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ABSTRACT

Objectives: We conducted a systematic literature review (SLR) to determine the epidemiology and
clinical burden of chronic rhinosinusitis with nasal polyps (CRSWNP) and to describe how the addition
of biologics has affected outcomes for patients with CRSWNP.

Methods: The SLR adhered to Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Embase, MEDLINE, and Evidence-Based Medicine Reviews databases were
searched using OVID. Relevant studies published between 1 January 2008 and 8 February 2019, for
epidemiology, and 1 January 2008 and 16 February 2019, for clinical burden, and relevant conference
abstracts from 1 January 2017 to 7 March 2019, for epidemiology and 1 January 2017-16 February
2019 for clinical burden were included.

Results: For the epidemiology and clinical burden SLR, 147 and 119 records, respectively, met the
inclusion criteria. We found the prevalence of CRSWNP was 1-2.6% and was greater in men. Asthma,
allergy, and allergic rhinitis were the most common comorbidities identified. Reported risk factors
included asthma, gene polymorphisms, age, and eosinophilia. Studies indicated that dupilumab, mepo-
lizumab, and omalizumab each improved different clinical outcomes. Non-biologics (drugs such as cor-
ticosteroids or antibiotics, surgery, or aspirin desensitization) improved clinical outcomes as well.
Conclusions: CRSWNP is fairly prevalent in the general population. Despite the significant efficacy of
existing treatments, several unmet needs remain. The high burden of uncontrolled symptoms, fre-
quent recurrence of nasal polyps after surgery, and long-term adverse effects of oral corticosteroids
indicate that new therapies addressing these unmet needs should be developed. Although data on
biologics from randomized controlled trials look promising, the efficacy of biologics in the real world
has yet to be established.

The SLR of the epidemiology and clinical burden of CRSWNP revealed key gaps in the literature. There
was a paucity of prevalence data across many geographic areas, and no prevalence projections could
be determined. Studies showed varying efficacy of non-biologics and no studies directly compared
biologics for efficacy. Data regarding clinical efficacy of agents for eosinophilic CRSWNP or severe
CRSwWNP were lacking, and these patient populations would be served by more trials.
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Introduction development of NP include the cytokines IL-4, IL-5, and IL-13,
and the chemokines CCL24 and CCL26>*. Furthermore,
microbial colonization contributes to the development of NP,
including Alternaria species and Staphylococcus aureus®. NP
may also result from non-allergic disorders such as cystic
fibrosis'. CRSWNP is associated with more severe symptoms
than for patients without NP'.

Treatment options for patients with CRSWNP remain lim-

ited. According to US guidelines, both topical corticosteroids

Chronic rhinosinusitis with nasal polyposis (CRSwWNP) is a
chronic inflammatory condition associated with significant
morbidity'. CRSWNP is estimated to affect 1-4% of the gen-
eral population and 25-30% of patients with chronic rhinosi-
nusitis (CRS)"%. CRSWNP can cause long-term symptoms such
as prominent nasal obstruction, post-nasal drip, loss of smell,
and discharge, all of which negatively affect patients’ health-

related quality of life (HRQOL)'. Generally a condition of mid-
dle age with 42years being an average age of onset,
CRSWNP is typically diagnosed at 40-60years'.

The exact cause of nasal polyposis (NP) is unknown, but
allergy, asthma, infection, and aspirin sensitivity have been
associated with this complex refractory disease in adults’.
Inflammatory mediators that may play roles in the

and nasal saline irrigations are recommended as initial med-
ical therapies®. Intranasal corticosteroids (ICS) can decrease
NP size, reduce sinonasal symptoms, and improve patient
HRQOL®’. Oral corticosteroids (OCS) can reduce polyp size
and improve disease symptoms, but should be administered
cautiously, given their association with serious systemic
adverse effects®. Antibiotics may be useful in treating
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infectious exacerbations of CRSWNP, but information regard-
ing clinically significant efficacy (i.e. NP shrinkage) from large,
randomized trials is lacking'. Patients with serious disease or
who have failed medical management may be eligible for
sinus surgery. Functional endoscopic sinus surgery (FESS) can
improve sinonasal symptoms and inflammation, but NP may
still recur®, with rates as high as 50% (for patients observed
over a period of 3years)'.

A systematic literature review (SLR) was conducted to
understand the epidemiology, and the clinical, humanistic,
and economic burdens of CRSWNP. The results of this SLR
are published in two parts. This part covers the epidemiology
and clinical burden of CRSWNP. A companion article in this
journal presents the results of the SLR describing the human-
istic and economic burdens of CRSWNP.

The authors’ overall objective was to determine the epi-
demiology and clinical burden of CRSWNP described in the
literature by conducting an SLR. The objective of the epi-
demiology portion of the SLR was to summarize the litera-
ture on the following specific epidemiological aspects of
CRSwWNP: prevalence, incidence, mortality risk, comorbidities,
symptoms, severity, surgery as a treatment option, most
commonly used drugs for treatment, and risk factors. The
objective of the clinical burden portion of the SLR was to
review randomized controlled trials (RCTs) and real-world evi-
dence (RWE) studies of therapies used for the treatment of
patients with CRSWNP, to assess the efficacy of current treat-
ment options, and to determine unmet needs for CRSWNP.
In particular, the authors wanted to see how the addition of
biologics has affected outcomes for patients with CRSWNP.

