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 101 
Abstract 102 

 103 

The development of biologics targeting various aspects of Type-2 inflammation for the treatment 104 

of chronic rhinosinusitis with nasal polyps (CRSwNP) will provide clinicians with powerful 105 

tools to help treat these patients.  However, other therapies are also available and positioning of 106 

biologics in a management algorithm will require comparative trials. In November 2019, the 107 

NIAID convened a workshop to consider potential future trial designs.  Workshop participants 108 

represented a wide spectrum of clinical specialties, including otolaryngology, allergy and 109 

pulmonary medicine, as well as expertise in CRSwNP pathophysiology and in trial methodology 110 

and statistics.  The workshop discussed the current state of knowledge in CRSwNP and 111 

considered the advantages and disadvantages of various clinical trial or observational study 112 

designs and various clinical outcomes.  The output from this workshop, which is presented in 113 

this report, will hopefully provide investigators with adequate information and ideas to design 114 

future studies and answer critical clinical questions. It will also help clinicians understand the 115 

current state of the management of CRSwNP and its gaps and be better able to interpret the new 116 

information to come.  117 

  118 



Introduction 119 

 120 

Chronic rhinosinusitis (CRS) is a common inflammatory condition affecting more than 10% of 121 

the population in western countries(1, 2), 8-11% of the population in Asia(3, 4), and roughly 38 122 

million Americans(2).  Chronic rhinosinusitis with nasal polyps (CRSwNP), which represents 123 

less than 25% of CRS, is diagnosed by a combination of subjective sinonasal symptoms and 124 

objective evidence of nasal polyps(5).  The implications of this disease extend well beyond the 125 

nose and paranasal sinuses as CRSwNP has wide-reaching impact on patient-reported quality of 126 

life, with well-described associations with depression(6), cognitive impairment(7), and overall 127 

health state utility values equal or worse to other chronic diseases such as congestive heart 128 

failure, end-stage renal disease, and chronic obstructive pulmonary disease(8). 129 

 130 

Over the last several decades the inflammatory processes underlying CRSwNP continue to be 131 

better understood.  Although the exact pathways leading to the generation of nasal polyps have 132 

yet to be delineated, it is now widely accepted that, in the large majority of Western hemisphere 133 

patients, the sinonasal mucosa is characterized by Type-2 inflammation and its chronic 134 

remodeling consequences.  Biologics that target this type of inflammation are being used in 135 

asthma and atopic dermatitis(9, 10).  Several studies involving these biologics have been 136 

conducted with success on patients with CRSwNP and the first Type-2 inflammation-targeting 137 

biologic has been approved for use in this condition(11, 12).  As these therapies receive 138 

regulatory approval, the question of how to incorporate them into the treatment paradigm for 139 

CRSwNP and thus provide better care for patients was the topic of a workshop organized in 140 

November 2019 by the Division of Allergy, Immunology and Transplantation of NIAID.  141 

Workshop participants included clinical experts and trialists from the fields of otolaryngology, 142 

allergy, and pulmonary medicine, as well as mechanistic researchers, trial methodologists and 143 

statisticians.  Scientists representing the industry were invited and participated in the discussions.  144 

The workshop agenda and speakers are listed in Table S1.  This report summarizes all 145 

presentations, as well as the discussion on trial or other study designs with which the workshop 146 

concluded.  It is hoped that this report will be used by researchers to design clinical trials and 147 

observational studies that will address the positioning of biologics in CRSwNP and will help in 148 



the development of clinical guidelines for appropriate, evidence-based, incorporation of these 149 

new therapeutic modalities into the CRSwNP treatment algorithm.       150 

 151 

Current Management of CRSwNP 152 

 153 

The basic paradigm for the treatment of CRSwNP has revolved around the use of intranasal 154 

corticosteroids(13).  For patients not responding to those agents, oral corticosteroids are used to 155 

induce better disease control followed by intranasal corticosteroids as maintenance anti-156 

inflammatory treatment.  For patients not responding to this scheme, endoscopic sinus surgery 157 

(ESS) is offered followed, again, by medical treatment with topical corticosteroids in an effort to 158 

prevent relapse (Figure 1). In addition, we use antibiotics for acute exacerbations presumed to be 159 

of bacterial origin.  Some practitioners may use off-label leukotriene receptor antagonists or a 5-160 

lipoxygenase inhibitor, but the data in support of efficacy for these agents are weak.  It is 161 

generally believed that this paradigm works for the majority of patients, but a number of patients 162 

are not adequately controlled and may have residual symptoms (e.g. olfactory impairment) or 163 

recurrence of polyposis.  In addition, there are patients who, for various reasons, do not want to 164 

or cannot undergo surgery.   165 

 166 

In recent years, the FDA has approved a novel delivery system for the distribution of intranasal 167 

corticosteroid in the form of an exhalation device(14) and sinus implants containing 168 

corticosteroids(15). Other post-operative treatments include aspirin desensitization in patients 169 

with aspirin-exacerbated respiratory disease and budesonide/mometasone large volume 170 

irrigations.  The latter approach appears to be more effective than intranasal corticosteroids(16-171 

18), but definitive data as to what proportion of patients further benefit from those treatments are 172 

not available. 173 

    174 

One biologic, dupilumab, an antibody against the alpha subunit of the IL-4 receptor, which 175 

blocks signaling of both IL-4 and IL-13, has been approved by the FDA having shown to be 176 

effective and safe in the treatment of CRSwNP(19).  Additional biologics are in Phase III clinical 177 

trials seeking regulatory approval and may become available in the future.    178 

 179 



Economic Impact  180 

 181 

CRS (with and without nasal polyps) has long-term ramifications with regard to treatment, 182 

associated total cost, as well as the impact of disease on patient productivity(20-22). Total costs 183 

are often divided between direct and indirect costs where direct costs primarily refer to 184 

traditional healthcare costs like physician visits, prescription medical therapy and surgery, while 185 

indirect costs refer primarily to lost productivity in those suffering the index disease(23).  186 

Conservative estimates suggest that for CRS, total costs are in excess of $30 billion USD per 187 

year in the US with more than $20 billion accounted for by indirect costs(24).  188 

 189 

A 2009 study provided an assessment of the additional disease burden of CRSwNP(25).  190 

Differences in medication costs were noted for patients with recurrent polyps after surgery 191 

($866) compared to CRS without nasal polyps ($570) and primary CRSwNP ($565). The same 192 

investigators found that annual incremental costs were $11,507 higher for patients with 193 

CRSwNP versus those without CRS(26, 27).. Costs were higher in subgroups undergoing ESS, 194 

with comorbid diagnosis of asthma or those receiving oral corticosteroids.     195 

 196 

Most of our understanding of indirect costs has been gleaned from the study of CRS in general 197 

rather than of CRSwNP.  Consistent with other chronic diseases, the indirect costs of CRS are 198 

much greater than the direct costs.  Since 85% of patients with CRS are of working age (range: 199 

18-65 years old), indirect costs such as missed workdays (absenteeism) and decreased 200 

productivity at work (presenteeism) significantly add to the economic burden of the disease(28).  201 

 202 

Goetzel et al. attempted to quantify the indirect costs of rhinosinusitis(29). Their 2003 study 203 

resulted in rhinosinusitis being listed as one of the top ten most costly health conditions to U.S. 204 

employers.  Episodes of illness were linked to missed workdays and disability claims, accurately 205 

correlating absenteeism to the disease. In a large sample size (~375,000 employees), total 206 

healthcare payments per employee per year for sinusitis (both acute and chronic) were found to 207 

be $60.17, 46% of which came from the cost of absenteeism and disability. 208 

  209 



In 2003, patient-completed surveys from 322 patients were used to estimate the direct and 210 

indirect costs of CRS(30).  The report concluded that the cost of treating CRS per patient totaled 211 

$1,539 per year with forty percent of this related to indirect costs of missed work; the mean 212 

number of missed workdays in this sample was 4.8 days/year (95% CI: 3.4 - 6.1). The study was 213 

followed up in 2009 and 2012 using data from the National Health Interview Survey between 214 

1997 and 2006 encompassing nearly 315,000 individuals and reported that patients with sinusitis 215 

missed on average 5.7 days of work per year(25).   In 2014, Rudmik and colleagues specifically 216 

evaluated recalcitrant CRS and found that patients with this more severe form of CRS had mean 217 

annual presenteeism and absenteeism rates of 25 - 39 days per patient per year, equating to an 218 

average indirect cost of over $10,000 USD per patient per year(31).    219 

 220 

More recent data have emerged which demonstrate changes in productivity after treatment of 221 

CRS(32-36).  These data suggest that successful management of CRSwNP can result in 222 

significant improvements in productivity and reduction of indirect costs.   223 

 224 

Additional factors need to be considered.  For example, the cost of disease needs to consider 225 

disease time horizon.  If the age of persons undergoing ESS for CRSwNP is in their 40s, then 226 

they will probably be burdened with disease for 30 years.  Therefore, as with any chronic 227 

condition, we cannot just focus cost estimation on one-year time intervals.  Equally important is 228 

the observation that ESS followed by post-operative medical management can restore and 229 

maintain health utility to normal and this may also need to be taken into account in long-term 230 

cost calculations and modeling(37).  231 

 232 

 233 

Current and Upcoming Biologics for the Treatment of CRS with Nasal Polyps  234 

 235 

Knowledge of the inflammatory mechanisms of CRSwNP continues to grow.  Monoclonal 236 

antibodies developed for the management of asthma and atopic dermatitis have been tested in 237 

studies of CRSwNP since these diseases share some inflammatory processes.  For example, in 238 

the majority of CRSwNP patients tissue eosinophils are increased and, in many patients, blood 239 

eosinophils as well as total serum IgE concentrations are increased compared to healthy 240 



controls(38).  Tissue Type-2 cytokines such as interleukin (IL)-4, IL-5 and IL-13 are increased in 241 

patients with more severe radiographic disease and asthma.  242 

Several biologics that target components of the Type-2 inflammatory response such as IgE, IL-5, 243 

the IL-5 receptor, and the IL4 receptor alpha that initiates signals for both IL-4 and IL-13 have 244 

been evaluated for efficacy in CRSwNP.  Proof-of-concept studies involving omalizumab (anti-245 

