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Abstract

The development of biologics targeting various atpef Type-2 inflammation for the treatment
of chronic rhinosinusitis with nasal polyps (CRSWN®II provide clinicians with powerful

tools to help treat these patients. However, diinenapies are also available and positioning of
biologics in a management algorithm will requirengarative trials. In November 2019, the
NIAID convened a workshop to consider potentialifattrial designs. Workshop participants
represented a wide spectrum of clinical specialtreduding otolaryngology, allergy and
pulmonary medicine, as well as expertise in CRSwhifhophysiology and in trial methodology
and statistics. The workshop discussed the custate of knowledge in CRSwWNP and
considered the advantages and disadvantages otisadiinical trial or observational study
designs and various clinical outcomes. The outjout this workshop, which is presented in
this report, will hopefully provide investigatorstivadequate information and ideas to design
future studies and answer critical clinical quessidt will also help clinicians understand the
current state of the management of CRSWNP anafis gnd be better able to interpret the new

information to come.
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Introduction

Chronic rhinosinusitis (CRS) is a common inflamnngtocondition affecting more than 10% of
the population in western countries(1, 2), 8-11%hefpopulation in Asia(3, 4), and roughly 38
million Americans(2). Chronic rhinosinusitis witlasal polyps (CRSwNP), which represents
less than 25% of CRS, is diagnosed by a combinaticubjective sinonasal symptoms and
objective evidence of nasal polyps(5). The impiaras of this disease extend well beyond the
nose and paranasal sinuses as CRSwWNP has widengauopact on patient-reported quality of
life, with well-described associations with depres§s), cognitive impairment(7), and overall
health state utility values equal or worse to ottiepnic diseases such as congestive heart

failure, end-stage renal disease, and chronicwiiste pulmonary disease(8).

Over the last several decades the inflammatorygsses underlying CRSwWNP continue to be
better understood. Although the exact pathwaydimggto the generation of nasal polyps have
yet to be delineated, it is now widely accepted, timthe large majority of Western hemisphere
patients, the sinonasal mucosa is characteriz@d/pg-2 inflammation and its chronic
remodeling consequences. Biologics that targsttiime of inflammation are being used in
asthma and atopic dermatitis(9, 10). Several studivolving these biologics have been
conducted with success on patients with CRSwNPtlzadirst Type-2 inflammation-targeting
biologic has been approved for use in this condffid, 12). As these therapies receive
regulatory approval, the question of how to incogt® them into the treatment paradigm for
CRSwNP and thus provide better care for patientsthva topic of a workshop organized in
November 2019 by the Division of Allergy, Immunojognd Transplantation of NIAID.
Workshop participants included clinical experts émalists from the fields of otolaryngology,
allergy, and pulmonary medicine, as well as medtaniesearchers, trial methodologists and
statisticians. Scientists representing the ingustre invited and participated in the discussions.
The workshop agenda and speakers are list&@alhe S1. This report summarizes all
presentations, as well as the discussion on triatfeer study designs with which the workshop
concluded. It is hoped that this report will bedi®y researchers to design clinical trials and

observational studies that will address the pasitig of biologics in CRSwWNP and will help in
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the development of clinical guidelines for apprapg| evidence-based, incorporation of these

new therapeutic modalities into the CRSwWNP treatra&gorithm.

Current Management of CRSWNP

The basic paradigm for the treatment of CRSwNPréeslved around the use of intranasal
corticosteroids(13). For patients not respondintpbse agents, oral corticosteroids are used to
induce better disease control followed by intrahesgicosteroids as maintenance anti-
inflammatory treatment. For patients not respogdanthis scheme, endoscopic sinus surgery
(ESS) is offered followed, again, by medical treatinwith topical corticosteroids in an effort to
prevent relapse={gure 1). In addition, we use antibiotics for acute exhedions presumed to be
of bacterial origin. Some practitioners may uddaifel leukotriene receptor antagonists or a 5-
lipoxygenase inhibitor, but the data in supporéfficacy for these agents are weak. Itis
generally believed that this paradigm works for riegority of patients, but a number of patients
are not adequately controlled and may have resgjumaptoms (e.g. olfactory impairment) or
recurrence of polyposis. In addition, there argepés who, for various reasons, do not want to

or cannot undergo surgery.

In recent years, the FDA has approved a novel eslisystem for the distribution of intranasal
corticosteroid in the form of an exhalation devieB(and sinus implants containing
corticosteroids(15). Other post-operative treatmémtiude aspirin desensitization in patients
with aspirin-exacerbated respiratory disease an@$nnide/mometasone large volume
irrigations. The latter approach appears to beemaffective than intranasal corticosteroids(16-
18), but definitive data as to what proportion afipnts further benefit from those treatments are

not available.

One biologic, dupilumab, an antibody against tiphalsubunit of the IL-4 receptor, which
blocks signaling of both IL-4 and IL-13, has begpraved by the FDA having shown to be
effective and safe in the treatment of CRSwWNP (J&]ditional biologics are in Phase Il clinical

trials seeking regulatory approval and may becovadable in the future.
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Economic I mpact

CRS (with and without nasal polyps) has long-teamifications with regard to treatment,
associated total cost, as well as the impact @fadis on patient productivity(20-22ptal costs

are often divided betweatirect andindirect costs where direct costs primarily refer to
traditional healthcare costs like physician vigitescription medical therapy and surgery, while
indirect costs refer primarily to lost productivitythose suffering the index disease(23).
Conservative estimates suggest that for CRS, ¢otdb are in excess of $30 billion USD per

year in the US with more than $20 billion accourftatby indirect costs(24).

A 2009 study provided an assessment of the additiinease burden of CRSwWNP(25).
Differences in medication costs were noted forgrasi with recurrent polyps after surgery
($866) compared to CRS without nasal polyps ($ar@) primary CRSWNP ($565). The same
investigators found that annual incremental costiev$11,507 higher for patients with
CRSWNP versus those without CRS(26, Z7)sts were higher in subgroups undergoing ESS,

with comorbid diagnosis of asthma or those recgiaral corticosteroids.

Most of our understanding of indirect costs hasbgteaned from the study of CRS in general
rather than of CRSwWNP. Consistent with other cirrdiseases, the indirect costs of CRS are
much greater than the direct costs. Since 85%téms with CRS are of working age (range:
18-65 years old), indirect costs such as missed#days (absenteeism) and decreased

productivity at work (presenteeism) significantiydato the economic burden of the disease(28).

Goetzel et al. attempted to quantify the indirexgts of rhinosinusitis(29). Their 2003 study
resulted in rhinosinusitis being listed as oneheftbp ten most costly health conditions to U.S.
employers. Episodes of illness were linked to edssorkdays and disability claims, accurately
correlating absenteeism to the disease. In a Eagwle size (~375,000 employees), total
healthcare payments per employee per year foriis(fsoth acute and chronic) were found to
be $60.17, 46% of which came from the cost of afesesm and disability.
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In 2003, patient-completed surveys from 322 pasievdre used to estimate the direct and
indirect costs of CRS(30). The report concludexd the cost of treating CRS per patient totaled
$1,539 per year with forty percent of this relatedndirect costs of missed work; the mean
number of missed workdays in this sample was 4y8/glaar (95% CI: 3.4 - 6.1). The study was
followed up in 2009 and 2012 using data from thédyal Health Interview Survey between
1997 and 2006 encompassing nearly 315,000 indilscarad reported that patients with sinusitis
missed on average 5.7 days of work per year(26)2014, Rudmik and colleagues specifically
evaluated recalcitrant CRS and found that patieittsthis more severe form of CRS had mean
annual presenteeism and absenteeism rates of28ay3 per patient per year, equating to an
average indirect cost of over $10,000 USD per paper year(31).

More recent data have emerged which demonstrategeban productivity after treatment of
CRS(32-36). These data suggest that successfulgaarent of CRSWNP can result in

significant improvements in productivity and redantof indirect costs.

Additional factors need to be considered. For eplanthe cost of disease needs to consider
disease time horizon. If the age of persons urtdeggESS for CRSwWNP is in their 40s, then
they will probably be burdened with disease foy88rs. Therefore, as with any chronic
condition, we cannot just focus cost estimatiorona-year time intervals. Equally important is
the observation that ESS followed by post-operatieglical management can restore and
maintain health utility to normal and this may afeed to be taken into account in long-term

cost calculations and modeling(37).

Current and Upcoming Biologics for the Treatment of CRS with Nasal Polyps

Knowledge of the inflammatory mechanisms of CRSvdgRtinues to grow. Monoclonal
antibodies developed for the management of astmmatmpic dermatitis have been tested in
studies of CRSWNP since these diseases share slammatory processes. For example, in
the majority of CRSWNP patients tissue eosinopdmiésincreased and, in many patients, blood

eosinophils as well as total serum IgE concentnatare increased compared to healthy
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controls(38). Tissue Type-2 cytokines such agleuw&in (IL)-4, IL-5 and IL-13 are increased in
patients with more severe radiographic diseaseaatiuma.

