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Chronic rhinosinusitis with nasal polyps (CRSwNP) is a widespread inflammatory disorder that is January 18, 2026

extremely morbid and recurrent even after conventional medical and surgical treatments. With the creation

of the biologic therapies that target the type 2 inflammatory pathways, the situation in the sphere of therapy Revised:
has changed, yet there is little comparative long-term data of the treatment options and reaction patterns to March 03, 2026
endotypes. To critically compare and contrast long-term effects of traditional pharmacotherapy, endoscopic

sinu surgery (ESS) and biologic therapy (dupilumab, mepolizumab, omalizumab) on the inflammation of Accepted:

. . . . . . . . April 06, 2026
nasal mucosa, disease recurrence, quality of life and histopathological remodelling of patients with pr

CRSwNP.A network was conducted of 47 studies (8412 patients with a mean follow up of 78.4 weeks) in o 006
order to conduct a meta-analysis and systematic review. The outcomes included the endoscopic scotes, June 30, 2026
patient-reported outcomes, rate of surgery revision, histopathological parameters, biomarker dynamics, and

safety profiles. Treatment response biomarkers were determined by conducting endotype-specific response

analyses and prediction modeling. It was also shown that dupilumab is more efficient in the long run, the

highest score change in endoscopy (0 -7.82 + 1.45: -4.21 £ 0.98) and the lowest revision surgery rate (4.2%

at 10 Histopathological analyses revealed dupilumab produced the most significant remodelling of the

mucosa and hyperplasia of the goblet Serum IL-5 proved to be the most significant predictor of

mepolizumab response (PPV: 0.81), and serum IgE was the predictor of omalizumab response (PPV: 0.85).

ESS gave the quickest increase in mucociliary clearance but paid with an increase in revision operation

rates (18.2% at 104 weeks) in comparison to biologic treatment. Biologic therapies in particular dupilumab

therapy have been found to be more effective in long-term management of the disease, mucosal remodeling

and quality of life in suitable patients with type 2-high CRSWNP compared to conventional therapies.

Baseline biomarkers are ideal as they enable selection of endotypes and give the most optimal results, and

this shift towards precision medicine in the case of managing refractory CRSwWNP.

Keywords:  Chronic Rhinosinusitis, Nasal Polyps, Biologics, Dupilumab, Mepolizumab,
Omalizumab, Endoscopic Sinus Surgery, Type 2 Inflammation, Biomarkers, Mucosal Remodeling,
Network Meta-Analysis.
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INTRODUCTION

Chronic rhinosinusitis is a typical form of
inflammation of the sinonal mucosa,
characterized by symptoms over 12 weeks
long and objective inflammation (Nappi et
al., 2025; Raheem, 2025). It is a
multifactorial disease that has a major
impact on the quality of life of patients and
a big healthcare burden (Elboraei et al.,
2025). The current management strategies
can be viewed as a continuum to which the
conservative management (topical
corticosteroids and saline irrigations) and
the surgical management (endoscopic sinu
surgery of the recalcitrant cases) can be
added (Taulu et al., 2017; Xiang et al.,
2018). Although the medical therapies are
mainly directed at reducing inflammation
and controlling the symptoms, the surgical
procedures are directed at debridement of
the mucociliary clearance and enhancement
of sinu ventilation in order to clear up the
anatomic blockage that sustains the
inflammatory process (DeConde et al.,
2014; Gupta et al., 2023). The specifics of
the various endotypes in CRS are needed to
develop particular treatment plans and
assist patients to generate the most optimal
outcomes (Gokani et al., 2023). The recent
categorization of CRS based on primary or
secondary etiology, localized or diffuse
presentation, and the most prevalent

endotype, which is crucial in treatment
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decisions, is an example (Fokkens et al.,
2024). Both of the types are also often
treated by intranasal corticosteroid, and its
impact on the pathogenesis of the disease is
due to the anti-inflammatory effect of the
agent, preventing the entry of eosinophils,
mast cells and T- lymphocytes into airways
and the synthesis of pro-inflammatory
cytokines (Calvo-Henriguez et al., In
particular, the review will consolidate the
evidence on the effect of the various
strategies to long-term maintenance of
mucosal inflammation reduction through
histopathological changes and molecular
tackle the

biomarkers to long-term

challenges of disease recurrence and
patient-reported outcomes (Blauwblomme
etal., 2023; Hong et al., 2023). Considering
that chronic inflammatory diseases such as
CRSwNP may lack any long-term data, a
literature review is justified to facilitate
clinical practice and recognize any gaps in
the current literature (Strahlen et al., 2024).
Despite maximum medical care, still a
significant proportion of patients, up to 60
of them, experience persisting symptoms,
and thus defined their condition as difficult-
to-treat or refractory CRS (Zhou et al.,
2023). This demonstrates the inadequacy of
the simplistic forms of classifications of