IgE)(39), mepolizumab (anti-IL-5)(40, 41), reslizumab (anti-IL-5)(42) and dupilumab (anti-IL-4 246 

receptor alpha chain)(43) have been performed; all generated promising results in reducing polyp 247 

size and disease burden (Table 1)(11). Building upon a successful phase 2 study(43), two 248 

successful phase 3 studies with dupilumab have also been published(19).  As a result, this 249 

biologic has received approval for use in CRSwNP by the FDA as add-on maintenance treatment 250 

in adult patients with inadequately controlled disease.  These studies not only provide safety and 251 

efficacy data, but also a lot of information for designing future clinical trials. Two 24-week long, 252 

phase 3 trials with omalizumab have been successfully performed, but detailed results have not 253 

yet been published.   254 

Overall, these studies have taught us about the importance of Type-2 inflammation in CRSwNP, 255 

but also underline the heterogeneity of the disease since only a percentage of each study 256 

population showed substantial clinical response.  Importantly, these studies did not compare any 257 

of these biologics to each other or to other treatment options and have not clearly identified the 258 

patients who would benefit most from biologics.  These questions need to be addressed. 259 

 260 

The Use of Biologics Targeting Type-2 Inflammation in Asthma 261 

 262 

The CRSwNP field draws from the experience with biologics in the treatment of asthma.  263 

Biologics for the treatment of severe asthma have been in development and use for over 20 264 

years, beginning with omalizumab/anti-IgE in the late 1990s.  These therapies have been 265 

instrumental in both the treatment of asthma and in helping to develop new mechanistic insights 266 

regarding severe asthma and Type-2 inflammation.    They have also promoted the development 267 

of both predictive and responsive biomarkers, helpful in identifying appropriate patients for 268 

therapy and measuring their responses to that therapy.  Currently, there are 5 monoclonal 269 



antibodies approved by the FDA for the treatment of asthma, targeting 3 aspects of the Type-2 270 

inflammatory pathway, IgE, the IL-5 pathway and the IL-4 receptor.     271 

 272 

Omalizumab was the first biologic therapy approved for patients with moderate to severe 273 

persistent allergic asthma whose symptoms are inadequately controlled with inhaled 274 

corticosteroids.   It has shown efficacy in many clinical trials, primarily in reducing asthma 275 

exacerbations.   Its efficacy in “all-comer” adults with severe allergic asthma, as currently 276 

defined, is modest with about a 25% reduction in exacerbations over 48 weeks(44).   However, a 277 

post hoc analysis of that trial identified biomarkers of Type-2 inflammation (blood eosinophils, 278 

fraction exhaled NO (FeNO)) as better predictors of response than total or specific IgE levels(45) 279 

 280 

Three antibodies targeting the IL-5 pathway, two against IL-5 (mepolizumab, reslizumab) and 281 

one against its receptor (benralizumab), are approved for the treatment of severe asthma with an 282 

eosinophilic phenotype. The pathway is critical for eosinophil maturation, migration and 283 

survival.   When patients with modest elevations in either lung or blood eosinophils and 284 

European Respiratory Society/American Thoracic Society defined severe asthma are targeted, 285 

highly consistent efficacy with a ~50% reduction in asthma exacerbations is observed across all 286 

three antibodies(46-50). In addition, two of these antibodies (mepolizumab and benralizumab) 287 

have shown efficacy in corticosteroid dependent asthma, each leading to a significant reduction 288 

in oral corticosteroid dose.  Overall, these agents have been well-tolerated, but are not 289 

efficacious in patients without at least modest elevations in blood eosinophils. 290 

 291 

Dupilumab, an antibody against the alpha chain of the IL-4 receptor, has been efficacious in 292 

patients with severe asthma and blood eosinophilia, even if only modest(51-53). FeNO is a good 293 

predictive biomarker for response and there is some evidence to suggest that elevations in both 294 

FeNO and blood eosinophils identify the best responders to dupilumab.  Dupilumab has been 295 

approved for the treatment of patients with moderate to severe asthma with an eosinophilic 296 

phenotype or with oral corticosteroid-dependent asthma, with or without blood eosinophils, 297 

similarly allowing for reductions in oral corticosteroid dose as compared with anti-IL-5/5R 298 

approaches.   The drug has generally been well-tolerated, but blood eosinophils regularly 299 

increase in a subset of patients and there have been cases of eosinophils reaching up to 50% of 300 



all peripheral white blood cells.  Rare cases of eosinophilic granulomatosis with polyangiitis 301 

(EGPA) have been reported(51).   302 

 303 

Although the use of biologics in asthma has had significant impact in the management of severe 304 

disease and substantial clinical experience has been accumulated that may help in the application 305 

of these agents in CRSwNP, many questions remain regarding optimal use of biologics in 306 

asthma, including: 307 

1. Who are the best patients for each type of biologic and could better biomarkers or clinical 308 

phenotyping help identify them? 309 

2. What is the long-term safety and efficacy? 310 

3. Is there a possibility for long-term modification of the natural history of the disease? 311 

4. Can background medications (e.g., inhaled corticosteroids, long-acting beta agonists) be 312 

stopped? 313 

5. Can management plans get developed that will optimize cost-effectiveness in the use of 314 

each of these biologics? 315 

 316 

The same questions will probably apply to the use of biologics in CRSwNP and future biologics 317 

in development. 318 

 319 
CRSwNP Patients who Could Qualify for Therapy with Biologics 320 

 321 

The majority of patients with CRSwNP in the USA have a Type-2 inflammatory pattern in the 322 

sinonasal mucosa and therefore would potentially be eligible for anti-Type-2 monoclonal 323 

antibody therapy. Given the high cost associated with biologics, patient selection is crucial in 324 

order to implement such therapies into chronic respiratory disease care pathways. A 325 

multidisciplinary expert board meeting organized by the European Forum for Allergy and 326 

Airway Diseases (EUFOREA) suggested a set of criteria (Table 2) that may be used to select 327 

appropriate patients(54).  Some concerns have been raised because, based on these criteria, non-328 

Type-2 CRSwNP could also be eligible for treatment, no stopping rules are defined, and the 329 

criteria for responsiveness to treatment are not clear.  Yet, these are the first criteria developed in 330 

the field.  This group suggested that less criteria are necessary if patients had prior ESS.  331 



Arguments in support of this recommendation were the mid-term high efficacy of ESS (in 60-332 

90% of cases, disease does not recur within 5 years)(37, 55, 56) and the fact that the sinuses are 333 

better accessible to local (corticosteroid) treatment after surgery.  334 

 335 

CRSwNP has a prevalence of 1-2.5% (57, 58). For the United States (adult population 255x106), 336 

this means there is an estimated minimum of 2,550,000 patients with CRSwNP.  Most of these 337 

patients are generally treated with nasal corticosteroids and an occasional short course of 338 

systemic corticosteroids (Figure 1).  Based on calculations derived from recent data in 339 

California, 0.013% of the general population undergoes ESS yearly(59), which translates to a 340 

minimum of 33,000 CRSwNP patients having ESS yearly in the United States.  Also, data from 341 

the United States and the United Kingdom show a revision rate in a 5-6 year period of 10-20% 342 

resulting in an estimated  yearly incidence of at least 3,300-6,600 patients that could potentially 343 

qualify for biologic therapy in the United States per year(37, 55, 59). It is unclear, however, how 344 

many of these patients would also fulfill the additional EUFOREA criteria that include 345 

significant impairment of quality of life, reduced smell, asthma and the need for (at least 2) 346 

courses of systemic corticosteroids in the past year (Table 2). It is possible that these criteria 347 

would further reduce the number of candidates for biologic therapy to a minimum of 2,000-4,000 348 

new patients per year. Another possible way to estimate the number of eligible patients is to 349 

assume the rate of using biologics in CRSwNP would be the same as the use of biologics in 350 

asthma, which is 3/1000 of the total asthma population(60). 351 

 352 

Based on these data the following hypothetical scenarios can be envisioned for the minimum 353 

number of new CRSwNP patients in the USA that would be eligible for biologics every year: 354 

• 1,000 CRSwNP patients based on population needing ESS and data from asthma 355 

(3/1000) 356 

• 2,000 CRSwNP patients based on EUFOREA criteria 357 

• 9,000 CRSwNP patients based on the total CRSwNP population and data from asthma 358 

(3/1000) 359 



• 33,000 CRSwNP patients if all CRSwNP patients receiving ESS every year were eligible 360 

for biologic therapy 361 

These estimates do not take into account that a proportion of these patients will also have severe 362 

asthma and receive biologics because of their asthma.  In addition, the total number of patients 363 

on biologics at any given time cannot be easily estimated due to the fact that the real-life 364 

duration of treatment is unknown.   365 

 366 

In reviewing these estimates, one realizes that fundamental information that will allow us to 367 

optimize the use of biologics in CRSwNP is missing.  For example, the major assumption that 368 

ESS may need to precede the use of biologics and that ESS needs to fail before biologics are 369 

used is not based on any clinical evidence deriving from randomized clinical trials (such trials 370 

have not been conducted) or from any available experience from clinical practice given that these 371 

agents are just being introduced in the CRSwNP patient population. It is also important to 372 

consider that the clinical phenotypes and biomarkers that predict unfavorable mid to long-term 373 

outcomes of surgery are comorbid asthma, aspirin exacerbated respiratory disease (AERD), 374 

allergic fungal rhinosinusitis and high tissue eosinophils, IL-5 and IgE concentrations(61). The 375 

same co-morbidities and markers are linked to Type-2 inflammatory disease, which is targeted 376 

by current and upcoming biologics. 377 

 378 

In the years to come, in addition to new evidence derived from well-designed studies, the 379 

dynamics between forces that range from guidelines and payers’ policies to patients’ and 380 

physicians’ preferences (which will be based on real-world efficacy, safety and ease of use), but 381 

also other factors, will determine the use and impact of biologics in CRSwNP.        382 

