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ABSTRACT

Chronic rhinosinusitis with nasal polyps (CRSWNP) is a heterogeneous disease treated
with medication or surgery. For recalcitrant type 2 CRSwNP, biological agents have been
effectively used to improve nasal polyp score, nasal congestion score, daily symptoms
related to CRSWNP, and time to systemic corticosteroid use or revision surgery. Although
general guidelines for using biologics to treat CRSWNP were proposed by the European
Position Paper on Rhinosinusitis and Nasal Polyps in 2020 and various studies have tested
their efficacy, there is much more to learn about biologics—specific indication and choice
of biologics based on the endotypes, for instance. Understanding the vascular distribution
of monoclonal antibodies and the differences in the vascularity of the non-polyp mucosa
and nasal polyp tissue will not only aid understanding of each biologic’s clinical effect but
also provide insights to establishing a more personalized approach to treating recalcitrant
CRSwNP with biologics.

Keywords: Chronic rhinosinusitis; nasal polyp; dupilumab; omalizumab; mepolizumab;
benralizumab; reslizumab; nasal polyp score; nasal congestion score; olfaction

INTRODUCTION

Chronic rhinosinusitis with nasal polyps (CRSWNP) is a heterogeneous disease characterized
by sino-nasal inflammation that persists for at least 12 weeks.! Therapeutic strategies for
CRSwWNP encompass surgical and medical treatments, including saline irrigation and
medications, such as topical or oral corticosteroids, antibiotics, or leukotriene antagonists.?
A recent multi-center, randomized controlled study demonstrated that endoscopic sinus
surgery together with medical therapy was more efficacious than medical therapy alone—
excluding biologics—in patients with CRSwWNP in terms of the improvement of Sino-Nasal
Outcome Test-22 (SNOT-22) scores.? However, surgical treatment has a recurrence rate of
40%—79%, and 36% of these cases require revision surgery.*” A meta-analysis of 45 studies
with 34,220 subjects showed that the long-term revision rates of endoscopic sinus surgery
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Disclosure were approximately 14% to 24%.% Many of these recalcitrant CRSWNP cases are related to

There are no financial or other issues that type 2 inflammation, and eosinophilia is a strong prognostic factor for recurrence.’ As a
might lead to a conflict of interest. result, type 2 CRSWNP often necessitates repetitive use of systemic corticosteroids or revision
surgeries, underscoring the ultimate need for a new treatment option.'® Type 2 asthma
patients refractory to systemic corticosteroids have been successfully treated with biologics
(anti-interleukin [IL]-5, anti-IL-5R, anti-IL-4 receptor alpha [4Ra], anti-immunoglobulin

[Ig] E)." Since type 2 CRSWNP has a similar immunological mechanism, biologics were
introduced to treat uncontrolled severe CRSWNP patients with a poor response to traditional
medications and surgery.* Many studies have demonstrated the effectiveness of biologics

at improving various endpoints, including nasal polyp score (NPS), nasal congestion score
(NCS), quality of life as assessed by SNOT-22, olfaction, sinus opacification, and time to first
systemic corticosteroid use or surgery.”**

Biologics have different mechanisms for targeting different molecules, resulting in

a spectrum of clinical effects in terms of the effect size and the treatment response

pattern. Developing more personalized indications for each biological agent can be an
effective approach in treating patients with recalcitrant CRSWNP. Therefore, a thorough
understanding of each biologic’s mechanism of action would be critical. In this review, we
propose three ideas: 1) unique pathomechanisms of CRSWNP and mechanisms of action of
biologics on two different levels—Ilocal and systemic; 2) histological variation between non-
polyp nasal mucosa and nasal polyps in terms of vascularity as non-polyp mucosa is well-
vascularized while polyps are not; 3) pharmacokinetics (PK) and pharmacodynamics (PD)
of monoclonal antibodies, especially their natural distribution in vascular and interstitial
spaces. Connecting the dots among these ideas strongly improves understanding of the
clinical effects of biologics. We hope this review will provide helpful insights on the use of
biologics in treating severe, refractory CRSWNP, contributing to the development of more
personalized, specific indications of biologics.

PHARMACOKINETICS AND PHARMACODYNAMICS OF
MONOCLONAL ANTIBODIES

Monoclonal antibodies consist of IgG isotypes: IgG1 (omalizumab, mepolizumab,
benralizumab), IgG2, and IgG4 (dupilumab, reslizumab).'*?° They are characterized by
long half-lives and slow clearance,” requiring less frequent dosing than is needed for small
molecules with shorter half-lives. Pharmacokinetically, monoclonal antibodies show a rapid
distribution phase, followed by a slow elimination phase.? IgG can bind to the neonatal
fragment crystallizable (Fc) receptor,? which is an important reason why the half-life of
IgG is significantly longer (up to 23 days) than that of free IgE (2—3 days).* Parenteral
administration of monoclonal antibodies is preferred since oral administration is limited
due to their instability and poor absorption.” Their distribution is limited to the vascular
and interstitial spaces due to their large size and hydrophilicity.”? The size of monoclonal
antibodies exceeds the glomerular filtration cut-off threshold; hence, they are usually
eliminated by the breakdown of proteolytic enzymes.*

Although the PK of small molecules is usually independent of the PD, the PK of monoclonal
antibodies usually depends on the PD and target antigens due to the target-mediated drug
disposition phenomenon, in which a drug binds to the target site, such as a receptor,

with high affinity to such an extent that PK characteristics are affected.” As monoclonal
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antibodies bind to target antigens and their effector functions are carried out, numerous
PD responses may occur, including downregulation of the target antigens, hindrance of cell
signaling via receptor blockage, or restriction of ligand-receptor interactions.? A variety of
characteristics, such as the expression level of the target antigen, tissue distribution, and
binding affinity of monoclonal antibodies to the target antigen, impact the PK and PD of
monoclonal antibodies.

