Baseline: 50.9 = 20.7
SINUS-24 and intranasal CSs —36.6% (—41.9% to — 31.3%)
SINUS-52) (n = 724) at week 24 (P <.0001)
Mullol Post hoc Severe CRSWNP  59%/ FEV,§ SNOT-22 score§
et al,“ (LIBERTY NP refractory to 100% Baseline: 2.6 = 0.9 Baseline: 52.9 = 19.6
2022 SINUS- 24 and intranasal CSs ~ 28% +260 mL (95% CI, 150 to 360) —244 (—29.5to —19.2) in
SINUS- 52) (n = 724) N- in patients with AERD after patients with AERD after
ERD 24 wk (P <.0001) 24 wk (P <.0001)

SNOT-22 scores range from 0 to 110. Higher SNOT-22 total-scores indicate worse symptoms and worse QOL. AQLQ scores range from 1 to 7. Higher AQLQ scores indicate better

QOL.

CS, Corticosteroid; FESS, functional endoscopic sinus surgery; NA, not assessed; N-ERD, NSAID-exacerbated respiratory disease; NS, not significant; NSAID, nonsteroidal anti-
inflammatory drug; OBS, observational study; post-BD, postbronchodilator; pre-BD, prebronchodilator.

*This study reports other lung function and QOL parameters.
fResults for patients with both asthma and CRSWNP are presented.

tArm A: dupilumab 300 mg every 2 wk for 52 wk; arm B: dupilumab 300 mg every 2 wk for 24 wk followed by every 4 wk for 28 wk.

SResults in the population with AERD (CRSWNP and 89% asthma).

reported lung function and 11 QOL outcomes; of these, 3 studies
included both.”**°

Observational studies reported significant increases in FEV'
after 52 weeks®® and 24 weeks®’ in patients with UAD treated
with omalizumab. QOL improvement was associated with a sig-
nificant increase in the AQLQ score (0.8 points)5 % or reduction in
the SNOT-22 score (22.0 points) after 16 weeks.®® A decrease in
the SNOT-22 score over time was also observed (34.1 and 39.3
points at 24 and 52 weeks, respectively).(’2 In the 2 studies with
patients with severe asthma analyzing the population with
CRSwNP, significant improvements in lung function®' and
QOL were observed after 52 weeks.”®

The publications associated with POLYP 1 and POLYP 2
trials reported a significant decrease in the SNOT-22 score at
week 24 (15.0-16.1 points in the RCT)'*° and week 52 (6.1
points [from the 24-week assessment] in the open-label exten-
sion)’? in the population with CRSwNP. In contrast, the reduc-
tion in the SNOT-22 score was only numerical in an
observational study of patients with asthma with CRSwNP.”!
In patients with AERD, 2 observational studies reported signif-
icant increases in FEV; after 9 and 12 months, as well as
improved QOL.***

DISCUSSION

This systematic review provides an updated overview of the
role of biologics in lung function and QOL of patients with
asthma and CRSwNP from the comprehensive perspective of
UAD. Our search retrieved 48 original studies (11 RCTs, 11 post
hoc analyses, 3 open-label/extension trials, and 23 observational
studies) with an overall moderate to high methodological quality.
In total, 18 studies reported data on QOL, 8 on lung function, and
22 on both outcomes. Outcomes of benralizumab and reslizumab
were mostly identified in populations with asthma, whereas
CRSwNP was predominant in dupilumab and mepolizumab
studies, and omalizumab was evenly distributed across popula-
tions. Significant improvements in FEV, and/or the SNOT-22
score have been described in patients with asthma and CRSwNP
and/or AERD who received benralizumab (12 studies), dupilu-
mab (14 studies), mepolizumab (10 studies), omalizumab (13
studies), and reslizumab (2 studies).