Methods

The SLR was conducted according to Preferred Reporting
Iltems for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines''. Databases searched via the OVID platform
included Ovid MEDLINE, containing E-Pub Ahead of Print and
In-Process & Other Non-Indexed Citations; Embase; and the
following Evidence-Based Medicine Reviews (EBMR) data-
bases, as applicable to each topic: the Cochrane Database of
Systematic Reviews, the Database of Abstracts of Reviews of
Effects, the Health Technology Assessment Database, the
Cochrane Central Register of Controlled Trials, and the NHS
Economic Evaluation Database. Details of the search strat-
egies are provided in the Appendix (Supplementary Tables 1
and 2).

Available government websites, professional organization
websites, and patient advocacy group websites were
searched for the epidemiology SLR to validate the findings
from published literature. The countries with demographic
websites searched included the United States, Canada,
France, Germany, Spain, the United Kingdom, and Japan. For
the clinical burden SLR, results of the searches were vali-
dated and supplemented by searching the US National
Library of Medicine’s ClinicalTrials.gov website and reviewing
Cochrane systematic reviews. In addition, findings from pub-
lished literature were validated against targeted literature
searches and the bibliographies of select review articles.

Study selection

Epidemiology searches were performed 8 February 2019,
while clinical burden searches were conducted 16 February
2019. Inclusion criteria were patients with CRSWNP >18 years
old, any treatment for CRSWNP (clinical burden SLR only),
outcomes relevant to epidemiology or clinical burden (as
described in further detail below), and RCTs and non-RCTs/
RWE studies (e.g. retrospective database analyses or chart
reviews; case-control, cross-sectional survey, longitudinal,
pilot, cohort, and single-arm studies). Exclusion criteria
included pediatric studies (without adults), non-English
articles, animal studies, commentaries, editorial reviews,
expert-opinion articles, letters, articles published prior to 1
January 2008, and conference abstracts published prior to 1
January 2017. Detailed inclusion and exclusion criteria are
shown in Tables 1 and 2.

Key epidemiology outcomes of interest included preva-
lence, incidence, mortality, comorbidities, risk factors, symp-
toms, and commonly used drugs for the treatment of
CRSWNP. For clinical burden, studies reporting outcomes
related to the current standard of care for CRSWNP, and the
clinical outcomes of different therapies (e.g. non-biologics,
surgery, and biologics) were included.

Review process

Study screening (title and abstract) was performed using the
systematic review software DistillerSR (Evidence Partners,
Ontario, Canada) and was conducted by two reviewers who
assessed study eligibility based on the pre-defined PICOS cri-
teria. Citations considered to be eligible at the title-and-
abstract stage were then independently reviewed by two
reviewers in full-text form to determine formal inclusion in
the final review. Reasons for exclusion were documented at
the full-text stage. Any disagreements during screening were
resolved by a third independent reviewer.

Data extraction

Details for selected articles were collected using a standar-
dized data extraction template in Microsoft Excel. For both
portions of the SLR, data extractions were performed by a
single reviewer and validated by a second reviewer.

Results
Epidemiology

A total of 16,669 records were identified through the data-
base searches. After de-duplication, 8967 records were
screened at the title-and-abstract stage. After assessing all
records based on title and abstract, 886 records were
selected for full-text review. Full-text review and additional
searches identified 147 studies that met the inclusion criteria
for epidemiology studies. The SLR identified six studies
reporting prevalence, one study reporting incidence, one
study reporting mortality risk, 98 studies reporting comorbid-
ities, 26 studies reporting symptoms, and 41 studies
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Table 1. Detailed criteria for inclusion/exclusion of studies for epidemiology SLR.
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Criteria Inclusion criteria Exclusion criteria
Population e Patients aged >18 years old with chronic e Only patients aged <18 years
rhinosinusitis with nasal polyposis (CRSWNP) o All other diseases
Intervention/Comparators e Epidemiology and burden of illness studies e None
were not restricted by treatment
Outcomes e Prevalence in key regions® e Outcomes not related to the epidemiology
e Incidence in key regions® of CRSWNP
e Key comorbidities (e.g. asthma, allergic rhinitis)
e Morbidity (e.g. exacerbations,
symptoms, severity)
e Mortality risk
e Percentage of patients who require surgery,
and the frequency of surgery and
repeated surgery
e Risk factors
e Percentage of patients with high EOS
e OCS burden and pattern (including OCS use
and consequences of OCS use)
Study design e Any study type (e.g. prospective and e Animal studies, in vitro studies, case reports,
retrospective cohort studies, survey studies, expert opinion articles, commentaries, letters
case-control studies) e Articles published before 1 January 2008
e Articles published 1 January 2008, to 8 e Conference abstracts published before 1
February 2019 January 2017
e Conference abstracts published 1 January 2017,
to 7 March 2019
Language e Articles in English® e All non-English articles

Key regions included: US, Canada, EU5 (France, Germany, Italy, Spain, United Kingdom), China, Japan, Australia, Brazil.

PCitation retrieval was not limited by language. Records were categorized based on language during title-and-abstract screening stage, and non-English
abstracts were excluded. English abstracts with non-English articles were excluded at the full-text screening stage.

Abbreviations. CRSWNP, chronic rhinosinusitis with nasal polyposis; EOS, eosinophil; EU5, European Union 5; HTA, health technology agency; N/A, not applicable;

OCS, oral corticosteroid; SLR, systematic literature review; US, United States.