Several biologics that target components of theefgpnflammatory response such as IgE, IL-5,
the IL-5 receptor, and the IL4 receptor alpha thigitates signals for both IL-4 and IL-13 have
been evaluated for efficacy in CRSWNP. Proof-afiaept studies involving omalizumab (anti-
IgE)(39), mepolizumab (anti-IL-5)(40, 41), reslizain(anti-IL-5)(42) and dupilumab (anti-IL-4
receptor alpha chain)(43) have been performedjeslerated promising results in reducing polyp
size and disease burdehaple 1)(11). Building upon a successful phase 2 study(@®g)
successful phase 3 studies with dupilumab havebasa published(19). As a result, this
biologic has received approval for use in CRSwNRhgyFDA as add-on maintenance treatment
in adult patients with inadequately controlled dse These studies not only provide safety and
efficacy data, but also a lot of information fors@ging future clinical trials. Two 24-week long,
phase 3 trials with omalizumab have been succéggieiformed, but detailed results have not

yet been published.

Overall, these studies have taught us about thertapce of Type-2 inflammation in CRSwNP,
but also underline the heterogeneity of the diseas® only a percentage of each study
population showed substantial clinical responsepdrtantly, these studies did not compare any
of these biologics to each other or to other tremtnoptions and have not clearly identified the

patients who would benefit most from biologics. e$a questions need to be addressed.

The Use of Biologics Targeting Type-2 Inflammation in Asthma

The CRSwNP field draws from the experience witHdgs in the treatment of asthma.
Biologics for the treatment of severe asthma haenbn development and use for over 20
years, beginning with omalizumab/anti-IgE in thie14990s. These therapies have been
instrumental in both the treatment of asthma arftkiping to develop new mechanistic insights
regarding severe asthma and Type-2 inflammatidrhey have also promoted the development
of both predictive and responsive biomarkers, helpfidentifying appropriate patients for

therapy and measuring their responses to thatgper@urrently, there are 5 monoclonal
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antibodies approved by the FDA for the treatmerastfima, targeting 3 aspects of the Type-2
inflammatory pathway, IgE, the IL-5 pathway and thel receptor.

Omalizumab was the first biologic therapy approfggdpatients with moderate to severe
persistent allergic asthma whose symptoms are gquedely controlled with inhaled
corticosteroids. It has shown efficacy in manwichl trials, primarily in reducing asthma
exacerbations. Its efficacy in “all-comer” aduligh severe allergic asthma, as currently
defined, is modest with about a 25% reduction iacexbations over 48 weeks(44). However, a
post hoc analysis of that trial identified biomaskef Type-2 inflammation (blood eosinophils,

fraction exhaled NO (FeNO)) as better predictoreesponse than total or specific IgE levels(45)

Three antibodies targeting the IL-5 pathway, twaiast IL-5 (mepolizumab, reslizumab) and
one against its receptor (benralizumab), are aggldor the treatment of severe asthma with an
eosinophilic phenotype. The pathway is criticaléosinophil maturation, migration and
survival. When patients with modest elevationsither lung or blood eosinophils and
European Respiratory Society/American Thoracic &gaefined severe asthma are targeted,
highly consistent efficacy with a ~50% reductiorasthma exacerbations is observed across all
three antibodies(46-50). In addition, two of thes@ibodies (mepolizumab and benralizumab)
have shown efficacy in corticosteroid dependertraat each leading to a significant reduction
in oral corticosteroid dose. Overall, these agbatse been well-tolerated, but are not

efficacious in patients without at least modestafiens in blood eosinophils.

Dupilumab, an antibody against the alpha chaimefiL-4 receptor, has been efficacious in
patients with severe asthma and blood eosinoplkiNien if only modest(51-53). FeNO is a good
predictive biomarker for response and there is sewidence to suggest that elevations in both
FeNO and blood eosinophils identify the best redposito dupilumab. Dupilumab has been
approved for the treatment of patients with modetatsevere asthma with an eosinophilic
phenotype or with oral corticosteroid-dependerttrast, with or without blood eosinophils,
similarly allowing for reductions in oral corticesbid dose as compared with anti-IL-5/5R
approaches. The drug has generally been weliateld, but blood eosinophils regularly

increase in a subset of patients and there havedzees of eosinophils reaching up to 50% of
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all peripheral white blood cells. Rare cases afiraphilic granulomatosis with polyangiitis
(EGPA) have been reported(51).

Although the use of biologics in asthma has hadisogint impact in the management of severe
disease and substantial clinical experience has desumulated that may help in the application
of these agents in CRSwWNP, many questions remaardang optimal use of biologics in
asthma, including:
1. Who are the best patients for each type of biolagid could better biomarkers or clinical
phenotyping help identify them?
2. What is the long-term safety and efficacy?
3. Is there a possibility for long-term modificatiohtbe natural history of the disease?
4. Can background medications (e.g., inhaled cortiogls, long-acting beta agonists) be
stopped?
5. Can management plans get developed that will op&imost-effectiveness in the use of

each of these biologics?

The same questions will probably apply to the udai@ogics in CRSWNP and future biologics

in development.

CRSwWNP Patients who Could Qualify for Therapy with Biologics

The majority of patients with CRSwWNP in the USA bavType-2 inflammatory pattern in the
sinonasal mucosa and therefore would potentiallgliggble for anti-Type-2 monoclonal

antibody therapy. Given the high cost associateéld biblogics, patient selection is crucial in
order to implement such therapies into chroniciratpry disease care pathways. A
multidisciplinary expert board meeting organizedHy European Forum for Allergy and

Airway Diseases (EUFOREA) suggested a set of @i(@able 2) that may be used to select
appropriate patients(54). Some concerns have taésed because, based on these criteria, non-
Type-2 CRSwWNP could also be eligible for treatmantstopping rules are defined, and the
criteria for responsiveness to treatment are rearcl Yet, these are the first criteria developed i

the field. This group suggested that less critereanecessary if patients had prior ESS.
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Arguments in support of this recommendation weeertiid-term high efficacy of ESS (in 60-
90% of cases, disease does not recur within 5 }8&r<H5, 56) and the fact that the sinuses are

better accessible to local (corticosteroid) treatinadter surgery.

CRSWNP has a prevalence of 1-2.5% (57, 58). Fouttieed States (adult population 255%),0
this means there is an estimated minimum of 2,58Datients with CRSWNP. Most of these
patients are generally treated with nasal cortewogls and an occasional short course of
systemic corticosteroidsFigure 1). Based on calculations derived from recent data
California, 0.013% of the general population undesyESS yearly(59), which translates to a
minimum of 33,000 CRSWNP patients having ESS yeartyre United States. Also, data from
the United States and the United Kingdom show &i@v rate in a 5-6 year period of 10-20%
resulting in an estimated yearly incidence ofeaist 3,300-6,600 patients that could potentially
qualify for biologic therapy in the United Statesr fyear(37, 55, 59). It is unclear, however, how
many of these patients would also fulfill the aditl EUFOREA criteria that include
significant impairment of quality of life, reducesinell, asthma and the need for (at least 2)
courses of systemic corticosteroids in the past {Eable 2). It is possible that these criteria
would further reduce the number of candidates fololgic therapy to a minimum of 2,000-4,000
new patients per year. Another possible way taregeé the number of eligible patients is to
assume the rate of using biologics in CRSWNP wdagdhe same as the use of biologics in
asthma, which is 3/1000 of the total asthma pomri&iO0).

Based on these data the following hypothetical @tes can be envisioned for the minimum

number of new CRSWNP patients in the USA that wdndctligible for biologics every year:

1,000 CRSWNP patients based on population needi8§ Bnd data from asthma
(3/1000)

* 2,000 CRSWNP patients based on EUFOREA criteria

* 9,000 CRSWNP patients based on the total CRSwNRIlgpn and data from asthma
(3/1000)
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» 33,000 CRSWNP patients if all CRSWNP patients r@ngiESS every year were eligible
for biologic therapy

These estimates do not take into account that@option of these patients will also have severe
asthma and receive biologics because of their astHmaddition, the total number of patients
on biologics at any given time cannot be easilimesged due to the fact that the real-life

duration of treatment is unknown.

In reviewing these estimates, one realizes thatdorental information that will allow us to
optimize the use of biologics in CRSWNP is missifigr example, the major assumption that
ESS may need to precede the use of biologics atdE®S needs to fail before biologics are
used is not based on any clinical evidence derifrimigp randomized clinical trials (such trials
have not been conducted) or from any available rempee from clinical practice given that these
agents are just being introduced in the CRSwNRepiagiopulation. It is also important to
consider that the clinical phenotypes and biomarkeat predict unfavorable mid to long-term
outcomes of surgery are comorbid asthma, aspidcenbated respiratory disease (AERD),
allergic fungal rhinosinusitis and high tissue eogiils, IL-5 and IgE concentrations(61). The
same co-morbidities and markers are linked to T¥jpe#fammatory disease, which is targeted

by current and upcoming biologics.

In the years to come, in addition to new evidererved from well-designed studies, the
dynamics between forces that range from guidelmespayers’ policies to patients’ and
physicians’ preferences (which will be based otweald efficacy, safety and ease of use), but

also other factors, will determine the use and ichpébiologics in CRSWNP.

Future Therapeutic Targetsin CRSWNP

As the inflammatory process of CRSwWNP becomegbatiderstood, potential new targets to

intervene will undoubtedly arise. Several tardgetge already been identified and are discussed

below. Improvements in our approach towards exgstargets are also possible.