Patient populations in terms of multimorbidity (ie, percentage
with asthma and CRSwNP) were highly heterogeneous across
studies. The primary diagnosis was asthma, CRSwNP, or AERD
in 25 studies, 19 studies, and 4 studies, respectively. In asthma
studies, most of which were observational and retrospective, the
percentage of patients with CRSwNP varied from 14% to 88%.
Most studies in patients with CRSwNP, however, were RCTs and
post hoc analyses, and included a higher proportion of patients
with asthma (range, 55%-92%). Overall, 31% of selected studies
(15 of 48) included 100% populations with UAD, although most
of them were performed in patients with asthma. Lung function
and/or QOL outcomes in patients with UAD were often found
in small observational retrospective studies, which highlights
the need for clinical trials and larger real-world studies focusing
on the UAD concept rather than the comorbidity.

Biologics have shown promise in the management of UAD.
Five biologics have been approved for severe asthma, among
which dupilumab, omalizumab, and mepolizumab were also
approved for the treatment of severe CRSWNP. These agents
reduce exacerbation rates and the daily oral corticosteroid dose,
and also improve asthma control and lung function.'®~%3>°! Bj-
ologics also improve QOL by ameliorating nasal symptoms asso-
ciated with CRSwNP, such as loss of smell, and reduce the need
for systemic corticosteroids and endoscopic sinus sur-
gery.'“***7% Our study shows that treating patients with UAD
with benralizumab, dupilumab, mepolizumab, or omalizumab
for at least 24 weeks significantly improves FEV, and/or the
SNOT-22 score.

Although FEV is currently one of the criterion standards for
assessing lung function,'” several other methods were described
in the studies retrieved, such as predicted FEV, and prebroncho-
dilator or postbronchodilator FEV . Furthermore, different mea-
surement time points were used (ie, from week 4 to week 52),
week 24 being the most frequent. Benralizumab and dupilumab
high-quality RCTs specifically reported FEV;| improvements in
patients with asthma and CRSwNP, which was further confirmed
in mepolizumab and omalizumab post hoc analyses and observa-
tional studies. However, the severity of asthma and CRSwNP,
when considered as a comorbid condition, was rarely reported.
We observed that clinical trials and real-world studies usually
analyze 1 primary disease (severe asthma or severe CRSwNP)

2,68
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TABLE lll. Studies reporting lung function and/or QOL with mepolizumab and reslizumab
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Asthma/ Change from baseline Change from
Reference Study design Population (n) CRSwNP in lung function baseline in QOL
Mepolizumab
Bachert et al,” RCT Severe CRSWNP 78%/100%  FEV,* SNOT-22 score
2017 requiring surgery Baseline: 3.2 = 1.0 L Baseline: 51.5 = 17.0
(n = 107) +160 mL —13.2 (95% CI, —22.2 to —4.2)
(95% CI, —20 to 340) at week 25 (P <.005)
at week 25 (P = .077)
Kurosawa et al,” Open-label Severe eosinophilic 100%/100% FEV,1 SNOT-22 scoret decreased by
2019 trial asthma (n = 11) 55% N-ERD  FEV%: 69.0% * 10.5% at 18.0 points (P <.01) at week 48
baseline to 73.3% * 8.4% at
week 24 and 73.9% * 8.8%
at week 48 (both P <.05)
Bandi et al,** OBS Patients with severe 100%/85%  NA SNOT-22 scoref
2020 prospective asthma (n = 40) 64.5 (IQR, 42.7 to 80.5) at baseline
to 37.5 (10.5 to 55.5) at
52 weeks (P = .002)
Cameli et al,” OBS Severe eosinophilic 100%/88%  FEV* SNOT-22 score
2020 retrospective asthma (n = 27) Post-BD FEV,. 2.5 + 09 L 40.5 = 21.9 at baseline to 21.6
at baseline to 2.8 = 1.0 L + 13.2 at week 4 and 23.6 =
at week 4 and 2.9 = 1.0 L at 13.2 at week 24 (P = .018)
week 24 (P = .028)
Crimi et al,53 OBS Severe refractory 100%/77%  FEV,* NA
2020 retrospective eosinophilic asthma 2.1 £ 0.7 L at baseline to 2.3
and multiple + 0.7 L after 12 mo (P = .02)
comorbidities
(n = 31)
Harvey et al,” OBS Severe eosinophilic 100%/34%  FEV, AQLQ score improvement in
2020 retrospectiv/ asthma (n = 309) FEV,% predicted in patients patients
prospective with high vs low eosinophil with high vs low eosinophil
level§: level§:
8.0 IQR, —0.9 to 16.3) vs 1.4 = 1.2vs 1.0 = 1.1 at week 12
3.2 (—1.7 to 8.8) after (P=.019);16 £ 13vs 1.1 =
12 mo (P = .032) 1.1 at week 24 (P = .026)
Yilmaz et al,”® OBS OCS-dependent severe  100%/100% FEV NA
2020 retrospective eosinophilic asthma FEV % 80% * 30.7% at
(n = 16) baseline to 84% *+ 26% at
week 12 (P = .342), and
84.6% * 26% at week 24
(P =.392)
Bajpai et al,”’ OBS Asthma and CRSwNP 100%/73%  NA SNOT-22 scoref||
2021 retrospective (n = 247) Baseline: 42.6 (95% ClI, 36.2 to
49.0)
—17.3 (95% CI, —25.0 to —9.6) at
longest follow-up (>12 mo) (P <
.001)
Detoraki et al,54 2021 OBS Severe eosinophilic 100%/100% FEV,+ SNOT-22 scoret
prospective asthma (n = 44) FEV,% 68.1% *+ 22.8% at 51.5 = 21.2 at baseline to 31.7 =
baseline to 77.4% * 22.5% 17.4
at week 24 (P = .295), and at week 24 (P <.001), and 29.7
82.1% = 22.5% at week 52 * 21.5 at week 52 (P <.001)
(P =.044)
Han et al,'’ RCT Severe CRSwWNP 68%-74%/ NA SNOT-22 score
2021 (SYNAPSE) (n = 407) 100% Baseline: 63.7 = 17.6

