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Abstract

Background: Anosmia is a common, debilitating, and often treatment-resistant symptom of CRS. Biological therapies are a novel
and promising treatment for severe and uncontrolled CRS, however, the impact of biological therapy specifically on olfactory
dysfunction has not yet been evaluated through systematic review.

Methodology: Systematic searches of Ovid MEDLINE, EMBASE and Cochrane Library were performed on 25/05/2024, assessing
olfactory outcomes following treatment with biologics. Random-effects meta-analyses were conducted to generate restricted
maximum-likelihood estimates for the absolute improvement in each outcome of interest.

Results: Systematic searches yielded 801 papers, of which 37 studies comprising of 3284 patients treated with biologics and 1138
controls. In the RCT-only analysis, biologics conferred significant improvements versus control in UPSIT and VAS olfaction (measu-
red as a 0-10 Likert scale). Across all papers, Dupilumab showed significant improvements versus Omalizumab in UPSIT and VAS.
Conclusions: Biological therapies are effective in improving olfactory dysfunction secondary to treatment-resistant CRS, with VAS
olfaction gains being demonstrated up to 12 months after treatment. Dupilumab shows initial promise over omalizumab; howe-
ver, cost-effectiveness of biological therapies may limit widespread clinical usage currently.
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Olfactory outcomes after biologics in CRS

Introduction

Chronic rhinosinusitis

Chronic Rhinosinusitis (CRS) is a common pathology affecting
up to 11% of UK adults ™, characterised by inflammation of the
nose and paranasal sinuses . CRS significantly impacts health-
related quality of life (HRQoL) through frequent exacerbations
and poor symptomatic control ¢%, and can complicate into
intracranial infection or visual impairment.

Clinically, CRS is sub-categorised into CRS with nasal polyps
(CRSWNP) and CRS without nasal polyps (CRSsNP). Within
European cohorts, CRSWNP is associated with type-2 inflam-
mation with local eosinophilic infiltration and production of
eosinophil cationic protein, IL-4, IL-5, IL-13 and local IgE ©.
Conversely, CRSsNP is driven by type-1 inflammation associated
with IFN-y signalling and activity of TH1 cells, natural killer cells,
and antigen-presenting cells 7. Overlap between phenotypic
and inflammatory patterns exists, and thus endotyping is likely
to better define patient subgroups using measurable molecular
biomarkers ©.

‘Biologics’ or ‘biological therapy’ refer to drugs produced by a
biological process such as monoclonal antibodies. A range of
biologics have now been developed to target specific recep-
tors in the type-2 inflammatory pathway principally affected in
CRSwNP. Biologics are developing a significant evidence base
for their efficacy in improving HRQoL in severe and uncontrol-
led CRS 319, reflected in the recommendations in the 2023
European Position Paper on Rhinosinusitis and Nasal Polyps 2.
However, to date, the impact of biological therapy specifically
on olfactory dysfunction caused by CRS has not been evaluated
through systematic review (719,

Anosmia in CRS

CRS is a world-leading cause of olfactory dysfunction 2%, with
anosmia present in 67-75% of cases ?". Anosmia specifically is
the most debilitating symptom of CRS ", as severity correlates
with the risk of developing major depressive disorders 2. Anos-
mia also has a well-proven, strong and significant association
with risk of mortality ?>?%; a finding which is not replicated in
impairments in vision or hearing. Possible mechanisms include
decreased ability to enjoy food causing decreased appetite and
chronic malnourishment, or an inability to sense ‘danger signals’
such as smoke, natural gas, or malodorous foods, increasing risk
of cooking accidents, fires, gas leaks, and consumption of toxins
in spoiled food ©°.