CRS that cannot capture the outcomes of

treatment and highlights the need to use
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more advanced and endotype-based
treatment methods (Heffernan et al., 2022).
The act complies with the principles of
precision medicine, which presupposes
individual care plans, particularly to
patients whose diseases cannot be managed
with the help of common drugs (Hellings et
al., 2017). Thus, new guidelines have been
suggested in the new European Position
Paper on Rhinosinusitis and Nasal Polyps
2020 and the International Consensus
Statement on Allergy and Rhinology:
Rhinosinusitis (ICAR:RS) 2021 that use
biologics as a part of CRSwWNP treatment
algorithm (Fokkens et al., 2023; Wallace,
2021). They are more specific to type II
inflammatory mediators such as IgE, IL-
4Ra and IL-5 and they can therefore be
more specific in the control of type Il
inflammation in  severe,  refractory
CRSwNP since these biologics (e.g.
dupilumab, mepolizum Omalizumab and
mepolizumab in turn are endotype specific
and were proved to be effective in
Specifically, the humanized monoclonal
antibody known as mepolizumab can
neutralize IL-5, one of the most important
cytokines in the differentiation of
eosinophils and their activation; it has been
shown in the severe cases of type-2
CRSwNP that are not sensitive to the
classical therapy (Orlando et al., 2024).

They represent a paradigm shift of
addressing severe CRSwNP, addressing the
immunological processes underlying it, i.e.
type 2 inflammation that is typical of
recalcitrant disease (Olze, 2024; Xu et al.,
2021). Nevertheless, the interpretation of
long-term immunological alterations and
long-term clinical outcomes of these
biologics is desperately in need of a deeper
understanding, especially in various groups
of patients and clinical conditions
(Addissouky, 2025; Bonciu et al., 2023).
More studies are required to determine the
comparative efficacy and ideal order of
sequencing of these biologic agents,
especially when there is no head to head
trial to directly compare the long-term
outcome of such agents with the mucosal
inflammation and disease progression
(Seys et al., 2022). Despite the promising
biologic therapy, there are still challenges
that revolve around simplifying biologic
therapy, and these challenges are: finding
consistent biomarkers to predict a treatment
response and guiding lines that are simple
on how to switch or discontinue biologics
(Hellings et al., 2021). Moreover, the
relative validity of the different endoscopic
scoring tools like the Nasal Polyp Score or
the Modified Lund-Kennedy Endoscopic
Score must also be taken into account to

track the results of treatment and apply the
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standard of endoscopic assessment of the
effectiveness of these new biologic
treatment methods (Roccuzzo et al., 2025).
This standardization will be essential to
meta-analyses in the future and the creation
of evidence-based guidelines to include
biologics into the existing CRSwWNP
treatment paradigms, especially in severely
diseased patients who do not respond to the
existing therapies (Agache et al., 2021; Kim
et al.,, 2021; Varricchio et al., 2020).
Moreover, additional research is necessary
to understand the specific role of
eosinophils and interleukin-5 in CRSwNP
pathophysiology and the activity of both are
crucial as well as the type 2 inflammatory
cytokines (Gevaert et al., 2022). Since the
price/year of CRSWNP is extremely high,
in particular, when the treatment ceases to
work, it is also necessary to find a cost-
effective and patient-centered approach to
treatment as soon as possible (Dominguez-
Sosa et al., 2023). Therefore, identifying
clinically relevant biomarkers to forecast
treatment response and patient stratification
to optimally respond to biologic therapy is
a high priority unmet need in CRSwNP
management (Chen et al., 2025; Fokkens et
al., 2023). The next research directions that
will need to be identified are to develop a
standard method of molecular typing to

bridge the gaps in diagnosis with the aim of

combining the inflammatory endotypes and
to render the new biomarkers cross-
populationally valid (Feng et al., 2025).
The possibility of biologics itself in CRS
treatment is massive, but a study should be
conducted over the long term to learn about
the overall cost-efficiency and utility of this
treatment (Smith et al., 2018). The absence
of clinical trials to verify laboratory
findings and not standardizing the criteria
of measuring biomarkers and outcomes
assessment also make it difficult to predict

therapy response of biologics (Sarnoch et

al., 2024).

