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Dear Editor:

Biologic therapies targeting type 2 inflammation, such as dupi-
lumab, omalizumab, and mepolizumab, have been developed
to manage chronic rhinosinusitis with nasal polyps (CRSWNP),
particularly in patients with comorbid asthma or aspirin-exacer-
bated respiratory disease (AERD). Functional endoscopic sinus
surgery (FESS) remains the mainstay of treatment in patients
who are refractory to medical therapy 2. However, direct
comparisons between biologic therapy and FESS are limited.
This systematic review and meta-analysis aimed to compare
sinonasal outcomes between FESS and biologic therapy in real-
world settings.

A comprehensive literature search identified 1931 articles, of
which 7 met inclusion criteria for systematic review, and 6 were
eligible for meta-analysis (Figure S1) . These studies included
a total of 1200 patients: 267 treated with FESS and 942 treated
with biologics. Among biologics, most patients received dupilu-
mab, while others were treated with omalizumab or mepolizu-
mab. The studies provided short-term (3-6 months) and long-
term (12 months or more) follow-up data (Table S1). Outcomes
analyzed included SNOT-22 scores, Nasal Polyp Scores (NPS),
Nasal Congestion Scores (NCS), and olfactory function.

The FESS and biologic groups had comparable baseline charac-
teristics, including rates of asthma, AERD, previous sinus surgery,
and CT Lund-Mackay scores (Figure S2). Results at the short term
follow up (3-6 months) are provided in the supplement file.

The outcomes at 12 months follow up are presented in Figure 1.
The pooled SNOT-22 scores showed no statistically significant
difference between the groups (WMD 5.39, 95% -3.21, 13.98,
p=0.22). Subgroup analysis showed no significant difference
between dupilumab and FESS (WMD 7.56, 95% Cl of -1.73, 16.84,
p =0.11) and FESS over mepolizumab (WMD -4.50, 95% Cl of
-12.05, 3.05, p=0.24).
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FESS showed significantly better outcomes in reducing NPS
compared to biologics (WMD -1.93, 95% Cl of -3.10, -0.77,
p<0.01). This advantage was consistent when comparing FESS to
both dupilumab and mepolizumab.

NCS scores were not significantly different overall (WMD -0.20,
95% -1.24, 0.83, p=0.70). FESS and dupilumab showed compara-
ble outcomes (WMD 0.12, 95% CI -1.01, 1.26, p=0.83), but FESS
outperformed mepolizumab in a single study (WMD -1.20, 95%
Cl-1.75,-0.65, p<0.001).

Regarding olfactory function, dupilumab was superior to FESS
(Hedges's g -0.54, 95% Cl of -1.09, 0.01, p =0.05).

We also performed a qualitative assessment. One study by
Gilani et al. was included in the systematic review for qualitative
analysis only ©. It showed that the use of biologics was associ-
ated with a decrease in the number of ARS episodes compared
to surgery; however, the use of antibiotics was not different
between the two groups ©. Subgroup qualitative analysis was
performed in two studies 7. One study found that dupilumab
and FESS had similar efficacy in AERD patients, with FESS impro-
ving psychological symptoms more ©. Another study showed
that in patients with asthma and prior FESS, dupilumab led to
better improvement in smell and SNOT-22 scores than revision
surgery ),

The strength of this meta-analysis is the inclusion of multiple
biologics (dupilumab, omalizumab, mepolizumab), a mix of
subjective and objective outcomes, and comparable baseline
comorbidities across pooled cohorts. It provides a more com-
prehensive real-world comparison of FESS versus biologics than
previous studies. However, limitations include reliance on non-
randomized studies, small sample sizes, heterogeneity, and the
potential lack of clinical significance for some statistical findings.
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Changes in SNOT-22 scores at 12 months