Olfactory dysfunction can be hard for patients to identify and
thus clinical testing is essential. Psychophysical olfactory tests
are widely used, and generally assess three domains; Threshold,
Detection, and Identification (TDI). Threshold involves assessing
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the lowest-identifiable concentration of a given odour, detection
requires attempts at odour discrimination amongst multiple
odours, and identification assesses ability to identify specific
odours. Commonly used psychophysical tests include the
University of Pennsylvania Smell Identification Test (UPSIT) ©2,
assessing identification, and Sniffin’ Sticks %, assessing all three
domains. Despite showing cultural variability %, both are well-
validated in European cohorts with high test-retest reliability
(23539 Visual analogue scale (VAS) olfaction is also widely used
as a quick and repeatable subjective anosmia score, involving
self-assessment of anosmia severity from 0-10 6738,

Given the prevalence of olfactory dysfunction in CRS, the signi-
ficant morbidity and mortality anosmia causes, and the relative
paucity of level-one evidence, our primary aims were to evaluate
the olfactory outcomes of CRS patients following biological
treatment. Our secondary aims were to compare the olfactory
outcomes of different biologics, to determine the most com-
monly reported adverse effects, and to identify factors which
significantly affect the degree of improvements in olfactory
outcomes following treatment with biologics.

Materials and methods

Protocol and registration

This systematic review and meta-analysis was designed in accor-
dance with the Cochrane Handbook for Systematic Reviews of
Interventions ©° and was registered prospectively with PROSPE-
RO (CRD42024541645). The review adhered to the PRISMA
reporting guidelines “®, and the meta-analysis conducted with
close attention to the MOOSE reporting checklist.

Systematic searches

A PICOS chart was designed prior to systematic search, with
notable exclusion criteria including secondary CRS caused by
known aetiologies, such as vasculitides, granulomatous disease,
cystic fibrosis, or immunodeficiency as these represent different
pathological processes. In Table 1, full inclusion and exclusion
criteria are described.

Systematic searches were performed on April 25th 2024 on
MEDLINE via Ovid, Embase, CENTRAL and the Cochrane Data-
base of Systematic Reviews (CDSR), with expert librarian sup-
port. Key search terms focused around three concepts: chronic
rhinosinusitis, biological therapy, and anosmia (Appendix 1
shows full details of the search strategy).

Data extraction

Outcome data was extracted in duplicate by JM and DP and
recorded onto a standardised database designed according to
the STARD 2015 checklist. Outcomes of interest included study
characteristics and improvements in the following parameters
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Table 1. PICOS inclusion and exclusion criteria for study selection.

Inclusion criteria Exclusion criteria

Domain

Population Clinical study conducted on human populations with
Chronic Rhinosinusitis (CRS) with or without Polyps
related to Olfactory dysfunction regardless of age, gender

or ethnicity.

Populations with Chronic Rhinosinusitis without relation to Olfac-
tory dysfunction

Patients with CRS caused by known aetiologies such as vasculiti-
des, granulomatous diseases, cystic fibrosis or immunodeficiency

Intervention Patients treated with biologics for CRS, including but not
limited to dupilumab, omalizumab, mepolizumab, benra-

lizumab, reslizumab, lebrikizumab, tralokinumab

Patients treated with biologics for indications outside of CRS

Comparison A non-exposed control group including alternative treat-

ment or placebo

Control groups which included administration of biologics

Outcome 1.Validated psychophysical Olfaction scoring systems
including “Sniffin’ Sticks” (TDI) or UPSIT.

2. Health-related QoL measured by validated disease-spe-
cific scoring systems such as SNOT-22, RSOM-31 or others.
3. Disease severity and extent through validated objective
and subjective symptom scores such as VAS, peak Nasal
Inspiratory Airflow, Lund-Kennedy, Lund-Mackay, DIP or
others.

4. Short-term, medium-term and long-term reported
adverse events and length of follow-up.

5. Epidemiological data surrounding population in which
biologics were administered including previous surgeries
and length of olfactory dysfunction.

Studies where no outcome measures are directly related to efficacy
of biologics on olfactory or clinical outcomes in patients with CRS.