390 At least 80% of patients with CRSWNP in westernrtdas have Type-2 inflammation in nasal
391 polyps, and the biologics referred to above are &bkhrink polyps by blocking elements of the
392 Type-2 immune response(38). Though not the topihis report, Type-2 inflammation also
393 occurs in about 50% of patients with CRS who dohaste nasal polyps; thus, information

394 gained from studying CRSWNP may be also applicaibthose patients as long as clear

395 diagnostic criteria are developed and the impath@edisease can be documented and justify the
396 use of biologics. Our current approach for inhanitof Type-2 inflammation relies on

397 monoclonal antibodies because the contact regiomyfpe-2 cytokine (IL-4, IL-5 and IL-13)

398 binding to respective receptors is large. Poteimiprovement in this domain may derive from
399 molecules that are inhaled. For example, an imh@atetein that binds to and inhibits the IL-
400 4/IL-13 receptor, a derivative of lipocalin-1, Hasen shown to inhibit signaling in individuals
401 with asthma(62). Type-2 signaling can also beughtsed through inhibition of transcription

402 factors using low molecular weight inhibitors, wiicould theoretically be used as oral drugs.
403 The main transcription factors involved in Typek2wing, GATA3 and STATG6, have been

404  difficult to disrupt with low molecular weight dreg However, a GATA3-specific DNAzyme
405 has been developed that inhibits Type-2 and exgeriah asthma in humans(63). In addition, a
406 new class of STAT6 inhibitors has been developedhvbihow promise in preclinical models of
407 allergic disease(64). Also, inhibitors of JAK-STAIgnaling have proven to be effective in
408 atopic dermatitis and are worth testing in CRSwMN#p(6

409

410 Epithelial barrier dysfunction is a common featafdype-2 inflammatory diseases of the skin
411 (atopic dermatitis), nose (allergic rhinitis and ®Rlung (asthma) and gut (food allergy and
412  eosinophilic gastrointestinal diseases). A resaidy in CRSwWNP concluded that there is an
413 aberrant basal epithelial cell progenitor differatidn that locks basal cells in an uncommitted
414 state(66). In addition, Sergejs Berdnikovs has@nted data suggesting that limited endocrine
415 dysfunction, especially insulin resistance or retliexpression of insulin or members of the
416 insulin growth factor family, may lead to epithéloarrier dysfunction botim vitro andin

417 vivo(67, 68).In this respect, restoration of insulin signalingoatients with endocrine

418 dysfunction is an approach worthy of considerati@mother potential therapeutic target is

419 oncostatin M, a cytokine implicated in CRSwWNP egiild dysfunction. An antibody against
420 oncostatin M is available, but has not been teist€eRSWNP(69-71).
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New studies demonstrate that nasal polyp tissla#gely composed of crosslinked fibrin and
there is reduced fibrinolysis (due to reduced tBAJ increased fibrin crosslinking (due to
increased levels of factor XIIIA) in polyp tissu@(7 Tetsuji Takabayashi and coworkers
showed that incubation with nattokinase, a tPA-Bkeyme that activates fibrinolysis, can
reduce polyp tissue by 90% while having no effechealthy tissue (which lacks cross-linked
fibrin)(73). In addition, the viscosity of mucus in CRS patiseis dramatically diminished by
fibrinolytic treatment, suggesting that fibrin cstisking mediates the viscosity and stickiness of
mucus in CRS patients. Notwithstanding potentieébing side-effects, use of anticoagulant
compounds, either locally or systemically, may bergeresting approach to nasal polyp size

reduction.

Several years ago, it was discovered that nasgpgisisue contains large numbers of B cells,
plasmablasts and plasma cells and that considegahblgities of autoantibodies are

produced(74, 75). Subsequent studies showeddha sf these antibodies activate complement
in polyp tissue(76). This raises the possibilityBecell targeting drugs (e.g. those employed in
autoimmune diseases) getting tested in patienthhom an autoimmune component appears

dominant.

It has been known for some years that the aractagand metabolizing enzyme 15-
lipoxygenase is elevated and activated in patieittsnasal polyps, asthma or other severe
Type-2 illnesses in the airways(77, 78). Recerdistuby Whitney Stevens and colleagues have
shown that patients with AERD have highly elevd&aels of 15-LO as well as a major 15-LO
product and that these elevations correlate witersy of disease (unpublished observations).
A genetic study has shown that a loss of functiamant of 15-LO protects against the
development of CRS(79) and Sally Wenzel's groupgrasented evidence that 15-LO is an
important inducer of inflammatory mediators(80)ndfly, Bing Yan et al have shown that 15-
LO products are likely to play a role in epitheligisfunction(81). Taken together, these studies
raise the hypothesis that inhibition of the 15-L&@way may benefit patients with CRSwNP.

Clinical Research Questionsin CRSWNP
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Many unanswered questions about the managemeR8SMBIP exist and more questions have
been generated with the introduction of biologiw@gorkshop participants were given the task to
identify important questions on how to positionlbgics in the management of CRSwWNP. Two

major areas of interest arose from this discussion.

* Among CRSwWNP patients who have undergone sinugsyrdoes treatment with
biologics prevent recurrence of disease and impoaNeomes better than standard
medical therapy? This question has two aspect®o®s post-operative treatment with
biologics offer an advantage compared to curreaibilable medical treatment? B) In
cases where surgery fails despite appropriate gquastative medical management, would
biologics help avoid revision surgery?

* Among CRSwWNP patients who have not undergone sintgery and have persistent,
bothersome symptoms despite medical therapy,asnent with biologics more effective
than surgery and how would cost-efficiency evabragiinfluence this comparison? This

guestion, as will be discussed later, may reqoingitudinal studies.

In designing studies to address these questiayrsfisant consideration should be given to the
fact that, with various technical and methodolagterations, surgical outcomes and revision
rates have improved and the number needed tovirgaa biologic to prevent revision surgery
may be very large and the duration of such aweay long. Some workshop participants
suggested that 5-year observations may be requiisih, we need to consider the fact that we
do not know whether available and upcoming biolsdiave differential effectiveness depending
on the patient’s phenotype or endotype, somethiggested by the experience accumulated in
asthma. On this basis, workshop participants diset whether it would be more appropriate to
resolve this matter first with large trials thatmoare several biologics and include a wide range
of patients before engaging in studies compariongpgics to surgery. Additional, relevant and

more detailed questions are listedliable 3.

The workshop also discussed potential study desdjngcal outcomes, and study participant
inclusion/exclusion criteria. In deliberating drese matters, workshop participants identified

some overall concerns about clinical trials. Altgb well-designed and executed clinical trials
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should represent the gold standard in addressiagtigns related to the use of biologics in
CRSWNP, it is important to realize that, given éx¢éent and the complexity of these questions,
clinical trials have limitations. For example mtial phenotypes and biologic endotypes may
play a major role in determining the optimal us@afew biologic; in such a case, mixing all
phenotypes/endotypes in a trial (the “all-comengrapch”) will most likely mask the
effectiveness of a therapeutic agent. On the dthed, selecting a very specific phenotype or
endotype narrows the generalizability of the res(iftit is too hard to recruit patients,
generalization of the results may be problemagioyl conducting multiple trials or multi-arm
trials to “cover” all phenotypes requires tremergloesources not available to the industry or to
the public sector. Another important considerat®that, whereas achievement of statistical
significance for a primary outcome of a clinicahlkis typically a necessary prerequisite for the
adoption of a new therapy, it is not sufficientheTtotality of trial results will be scrutinized by
numerous stakeholders, including regulators, payausnal editors and reviewers, clinical

experts, guidelines committees, physicians, patiant various critics.

Study designs

Real World Data - Registries/Administrative Databases

Real world data (RWDare data relating to patient health status antiedelivery of health care
routinely collected from a variety of sources, saslreimbursement and billing activities
(administrative data), electronic medical recorisig and disease registries(82). The data are
already available for a large number of patientsauhe patients of interest must be found, b)
treatments and outcomes are not pre-defined, aresearchers can use only information that
was collected. The reasons why RWD can be veryfiiedpe because randomized clinical trials
are a) expensive and take very long; b) usuallpdoparticipants for less than two years,
whereas patients may be taking biologic treatmiemtthe rest of their lives, ¢) participants in

randomized clinical trials are not representatif’the patients treated in real-world clinics(82,
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83) and d) participants in clinical trials adheedtér to trial treatment than patients in real-worl
setting(84).

Identifying patients with existing diagnosis of CR$P is possible in registries or electronic
medical records, but is more challenging in adnaisre databases. To identify undiagnosed
patients or to derive outcomes that are not readigilable, this type of research becomes more
challenging as valid and reliable algorithms thr@nhbine several requirements will need to be
used. For example, an online search for validattadies for “Chronic Rhinosinusitis” in
administrative data found two studies(85, 86),dualgorithm for CRSwWNP probably does not

exist and a study to create and validate suchgorigim will be needed.