FESS Biologics Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Dupilumab
Dharmarajan et al 2021 54 -2289 1784 54 -2383 18.22 — 094 -5.86, 7.74] 18.74
Miglani et al 2022 dupi 52 48 -33.90 21.06 150 -29.84 19.96 L i -4.08[-1063, 251] 18.89
Orlando et al 2023 21 -19.53 19.83 26 -27.93 18.96 —— 8.40([ -273, 19.53] 15.66
Chang el al 2023 10 -36.00 2460 10 -55.00 20.50 8 19.00( -0.85 3885 0.96
De Corso et al 2024 49 -27.40 17.80 52 -46.80 18.80 L 19.40[ 12.25, 26,55] 18.51
Heterogeneity: T* = 85.39, I = 81.98%, H*=5.55 - 7.56[ -1.73, 16.84]
Test of 8 = 6;: Q(4) = 26.40, p = 0.00
Testof 8 =0:z=1.60,p=0.11
Mepolizumab
Miglani et al 2022 mepo 48 -33.90 21.08 206 -29.40 2467 L 3 -4.50(-12.05, 3.05] 18.24
Heterogeneity: T* = 0.00, I = .%, H = . - -4.50(-12.05, 3.05]
Testof 6= 6:Q(0) =0.00,p=.
Testof @=0:z=-1.17,p=0.24
Overall > 5.39[ -3.21, 13.98]
Heterogeneity: T* = 90.62, I = 83.63%, H*=6.11
Test of 8 = 8, Q(5) = 32.01, p =0.00
Testof 6 =0:
Test of group differences: Q,(1) = 3.90, p = 0.05
-20 0 20 40 A
Random-effects Sidik-Jonkman model
Changes in NCS at 12 months
FESS Biologics Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Dupilumab
Miglani et al 2022 dupi52 48 -2.10 0.90 150 -1.35 0.86 L ] -0.75[-1.03, -0.47] 26.44
Chang el al 2023 10 -0.80 070 10 -2.10 1.20 L 1.30( 044, 2.16] 22.73
De Corso et al 2024 49 210 1.20 52 210 1.00 = 0.00[-0.43, 0.43) 25.77
Heterogeneity: 1° = 0.92, I = 94.42%, H* = 17.91 0.12[-1.01, 1.26]
Testof § = 8;: Q(2) = 24.19, p = 0.00
Testof 8=0:2=0.21,p=0.83
Mepolizumab
Miglani et al 2022 mepo 48 -210 090 206 -090 190 —M— -1.20(-1.75, -0.65] 25.05
Heterogeneity: T2 =0.00, I = %, H*=. . -1.20[-1.75, -0.65)
Testof 8, = 6 Q(0) = 0.00, p=.
Testof © =0:z=-4.26, p=0.00
Overall e -0.20[-1.24, 0.83]
Heterogeneity: 1 = 1.03, I = 94.80%, H? = 19.22
Test of 6 = 6: Q(3) = 31.15, p = 0.00
Testof 6 =0:2=-0.39, p=0.70
Test of group differences: Q,(1) = 4.23, p = 0.04
2 4 0 1 2 c