Study Type Full-text primary studies written in English or with full- Case reports, abstracts, reviews.

text English translation available

following a course of biologic immunotherapy: Sniffin’ Sticks

63), UPSIT ©2, SNOT score ), NOSE score Y, subjective olfaction
(assessed using either a visual analogue scale or a binary metric
such as present or absent anosmia), Nasal Polyp Score (NPS),
Lund-Mackay score “?, Lund-Kennedy Score “¥ and peak nasal
inspiratory flow rate (NPIF). Data regarding patient-reported ad-
verse reaction to biologics were also extracted. Where data were
reported in terms of medians, it was assumed to be normally
distributed in order to impute mean values. Authors were not
contacted to request unpublished data.

Assessment of the risk of bias

The overall risk of bias in the included studies was assessed
using the Revised Cochrane risk-of-bias tool for randomized
trials (RoB 2) ““ and The Risk Of Bias In Non-randomized Studies
of Interventions (ROBINS-1)¥ assessment tools. The risk of publi-
cation bias in our estimates of each of the main outcomes was
assessed using Egger’s tests “? and visual inspection of funnel
plots.

Statistical analysis

Where reported, the mean change in each outcome was
recorded directly into the data extraction spreadsheet. Where
missing, it was calculated from the before and after values. The
standard deviation therein was imputed using the standard de-
viations in these values established methods “#® outlined in the

Studies without full-text English translation.
Animal studies.

Cochrane Handbook section 6.5.2.8. ©. A correlation coefficient
of 0.9 was selected on the assumption that greater variance in
the before and after values would almost always result in greater
variance in the difference between them, whilst avoiding non-
real values for standard deviation when the individual standard
deviations were equal, as was the case for SSIT-16 scores in

the biologics cohort of De Corso “. A sensitivity analysis was
conducted using correlation coefficients of 1.0, 0.9, 0.8, 0.7,

0.6 and 0.5 which demonstrated this imputation to not impact
the results of any of our meta-analyses of RCTs (the difference
between the changes in Lund-Mackay scores across all inclu-
ded papers in the biologic and control cohorts lost significance
when the correlation coefficient was set to 0.5, but was other-
wise significant for all other values tested). Where SD itself was
not reported, it was calculated from the 95% confidence interval
or interquartile range whilst assuming that data was normally
distributed. In place of these measures of spread, the SYNAPSE
RCT ©9 reported range, from which the standard deviation was
estimated using the rule of thumb method ®". For each out-
come of interest, we generated restricted maximum-likelihood
estimates for the overall change following treatment with either
biologics or a placebo, using a random-effects meta-analysis
model 5254, Between-study heterogeneity was evaluated using
the Cochran’s Q statistic with a threshold of significance of
0=0.05. Subgroup analyses were conducted for the studies fulfil-
ling each of the following criteria in turn: assessed dupilumab
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Figure 1. PRISMA diagram.

only; assessed omalizumab only; undertaken in upper-income
countries only; undertaken, at least in part, in lower-middle or
upper-middle income countries (both according to the World
Bank Classification for the 2023/24 fiscal year) ©.

For each outcome of interest, the risk of confounding was as-
sessed via univariate meta-regressions ©® using the following
study-level covariates: sex ratio, mean age, mean follow-up,
mean duration of biologic therapy and publication year. We
planned to do the same for mean duration of CRS, mean delay
since last sinus surgery and mean number of previous surgeries;
however, fewer than four RCTs assessing each outcome of inte-
rest reported these covariates so these did not undergo meta-
regression. To avoid inflating the type-l error rate, the Sidak
correction ©” was applied to a=0.05 to generate an adjusted-
significance threshold of 0.00183 for the 25 regressions. Were

a significant correlation to be found, the residual plots would
have been visually inspected to determine whether the regres-
sions fulfilled the homoscedasticity assumption. All statistics are
presented as mean [95% confidence interval], unless otherwise
stated.