Before planning a real-world study, researcherstomsfirm that the data capture the treatments
of interest and that the outcome is measurabley $heuld ask at what time during the drug
cycle the data capture new drugs, and if drugsimédeoutside of a medication plan or over-the-
counter drugs are recorded. Benefits, but alsmhdieffects, especially if rare or delayed, can
be captured. Furthermore, predictors of respoasée identified and drug effects in different
populations can be assessed. The basic approarhasasider two dimensions: patient, drug. In
a simple study design, one would keep one dimerastant and change the second. In a more

complicated design, one can examine two dimensibtise same time using stratification.

A prospective registry may be a more feasible asd-effective initial endeavor before
embarking on clinical trials to address the questiolentified by the workshop. Through a
registry of CRSWNP patients from multiple instituis, one can prospectively collect
information on symptoms, quality of life, endosaopndings, adverse events, imaging and even
serum, sinonasal mucosa or other biomarkers. Tdetsevould be collected from patients with
CRSwWNP who are ultimately treated with a biologid ahose who are not. The registry
participants would be evaluated by predetermingudcell outcome measures. These outcomes
could be used to compare biologics, biologics ajaionventional treatment, and biologics
against surgery. Furthermore, clinical outcomasddtbe correlated to biomarkers as serum and
tissue can be collected at the time of enrollmaatnew biologics emerge, the registry protocols

can be adapted to allow for their investigationisMiork can mirror prior successful database
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registries that have been developed in cohortsilbh@nary disease patients such as the
SubPopulations and InteRmediate Outcome Measui@®rPD Study (SPIROMICS)(87) and
the Cystic Fibrosis Foundation Patient Registry(88p data from such a registry will help
answer many of the questions that have been rarsgavill also improve planning of future

randomized controlled clinical trials.

The most important limitation of registry datahat there is no randomization and the decision
to manage a patient in a particular manner liekotors related to the patient and the patient’s
clinician that are influenced by various forms @< It is possible to design the registry to
include strict algorithms that will guide decisioraking, keeping in mind that this will, most
likely, restrict the participant patient populatioAlthough not the same as randomization, such

a “hybrid” approach may be advantageous.

Randomized Clinical Trials - Head-to-Head Comparisons

Randomized clinical trials are the gold standarcctomparisons between treatments. However,
once a biologic has been shown to be effectivenagjgpiacebo, head to head comparisons
between biologics may require substantially largenber of participants as differences in effect
size may be relatively small. On the other hamadeful consideration and control for specific
CRSwWNP phenotypes and endotypes may reveal diffesstnat are important in the context of

personalized medicine.

Comparisons between biologics and surgery can ée ewre complicated. Double-blind
designs are not possible unless sham nasal potypgatas to be incorporated, something that
could raise various ethical questions. Also, bseaurgery has a high rate of immediate
beneficial effects and a relatively low rate of snder revision, comparative trials will probably

need to be very large, long and, therefore, vesyigo

The recent study by Bachert and colleagues(19)igees\excellent data for designing future
randomized, controlled trials. Based on this stidple 4 illustrates sample size requirements

to demonstrate efficacy of biologics in parallgharials; it is important to note, however, that
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any definitive trial would likely require considéig more than 20 participants per arm to
establish safety. Although the total number otipgrants will be larger, studies incorporating

multiple biologics would be especially efficientestimate all treatment comparisons.

A crossover design of multiple biologics that alk@ach patient to serve as her/his own control
could be especially powerful in determining the miitgpe and/or endotype of individuals best
suited for each regimen. This might need to emploglatively short-term outcome based on a
biomarker to allow for multiple treatment period= ndividual within a manageable time.
Sample size requirements would need to utilize nmdemation from the Bachert et al
dataset(19), and would depend on the specific stbghctives. For a study like this to be
meaningful, biomarkers that reliably predict thimichl response need to be available.
Furthermore, a major issue for such a design igltination of washout as it is currently
unknown how long after discontinuation of a biomGRSWNP returns to baseline disease
activity. A platform adaptive trial approach (dedow) that allows emerging biologics to enter
the trial could be incorporated. A follow-on trilat finetunes biomarker thresholds adaptively

could be conducted once knowledge about biomarker®re mature.

A trial comparing biologic(s) to surgery is morengalicated to design. First, since such study
will probably not be blinded, it would be idealdse an objective endpoint because a subjective
primary endpoint could render the study results unconmmpciThere is also some concern that
the size of nasal polyps (nasal polyp score) wooltbe a fair or meaningful endpoint when
comparing biologics to surgery. Another outcomerhpps a smell test, might be a better
alternative. The second, and perhaps most impartanplexity, is the need to devise an
endpoint that accounts for the time-dependent padace of the two treatments that will

change across a lengthy time frame. Perhaps aruacder the curve approach could be utilized.

Bachert et al(19) used an approach where patrdmisvere rescued (with surgery or systemic
steroids) had their primary endpoint imputed bywuest observed value at the time of rescue.
While this might be reasonable, one could makedkeue a more explicit part of the endpoint.
One approach is to specify a binary or time-to-¢esapoint defined by a) need for rescue, or b)

need for rescue or poor performance on the priraadpoint.
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Adaptive Clinical Trial Designs

In the recent released FDA guidance on adaptivigies‘an adaptive design is defined as a
clinical trial design that allows for prospectivgdlanned modifications to one or more aspects of
the design based on accumulating data from subjjeth® trial(89).” In other words, an adaptive
design allows proper changes to the trial desiged@n interim data analysis. An interim
analysidgs any examination of data obtained from trial pgyants while that trial is ongoing.
Such data may fall under various categories inolyithaseline, efficacy or safety,

pharmacokinetic, pharmacodynamic or other biomarker

Adaptive designs allow efficient use of resours@snple size re-estimation to increase
probability of trial success, adaptive randomizatio have more participants receive the
winning treatment, dropping inferior treatmentsjiad new treatments and enriching a
particular population to show phenotype or endotsgjpecific benefit. Implementation of an
adaptive design is more complicated, and it is irtgrt to limit access to comparative interim

results to an independent team such as a Data MmgtCommittee.

One question that can be addressed by an adagsugnds whether the evidence for efficacy or
the lack of it (futility) is adequate with, let'sig, 60% of the originally planned participants. We
could perform an interim analysis calculating tbeditional power (CP)(90), which is the
probability that the efficacy can eventually berded should the trial continue to the planned
end given the trend in the interim data. If thevpois too low, say, below 20%, the trial would
not be likely to make it and we may claim futilityyt if it is between 50% and 80%, we may
consider increasing the sample size. On the otéed hif CP is >80% or < 50%, the trial may
continue as planned(91). In a more extreme sdgoati CP is 99%, the treatment effect is so
pronounced that efficacy can be proven with 60%heforiginally planned participants. An
important statistical issue is that repeated aealgs interim data will inflate the probability of
making an erroneous claim of efficacy. A commamded approach to address this problem is
that the criterion for significance test at eadiefim analysis is made more stringent so that the

overall type | error is controlled at the origimgsired level, say, 5%(92).
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Similar approaches have been developed for nomiamity trials and trials with multiple arms
such as those that would include more than onedioland a control. Power calculations for
noninferiority trials cannot be estimated accusatefore a trial, so interim data can be used to
update the estimate and the number needed to @&.strategy is to specify a time for interim

analysis and then calculate the power.

Sequential, multiple assignment, randomized triaMART) design(93) is a more recent
approach to build adaptive interventions. Thesenandti-arm adaptive trials that incorporate
biomarkers and provide a mechanism to decide wiieatment to start with, and which
treatment to provide next to responsive and to lgponsive participants as identified by one or
more biomarkers. An interesting approach would deige a platform design where different
treatments get added as new biologics are apprfove@RSWNP. A biomarker-guided adaptive
treatment strategy for multiple biologics can alse formed using a Bayesian adaptive
approach(94). At the end, the study will still neted answer if one treatment regimen is

significantly better than another.

If comparing treatments that have different timeobhset of action, like surgery and a biologic,
the interim analysis must consider time. Therecamain additional considerations specific to
adaptive trials in which the primary endpoint ie time to occurrence of a certain event. In the
case of CRSwWNP that event could be the need faueesreatment with oral steroids, the
requirement for surgery or revision surgery. lesthtrials, power is dependent on the number of
events rather than the number of participants therefore common to target a fixed number of
events rather than a fixed number of participaBtanple size adjustment in these trials has the
purpose of modifying the number of events and,etfoee, may take the form of modifying the
number of participants, the length of the follow-period for each participant, or both. In
addition, interim analyses in time-to-event setingay utilize information on surrogate or
intermediate outcomes satisfying the Prentice raitier surrogate markers(95). If substituting a
biomarker for the interim analysis rather than anpry outcome, the biomarker should be

strongly predictive.
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Additional Considerations on CRSWNP Sudy Designs

Studies of dupilumab in CRSWNP have used intramasahetasone sprays in run-in phase and
throughout the trial, but this may no longer begtandard of care for nasal polyposis. For
example, off-label usage of high dose, high voluopécal nasal irrigations on a once or twice
daily basis (mometasone 2mg in 240ml normal saliae) widely used and have been
documented to have superior efficacy to mometasasal sprays(16). Notably, the safety of
this approach has not been established in largsets(96). Also, an exhalation device system
delivering fluticasone(14) has been approved byFDA although it has not been compared to a
conventional nasal spray or to the off-label ustopical irrigation delivered corticosteroids in
randomized clinical trials. In future studiesoirder to identify “standard-of-care” refractory
patients that could be candidates for biologiagfato respond to these treatments may be
required as an inclusion criterion. Also, studigectly comparing biologics to those new

topical corticosteroid approaches will be of value.

