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Introduction

Chronic rhinosinusitis (CRS) is a chronic diseafséhe upper airways that is both
common, as it affects more than 10 million Amer&taand economically onerous, as it
is associated an annual loss of 60 paid work dayseud per patient from both
absenteeism and presenteéisBRS is associated with a significant declineualiy of
life (QOL)®. The majority of CRS patients do not improve withrent medical options
and need to undergo repetitive surgeries. Not singty, CRS is associated with a high
financial burden on society with an estimated 8ol dollars per yeaf. The current
standard medical treatment for CRS has been liniteélde use of topical steroids,
antihistamines, leukotriene antagonists, anticleogjit medications and antibiotics which
have been proven to be not effective enough in migjof cases who will need repeated
surgical interventioh Unfortunately, we continue to witness recurreocdisease even
after pharmacotherapy and surgery in a large godypatients. More than 20% of CRS
patients need to undergo repeated surgery witlyasS. The recurrence rate is even
higher in patients with nasal polyps, and thosé wiexisting asthma or aspirin
sensitivity. The overall recurrence rates for xedepment of polyps in 5 years after a
surgical intervention has been estimated as 16%, 45d 90% in CRS with nasal polyps
(CRSWNP) patients, CRSWNP patients with asthma,matigtbse with aspirin
exacerbated respiratory disease (AERD) respecfively

Research on pathogenesis of CRS has shown evitaresignificant Type 2
inflammatory pattern in a large group of caseseeigly in those with nasal polyp¥.

For example, in cluster analysis of 173 CRS padiedf (clusters 5 through 10) had

elevated proportion of eosinophilic cationic pratenterleukin-5 (IL-5),
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immunoglobulin E, nasal polyps and asthma comptredher clusterS. This

knowledge needs to be implemented and can helpitie duture disease management
approaches. In the past few years biological ageritieh are monoclonal antibodies
(mAbs), have become available for the treatmemésgpiratory inflammatory diseases
with focus on asthnt&d® Although none of these biologics are approvedIBS yet,
controlled trials have tested their efficacy irstiseas€ % This review intends to
analyze and discuss the need for cost effectivearealysis of these biologic therapies for

CRS.

The economic burden of CRS

With regard to its complexity, recurrence and hegist of medications, CRS stand among
the ten most costly health conditidrfd The total cost for medical treatment of one
patient with CRS in the United States is estimatedind $2600 per year. The overall
cost of outpatient endoscopic sinus surgery raffiged $8,200 to $10,500 USD per case
in 20143, Beside the cost for medical treatments and salrgiterventions, uncontrolled
CRS is associated with a large indirect cost. TR&€elated direct healthcare costs have
been estimated to be $6.9 to $9.9 billion USD marywhile the indirect costs were
estimated as another $13 billion USD per year ia sd{®. The overall annual

economic burden of CRS in the United States has bstmated to be $ 22-60 billion

USD per year in different studie&’

Effectiveness measures of CRS
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Given the high burden and cost of CRS, effectieatinents are needed. Effectiveness is
often measured by quality of life, which takes iatwount the patient’s preference. Pre-
scored multi-attribute systems bypass the needetsare preferences by standard
gamble or time trade-off technicifeThere are generic quality of life systems and
disease-specific systems. Generic quality of lilmsures include 36-item Short Form
survey (SF-36), or a shortened version such aSE&®, can be used to compare the
impact of on quality of life by different diseaé&sThese generic quality of life measures
have been used in CRS research. Studies have shatiM@RS patients who selected
endoscopic sinus surgery (ESS) had worse basalaéygof life as measured by the SF-
6D”. When generic instruments are not sensitive emémghange or when making
comparisons between therapies of particular dis@admsease-specific quality of life
measure, such as the validated 22-item Sino-Nas@lothe Test (SNOT-22), which can
be used in CRS. With the SNOT-22, higher numbers indicate warseerity. For CRS
patients undergoing ESS, those with SNOT-22 sctoek9, only 35.7% met the
minimally clinically important difference of imprewment after surgery compared to
patients with SNOT-22 score of 20-29 who 75% metiM@&fter surger§’. Thus, both
generic and CRS-specific quality of life measunmesuseful to compare the clinical

effectiveness of CRS treatments.