Table 2. Detailed criteria for inclusion/exclusion of studies for clinical burden SLR.

Criteria Inclusion criteria Exclusion criteria

Population e Patients aged >18 years old with CRSWNP e Only patients aged <18 years old

Intervention e Any treatment for CRSWNP e Treatments not for CRSWNP

Comparators e Any treatment for CRSWNP e Treatments not for CRSWNP

Outcomes e The current SoC for CRSWNP e Outcomes not related to the clinical burden
e (linical outcomes of different therapies, of CRSWNP

including consequences of OCS use
RCTs
e Non-randomized studies:

Study design

e Observational studies (e.g. case-control, °

cross-sectional, longitudinal, and
cohort studies)
e Single-arm studies
e Pilot studies
o Articles published 1 January 2008 to 16
February 2019

e Animal studies, in vitro studies, case reports,

expert opinion articles, commentaries, letters

Articles published before 1 January 2008

e Conference abstracts published before 1
January 2017

e Conference abstracts published 1 January 2017

to 16 February 2019

Language e Articles in English®

e All non-English articles

“Citation retrieval was not limited by language. Records were categorized based on language during title-and-abstract screening stage, and non-
English abstracts were excluded. English abstracts with non-English articles were excluded at the full-text screening stage.

Abbreviations. CRSWNP, chronic rhinosinusitis with nasal polyposis; OCS,

literature review; SoC, standard of care.

reporting risk factors. In addition, 16 studies reported surgery
statistics, 23 studies reported previous treatment, 67 studies
reported severity of CRSwNP, and 17 studies reported
eosinophilia-related results. The results of each stage of the
screening process are presented as a PRISMA diagram in
Figure 1. Note that data for some of the outcomes of interest
(e.g. risk factors, severity, symptoms, and comorbidities)
extracted from smaller studies with a total study population
of fewer than 500 were not considered population-represen-
tative and are therefore not summarized herein.

oral corticosteroid; RCTs, randomized controlled trials; SLR, systematic

Prevalence

The prevalence of CRSWNP in the general population was
reported in six studies. In South Korea, the prevalence was
2.5-2.6% of the general population'?"'®, which was greater
than that reported for the United States (1.1% of the general
population)'®. CRSWNP was more prevalent for males
(3.2-3.7%) than for females (2.0-3.3%), and the greatest
prevalence was observed for the 60- to 69-year age
group'*'. The prevalence of NP was reported to be
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Records identified:
n=16,669

A4

n=8967

Title and abstract review:

v

Duplicates excluded:
n=7702

v

Full-text review:
n=886

v

Records excluded:
n=8081

Manual searching:
n=10
Published articles: n=10

v

v

n=147
Published articles: n=145
Conference abstracts: n=2

Full-text articles included:

v

Records excluded:
n=749
Population: n=295
Literature Review: n=229
Outcome: n=162
Non-English: n=26
Study Design: n=19
Duplicate: n=10
Population <18 y/o: n=3
Non-human: n=3
Other: n=2

Figure 1. PRISMA diagram: Epidemiology. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; y/o, years old.

6.1-31% of the population with CRS in the United States,
and 24% of the population with CRS in Denmark'®2".

Uncontrolled (i.e. inadequately controlled) CRSwNP s
defined as three or more of the following: nasal blockage
present on most days of the week, rhinorrhea/postnasal drip
on most days of the week, facial pain/pressure on most days
of the week, impaired smell, sleep disturbance/fatigue, and
nasal endoscopy with diseased mucosa; symptoms (as above)
persist despite rescue treatment(s) in the last 6 months®. The
prevalence of uncontrolled CRSWNP among the general
CRSWNP population is not reported in the literature. Only
two studies from Belgium have reported 41.8% and 40%
uncontrolled CRSWNP among the CRSwNP population who
previously had surgery for NP?*23,

The prevalence of eosinophilic CRSWNP (eCRSwNP) varied
by region’**. In Europe, the prevalence estimates for
eCRSWNP in the CRSWNP population ranged from 84-91%,
with the lowest prevalences noted for Belgium, The
Netherlands, and Luxembourg. The highest prevalence was
reported for patients in Berlin, Germany®. In Asia, the esti-
mated prevalence for eCRSWNP in the CRSWNP population
ranged from 65% for Chengdu, China, to 89% for Tochigi,
Japan?®. The prevalence of eCRSWNP in the CRSWNP popula-
tion was estimated to be 91% for Adelaide, Australia®’.

Incidence

Our search of multiple medical-literature databases identified
one report of the incidence of CRSWNP in community prac-
tice clinics and hospitals in a 31-county region of central and
northeastern Pennsylvania®®. Between 2007 and 2009, the
reported average incidence of CRSWNP was 83 cases per
100,000 person-years in the region.

Mortality risk

Our search identified one report of mortality risk among
27,005 patients diagnosed with CRS in the Utah Population
Database. Mortality risk for this population was greater for
patients with CRSWNP compared with patients who had CRS
without NP (CRSsNP) (hazard ratio [HR]1=1.38; 95% confi-
dence interval [CI] 1.09-1.77)"&,

Comorbidities

Most studies reported comorbidities of CRSWNP from a US
population. Asthma (percentage of patients, range 5-56%),
allergy (12-77%), and allergic rhinitis (17-76%) were the
most commonly reported comorbidities for patients with
CRSwWNP. Details of studies reporting prevalence of these
comorbidities are summarized in Table 3.