 383 

Future Therapeutic Targets in CRSwNP 384 

 385 

 As the inflammatory process of CRSwNP becomes better understood, potential new targets to 386 

intervene will undoubtedly arise.  Several targets have already been identified and are discussed 387 

below.  Improvements in our approach towards existing targets are also possible.     388 

  389 



At least 80% of patients with CRSwNP in western countries have Type-2 inflammation in nasal 390 

polyps, and the biologics referred to above are able to shrink polyps by blocking elements of the 391 

Type-2 immune response(38).  Though not the topic of this report, Type-2 inflammation also 392 

occurs in about 50% of patients with CRS who do not have nasal polyps; thus, information 393 

gained from studying CRSwNP may be also applicable in those patients as long as clear 394 

diagnostic criteria are developed and the impact of the disease can be documented and justify the 395 

use of biologics.  Our current approach for inhibition of Type-2 inflammation relies on 396 

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

binding to respective receptors is large.  Potential improvement in this domain may derive from 398 

molecules that are inhaled.  For example, an inhaled protein that binds to and inhibits the IL-399 

4/IL-13 receptor, a derivative of lipocalin-1, has been shown to inhibit signaling in individuals 400 

with asthma(62).  Type-2 signaling can also be disrupted through inhibition of transcription 401 

factors using low molecular weight inhibitors, which could theoretically be used as oral drugs.  402 

The main transcription factors involved in Type-2 skewing, GATA3 and STAT6, have been 403 

difficult to disrupt with low molecular weight drugs.  However, a GATA3-specific DNAzyme 404 

has been developed that inhibits Type-2 and experimental asthma in humans(63).   In addition, a 405 

new class of STAT6 inhibitors has been developed which show promise in preclinical models of 406 

allergic disease(64).  Also, inhibitors of JAK-STAT signaling have proven to be effective in 407 

atopic dermatitis and are worth testing in CRSwNP(65).   408 

 409 

Epithelial barrier dysfunction is a common feature of Type-2 inflammatory diseases of the skin 410 

(atopic dermatitis), nose (allergic rhinitis and CRS), lung (asthma) and gut (food allergy and 411 

eosinophilic gastrointestinal diseases).  A recent study in CRSwNP concluded that there is an 412 

aberrant basal epithelial cell progenitor differentiation that locks basal cells in an uncommitted 413 

state(66).   In addition, Sergejs Berdnikovs has presented data suggesting that limited endocrine 414 

dysfunction, especially insulin resistance or reduced expression of insulin or members of the 415 

insulin growth factor family, may lead to epithelial barrier dysfunction both in vitro and in 416 

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

dysfunction is an approach worthy of consideration.  Another potential therapeutic target is 418 

oncostatin M, a cytokine implicated in CRSwNP epithelial dysfunction.  An antibody against 419 

oncostatin M is available, but has not been tested in CRSwNP(69-71).  420 



  421 

New studies demonstrate that nasal polyp tissue is largely composed of crosslinked fibrin and 422 

there is reduced fibrinolysis (due to reduced tPA) and increased fibrin crosslinking (due to 423 

increased levels of factor XIIIA) in polyp tissue(72).   Tetsuji Takabayashi and coworkers 424 

showed that incubation with nattokinase, a tPA-like enzyme that activates fibrinolysis, can 425 

reduce polyp tissue by 90% while having no effect on healthy tissue (which lacks cross-linked 426 

fibrin)(73).   In addition, the viscosity of mucus in CRS patients is dramatically diminished by 427 

fibrinolytic treatment, suggesting that fibrin crosslinking mediates the viscosity and stickiness of 428 

mucus in CRS patients.  Notwithstanding potential bleeding side-effects, use of anticoagulant 429 

compounds, either locally or systemically, may be an interesting approach to nasal polyp size 430 

reduction. 431 

  432 

Several years ago, it was discovered that nasal polyp tissue contains large numbers of B cells, 433 

plasmablasts and plasma cells and that considerable quantities of autoantibodies are 434 

produced(74, 75).  Subsequent studies showed that some of these antibodies activate complement 435 

in polyp tissue(76).  This raises the possibility of B-cell targeting drugs (e.g. those employed in 436 

autoimmune diseases) getting tested in patients in whom an autoimmune component appears 437 

dominant.  438 

  439 

It has been known for some years that the arachidonic acid metabolizing enzyme 15-440 

lipoxygenase is elevated and activated in patients with nasal polyps, asthma or other severe 441 

Type-2 illnesses in the airways(77, 78). Recent studies by Whitney Stevens and colleagues have 442 

shown that patients with AERD have highly elevated levels of 15-LO as well as a major 15-LO 443 

product and that these elevations correlate with severity of disease (unpublished observations).  444 

A genetic study has shown that a loss of function variant of 15-LO protects against the 445 

development of CRS(79) and Sally Wenzel’s group has presented evidence that 15-LO is an 446 

important inducer of inflammatory mediators(80).  Finally, Bing Yan et al have shown that 15-447 

LO products are likely to play a role in epithelial dysfunction(81).  Taken together, these studies 448 

raise the hypothesis that inhibition of the 15-LO pathway may benefit patients with CRSwNP.  449 

 450 

Clinical Research Questions in CRSwNP 451 



 452 

Many unanswered questions about the management of CRSwNP exist and more questions have 453 

been generated with the introduction of biologics.  Workshop participants were given the task to 454 

identify important questions on how to position biologics in the management of CRSwNP.  Two 455 

major areas of interest arose from this discussion.   456 

• Among CRSwNP patients who have undergone sinus surgery, does treatment with 457 

biologics prevent recurrence of disease and improve outcomes better than standard 458 

medical therapy?  This question has two aspects: A) Does post-operative treatment with 459 

biologics offer an advantage compared to currently available medical treatment?  B) In 460 

cases where surgery fails despite appropriate post-operative medical management, would 461 

biologics help avoid revision surgery? 462 

• Among CRSwNP patients who have not undergone sinus surgery and have persistent, 463 

bothersome symptoms despite medical therapy, is treatment with biologics more effective 464 

than surgery and how would cost-efficiency evaluations influence this comparison?  This 465 

question, as will be discussed later, may require longitudinal studies.   466 

In designing studies to address these questions, significant consideration should be given to the 467 

fact that, with various technical and methodologic alterations, surgical outcomes and revision 468 

rates have improved and the number needed to treat with a biologic to prevent revision surgery 469 

may be very large and the duration of such a trial very long.  Some workshop participants 470 

suggested that 5-year observations may be required.  Also, we need to consider the fact that we 471 

do not know whether available and upcoming biologics have differential effectiveness depending 472 

on the patient’s phenotype or endotype, something suggested by the experience accumulated in 473 

asthma.  On this basis, workshop participants discussed whether it would be more appropriate to 474 

resolve this matter first with large trials that compare several biologics and include a wide range 475 

of patients before engaging in studies comparing biologics to surgery.  Additional, relevant and 476 

more detailed questions are listed in Table 3.  477 

 478 

The workshop also discussed potential study designs, clinical outcomes, and study participant 479 

inclusion/exclusion criteria.  In deliberating on these matters, workshop participants identified 480 

some overall concerns about clinical trials.  Although well-designed and executed clinical trials 481 



should represent the gold standard in addressing questions related to the use of biologics in 482 

CRSwNP, it is important to realize that, given the extent and the complexity of these questions, 483 

clinical trials have limitations.  For example, clinical phenotypes and biologic endotypes may 484 

play a major role in determining the optimal use of a new biologic; in such a case, mixing all 485 

phenotypes/endotypes in a trial (the “all-comers approach”) will most likely mask the 486 

effectiveness of a therapeutic agent.  On the other hand, selecting a very specific phenotype or 487 

endotype narrows the generalizability of the results (if it is too hard to recruit patients, 488 

generalization of the results may be problematic), and conducting multiple trials or multi-arm 489 

trials to “cover” all phenotypes requires tremendous resources not available to the industry or to 490 

the public sector.  Another important consideration is that, whereas achievement of statistical 491 

significance for a primary outcome of a clinical trial is typically a necessary prerequisite for the 492 

adoption of a new therapy, it is not sufficient.  The totality of trial results will be scrutinized by 493 

numerous stakeholders, including regulators, payers, journal editors and reviewers, clinical 494 

experts, guidelines committees, physicians, patients and various critics. 495 

 496 

 497 

Study designs 498 

 499 

Real World Data - Registries/Administrative Databases 500 

 501 

Real world data (RWD) are data relating to patient health status and/or the delivery of health care 502 

routinely collected from a variety of sources, such as reimbursement and billing activities 503 

(administrative data), electronic medical records, drug and disease registries(82).  The data are 504 

already available for a large number of patients but a) the patients of interest must be found, b) 505 

treatments and outcomes are not pre-defined, and c) researchers can use only information that 506 

was collected. The reasons why RWD can be very helpful are because randomized clinical trials 507 

are a) expensive and take very long; b) usually follow participants for less than two years, 508 

whereas patients may be taking biologic treatments for the rest of their lives, c) participants in 509 

randomized clinical trials are not representative of the patients treated in real-world clinics(82, 510 



83) and d) participants in clinical trials adhere better to trial treatment than patients in real-world 511 

setting(84).   512 

 513 

Identifying patients with existing diagnosis of CRSwNP is possible in registries or electronic 514 

medical records, but is more challenging in administrative databases.  To identify undiagnosed 515 

patients or to derive outcomes that are not readily available, this type of research becomes more 516 

challenging as valid and reliable algorithms that combine several requirements will need to be 517 

used. For example, an online search for validation studies for “Chronic Rhinosinusitis” in 518 

administrative data found two studies(85, 86), but an algorithm for CRSwNP probably does not 519 

exist and a study to create and validate such an algorithm will be needed. 520 

 521 

Before planning a real-world study, researchers must confirm that the data capture the treatments 522 

of interest and that the outcome is measurable. They should ask at what time during the drug 523 

cycle the data capture new drugs, and if drugs obtained outside of a medication plan or over-the-524 

counter drugs are recorded.  Benefits, but also harmful effects, especially if rare or delayed, can 525 

be captured.  Furthermore, predictors of response can be identified and drug effects in different 526 

populations can be assessed.  The basic approach is to consider two dimensions: patient, drug.  In 527 

a simple study design, one would keep one dimension constant and change the second. In a more 528 

complicated design, one can examine two dimensions at the same time using stratification. 529 