Random-effects Sidik—Jonkman model

Changes in NPS scores at 12 months

FESS Biologics Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Dupilumab
Dharmarajanetal 2021 54 -5.18 201 54 -4.27 1.98 —-| -091[-1.66, -0.16] 17.31
Miglani et al 2022 dupi 52 20 -5.00 1.12 150 -2.24 1.84 L -2.76[-3.59, -1.93] 17.05
Orlando et al 2023 21 -357 174 26 -131 195 j; -2.26[-3.33, -1.19] 16.11
Chang et al 2023 10 -5.80 170 10 -4.20 1.10 -1.60[-2.85, -0.35] 15.33
De Corso et al 2024 49 -400 200 52 -400 2.00 - o000[-078, 0.78] 17.22
Heterogeneity: T° =1.00, I = 82.66%, H? = 5.77 g -1.48 [-2.45, -0.51]
Test of 6, = 6: Q(4) = 26.89, p = 0.00
Test of ©=0:z =-2.98, p = 0.00
Mepolizumab
Miglani et al 2022 mepo 20 -500 1.12 206 -9 190 —fl— -4.10[-4.95, -3.25] 16.98
Heterogeneity: T2 =0.00, I = .%, H? = . - -4.10 [ -4.95, -3.25]
Test of 8,=8: Q(0) =0.00,p=.
Test of 6 =0:z =-0.48, p = 0.00
Overall ~— -1.93[-3.10, -0.77]
Heterogeneity: 1% = 1.89, I = 80.19%, H? = 10.19
Test of 8 =0: 2 =-3.26, p = 0.00
Test of group differences: Q,(1) = 15.82, p = 0.00
-
6 -4 2 0 B
Random-effects Sidik-Jonkman model
Changes in olfaction at 12 months
FESS Dupilumab Hedges's g ‘Weight
Study N Mean SD N Mean SD with 95% CI (%)
Dharmarajan etal 2021 54 148 224 54 235 217 «b -0.39[-0.77, -0.01] 28.98
Orlando et al 2023 21 500 344 26 455 308 —l—  0.14[-043, 070] 24.75
Chang el al 2023 10 950 830 10 17.00 1060 — M 0.75[-1.63, 0.12] 18.18
De Corso et al 2024 49 200 400 52 800 600 —— -1.16[-1.58, -0.74] 28.09
Overall ~— -0.54[-1.09, 0.01]
Heterogeneity: 12 = 0.23, |2 = 77.75%, H* = 4.50
Test of 6, = 6;: Q(3) = 14.64, p = 0.00
Testof @=0:z=-1.94, p=0.05
2 1 0 1 D

Random-effects Sidik-Jonkman model

Figure 1. Forest plots comparing the change in SNOT-22 scores (A), Nasal polyposis scores (NPS) (B), Nasal congestion scores (NCS) (C), the change in

olfaction scores (D) between FESS and biologics groups at 12 months follow-up. Subgroup analysis based on type of biologics is also shown.

In conclusion, this study suggests that while FESS is more

effective in reducing polyp burden, dupilumab offers greater im-

provement in olfactory function. No significant differences were
found in overall quality-of-life scores. The findings underscore
the importance of individualized treatment selection based on
patient priorities and comorbidities. Further research is needed,
particularly randomized trials and longer-term outcome studies,
to define the role of biologics in CRSWNP management. Cost-
effectiveness and adverse event profiles should also be conside-
red when choosing between surgery and biologic therapy.
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SUPPLEMENTARY MATERIAL

Materials and Methods

This study was reported in accordance with the Preferred Repor-
ting Items for Systematic Reviews and Meta-analyses (PRISMA)
reporting guidelines .

Eligibility criteria

Study designs that directly compared FESS (irrespective of the
extent of surgery) to a biologic therapy (dupilumab, mepolizu-
mab, omalizumab, or benralizumab) for CRSWNP were con-
sidered, including randomised controlled trials (RCT), cohort

studies (prospective and retrospective) and case-control studies.

Studies were included without language restrictions. Only adult
patients (18 years of age or older) were included. The primary
subjective outcome was the change in the SNOT-22 score while
the primary objective outcome was the change in the Nasal
Polyp Score (NPS). Secondary outcomes included the change

in the Nasal Congestion Score (NCS) as well as any olfactory
outcome test; Smell Identification Test (SIT), Sniffin’ Sticks test,
Visual Analog Score (VAS).