Since the distribution of biologics is usually confined to vascular and interstitial spaces,
understanding the histological characteristics—more specifically, the vasculature—of the
sinus mucosa and nasal polyps may provide insights into the interpretation of the clinical
efficacy of biologics. In other words, understanding the pathophysiology of CRSWNP on

two distinct levels—I/ocal and systemic—is important; local refers to nasal polyp tissue, while
systemic involves the circulation of blood and lymphatics and perivascular tissue such as non-
polyp mucosa. A previous study reported that the amount of vasculature, as demonstrated
by CD34 immunostaining, is the lowest in allergic polyps,* which is consistent with our
preliminary study showing hypervascularity in non-polyp mucosa and hypovascularity in type
2 nasal polyps (Fig. 1). Considering their natural distribution in the body once administered,
biologics tend to affect the systemic pathophysiology more than the local one in CRSWNP.
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Fig. 1. Vascularity (CD34+ cells) in the non-polyp nasal mucosa and nasal polyps. CD34 immunostaining exhibits hypervascularity in the nasal mucosa (A),
relative hypovascularity in non-type 2 nasal polyps (B), and definite hypovascularity in type 2 nasal polyps (C).
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CLINICAL EFFICACY OF BIOLOGICAL AGENTS

Dupilumab (Dupixent®) is approved for the treatment of CRSWNP in the United States,
Europe, and South Korea. In a double-blind, randomized, phase 3, multi-center clinical
trial, patients treated with dupilumab showed improvement in NPS, NCS, and Lund-Mackay
(LM) scores at weeks 24 and 52 after the initial treatment of dupilumab."”? The improvement
of olfaction was one of the earliest changes, which was noted in less than a month—by day
3 according to daily patient-reported loss of smell data, and by week 2 on the University

of Pennsylvania Smell Identification Test (UPSIT)—after the beginning of treatment for
CRSwNP.? In addition, dupilumab alleviated the treatment burden by reducing systemic
steroid use (74.6%) and the need for surgery (89.4%)."

Omalizumab (Xolair®) is approved for the treatment of CRSWNP in the United States, Europe,
and South Korea. In a double-blind, randomized, phase 3 trial of 265 patients with severe
CRSwWNP refractory to intranasal corticosteroids, an analysis of mean changes from baseline
at week 24 showed significant improvements in NPS, NCS, and SNOT-22 in the omalizumab
group compared to the placebo group. In contrast, both the omalizumab and placebo groups
had similar adverse events." In a small single-center study, Gevaert et al.”® also demonstrated
the efficacy of omalizumab in the treatment of CRSWNP patients with asthma by analyzing
NPS, computed tomography (CT), and SNOT-22. A study examining CT sinus opacities—
nasal polyps, sinusitis plus nasal polyps, and sinusitis—of 24 patients with severe allergic
asthma and CRSwNP before and after the treatment with omalizumab for six months

showed the proportion of subjects with sinusitis decreased from 70% to 29%, while that with
nasal polyps increased from 87.5% to 95.8%,% demonstrating sinusitis responds better to
omalizumab than nasal polyps.

Few studies have reported the efficacy of mepolizumab (Nucala®), reslizumab (Cingair®),
and benralizumab (Farsenra®), which are biological agents targeting IL-5 or IL-5Ra. In a
randomized, double-blind, phase 3 trial (SYNAPSE study), mepolizumab improved nasal
polyp size and nasal obstruction in patients with severe CRSWNP compared to placebo®
and alleviated the need for revision surgery in severe CRSWNP.* A double-blind, placebo-
controlled, randomized, two-center study demonstrated that reslizumab decreased NPS in
CRSwWNP patients.? A phase 3 trial (OSTRO study) showed that benralizumab improved NPS
and NCS in severe CRSWNP patients, suggesting that benralizumab is especially beneficial
in treating CRSWNP patients with asthma and eosinophilia.” In addition, female patients
and those with comorbid asthma or blood eosinophils exceeding 560/uL demonstrated
more significant improvements in NPS and NCS after the administration of benralizumab,
although these differences were statistically insignificant.?

Dupilumab showed superiority over omalizumab in improving NPS at week 24 or 52*

and restoring olfaction, which was usually evident within 2 to 3 months after the initial
dosage.” A systematic review and network meta-analysis on the comparative efficacy and
safety of different kinds of biologics analyzed a variety of outcomes, such as quality of life as
determined by SNOT-22, symptoms based on visual analogue scores, olfaction according to
the UPSIT, the need for rescue oral corticosteroids or rescue polyp surgery, nasal polyp size,
and CT score based on the LM score. This study demonstrated dupilumab, omalizumab,
and mepolizumab as “among most beneficial” for seven, two, and one of the outcomes,
respectively.® When compared to placebo, health-related quality of life, as assessed by
SNOT-22, was improved with the use of all biologics: dupilumab (mean difference [MD],
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-19.91), omalizumab (MD, -16.09), mepolizumab (MD, -12.89), and benralizumab (MD,
-7.68).» Existing studies on individual biologics are organized to show the effect size of each
endpoint by the percentage of improvement in Table. Changes in NCS and SNOT-22 were
comparable at week 52 in dupilumab (55% and 58%), omalizumab (48% and 48%), and
mepolizumab (47% and 45%). The change in NPS was smaller than in NCS and SNOT-22,
although the effect size of dupilumab (36% at week 52) outweighed that of other biologics.
The improvement of olfaction was superior for dupilumab (UPSIT, 72%; loss of smell score
[LSS], 40%) when compared to omalizumab (UPSIT, 34%; LSS, 22%) at week 24. In short,
symptom-based endpoints—NCS, SNOT-22, UPSIT, and LSS—showed greater improvement
rates than NPS for all biologics, which is consistent with a previous study reporting larger
improvements in symptoms than in the polyp burden in CRS patients with asthma.*

INTERPRETATION OF CLINICAL EFFICACY IN TERMS OF
HISTOLOGICAL AND PATHOIMMUNOLOGICAL VARIATIONS

The interpretation of clinical efficacy of biologics in CRSWNP can be greatly assisted by
understanding histological variations between the non-polyp mucosa and nasal polyp tissue as
well as pathomechanisms that are confined to nasal polyp tissue (Fig. 2). Due to their natural
distribution in vascular and interstitial spaces, biologics tend to affect the blood and the non-

Table. Immunological and clinical effects of each biological agent in the treatment of CRSWNP

Biological agent Target Immunological effect Dosage Clinical effect Time to the manifestation
molecule Endpoint Baseline Mean Time of of clinical effect after
change  assessment Medication$ (NPS/NCS)
Dupilumab*? IL-4Ro @ IL-4¥: Th2 cell differentiationySC 300 mg q2w NPS 6.18 -1.71 (28%) 24 wk 4 weeks/4 weeks
(Dupixent®) @ IL-13¥: mucus secretion & for 52 weeks/SC -2.24 (36%) 52 wk
® IL-44, IL-134: IgE isotype 300mgq2wfor  Ncs 2.46  -1.25(51%) 24wk
switching ¥ 24 weeks + q4w 1.35(55%) 52wk

for 28 weeks
SNOT-22 51.01 -27.77 (54%) 24 wk

-29.84 (58%) 52wk
UPSIT  13.53  9.71(72%) 24wk

LSS 2.77 -1.21 (40%) 24 wk
Omalizumab®*** Free IgE @ FceRI downregulation SC 75-600 mg NPS 6.29 -1.01 (16%) 24 wk 4 weeks/4 weeks
(Xolair®) ® Inactivation of mast cell, q2w or q4w’ -1.31 (21%) 52 wk
basophil
® Inactivation of B cell (FceRlIl) NCS 2.35 -0.85 (36%) 24 wk
-1.12 (48%) 52wk
SNOT-22  59.52 -93.56(40%) 24wk
-28.47 (48%) 52wk
UPSIT 12.8 4.38 (34%) 24 wk
LSS 2.55  -0.57 (22%) 24wk
Mepolizumab®® IL-5 Inactivation of eosinophil SC 100 mg g4w NPS 5.4 -0.9 (17%) 52wk 20 weeks/9-12 weeks!
(Nucala®) NCst 8.9 -4.9 (47%) 49-52 wk
SNOT-22  63.7 -29 (45%) 52wk
Lss* 9.6 -2.8(29%) 49-52 wk
Benralizumab®® IL-5Ra Inactivation of eosinophil SC 30 mg g4w > NPS 6.15 -0.42 (7%) 40 wk 24 weeks/34 weeks
(Farsenra®) qsw’ NCS 2,62  -0.71(27%) 40wk