 530 

A prospective registry may be a more feasible and cost-effective initial endeavor before 531 

embarking on clinical trials to address the questions identified by the workshop.  Through a 532 

registry of CRSwNP patients from multiple institutions, one can prospectively collect 533 

information on symptoms, quality of life, endoscopic findings, adverse events, imaging and even 534 

serum, sinonasal mucosa or other biomarkers. These data would be collected from patients with 535 

CRSwNP who are ultimately treated with a biologic and those who are not. The registry 536 

participants would be evaluated by predetermined clinical outcome measures. These outcomes 537 

could be used to compare biologics, biologics against conventional treatment, and biologics 538 

against surgery.  Furthermore, clinical outcomes could be correlated to biomarkers as serum and 539 

tissue can be collected at the time of enrollment. As new biologics emerge, the registry protocols 540 

can be adapted to allow for their investigation. This work can mirror prior successful database 541 



registries that have been developed in cohorts of pulmonary disease patients such as the 542 

SubPopulations and InteRmediate Outcome Measures In COPD Study (SPIROMICS)(87) and 543 

the Cystic Fibrosis Foundation Patient Registry(88). The data from such a registry will help 544 

answer many of the questions that have been raised and will also improve planning of future 545 

randomized controlled clinical trials.  546 

 547 

The most important limitation of registry data is that there is no randomization and the decision 548 

to manage a patient in a particular manner lies on factors related to the patient and the patient’s 549 

clinician that are influenced by various forms of bias.  It is possible to design the registry to 550 

include strict algorithms that will guide decision making, keeping in mind that this will, most 551 

likely, restrict the participant patient population.  Although not the same as randomization, such 552 

a “hybrid” approach may be advantageous.      553 

 554 

Randomized Clinical Trials - Head-to-Head Comparisons 555 

 556 

Randomized clinical trials are the gold standard for comparisons between treatments.  However, 557 

once a biologic has been shown to be effective against placebo, head to head comparisons 558 

between biologics may require substantially larger number of participants as differences in effect 559 

size may be relatively small.  On the other hand, careful consideration and control for specific 560 

CRSwNP phenotypes and endotypes may reveal differences that are important in the context of 561 

personalized medicine.   562 

 563 

Comparisons between biologics and surgery can be even more complicated.  Double-blind 564 

designs are not possible unless sham nasal polypectomy was to be incorporated, something that 565 

could raise various ethical questions.  Also, because surgery has a high rate of immediate 566 

beneficial effects and a relatively low rate of need for revision, comparative trials will probably 567 

need to be very large, long and, therefore, very costly.   568 

 569 

The recent study by Bachert and colleagues(19) provides excellent data for designing future 570 

randomized, controlled trials.  Based on this study, Table 4 illustrates sample size requirements 571 

to demonstrate efficacy of biologics in parallel arm trials; it is important to note, however, that 572 



any definitive trial would likely require considerably more than 20 participants per arm to 573 

establish safety.  Although the total number of participants will be larger, studies incorporating 574 

multiple biologics would be especially efficient to estimate all treatment comparisons.   575 

 576 

A crossover design of multiple biologics that allows each patient to serve as her/his own control 577 

could be especially powerful in determining the phenotype and/or endotype of individuals best 578 

suited for each regimen.  This might need to employ a relatively short-term outcome based on a 579 

biomarker to allow for multiple treatment periods per individual within a manageable time.  580 

Sample size requirements would need to utilize more information from the Bachert et al 581 

dataset(19), and would depend on the specific study objectives.  For a study like this to be 582 

meaningful, biomarkers that reliably predict the clinical response need to be available.  583 

Furthermore, a major issue for such a design is the duration of washout as it is currently 584 

unknown how long after discontinuation of a biologic CRSwNP returns to baseline disease 585 

activity.  A platform adaptive trial approach (see below) that allows emerging biologics to enter 586 

the trial could be incorporated.  A follow-on trial that finetunes biomarker thresholds adaptively 587 

could be conducted once knowledge about biomarkers is more mature. 588 

 589 

A trial comparing biologic(s) to surgery is more complicated to design.  First, since such study 590 

will probably not be blinded, it would be ideal to use an objective endpoint because a subjective 591 

primary endpoint could render the study results unconvincing.  There is also some concern that 592 

the size of nasal polyps (nasal polyp score) would not be a fair or meaningful endpoint when 593 

comparing biologics to surgery.  Another outcome, perhaps a smell test, might be a better 594 

alternative.  The second, and perhaps most important complexity, is the need to devise an 595 

endpoint that accounts for the time-dependent performance of the two treatments that will 596 

change across a lengthy time frame.  Perhaps an area under the curve approach could be utilized. 597 

 598 

Bachert et al(19)  used an approach where patients who were rescued (with surgery or systemic 599 

steroids) had their primary endpoint imputed by the worst observed value at the time of rescue.  600 

While this might be reasonable, one could make the rescue a more explicit part of the endpoint.  601 

One approach is to specify a binary or time-to-event endpoint defined by a) need for rescue, or b) 602 

need for rescue or poor performance on the primary endpoint.  603 



 604 

Adaptive Clinical Trial Designs 605 

In the recent released FDA guidance on adaptive designs, “an adaptive design is defined as a 606 

clinical trial design that allows for prospectively planned modifications to one or more aspects of 607 

the design based on accumulating data from subjects in the trial(89).” In other words, an adaptive 608 

design allows proper changes to the trial design based on interim data analysis.  An interim 609 

analysis is any examination of data obtained from trial participants while that trial is ongoing. 610 

Such data may fall under various categories including baseline, efficacy or safety, 611 

pharmacokinetic, pharmacodynamic or other biomarkers. 612 

Adaptive designs allow efficient use of resources, sample size re-estimation to increase 613 

probability of trial success, adaptive randomization to have more participants receive the 614 

winning treatment, dropping inferior treatments, adding new treatments and enriching a 615 

particular population to show phenotype or endotype-specific benefit.  Implementation of an 616 

adaptive design is more complicated, and it is important to limit access to comparative interim 617 

results to an independent team such as a Data Monitoring Committee.   618 

One question that can be addressed by an adaptive design is whether the evidence for efficacy or 619 

the lack of it (futility) is adequate with, let’s say, 60% of the originally planned participants.  We 620 

could perform an interim analysis calculating the conditional power (CP)(90), which is the 621 

probability that the efficacy can eventually be claimed should the trial continue to the planned 622 

end given the trend in the interim data.  If the power is too low, say, below 20%, the trial would 623 

not be likely to make it and we may claim futility, but if it is between 50% and 80%, we may 624 

consider increasing the sample size. On the other hand, if CP is >80% or < 50%, the trial may 625 

continue as planned(91).  In a more extreme situation, if CP is 99%, the treatment effect is so 626 

pronounced that efficacy can be proven with 60% of the originally planned participants. An 627 

important statistical issue is that repeated analyses of interim data will inflate the probability of 628 

making an erroneous claim of efficacy.  A commonly used approach to address this problem is 629 

that the criterion for significance test at each interim analysis is made more stringent so that the 630 

overall type I error is controlled at the original desired level, say, 5%(92).   631 



Similar approaches have been developed for non-inferiority trials and trials with multiple arms 632 

such as those that would include more than one biologic and a control.  Power calculations for 633 

noninferiority trials cannot be estimated accurately before a trial, so interim data can be used to 634 

update the estimate and the number needed to treat.  One strategy is to specify a time for interim 635 

analysis and then calculate the power.  636 

  637 

Sequential, multiple assignment, randomized trial (SMART) design(93) is a more recent 638 

approach to build adaptive interventions. These are multi-arm adaptive trials that incorporate 639 

biomarkers and provide a mechanism to decide which treatment to start with, and which 640 

treatment to provide next to responsive and to non-responsive participants as identified by one or 641 

more biomarkers. An interesting approach would be to use a platform design where different 642 

treatments get added as new biologics are approved for CRSwNP.  A biomarker-guided adaptive 643 

treatment strategy for multiple biologics can also be formed using a Bayesian adaptive 644 

approach(94). At the end, the study will still need to answer if one treatment regimen is 645 

significantly better than another.   646 

 647 

If comparing treatments that have different time to onset of action, like surgery and a biologic, 648 

the interim analysis must consider time. There are certain additional considerations specific to 649 

adaptive trials in which the primary endpoint is the time to occurrence of a certain event. In the 650 

case of CRSwNP that event could be the need for rescue treatment with oral steroids, the 651 

requirement for surgery or revision surgery.  In these trials, power is dependent on the number of 652 

events rather than the number of participants. It is therefore common to target a fixed number of 653 

events rather than a fixed number of participants. Sample size adjustment in these trials has the 654 

purpose of modifying the number of events and, therefore, may take the form of modifying the 655 

number of participants, the length of the follow-up period for each participant, or both.  In 656 

addition, interim analyses in time-to-event settings may utilize information on surrogate or 657 

intermediate outcomes satisfying the Prentice criteria for surrogate markers(95).  If substituting a 658 

biomarker for the interim analysis rather than a primary outcome, the biomarker should be 659 

strongly predictive. 660 

 661 



Additional Considerations on CRSwNP Study Designs  662 

 663 

Studies of dupilumab in CRSwNP have used intranasal mometasone sprays in run-in phase and 664 

throughout the trial, but this may no longer be the standard of care for nasal polyposis.  For 665 

example, off-label usage of high dose, high volume topical nasal irrigations on a once or twice 666 

daily basis (mometasone 2mg in 240ml normal saline)  are widely used and have been 667 

documented to have superior efficacy to mometasone nasal sprays(16).  Notably, the safety of 668 

this approach has not been established in large datasets(96).  Also, an exhalation device system 669 

delivering fluticasone(14) has been approved by the FDA although it has not been compared to a 670 

conventional nasal spray or to the off-label use of topical irrigation delivered corticosteroids in 671 

randomized clinical trials.  In future studies, in order to identify “standard-of-care” refractory 672 

patients that could be candidates for biologics, failure to respond to these treatments may be 673 

required as an inclusion criterion.  Also, studies directly comparing biologics to those new 674 

topical corticosteroid approaches will be of value.   675 

 676 

A trial to consider in the context of the post-operative role of biologics would be to enroll 677 

participants at the time the decision for surgical intervention has been made. A wash-out period 678 

from standard medical therapy would precede surgery.  This would allow tissue samples 679 

collected at surgery to reflect the true disease endotype.  The surgical procedure should be 680 

standardized, so should postoperative medical therapy.  Post-surgical randomization to one or 681 

more biologics and possibly to one or more newer corticosteroid delivery approaches would 682 

occur at the time an oral steroid course is required, or deterioration of endoscopic scores and/or 683 