Symptoms

Facial pain, nasal congestion, loss of smell, sneezing, and
headache were the most commonly reported symptoms for
patients with CRSWNP. Facial pain was reported for 60-92.2%
of patients in North America'®?’, 31-45% of patients in
Europe?®?°, and 19-100% of patients in Asia**~3. Nasal con-
gestion was reported in 95-100% of patients with CRSwNP
in North America'’?’, 73-88% of patients in Europe****, and
76-81% of patients in Asia>'*°. Loss of smell was reported
for 56-84% of patients with CRSWNP in North America'®?’,
35-90% of patients in Europe®®3%3>3738 and 30-100% of
patients in Asia>*3%3%3% Sneezing was reported for 88% of
patients in North America®®, 12-73% of patients in
Europe®®3*3>38  and 27-51% of patients in Asia®'>3.
Headache was reported for 33-95.8% of patients in North



S91R1S PaluN ‘SN ‘UoneIAIp piepuels ‘gs ‘aseasip xnjjau [eabeydosaosiseb ‘gyIo ‘sisodAjod [eseu yum sIISNUISOUIY JIUOIYD ‘gNMSYD
!syIsnuUISoUIYJ dJUoIYd ‘SYD “splosip Aieuowind 3AIIINIISAO dIUOIYD ‘Qd0OD ‘BinoquiaxnT ‘spuepayidN Yyl ‘wnibjag ‘xnjpuag ‘siisnuisoulys ebuny d1bid)e ‘SY4y ‘oseasip Alojelidsal pajeqiadexa-uuidse ‘qy3y ‘suonelndiqqy
‘papnppul 00S< suonendod yum saipnis,

Apnis uoyod

z
e
=
o
(o]
a
=4
<
T
v}
oc
<
w
%]
wl
oc
—
<C
Y
a
w
=
=
z
w
oc
oc
S
O

L'ty L'6L F¥'87 S6S 08Y'9vy S [eutpnyibuo| aAidadsonRY 0L0Z-100Z sn €z
sijuIyl d1b13)e Jo KIoisiH VLl 60FLTS paiels 10N 90S'LL uone|ndod 1ynpe [e;ausn  ASAINS [BUOIDBS-SSOI)  ZLOZ-0L0T 2310y W
Apnis jonuod
sniuyl 2113y swedpiued /7~ TLLF 89 Shy 698 S4d -95€D [BUOIIIS-SS0I)  6007-£00C adoing 89
syt 21613|1y 9L ¥l FS€09 VL8 ¥/8+ £0S S M3IA3I Jey) 210T-700T sn v
Apnis jonuod
€€ :dn-mojjo} 1y -95ed ‘aA11dadsoulal
sy 21613)y 9'G :dulRseq Y 98'LLF¥8'SH L¥8'0L 789'LT dANMSHD ‘leuonenldsqo ¥102-€10C SN = sy 21613)y
Apnis |euoidas
Adoyy ¥'99 514 881 €6€'L SYd -Ss01> aANdAASONRY  €£107-€00T sn "
Apnis |01u0d
Adoyy 8oy TLLFSOY St 698 S¥ -358D [BUOIIRS-SSOI)  6007—£00T adoing .
Apnis uoyod
snnewssp didoyy 4% L'6L F '8y S65 08/ S¥ [euipnyibuo| aAi>adsony 010Z-100T SN e
€e'ee ubIyd0) v 161yoy
8/'v€ :npbuay) yLLnpbuay)
+8°9¢ :buifiag 751 :buifivg
85°LS dplePPY 89 dpleppy
SSPS “ulpeg ¢/ wulpisg eljensny
JIE Py XnjpUag pajels 10N (Y4B GIEIEY] €LS S¥D M3IA3] LeYD paels 10N ‘eisy ‘adoing -
AB13)1y 9Ly pajels 10N oty 187'L S¥ alleuuonsand dN wnibjag ov
166 :s1eak +09 86 :s1eak +09 9seas|p snuis
['y/ S1edk 65-0v €1 :s1eak 65-0f |eseuesed Kiolewwepjul
ABid||e [equswuolIAUg 'L, s1eak 6E-81 paels 10N €0¢ :sieak 6E-81L $16 yum Bunussaid synpy  souSs Ised aAldadsold  Palels 10N sn 6
sisjeue aseqelep siyewsap didoyy
ABiayly 9Tl TSLFS Y LL)'6 v€6'67 S¥D anadsonay 9107-9661 sn 6L /hdory/ABas| 1y
€€€ ubiyoo 7y 1b1ypoy
ST'L :npbuay) yLL :npbusy)y
89'c| :bulllag 751 :bulfivg
'ty dplePpy 89 dplejpy
9€°9¢ :ulidg T/ uipsg eljensny
ewiylsy Py XnjRUAg paels 10N GZ1 :Xnjauag €/5 3% Apnis anndadsolyd paels 10N ‘eisy ‘adoing -
ewyisy 9 Yyl FSE0S v/8 ¥/8+ £0S SHD M3IAS] Jey) 7102200t sn ”
Apnis |euondas
eWIYIsY 9'€S o 88y £6€'L S¥) -ssoi aadadsonay  £107-£00C sn "
siskjeue aseqelep
ewyisy L'0¢ TSLF8YY LLL'6 7€6'6C S4d aA1Dads0139Y 9107-9661 N 61
Apnis 1o0yod jeurpnubuol
eWIYISY 6'€C I'6L F '8y S65 08’9y S¥ aA13ds0.3Y 0L0Z-1007 sn e
807 :dn-mojjo} 1y Apnis jonuod
ewyIsy Y7L BulRseq 1y 98'LLF¥8SH Lv8'0L 789'17 dNMSHD -35e2 aMAdsondY  ¥LOZ-£10T sn o
ewyisy L€C 88LFGLS 60¢ €59 S4d Apnis aA1>3dsoud S00C Ueder L
¥'LF 'S Uy
0L F6°€ 3sed
%9’ L F t'6 :paLiodal-}|as
SLFL9
ewiylsy :pasoubelp-uepisyd 60FLTS paiels 10N 905'/1L 3% Kanns jeuondas-ssol)  z10Z-0L0T 2310 W ewyisy
(%) Aupiqiowod
pue dNMSYD yum (Qs ¥ ueaw) sieak (u) uonejndod
uondudsag syuaned Jo abejuadiag ‘abe dNMSYD (u) uonendod gNMSYD Apnis |elo] uone|ndod ubisap Apnis Qwiely awi| Anuno) Apnis Aupigiowo)