SNOT-22 69.3 -16.25(23%) 40 wk

CRSWNP, chronic rhinosinusitis with nasal polyps; NPS, nasal polyp score (scale 0-8); NCS, nasal congestion score (scale 0-3); IL, interleukin; SC, subcutaneous;
LSS, loss of smell score (scale 0-3); SNOT-22, Sino-Nasal Outcome Test-22 (scale 0-110); UPSIT, University of Pennsylvania Smell Identification Test (scale 0-40);
g2w, every 2 weeks; g4w, every 4 weeks; q8w, every 8 weeks; Ig, immunoglobulin.

‘Dosage of omalizumab was determined by pretreatment serum total IgE level and body weight.

TPatients were given 30 mg of benralizumab (SC) every 4 weeks for the first 3 doses, followed by 30 mg of benralizumab (SC) every 8 weeks.

*Marked scale range is 0-10.

SThe earliest time when a statistically significant change was observed in NPS or NCS.

IDue to the lack of exact data, time was estimated based on the graphs provided in the Supplementary of Han et al.”®
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Blood circulation Non-polyp mucosa Nasal polyp tissue only
(hypervascularized) (hypovascularized)
Dupilumab - Blockage of circulating Th2 cells - Blockage of epithelial cells - Blockage of Th2 cells in ectopic
- eosinophil recruitment \ - mucus secretion ¥ lymphoid tissue
- Blockage of activated B cells - Blockage of tissue-resident Th2 cells - local IgE production ¥
- IgE productiony - mucus secretiony

- Blockage of activated B cells
- IgE productiony

Omalizumab - Blockage of free IgE - IgE supply ¥ - Blockage of free IgE in ectopic

- IgE-FceRl on basophils or IgE-FceRll - IgE-FceRI complex v lymphoid tissue

on B cells ¥ - FceRI down-regulation - local IgE production ¥

- inactivation of basophil/B cell - inactivation of mast cell - inactivation of mast cell
Mepolizumab - Blockage of free IL-5 - Blockage of free IL-5 - Limited blockage of IL-5Ra
Reslizumab - Blockage of IL-5Ra - Blockage of IL-5Ra due to activated eosinophils
Benralizumab - eosinophil maturation ¥ - eosinophil maturation ¥ with down-regulated IL-5Ra

- eosinophil survival ¥ - eosinophil survival ¥

High Low

Accessibility of biologics

Short Long
Time to the manifestation of clinical effect

Fig. 2. Action of individual biologics in the blood circulation, non-polyp mucosa, and nasal polyp tissue. The higher accessibility of biologics translates into a
shorter time until the manifestation of clinical effects and vice versa.
Th2, T helper 2; Ig, immunoglobulin; IL, interleukin.

polyp mucosa, which is hypervascular in nature, more strongly than nasal polyps, which are
hypovascular in nature.? In addition to physical distance, the ability of biologics to access nasal
polyps may be limited by 1) local IgE production® and 2) downregulation of IL-5Ra in activated
eosinophils of nasal polyp tissue.* Local IgE production was once reported to be active

within ectopic lymphoid tissue with germinal center-like structures in 20.69% and 17.31% of
eosinophilic and non-eosinophilic CRSWNP cases, respectively.”” Staphylococcal superantigens
in nasal polyps contribute to local IgE production, as Staphylococcus aureus enterotoxin-specific
IgE is detected in more than half of nasal polyp tissue.*® The downregulation of IL-5Ra. in
activated eosinophils was demonstrated by an inverse correlation between the expression level
of membrane-anchored IL-5Ra and disease severity.*® This downregulation was reported to be
due to cleavage by matrix metalloproteinase in peripheral blood eosinophils and inflammatory
tissue of nasal polyps in patients with comorbid asthma.*

Biologics target cytokines and cells related to type 2 inflammation in CRSWNP.* Dupilumab,
a monoclonal antibody IgG4, targets IL-4Ra, regulating type 2 inflammation by blocking
effector functions of IL-4 and IL-13, two major cytokines in the initial steps of inflammation
(Fig. 3A). IL-4 is a key cytokine required for T helper 2 (Th2) cell differentiation, while IL-13
acts on the epithelium to induce mucus secretion. Both IL-4 and IL-13 play crucial roles

in IgE isotype switching,* which are upstream events of type 2 inflammation. Since IL-
4Ro—expressed in Th2 cells, B cells, eosinophils, and the epithelium—is the primary target
of dupilumab,* and Th2 cells and B cells exist in the systemic circulation, a quick, strong
response is manifested after dupilumab administration.
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There are two different types of Th2 cells with distinct, independent
roles: circulating and resident. Circulating Th2 cells within the blood
vessels function as the recruiter of eosinophils and are easily
accessed by dupilumab. On the other hand, resident Th2 cells in the
vicinity of nasal polyp tissue are less affected by dupilumab.
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the blood circulation after omalizumab
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Although IgE supply dwindles after omalizumab
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responses slowly decline, nasal polyp size
decreases, increasing the accessibility of
omalizumab to function.
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Fig. 3. Pharmacologic mechanisms of dupilumab (A), omalizumab (B), and mepolizumab/benralizumab (C) in normal tissue, inflamed non-polyp mucosa, and

nasal polyp tissue in severe CRSWNP.