Results

Study characteristics

Systematic searches yielded a total of 801 papers of which 296
were duplicates. Thus, 505 abstracts were screened, of which 58
were post-hoc analyses of randomised controlled trials (RCTs)
and so were coded as wrong publication type and excluded in
favour of the original trial data published on clinicaltrials.gov.
66 full-text articles were assessed for eligibility, and after full
text-screening a total of 37 individual studies “9°°892, com-
prising 3,284 CRS patients taking biologics and 1,138 controls,

Rhinology Vol 63, No 6, December 2025

were included in our analyses (Table S2 contains detailed study
characteristics). Our principal analysis was concerned with the
12 RCTs (5060697080-8690) \which comprised 981 CRS patients taking
biologics and 957 controls. In Figure 1 all details are presented.
Of the participants included from all 37 papers, 60.6% were male
(n=2679) and the mean age was 51.76 years. Where reported,
the mean duration of CRS was 12.4 years (7 papers, 844 partici-
pants) 06770879092 the mean time delay since previous surgery
was 63.4 months (6 papers, 1223 participants) #°9607887.90 gand
participants had undergone 2.0 previous surgeries (15 papers,
2172 participants)“9°0596062667275787987-9 43 294 of papers em-
ployed a mu|ti-Centre design (n:‘l 6) (49,50,60,61,62,64,68,69,70,78,81783,85,86,92)’
leaving a total of 575 different centres in 30 different countries
in our final analysis. 94.6% of included papers (n=35) (“495958-68,6%-
798192 were published after 1st January 2021 and 32.4% were
RCTS (n:'l 2) (50,60,69,70,80—86,90)'

The number of studies assessing each biologic drug were as
follows: dupilumab: 24 (“49:585962:6567.6871-798385-878991), omalizumab: 8
(61,6669,80-828488); mepolizumalb: 4 50616679, henralizumalb: 4 ©06166°0),
reslizumab: 1 ©"; strapokibart: 1 ©2. 43.2% of papers (n=16)
(50,58,60,6970,73,77.80-869092) jncluded a separate control cohort, while
the other 56.8% (n=21) (#495961-6871.7274-7678, 79878591 oy assessed
the change in olfactory function in patients taking biologic
immunotherapies. Patients were followed up for a median dura-
tion of 6 months (IQR: 5.025-12) across all included studies but 5
months (IQR: 4.5-7.5) across included RCTs.

Main findings: outcomes from RCTs

Data availability allowed for meta-analyses of six outcomes
amongst the included RCTs: UPSIT, VAS olfaction, SNOT-22,
bilateral NPS, Lund-Mackay Score and NPIF. Patients treated with
biologic immunotherapy demonstrated significantly greater
improvements in olfactory function after a median follow-up
duration of 5 months (IQR:4.5-7.5) across included RCTs: the
REML for the improvement in UPSIT was 7.74 [4.49-11.0] fol-
lowing biologics, compared to 0.25 [-0.37-0.86] in the control
cohort (test of group difference: x? =19.65, p<0.01, Figure 2).
Subjective olfactory function demonstrated similar improve-
ments following biologics: VAS olfaction (0-10 scale) decreased
2.35[0.68-4.02] in the biologics cohort, compared to only 0.10
[-0.35-0.54] in the control cohort (test of group difference: %?
=6.52, p =0.01, Figure 3). CRS-related quality of life measures
were also significantly improved by the addition of biologic
therapies: SNOT-22 scores decreased 24.98 [21.41-28.55] in the
biologics cohort versus 8.98 [7.65-10.32] in the control cohort
(test of group difference: x> =67.65, p<0.01, Figure 4). While
the NPS (0-8 scale) showed good improvements with biologics
(decreased by 1.57 points [0.75-2.39] compared to 0.12 points
[-0.12-0.36], test of group difference: x2=11.10, p <0.01, Figure
5), the relative improvement in the Lund-Mackay score with
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Change in UPSIT Score

