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Abstract: Chronic rhinosinusitis with nasal polyposis (CRSwNP) is one of the most severe

forms of chronic rhinosinusitis. CRSwNP is characterized by nasal and facial congestion,

loss of sense of smell, rhinorrhea, and post-nasal drip. Treatments have been ineffective at

controlling disease recurrence, despite multiple courses of medical and surgical therapies.

Oral glucocorticoid therapy is often used to control exacerbations leaving the patient exposed

to steroid-induced adverse effects. Thus, there is a clear unmet need for new treatments to

achieve better control of the disease. Advances in understanding Type 2 inflammatory

processes that occur in about 80% of the Western world patients with CRSwNP have resulted

in new avenues for disease control. Biologics in the form of monoclonal antibodies, which

target Type 2 inflammation, have helped control the severest forms of atopic dermatitis and

asthma. Treatment regimes for CRSwNP now include biologics. In July 2019, dupilumab

was the first monoclonal antibody to gain FDA approval for the treatment of CRSwNP. In

this review, we summarize the proof of concept clinical trials and Phase 3 trials leading to

approval of dupilumab, an anti-IL4 alpha receptor antagonist that blocks the actions of both

IL4 and IL13. These studies show that dupilumab is a proven treatment option to control

disease. Collective studies demonstrate a high safety profile. Questions arise as to the best

use of dupilumab in the context of current treatment paradigms, and for which sub-

population of the varied heterogeneous endotypes of CRSwNP patients. Recognizing the

high cost of biologics forces the need for cost-effectiveness analysis.
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Nasal Polyp Prevalence, Pathophysiology, Current
Treatment
Chronic rhinosinusitis (CRS) is the second most common chronic condition in the

United States.1 Chronic rhinosinusitis with nasal polyposis (CRSwNP), the most

severe subtype of CRS, characterized by tissue and peripheral eosinophilia, with 4%

prevalence or 13 million individuals in the USA, incurs the majority of the health-care

cost.1 In CRSwNP, there are frequent recurrences after medical and surgical

treatment.2 Medical management of chronic rhinosinusitis with nasal polyposis

addresses the underlying inflammation, mucous production, nasal airway obstruction

and reduced sense of smell. Treatments include topical intranasal corticosteroids, nasal

saline irrigation, antibiotics to address acute bacterial exacerbations, and/or short-

course oral steroids.3 Sinus surgery is an option for those patients whose symptoms

persist despite appropriate medical treatment. Sinus surgery is followed by medical
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therapy primarily in the form of topical corticosteroids.

Disease recurrence after surgery in CRSwNP patients can

be as high as 50% when followed over a 3-year period, even

after multimodal medical treatment approaches have been

tried.4

Dupilumab Mechanism of Action
The rational for biologic drug development derives from

recent advances in the understanding of the pathogenesis

of CRSwNP and it’s related lower airway disease, asthma.

CRSwNP is characterized by defective barrier function of

epithelium and Type 2 pattern of inflammation that is also

observed with asthma.5 Epithelial activation by microbes

and T cells are thought to result in epithelial-derived

cytokines secretion, including interleukin IL25, IL33 and

thymic stromal lymphopoietin (TSLP) (see Figure 1 of the

original study by Hulse).6 These cytokines activate type 2

innate lymphoid cells (ILCs), adaptive T helper cells,

dendritic cells and mast cells in this tissue to promote

Type 2 pattern of inflammation. Subsequent Type 2

immune responses are typified by the production of IL4,

IL5, IL13 from ILC2, Tc2 (CD8+ T cells that express

prostaglandin DP2 receptor CRTH2) and Th2- T cells.

These responses are thought to recruit eosinophils, pro-

mote IgE production and goblet hyperplasia. The increase

in tissue T cells, B cells and plasma cells are thought to

explain the high levels of mucosal IgE, which further

perpetuates the inflammatory response by activating mast

cells and eosinophils. Elevated levels of IL4 and IL13

observed proximally, and IL5 and eosinophilia observed

distally in the inflammatory cascade have become the hall-

marks of the Type 2 inflammation seen in polyp tissue.