Search strategy

A systematic review of the literature was conducted by two
authors (CAM and HM). PubMed, Scopus, Web of Science,

and Cochrane Central Register of Controlled Trials (CENTRAL)
databases were queried from inception to September 2024.
Search terms used in PubMed as well as all other databases
were as follows: (biologic* OR dupilumab OR mepolizumab OR
omalizumab OR benralizumab) AND (surgery*) AND (chronic
rhinosinusitis OR nasal polyps). A similar strategy, adapted to
the requirements of the other databases, was used for all other
searches. Patients with asthma, aspirin exacerbated respiratory
disease (AERD), and allergic rhinitis were included if they also
had diagnosed CRSWNP. Case reports, narrative commentaries,
and reviews were excluded. Studies unavailable as full-text arti-
cles or irrelevant content were also excluded. The bibliography
of the included articles was manually reviewed to ensure no
further relevant articles were missed. Preprints and conference
proceedings were included when complete data was available.
A systematic review of the literature was conducted by two
authors (CAM and HM) to identify and consolidate results of
head-to-head comparisons of the effectiveness of biologic the-
rapy versus FESS for CRSWNP. PubMed, Scopus, Web of Science,
and Cochrane Central Register of Controlled Trials (CENTRAL)
databases were queried with the help of a librarian for studies
comparing the effectiveness of biologics against that of FESS for
the treatment of CRSWNP from inception to September 2024.

Rhinology Vol 64, No 2, April 2026

Data screening and abstraction

Two independent authors (CAM and HM), working indepen-
dently, conducted title and abstract screening of articles impor-
ted from the search using Rayyan ™. Any conflicts between the
two reviewers were resolved after consulting a third reviewer
(HHR). If data was missing or incomplete, the original authors of
the included studies were contacted for the necessary informati-
on. In the case of no response from the original authors, missing
values were imputed based on appropriate formulas.

Effect measures

The primary and secondary outcome measures for the meta-
analysis are reported as the weighted mean differences (WMD)
when the results are reported using the same scale, and as the
standardised mean differences (SMD) using Hedge's g when re-
sults were reported in different scales. Results were aggregated
at baseline, early follow-up (around 6 months), and late follow-
up (approximately 12 months) periods. Baseline differences in
comorbidities (AERD, asthma, CT Lund Mackay scores, history
of FESS) were examined using risk differences. The random
effects restricted maximum likelihood (REML) model with Sidik-
Jonkman adjustment was used to pool results. This model was
chosen since heterogeneity between studies was expected. A
p-value of <0.05 and non-overlapping 95% confidence intervals
(Cl) were considered statistically significant. Heterogeneity was
examined using the Cochran Q statistic while inconsistency was
examined using I-squared (/). Small-study effects (publication
bias, etc.) were examined using the funnel plot and Egger's
regression-intercept test if there were at least 10 effect publica-
tions . Data analyses were conducted using Stata (version 18)
and all statistical tests were two-tailed.

Risk of bias

The risk of bias was assessed using the Risk of Bias In Non-rando-
mized Studies of Interventions (ROBINS-I) instrument for cohort
studies ?. Two independent reviewers (CAM, HM) determined
the risk of bias using ROBINS-I. A third reviewer (HHR) was con-
sulted in the event of any discrepancies.

Ethics
This review was exempt from institutional review board appro-
val as it involves data extraction from existing published studies.

Results

The initial text search identified 1931 articles, of which 730
duplicates were removed. A total of 1201 articles were screened
based on the title and abstract, and 15 proceeded to full-text re-
view. After excluding for wrong study type, wrong comparison,



or wrong outcome, and after adding an additional article found
through cross-referencing, 7 articles representing 1422 patients
met full eligibility criteria (Figure S1) . For the Orlando et

al. and Sima et al. studies, authors were contacted for mis-

sing information and data was received from both studies ©2.
Meta-analysis could be performed on 6 of the included studies
representing 1200 patients, 267 in the FESS group and 942 in
the biologics group 357, Four of the 6 studies compared FESS
to dupilumab, 1 study compared FESS to omalizubmab, and 1
study compared a cohort of FESS patients to 2 cohorts of dupi-
lumab, 2 cohorts of omalizumab, and 1 cohort of mepolizumab.
For the last study, the biologics cohorts were combined based
on the type of biologics as well as follow up duration. All studies
provided follow up at 3-6 months and at 12 or more months
after either treatment. The main characteristics for the included
studies are shown in Table S1.