Th2, T helper 2; CRSWNP, chronic rhinosinusitis with nasal polyps; IL, interleukin.
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Normal mucosa

Nasal polyp tissue

can bind to IL-5Ra on

eosinophil precursor

eosinophil precursors in the bone marrow,
interfering with their differentiation into
eosinophils. As a result, eosinophil blood count
decreases after benralizumab administration.

|
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Since activated eosinophils have lower

|
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1
I 1 L expression of IL-5Ra due to its cleavage by

A A X AR A e . = ? matrix metalloproteinase, benralizumab
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Fig. 3. (Continued) Pharmacologic mechanisms of dupilumab (A), omalizumab (B), and mepolizumab/benralizumab (C) in normal tissue, inflamed non-polyp
mucosa, and nasal polyp tissue in severe CRSWNP.
Th2, T helper 2; CRSWNP, chronic rhinosinusitis with nasal polyps; IL, interleukin.
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Epithelial cells and mast cells exist in the nasal mucosa. Epithelial cells have IL-4Ro/IL-13Ral,
while mast cells have Fc epsilon receptor I (FceRI) bound to IgE. Since dupilumab can bind

to IL-4Ra on epithelial cells and IL-13 stimulates goblet cells to secrete mucus, one of the
earliest changes after the administration of dupilumab is a decrease in mucus secretion and
edema, which may be related to improvements in nasal obstruction and the sense of smell.
Concerning the mechanisms behind the improvement of olfaction, understanding which
cytokines play important roles in olfaction is crucial. Wu et al.* reported that an increase in
IL-2, IL-5, IL-6, IL-10, and IL-13 in the mucus of the olfactory cleft was related to a decrease

in olfactory identification scores in patients with chronic rhinosinusitis (CRS). Kim et al.**
proposed that tumor necrosis factor-alpha and IL-5 promote apoptosis in olfactory sphere
cells in a murine model of allergic rhinitis.** In addition, the number of immature olfactory
neurons was decreased in the type 2/Th2-mediated allergic CRS mouse model, suggesting
the effect of inflammation on olfactory neurogenesis.” In a transgenic mouse model in which
IL-13 is inducibly expressed in the olfactory epithelium, a time-dependent neuronal loss

was observed.* Since Th2 cells are the primary suppliers of IL-5 and IL-13, may play a role

in olfactory neurogenesis, and are readily accessed by dupilumab in the blood vessels, the
blockage of Th2 cells may be the primary mechanism of improvement in the sense of smell.

Furthermore, there are two different types of Th2 cells with distinct, independent roles:
circulating Th2 cells cause perivascular inflammation and recruit eosinophils, while resident
Th2 cells are known to activate airway eosinophils in asthma.® Since circulating Th2 cells
are readily accessible by dupilumab, the recruitment of eosinophils is easily hindered by

the administration of dupilumab. Naive T cells are introduced via high endothelial venules
and differentiate into Th2 cells in ectopic lymphoid tissue,* which may be accessible by
dupilumab. This access may explain the superiority of dupilumab over other biologics in
improving NPS.
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Omalizumab, a monoclonal antibody IgG1, inhibits free IgE and downregulates FceRI,
ultimately suppressing the inflammatory factors activated by basophils or mast cells.*#
Omalizumab directly affects basophils and B cells in the blood by blocking the binding of
IgE to FceRI and FceRII, respectively, and inhibits further production of IgE,* resulting in a
rapid response. Since IgE in the mucosa is supplied from the circulating blood, the formation
of the omalizumab-IgE complex in the vascular space readily decreases this supply, but IgE
already bound to FceRI has a much longer half-life of about 70 days.*® This may explain the
response pattern of omalizumab, characterized by an early improvement of many endpoints
after its administration, followed by a plateau from weeks 8-16 to weeks 28—36.>" IgE in nasal
polyps is locally produced through a cycle involving eosinophils and Th2 cells which may be
difficult to control by systemic IgE blockage. As the local IgE supply declines over time along
with a decrease in local inflammation, nasal polyps slowly decrease in size, and the reduction
in polyp size may make it easier for omalizumab to function in nasal polyp tissue (Fig. 3B).

Mepolizumab and reslizumab target IL-5, and benralizumab targets IL-5Ra, regulating
eosinophils, which play an important role in type 2 inflammation.> Since IL-5 plays a crucial
role in the maturation and survival of eosinophils,* blockages of IL-5 by mepolizumab and
reslizumab interrupt the inflammatory pathway involving eosinophils, whereas eosinophils
already activated in nasal polyp tissues may be less affected by this change (Fig. 3C).
Benralizumab reduces the blood eosinophil count via antibody-dependent cell-mediated
cytotoxicity>* and binding to IL-5Ra on eosinophil precursors.® Benralizumab may not
directly affect activated eosinophils in nasal polyp tissue due to the downregulation of IL-
5Ra and low accessibility, which may explain its poor improvement of NPS (7% at week 40)
in CRSwNP. However, benralizumab effectively improves all clinical outcome measures in
severe eosinophilic asthma,* which may be explained by the fact that airway tissue is well-
vascularized and highly accessible by benralizumab.” In summary, the mechanistic effects
of biologics targeting IL-5 and IL-5Ra on a systemic level result in an instant decrease in the
eosinophil count after their administration, but clinical changes in nasal polyps take time

to manifest. Although IL-5Ra on eosinophils and basophils is the primary target, the lack
of access to activated eosinophils with the downregulated expression of IL-5Ra may be the
reason why the dramatic decrease in the blood eosinophil count by more than 75% during the
first 4 weeks"® does not necessarily correlate with the clinical effects of biologics in CRSWNP.

FUTURE ROLE OF BIOLOGICS IN CRSWNP

Although biologicals have been recently introduced to treat CRSWNP, they have been used
to treat other diseases for longer periods. Reviewing their disease-modifying effect on other
diseases may provide helpful insights into their use for CRSWNP. A 3-year withdrawal follow-
up study of omalizumab in adults with severe allergic asthma showed that 67% of patients
reported improved or unchanged asthma three years after discontinuation of omalizumab.*®
An observational retrospective study in children and adults with severe allergic asthma
demonstrated that 44% of patients reported no loss of asthma control after discontinuation
of omalizumab.” In a recent open-label extension study of omalizumab in CRSWNP, all
efficacy endpoints gradually worsened following the discontinuation of omalizumab after it
had been administered for 52 weeks. Yet, these endpoints at 76 weeks after the first dosage
were still better than the pretreatment levels.” As mentioned earlier, omalizumab binds to
the FceRI-binding site of free IgE, preventing its attachment to mast cells and basophils.
This ultimately decreases the free IgE level and downregulates FceRI expression.*® One
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of the primary mechanisms of omalizumab is the downregulation of FceRI in mast cells
and basophils due to the reduced supply of free IgE. In addition, downregulated FceRI in
mast cells may require a substantial amount of time for restoration once IgE is resupplied.
The mechanism of potential disease modification and long-term effects of omalizumab in
CRSwWNP need to be studied.