Cost-effectiveness analysis and how it can be applied to CRS
As defined in the most recent guidelines, costotiffeness analysis (CEA) is a form of
economic evaluation that assesses the health oascand costs designed to improve

people’s healtf? *° CEA involves estimating the net, or the ‘incretedrcosts and
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effects of an intervention compared with some a##ve® * All costs associated with
the delivery of the comparing interventions arduded consistent with the perspective
of the study. All health effects, both benefi@ald detrimental, are included in the
analysis. The costs and health effects includetearstudy are determined by the
perspective of the study, whether that would bdtheare payer perspective or societal
perspective, the latter being important as it wontdude all costs so as to not miss any
cost-shifting. Thus, cost-effective analysis igehinique to assess an interventions cost

and health impact in comparison to a competingradteve.

Cost-effectiveness analysis and other economig/seslhave been performed in CRS
comparing ESS to medical therapy. In a Markov mdé8S was cost-effective in
comparison to medical therapy, with an incremetat-effectiveness ratio (ICER) of $
5,901.90/quality adjusted life year (QALY¥) Other studies found that ESS was cost-
effective in comparison to medical therapy with@ER of $ 13,852.26/QAL¥. In the
sensitivity analysis, the authors noted that médiexrapy was more cost-effective only
when the revision rate exceeded 24%. As the recoerrate of nasal polyposis after ESS
can be as high as 38% at 12 morithsore recent data has shown that in fact the
revision rates can be high for CRSwWNP. In a lcgngat10-year observational study, 10
of 59 CRS patients required revistan The revision rate was higher in CRS patients tha
would have Th2 phenotype, with 8 of these 10 p&ibaving CRSWNP and 4 of these 8
CRSwWNP patients having AERD. Clearly there is arfee more targeted therapies and

to determine the cost-effectiveness of therapi¢sese subgroups.
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The evolving under standing of inflammation in CRS

Current medical treatment of CRS is based on defatieical characteristics and
phenotypes described in the US and European goégef®. However, like asthma, in
future the treatment approaches need to be stdtifn biomarkers and endotypes to
address the central pathophysiologic mechanisnediri@ the disease subtypé’.
Endotypes of CRS could be differentiated basediierent biomarkers such as the cells
involved (e.g. eosinophils) or levels of cytokirsesl allergic antibody (IgE) in serum or
tissue. In the context of availability of new bigloal agents that specifically target
mediators such as cytokines or their receptorsyithaalizing the treatment based on

these biomarkers will become an important tool anagement of CRS.

CRS is a chronic inflammatory disease affectingsihenasal cavity with a
heterogeneous pathophysiology resulting in widenptypic variation. The differential
expression of type 1, 2, or 3 immune responsestsastheterogeneity in CR3 3
Furthermore, the dominance of immune responsesagacross different populations
with varied racial backgroundé® In a large study attempting to cluster CRS pasie
based on clinical and pathophysiologic characiessi0 different clusters were shaped;
out of which 6 were heavily type 2 driv@nThe cumulative results of previous studies
have demonstrated that majority of white and blaatkents with CRSWNP in Western
countries have a type 2 inflammatory profile witgthrate of asthma comorbidity,
featured by upregulated levels of IL-4, IL-5, IL;18cal IgE and tissue eosinophfiia.

In CRS patients without nasal polyps (CRSsNP),realke percentage of patients have

type 1, 2 or 38 In US, similar to other western countries thetwaajority of
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CRSWNP? *'and at least one third of CRSsNP pati&tiave evidence for a type 2 (Th-
2) inflammatory pattern and increased eosinopf@ifsiote, the inflammation in CRS
involves type 2 innate lymphoid cells (ILC2s), whielease similar pattern of type 2

cytokines including IL-4, IL-5 and IL-1.

Biologic therapiesfor Th2 inflammation

Most approaches that have been used to differergizdotypes of CRS are based on
presence and abundance of eosinophils and IgEhvaineclinked to Th-2 inflammation.
Differentiation and classification of CRS basedldn2 inflammatory mediators is most
relevant for use of biologic agents, which are giesd to block IL-5, IL-4 and IL-13, or
IgE. These medications have been approved fomtegdtof severe asthma which in most
cases is a Th-2 driven dise&s&he 5 biologics that are approved for asthmégaafjet