Effect size

Study with 95% ClI Weight Cohort (n) FU (Months)
Biologic
SINUS-52 (NCT02898454) 9.99[ 9.87, 10.11] 12.93% 145 12
Bachert 2022 (NCT03401229) - 041[ -0.93, 1.75] 12.69% 207 9
POLYP-1 (NCT03280550) L 444 424, 4.64] 12.93% 72 5
Tversky 2021 —a— 6.60[ 3.09, 10.11] 11.44% 12 5
POLYP-2 (NCT03280537) B 431 4.10, 4.52] 12.93% 62 5
SINUS-24 (NCT02912468) = 11.26 [ 11.15, 11.37] 12.93% 143 5
Zhang 2023 (NCT04805398) —=— 10.30[ 8.89, 11.71] 12.67% 28 4
Sanofi 2017 (NCT01920893) —&—— 15.36[ 11.92, 18.80] 11.49% 30 4
Heterogeneity: 12 = 21.26, I? = 99.94%, H? = 1621.79 - 774 4.49, 11.00]
Test of 6, = 8;: Q(7) = 6009.40, p = 0.00
Testof 8 =0:z=4.66, p =0.00
Control
SINUS-52 (NCT02898454) L] -0.78 [ -0.89, -0.67] 13.71% 153 12
Bachert 2022 (NCT03401229) = -0.55[ -1.63, 0.53] 13.54% 203 9
Pinto 2010 (NCT00117611) —&— 4.00[ 1.04, 6.96] 12.54% 7 6
POLYP-2 (NCT03280537) 0.44[ 0.24, 0.64] 13.71% 65 5
POLYP-1 (NCT03280550) F 0.63[ 0.41, 0.85] 13.71% 66 5
SINUS-24 (NCT02912468) L 0.70[ 0.58, 0.82] 13.71% 133 5
Zhang 2023 (NCT04805398) <= -0.80 [ -12.05, 10.45] 5.84% 28 4
Sanofi 2017 (NCT01920893) —a— -0.17[ -1.99, 1.65] 13.24% 30 4
Heterogeneity: 12 = 0.50, I? = 97.37%, H? = 38.00 ® 0.25[ -0.37, 0.86]
Test of 8, = 8;: Q(7) = 370.75, p = 0.00
Testof 8=0:z=0.79, p =0.43
Test of group differences: Q,(1) = 19.65, p = 0.00

000 500 1000 1500 2000

Correlation Coefficient = 0.9

Figure 2. Forest plot for the change in UPSIT score within the biologic and control cohorts of included RCTs.

biologics failed to reach statistical significance: the Lund-Mackay
score decreased by 6.95 [5.18-8.72] in the biologics cohort com-
pared to 2.63 [-1.54-6.81] in the control cohort (test of group dif-
ference: x2 =3.48, p=0.06, Figure 6). Finally, the NPIF was found
to increase by 43.90 ml/min [15.72-72.09] in the biologics cohort
compared to 19.30 ml/min [13.21-25.39] in the controls (test of
group difference: x2 =2.80, p =0.09, Figure 7). With the exception
of the NPIF measurements reported in the control cohorts, the
reported changes in each outcome of interest suffered from a
high degree of heterogeneity therein (p <0.01).