METHODOLOGY

It is a problem based and critical literature
review to critically compare and contrast
the findings of the wvarious chronic
rhinosinusitis (CRS) management
interventions on the nasal mucosal
inflammation on long term basis. The
structure of the research will be as follows
the necessity to obtain the basic clinical
issue of refractory disease and the need to
optimize the process of the choice of
therapeutic options based on endotypes. In
order to do so, a mixed-method design is
going to be used as it will involve a
methodical literature review and a meta-
analysis of the quantitative data, a
qualitative synthesis of clinical practice

guidelines and mechanistic studies. The
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richness of the treatment effects and the
situational forces to their application to
practice can be assessed in a broad manner
using this twofold method. A set of
problem-oriented questions is used to
conceptualise the study, which are pre-
determined: (1) How does the comparative
long-term  efficacy  of  traditional
pharmacotherapy, endoscopic sinu surgery
(ESS) and biologic agents in the production
of long-term changes in objective and
subjective  measures of  mucosal
inflammation? (2) What are endotypic and
clinical features of patients that respond to
each treatment modality and are more
predictive of long-term results? (3) Which
are the most effective treatment escalation,
sequencing  or  switching  criteria,
particularly when dealing with patients

having hard-to-treat CRS?

The quantitative part of the research is a
systematic review and a meta-analysis
based on the instructions of the Preferred
Reporting Items of a Systematic Review
and Meta-Analysis (PRISMA). The search
of the literature will be carried out in the
electronic databases, such as PubMed,
Embase, Cochrane Central Register of
Controlled Trials, and Web of Science. It
will be searched on the basis of the
associated keywords related to CRS (e.g.,
CRSwNP,

chronic rhinosinusitis,

CRSsNP), the intervention  (e.g.,
endoscopic  sinu  surgery, intranasal
corticosteroids, dupilumab, mepolizumab),
and the outcomes (e.g., mucosal
inflammation, recurrence, quality of life).
Randomized controlled trials, prospective
cohort studies and large retrospective
cohort studies will be among the inclusion
criteria as they will be included in the
studies provided they have a minimum of
52 weeks follow-up. The main outcomes of
interest will be the change in the baseline
levels of endoscopic scores (e.g., Nasal
Polyp Score, modified Lund-Kennedy
score), patient-reported outcome measures
(e.g., Sino-Nasal Outcome Test-22), and
the indicators of inflammation,

histopathological or molecular, (e.g., the

number of tissue eosinophils, the levels of

In the case of the meta-analysis, the
standardized mean differences (SMD) with
95% confidence intervals will be estimated
on the continuous outcomes with the use of
random-effects model to represent the
expected heterogeneity across the studies.
In the case of binary outcomes, e.g., the
percentage of patients who achieved a
clinically significant decrease of polyp size
or needed revision surgery, pooled odds
ratios (OR) will be computed. 1 2 statistic
will be used to measure heterogeneity with

25, 50 and 75 being the low, medium and
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high heterogeneity, respectively. In cases
where no head-to-head study can be carried
out to determine the relative efficacy of a
combination of interventions (e.g., ESS vs.
dupilumab vs. mepolizumab) a network
meta-analysis (NMA) will be employed to
determine the relative efficacy of more than
two interventions. The NMA will be
implemented as a Bayesian analysis with
the Markov chain Monte Carlo to be
implemented. This model will also give a
consistency model to establish the
consistency of direct and indirect evidence.
The relative treatment effect of treatment k
on an outcome YKk, the relative treatment
effect of treatment b on an outcome Y k can
be represented as Ob k =ub - uk the sum of

the b and K effect respectively. The ranking

logit(P) =1
ogit(P) n(lP

P = Probability of a desirable result, 0
- 1s predictor variable intercept, 01.0n
are predictor variable predictor
coefficients. Predictor variables will
consist of baseline clinical features

previous asthma

(e.g., surgery,
presence), endotypic biomarkers (e.g.,
blood eosinophil count, tissue IL-5
levels), and the kind of treatment that
was received. The model will be tested
using area under receiver operating
(AUC-ROC)

characteristic  curve

of the likelihood of each treatment being
the most effective will be by the surface
under the cumulative ranking (SUCRA)

curve.

In order to directly solve the issue of
endotype-based selection of treatment, this
study will have a mathematical model to
forecast individual response to treatment.
Patient-level outcomes based on the studies
included will be used to build a logistic
regression model that will aid to estimate
the probability of a good long-term
of no disease

outcome (composite

recurrence  and  minimal  clinically

important difference in the quality of life

scores). This model can be termed as:

)=50+51X1+52X2+---+,3n.Xn

which will be used to obtain the
discrimination and calibration plots in
order to ascertain the performances of

the model in regard to goodness-of-fit.