Assessment of baseline differences

Overall, the FESS and biologics groups had similar baseline
characteristics in the prevalence of AERD, prevalence of asthma,
prior sinus surgery, and CT LM scores (Figure S2). For the one
mepolizumab study, all patients in the mepolizumab group had
a history of prior sinus surgery (Risk difference of -0.41, 95% Cl of
-0.50, -0.31) but significantly more patients had comorbid AERD
in the FESS group (Risk difference of 0.11, 95% Cl of 0.01, 0.22)
(2).

Outcomes at 3-6 months (Figure S3)

Four of the 6 studies included in the meta-analysis reported
outcomes at 6 months 37, One study, Orlando et al. 2023,
reported their early outcome at 3 months ©. This was included
in the early follow up (3-6 months) meta-analysis. The study by
Dharmarajan et al. reported their mean follow up to be at 17.9
months for the dupilumab group and 12.2 months for the FESS
group.1 This study was included in the late (12 months) follow
up meta-analysis.

The pooled SNOT-22 scores showed no statistically signifi-
cant difference between the groups (WMD -5.01, 95% Cl of
-10.33,0.31, p = 0.06). Subgroup analysis showed no difference
between FESS and dupilumab (WMD -1.25, 95% Cl of -7.46, 4.96,

Dongetal.

p = 0.69), In contrast, FESS was superior to omalizumab (WMD
-10.47,95% Cl of -17.54, -6.63, p <0.001).

FESS showed significantly better outcomes in reducing NPS
compared to biologics (WMD -3.15, 95% Cl of -4.15,-2.15, p
<0.001). This advantage was consistent when comparing FESS to
both dupilumab and mepolizumab.

Overall, NCS scores results favored FESS (WMD -0.53, 95% Cl
-1.01,-0.05, p = 0.03) over biologics. Subgroup analysis showed
that FESS and dupilumab showed comparable outcomes (WMD
-0.23,95% Cl1-0.70, 0.23, p = 0.32) but FESS was superior to oma-
lizumab (WMD -1.10, 95% Cl -1.32, -0.88, p<0.001).

In terms of olfactory function, no statistically significant differen-
ces were observed between the FESS and biologics group (Hed-
ges's g -0.03, 95% Cl of -0.44, 0.39, p=0.90). However, subgroup
analysis showed that dupilumab was superior to FESS (Hedges's
g-0.34,95% Cl of -0.65, -0.03, p=0.03), and FESS was superior to
omalizumab (Hedges's g 0.65, 95% Cl of 0.36, 0.94, p<0.001)

Outcomes at 12 months (Figure 1)

Five of the 6 studies included in the meta-analysis reported
outcomes at 12 or more months (367, See main manuscript for
details of the results.

Qualitative assessment

One study was included in the systematic review for qualitative
analysis only “. The study by Gilani et al. examined the num-
ber of acute rhinosinusitis episodes and its associated use of
antibiotics in CRSWNP patients who had surgery vs dupilumab
or mepolizumab “. The use of biologics was associated with a
decrease in the number of ARS episodes compared to surgery;
however, the use of antibiotics was not different between the
two groups 7.

Risk of bias

Each article included in the study was assessed for risk of bias
using the ROBINS-I instrument. Moderate risk of bias was ob-
served for all studies (Figure S4). It is also important to note that
we were unable to examine for small-study effects (publication
bias, etc.) for any of our outcomes because the number of effect
sizes was less than 10 for all.