A treatment algorithm for CRSWNP places biologics as a last resort for uncontrolled, severe
CRSwWNP patients who do not respond to traditional medications or surgery. However,
understanding the mechanism of each biologic on the local and systemic levels can assist
in the development of a more personalized approach in choosing the type of biologics

and timing of other interventions. For example, dupilumab may show early responses to
hyposmia related to CRSWNP,” since dupilumab can work at the vascularized mucosa,

such as olfactory epithelium, and inhibit the production of type 2 cytokines which impairs
neural regeneration. In cases with large nasal polyps which are less responsive to biologics,
surgical procedures or local drug injections into nasal polyps can be combined with the
biologics to improve symptoms more effectively,>> because they may complement biologics’
disadvantage in having limited access to nasal polyps. The role of combined therapy of
biologics and surgical procedures in CRSWNP needs to be investigated in the future.

CONCLUSION

The role of biologics in treating severe CRSWNP has been demonstrated in numerous studies,
as biologics can decrease nasal polyp size, improve the overall quality of life by enhancing
olfaction and resolving nasal obstruction, and reduce the use of systemic corticosteroids.
Understanding the pathomechanisms of CRSWNP on the local and systemic levels and the
role of biologics at each level can facilitate the interpretation of clinical outcomes, i.e., the
more significant improvement rate in NCS than NPS, and the rapid improvement of olfaction
after the administration of dupilumab. These findings will hopefully provide insights for the
development of personalized treatments, allowing the selection of specific types of biologics
based on an individual’s symptoms and endoscopic or radiologic findings. In addition,
biological agents may have the potential for disease modification or long-term effects in
CRSwNP. As more studies are conducted in the near future, we hope for an international
consensus guideline on the use of individual biological agents in CRSWNP.

ACKNOWLEDGMENTS

This work was supported by a grant from the National Research Foundation of Korea (NRF-
2019R1A2C2087170 to DW.K).

REFERENCES

1. Stevens WW, Schleimer RP, Kern RC. Chronic rhinosinusitis with nasal polyps. J Allergy Clin Immunol
Pract 2016;4:565-72.
PUBMED | CROSSREF

2. Park DY, ChoiJH, Kim DK, Jung YG, Mun SJ, Min HJ, et al. Clinical practice guideline: nasal irrigation for
chronic rhinosinusitis in adults. Clin Exp Otorhinolaryngol 2022;15:5-23.
PUBMED | CROSSREF

https://e-aair.org https://doi.org/10.4168/aair.2022.14.5.465 474


http://www.ncbi.nlm.nih.gov/pubmed/27393770
https://doi.org/10.1016/j.jaip.2016.04.012
http://www.ncbi.nlm.nih.gov/pubmed/35158420
https://doi.org/10.21053/ceo.2021.00654

Allergy, Asthma & AA] R
Mechanism and Clinical Efficacy of Biologics in NP Immunology Research

3. Lourijsen ES, Reitsma S, Vleming M, Hannink G, Adriaensen GF, Cornet ME, et al. Endoscopic sinus
surgery with medical therapy versus medical therapy for chronic rhinosinusitis with nasal polyps: a
multicentre, randomised, controlled trial. Lancet Respir Med 2022;10:337-46.

PUBMED | CROSSREF

4. Bachert C, Zhang L, Gevaert P. Current and future treatment options for adult chronic rhinosinusitis:
focus on nasal polyposis. J Allergy Clin Immunol 2015;136:1431-40.
PUBMED | CROSSREF

5. DeConde AS, Mace JC, Levy JM, Rudmik L, Alt JA, Smith TL. Prevalence of polyp recurrence after
endoscopic sinus surgery for chronic rhinosinusitis with nasal polyposis. Laryngoscope 2017;127:550-5.
PUBMED | CROSSREF

6. Gan EC, Habib AR, Hathorn I, Javer AR. The efficacy and safety of an office-based polypectomy with a
vacuum-powered microdebrider. Int Forum Allergy Rhinol 2013;3:890-5.
PUBMED | CROSSREF
7. Khan A, Vandeplas G, Huynh TM, Joish VN, Mannent L, Tomassen P, et al. The Global Allergy and
Asthma European Network (GALEN rhinosinusitis cohort: a large European cross-sectional study of
chronic rhinosinusitis patients with and without nasal polyps. Rhinology 2019;57:32-42.
PUBMED | CROSSREF
8. Loftus CA, Soler ZM, Koochakzadeh S, Desiato VM, Yoo F, Nguyen SA, et al. Revision surgery rates
in chronic rhinosinusitis with nasal polyps: meta-analysis of risk factors. Int Forum Allergy Rhinol
2020;10:199-207.
PUBMED | CROSSREF
9. Bochner BS, Stevens WW. Biology and function of eosinophils in chronic rhinosinusitis with or without
nasal polyps. Allergy Asthma Immunol Res 2021;13:8-22.
PUBMED | CROSSREF
10. Kim DW, Yang SK. Application of biologics in treating chronic rhinosinusitis with nasal polyps in Asian
populations. Clin Exp Otorhinolaryngol 2022;15:125-6.
PUBMED | CROSSREF
11. Godar M, Blanchetot C, de Haard H, Lambrecht BN, Brusselle G. Personalized medicine with biologics
for severe type 2 asthma: current status and future prospects. MAbs 2018;10:34-45.
PUBMED | CROSSREF
12. Bachert C, Han JK, Desrosiers M, Hellings PW, Amin N, Lee SE, et al. Efficacy and safety of dupilumab in
patients with severe chronic rhinosinusitis with nasal polyps (LIBERTY NP SINUS-24 and LIBERTY NP
SINUS-52): results from two multicentre, randomised, double-blind, placebo-controlled, parallel-group
phase 3 trials. Lancet 2019;394:1638-50.
PUBMED | CROSSREF
13. Bachert C, Han JK, Desrosiers MY, Gevaert P, Heffler E, Hopkins C, et al. Efficacy and safety of
benralizumab in chronic rhinosinusitis with nasal polyps: a randomized, placebo-controlled trial. J
Allergy Clin Immunol 2022;149:1309-1317.e12.
PUBMED | CROSSREF
14. Gevaert P, Omachi TA, Corren J, Mullol J, Han J, Lee SE, et al. Efficacy and safety of omalizumab in nasal
polyposis: 2 randomized phase 3 trials. ] Allergy Clin Immunol 2020;146:595-605.
PUBMED | CROSSREF
15. HanJK, Bachert C, Fokkens W, Desrosiers M, Wagenmann M, Lee SE, et al. Mepolizumab for chronic
rhinosinusitis with nasal polyps (SYNAPSE): a randomised, double-blind, placebo-controlled, phase 3
trial. Lancet Respir Med 2021;9:1141-53.
PUBMED | CROSSREF
16. Belliveau PP. Omalizumab: a monoclonal anti-IgE antibody. MedGenMed 2005;7:27.
PUBMED
17.  Chang HY, Nadeau KC. IL-4Ra inhibitor for atopic disease. Cell 2017;170:222.
PUBMED | CROSSREF
18. Padilla Galo A, Labor M, Tiotiu A, Baiardini I, Scichilone N, Braido F. Impact of reslizumab on outcomes
of severe asthmatic patients: current perspectives. Patient Relat Outcome Meas 2018;9:267-73.
PUBMED | CROSSREF
19. Smith DA, Minthorn EA, Beerahee M. Pharmacokinetics and pharmacodynamics of mepolizumab, an
anti-interleukin-5 monoclonal antibody. Clin Pharmacokinet 2011;50:215-27.
PUBMED | CROSSREF
20. Wang B, Yan L, Yao Z, Roskos LK. Population pharmacokinetics and pharmacodynamics of benralizumab
in healthy volunteers and patients with asthma. CPT Pharmacometrics Syst Pharmacol 2017;6:249-57.
PUBMED | CROSSREF