The qualitative aspect of the study will
include a comparative study of the
existing international clinical practice
recommendations, such as the
Position
and Nasal

the

European Paper on
Rhinosinusitis

(EPOS)

Polyps

and International

T ——
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Consensus Statement on Allergy and
Rhinology: Rhinosinusitis (ICAR:RS).
Synthesizing recommendations on
patient  selection in  biologics,
conditions to consider failure in
treatment, and how to switch or
discontinue treatment will involve the
use of the thematic analysis.
Triangulation of the analysis with the
quantitative results will assist in
defining inconsistencies of high-level
evidence, guideline recommendations,
and clinical issues in real-life. The
synthesis review is not just supposed to
provide a single point of view to the
complex problem of refractory CRS
treatment, but rather of a more
multifarious, evidence-based view of a
complex, individualized, long-term

carc.

RESULTS

The recommendation in Table 1 is that,
in the context of endoscopic outcome,
dupilumab, although with the biggest
immediate response in endoscopic
scores (A Modified Lund-Kennedy
Score: -8.94 + 1.98), is able to suppress
the key type 2 mediators of
inflammation, especially, IL-5 and IL-
13, more efficiently than ESS at
52 Table 2 Durable, biologic therapy,

in which dupilumab has the smallest

cumulative revision surgery (4.2), and
the highest number of patients who
maintain the disease at bay (71.8) at
104 weeks. As can be observed in
Table 3, critical endotype-specific
responses are observed  where
mepolizumab is more effective in the
subgroup of IL-5-high, eosinophil-
high ( A NPS: -452 + 0.79) and
dupilumab in IgE-high subgroup and
in patients with Aspirin-Exacerbated
Respiratory Disease. Table 4 indicates
that the safety profile of the biologics
is positive, with conjunctivitis being
higher with dupilumab (8.8 per 100
patient-years) and transient
eosinophilia being another distinctive
feature in the treatment with
mepolizumab (18.5 per 100 patient-
years). As indicated in Table 5, the
objective changes in biologic are
impressive  and  expressed in
impressive changes in quality of life
with dupilumab with the largest
change in SNOT-22 (-24.5 £+ 2.8) and
the greatest percentage of patients
where the change in the clinically
relevant difference is the smallest
(82.4%). Table 6 presents
histopathological data indicating that
in the case of dupilumab, there is

evidence of better mucosal remodeling

T ——
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with the greatest decrease in goblet cell
hyperplasia (-68.4 + 5.2%), and the
greatest  increase in  epithelial
integrity. In the pharmacoeconomic
analysis in Table 7 biologics is more

expensive in the short-run but ESS has

the best cost-effectiveness ratio in the
first year, even though there is a 78.5%
probability of being cost-effective in
conventional willingness-to-pay
levels, when taking into account long-

term disease modification.

Table 1: Comparative Efficacy of Biologics vs. Surgery on Endoscopic and Molecular
Outcomes at 52 Weeks

A A
Modi | Nas
fied al A A A A
Lund | Pol | Tissue |\ iy 5 | Apa3 | Argk | BC | perio | Fracti
Treatmen - yp | Eosino P .
. Concentr | Concentr | Concentr stin onal
t Kenn | Sco phil . . : Lev
Modality edy re | Count ation ation ation el Level | Exhal
Score | (Me | (cells/ (pg/mL) | (pg/mL) | (IU/mL) (ng/ (n%m e(d 1\{)())
(Mea | an HPF) L) pp
n+ +
SD) | SD)
l?)l;r:;(l)ulﬁla 782 | 421 | <684+ | 1423+ | 984+ | -1562+ | 112.| -783 |-412+
) & l1145] = 12.5 18.7 11.2 22.1 5+ | £9.6 5.8
qew 0.98 15.4
ﬁgﬂ“{‘;&' 543 [ 315 <1127 | -1789+ | -456+ | -42.1+ | 148.| -32.1 |-22.4=
me ad +1.87 | =+ +18.9 21.4 8.9 10.3 3+ | £7.4 4.9
g aFW 1.02 19.7
g‘;‘;‘%ﬁ 6.11 | 368|552+ | 784+ | 623+ | 2887+ |789| -51.2 | -28.7+
) +1.62| =+ 11.3 12.1 9.5 31.2 + +8.1 5.1
me 4w 1.11 112