A trial to consider in the context of the post-aiese role of biologics would be to enroll
participants at the time the decision for surgintdrvention has been made. A wash-out period
from standard medical therapy would precede surg&hys would allow tissue samples
collected at surgery to reflect the true diseastope. The surgical procedure should be
standardized, so should postoperative medical pyerRost-surgical randomization to one or
more biologics and possibly to one or more neweticasteroid delivery approaches would
occur at the time an oral steroid course is requioe deterioration of endoscopic scores and/or
SNOT-22 on 2 successive evaluations is noted. eStnoay take years for the need of revision
surgery, this endpoint should probably be avoidédleemed appropriate, this design can be

expanded to involve stratification based on tidsioenarkers or well-defined endotypes.

Oral corticosteroids are routinely applied in thiaical management of CRSwWNP. Can we use
the response to a standard course of oral cortiamds as a biomarker to predict response to
biologics? A trial could be designed where enraltveould take place at the time the clinical
decision to treat a patient with a course of ooaticosteroids is made. Careful evaluation

(involving both clinical and inflammatory outcomdsmfore and at the end of the oral
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corticosteroid course would be done and study@pants would then be randomized to one or
more biologics with or without a placebo contraharRegardless what the endpoints for this
are, data analysis would focus on whether themalgesponse to oral corticosteroids has
predictive value for the response to a specifitdgiz. Of course, a preceding study that
provides evidence of the reproducibility of thep@sse to oral corticosteroids would be of help

in establishing this response as a biomarker.

On the other hand, as discussed earlier, the usebtorticosteroid therapy can be considered
an outcome to assess the efficacy of biologicsidysparticipants can be primed with a course of
oral corticosteroid for a set duration (e.g. onekyer until a predetermined reduction in nasal
polyp size score is detected (see outcomes beldhgdreafter, participants could be randomised
to various study treatments and the time to thé petocol-required course of oral
corticosteroids (e.g., when the nasal polyp sipeesteturns to baseline) could be used as an
efficacy outcome. The study could involve a crogsr study design which would allow each
participant to be his/her own control. Howeveg tluration of the wash-out period from a

biologic will need to be considered.

The AERD population is of particular interest foamagement with biologics because of high
disease severity and frequency of revision sur@guyto 28% after a mean follow-up of 7.4
years)(97). These patients have a special thetiapmtion, ASA desensitization, or surgery
followed by aspirin desensitization, but also appeaespond to dupilumab(19owever,
published studies have involved relatively smathbers of patients and follow-up periods are
short. Additionally, ASA desensitization is nottimut its problems. Comparing dupilumab (or
another biologic, if theoretically appropriate)A8A desensitization as a post-operative therapy,
is an important clinical question given that the tireatments have advantages and
disadvantages. For example, compared to ASA ditigation, dupilumab will probably be

better tolerated, and at least as effective, budimmore expensive.

Outcomes
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The decision about which variables to include ighatheart of a clinical trial design. The choice
of variables to assess CRSWNP in the context thecal trial is large. The broadest
categorization of those variables is based onabe lof subjectivity that they contain, whether
deriving from the study participant or the studiyician. The terms “soft” and “hard” outcome
measures have been used, but it is important tdhvasme that these terms do not determine the
guality of the outcome(98).The target of a clinical trial should be to ird#uoutcomes which
reflect real aspects of CRSwWNP that are import@piatients, both instantaneously and in the
long run, and also important to the health syst&or. example, it is crucial to assess how a
patient feels about her/his condition after recegva particular treatment, but, if how patients
feel about this treatment has no impact on longrtesire requirements of a chronic condition
like CRSwWNP, additional outcomes (e.g. biomark#ra) have better predictive value on disease
persistence or progression will need to be uséthe workshop devoted substantial time in
discussing the pros and cons of currently usedoouts/outcome measures with the goal to
identify best application in future trials, opparities for improvement, or need for creation of

new outcomes.

Patient Reported Outcomes (PROs) and Patient Reported Outcome Measures (PROMS)

Symptoms

The inclusion of symptom measures in CRSwWNP clinitals improves the interpretation of
clinical trial results for two reasons. First, CR$®Wis a clinical condition defined primarily by
the type, duration, and frequency of symptoms gnajpsom severity influences treatment
decisions. Second, multiple studies have demdestthat objective measures, such as
computed tomography (CT) scans, do not alwaysatfiatient reported health measures(99,
100).

Among the various individual symptom measuresfoiewing 8 have been used in prior
CRSWwNP trials. Visual Analog Scale (VAS)(101) measunclude the 1RRhinorrhea Symptom
VAS, 2) Mucusin Throat Symptom VAS, 3) Nasal Blockage Symptom VAS, 4) Loss of Smell

Symptom VAS, and 5)Nasal Pain/Discomfort Daily VAS5). All of these measures ask the patient



754  to quantify, “How much trouble was caused by yaymnjtom|?” by marking on a 10 cm VAS.
755 Symptom severity measures include th&ginorrhea Daily Symptom Score, 7) Nasal

756  Congestion/Obstruction Symptom Severity Score, and 8)Decreased/Loss of Smell Severity

757 Score(19, 102). These measures ask participants todesawmerity and duration of their

758 symptoms on a 4-point Likert scale in a daily diaResults are generally reported as the

759 difference in mean values with some measure oedsspn between comparison groups at

760 different time points (i.e., baseline and weeksrafttervention).

761

762 Standard psychometric and clinimetric criteriatfog assessment of the validity and

763 interpretation of PROMs include internal consistgriest-retest reliability, content validity,

764  criterion validity, discriminant validity, responginess and, minimally clinically important

765 difference (MCID)(103, 104)Unfortunately, with the exception of content valdwhich is

766 met by definition because the presence of such symgis necessary for the diagnosis of CRS,
767 no study has comprehensively assessed these pesdertany individual symptom measure.
768 Additional challenges to the interpretation of syamp measures include incorporating control
769 groups to limit placebo effects and confoundingecéng measures that are important to the
770 patient, standardized reporting of multiple symptoeeasures, and defining clinically

771 meaningful effects such as the minimal clinicathportant difference (MCID).

772

773 Individual symptom measures can be consideredHas®Il trials, but Phase Il trials should
774  utilize validated, composite, patient-reported oute measures with known psychometric and
775 clinometric properties, including MCID. In order ¢éstimate the magnitude and precision of
776 change in symptoms, effect size and 95% confidarieevals should be used and the use of p-
777 values should be de-emphasized(105). Confidertieevals convey information regarding the
778 precision of results and whether the results anepetible with clinically meaningful

779 differences. Finally, future trials should ensurattselected symptom measures are important to
780 patients.

781

782  Other Patient Reported Outcome Measures

783
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PROMSs can measure a condition at a certain poititni@ (i.e., “static’ measure) or change over
time, such as after an intervention (i.e., “transit measure). PROMs can incorporate a variety
of output scales or response categories, includikeyt scales(106) or visual analog scales
(VAS)(101). Several multi-variable, composite ice8 can be used in CRSwWNP trials. These
PROMs can be disease-specific such aSith@Nasal Outcome Tests or general health status
measures, such 8R0MIS-29(107), the Short Form(SF)-36(108) or theSF-6D, which is a

health state utility value derived from the SK&6 General health status measures are overall
less responsive to treatment, compared to disgeesefis measures, because CRS has limited

impact on physical function and mobility, which pianportant role in general measures(109).

CRSwNP has dramatic impact upon quality of life (Q@nd disease-specific QOL PROMs are
in existence with th&noNasal Outcome Test-22 (SNOT-22) being the most commonly
used(110, 111). A recent evaluation of CRS-speBIROMSs also found that, among validated
instruments, SNOT-22 had the highest quality da@)1

In addition to QOL, it is important to be able twnepare the impact of CRSwWNP and its
treatments to other disease states and their teeésmHealth utility values (HUV) serve this
purpose and are another type of commonly usedumstnts. With the use of these instruments it
has been shown that patients with CRSwWNP have veomes than patients with chronic
obstructive pulmonary disease or coronary artesgaie(8). CRSwWNP therapies can impact
HUV: one study of 10 year endoscopic sinus surgetgomes reported long term HUV

improvement with scores approaching the normatingdd States HUV(37).

While studies are ongoing for a number of biologic€RSWNP, QOL outcomes have been
most extensively reported for dupilumab(19). Iraspective, double blinded, randomized,
placebo-controlled study, 93.3% of patients recg\dupilumab achieved MCID on SNOT-22
with overall improvement on SNOT-22 of 27.3 poim&iich was 18.1 points greater than
placebo. To place this in the context of other @RS therapies, a meta-analysis of ESS
outcomes found a mean SNOT-22 improvement of 2@i®tpwith mean follow-up of 14.1
months(113).
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Nasal Polyp Score

Several nasal polyp endoscopic scoring systems Hazeen described since the early
nineties(114-121). They are based on the visuaizadf the size of nasal polyposis in the nasal
cavity, and mostly use the lower borders of midahd inferior turbinates as the main reference
lines. Originally, the scores were simple and meariite used in daily clinical practice. In 1995,
Lund and Kennedy, heading the Staging and Therapyus for Chronic Rhinosinusitis,

proposed the Lund-Kennedy (LK) endoscopic scoriygjesn based on the degree of scarring,
crusting, edema, polyps, and discharge(118). Ths primarily been used for postoperative
evaluations, but is sensitive in identifying minoflammatory changes before frank polyposis

becomes evident.