Thus these key cytokines have become the drug targets for

the biologics. The efficacy of dupilumab in Type 2 disease

was first tested in moderate to severe atopic dermatitis, and

later in moderate to severe asthmatic adult patients.7–10

Recent approval for these two indications resulted in

amassing safety data demonstrating low adverse effects .

Dupilumab is a fully humanized monoclonal IgG4 anti-

body that inhibits interleukin-4 (IL4) and interleukin-13

(IL13) signaling by specifically binding to the IL4Rα sub-

unit, shared by the IL4 and IL13 receptor complexes: Type

1 receptor complex for IL4 and Type II receptor complex

for IL13 and IL4.11 Blockade of the receptor complex

results in inhibition of downstream STAT6 pathway sig-

naling. This results in inhibition of cytokine-induced

responses, chemokines and IgE production. Peak serum

concentration of dupilumab occurs at 1 week after initia-

tion of subcutaneous administration. Median times to non-

detectable serum levels of dupilumab occur at 10–13
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Figure 1 Dupilumab mechanism of action in Type 2 inflammation of chronic rhinosinusitis with nasal polyposis.

Notes: X=dupilumab. Y= IL4Rα.
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weeks.11 A paradoxical transient elevation of serum IL4

and IL13 cytokines following dupilumab initial exposure

is observed, the mechanism of which is not clear. In

addition, a parallel transient increase in serum eosinophils

is consistently observed across all clinical trials, hypothe-

sized to represent inhibition of eotaxin-3 by dupilumab,

resulting in lack of recruitment of eosinophils from per-

ipheral blood to into polyp tissue.10

Dupilumab in Chronic Rhinosinusitis
with Nasal Polyposis
The efficacy of dupilumab as add on therapy to intranasal

steroids in adult chronic rhinosinusitis with nasal polypo-

sis patients was first studied in a randomized double-

blinded, placebo-controlled, proof-of-concept Phase II

trial by Bachert and colleagues.12 After 16 weeks of treat-

ment with mometasone nasal spray and 300 mg weekly

subcutaneous dose (with 600 mg loading dose), the addi-

tion of dupilumab significantly reduced endoscopically

graded nasal polyp score and nasal congestion scores as

compared to treatment with mometasone alone. Secondary

endpoints including Lund-Mackay sinus CT scores, quality

of life assessments (22 item SNOT questionnaire score),

and smell function (assessed by UPSIT score) significantly

improved. In the subset of CRSwNP patients with asthma

(57%), dupilumab plus mometasone furoate nasal spray

improved asthma control and lung function as assessed by

the FEV1 percent predicted.

The inflammatory response was studied by following Type

2 biomarkers.12 Total serum IgE, serum TARC (thymus and

serum activated cytokine), and plasma eotaxin-3 decreased.

Serum IgE progressively decreased throughout the 16-week

treatment period. Both eotaxin-3 and TARC precipitously

dropped 2 weeks into dupilumab treatment and remained

low throughout the 16-week period. However, eosinophil

levels transiently increased at 4 weeks, but soon recovered to

pretreatment levels, with no effect on baseline eosinophilia.

The authors hypothesize that the transient eosinophilia repre-

sented a reduction in eotaxin-3 resulting in inability for eosi-

nophils to migrate from serum to tissue.

In a follow up analysis of the same study cohort, the

effect of dupilumab add-on treatment on clinical outcomes

was analyzed.13 The authors reported improved self-

reported quality of life (sinonasal outcome test-22

[SNOT-22]), 36-item short-form health survey [SF-36]

and 5-dimension EuroQoL [ED-5D] visual analog scale

[VAS] scores of health related quality of life, fewer missed

days of work, and improve sense of smell and taste.