SNOT-22 on 2 successive evaluations is noted.  Since it may take years for the need of revision 684 

surgery, this endpoint should probably be avoided.  If deemed appropriate, this design can be 685 

expanded to involve stratification based on tissue biomarkers or well-defined endotypes.  686 

 687 

Oral corticosteroids are routinely applied in the clinical management of CRSwNP.  Can we use 688 

the response to a standard course of oral corticosteroids as a biomarker to predict response to 689 

biologics?  A trial could be designed where enrolment would take place at the time the clinical 690 

decision to treat a patient with a course of oral corticosteroids is made.  Careful evaluation 691 

(involving both clinical and inflammatory outcomes) before and at the end of the oral 692 



corticosteroid course would be done and study participants would then be randomized to one or 693 

more biologics with or without a placebo control arm.  Regardless what the endpoints for this 694 

are, data analysis would focus on whether the original response to oral corticosteroids has 695 

predictive value for the response to a specific biologic.  Of course, a preceding study that 696 

provides evidence of the reproducibility of the response to oral corticosteroids would be of help 697 

in establishing this response as a biomarker.          698 

 699 

On the other hand, as discussed earlier, the use of oral corticosteroid therapy can be considered 700 

an outcome to assess the efficacy of biologics.  Study participants can be primed with a course of 701 

oral corticosteroid for a set duration (e.g. one week) or until a predetermined reduction in nasal 702 

polyp size score is detected (see outcomes below).  Thereafter, participants could be randomised 703 

to various study treatments and the time to the next protocol-required course of oral 704 

corticosteroids (e.g., when the nasal polyp size score returns to baseline) could be used as an 705 

efficacy outcome.  The study could involve a cross-over study design which would allow each 706 

participant to be his/her own control.  However, the duration of the wash-out period from a 707 

biologic will need to be considered.   708 

 709 

The AERD population is of particular interest for management with biologics because of high 710 

disease severity and frequency of revision surgery (up to 28% after a mean follow-up of 7.4 711 

years)(97).  These patients have a special therapeutic option, ASA desensitization, or surgery 712 

followed by aspirin desensitization, but also appear to respond to dupilumab(19).  However, 713 

published studies have involved relatively small numbers of patients and follow-up periods are 714 

short.  Additionally, ASA desensitization is not without its problems.  Comparing dupilumab (or 715 

another biologic, if theoretically appropriate) to ASA desensitization as a post-operative therapy, 716 

is an important clinical question given that the two treatments have advantages and 717 

disadvantages.  For example, compared to ASA desensitization, dupilumab will probably be 718 

better tolerated, and at least as effective, but much more expensive. 719 

  720 

Outcomes 721 

 722 



The decision about which variables to include is at the heart of a clinical trial design.  The choice 723 

of variables to assess CRSwNP in the context of a clinical trial is large.  The broadest 724 

categorization of those variables is based on the level of subjectivity that they contain, whether 725 

deriving from the study participant or the study clinician.  The terms “soft” and “hard” outcome 726 

measures have been used, but it is important to emphasize that these terms do not determine the 727 

quality of the outcome(98).   The target of a clinical trial should be to include outcomes which 728 

reflect real aspects of CRSwNP that are important to patients, both instantaneously and in the 729 

long run, and also important to the health system.  For example, it is crucial to assess how a 730 

patient feels about her/his condition after receiving a particular treatment, but, if how patients 731 

feel about this treatment has no impact on long-term care requirements of a chronic condition 732 

like CRSwNP, additional outcomes (e.g. biomarkers) that have better predictive value on disease 733 

persistence or progression will need to be used.    The workshop devoted substantial time in 734 

discussing the pros and cons of currently used outcomes/outcome measures with the goal to 735 

identify best application in future trials, opportunities for improvement, or need for creation of 736 

new outcomes. 737 

 738 

Patient Reported Outcomes (PROs) and Patient Reported Outcome Measures (PROMs) 739 

 740 

Symptoms  741 

 742 

The inclusion of symptom measures in CRSwNP clinical trials improves the interpretation of 743 

clinical trial results for two reasons. First, CRSwNP is a clinical condition defined primarily by 744 

the type, duration, and frequency of symptoms and symptom severity influences treatment 745 

decisions.  Second, multiple studies have demonstrated that objective measures, such as 746 

computed tomography (CT) scans, do not always reflect patient reported health measures(99, 747 

100). 748 

 749 

Among the various individual symptom measures, the following 8 have been used in prior 750 

CRSwNP trials. Visual Analog Scale (VAS)(101) measures include the 1) Rhinorrhea Symptom 751 

VAS, 2) Mucus in Throat Symptom VAS, 3) Nasal Blockage Symptom VAS, 4) Loss of Smell 752 

Symptom VAS, and 5) Nasal Pain/Discomfort Daily VAS(5). All of these measures ask the patient 753 



to quantify, “How much trouble was caused by your [symptom]?” by marking on a 10 cm VAS. 754 

Symptom severity measures include the 6) Rhinorrhea Daily Symptom Score, 7) Nasal 755 

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

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

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

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

different time points (i.e., baseline and weeks after intervention).   760 

 761 

Standard psychometric and clinimetric criteria for the assessment of the validity and 762 

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

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

difference (MCID)(103, 104).  Unfortunately, with the exception of content validity, which is 765 

met by definition because the presence of such symptoms is necessary for the diagnosis of CRS, 766 

no study has comprehensively assessed these properties for any individual symptom measure.  767 

Additional challenges to the interpretation of symptom measures include incorporating control 768 

groups to limit placebo effects and confounding, selecting measures that are important to the 769 

patient, standardized reporting of multiple symptom measures, and defining clinically 770 

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

 772 

Individual symptom measures can be considered for Phase II trials, but Phase III trials should 773 

utilize validated, composite, patient-reported outcome measures with known psychometric and 774 

clinometric properties, including MCID.  In order to estimate the magnitude and precision of 775 

change in symptoms, effect size and 95% confidence intervals should be used and the use of p-776 

values should be de-emphasized(105).  Confidence intervals convey information regarding the 777 

precision of results and whether the results are compatible with clinically meaningful 778 

differences. Finally, future trials should ensure that selected symptom measures are important to 779 

patients.   780 

 781 

Other Patient Reported Outcome Measures 782 

 783 



PROMs can measure a condition at a certain point in time (i.e., “static” measure) or change over 784 

time, such as after an intervention (i.e., “transition” measure).  PROMs can incorporate a variety 785 

of output scales or response categories, including Likert scales(106) or visual analog scales 786 

(VAS)(101).  Several multi-variable, composite indices can be used in CRSwNP trials. These 787 

PROMs can be disease-specific such as the SinoNasal Outcome Tests or general health status 788 

measures, such as PROMIS-29(107), the Short Form(SF)-36(108) or the SF-6D, which is a 789 

health state utility value derived from the SF-36(8).  General health status measures are overall 790 

less responsive to treatment, compared to disease-specific measures, because CRS has limited 791 

impact on physical function and mobility, which play important role in general measures(109). 792 

 793 

CRSwNP has dramatic impact upon quality of life (QOL) and disease-specific QOL PROMs are 794 

in existence with the SinoNasal Outcome Test-22 (SNOT-22) being the most commonly 795 

used(110, 111). A recent evaluation of CRS-specific PROMs also found that, among validated 796 

instruments, SNOT-22 had the highest quality data(112).  797 

 798 

In addition to QOL, it is important to be able to compare the impact of CRSwNP and its 799 

treatments to other disease states and their treatments.  Health utility values (HUV) serve this 800 

purpose and are another type of commonly used instruments. With the use of these instruments it 801 

has been shown that patients with CRSwNP have worse scores than patients with chronic 802 

obstructive pulmonary disease or coronary artery disease(8).  CRSwNP therapies can impact 803 

HUV: one study of 10 year endoscopic sinus surgery outcomes reported long term HUV 804 

improvement with scores approaching the normative United States HUV(37).  805 

 806 

While studies are ongoing for a number of biologics in CRSwNP, QOL outcomes have been 807 

most extensively reported for dupilumab(19). In a prospective, double blinded, randomized, 808 

placebo-controlled study, 93.3% of patients receiving dupilumab achieved MCID on SNOT-22 809 

with overall improvement on SNOT-22 of 27.3 points, which was 18.1 points greater than 810 

placebo.  To place this in the context of other CRSwNP therapies, a meta-analysis of ESS 811 

outcomes found a mean SNOT-22 improvement of 22.9 points with mean follow-up of 14.1 812 

months(113).   813 

 814 



Nasal Polyp Score 815 

 816 

Several nasal polyp endoscopic scoring systems have been described since the early 817 

nineties(114-121). They are based on the visualization of the size of nasal polyposis in the nasal 818 

cavity, and mostly use the lower borders of middle and inferior turbinates as the main reference 819 

lines. Originally, the scores were simple and meant to be used in daily clinical practice. In 1995, 820 

Lund and Kennedy, heading the Staging and Therapy Group for Chronic Rhinosinusitis, 821 

proposed the Lund-Kennedy (LK) endoscopic scoring system based on the degree of scarring, 822 

crusting, edema, polyps, and discharge(118).  This has primarily been used for postoperative 823 

evaluations, but is sensitive in identifying minor inflammatory changes before frank polyposis 824 

becomes evident.  825 

 826 

A total nasal polyp score has been recently developed and has served as a co-primary outcome in 827 

clinical trials of biologics(19). Great effort has gone into standardizing and validating the scoring 828 

procedure.  The results are reproducible and responsive to change in severe disease.  The score is 829 

based on video recordings of the endoscopic evaluations that are made by trained investigators in 830 

multicenter trials.  The images are interpreted by trained readers who review them in a blinded 831 

manner.  832 

 833 

The total nasal polyp score is a research tool and was not developed for clinical practice or to be 834 

interpreted by a non-blinded observer.  Some of its potential shortfalls include the fact that it is a 835 

categorical variable, it does not evaluate polyp size in a 3-dimensonal manner and that no MCID 836 

has been defined.  Interestingly, there is no correlation between the nasal polyp score and 837 