"«dNMSYD Yum syuaned Joj saiIpIqiowiod pariodal AJuowwod 1oy “€ djqeL



6 S. CHEN ET AL.

America®’*°, 20-41% of patients in Europe®*** and 2-76%
of patients in Asia>>3°,

Risk factors

Asthma, gene polymorphisms, and aging were the most
commonly reported risk factors for developing CRSwWNP.
Other risk factors included male sex, smoking, allergy, pres-
ence of polyps, CRS-related symptoms, tobacco use, chronic
bronchitis, aspirin intolerance, occupation (e.g. firefighter),
high serum concentrations of cytokines IL-5 or IL-13, lower
education levels, obesity, lower ST00A8/9 (calprotectin) pro-
tein concentrations, first- or second-degree relatives with
CRSwWNP, greater Lund-Mackay score (LMS), and high tissue
and blood eosinophil counts.

Asthma as a risk factor was reported in five stud-
ies'21>4143 with reported odds ratios (ORs) of 5.9 (95% Cl
1.79-19.65)*, 2.20 (95% ClI 1.41-3.45)", and 5.85 (no 95%
Cl given)*'. Won et al.'® reported relative risk of 3.18 (95% Cl
1.8-5.6). Pearlman et al.*? reported that the association was
significant (p=.0019).

The extent to which gene polymorphisms are risk factors
for developing CRSWNP varied by gene. Bernstein et al.**
reported that an allele in a single nucleotide polymorphism
located in the tumor necrosis factor-o. gene was associated
with developing CRSWNP (OR 1.86; 95% Cl 1.14-3.09). Sitarek
et al.* reported that the C/G genotype of the proto-onco-
gene c-met (hepatocyte growth factor receptor; OR 2.83;
95% Cl 1.74-4.61) and the —765 G/C genotype of the cyclo-
xygenase-2 gene (OR 7.79; 95% Cl 4.88-12.4) were associated
with developing CRSWNP. Zielinska-Blizniewska et al.*® found
that the A/G genotype of the lactoferrin gene (OR 4.78; 95%
Cl 3.07-7.24) and the C/G and G/G genotypes (OR 3.48; 95%
Cl 2.19-5.52; OR 16.45; 95% Cl 6.71-40.30, respectively) of
the osteoblast-specific factor-2 gene increased the likelihood
of developing CRSwWNP.

Age as a risk factor was reported in two studies. The first
study reported cross-sectional data from more than 35,000
patients in the Korean National Health and Nutrition
Examination Survey from 2008 through 2012'% The second
study was a case-control study of 367 patients in Sweden?®,
Both studies reported an OR of 1.03 (95% Cl 1.02-1.04).

Eosinophilia may be a risk factor for developing CRSWNP.
Putman et al.*’ reported that an eosinophil count >240
cells/uL was a greater risk factor for CRSwNP than for
CRSsNP (HR 1.39; 95% CI 1.22-1.58 versus 1.13; 95% ClI
1.10-1.27). Chen et al.*® found that peripheral eosinophils
were a risk factor for NP (OR 2.02; 95% Cl 1.08-3.72).
Eosinophilia was associated with CRSwWNP recurrence (RR
3.68; 95% Cl 0.19-11.38)*° and with recurrence of NP (RR
6.18; 95% Cl 1.29-29.42)°°. Furthermore, eosinophilia was
also associated with worse respiratory function®”>'=’, dis-
ease severity®>>'°8¢"  and greater CRSWNP recurrence
rates*®%%%3 Guo et al.%? reported that blood eosinophil
counts of 0.25 x 10°/uL (OR 3.63; 95% ClI 0.73-18.10) or 2.6%
blood eosinophils (OR 5.12; 95% Cl 0.62-42.58) predicted
multiple recurrences of CRSWNP after FESS.