Phase 3 Trials of Dupilumab Add-on
Therapy for Chronic Rhinosinusitis
with Nasal Polyposis
The positive Phase 2 results were followed by Phase 3 clinical

trials. Bachert and colleagues proceeded with two parallel

multicentered, multinational, randomized double-blinded, pla-

cebo-controlled studies of dupilumab add-on therapy for

CRSwNP (Sinus 24 and Sinus 52).14 Both studies had a four

week run in period with mometasone alone. Sinus 24 study

was a two-armed study (1:1, n=(133:143)) comparing dupilu-

mab vs placebo group, given on a background of mometasone

for 24 weeks duration. This was followed by 28 additional

weeks of mometasone only treatment. Outcomes were

assessed at week 24 while on dupilumab and at 52 weeks

while off dupilumab from week 25–52. The Sinus 52 study

was a three armed study (1:1:1, n=(153:145:150)) performed

with background mometasone therapy while comparing pla-

cebo vs dupilumab 300 mg/2 weeks for 52 weeks vs dupilu-

mab 300 mg/2 weeks for 24 weeks, then reducing the dose to

300 mg/4 weeks from week 25–52. Co-primary outcomes

measured were endoscopic nasal polyp scores, and nasal con-

gestion scores. Results demonstrate that add-on dupilumab

treatment in both Sinus 24 and Sinus 52 studies significantly

reduced both co-primary outcomes: nasal polyp score and

nasal congestion.14 In the Sinus 52 week study, both treatment

arms of dupilumab (300mg/2 week for 52 weeks and 300mg/2

week for 24 weeks followed by 300 mg/4 week for 28 weeks)

showed similar results. When dupilumab was stopped at 24

weeks in the Sinus 24 study, both nasal polyp scores and nasal

congestion symptoms worsen by week 52 (see Figure 2 from

original publication of Bachert et al. 14). This finding attests to

the role of dupilumab as a viable treatment option, but not as

a disease modifier.

In both the Sinus 24 and Sinus 52 studies, the following

secondary outcome measures improved after treatment with

dupilumab at 24 weeks: sinus CT scores, SNOT-22 scores,

UPSIT smell test, rhinosinusitis disease severity assessed with

visual analog scale, peak nasal inspiratory flow, and rhinorrhea

daily symptom score. Patients with comorbid asthma, NSAID-

exacerbated respiratory disease, or previous surgery all

showed similar improvements. Analysis of CRSwNP patients

with comorbid asthma at week 24, dupilumab significantly

improved lung function (assessed with FEV1) and asthma

control (assessed with ACQ-6) compared with placebo. The
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improvement in these outcomes occurred independent of

patient stratification by serum eosinophil counts.

Analyses of Type 2 biomarkers was performed only in

the SINUS-52 study. Treatment with dupilumab resulted in

decrease in concentrations of total serum IgE, periostin,

TARC, and plasma eotaxin-3 at weeks 24 and 52 and in

concentrations of ECP, total IgE, eotaxin-3, and IL5 in nasal

secretions at week 24.14 Since disease recurred after 28

weeks of cessation of dupilumab in the Sinus 24 study, it

would have been interesting to know whether these markers

would have reversed back to pretreatment levels after dupi-

lumab cessation, suggesting to their possible usefulness as

biomarkers of disease. In both studies, and consistent with

previous dupilumab studies, a transient, increase in blood

eosinophil counts in patients treated with dupilumab was

reported, which returned to baseline levels by the end of the

52-week treatment period. Additionally, the placebo group

consistently displayed greater tendency for requiring treat-

ment with systemic corticosteroids and sinonasal surgery

throughout the entire duration of the study.14 Sixty-two to

65% had improvement in baseline nasal polyp score by at

least 1 grade.