A total nasal polyp score has been recently deeel@gnd has served as a co-primary outcome in
clinical trials of biologics(19). Great effort hgene into standardizing and validating the scoring
procedure. The results are reproducible and ressg®ito change in severe disease. The score is
based on video recordings of the endoscopic evahsathat are made by trained investigators in
multicenter trials. The images are interpretedrajned readers who review them in a blinded

manner.

The total nasal polyp score is a research tooMasinot developed for clinical practice or to be
interpreted by a non-blinded observer. Some giotential shortfalls include the fact that it is a
categorical variable, it does not evaluate polye s a 3-dimensonal manner and that no MCID
has been defined. Interestingly, there is no taticen between the nasal polyp score and
PROMSs underlying the importance of including PROMERSWNP clinical trials. Some
optimization of the statistical methodology to amzzal the score may be needed. Since the nasal
polyp score is ordinal, there is some concern abantling its change in the course of an
intervention as a continuous variable. In addititve, approach of using the baseline score as a

covariate may be better than simply analyzing trenge from baseline.

Measures of Olfaction
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Olfactory dysfunction is a key characteristic of &#R\P(122). Indeed, 60-80% of patients
complain of olfactory impairment. Others demonsttagposmia on testing but are unaware of
this deficit, reflecting the inaccuracy of self-ogping. Studies of CRSwWNP that used olfactory
testing have shown that patients perform at legeddifying them as hyposmic or anosmic.
Clinical studies have reported that the presencesél polyposis is tightly linked to smell loss
(for hyposmia, OR 2.4, 95%CIl 2.3 - 43.7; for anasndR 13.2, 95%CI 5.7 — 30)(123). Smell
loss correlates with objective measures of sindnaammation, such as increased mucosal
inflammation on CT scan(124, 125), and worse alfactorrelates with tissue eosinophilia in

postoperative patients(126) and is closely tieflyjpe-2 inflammation(127, 128).

Olfactory dysfunction can respond to intranasal sygtemic steroids, aspirin desensitization (in
the setting of AERD), and to surgical treatmenthltcaditional ESS as well as novel
interventions (e.g., steroid implants)(14, 15, 123). Olfactory response to steroids also
predicts surgical outcomes. In a recent study pfldmab, the sense of smell was the first

outcome to show significant improvement, 2 weeksradtarting therapy(19).

There are several methods of testing olfaction. Thigersity of Pennsylvania Smell
Identification Test(132) is the standard clinicaditin the United States, and the Sniffin’ Stick is
the standard clinical test in Europe(133, 134) hBwve high test-retest reliability, normative
values by age and sex, and are widely used innesead clinical practice. The UPSIT is a
‘scratch and sniff’ format, with 40 item and 12niteversions, which require patients to recognize
an odor and select a choice from 4 options. Th#iSrbticks identification test consists of 16
marker pens with odors embedded in felt tips, @ithmilar method of forced choice from 4
options. Both are scored as number correctly ifiedt Currently, there are no validated MCIDs
for either test, although it has been suggestadatbhange of 1 in the 12 item UPSIT is an
MCID based on a distribution model, and validatethwn anchor based model (SNOT-
22)(132). For the full Sniffin’ Sticks battery, weh includes odor identification, odor threshold,
and odor discrimination, a change of ~1.9 pointsild/d®e consistent with an MCID(135). For
clinical trials, these tests could be used as onésnin several ways: change in absolute score,
modeled changes adjusted for age and sex, chamgateigory (anosmic to hyposmic to

normosmic) or changes in percentile, based on norenzalues for the general the population.
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Imaging

CT scans are the gold standard for assessing bofdksease in the paranasal sinuses and
planning surgical intervention. Quantifying dise&s improve monitoring of outcome measures
in CRSWNP has been challenging. Initial imagingtemns were designed to compare baseline
characteristics of patients entering into surgatiaical trials. The Kennedy staging system, The
Harvard staging system and the Levine and May rsgggystems were mostly qualitative and
have not been used extensively(136). The Lund Eha¢kM) system reported in 1993 has been
the most commonly utilized and is semi-quantitgi\i®). It assigns a score to each of the
frontal, anterior and posterior ethmoids, sphemoid maxillary sinuses: 0 (normal), 1(partial
opacification) and 2 (complete opacification).aléo allows grading of disease of the
osteomeatal unit bilaterally as 0 (clear) or 2 [oded) thus resulting in a maximum possible
score of 24. Zinreich proposed a modification #ikdws a broader range of scoring(136, 137).
Although this scoring system allows better asseaswighe extent of disease, it has not been
used extensively. Similar to the nasal polyp scttve LM CT scoring system does not correlate
with patient symptoms(138), but does correlate wittasures of Type-2 inflammation(13%9).
clinical trials that have assessed biologics, Lres show reductions after therapy in the active
arms in concordance with reductions in nasal pebgre(19, 39, 43). Although scanning
protocols to minimize exposure are currently ircplaadiation exposure should be considered if

multiple CT scans were to be used in clinical $ial

A possible improvement to CT scoring may be thesttgyment of volumetric evaluations to

allow for determination of the volume of the whesiaus cavity and the part of that volume
occupied by air. The major advantage is thatapjgoach can derive a continuous assessment
of the extent of disease(137, 140). There is alswesevidence that volumetric scores may
correlate a little better with symptoms. Howewergather volumetric data, time-consuming and
labor-intensive outlining of the boney landmarkshe paranasal sinuses is needed. Automating
volumetric assessment would overcome this probieay, yield a better measure of

inflammation within the sinuses and may provideaersensitive approach in assessing small

treatment-induced changes allowing comparisonsédmivbiologics.
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MRI can also be used to evaluate the extent obdesén the paranasal sinuses. It involves no
radiation, but is less practical to implement imicll trials, compared to CT. T2 weighted
images facilitate volumetric quantification of dise and allow differentiation between actual
polyps and accumulated post-obstructive sinus 8ensge Hassaria and colleagues used an MRI
scoring technique to evaluate responsiveness tersissteroids in patients with CRSwNP and
showed a significant reduction of the MRI scorechhtorrelated well with the nasal endoscopy
score(141).

Peak Nasal Inspiratory Flow

Airflow is critical for the function of the nose dmasal blockage is a cardinal complaint of
patients with CRSwWNP. Abnormal airflow contributesa number of clinical problems that
plague these patients, including sleep interruptieduced olfaction, and overall poor quality of
life. Passage of air is impaired due to physitatkage from polyposis and also from secondary

vascular engorgement due to nasal inflammation.

Peak nasal inspiratory flow (PNIF) is an objectiweasure of airflow, closely correlated with
nasal airway resistance. Therefore, PNIF is actlimeasure on nasal obstruction. PNIF is
simple to obtain, and the devices to measure PN naxpensive and can be used for repeated
measurements. Patients are asked to inhale shirplygh their nose in the upright; three values

are taken and the highest is recorded(142).

PNIF is well-validated. It has excellent test-ésitreliability and correlates with other nasal
measures, such as the minimal cross-sectionabétba nasal cavity. Normative values are
available. In analyzing PNIF results, one can m®rsadjustments based on age, sex, height,
and ethnicity; remaining variability can be furtmeduced using transformation(143). In
CRSwWNP, change in PNIF correlates with diseasedsp&OL. For example, there is a strong
negative correlation between change in PNIF andgha SNOT-22 score following surgery in
patients with and without polyps(144). Some stsideport high correlation between subjective

reporting of nasal obstruction and PNIF, and paligle shows an inverse correlation with PNIF
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and Sniffin’ Stick smell identification scores(143)he most recent results on the efficacy of
dupilumab on CRSwWNP showed significant improvenisntlupilumab over placebo in PNIF,
which was concordant with reduction in subjectiasal obstruction and in nasal polyp

score(19).

Biomarkers

Biomarkers are measures of pathobiological mechan@nd reflect the activity of these
mechanisms. Biomarkers can serve two functiondinical trials of CRSwWNP: they can be used
as outcome parameters where pre to post treatrfienotseare compared, or as predictors of
which patients would respond best to therapy. Aaotole for biomarkers is to provide
confirmatory evidence that the treatment in queséigerts its expected biologic effect (e.g. an
anti-lgE antibody should reduce the levels of IgB¥ clinical trial outcomes, biomarkers need
to be validated in a manner similar to clinicapbiysiologic outcomes and results need to be
considered in the context of all other measures. ekample, reductions in the levels of a
disease biomarker, in the absence of any changedidated PROMs, should question the
relevance of the biomarker, and consequently otlibease mechanism it represents. To be
useful clinically as a predictor of the respons&@atment, a biomarker must be highly
predictive. It is more likely that indices derive\]dm measuring several biomarkers may be able

to attain high levels of predictability, but extereswork is required to advance this field.