-16.5 (-23.6 to -9.4) at week
52 (P =.0032)

(Continued)
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Asthma/ Change from baseline Change from

Reference Study design Population (n) CRSwNP in lung function baseline in QOL
Reslizumab
Castro et al,”’ RCT Poorly controlled 100%/30%- FEV* NA

2011 eosinophilic asthma 42% Baseline: 2.1 = 0.6 L

(n = 106) +199 mL (—11 to 409) after
15 wk (P = .063)

Weinstein et al,”’ Post hoc Eosinophilic asthma 100%/16%  FEV,t AQLAQ scoret

2019 (BREATH with self-reported Baseline: 2.0 = 0.7 L Baseline: 4.1 = 1.1

phase 3 trials) CRS (n = 953)

+327 mL after 52 wk
(P <.001)

0.67 (0.4 to 1.0) after
52 wk (P <.001)

SNOT-22 scores range from 0 to 110. Higher SNOT-22 total-scores indicate worse symptoms and worse QOL. AQLQ scores range from 1 to 7. Higher AQLQ scores indicate better

QOL.

CRS, Chronic rhinosinusitis; /QR, interquartile range; NA, Not assessed; N-ERD, NSAID-exacerbated respiratory disease; NSAID, nonsteroidal anti-inflammatory drug; OBS,

observational study; OCS, oral corticosteroid; post-BD, postbronchodilator.
*This study reports other lung function and QOL parameters.

TResults for patients with both asthma and CRSWNP are presented.
{Results of the 20 patients who received mepolizumab are presented.

SHigh and low eosinophil levels defined as >600 cells/pwL and <600 cells/pL, respectively.

IResults of the 115 patients who received anti—IL-5 biologics (mostly mepolizumab) are presented.

plus a comorbid condition. Furthermore, the diagnosis of
CRSwNP in studies in patients with severe asthma is based on
clinical history, whereas the severity of asthma or its treatment
is not commonly reported in CRSwNP studies.

It has been described that UAD negatively impacts QOL’ and
these patients have poorer outcomes than those reported in pa-
tients with asthma or CRSwNP. Our results showed that QOL in
patients with asthma and CRSwNP is frequently measured using
the SNOT-22 (35 studies), AQLQ (7 studies), and/or St. George’s
Respiratory questionnaire (2 studies) scales. Of these, SNOT-22
was reported in most studies, even when asthma was the primary
diagnosis. Noticeably, the baseline SNOT-22 score was lower in
patients with asthma versus patients with CRSwNP. Significant
reductions in the SNOT-22 score were observed across studies af-
ter at least 24 weeks of treatment with benralizumab, dupilumab,
mepolizumab, or omalizumab, with subsequent improvements in
QOL that persisted or increased in the long-term. Although some
small observational studies reported greater reductions in SNOT-
22 scores, these data need to be confirmed in larger populations.