PROMs underlying the importance of including PROMs in CRSwNP clinical trials.  Some 838 

optimization of the statistical methodology to analyze the score may be needed.  Since the nasal 839 

polyp score is ordinal, there is some concern about handling its change in the course of an 840 

intervention as a continuous variable. In addition, the approach of using the baseline score as a 841 

covariate may be better than simply analyzing the change from baseline.   842 

 843 

Measures of Olfaction 844 

 845 



Olfactory dysfunction is a key characteristic of CRSwNP(122). Indeed, 60-80% of patients 846 

complain of olfactory impairment. Others demonstrate hyposmia on testing but are unaware of 847 

this deficit, reflecting the inaccuracy of self-reporting. Studies of CRSwNP that used olfactory 848 

testing have shown that patients perform at levels qualifying them as hyposmic or anosmic.  849 

Clinical studies have reported that the presence of nasal polyposis is tightly linked to smell loss 850 

(for hyposmia, OR 2.4, 95%CI 2.3 - 43.7; for anosmia, OR 13.2, 95%CI 5.7 – 30)(123). Smell 851 

loss correlates with objective measures of sinonasal inflammation, such as increased mucosal 852 

inflammation on CT scan(124, 125), and worse olfaction correlates with tissue eosinophilia in 853 

postoperative patients(126) and is closely tied to Type-2 inflammation(127, 128).  854 

 855 

Olfactory dysfunction can respond to intranasal and systemic steroids, aspirin desensitization (in 856 

the setting of AERD), and to surgical treatment, both traditional ESS as well as novel 857 

interventions (e.g., steroid implants)(14, 15, 129-131). Olfactory response to steroids also 858 

predicts surgical outcomes. In a recent study of dupilumab, the sense of smell was the first 859 

outcome to show significant improvement, 2 weeks after starting therapy(19). 860 

 861 

There are several methods of testing olfaction. The University of Pennsylvania Smell 862 

Identification Test(132) is the standard clinical test in the United States, and the Sniffin’ Stick is 863 

the standard clinical test in Europe(133, 134). Both have high test-retest reliability, normative 864 

values by age and sex, and are widely used in research and clinical practice.  The UPSIT is a 865 

‘scratch and sniff’ format, with 40 item and 12 item versions, which require patients to recognize 866 

an odor and select a choice from 4 options. The Sniffin’ Sticks identification test consists of 16 867 

marker pens with odors embedded in felt tips, with a similar method of forced choice from 4 868 

options.  Both are scored as number correctly identified. Currently, there are no validated MCIDs 869 

for either test, although it has been suggested that a change of 1 in the 12 item UPSIT is an 870 

MCID based on a distribution model, and validated with an anchor based model (SNOT-871 

22)(132).  For the full Sniffin’ Sticks battery, which includes odor identification, odor threshold, 872 

and odor discrimination, a change of ~1.9 points would be consistent with an MCID(135).  For 873 

clinical trials, these tests could be used as outcomes in several ways: change in absolute score, 874 

modeled changes adjusted for age and sex, changes in category (anosmic to hyposmic to 875 

normosmic) or changes in percentile, based on normative values for the general the population.  876 



 877 

Imaging  878 

 879 

CT scans are the gold standard for assessing burden of disease in the paranasal sinuses and 880 

planning surgical intervention.  Quantifying disease to improve monitoring of outcome measures 881 

in CRSwNP has been challenging.  Initial imaging systems were designed to compare baseline 882 

characteristics of patients entering into surgical clinical trials.  The Kennedy staging system, The 883 

Harvard staging system and the Levine and May staging systems were mostly qualitative and 884 

have not been used extensively(136).  The Lund Mackay (LM) system reported in 1993 has been 885 

the most commonly utilized and is semi-quantitative(115).  It assigns a score to each of the 886 

frontal, anterior and posterior ethmoids, sphenoid and maxillary sinuses: 0 (normal), 1(partial 887 

opacification) and 2 (complete opacification).  It also allows grading of disease of the 888 

osteomeatal unit bilaterally as 0 (clear) or 2 (occluded) thus resulting in a maximum possible 889 

score of 24.  Zinreich proposed a modification that allows a broader range of scoring(136, 137). 890 

Although this scoring system allows better assessment of the extent of disease, it has not been 891 

used extensively.  Similar to the nasal polyp score, the LM CT scoring system does not correlate 892 

with patient symptoms(138), but does correlate with measures of Type-2 inflammation(139).  In 893 

clinical trials that have assessed biologics, LM scores show reductions after therapy in the active 894 

arms in concordance with reductions in nasal polyp score(19, 39, 43). Although scanning 895 

protocols to minimize exposure are currently in place, radiation exposure should be considered if 896 

multiple CT scans were to be used in clinical trials.    897 

  898 

A possible improvement to CT scoring may be the development of volumetric evaluations to 899 

allow for determination of the volume of the whole sinus cavity and the part of that volume 900 

occupied by air.  The major advantage is that this approach can derive a continuous assessment 901 

of the extent of disease(137, 140). There is also some evidence that volumetric scores may 902 

correlate a little better with symptoms.  However, to gather volumetric data, time-consuming and 903 

labor-intensive outlining of the boney landmarks of the paranasal sinuses is needed.  Automating 904 

volumetric assessment would overcome this problem, may yield a better measure of 905 

inflammation within the sinuses and may provide a more sensitive approach in assessing small 906 

treatment-induced changes allowing comparisons between biologics.    907 



 908 

MRI can also be used to evaluate the extent of disease in the paranasal sinuses.  It involves no 909 

radiation, but is less practical to implement in clinical trials, compared to CT.  T2 weighted 910 

images facilitate volumetric quantification of disease and allow differentiation between actual 911 

polyps and accumulated post-obstructive sinus secretions.  Hassaria and colleagues used an MRI 912 

scoring technique to evaluate responsiveness to systemic steroids in patients with CRSwNP and 913 

showed a significant reduction of the MRI score which correlated well with the nasal endoscopy 914 

score(141).  915 

 916 

Peak Nasal Inspiratory Flow 917 

 918 

Airflow is critical for the function of the nose and nasal blockage is a cardinal complaint of 919 

patients with CRSwNP. Abnormal airflow contributes to a number of clinical problems that 920 

plague these patients, including sleep interruption, reduced olfaction, and overall poor quality of 921 

life.  Passage of air is impaired due to physical blockage from polyposis and also from secondary 922 

vascular engorgement due to nasal inflammation.  923 

 924 

Peak nasal inspiratory flow (PNIF) is an objective measure of airflow, closely correlated with 925 

nasal airway resistance.  Therefore, PNIF is a direct measure on nasal obstruction.  PNIF is 926 

simple to obtain, and the devices to measure PNIF are inexpensive and can be used for repeated 927 

measurements. Patients are asked to inhale sharply through their nose in the upright; three values 928 

are taken and the highest is recorded(142).  929 

 930 

PNIF is well-validated.  It has excellent test-to-test reliability and correlates with other nasal 931 

measures, such as the minimal cross-sectional area of the nasal cavity.  Normative values are 932 

available.  In analyzing PNIF results, one can consider adjustments based on age, sex, height, 933 

and ethnicity; remaining variability can be further reduced using transformation(143). In 934 

CRSwNP, change in PNIF correlates with disease-specific QOL.  For example, there is a strong 935 

negative correlation between change in PNIF and change in SNOT-22 score following surgery in 936 

patients with and without polyps(144).  Some studies report high correlation between subjective 937 

reporting of nasal obstruction and PNIF, and polyp size shows an inverse correlation with PNIF 938 



and Sniffin’ Stick smell identification scores(143).  The most recent results on the efficacy of 939 

dupilumab on CRSwNP showed significant improvement by dupilumab over placebo in PNIF, 940 

which was concordant with reduction in subjective nasal obstruction and in nasal polyp 941 

score(19). 942 

 943 

 944 

Biomarkers 945 

 946 

Biomarkers are measures of pathobiological mechanisms and reflect the activity of these 947 

mechanisms. Biomarkers can serve two functions in clinical trials of CRSwNP: they can be used 948 

as outcome parameters where pre to post treatment effects are compared, or as predictors of 949 

which patients would respond best to therapy.  Another role for biomarkers is to provide 950 

confirmatory evidence that the treatment in question exerts its expected biologic effect (e.g. an 951 

anti-IgE antibody should reduce the levels of IgE).  As clinical trial outcomes, biomarkers need 952 

to be validated in a manner similar to clinical or physiologic outcomes and results need to be 953 

considered in the context of all other measures.  For example, reductions in the levels of a 954 

disease biomarker, in the absence of any changes in validated PROMs, should question the 955 

relevance of the biomarker, and consequently of the disease mechanism it represents.  To be 956 

useful clinically as a predictor of the response to treatment, a biomarker must be highly 957 

predictive.  It is more likely that indices derived from measuring several biomarkers may be able 958 

to attain high levels of predictability, but extensive work is required to advance this field. 959 

 960 

Development of biomarkers for clinical trials in CRSwNP is closely linked to studies assessing 961 

the pathophysiology of the disease.  Molecular and cellular work, more recently complemented 962 

with unbiased analytic and clustering approaches, provides a framework to understand and 963 

categorize heterogeneous patterns of inflammation in CRS, a concept known as endotyping.  For 964 

example, based on protein levels in tissues, investigators at Northwestern University were able to 965 

identify patients with predominantly Type 1, 2 or 3 inflammation and to confirm that the vast 966 

majority of patients with CRSwNP belong to the Type-2 inflammation category(127, 145). These 967 

findings were compatible with work by Belgian investigators(38).  These sophisticated clustering 968 

approaches have yet to be used in clinical trials of CRSwNP, but the severity of Type-2 969 



inflammation has prognostic implications; for example, higher levels of eosinophilic markers 970 

predict more rapid polyp recurrence after surgery(146, 147). On the other hand, a recent study 971 

demonstrating that dexpramipexole drastically reduces peripheral and tissue eosinophils without 972 

improving symptoms or clinical measures of nasal polyposis cautions the field to track Type-2 973 

inflammation more broadly than simply utilizing eosinophil-specific measures(148).  974 