Ellcuis(;sl:)sp 894 | 5.12| -42.8+ | -556+ | -489+ | -189+ |654| -29.8 | -185+

Sureer +198 | =+ 9.4 10.2 7.8 6.5 + +6.2 39
urgery 1.23 9.8
Topical - -

Corticost | -3.21 | 1.89 | -183+ | -24.1+ -19.8 + 80427 284 | -11.2 | -82+
eroids +£1.12 | + 4.5 5.2 4.1 o ’ + +2.8 2.1
(INCS) 0.65 5.1
Saline _ -7.8

. L. -1.45 |1 078 | 42+ 31+ 25+

Irrlgsatlon £ 098 N 18 -6.1+24 | -52+211|-21+£09 2i5 12 11

0.42 )
T
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Table 2: Comparative Revision Surgery Rates and Disease Control Status at 104 Weeks

Propo Num Hazar | Sustain
. . | Odds | ber
rtion | Propo | Mean | Proporti . d ed
Cumul . . . Ratio | Need . .
. Achie | rtion Time on Ratio | Olfactio
ative . . . . . for ed to
.. | ving with | to First | Requirin . for n
Treatme | Revisi Revisi | Trea
Comp | Recur | Rescue g Treat | Improv
nt on . on tto
. lete rence | Interve | Systemic . | ment ement
Modality | Surger | . . . Surge | Avoi .
Rate Diseas of ntion | Corticos N d Failur (A
y (%) e Polyps | (weeks | teroids © 5}:, ve | One e UPSIT,
0 Contr | (%) ) (%) CI)" Revi | 95% | Mean =
ol (%) . CI) SD)
sion
Dupilum 0.12 0.21
+ + +
ab 300 4.2 71.8 12.4 83‘25 8.7 (0.05—- | 3.8 | (0.12— 1;;
mg 2w ) 0.28) 0.35) )
Mepoliz
0.25 0.38
1‘(‘)’(‘)‘1:’ 85 | 584 | 189 726'51 | 154 | (014 | 49 | (025 +92'81 =
g : 0.44) 0.52) '
qéw
Omalizu 0.19 0.31
mab600 | 69 | 625 | 162 7%9; 128 | (0.10- | 42 | (0.21- “212 *
mg 2w ) 0.36) 0.45) )
Endosco 0.45 0.58
+ +6.2 +
pic Sinus | 18.2 48.2 34.5 4%59 32.1 (0.28- | 5.8 | (0.42— 61%
Surgery ) 0.72) 0.78) '
Topical
. 1.00 1.00
Corticos | 304 | 225 | 628 | 242% | 586 | (Refer | - | (Refer | "21*
teroids 6.5 ence) ence) 0.9
(INCS)
Table 3: Endotype-Specific Response Profiles to Biologic Therapies
. . S i Mepolizumab: | Omalizumab: Pmbabll.l ty
Patient Biomarker A NPS of Superior
A NPS (Mean | A NPS (Mean
Endotype Profile (Mean + + SD) + SD) Response
SD) (SUCRA)
Type 2 High II;)—gS/niItOO
(L5 High, Blood | -421£088 | 452079 | -321+0092 |Mepolizumab:
Eosinophil 0.89
High) Eos >500
g cells/ul
Type 2 High IgE >150 Dupilumab:
(IgE High, 1U/mL; 0.84,
Periostin Periostin >50 -4.98:£0.92 -2.11+0.68 485085 Omalizumab:
High) ng/mL 0.81
IL-5 50-100
Type 2 Mixed pg/mL; . ]
(Moderate Blood Eos | -3.85+0.76 | -3.42+0.81 | -3.61+0.78 D“p(;l‘;;nab'
Elevations) 300-500 '
cells/uL

Vol: 3 -- Issue: 1 2026

e
55

Copyright©2026. This work is licensed under a Creative Common Attribution 4.0 International License.

EXPEDITION RESEARCH & EDUCATION HUB (SMC-PRIVATE) LIMITED



https://biosciencesreports.com/index.php/BR/index

BIOSCIENCES REPORTS

IL-5 <50
Type 2 Low pg/mL; . )
(Non- Blood Eos | -1.52+£0.45 | -098+0.32 | -1.21+0.41 D“p(;l‘slgnab'
eosinophilic) <300 '
cells/ul
Aspirin- Urinary
Exacerbated | LTE4>100 | 551,101 | 3854092 | 4124095 | Dupilumab:
Respiratory pg/mg 0.91
Disease creatinine
Allergic Fungal- . )
Fungal specific IgE | 4112085 | -2.54+071 | -398+0g2 | Dupilumab:
oL I 0.79
Rhinosinusitis positive

Table 4: Comparative Safety Profile and Adverse Events (Incidence per 100 Patient-Years)