Given the importance of including both lung function and QOL
among the main outcomes of studies in patients with asthma and
CRSwNP, future research could focus on analyzing the potential
correlation between these outcomes. In total, 22 of the 48 studies
evaluated the role of biologics (benralizumab [5], dupilumab [8],
mepolizumab [5], omalizumab [3], and reslizumab [1]) in both
outcomes. Although some authors acknowledged a potential
association between lung function and QOL,3 8:42,44.54 hone of the
studies included in this review analyzed this phenomenon.

Our systematic review had some limitations. Some studies
were not designed for UAD analysis because data from CRSwWNP
were primarily obtained from the clinical history. However, most
RCTs including patients with CRSwNP performed a prospective
group analysis of populations with or without asthma and, in some
cases (eg, dupilumab studies), a statistical comparison is shown.
Second, although most studies were observational and/or per-
formed in small populations, results were in line with data
observed in the RCTs. Third, analysis of the evidence was
challenging due to the high heterogeneity of patient populations
and variables across studies, which prevented us from making
reliable comparisons. In fact, the effect size was different among

some of the included studies, even as to the same end point.
Therefore, data should be interpreted with caution. Lastly,
although the search strategies were design to find all available
UAD evidence, studies that were not classified as such might have
been overlooked.

Conclusions

We systematically reviewed the latest evidence on the effect of
biologics on lung function and QOL in patients with UAD,
focusing on severe asthma and severe CRSwNP and/or AERD. In
these patient populations, benralizumab, dupilumab, mepolizu-
mab, omalizumab, and reslizumab led to an overall improvement
in lung function and QOL. The primary diagnosis in most studies
was severe asthma or severe CRSWNP; only 15 studies included
100% patients with UAD. Our results showed the high heteroge-
neity of populations, scores, measurements, and time points,
thereby highlighting the need for unified criteria that will allow
researchers to compare data and draw reliable conclusions.
Further studies will provide an in-depth understanding of the
baseline characteristics of patients with multimorbid conditions
and allow a more comprehensive evaluation of the effect of
biologics in both diseases under the UAD concept.
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TABLE IV. Studies reporting lung function and/or QOL with omalizumab