Adverse Effects and Safety of
Dupilumab
Safety of dupilumab has been well-established due to the

collective acquisition of safety data in multiple phase 3

clinical trials for not only CRSwNP, but also for asthma

and atopic dermatitis, and in post-marketing surveillance. In

general, dupilumab was well tolerated with no serious drug-

related adverse effects.11 Vital signs, physical examination,

laboratory testing, or electrocardiogram were monitored

without evidence of adverse effect with dupilumab and

placebo during all trials. In the CRSwNP studies, the most

commonly reported adverse events were nasopharyngitis,

injection site erythema, conjunctivitis and keratitis, cough,

bronchitis and arthralgia.14 Progression of nasal polyps,

need for nasal polyp surgery or systemic corticosteroids,

or both, headache, worsening of asthma, and epistaxis, were

more frequent with placebo than with dupilumab.14

Hypersensitivity, generalized urtircaria, serum sickness,

and serum sickness-like reactions were reported in less than

1% of subjects who received dupilumab in atopic dermatitis

clinical trials.11 Two subjects experienced serum sickness

or serum sickness-like reactions that were associated with

high titers of auto-antibodies to dupilumab. Of the subjects

who developed antibodies to dupilumab in the clinical trials

(7%), approximately 30% (2% of all subjects receiving

dupilumab) developed neutralizing antibodies.

A drug interaction warning for patients receiving con-

comitant cytochrome P 450 substrates is given.

Inflammatory cytokines (e.g., IL1, IL4, IL6, IL10, IL13,

TNFα, and IFN) are known to alter CYP450 enzymes.

Therefore, upon initiation or discontinuation of dupilumab

in patients who are receiving concomitant drugs which are

CYP450 substrates, such as warfarin, monitoring of drug

concentration is recommended.11

Dosing of Dupilumab for Chronic
Rhinosinusitis with Nasal Polyposis
Dupilumab is given subcutaneously and thus it can be self-

administered by the patient by 300mg every other week. It can

be used with or without topical nasal steroid spray. Steady-

state concentrations occur by 16 weeks. The bioavailability of

64% is achieved using the subcutaneous route of administra-

tion. Current dosing recommendations suggest that if a dose is

missed for less than 7 days, it can be administered late.

However if a dose is missed longer than 1 week, it is advised

that the dose should be skipped until the next-scheduled dos-

ing interval.11 The question of patient adherence to the regi-

men will need to be studied over time. The Sinus 52 data on

dosing suggests that spreading the interval to once every 4

weeks maintains efficacy in most parameters.14

Dosing regimens need to be established. For CRSwNP,

efficacy required that the drug be actively administered every

2 weeks for 24 weeks before switching to 4-week interval

dosing. However, after dupilumab is withdrawn at 24 weeks,

polyposis recurred, mimicking responses observed using oral

steroids as primary treatment.14 This strongly suggests that the

natural history of the CRSwNP is not altered by dupilumab,

indicating that prolonged continuous treatment is needed to

control the disease.

Role ofDupilumab inCurrentClinical
Practice for Treatment of Chronic
Rhinosinusitis with Nasal Polyposis
The question of where dupilumab (and other biologics) fits

into the established standard of care for CRSwNP needs to be

determined. The current management of severe CRSwNP

includes sinus surgery plus medical management. The surgery

aims to establish physiologic anatomy, a necessary, but not

always sufficient condition for restoration of sinus health. It

also includes multitude of FDA approved and unapproved

medical therapies including antibiotics to treat bacterial
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infections or to function presumably as an anti-inflammatory

(doxycycline),15 topical steroids nasal sprays, corticosteroid

irrigations, bursts of systemic steroids and ASA desensitiza-

tion in aspirin exacerbated respiratory disease patients

(AERD).16 The most effective of conventional medical treat-

ments is systemic oral steroids followed by topical steroids.17

Interestingly, systemic steroids, with known adverse effects

with prolonged usage or after multiple oral steroid bursts, does

not have formal FDA indication for the treatment of nasal

polyps. But it has been used in clinical practice as the most

effective medical option, prior to the advent of biologics.