Severity of CRSWNP

Severity as assessed by LMS was found to vary by geo-
graphic region and to depend on factors such as eosinophilia
and comorbidities. In North America, LMS ranged from 12.0%
to 26.0%. In Europe, LMS ranged from 6.2°° to 17.6% for
patients with low mucosal eCRSWNP and CRSwNP patients
with asthma, respectively. In Asia, the lowest LMS was 11.6
and the greatest LMS was 22, reported for a CRSWNP popula-
tion without atopy and a CRSWNP population characterized
by marked tissue eosinophilia®®®’. One Australian study
reported a mean LMS of 16.79 for patients who under-
went ESS®8,

Surgery for CRSwWNP

Surgery is a common treatment option for patients with
CRSwWNP. The percentage of patients who had undergone
surgery as reported in five studies varied by geographic
region: United States, 43-52%; UK, 55%; Europe, 46%; and
Belgium, 84%'5°772, In five studies, 21-59% of patients with
CRSWNP were reported to have undergone revision sur-
gery?®7973775  Two studies reported that 6% and 6.5% of
patients with CRSWNP had undergone two revision surgeries
over study durations of 20 and 5years, respectively?®’°,
Patients with CRSWNP were reported to undergo a mean
number of 1.4-2.98 surgeries, with women found to have
1.2-times more surgeries than men’"737¢,

Most commonly used drugs for CRSwWNP

Corticosteroids (percentage of patients, intranasal: range
90-93%; oral: range 23-71%), antibiotics (29-55%), and anti-
histamines (34%) were the most commonly used drugs for
CRSWNP, as reported in six studies. These studies are sum-
marized in Table 4. A summary of evidence for the efficacy
of these drugs, as well as for biologics, is included in the
clinical burden results section.

Clinical burden

A total of 5466 records were identified for RCTs. After
removal of duplicates, the titles and abstracts of 2979
records were examined. Of these, 417 were selected for full-
text review. Full-text review and additional searches yielded
119 records, representing 97 unique RCTs. Treatments inves-
tigated in the RCTs included biologics, corticosteroids, antibi-
otics, antifungals, aspirin desensitization, surgical treatments,
and alternative therapies. The PRISMA flow chart of record
selection for RCTs is presented in Figure 2.

A total of 4117 records were identified for RWE studies.
After removing duplicates, 2809 records were evaluated at
the title-and-abstract stage. Of these, 404 were selected for
full-text review. In all, 276 records representing 263 unique
RWE studies that fulfilled the inclusion criteria were identi-
fied. Treatments investigated in the RWE studies included
biologics, corticosteroids, aspirin desensitization, and ESS,
among others. The PRISMA flow chart of record selection for
RWE studies is presented in Figure 3.
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Figure 2. PRISMA diagram for RCTs: Clinical Burden. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCTs, randomized clinical trials.
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Figure 3. PRISMA diagram for RWE studies: Clinical Burden. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RWE, real-
world evidence.



Table 5. RCTs and RWE studies investigating biologics®.
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Reference Biologic Study type NCT# Phase N Population
(study name)
Bachert, 2019% Dupilumab placebo-controlled, NCT02898454 3 448 Adults with severe CRSWNP
multicenter RCT (SINUS-52) previously treated with
systemic corticosteroids
and/or NP surgery, on daily
mometasone furoate
Han, 2019%° Dupilumab placebo-controlled, NCT02912468 3 276 Adults with severe CRSWNP,
multicenter RCT (SINUS-24) with or without comorbid
asthma, on daily
mometasone furoate
Bachert, 201657 Dupilumab placebo-controlled, NCT01920893 2 60 Adults with CRSWNP refractory
multicenter RCT to intranasal corticosteroids
Bachert, 2017%° Mepolizumab placebo-controlled, NCT01362244 2 107 Adult patients with severe
multicenter RCT recurrent bilateral nasal
polyposis requiring surgery
Gevaert, 2011°" Mepolizumab placebo-controlled, NR NR 30 Adult patients with severe
single-center RCT nasal polyposis (grade 3/4
or recurrent after surgery)
refractory to
corticosteroid therapy
Tuttle, 20182 Mepolizumab retrospective study N/A N/A 14 Patients with AERD
NLM, 2009%3 Omalizumab placebo-controlled, NCT01066104 2 27 Adult outpatients with
single-center RCT CRSWNP, without
uncontrolled moderate-to-
severe asthma
Gevaert, 2013%* Omalizumab placebo-controlled, NR NR 24 Adult CRSWNP patients with
2-center RCT comorbid asthma
for >2 years
Bidder, 2018% Omalizumab prospective N/A N/A 37 CRSWNP patients with severe

cohort study

allergic asthma

?Only biologics RCTs with results available at the time of the literature search are listed in this table. Ongoing Phase Ill studies identified by the literature search
for omalizumab in CRSWNP: POLYP 1 and POLYP 2; ongoing Phase Ill study identified for mepolizumab in severe bilateral nasal polyposis: SYNAPSE; ongoing

Phase lIl study identified for benralizumab in severe nasal polyposis: OSTRO.

Abbreviations. AERD, aspirin-exacerbated respiratory disease; CRSWNP, chronic rhinosinusitis with nasal polyposis; NP, nasal polyposis; NR, not reported; N/A, not

applicable; RCT, randomized controlled trial; RWE, real-world evidence.