Development of biomarkers for clinical trials in G®NP is closely linked to studies assessing
the pathophysiology of the disease. Molecular@eiilar work, more recently complemented
with unbiased analytic and clustering approachesjiges a framework to understand and
categorize heterogeneous patterns of inflammatiddRS, a concept known as endotyping. For
example, based on protein levels in tissues, ilgasts at Northwestern University were able to
identify patients with predominantly Type 1, 2 oinBammation and to confirm that the vast
majority of patients with CRSwNP belong to the Typmflammation category(127, 145). These
findings were compatible with work by Belgian intigators(38).These sophisticated clustering

approaches have yet to be used in clinical trieSRSWNP, but the severity of Type-2
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inflammation has prognostic implications; for exdeyigher levels of eosinophilic markers
predict more rapid polyp recurrence after surget§(1.47). On the other hand, a recent study
demonstrating that dexpramipexole drastically redymeripheral and tissue eosinophils without
improving symptoms or clinical measures of nas&pusis cautions the field to track Type-2

inflammation more broadly than simply utilizing @ogphil-specific measures(148).

In clinical trials with biologics for CRSwNP, it difficult to obtain tissue samples before and
after the intervention. Small tissue biopsies andlperficial scrapings could be used in
combination with single cell analyses(66), busialso important to identify and validate nasal
secretion biomarkers that may reflect underlyirgpdse endotypes(149). Measures of Type-2
inflammation in nasal mucus collected from the nedadeatus, including cytokines, chemokines
and eosinophils, modestly correlate with nasaligssutcomes, and preliminary analysis via a
cluster algorithm identifies the Type-2 endotyp@asal secretions(150, 151). However, further
work remains to establish a panel of markers thihnvost accurately predict underlying tissue
endotypes. Other secretion-based assays demomgtpatimise are microparticle and exosomal

measures that have been found in small studiesflext cellular patterns in the tissue(152).

Biomarkers can also be measured in peripheral blé@id example, eosinophil counts and total
IgE are measured routinely and the levels of dobpéssrum cytokines can be tracked using
very sensitive multiplex assays. It is importantthis context, to note the experience with blood
eosinophils as biomarkers of asthma. Peripheagidbeosinophils have recently entered the
clinical management of asthma as a predictor oféBponse to existing biologics. It is not clear
whether this will also be the case in CRSwNP, loutioued collection of data in clinical trials
of CRSWNP is needed, so that the role of the epsihas a biomarker can be elucidated.
Eosinophils have long been known to be presentengic asthma, but recently they have been
recognized as a practical way to identify patievith severe eosinophilic asthma(153). Blood
eosinophils have emerged as a reliable biomark#regscorrelate positively with sputum
eosinophils, severity of asthma, risk of exacedmtand negatively with lung function(154). In
patients with adult-onset asthma, those with higgireophils (classified as blood eosinophils
greater than 300) were more likely to have higheM® levels, more sputum eosinophils, be on

oral steroids, have severe fixed airway obstructama have a history of CRSwWNP. It is clear
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from clustering analyses, biologic trials, and aalistudies that eosinophils are elevated in at
least two subtypes of asthma- those with allergibraa and a strong adaptive immune response
and those with a strong ILC2-driven response. dobleosinophil count above 150 or 300
cells/ul in patients with severe uncontrolled asthdentifies patients most likely to respond to a
Type-2 biologic (including, omalizumab, mepolizumaknralizumab, or dupilumab), but is not
useful to track response once a patient has beatett as levels after drug initiation don’t

correlate with the clinical response(49).

Exacerbations and Control

Acute exacerbations (AE) occur in patients with @RI® despite aggressive management and
are associated with significant healthcare cos&g(Jghysician visits(156), workplace
productivity reduction(31), and decrements in gyaif life(157). Consequently, a systematic
metric or an operational definition to document amehsure AEs would be of significant value
to both quantify disease control and determineretetive durability of different therapeutic
options. Current guidelines define AE in CRSwNRuascute and transient worsening of
preexisting symptoms(5, 14Jowever, these definitions rely on empiric clinifialdings and

cannot be prospectively applied in a clinical teatting.

There remains a paucity of studies which reporantifiable clinical metrics of AE in
CRSWNP, particularly with respect to PROMs. Dive&tal(158) found that an AE was
associated with a 10-point increase in SNOT-22esgoa population of 9 patients with
CRSwWNP. When assessing a similar metric, Zemkd(¥59) reported an increase of 4.9 points
from baseline during an AE; however, this study ex@luating a patient group with cystic
fibrosis. Other studies examining SNOT-22 changeke setting of poorly controlled CRS
reported a 25% reduction in disease control forye®8 point increase in SNOT-22 score(160)
and a doubling of the relative risk of antibiotmeufor every 30 point increase(157). These
findings underscore the unmet need for further tfieation of AE in CRSwWNP using PROMs.
At the current time however, the Divekar et al(188a indicate that a patient reported AE is
associated with approximately one MICD unit of vaing in the SNOT-22 score; this may be

an appropriate start to assess AEs in future CRSsildHes.
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In light of the Type-2 inflammatory skewing of masisal polyps in the western world, some
studies have attempted to correlate AEs with badahand serum derived inflammatory
biomarkers. Rank et al(161) prospectively colldetasal mucus samples in patients with
CRSWNP experiencing a self-reported AE over 8 fioimts and demonstrated significant
increases in IL-6, eosinophil major basic prot&Bp), eosinophil derived neurotoxin (EDN),
myeloperoxidase, and uric acid. Divekar et al(1&€8)wed significant increases in nasal mucus
IL-6, IL-5, and MBP, as well as serum levels ofrgrmcyte-macrophage colony-stimulating
factor (GM-CSF) and vascular endothelial growthtda€¢VEGF) during an AE of CRSWNP.
These studies are notable for several reasons., thiey confirm that AE in CRSWNP, as
reported empirically by patients, are associatat gfiatistically significant quantitative changes
in inflammatory biomarkers. Second, they confirrattthese biomarkers may be sampled
serially and prospectively from nasal mucus. Thiidates that the development and validation

of a non-invasive biomarker of AE in CRSwWNP ispimciple, an attainable goal.

The concept of Type-2 inflammatory biomarker samgpkndorsed by Rank et al(161) and
Divekar et al(158) has recently been extended tirdbe discovery of novel proteins including
cystatins 1 and 2 as well as periostin, which apfeeparticipate in the etiopathogenesis of
CRSwWNP. Xu et al(162) reported that periostin Ilsweére higher in eosinophilic nasal polyps
while Ninomiya et al(163) showed that elevated leveere predictive of CRSwWNP
recalcitrance. Similarly, both Kato et al(164) arah et al(165) found that increased tissue
cystatin expression was associated with eosin@pBRSWNP. Mueller et al(166) synthesized
these findings in a prospective 2-year study op6é$t-operative patients with CRSwNP and
found that elevated nasal mucus levels of bothatiysand periostin not only correlated with

disease recalcitrance but could predict an everttalp to 5 months in advance.

Complementing the definition of AE is defining casitfor CRSwWNP. In asthma, tests of control
are useful outcomes for evaluating treatment regati67). However, no such test exists for
CRSwWNP. A Rhinitis Control Assessment Test (RCA&3 been validated for allergic rhinitis,
but is not widely used(168). Whether this can fygliad to CRSWNP is unknown.
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Surgery

Surgery plays a major role in the management étdlf-to-control CRSwWNP. Patients who
have failed appropriate medical therapy are off&®8&. Sinus surgery in the setting of
CRSwWNP is almost always elective and the decii®utgery can be used as an outcome

measure in a clinical trial.

Any trial involving surgery as an outcome will ngednclude strict criteria defining when it is
appropriate to recommend surgery, recognizingdrdecision for surgery in an individual
patient is complex and influenced by many factdmsthe future, these factors may involve
biomarker-based disease endotyping. Furthermtiseimportant to consider the differences
between first-time and revision surgery and betweeision surgery that is required within a
short period vs several years from the originatpdure. Since surgery is elective, we must
identify the reasons why some patients may el&cjesy and others with similar pathology and
even symptom burden may not. Finally, it will b&piortant to capture the reasons for the

physicians’ recommendations for surgery.

For studies that intend to randomize patients atolgics right after the original surgical
procedure and use revision surgery as the outcbimsemportant to consider the surgical
technique that was used. In addition, given thagisal outcomes and revision ESS rates have
changed dramatically over the last decade withialtens in the extent of surgery and adjuvant
postoperative therapy, including aspirin deseraion or topical steroid therapies(169), such
studies need to be of long duration and may ngirbetically feasible as conventional,

randomized trials. A registry design may be maugrapriate in this regard.

Health Economics

The cost of treatment will invariably play a rotedecision making as to the appropriate use of
biologics in CRSWNP, and clinical trials should toycapture treatment costs. Lauren Roland
and her colleagues at Emory University used arramae claims repository to identify patients

with nasal polyps between 2009-2015 and track disé af surgery, CT scans and debridements,
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all costs that would accompany a surgical planninge. The approximate mean and median
costs of this surgical route were $7,000 and $5,08%pectively, over a 6-year time period
(unpublished data). In comparison, the wholesadgiiaition cost of biologics can be several-
fold higher. However, an appropriate comparisolhwéed to include indirect costs and should
consider potential reduction of other medicatioagesand other disease-related costs,

particularly in patients with lower airways diseasile on a biologic.