Th-2 inflammatory mediators and include mepolizupraklizumab, benralizumab,
omalizumab and dupilumab (Figuré“1)Mepolizumab, reslizumab reduce the activation
and survival of eosinophils by targeting It45Benralizumab targets the alpha subunit of
the interleukin-5 receptor (IL-58 and results in direct and almost complete degietif
eosinophils through natural killer cell-mediateditzody-dependent cellular cytotoxic
effect®*> Omalizumab recognizes and attaches to free tigfieassame site as the high-
affinity IgE receptor (FeRI), which results in inactivation of the molectfland stopping
the allergic signal sent to the mast cells and jplaissa Dupilumab is designed to
recognize the alpha subunit of the IL-4—receptb¥4(Ra) that is common for signal
transduction through both IL-4 and IL-T3 In summary, Type 2 inflammation is the

predominant inflammatory pattern in CRS and an dppe quarry to precisely target.
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Out of these mAbs, omalizumab, mepolizumab andldonaib have been investigated in
CRS%?% 8 The clinical trials of these mAbs are summariired@able 1. From the
currently available data of controlled trials irtipats with CRSwWNP, all three of these
biologics have been helpful in decreasing the naslgb scores and reduction of

sinonasal symptoms in CRSWNP patiéfité ¢

Biologic therapiesin CRSWNP

Omalizumab has been used for asthma for over 15 yieaving been FDA approved in
2003°. This is the first biologic agent used for Th-Péyinflammatory diseases and is
frequently used for both allergic asthma and idibaurticaria. Few studies have so far
evaluated the effect of Omalizumab in CRS. In aoanized, double-blind, placebo-
controlled study of CRSWNP patients with comorksthana subjects received 4 to 8
subcutaneous doses of either omalizumab (n = 18)aoebo (n = 8) for 16 weeks
There were significant decreases in nasal endospopyp scores and quantitative
measurement of sinus inflammation in imaging (LivecKay CT scores) in the
omalizumab group compared with placebo. Furtherparalizumab had a significantly
higher beneficial effect on upper airway sympton@uding nasal congestion, anterior
rhinorrhea and loss of sense of smell, as welbagil airways symptoms including
wheezing and dyspnea. Importantly, Omalizumab Wwsasassociated with improved
quality-of-life scores (SF-36 and Rhinosinusitist€une Measure-31) in CRSwWNP and
asthma patient& In another randomized, double blind, placebomdied clinical trial of

refractory CRS; subjects were randomized to recemalizumab or placebo for 6
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months®. Treatment with omalizumab was associated withifggnt improvement in
the Sino-Nasal Outcome Test (SNOT-20) at multipreetspans including 3, 5, and 6
months follow ups compared to baseline, while tlvegee no significant changes in the

control group.

Mepolizumab was approved by the FDA in 2815n a randomized, double-blind,
placebo-controlled trial of one hundred CRSwNPgrdati aged 18 to 70 years, patients
received either 750 mg of Mepolizumab (n = 54) lacebo (n = 51) every 4 weeks for a
total of 6 doses in addition to daily nasal corsienoid treatmeAf. Mepolizumab was
associated with a decrease in need for surgeiigndisantly lower number of patients in
the mepolizumab group compared with the placebomreeded surgery at Week 25
(30% vs. 10%, respectively; P = 0.006). Furthermpatients on Mepolizumab had a
significant improvement in endoscopic nasal polggre and Sino-Nasal Outcome Test
(SNOT), a patient-reported outcome score compargdpatients who were on placebo.

The side effect profiles were similar in the plazeimd Mepolizumab grouffs

The third mAb studied in CRS, dupilumab was appdave the FDA in 201%. In a
multi-center randomized, double-blind, placebo-caligd study, 60 adults with
CRSwWNP underwent either 600 mg loading dose foltbtaye 300 mg weekly of
subcutaneous dupilumab (n=30) or placebo (n=3@ydition to mometasone furoate
nasal spray for 16 weeks. Among the 60 patientswadr@ enrolled, 51 completed the
study. Dupilumab group had a significant reductiothe nasal polyp score and Lund-

Mackay CT scores. These reductions were signifigdagher in Dupilumab compared



184  with control group. Dupilumab was also associatétl higher improvement of

185 symptoms measured by SNOT-22 and sense of smelses$ by Pennsylvania Smell
186 Identification Test.

187

188 Theneed for cost-effectiveness analysis of biologicsin CRSWNP

189  Given the recent introduction to the market of n@elogic therapies for asthma, cost-
190 effectiveness analyses of these medications agerecéntly being reviewed. These
191 findings have been recently summariZed PubMed search of “chronic rhinosinusitis”,
192  *“nasal polyp” “cost-effectiveness analysis” anddibgical therapy” or “mepolizumab”
193  or “omalizumab” or “benralizumab” or “dupilumab”sided O articles. This early stage
194 of development of trials of biologic therapies lre treatment of CRSWNP provides an
195  opportunity to raise important issues in futuretedfective analyses and to perform
196 these analyses alongside the trials.