Results for non-biologics

Non-biologics for the treatment of CRSWNP included intra-
nasal and oral corticosteroids; surgery, such as ESS; nasal irri-
gation; antibiotics, such as clarithromycin and doxycycline;
antifungals; aspirin desensitization; and alternative therapies.
RCTs demonstrated that non-biologics improved the follow-
ing commonly reported clinical outcomes: Sino-Nasal
Outcomes Test (SNOT)-22 scores (Supplementary Table 4),
Lund-Mackay CT scores (Supplementary Table 6), nasal
obstruction scores (Supplementary Table 8), total symptom
scores by visual analog scale (VAS) (Supplementary Table 10),
and total endoscopic NP scores (Supplementary Table 12). In
addition to improvements in the above outcomes, RWE stud-
ies reported that non-biologics improved SNOT-22 scores,
Lund-Kennedy CT and endoscopic scores, total symptom
scores by VAS, and nasal polyp scores (Supplementary Tables
5,7,9,11, 13, and 14). Four RCTs”’"® and 4 RWE studies®'®*
reported on non-biologics (corticosteroids and ESS) for
patients with eCRSwNP. All eight studies demonstrated
improvement in clinical outcomes. Despite clinical efficacy
provided by non-biologics, these treatments do not remove
polyps completely or eliminate disease symptoms. The bur-
den of CRSWNP symptoms for patients, as measured by
SNOT-22 and NP scores after treatment (Supplementary
Tables 4, 8, 10, and 12), remains high. Moreover, although
OCS are effective in improving symptoms and size of polyps
in the short term and the adverse events associated with

their use have been described in other disease, their long-
term adverse effects have not been studied in this
patient population.

Results for biologics

Seven RCTs with published results for three biologics were
found: dupilumab (three studies), omalizumab (two studies),
and mepolizumab (two studies). These studies are summar-
ized in Table 5.

Three RCT studies for dupilumab, the Phase Ill SINUS-24%°
and SINUS-52% studies, and a Phase Il study®” were
retrieved. No RWE studies were found for dupilumab. In the
SINUS-24 study, dupilumab significantly improved endo-
scopic nasal congestion, and NP, Lund-Mackay, University of
Pennsylvania Smell Identification Test (UPSIT), and SNOT-22
scores relative to placebo for patients with severe CRSWNP
(Figure 4(A))®. At 24 weeks, dupilumab reduced rescue treat-
ment (systemic corticosteroids) or NP surgery by 73% versus
placebo (p <.001)%%%, Also at 24 weeks, dupilumab signifi-
cantly improved Asthma Control Questionnaire (ACQ)-6
scores (p <.0001) and forced expiratory volume in 1second
(FEV;) (p<.001) versus placebo for patients with severe
CRSWNP plus comorbid asthma®®. In the SINUS-52 trial, dupi-
lumab significantly improved endoscopic nasal congestion
and NP, Lund-Mackay, UPSIT, and SNOT-22 scores relative to
placebo for patients with severe CRSWNP (Figure 4(B))%°.


https://doi.org/10.1080/03007995.2020.1815682
https://doi.org/10.1080/03007995.2020.1815682
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(A) SINUS-24 Outcomes: Dupilumab Versus Placebo
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Figure 4. Clinical outcomes scores for dupilumab versus placebo from SINUS-24 and SINUS-52 Phase Il RCTs.

At 52 weeks, dupilumab reduced rescue treatment (systemic
corticosteroids) or NP surgery by 76% versus placebo
(p <.0001)%8. Also at 52weeks, dupilumab significantly
improved both ACQ-6 scores (p <.0001) and FEV,; (p <.0001)
versus placebo for patients with severe CRSWNP plus comor-
bid asthma®®. The Phase Il trial (NCT01920893) demonstrated
that dupilumab significantly improved endoscopic nasal con-
gestion and NP, Lund-Mackay, UPSIT, and SNOT-22 scores
compared with placebo for patients with CRSWNP refractory
to intranasal corticosteroids®’.

Searches for mepolizumab retrieved one Phase Il study
(NCT01362244)°° and one study not specifying phase®'.
Bachert et al.*°® found that the NP severity VAS scores and
mean individual symptom VAS scores (mucus in throat, loss of
smell, rhinorrhea and nasal blockage) were significantly
improved in the mepolizumab group compared with the pla-
cebo group at Week 25 (Figure 5(A)). In the second study,

treatment difference reflected by the total polyp score
demonstrated that mepolizumab resulted in improvement
compared with placebo (Figure 5(B))°'. In one RWE study of
mepolizumab for patients with aspirin-exacerbated respiratory
disease (AERD)??, after three or more doses of mepolizumab,
the SNOT-22 score decreased significantly by 17.7 points®.

For omalizumab, one Phase Il study®® and one study of
unspecified phase were retrieved®. In the Phase Il trial
(NCT01066104), omalizumab had no significant effect on
polypoid mucosal thickening in the anterior ethmoid and
maxillary sinuses, or on volume of polypoid mucosal tissue in
the noses and sinuses of patients with CRSwNP (Figure
6(A))*. In a smaller clinical study of 24 patients (no phase
specified), omalizumab significantly improved total endo-
scopic NP score compared with baseline and placebo for
patients with CRSWNP and comorbid asthma (Figure 6(B))".
In one RWE study, omalizumab treatment significantly
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Figure 5. Mepolizumab clinical trial results.

improved SNOT-22 scores after 4 and 16 weeks relative to
baseline (Figure 5(C))%>. ACQ-7 scores also improved signifi-
cantly at Weeks 4 (p <.005) and 16 (p <.03)%.