J ALLERGY CLIN IMMUNOL GLOBAL
FEBRUARY 2024

Study Asthma/ Change from baseline Change from
Reference design Population (n) CRSwNP in lung function baseline in QOL
Gevaert et al,”® 2013 RCT CRSwWNP with 100%/100% NA AQLQ score*f
asthma (n = 24) Baseline: 5.8 (5.4 to 6.4)
0.81 points after 16 wk (P = .003)
Bidder et al,“ 2018 OBS Severe allergic 100%/100% NA SNOT-22 score*
prospective asthma (n = 13) 52.0 (range, 27 to 78) at baseline
to 24.5 (1 to 42) at 4 wk
(P =.003) and 30 (3 to 60) at
16 wk (P =.009)
Bandi et al,”® 2020 OBS Patients with severe 100%/82%  NA SNOT-22 score*
prospective asthma (n = 40) 48.0 (IQR, 33 to 78.5) at baseline
to 22.5 (12 to 33.5) at 52 wk
(P =.047)
Cameli et al,’* 2020 OBS N-ERD (n = 8) 100%/100% FEV;t SNOT-22 score
retrospective 2.3 £ 09 L at baseline 29 * 8.8 at baseline, improved
to 2.6 = 0.9 L after 12 after 12 mo (P = .03)
mo
(P =.016)
Forster-Ruhrmann et al,* OBS N-ERD (n = 16) 100%/100% FEV; improved from  RSOM-31
2020 retrospective 80% at baseline to 7.8 at baseline to 4.1 at 12
89% wk (P <.001),
after 9 mo (P = .04) 3.9 at 24 wk (P <.001),
and 3.6 at 9 mo (P <.05)
Gevaert et al,'® 2020 RCT CRSWNP (n = 265)  49%-61%/100% NA SNOT-22 scoret
(POLYP 1, Baseline: 59.2 = 20.5 (POLYP 1)/
POLYP 2) 60.5 = 15.3 (POLYP 2)
—-16.1 (-21.9 to —10.4) in POLYP
1,
—15.0 (-21.3 to -8.8) in POLYP 2
(both P <.0001) at 24 wk
Heffler et al,“I 2020 Post hoc Severe allergic 100%/14%  FEV,*t NA
(PROXIMA) asthma (n = 123) Baseline: 1.7 = 0.8 L
+7.42% (0.44 to 35.00)
in % of predicted
FEV, at 12 mo
(P =.005)
Ruiz-Hornillos et al,®® 2020 OBS Moderate to severe 100%/100% FEV* Mini-AQLQ score*
prospective persistent allergic FEV,% 74.0 62.0 (IQR, 37.0 to 75.0) at
asthma (n = 16) (IQR, 59.3 to 82.8) baseline to 61.0 (47.5 to 92.5)
at baseline to 83.0 after 52 wk (P = .136)
(69.3 to 94.5)
after 52 wk (P = .026)
Tiotiu et al,(’7 2020 OBS Severe allergic 100%/100% FEV *1 NA
retrospective asthma (n = 24) FEV,% 60.1% * 18.2%
at baseline to 72.9% =
19.4% after 24 wk
(P <.001)
Armengot-Carceller et al,®? OBS Recalcitrant CRSwNP 100%/100% NA SNOT-22# score
2021 retrospective and mild 59.0 = 25.4 at baseline to 24.9
asthma (n = 23) =+ 20.1 at 6 mo, and 19.7
* 19.6 at 12 mo
Bajpai et al,”' 2021 OBS Asthma and CRSWNP  100%/73%  NA SNOT-22 score$§

retrospective

(n = 247)

Baseline: 42.5 (95% CI, 28.5 to
56.4)

—18.1 (95% CI, —42.6 to 6.3)
at longest follow-up (>12 mo)
(P =.109)

(Continued)
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Study Asthma/ Change from baseline Change from
Reference design Population (n) CRSwNP in lung function baseline in QOL
Damask et al,”" 2022 Post hoc CRSWNP 54%-60%/100% NA SNOT-22 score

(POLYP 1, (n = 265) 59.5 = 20.0 at baseline,

POLYP 2) improved after 24 wk
Gevaert et al,5 2022 RCT open- CRSwNP 54%-60%/100% NA SNOT-22 scoret

label (n = 249) Baseline (week 24): 36.4

extension + 235

(POLYP 1, —6.1 (95% CI, —10.3 to 0.9)

POLYP 2) at week 52 (P <.0056)

IOR, Interquartile range; NA, not assessed; N-ERD, NSAID-exacerbated respiratory disease; NSAID, nonsteroidal anti-inflammatory drug; OBS, observational study; post-BD,
postbronchodilator; pre-BD, prebronchodilator; RSDI, Rhinosinusitis Disability Index; RSOM-31, Rhinosinusitis Outcome Measure.

*Results for patients with both asthma and CRSWNP are presented.
TThis study reports other lung function and QOL parameters.
fResults of the 11 patients who received omalizumab are presented.

SSNOT-22 scores range from 0 to 110. Higher SNOT-22 total-scores indicate worse symptoms and worse QOL. AQLQ scores range from 1 to 7. Higher AQLQ scores indicate

better QOL.
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Key messages

o We reviewed the available evidence on the effect of bio-
logics on the UAD, namely, asthma and CRSwNP.

o Despite the heterogeneity of populations and outcome
measurements, biologics consistently improved lung func-
tion and QOL in patients with asthma and CRSwNP.

o This could guide treatment decisions in these patients
from the UAD approach, thereby emphasizing a compre-
hensive management of upper and lower respiratory tract
diseases.
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