Patient Char acteristics

Baseline Characterization of Sudy Participants

The more information on study participants, theexaswill be to identify predictors of
response, compare data across trials, and alloexfaoratory subgroup efficacy analyses for

the intervention(s) in question.

Baseline information on sinus disease, in addittodisease-specific PROMs, should include a)
date(s) of prior sinus surgery(ies), b) numberraf oorticosteroid courses and number of
antibiotic courses for sinus-related problems @ldst year, c) any other treatments received for

CRSwNP, d) imaging (probably a CT scan).

Evaluations of the nose could include a) measur&y@masal airflow, b) olfactory function, c)
mucociliary clearance, d) samples of nasal secrgtie) nasal mucosal scrapings, f) polyp and/or
nasal tissue biopsies. Samples that will allowfdidure microbiome, fungome and virome

analyses should also be obtained and appropristeigd.

Given the predominance of Type-2 immune responsésmlammation in CRSwWNP, systemic
markers such as blood eosinophil counts and tetahs IgE are needed. Furthermore, co-
morbidities need to be recorded beginning withltlneer airways because at least 30% of
participants in CRSWNP studies will have asthmand-function should be assessed, FeNO
levels recorded, and more specific evaluation opyivith either a panel of aeroallergen skin

tests or a panel of aeroallergen-specific serumalgfitbodies should be considered.
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CRSWNP study participants should be queried for ASMNSAID respiratory reactions. If
aspirin-exacerbated respiratory disease is thesfota trial, a formal ASA challenge may need
to be conducted if the history is unclear. Unlessthe study’s focus, there is no need for an

immunodeficiency evaluation (immunoglobulin isotypeels and vaccine responses).

Inclusion/Exclusion Criteria

In CRSWNP trials, the standard CRS definition sHallays be used as the most important
inclusion criterion: presence of 2 or more of thlkoiwing symptoms for greater than 12 weeks
duration: 1) nasal blockage/obstruction/congest®masal discharge; 3) facial pain/pressure; 4)
reduction or loss of smell. In addition, nasalypaisis should be visualized with endoscopy in
both nasal passages and objective confirmationldl@umade by sinus CT scan. Other

inclusion criteria should be trial-specific.

Additional inclusion as well as exclusion critenieed to be considered very carefully because
restricting the trial population can limit the gealezability of the results and may increase
recruitment difficulty to the point of trial failet However, some absolute exclusion criteria
should always be applied to avoid contaminatingstiney population with other conditions.
These include EGPA, unilateral nasal polyps, muesceystic fibrosis and
immunodeficiencies. Also, children should be egeld from studies of CRSwWNP because
bilateral nasal polyps are rare and most likellectfanother underlying condition. Allergic

fungal sinusitis with bilateral polyps can be exigd or studied as a subgroup.

Conclusion

CRSwWNP has a major impact on the quality of lifet®&ufferers and a large financial impact on
health care costs. Better understanding of theopdtysiology is leading to new treatments,
mostly biologics. How we integrate these treatrm@mio a new and efficient management
paradigm with patients’ wellness in mind is a magballenge for the years to come. The NIAID

Workshop on “Clinical Research Needs for the Manag@ of Chronic Rhinosinusitis in the



1156 New Era of Biologics” examined in great detail wai$ aspects of clinical trial needs and
1157 designs. We hope that this report will pave thg wepivotal trials that will provide the

1158 evidence for appropriate placement of biologichemmanagement of CRS.



Table 1: Published clinical trials with biologics in CRSwWNP

Biologic | Target |[Publica| Therapeutic effects ||LimitationgAdverse| Development
(reference) tion events Status
Y ear
Reduction in polyp
and CT scores, No reduction of seru|Phase 3 trials
Omalizumab oE 2013 improvement of uppéjor nasal secretion |lconducted —
(39) J and lower airways |mediators, frequent ||awaiting
symptoms and qualitjrhinopharyngitis publication
of life
Reduction in polyp .
No significant
) score, blood )
Mepolizumak _ ) improvement of
IL-5 2011 |leosinophil counts,
(40) symptoms, frequent
serum ECP and IL- ) N
rhinopharyngitis
5Ra levels
Reduction in required Phase 3 trials
sinus surgery, _ .
_ _ _ Safety profile ongoing
Mepolizumak improvement in nasg
IL-5 2017 comparable to
(41) polyp score,
placebo
symptoms, and QOL
(SNOT-22)
Reduction in nasal o
_ No significant
Reslizumab polyp score, blood | No further
IL-5 2006 _ ) improvement of
(42) eosinophil counts, development
symptoms
serum ECP levels
_ Reduction in nasal |Headache,
Dupilumab . -
43) IL-4Ra || 2016 |polyp and CT scores|rhinopharyngitis, and
improvement in reaction at injection
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1160
1161
1162
1163

olfaction, symptoms,
and QOL (SNOT-22
pulmonary function
(FEV;) and asthma
control test score
(ACQ5)

site

Dupilumab
(19)

IL-4Ra

2019

Reduction in nasal
polyp and nasal
congestion scores, a
in all secondary
outcomes (symptom
CT score, UPSIT
smell test, SNOT-22
use of systemic
glucocorticosteroids,

sinus surgery)

spolyps and asthma,

The most common
adverse events
(nasopharynagitis,

worsening of nasal

headache, epistaxis,
and injection-site

erythema) were mors
frequent than with

placebo

Phase 3 trials
published,
FDA and EMA

approval

CT, computerized tomograph#CP, eosinophil cationic proteint.-5Ra, IL-5 receptom; IL-
4R, 1L-4 receptor; QOL, quality of life; SNOT-22, Sino-Nasal Outcome Te$tEV1, forced

expiratory volume in the first seconiCQ5, Five-item Asthma Control QuestionnaildPST

University of Pennsylvania Smell Identification Tes



1164 Table 2. EUFOREA criteria (54) for biologics indication jatients with CRSwWNP. Patients
1165 who had prior ESS need 3 while those who had ndHE&S need 4 of the following criteria:

Evidence of Type-2 inflammation

Significant impairment of quality of life

Reduced smell

Need for (at least 2) courses of systemic corterogis in the past year
Asthma

1166
1167



1168 Table3. Questions raised by workshop participants thaticiuence the design of clinical

1169
1170
1171

1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183

1184

1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195

studies in CRSwWNP

STUDY CONCEPTS

Do we need to fully describe CRSWNP phenotypeseautbtypes before designing trials
or other studies that aim at comparing biologicsaoh other or to other forms of
treatment?

How stable are the CRSwWNP phenotype and its subetiiges/endotypes? (for example,
if an AERD patient, who had prior surgery for ngsalyps, presents with pansinusitis
without endoscopically detectable nasal polyps khbe/she still be considered a
CRSWNP patient?)

Should clinical trial designs aim at testing biotsgon the basis of biomarkers such as
previous surgical pathology or biomarkers that lbarbtained non-invasively and can be
eventually be used in clinical practice?

Can clinical trial designs and outcomes fundedhgyptublic or private sector be

harmonized, so that the results can be directlypared?

STUDY DESIGNS

Do comparator clinical trials require a placebo #rthe effectiveness of each treatment
has been already determined?

What are the most important clinical outcomes fanparing the effectiveness of
different biologics or of biologics to other forragtreatment?

For trials designed to assess the effectivenelmlufgics post-operatively, how long
after surgery should biologic treatment begin amadtshould the duration of treatment
be?

For trials that require run-in periods to optimmedical management before
randomization to biologics or to surgery, what vebaptimal management constitute of

and what should the optimal run-in duration be?
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1198
1199
1200

Table 4. Sample size calculations for randomized clinidalg comparing biologics to placebo

(superiority design) or biologics to each othem(naferiority design)

Parallel Arm Endpoint: Approximate| Estimates based on Bachert et al(1
Study Design Change Sample Size
at 24 weeks from (for 90%
baseline power)
Biologic X vs. Nasal 20/arm Treatment Effect = 0.9 (SD ~ 0.85
Placebo Congestion
(Superiority) Nasal Polyp 20/arm Treatment Effect =1.8 (SD ~1.7)
Score
Biologic X vs. Nasal 125/arm Non-inferiority margin* = 0.35
Dupilumab Congestion
(Non-inferiority) Nasal Polyp 110/arm Non-inferiority margin* = 0.75
Score

*Non-inferiority margins are based on 50% of lowsnit of confidence interval from Liberty

NP SINUS-52
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Figure 1: Basic paradigm for the treatment of CRSwWNP befloeeintroduction of biologics

Figure2: The Type-2 immune cascade in sinonasal mucosaitwithflammatory consequences
and with biologic targets and examples of potertiafapeutics. Molecules in red represent
monoclonal antibodies (biologics). Note that dupiab has already received approval for
CRSwWNP, while omalizumab and mepolizumab are ctigyamPhase 3 development. Parasites
are illustrated as another stimulus for Type-2 immtesponses, but have not been implicated in
the pathogenesis of CRSwWNP. Modified from Hulsale(170)
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