197

198 As with most cost-effective analyses, future cditativeness analysis of biologic

199 therapies in CRS should adhere to recent recomrtiendd > The perspective should
200 utilize both the societal and healthcare perspettivCost-effectiveness analyses should
201 be performed alongside ongoing and future studied,can also be done as a secondary
202 analysis of completed studies. Another generamaoendation is the use of an

203 inventory checklist. The published manuscript of the cost-effectiveresalysis should
204  adhere to reporting guidelin@s’® These guidelines help maintain transparency and
205 interpretability of the results by the audience.

206



207  These guidelines indicate situations that couldifipally pertain to use of biologic

208 therapies in CRSWNP. This call for cost-effectiees analysis of biologic therapies is
209 timely, as the FDA recently approved dupilumabtia treatment for CRSWNP As the
210 results are to be generalized to the allergy/imnagyoclinic and also the adult primary
211 care clinic where referrals will come from, as wadlthe otolaryngology clinic, the

212  source data should include recruitment from théis&s. This would minimize any

213  sample bias, which would exclude those patientsselpweference is to delay surgery,
214 and may not show-up to an otolaryngology clinihie&nalysis should compare the mAb
215 to endoscopic surgery, as the evidence of effantise over sinus surgery in CRSWNP is
216  not always satisfactor§; As endoscopic sinus surgery is associated wilyraficant

217  revision rate, the analysis should not be a one-tiecision tree, but a Markov model,
218  which are useful for analyses with recurring evemts over long-term time horizdfis

219  This would also account for increasing risk of cdingtion with each surgety,

220  Structuring the analysis this way would accountdatient-preference to avoid any first
221  surgery. This recurrent structure would importaadlpw for initial medical treatment the
222 underlying inflammatory process. Other analysesikhexamine combination strategies,
223 such as if the biologic therapy is used beforeey;gn a neo-adjuvant strategy, would
224  the biological therapy improve surgical outcomdserg can be also analyses that

225  consider different medical strategies, such asgusiologic therapies on a short-term
226  basis to allow aspirin desensitizatian

227

228 Itis noteworthy that the use of biologics is esakg helpful in patients with comorbid

229 asthma. All of these biologics result in significémprovement of quality-of-life and
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asthma control tests Based on the united airway concept the inflamonaiti upper and
lower airways is interconnected. Inflammation ie #inuses is directly linked to lower
airways pathology and point to the importance @pieg the upper airways disease in
controf®. Biologic agents can treat both conditions siemgusly which makes them an
idea therapy in patients with severe asthma and. CR& of biologics such as
mepolizumaf’ can result in decreased need for surgery whichbeibeneficial by

saving the direct and indirect costs of a surgid@rvention. Furthermore these agents
could to be first line treatment options for pateewho are not candidate for surgery due
to coexisting contradictory medical problems orséa@ho are hesitant to undergo a
surgical procedure. However biologics are expenseaments and involve multiple
visits to the provider. Therefore it is importaotassess their efficacy after an appropriate
course of treatment trial and should be contin@iéiokly result in reduction of symptoms.
It is noteworthy that the studies on use of biatsgh CRS have been limited to 16 weeks
durations of treatment and no information is cuttyeavailable on their efficacy for

longer duration. Cost effective analysis of daspeeially in prospective cohorts with

long term follow up, can help elucidate this arethhwan unmet research need and to
develop updated therapeutic guidelines for treatrakthis complex chronic disease of

airways.
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Figure 1: Molecular targets of biologic therapiesin CRS

Dendritic cells sample the external environment by extending processes between the
respiratory epithelial cells. The activated dendritic cells interact with Th cells, which can
differentiate into Th2 cells, secreting interleukin-4 (IL-4), interleukin-5 (IL-5) and
interleukin-13 (IL-13). ThelL-4 and IL-13 can stimulate B-cells to class switch to
immunoglobulin E (IgE). Dupilumab (anti-1L-4Ra) targets the a-chain of the IL-4
receptor (IL-4Ra), preventing IL-4 from binding. Omalizumab (anti-IgE) targets free
IgE, preventing binding to IgE-receptors on mast cells and basophils. IL-5 can activate
eosinophils. Reslizumab and mepolizumab, both anti-1L5, target free IL-5 preventing
binding to IL-5 receptor (IL-5R). Benralizumab (anti-IL-5Ra) targets the a-chain of the
IL-5 receptor (IL-5a), preventing IL-5 from binding to IL-5R. An additional attribute of
benralizumab is that it can activate antibody-dependent cellular cytotoxicity.
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