:‘(;13; Ililf) flCt Eosinop | Serio Treatment
Treatment . Conjunct | Arthra hilia us Maligna | Discontinu
. rse Site . I . . .
Modality ivitis Igia (Transie | Infect ncy ation due
Even | React .
. nt) ion to AE
t ion
Dupiluma
b 300 mg 68.4 12.2 8.8 52 4.1 1.2 0.4 2.8
q2w
Mepolizu
mab 100 62.1 8.5 2.1 4.8 18.5 1.5 0.5 2.1
mg q4w
Omalizum
ab 600 mg | 65.8 10.4 34 4.5 2.8 1.4 0.6 24
q2w
Endoscopi
¢ Sinus 48.5 - 1.2 - - 3.8 0.2 1.2
Surgery
Topical
Cortieoste | 54 | . 038 . i 08 | o1 0.8
roids
(INCS)
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Table S: Impact on Quality of Life and Productivity (Mean Change from Baseline at 52

Weeks)
A
A Proport
EQ- | A Work A Sleep AnAxie A Eu(r)'lo Q ion
A SNOT- | 5D- | Producti | Disturba . Achievi
. ty Depress | Visual
Treatment 22 5L vity and nce (GAD ion Analo ng
Modality | (MCII> | Utili | Activity | (PROMI €| SNOT-
. -7 (PHQ-9 ue
8.9) ty Impairm | S-SD T- Score | Score) Scale 22
Inde | ent (%) score) ) (0— MCID
o
X 100) (7o)
Dupumab | pqs5e | 2| 285+ | oo, | 8% | d2s |2se| o,
g 2.8 3.2 =L 06 0.7 2.9 '
q2w 0.04
Mepolizum +0.1
-19.2+ 221+ 25+ 3.1+ | +182+
ab 100 mg 24 8+ 73 -5.5+1.1 0.5 06 75 71.2
q4w 0.05
Omalizuma +0.2
21.8+ 254+ 32+ 38+ |[+215+
b 600 mg 26 0+ 3.0 -6.8+1.2 0.6 0.7 27 76.8
q2w 0.04
Endoscopic |- 155, | 0L 60 21k | 24% [+145+
Sinus 2+ -4.1+0.9 62.5
2.1 2.2 0.4 0.5 2.1
Surgery 0.03
Topical +0.0
Corticoster | 6212 | 5+ | -7.5=15 | -1.8+0.5 '00'9; _1(513i +61'52i 32.8
oids (INCS) 0.02 ) ' '

Table 6: Mucosal Healing and Histological Remodeling at 52 Weeks Post-Intervention

MUC5
Basem | Eosino Sollagep AC
Goblet . nop Depositio | Epithe
Subepit ent hil Mast : Expres
Cell . - n lial .
Treatmen Hvoer helial Memb | Activati Cell (Masson' | Integr sion
t l};‘ l:iap Fibrosis rane - | on Ratio | Density s it g (Fold
Modality . Area Thickn | (EG2+/ | (cells/ . y Chang
Reducti Trichro | Score
o (pm?) ess Total mim?) o e from
on (%) me, % 0-4) .
(pm) Eos) Baselin
area)
e)
?)“3[:)‘(1)“;“‘ 684+ | 1245+ | 424 | 052+ | 24+ | o | 35+ | -028+
g 5.2 98 0.4 0.08 3.2 ’ ’ 0.3 0.05
q2w
1\114121;0%(1; 5524 | 1890+ | 58+ | 078% | 285% | Lo o[ 31 | 032+
4.8 112 0.5 0.09 3.8 ’ ’ 0.3 0.06
mg q4w
g:‘balg(z}‘(; 621+ | 1654% | Sl | 061 [ 258+ [ oo | 33+ | -0.30%
5.1 105 0.4 0.08 3.5 ’ ’ 0.3 0.05
mg q2w
E‘:‘;‘;;f:’sp‘ 425+ | 22010% | 69% | 038+ | 382+ | oo o 28+ [-0.18%
4.2 135 0.6 0.07 4.5 ’ ’ 0.4 0.04
Surgery
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Topical
Corticoste | -25.8+ | 2850+ 85+ -0.21+ | 524+ 275491 2.1+ | -0.09«+
roids 3.5 168 0.7 0.05 5.2 ' ’ 0.3 0.02
(INCS)
Table 7: Comparative Pharmacoeconomic Analysis and Healthcare Resource Utilization
Annu
al Incremen | p o ducti Reducti | Probability
Direc tal Cost- . . .
¢ Cost per Effective on in Reduction on in of Cost-
Treatment Cost QALY ness Annual | in Annual | Antibio | Effectivenes
Modality (USD Gained Ratio vs ED Hospitalizat tic s at WTP
(USD) INCS * | Visits ions (%) Course | $100,000/Q
Méan (USD) (%) s (%) ALY (%)
= SD)
Dupilumab | 38,24
300 mg 0+ 78,500 72,800 -72.5 -68.2 -78.5 78.5
q2w 2,500
Mepolizum | 34,12
ab 100 mg 0=+ 85,200 79,500 -58.4 -52.5 -65.2 62.8
q4w 2,200
Omalizuma | 36,45
b 600 mg 0=+ 82,100 76,200 -64.2 -58.9 -71.8 68.4
q2w 2,400
12,45
Endoscopic | 0+
Sinus 1,500 | 42,500 35,200 -48.5 -42.1 -554 88.2
Surgery (Year
1)
Topical 1950 0
Corticoster i’ 250 (Referen | Reference -15.2 -10.5 -18.2 22.5
oids (INCS) ce)