Outcomes from non-randomised studies

When the meta-analysis was conducted to include non-RCTs,
data availability allowed for SSIT-16 to be additionally analysed.
Both the SSIT-16 and UPSIT scores demonstrated significantly
greater improvements in the biologic cohort compared to the
control cohort: the REML for the improvement in SSIT-16 was

5.85 [4.74-6.96] following biologics, compared to 0.79 [0.16-
1.41]in the control cohort (test of group difference: x2 =60.56,
p<0.01, Figure S1), while the REML for the improvement in UPSIT
following biologics was 8.91 [5.15-12.68], compared to 0.25
[-0.37-0.86] in the control cohort (test of group difference: x2
=19.83, p<0.01, Figure S2). Subjective olfactory function showed
similar improvements following biologics when assessed using
all included papers, with VAS olfaction decreasing 4.14 [2.87-
5.41] points in the biologic cohort, compared to 0.16 [0.3-0.62]
points in the control cohort (test of group difference: x2 =33.32,
p<0.01, Figure S3). The SNOT-22 score decreased by 35.40
[30.97-39.84] following biologics compared to 10.78 [7.77-13.79]
in the control cohort (test of group difference: x2 =81.03, p<0.01,
Figure S4). Finally, all three markers of disease activity assessed
demonstrated significantly greater improvements following tre-
atment with biologics: NPS decreased 3.21 [2.58-3.84] compared
t0 0.02 [-0.27-0.31] (test of group difference: x2 =81.18, p<0.01,

Rhinology Vol 63, No 6, December 2025
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Change in Olfaction as Determined by VAS

Effect size
Study with 95% CI Weight Cohort (n) FU (Months)
Biologic
SYNAPSE (NCT03085797) Ll -0.53[-0.92, -0.14] 12.61% 206 12
SINUS-52 (NCT02898454) L] -497[-5.02, -4.92] 12.72% 145 12
Bachert 2022 (NCT03401229) = -1.13[-1.47, -0.79] 12.63% 207 9
GSK 2021 (NCT01362244) = -3.01[-3.71, -2.31] 12.35% 54 6
POLYP-1 (NCT03280550) = 1.87[ 1.80, 1.94] 12.72% 72 5
POLYP-2 (NCT03280537) -1.93[-2.01, -1.85] 12.72% 62 5
SINUS-24 (NCT02912468) L] -4.70[ -4.74, -4.66] 12.72% 143 5
Sanofi 2017 (NCT01920893) —&— -4.53[-5.82, -3.24] 11.53% 30 4
Heterogeneity: 12 = 5.74, 1> = 99.97%, H? = 3093.87 - -2.35[-4.02, -0.68]
Test of 6, = 8;: Q(7) = 30670.51, p = 0.00
Testof 8 =0:z=-2.75, p =0.01
Control
SINUS-52 (NCT02898454) L -0.60[ -0.65, -0.55] 12.90% 153 12
SYNAPSE (NCT03085797) L d 0.00[-0.41, 0.41] 12.77% 201 12
Bachert 2022 (NCT03401229) = -0.53[-0.83, -0.23] 12.83% 203 9
GSK 2021 (NCT01362244) —— -1.32[-3.33, 0.69] 10.31% 51 6
POLYP-1 (NCT03280550) L 0.77[ 0.69, 0.85] 12.90% 66 5
SINUS-24 (NCT02912468) L -0.29[-0.33, -0.25] 12.90% 133 5
POLYP-2 (NCT03280537) L] -0.43[-0.51, -0.35] 12.90% 65 5
Sanofi 2017 (NCT01920893) - 1.00[ 0.28, 1.72] 12.50% 30 4
Heterogeneity: 12 = 0.35, I> = 99.46%, H? = 183.87 < -0.10[ -0.54, 0.35]
Test of 6, = 8;: Q(7) =915.26, p = 0.00
Testof 8=0:2=-0.43, p=0.67
Test of group differences: Q,(1) = 6.52, p = 0.01

r T T T T T 1
-10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00

Correlation Coefficient = 0.9. VAS graded 0-10 with 0 being no olfactory deficit and 10 being highly bothersome olfactory deficit

Figure 3. Forest plot for the change in VAS olfaction within the biologic and control cohorts of included RCTs.