Discussion

A major strength of this SLR was that it adhered to best practi-
ces for the conduct and reporting of systematic reviews.
Notably, the literature searches were performed and peer-
reviewed by experienced information specialists. A limitation
of this SLR was that it included studies restricted to the English
language at the study-selection stage. This is likely a minor
limitation, given that the majority of studies are published in
English-language journals. This SLR included only RCTs and
RWE studies with results available at the time of the literature
searches. Results for ongoing Phase lll trials for biologics may
have become available after the completion of this review. As
well, novel biologics, which will affect disease management for
patients with CRSWNP, may be in future trials.

The epidemiology SLR found that CRSWNP affects approxi-
mately 1-3 of 100 people and is more common in men and
older individuals®®. The prevalence varies across geographic
regions. In particular, the prevalence of eCRSWNP within the
CRSwWNP population was reported to range from 65% in Asia
to 91% in Europe®*?®. CRSWNP has a greater mortality risk
compared with CRSsNP. Asthma, allergy, and allergic rhinitis
were the most commonly reported comorbidities identified
for CRSWNP. Common symptoms of CRSWNP were nasal con-
gestion, loss of smell, sneezing, headache, and facial pain.

CURRENT MEDICAL RESEARCH AND OPINION 1

Asthma, gene polymorphisms, and aging can increase the
likelihood of developing CRSWNP.

Although Fokkens et al.? in the European Position Paper
(EPOS) published in 2020 describe an association between
asthma and CRS, eosinophilia and asthma are identified in the
literature covered in this review as risk factors for CRSWNP and
disease recurrence. Eosinophilia is also associated with worse
respiratory function, and greater disease severity and recur-
rence rates. The most common treatments for CRSWNP were
corticosteroids, followed by antibiotics and antihistamines.

Prevalence data were reported more often for CRS than
for CRSWNP. Prevalence data for patients with CRSWNP were
available only for South Korea and the United States in
articles published from 2008 onward. The lack of prevalence
data from Europe, South America, and other regions is a
notable gap in the literature. In addition, there were few
reports on incidence or mortality, and no projected preva-
lence data. Finally, few studies focusing on severe CRSWNP
and eCRSWNP were retrieved.

Symptoms remain highly prevalent among CRSwNP
patients, indicating a large percentage of patients with dis-
ease not well-controlled with current treatment options. A
short course of OCS might be used for patients with
CRSWNP who failed initial therapy. Despite the fact that
long-term OCS adverse effects were not directly assessed in
CRSWNP patients, the impact for patients with other condi-
tions, such as asthma, is well-documented®’. Therefore, the
long-term deleterious effects of steroid use should be
weighed against any gains in symptom relief.

Patients with disease refractory to medical intervention
often have surgery. However, recurrence rates of symptoms
and polyps are high. The GALEN study found that 59% of
patients who had undergone surgery also later received revi-
sion surgery, and nearly 23% of patients experienced four or
more revision surgeries®. Another study reported that within
18 months of surgery, 40% of patients reported recurrence of
polyps and within 3-5years of surgery, 80% of patients
reported inadequately-controlled symptoms®.

Three biologics had published literature attesting to effi-
cacy, but the efficacy metrics varied. Of them, omalizumab
had efficacy only in the more limited setting of patients with
AERD. This implies that head-to-head trials are needed to
determine  potential  superiority for one  biologic
over another.

Key data gaps identified by the clinical burden portion of
the SLR included lack of head-to-head Phase Il trials for bio-
logics in CRSWNP. Moreover, there was a lack of evidence on
the effects of prolonged treatment with biologics, and on
the duration of efficacy after treatment with biologics. The
efficacy and safety of biologics for patients with CRSWNP in
the real-world setting requires further study. There was also
a lack of RCTs and RWE studies of patients with eCRSwWNP.
Finally, there was variability in how outcomes were meas-
ured, both between RCTs and between RCTs and RWE stud-
ies. Such variation in data reporting made robust
comparisons not feasible.

There was heterogeneity across the studies included in the

review in terms of factors such as patient inclusion criteria,
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Figure 6. Omalizumab clinical trial and RWE study results.

patient characteristics, and study setting (e.g. recruitment at
secondary or tertiary clinics), which may have contributed to
the wide ranges observed in the results. Future studies should
clarify how these factors may have influenced the results.

Conclusions

CRSwWNP is fairly prevalent in the general population. Despite
the significant efficacy of existing treatments, several unmet
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rhinoscopic examination

needs remain. The high burden of uncontrolled symptoms,
frequent recurrence of nasal polyps after surgery, and long-
term adverse effects of OCS indicate that new therapies
addressing these unmet needs should be developed.
Although data on biologics from RCTs look promising, the
efficacy of biologics for CRSWNP in the real world has yet to
be established.

The SLR of the epidemiology and clinical burden of
CRSWNP revealed key gaps in the literature. There was a pau-
city of prevalence data across many geographic areas, and



no prevalence projections could be determined. Studies
showed varying efficacy of non-biologics and no studies dir-
ectly compared biologics for efficacy. Data regarding clinical
efficacy of agents for eCRSWNP or severe CRSWNP were lack-
ing, and these patient populations would be served by
more trials.
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