https://e-aair.org https://doi.org/10.4168/aair.2022.14.5.465 475


http://www.ncbi.nlm.nih.gov/pubmed/35012708
https://doi.org/10.1016/S2213-2600(21)00457-4
http://www.ncbi.nlm.nih.gov/pubmed/26654192
https://doi.org/10.1016/j.jaci.2015.10.010
http://www.ncbi.nlm.nih.gov/pubmed/27859303
https://doi.org/10.1002/lary.26391
http://www.ncbi.nlm.nih.gov/pubmed/23868833
https://doi.org/10.1002/alr.21198
http://www.ncbi.nlm.nih.gov/pubmed/29911211
https://doi.org/10.4193/Rhin17.255
http://www.ncbi.nlm.nih.gov/pubmed/31752051
https://doi.org/10.1002/alr.22487
http://www.ncbi.nlm.nih.gov/pubmed/33191674
https://doi.org/10.4168/aair.2021.13.1.8
http://www.ncbi.nlm.nih.gov/pubmed/35644607
https://doi.org/10.21053/ceo.2022.00612
http://www.ncbi.nlm.nih.gov/pubmed/29035619
https://doi.org/10.1080/19420862.2017.1392425
http://www.ncbi.nlm.nih.gov/pubmed/31543428
https://doi.org/10.1016/S0140-6736(19)31881-1
http://www.ncbi.nlm.nih.gov/pubmed/34599979
https://doi.org/10.1016/j.jaci.2021.08.030
http://www.ncbi.nlm.nih.gov/pubmed/32524991
https://doi.org/10.1016/j.jaci.2020.05.032
http://www.ncbi.nlm.nih.gov/pubmed/33872587
https://doi.org/10.1016/S2213-2600(21)00097-7
http://www.ncbi.nlm.nih.gov/pubmed/16369332
http://www.ncbi.nlm.nih.gov/pubmed/28708993
https://doi.org/10.1016/j.cell.2017.06.046
http://www.ncbi.nlm.nih.gov/pubmed/30147386
https://doi.org/10.2147/PROM.S146966
http://www.ncbi.nlm.nih.gov/pubmed/21348536
https://doi.org/10.2165/11584340-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/28109128
https://doi.org/10.1002/psp4.12160

Allergy, Asthma & AA] R
Mechanism and Clinical Efficacy of Biologics in NP Immunology Research

21. Wang W, Wang EQ, Balthasar JP. Monoclonal antibody pharmacokinetics and pharmacodynamics. Clin
Pharmacol Ther 2008;84:548-58.
PUBMED | CROSSREF

22. Kamath AV. Translational pharmacokinetics and pharmacodynamics of monoclonal antibodies. Drug
Discov Today Technol 2016;21-22:75-83.
PUBMED | CROSSREF

23. Roopenian DC, Akilesh S. FcRn: the neonatal Fc receptor comes of age. Nat Rev Immunol 2007;7:715-25.
PUBMED | CROSSREF

24. Lawrence MG, Woodfolk JA, Schuyler AJ, Stillman LC, Chapman MD, Platts-Mills TA. Half-life of IgE
in serum and skin: Consequences for anti-IgE therapy in patients with allergic disease. J Allergy Clin
Immunol 2017;139:422-428.¢e4.
PUBMED | CROSSREF

25. Dua P, Hawkins E, van der Graaf PH. A tutorial on target-mediated drug disposition (TMDD) models. CPT
Pharmacometrics Syst Pharmacol 2015;4:324-37.
PUBMED | CROSSREF

26. Mitroi M, Albulescu D, Capitanescu A, Docea AO, Musat G, Mitroi G, et al. Differences in the distribution
of CD20, CD3, CD34 and CD45RO in nasal mucosa and polyps from patients with chronic rhinosinusitis.
Mol Med Rep 2019;19:2792-800.
PUBMED | CROSSREF

27. Mullol ], Bachert C, Amin N, Desrosiers M, Hellings PW, Han JK| et al. Olfactory outcomes with dupilumab
in chronic rhinosinusitis with nasal polyps. J Allergy Clin Immunol Pract 2022;10:1086-1095.¢5.
PUBMED | CROSSREF

28. Gevaert P, Calus L, Van Zele T, Blomme K, De Ruyck N, Bauters W, et al. Omalizumab is effective in
allergic and nonallergic patients with nasal polyps and asthma. J Allergy Clin Immunol 2013;131:110-6.el.
PUBMED | CROSSREF

29. Tiotiu A, Oster JP, Roux PR, Nguyen Thi PL, Peiffer G, Bonniaud P, et al. Effectiveness of omalizumab in
severe allergic asthma and nasal polyposis: a real-life study. J Investig Allergol Clin Immunol 2020;30:49-57.
PUBMED | CROSSREF

30. Bachert C, Sousa AR, Lund V], Scadding GK, Gevaert P, Nasser S, et al. Reduced need for surgery in severe
nasal polyposis with mepolizumab: randomized trial. J Allergy Clin Immunol 2017;140:1024-1031.e14.
PUBMED | CROSSREF

31. Gevaert P, Lang-Loidolt D, Lackner A, Stammberger H, Staudinger H, Van Zele T, et al. Nasal IL-5 levels
determine the response to anti-IL-5 treatment in patients with nasal polyps. J Allergy Clin Immunol
2006;118:1133-41.

PUBMED | CROSSREF

32. DPeters AT, Han JK, Hellings P, Heffler E, Gevaert P, Bachert C, et al. Indirect treatment comparison of
biologics in chronic rhinosinusitis with nasal polyps. J Allergy Clin Immunol Pract 2021;9:2461-2471.e5.
PUBMED | CROSSREF

33. Oykhman P, Paramo FA, Bousquet J, Kennedy DW, Brignardello-Petersen R, Chu DK. Comparative efficacy
and safety of monoclonal antibodies and aspirin desensitization for chronic rhinosinusitis with nasal
polyposis: a systematic review and network meta-analysis. J Allergy Clin Immunol 2022;149:1286-95.
PUBMED | CROSSREF

34. Patel GB, Kudlaty EA, Guo A, Yeh C, Kim MS, Price CP, et al. Impact of type 2 targeting biologics on acute
exacerbations of chronic rhinosinusitis. Allergy Asthma Proc 2021;42:417-24.