 975 

In clinical trials with biologics for CRSwNP, it is difficult to obtain tissue samples before and 976 

after the intervention.  Small tissue biopsies and/or superficial scrapings could be used in 977 

combination with single cell analyses(66), but it is also important to identify and validate nasal 978 

secretion biomarkers that may reflect underlying disease endotypes(149).  Measures of Type-2 979 

inflammation in nasal mucus collected from the middle meatus, including cytokines, chemokines 980 

and eosinophils, modestly correlate with nasal tissue outcomes, and preliminary analysis via a 981 

cluster algorithm identifies the Type-2 endotype in nasal secretions(150, 151).  However, further 982 

work remains to establish a panel of markers that will most accurately predict underlying tissue 983 

endotypes. Other secretion-based assays demonstrating promise are microparticle and exosomal 984 

measures that have been found in small studies to reflect cellular patterns in the tissue(152).   985 

 986 

Biomarkers can also be measured in peripheral blood.  For example, eosinophil counts and total 987 

IgE are measured routinely and the levels of dozens of serum cytokines can be tracked using 988 

very sensitive multiplex assays.  It is important, in this context, to note the experience with blood 989 

eosinophils as biomarkers of asthma.  Peripheral blood eosinophils have recently entered the 990 

clinical management of asthma as a predictor of the response to existing biologics. It is not clear 991 

whether this will also be the case in CRSwNP, but continued collection of data in clinical trials 992 

of CRSwNP is needed, so that the role of the eosinophil as a biomarker can be elucidated.  993 

Eosinophils have long been known to be present in allergic asthma, but recently they have been 994 

recognized as a practical way to identify patients with severe eosinophilic asthma(153). Blood 995 

eosinophils have emerged as a reliable biomarker as they correlate positively with sputum 996 

eosinophils, severity of asthma, risk of exacerbation, and negatively with lung function(154).  In 997 

patients with adult-onset asthma, those with high eosinophils (classified as blood eosinophils 998 

greater than 300) were more likely to have higher FeNO levels, more sputum eosinophils, be on 999 

oral steroids, have severe fixed airway obstruction, and have a history of CRSwNP.  It is clear 1000 



from clustering analyses, biologic trials, and animal studies that eosinophils are elevated in at 1001 

least two subtypes of asthma- those with allergic asthma and a strong adaptive immune response 1002 

and those with a strong ILC2-driven response.  A blood eosinophil count above 150 or 300 1003 

cells/µl in patients with severe uncontrolled asthma identifies patients most likely to respond to a 1004 

Type-2 biologic (including, omalizumab, mepolizumab, benralizumab, or dupilumab), but is not 1005 

useful to track response once a patient has been treated as levels  after drug initiation don’t 1006 

correlate with the clinical response(49).  1007 

 1008 

Exacerbations and Control 1009 

 1010 

Acute exacerbations (AE) occur in patients with CRSwNP despite aggressive management and 1011 

are associated with significant healthcare costs(155), physician visits(156), workplace 1012 

productivity reduction(31), and decrements in quality of life(157).  Consequently, a systematic 1013 

metric or an operational definition to document and measure AEs would be of significant value 1014 

to both quantify disease control and determine the relative durability of different therapeutic 1015 

options. Current guidelines define AE in CRSwNP as an acute and transient worsening of 1016 

preexisting symptoms(5, 14). However, these definitions rely on empiric clinical findings and 1017 

cannot be prospectively applied in a clinical trial setting.  1018 

 1019 

There remains a paucity of studies which report on quantifiable clinical metrics of AE in 1020 

CRSwNP, particularly with respect to PROMs.  Divekar et al(158) found that an AE was 1021 

associated with a 10-point increase in SNOT-22 score in a population of 9 patients with 1022 

CRSwNP.  When assessing a similar metric, Zemke et al(159) reported an increase of 4.9 points 1023 

from baseline during an AE; however, this study was evaluating a patient group with cystic 1024 

fibrosis.  Other studies examining SNOT-22 changes in the setting of poorly controlled CRS 1025 

reported a 25% reduction in disease control for every 15 point increase in SNOT-22 score(160) 1026 

and a doubling of the relative risk of antibiotic use for every 30 point increase(157).  These 1027 

findings underscore the unmet need for further quantification of AE in CRSwNP using PROMs. 1028 

At the current time however, the Divekar et al(158) data indicate that a patient reported AE is 1029 

associated with approximately one MICD unit of worsening in the SNOT-22 score; this may be 1030 

an appropriate start to assess AEs in future CRSwNP studies.  1031 



 1032 

In light of the Type-2 inflammatory skewing of most nasal polyps in the western world, some 1033 

studies have attempted to correlate AEs with both nasal and serum derived inflammatory 1034 

biomarkers.  Rank et al(161) prospectively collected nasal mucus samples in patients with 1035 

CRSwNP experiencing a self-reported AE over 8 time points and demonstrated significant 1036 

increases in IL-6, eosinophil major basic protein (MBP), eosinophil derived neurotoxin (EDN), 1037 

myeloperoxidase, and uric acid.  Divekar et al(158) showed significant increases in nasal mucus 1038 

IL-6, IL-5, and MBP, as well as serum levels of granulocyte-macrophage colony-stimulating 1039 

factor (GM-CSF) and vascular endothelial growth factor (VEGF) during an AE of CRSwNP. 1040 

These studies are notable for several reasons. First, they confirm that AE in CRSwNP, as 1041 

reported empirically by patients, are associated with statistically significant quantitative changes 1042 

in inflammatory biomarkers. Second, they confirm that these biomarkers may be sampled 1043 

serially and prospectively from nasal mucus. This indicates that the development and validation 1044 

of a non-invasive biomarker of AE in CRSwNP is, in principle, an attainable goal.  1045 

 1046 

The concept of Type-2 inflammatory biomarker sampling endorsed by Rank et al(161) and 1047 

Divekar et al(158) has recently been extended through the discovery of novel proteins including 1048 

cystatins 1 and 2 as well as periostin, which appear to participate in the etiopathogenesis of 1049 

CRSwNP. Xu et al(162) reported that periostin levels were higher in eosinophilic nasal polyps 1050 

while Ninomiya et al(163) showed that elevated levels were predictive of CRSwNP 1051 

recalcitrance. Similarly, both Kato et al(164) and Yan et al(165) found that increased tissue 1052 

cystatin expression was associated with eosinophilic CRSwNP. Mueller et al(166) synthesized 1053 

these findings in a prospective 2-year study of 66 post-operative patients with CRSwNP and 1054 

found that elevated nasal mucus levels of both cystatin and periostin not only correlated with 1055 

disease recalcitrance but could predict an eventual AE up to 5 months in advance.  1056 

 1057 

Complementing the definition of AE is defining control for CRSwNP.  In asthma, tests of control 1058 

are useful outcomes for evaluating treatment regimens(167).  However, no such test exists for 1059 

CRSwNP.  A Rhinitis Control Assessment Test (RCAT) has been validated for allergic rhinitis, 1060 

but is not widely used(168).  Whether this can be applied to CRSwNP is unknown.   1061 

 1062 



Surgery   1063 

 1064 

Surgery plays a major role in the management of difficult-to-control CRSwNP.  Patients who 1065 

have failed appropriate medical therapy are offered ESS.  Sinus surgery in the setting of 1066 

CRSwNP is almost always elective and the decision to surgery can be used as an outcome 1067 

measure in a clinical trial.   1068 

 1069 

Any trial involving surgery as an outcome will need to include strict criteria defining when it is 1070 

appropriate to recommend surgery, recognizing that a decision for  surgery in  an individual 1071 

patient is complex and influenced by many factors.  In the future, these factors may involve 1072 

biomarker-based disease endotyping.  Furthermore, it is important to consider the differences 1073 

between first-time and revision surgery and between revision surgery that is required within a 1074 

short period vs several years from the original procedure.  Since surgery is elective, we must 1075 

identify  the reasons why some patients may elect surgery and others with similar pathology and 1076 

even symptom burden may not.  Finally, it will be important to capture the reasons for the 1077 

physicians’ recommendations for surgery.  1078 

 1079 

For studies that intend to randomize patients to biologics right after the original surgical 1080 

procedure and use revision surgery as the outcome, it is important to consider the surgical 1081 

technique that was used.  In addition, given that surgical outcomes and revision ESS rates have 1082 

changed dramatically over the last decade with alterations in the extent of surgery and adjuvant 1083 

postoperative therapy, including aspirin desensitization or topical steroid therapies(169), such 1084 

studies need to be of long duration and may not be practically feasible as conventional, 1085 

randomized trials.  A registry design may be more appropriate in this regard.  1086 

 1087 

Health Economics 1088 

 1089 

The cost of treatment will invariably play a role in decision making as to the appropriate use of 1090 

biologics in CRSwNP, and clinical trials should try to capture treatment costs.  Lauren Roland 1091 

and her colleagues at Emory University used an insurance claims repository to identify patients 1092 

with nasal polyps between 2009-2015 and track the cost of surgery, CT scans and debridements, 1093 



all costs that would accompany a surgical planning route. The approximate mean and median 1094 

costs of this surgical route were $7,000 and $5,000, respectively, over a 6-year time period 1095 