The idea of using topical application of high dose

steroids directly into the nasal and sinus cavity is not

a new one. For more than 15 years, patients have been

using off label high dose steroids in large volumes of

saline as a vehicle for delivery to control disease recur-

rence postoperatively. In a pilot study of eight CRSwNP

patients by Steinke et al., 3 months of budesonide suspen-

sion in nasal saline irrigation treatment resulted in signifi-

cantly improved CT scan score, visual analog scale of

symptoms, and subjective sense of smell.18 A small clin-

ical trial (n=12 post-operative patients) by Kang et al. has

demonstrated proof of concept efficacy with improved

SNOT-22, nasal endoscopic polyp score, and decreased

need for oral and inhaled steroid use for asthma, for up to

6 months.19 Sustained topical delivery of steroids into the

site of disease deeply seated against the skull base has

been a challenge. More recently, high dose delivery topi-

cal steroid sprays by an exhalational deep delivery system

of fluticasone (EDS Xhance, Optinose) has demonstrated

efficacy by reducing nasal polyp score, improving nasal

congestion, and SNOT-22 scores.20 Han et al. demon-

strated postoperative control of polyps by sustained

mometasone delivery using bioabsorbable steroid-eluting

stents with reduced nasal polyp score and ethmoid polyp

burden.21,22 However, like dupilumab, it is unclear where

these high dose, deeper delivery topical steroid options fit

into a treatment approach for CRSwNP patients. The

advantage of dupilumab is effective delivery to the sinus

mucosa by the systemic route, without adverse side effects

observed with oral steroids and without the difficulty in

delivery that some forms of topical medication use poses.

Cost Considerations of Dupilumab
The estimated cost of this treatment at the current regimen is

$43,000/year.23–25 The high cost of a treatment that is effec-

tive, but that does not modify the disease will most certainly

need to be considered. The health utility of dupilumab will

need to be assessed and compared to current treatment regi-

mens that consider the cost of surgery and medications, the

cost of managing the adverse effects of oral steroids, and the

cost of direct and indirect patient management.

Summary and Future Direction
Dupilumab represents a major advance in the treatment of

CRSwNP. It demonstrated efficacy in controlling diseases

characterized by Type 2 inflammation with minimal adverse

effects. The results were consistent over a wide range of

outcome measures. Its safety data in clinical trials is support

by the safety data generated with the same biologic in the

management of atopic dermatitis and asthma.

Dupilumab as an alternative treatment option for

CRSwNP was sorely needed in this disease because it avoids

the adverse effects of systemic steroids. However, the poten-

tial role of dupilumab preoperatively, postoperatively, as an

alternative to surgery, for prevention of recurrence, as rescue

therapy after failed conventional treatments, or as use in

conjunction with other modalities are all questions that

need to be studied. Presently, there is no evidence to suggest

that dupilumab may replace any or all modalities of treat-

ments currently in practice. The additional question of iden-

tifying which patients who may benefit from this treatment

needs to be determined. The identification and characteriza-

tion of CRSwNP responders or non-responders needs to be

addressed. To date, biomarkers of Type 2 inflammation have

not been helpful in predicting individual patient responses,

a problem shared with asthma and atopic dermatitis. This

emphasizes the need for future studies to aggressively ana-

lyze for biomarkers and the need to execute clinical trials

with nested molecular studies to identify meaningful biomar-

kers. In this manner, treatment regimens in the future may

have the advantage of a “personalized medicine” approach

for this heterogenous disease. Therefore, in the absence of

clinically useful disease identifying biomarkers, the question

of therapeutic trials using clinically meaningful parameters

with high fidelity to disease, such as sense of smell, should be

considered as a more utilitarian endpoint in the immediate

future.

The study cohort of CRSwNP subjects in Sinus 24

and Sinus 52 clinical trials of dupilumab were

a heterogenous group of patients, with variable treat-

ment histories of multiple medical regimens and sur-

geries, but with the most severe form of the disease.

Now the questions remain as to how to use this new

biologic in the context of current therapy for recalcitrant

disease in order to best serve our patients and the
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public. This issue will become even more pressing as

additional biologics become approved for the treatment

of CRSwNP, thereby exponentially increasing the com-

plexity of defining optimal treatment for patients.
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