PUBMED | CROSSREF

35. De Schryver E, Devuyst L, Derycke L, Dullaers M, Van Zele T, Bachert C, et al. Local immunoglobulin e in
the nasal mucosa: clinical implications. Allergy Asthma Immunol Res 2015;7:321-31.
PUBMED | CROSSREF

36. Gevaert P, Hellman C, Lundblad L, Lundahl J, Holtappels G, van Cauwenberge P, et al. Differential
expression of the interleukin 5 receptor alpha isoforms in blood and tissue eosinophils of nasal polyp
patients. Allergy 2009;64:725-32.
PUBMED | CROSSREF

37. Song]J, Wang H, Zhang YN, Cao PP, Liao B, Wang ZZ, et al. Ectopic lymphoid tissues support local
immunoglobulin production in patients with chronic rhinosinusitis with nasal polyps. J Allergy Clin
Immunol 2018;141:927-37.
PUBMED | CROSSREF

38. Bachert C, Gevaert P, Holtappels G, Johansson SG, van Cauwenberge P. Total and specific IgE in nasal
polyps is related to local eosinophilic inflammation. J Allergy Clin Immunol 2001;107:607-14.
PUBMED | CROSSREF

https://e-aair.org https://doi.org/10.4168/aair.2022.14.5.465 476


http://www.ncbi.nlm.nih.gov/pubmed/18784655
https://doi.org/10.1038/clpt.2008.170
http://www.ncbi.nlm.nih.gov/pubmed/27978991
https://doi.org/10.1016/j.ddtec.2016.09.004
http://www.ncbi.nlm.nih.gov/pubmed/17703228
https://doi.org/10.1038/nri2155
http://www.ncbi.nlm.nih.gov/pubmed/27496596
https://doi.org/10.1016/j.jaci.2016.04.056
http://www.ncbi.nlm.nih.gov/pubmed/26225261
https://doi.org/10.1002/psp4.41
http://www.ncbi.nlm.nih.gov/pubmed/30720103
https://doi.org/10.3892/mmr.2019.9932
http://www.ncbi.nlm.nih.gov/pubmed/34628065
https://doi.org/10.1016/j.jaip.2021.09.037
http://www.ncbi.nlm.nih.gov/pubmed/23021878
https://doi.org/10.1016/j.jaci.2012.07.047
http://www.ncbi.nlm.nih.gov/pubmed/30931917
https://doi.org/10.18176/jiaci.0391
http://www.ncbi.nlm.nih.gov/pubmed/28687232
https://doi.org/10.1016/j.jaci.2017.05.044
http://www.ncbi.nlm.nih.gov/pubmed/17088140
https://doi.org/10.1016/j.jaci.2006.05.031
http://www.ncbi.nlm.nih.gov/pubmed/33548517
https://doi.org/10.1016/j.jaip.2021.01.031
http://www.ncbi.nlm.nih.gov/pubmed/34543652
https://doi.org/10.1016/j.jaci.2021.09.009
http://www.ncbi.nlm.nih.gov/pubmed/34474711
https://doi.org/10.2500/aap.2021.42.210058
http://www.ncbi.nlm.nih.gov/pubmed/25749769
https://doi.org/10.4168/aair.2015.7.4.321
http://www.ncbi.nlm.nih.gov/pubmed/19170670
https://doi.org/10.1111/j.1398-9995.2008.01885.x
http://www.ncbi.nlm.nih.gov/pubmed/29103995
https://doi.org/10.1016/j.jaci.2017.10.014
http://www.ncbi.nlm.nih.gov/pubmed/11295647
https://doi.org/10.1067/mai.2001.112374

Allergy, Asthma & AA] R
Mechanism and Clinical Efficacy of Biologics in NP Immunology Research

39. Bachert C, Zhang N, Cavaliere C, Weiping W, Gevaert E, Krysko O. Biologics for chronic rhinosinusitis
with nasal polyps. J Allergy Clin Immunol 2020;145:725-39.
PUBMED | CROSSREF

40. Simpson EL, Bieber T, Guttman-Yassky E, Beck LA, Blauvelt A, Cork MJ, et al. Two phase 3 trials of
dupilumab versus placebo in atopic dermatitis. N Engl ] Med 2016;375:2335-48.
PUBMED | CROSSREF

41. Wu], Chandra RK, Li P, Hull BP, Turner JH. Olfactory and middle meatal cytokine levels correlate with
olfactory function in chronic rhinosinusitis. Laryngoscope 2018;128:E304-10.
PUBMED | CROSSREF

42. Kim MK, Park HS, Park CS, Min SJ, Albers FC, Yancey SW, et al. Efficacy and safety of mepolizumab in
Korean patients with severe eosinophilic asthma from the DREAM and MENSA studies. Korean J Intern
Med 2021;36:362-70.
PUBMED | CROSSREF

43. Rouyar A, Classe M, Gorski R, Bock MD, Le-Guern J, Roche S, et al. Type 2/Th2-driven inflammation
impairs olfactory sensory neurogenesis in mouse chronic rhinosinusitis model. Allergy 2019;74:549-59.
PUBMED | CROSSREF

44. Saraswathula A, Liu MM, Kulaga H, Lane AP. Chronic interleukin-13 expression in mouse olfactory
mucosa results in regional aneuronal epithelium. Int Forum Allergy Rhinol. Forthcoming 2022.
PUBMED | CROSSREF

45. RahimiRA, Nepal K, Cetinbas M, Sadreyev RI, Luster AD. Distinct functions of tissue-resident and
circulating memory Th2 cells in allergic airway disease. ] Exp Med 2020;217:€20190865.
PUBMED | CROSSREF

46. Ager A. High endothelial venules and other blood vessels: critical regulators of lymphoid organ
development and function. Front Immunol 2017;8:45.
PUBMED | CROSSREF

47.  Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma S, et al. European position paper on
rhinosinusitis and nasal polyps 2020. Rhinology 2020;58:1-464.
PUBMED | CROSSREF

48. Kaur D, Hollins F, Woodman L, Yang W, Monk P, May R, et al. Mast cells express IL-13R alpha 1: IL-13
promotes human lung mast cell proliferation and Fc epsilon RI expression. Allergy 2006;61:1047-53.
PUBMED | CROSSREF

49. Pelaia C, Calabrese C, Terracciano R, de Blasio F, Vatrella A, Pelaia G. Omalizumab, the first available
antibody for biological treatment of severe asthma: more than a decade of real-life effectiveness. Ther Adv
Respir Dis 2018;12:1753466618810192.