Rhinology Vol 64, No 2, April 2026
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Difference in the prevalence of prior sinus surgery

Difference in the prevalence of AERD Difference in the prevalence of asthma
FESS Biologics Rlisk diff. Weight FESS Biologics Risk diff. Weight

Study Yes No Yes No with 85% CI (%) Study Yes No Yes No with 95% CI (%)
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Figure S2. Forest plots comparing the prevalence of AERD (A), asthma (B), prevalence of prior history of sinus surgery (C) and the difference in CT

Lund-Mackay scores (D) between FESS and biologics groups.
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Higher recurrence in SCC from inverted papilloma
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Figure S3. Forest plots comparing the change in SNOT-22 scores (A), Nasal polyposis scores (NPS) (B), Nasal congestion scores (NCS) (C), the change in

olfaction scores (D) between FESS and biologics groups at 3-6 months follow-up. Subgroup analysis based on type of biologics is also shown.
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Figure S4. Risk of bias assessment of the included studies using ROBINS-I protocol.
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Table S1. Summary of all the included studies.

Authors/
year

Dharma-
rajan et al.
2021

Miglani et
al. 2022

Orlando et
al. 2023

Sima et al.
2023

Chang et
al. 2023

De Corso
etal. 2024

Gilani et
al. 2024

Coun-

try

USA

USA

Italy

China

USA

Italy

USA

Study Type

retrospective
cohort

retrospective
cohort

prospective
cohort

prospective
cohort

prospective
cohort

retrospective
cohort

retrospective
cohort

Comparison

FESS Bio-
logic

Dupilumab 54 54
vs FESS

Dupilumab 111 143
24 vs FESS

Dupilumab 111 295
52 vs FESS

Omalizumab 111 72
1 vs FESS

Omalizumab 111 62
2 vs FESS

Mepolizu- 111 206
mab vs FESS

Dupilumab 21 26
vs FESS

Omalizumab 22 22
vs FESS

Dupilumab 10 10
vs FESS

Dupilumab 49 52
vs FESS

Dupilumab - -
or mepoli-

zumab vs

FESS

Age (mean or
median, SD or

IQR)

FESS  Bio-
logic

533 524
(14.0)  (15.8)

51.9 52
(15.8)  (39-

61)

51.9 52
(15.8)  (42-

63)

51.9 50
(15.8) (14.5)

51.9 49
(15.8)  (11.9)
519 486
(15.8)  (13.6)
53.9 53.9

() Q]
442 465
(10.8) (12.1)
54.3 59.5
(14.5) (11.2)
433 50.1

Q] Q]
57.6 57.2

Vi

Female (%)

50.0

46.8

46.8

46.8

46.8

46.8

444

347

371

30.0

60.0

50.2

Follow up (months)

Outcomes meas-
ures

SNOT-22 (total

) and subdomains),
olfaction domain
of SNOT-22, NPS

SNOT-22, NPS,
NCS, LK-NP, SIT-40,
Sniffin's Sticks,
loss of smell score

SNOT-22, NPS,
mLKS, Sniffin'
Sticks

FESS Biologic
17.9 12.2
(+15.80) (+5.9
6
13
6
6
13
3and 12
6

3,6,9,and 12

1,3,6,9,and 12

12

SNOT-22 (total
and subdomains),
VAS (0-10) for va-
rious symptoms,
SF-36

SNOT-22, SIT-40,
Anosmia, NPS,
ACQ

SNOT-22, Sniffin'
Sticks, cycles of
OCS needed

Number of ARS
episodes and as-
sociated antibiotic
prescription

Dongetal.

Summary of the
results

Equivalence in
SNOT-22, Dupi-
lumab superior
in olfaction, FESS
superior in NPS
reduction

Compared to du-
pilumab: Equiva-
lence in SNOT-22
and NCS at 24 and
52 weeks, equiva-
lence in olfaction
at 24 weeks, FESS
superior in

NPS reduction.
Compared to
omalizumab and
mepolizumab:
FESS superior in
all measures

Equivalence in
SNOT-22 and
olfaction, FESS
superior in NPS
reduction

FESS is superior
in SNOT-22, nasal
congestion, and
olfaction

Dupilumab is su-
perior in patients
with history of
asthma or prior
sinus surgery

Dupilumab supe-
rior for SNOT-22
and olfaction

Dupilumab or
mepolizumab su-
perior in reduction
of ARS episodes
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