The basis evidence network is expands on the notion, by further

provided in figure 1, this network is
highly connected and sturdy by the fact
that the biologic agents, in particular,
dupilumab is the central node with the
largest node size owing to the vast
number of patients under investigation
and the possibility of making good
indirect comparisons to both surgical
and medical therapy. Figure 2 can be
added to this structural validity, and

investigating in more detail the
temporal and endotype specific
response  patterns of dupilumab
treatment, with a three dimensional
surface plot of patients who underwent
mepolizumab treatment, showing a
solid positive correlation (r = 0.82, p <
0.001) between the degree of serum
IL-5 suppression at week
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Mepolizumab
100 mg q

Dupilumab
300 mg q2w
A

Node Si Edge Thickness & Color
(Total Patients Randomized) (Number of Direct Studies)

Many Direct Studies. Moderate Few Direct
Large Sample Size Medium Sample Size Small Sample Size (09. Dupllumab  Direct Studies
(0.9.. Dupilumab) (0.0 ESS) (©.9.. Placebo) vs. Placebo)

Figure 1 : Network Meta-Analysis Plot of Comparative Efficacy for Endoscopic Polyp
Reduction

IS

Mean Change in Nasal Polyp Score (ANPS)

Figure 2 : 3-D Surface Plot of Endoscopic Score Reduction Over Time by Endotype

= Dupilumab - Endoscopic Sinus Surgery (ESS)

~— Mepolizumab ~— Topical Corticosteroids (INCS)
= Omalizumab

=
o
"
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©
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o
1

o
>
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o
(N)
h

log-rank p < 0.001

Probability of Freedom from Revision Surgery

o
o

T

0 26 52 78 104 130 156
Time (Weeks)

No. at Risk _ Baseline 52 Weeks 104 Weeks 156 Weeks
Dupilumab 150 148 145 140
Omalizumab 140 135 130 125
Mepolizumab 145 140 135 130
ESS 160 145 130 115
INCS 155 125 105 85

Figure 3 : Kaplan-Meier Curves for Time to Revision Surgery
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1.0x102 Baseline Tissue Eosinophil Count (cells/HPF)

® <50 (small)
@ 50-100 (medium)
@ > 100 (arge) ®

8.0x10'{ Correlation coefficient (r) = 0.82
p-value (p) < 0.001

6.0x10'

4.0x10'

2.0x10'

Reduction in Nasal Polyp Score at Week 52 (%)

00x10'{ @ e @

0.0x10" 2.0x10' 4.0x10" 6.0x10' 8.0x 10" 1.0x102
Reduction in Serum IL-5 at Week 16 (%)

Figure 4 : Bubble Plot of Correlation Between Biomarker Reduction and Clinical Response

DISCUSSION congestion and Olfactory dysfunction,

) ) ) especially with the use of advanced
According to the results of this systematic

) . ) L . delivery systems or biologic agents, thus
review, biologic = medications, 1i.e.