PUBMED | CROSSREF

50. Sandstrom T. Omalizumab in the management of patients with allergic (IgE-mediated) asthma. J Asthma
Allergy 2009;2:49-62.

PUBMED | CROSSREF

51. Gevaert P, Saenz R, Corren J, Han JK, Mullol J, Lee SE, et al. Long-term efficacy and safety of omalizumab
for nasal polyposis in an open-label extension study. J Allergy Clin Immunol 2022;149:957-965.e3.
PUBMED | CROSSREF

52. Bachert C, Han JK, Wagenmann M, Hosemann W, Lee SE, Backer V, et al. EUFOREA expert board meeting
on uncontrolled severe chronic rhinosinusitis with nasal polyps (CRSWNP) and biologics: definitions and
management. J Allergy Clin Immunol 2021;147:29-36.
PUBMED | CROSSREF

53. Greenfeder S, Umland SP, Cuss FM, Chapman RW, Egan RW. Th2 cytokines and asthma. The role of
interleukin-5 in allergic eosinophilic disease. Respir Res 2001;2:71-9.
PUBMED | CROSSREF

54. Sridhar S, Liu H, Pham TH, Damera G, Newbold P. Modulation of blood inflammatory markers by
benralizumab in patients with eosinophilic airway diseases. Respir Res 2019;20:14.
PUBMED | CROSSREF

S5. Padilla-Galo A, Levy-Abitbol R, Olveira C, Valencia Azcona B, Pérez Morales M, Rivas-Ruiz F, et al. Real-
life experience with benralizumab during 6 months. BMC Pulm Med 2020;20:184.
PUBMED | CROSSREF

56. Kavanagh JE, Hearn AP, Dhariwal J, d’Ancona G, Douiri A, Roxas C, et al. Real-world effectiveness of
benralizumab in severe eosinophilic asthma. Chest 2021;159:496-506.
PUBMED | CROSSREF

57. Avdalovic MV, Putney LF, Schelegle ES, Miller L, Usachenko JL, Tyler NK, et al. Vascular remodeling is airway
generation-specific in a primate model of chronic asthma. Am J Respir Crit Care Med 2006;174:1069-76.
PUBMED | CROSSREF

https://e-aair.org https://doi.org/10.4168/aair.2022.14.5.465 477


http://www.ncbi.nlm.nih.gov/pubmed/32145872
https://doi.org/10.1016/j.jaci.2020.01.020
http://www.ncbi.nlm.nih.gov/pubmed/27690741
https://doi.org/10.1056/NEJMoa1610020
http://www.ncbi.nlm.nih.gov/pubmed/29417576
https://doi.org/10.1002/lary.27112
http://www.ncbi.nlm.nih.gov/pubmed/32450626
https://doi.org/10.3904/kjim.2019.198
http://www.ncbi.nlm.nih.gov/pubmed/29987849
https://doi.org/10.1111/all.13559
http://www.ncbi.nlm.nih.gov/pubmed/35950767
https://doi.org/10.1002/alr.23073
http://www.ncbi.nlm.nih.gov/pubmed/32579670
https://doi.org/10.1084/jem.20190865
http://www.ncbi.nlm.nih.gov/pubmed/28217126
https://doi.org/10.3389/fimmu.2017.00045
http://www.ncbi.nlm.nih.gov/pubmed/32077450
https://doi.org/10.4193/Rhin20.401
http://www.ncbi.nlm.nih.gov/pubmed/16918506
https://doi.org/10.1111/j.1398-9995.2006.01139.x
http://www.ncbi.nlm.nih.gov/pubmed/30400762
https://doi.org/10.1177/1753466618810192
http://www.ncbi.nlm.nih.gov/pubmed/21437144
https://doi.org/10.2147/JAA.S3116
http://www.ncbi.nlm.nih.gov/pubmed/34530020
https://doi.org/10.1016/j.jaci.2021.07.045
http://www.ncbi.nlm.nih.gov/pubmed/33227318
https://doi.org/10.1016/j.jaci.2020.11.013
http://www.ncbi.nlm.nih.gov/pubmed/11686868
https://doi.org/10.1186/rr41
http://www.ncbi.nlm.nih.gov/pubmed/30658649
https://doi.org/10.1186/s12931-018-0968-8
http://www.ncbi.nlm.nih.gov/pubmed/32600318
https://doi.org/10.1186/s12890-020-01220-9
http://www.ncbi.nlm.nih.gov/pubmed/32882249
https://doi.org/10.1016/j.chest.2020.08.2083
http://www.ncbi.nlm.nih.gov/pubmed/16931639
https://doi.org/10.1164/rccm.200506-848OC

Allergy, Asthma & A A] R
Mechanism and Clinical Efficacy of Biologics in NP Immunology Research

58. Nopp A, Johansson SG, Adédoyin J, Ankerst J, Palmqvist M, Oman H. After 6 years with Xolair; a 3-year
withdrawal follow-up. Allergy 2010;65:56-60.
PUBMED | CROSSREF

59. Molimard M, Mala L, Bourdeix I, Le Gros V. Observational study in severe asthmatic patients after
discontinuation of omalizumab for good asthma control. Respir Med 2014;108:571-6.
PUBMED | CROSSREF

60. XuZ,Zhang N, Huang Y, Wen W, Bachert C. Is surgery for severe type 2 nasal polyps safe under the
treatment with biologics? Ann Allergy Asthma Immunol 2022;128:328-30.
PUBMED | CROSSREF

https://e-aair.org https://doi.org/10.4168/aair.2022.14.5.465 478


http://www.ncbi.nlm.nih.gov/pubmed/19796193
https://doi.org/10.1111/j.1398-9995.2009.02144.x
http://www.ncbi.nlm.nih.gov/pubmed/24565601
https://doi.org/10.1016/j.rmed.2014.02.003
http://www.ncbi.nlm.nih.gov/pubmed/34879265
https://doi.org/10.1016/j.anai.2021.12.003

	Interpretation of Clinical Efficacy of Biologics in Chronic Rhinosinusitis With Nasal Polyps via Understanding the Local and Systemic Pathomechanisms
	INTRODUCTION
	PHARMACOKINETICS AND PHARMACODYNAMICS OF MONOCLONAL ANTIBODIES
	CLINICAL EFFICACY OF BIOLOGICAL AGENTS
	INTERPRETATION OF CLINICAL EFFICACY IN TERMS OF HISTOLOGICAL AND PATHOIMMUNOLOGICAL VARIATIONS
	FUTURE ROLE OF BIOLOGICS IN CRSwNP
	CONCLUSION
	REFERENCES