(unpublished data). In comparison, the wholesale acquisition cost of biologics can be several-1096 

fold higher.  However, an appropriate comparison will need to include indirect costs and should 1097 

consider potential reduction of other medication usage and other disease-related costs, 1098 

particularly in patients with lower airways disease, while on a biologic.  1099 

 1100 

Patient Characteristics 1101 

 1102 

Baseline Characterization of Study Participants  1103 

 1104 

The more information on study participants, the easier it will be to identify predictors of 1105 

response, compare data across trials, and allow for exploratory subgroup efficacy analyses for 1106 

the intervention(s) in question. 1107 

 1108 

Baseline information on sinus disease, in addition to disease-specific PROMs, should include a) 1109 

date(s) of prior sinus surgery(ies), b) number of oral corticosteroid courses and number of 1110 

antibiotic courses for sinus-related problems in the last year, c) any other treatments received for 1111 

CRSwNP, d) imaging (probably a CT scan).   1112 

 1113 

Evaluations of the nose could include a) measurements of nasal airflow, b) olfactory function, c) 1114 

mucociliary clearance, d) samples of nasal secretions, e) nasal mucosal scrapings, f) polyp and/or 1115 

nasal tissue biopsies.  Samples that will allow for future microbiome, fungome and virome 1116 

analyses should also be obtained and appropriately stored. 1117 

  1118 

Given the predominance of Type-2 immune responses and inflammation in CRSwNP, systemic 1119 

markers such as blood eosinophil counts and total serum IgE are needed.   Furthermore, co-1120 

morbidities need to be recorded beginning with the lower airways because at least 30% of 1121 

participants in CRSwNP studies will have asthma.  Lung function should be assessed, FeNO 1122 

levels recorded, and more specific evaluation of atopy with either a panel of aeroallergen skin 1123 

tests or a panel of aeroallergen-specific serum IgE antibodies should be considered.  1124 



 1125 

CRSwNP study participants should be queried for ASA or NSAID respiratory reactions.  If 1126 

aspirin-exacerbated respiratory disease is the focus of a trial, a formal ASA challenge may need 1127 

to be conducted if the history is unclear.  Unless it is the study’s focus, there is no need for an 1128 

immunodeficiency evaluation (immunoglobulin isotype levels and vaccine responses).  1129 

 1130 

Inclusion/Exclusion Criteria 1131 

 1132 

In CRSwNP trials, the standard CRS definition should always be used as the most important 1133 

inclusion criterion: presence of 2 or more of the following symptoms for greater than 12 weeks 1134 

duration: 1) nasal blockage/obstruction/congestion; 2) nasal discharge; 3) facial pain/pressure; 4) 1135 

reduction or loss of smell.  In addition, nasal polyposis should be visualized with endoscopy in 1136 

both nasal passages and objective confirmation should be made by sinus CT scan.  Other 1137 

inclusion criteria should be trial-specific. 1138 

 1139 

Additional inclusion as well as exclusion criteria need to be considered very carefully because 1140 

restricting the trial population can limit the generalizability of the results and may increase 1141 

recruitment difficulty to the point of trial failure.  However, some absolute exclusion criteria 1142 

should always be applied to avoid contaminating the study population with other conditions.  1143 

These include EGPA, unilateral nasal polyps, mucoceles, cystic fibrosis and 1144 

immunodeficiencies.  Also, children should be excluded from studies of CRSwNP because 1145 

bilateral nasal polyps are rare and most likely reflect another underlying condition.  Allergic 1146 

fungal sinusitis with bilateral polyps can be excluded or studied as a subgroup.   1147 

 1148 

Conclusion 1149 

 1150 

CRSwNP has a major impact on the quality of life of its sufferers and a large financial impact on 1151 

health care costs.  Better understanding of the pathophysiology is leading to new treatments, 1152 

mostly biologics.  How we integrate these treatments into a new and efficient management 1153 

paradigm with patients’ wellness in mind is a major challenge for the years to come.  The NIAID 1154 

Workshop on “Clinical Research Needs for the Management of Chronic Rhinosinusitis in the 1155 



New Era of Biologics” examined in great detail various aspects of clinical trial needs and 1156 

designs.  We hope that this report will pave the way to pivotal trials that will provide the 1157 

evidence for appropriate placement of biologics in the management of CRS.   1158 



Table 1: Published clinical trials with biologics in CRSwNP  

 

Biologic 

(reference) 

Target Publica

tion 

Year 

Therapeutic effects Limitations/Adverse 

events 

Development 

Status 

Omalizumab 

(39) 
IgE 2013 

Reduction in polyp 

and CT scores, 

improvement of upper 

and lower airways 

symptoms and quality 

of life 

No reduction of serum 

or nasal secretion 

mediators, frequent 

rhinopharyngitis 

Phase 3 trials 

conducted – 

awaiting 

publication 

Mepolizumab 

(40) 
IL-5 2011 

Reduction in polyp 

score, blood 

eosinophil counts, 

serum ECP and IL-

5Rα levels 

No significant 

improvement of 

symptoms, frequent 

rhinopharyngitis  

 

Phase 3 trials 

ongoing 
Mepolizumab 

(41) 
IL-5 2017 

Reduction in required 

sinus surgery, 

improvement in nasal 

polyp score, 

symptoms, and QOL 

(SNOT-22) 

Safety profile 

comparable to 

placebo 

Reslizumab 

(42) 
IL-5 2006 

Reduction in nasal 

polyp score, blood 

eosinophil counts, 

serum ECP levels 

No significant 

improvement of 

symptoms 

No further 

development 

Dupilumab 

(43) 
IL-4Rα 2016 

Reduction in nasal 

polyp and CT scores, 

improvement in 

Headache, 

rhinopharyngitis, and 

reaction at injection 

 

 

 



olfaction, symptoms, 

and QOL (SNOT-22), 

pulmonary function 

(FEV1) and asthma 

control test score 

(ACQ5) 

site  

 

 

 

 

Phase 3 trials 

published, 

FDA and EMA 

approval 

 

Dupilumab 

(19) 
IL-4Rα 2019 

Reduction in nasal 

polyp and nasal 

congestion scores, and 

in all secondary 

outcomes (symptoms, 

CT score, UPSIT 

smell test, SNOT-22, 

use of systemic 

glucocorticosteroids, 

sinus surgery)  

 

The most common 

adverse events 

(nasopharyngitis, 

worsening of nasal 

polyps and asthma, 

headache, epistaxis, 

and injection-site 

erythema) were more 

frequent than with 

placebo 

 

 1159 

CT, computerized tomography; ECP, eosinophil cationic protein; IL-5Rα, IL-5 receptor α; IL-1160 

4Rα, IL-4 receptor α; QOL, quality of life; SNOT-22, Sino-Nasal Outcome Test; FEV1, forced 1161 

expiratory volume in the first second; ACQ5, Five-item Asthma Control Questionnaire; UPSIT 1162 

University of Pennsylvania Smell Identification Test.   1163 



Table 2. EUFOREA criteria (54) for biologics indication in patients with CRSwNP.  Patients 1164 

who had prior ESS need 3 while those who had not had ESS need 4 of the following criteria: 1165 

 1166 

  1167 

Evidence of Type-2 inflammation 

Significant impairment of quality of life 

Reduced smell 

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

Asthma  



Table 3.  Questions raised by workshop participants that can influence the design of clinical 1168 

studies in CRSwNP 1169 

 1170 

STUDY CONCEPTS 1171 

• Do we need to fully describe CRSwNP phenotypes and endotypes before designing trials 1172 

or other studies that aim at comparing biologics to each other or to other forms of 1173 

treatment? 1174 

• How stable are the CRSwNP phenotype and its sub-phenotypes/endotypes? (for example, 1175 

if an AERD patient, who had prior surgery for nasal polyps, presents with pansinusitis 1176 

without endoscopically detectable nasal polyps should he/she still be considered a 1177 

CRSwNP patient?)   1178 

• Should clinical trial designs aim at testing biologics on the basis of biomarkers such as 1179 

previous surgical pathology or biomarkers that can be obtained non-invasively and can be 1180 

eventually be used in clinical practice? 1181 

• Can clinical trial designs and outcomes funded by the public or private sector be 1182 

harmonized, so that the results can be directly compared?    1183 

STUDY DESIGNS 1184 

• Do comparator clinical trials require a placebo arm if the effectiveness of each treatment 1185 

has been already determined?  1186 

• What are the most important clinical outcomes for comparing the effectiveness of 1187 

different biologics or of biologics to other forms of treatment? 1188 

• For trials designed to assess the effectiveness of biologics post-operatively, how long 1189 

after surgery should biologic treatment begin and what should the duration of treatment 1190 

be? 1191 

• For trials that require run-in periods to optimize medical management before 1192 

randomization to biologics or to surgery, what would optimal management constitute of 1193 

and what should the optimal run-in duration be?   1194 

 1195 



Table 4. Sample size calculations for randomized clinical trials comparing biologics to placebo 1196 

(superiority design) or biologics to each other (non-inferiority design) 1197 

Parallel Arm  

Study Design 

 

Endpoint: 

Change 

at 24 weeks from 

baseline 

Approximate 

Sample Size 

(for 90% 

power) 

Estimates based on Bachert et al(19)  

 

Biologic X vs. 

Placebo 

(Superiority) 

Nasal 

Congestion 

20/arm Treatment Effect = 0.9 (SD ~ 0.85) 

Nasal Polyp 

Score 

20/arm Treatment Effect =1.8 (SD ~1.7) 

Biologic X vs. 

Dupilumab 

(Non-inferiority) 

Nasal 

Congestion 

125/arm Non-inferiority margin* = 0.35   

Nasal Polyp 

Score 

110/arm Non-inferiority margin* = 0.75   

*Non-inferiority margins are based on 50% of lower limit of confidence interval from Liberty 1198 

NP SINUS-52 1199 

  1200 
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Figure 1:  Basic paradigm for the treatment of CRSwNP before the introduction of biologics  1666 

 1667 
Figure 2: The Type-2 immune cascade in sinonasal mucosa with its inflammatory consequences 1668 

and with biologic targets and examples of potential therapeutics. Molecules in red represent 1669 

monoclonal antibodies (biologics).  Note that dupilumab has already received approval for 1670 

CRSwNP, while omalizumab and mepolizumab are currently in Phase 3 development.  Parasites 1671 

are illustrated as another stimulus for Type-2 immune responses, but have not been implicated in 1672 

the pathogenesis of CRSwNP.   Modified from Hulse et al. (170)  1673 
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