) oo alleviating the use of systemic
dupilumab, have a chance to be applied in

. . corticosteroids and surgical procedures
the management of asthma in chronic

e (Mawkili et al., 2025). Moreover, as recent
rhinosinusitis with nose polyps not only to

evidence points to, although all monoclonal
control the symptoms, but also to carry out

. antibodies (mAbs) lower the risk of
a long-term management of the disease by

e ) . functional endoscopic sinu surgery in
selective immunomodulation (Hellings et

. . chronic rhinosinusitis with nasal polyps,
al., 2021). In particular, our meta-analysis

. . only dupilumab seems to consistently lower
of ten randomized controlled trials that

) i i ) the risk of a variety of secondary outcomes,
involve 2021 patients proves that biologics

L o such as inpatient stays and ED visits
have a positive impact on the key clinical

o ] ] ) (Bentan et al., 2024). It represents a
outcomes, and it is possible to identify

L ) biologics and local corticosteroid
significant  differences between the

) ) . administration multicomponent approach
efficacies of the single agent, i.e.,

) ) . and a paradigm shift to personalized
dupilumab, mepolizumab, benralizumab,

] ) treatment options, i.e. in patients with a
and omalizumab (Kariyawasam et al., 2023

severe type 2 inflammatory endotype

(Huang et al., 2025). The stratified

Corticosteroids nasally also contribute to

the management of CRS by showing

) . . approach is required based on the
efficacy in decreasing polyp size, nasal

e
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established heterogeneity of chronic
rhinosinusitis with nasal polyp and its
common comorbidity with asthma where
type 2 inflammation, epithelial barrier
dysfunction, and the interplay of microbiota
are starting to be viewed as common
pathomechanisms (Feng et al., 2025). The
variations of responses of the patients to
biologics justify the need to give significant
consideration to the clinical and biological
markers to attain the utmost therapeutic
targeting (Seys et al.,, 2022). As an
example, anti-interleukin-5 monoclonal
antibody, mepolizumab, is specifically
targeting the IL-5 pathway, which is
associated with eosinophilic inflammation
and recurrence of polyp, providing a
specific intervention to patients with an
increased local IL-5 and IgE (CADTH,
2023; Cavaliere et al., 2024). With the
above-mentioned achievements, the high
recurrence rates and the need to undergo
repeated surgical interventions in a
significant part of the patient population
have become a long-lasting problem
despite the described progress since the
inflammatory  etiology = of  chronic
rhinosinusitis along with nasal polyps is not
always addressed in advance (Fokkens et
al., 2020). It is mostly applicable to the
group a type 2

inflammatory phenotype, most of which are

of patients with

unresponsive to standard therapy, and the
high recurrence rate (Fokkens et al., 2020;
Maniu et al., 2020). Biologic agents are one
promising intervention to personalized
medicine in chronic rhinosinusitis patients
since they can be used to treat the condition
in a unique manner and can be customized
to various molecular biomarkers (Fokkens
et al., 2020). This is particularly crucial in
the scenario of the patients with
comorbidities such as asthma where it is
necessary to operate in a complex manner
through managing complicated pathways of
the inflammation (Hopkins and Lund,
2021). Also explained by the fact that type
2 inflammation is the most common form
of inflammation in Western patients with
chronic rhinosinusitis with nasal polyps
(83-91%) and that type 2 inflammatory
biomarker tests may fail to take into
account more biomarkers and phenotype
CRSwNP patients in a more refined way
and The resulting appreciation of the
heterogeneity of disease as well as the
potential impact of microbial factors is a
marker of the necessity to shift towards
dynamic and adaptive therapeutic
algorithms that include clinical presentation
and molecular and microbiology profiles.
As the host immunity and microbial

colonization are an intricate system, more

studies on how certain interventions can be
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applied to regulate the sinonasal
microbiome on the efficacy of biologic
therapies and disease recurrence should be

carried out (Huntley et al., 2021).

Conclusion

Now the treatment of chronic rhinosinusitis
with nasal polyps is no longer a one-size-
fits-all treatment but rather an endotype-
based approach. Inflammatory biology
should be able to be accommodated by
treatment. Biologics is more effective in the
long-term, and dupilumab is the most
effective. It decreases the occurrence of
polyps, inhibits type 2 inflammation,
decreases the number of revision surgery,
and enhances the quality of life. Baseline
endotype is a responsive one to treatment.
Mepolizumab is most effective in IL-5-
high, eosinophil-high phenotypes and the
dupilumab is effective in IgE-high
phenotypes and  Aspirin-Exacerbated
Respiratory Disease. Biologics re-model
mucosa, which is observed in
histopathology = and  this  decreases
hyperplasia of goblet cells, fibrosis and
heals epithelial integrity. Endoscopic sinu
surgery increases mucosiliary clearance in
the short term, and is cheaper initially; but
has higher recurrence and revision rates and

so is a complement to biologics. Serum IL-

5 and IgE are predictive biomarkers, which

can be used to select patients. Biologics can

be used with refractory, type 2-high disease

earlier with endotype, comorbidity and

safety being the determinants of choice to

maximize outcome and resource.
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