Figure S5); Lund-Mackay score decreased 8.97 [6.34-11.60]
compared to 3.82 [-0.42-8.06] (test of group difference: x* =4.09,
p=0.04, Figure S6); NPIF increased 57.99ml/min [43.04-72.94]
compared to 19.30 [13.21-25.39] without biologic immunothe-
rapy (test of group difference: x> =22.08, p<0.01, Figure S7). With
the exception of NPIF and SSIT-16 scores in the control cohorts,
all outcomes demonstrated significant between-study hetero-
geneity in both the biologic and control cohorts when assessed
using all included papers (p<0.01).

Outcomes with dupilumab versus omalizumab

Data availability across all papers also allowed direct compari-
son between outcomes following treatment with dupilumab

or with omalizumab. Dupilumab was found to confer superior
improvements in UPSIT, VAS olfaction and NPS compared to
omalizumab. Conversely, no significant difference in the change
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in SNOT-22 score was demonstrated between the two therapies.
Following treatment with dupilumab, UPSIT increased by 13.53
points [9.38-17.68] compared to 4.38 points [4.23-4.52] following
omalizumab therapy (test of group difference: %2 =18.69, p<0.01,
Figure S8); VAS olfaction improved 6.22 points [5.36-7.09] and
1.71 points [-1.33-4.75], respectively, (test of group difference:

%% =7.83, p=0.01, Figure S9); NPS decreased by 3.89 points [3.36-
4.42] and 1.50 points [0.37-2.63], respectively, (test of group
difference: *> =14.03, p<0.01, Figure $10); SNOT-22 decreased

by 38.38 points [34.94-41.82] and 33.72 points [13.16-54.27], res-
pectively (test of group difference: %2 =0.19, p=0.66, Figure S11).

Meta-regressions of RCTs

Meta-regressions for the RCT-only meta-analyses demonstra-
ted that the change in UPSIT, SNOT-22, VAS olfaction, NPS and
Lund-Mackay scores were not significantly correlated with the
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Change in SNOT-22 Score
Effect size

Study with 95% Cl Weight Cohort (n) FU (Months)
Biologic
SINUS-52 (NCT02898454) = -30.42[ -30.69, -30.15] 11.53% 145 12
SYNAPSE (NCT03085797) = -30.00 [ -34.51, -25.49] 10.78% 206 12
Bachert 2022 (NCT03401229) = -16.20[ -19.35, -11.05] 10.89% 207 9
POLYP-2 (NCT03280537) L] -21.59 [ -21.74, -21.44] 11.53% 62 5
POLYP-1 (NCT03280550) L] -24.70[ -25.16, -24.24] 11.52% 72 5
Tversky 2021 = -19.20[ -20.67, -17.73] 11.45% 12 5
SINUS-24 (NCT02912468) L] -30.43[ -30.68, -30.18] 11.53% 143 5
Sanofi 2017 (NCT01920893) —a— -29.10[ -36.22, -21.98] 9.82% 30 4
Zhang 2023 (NCT04805398) = -24.80[ -28.70, -20.90] 10.96% 28 4
Heterogeneity: 12 = 27.25, I? = 99.84%, H2 = 627.97 2 -24.98[ -28.55, -21.41]
Test of 8, = 8;: Q(8) = 5298.32, p = 0.00
Testof 8 =0:z=-13.72, p =0.00
Control
SINUS-52 (NCT02898454) L] -9.06[ -9.32, -8.80] 13.41% 153 12
SYNAPSE (NCT03085797) = -14.00[ -18.29, -9.71] 12.62% 201 12
Bachert 2022 (NCT03401229) = -10.70[ -15.05, -6.35] 12.59% 203 9
POLYP-2 (NCT03280537) = -6.55[ -7.09, -6.01] 13.40% 65 5
Tversky 2021 —s— -14.60[ -25.97, -3.23] 9.28% 12 5
SINUS-24 (NCT02912468) ] -9.31[ -9.59, -9.03] 13.41% 133 5
POLYP-1 (NCT03280550) = -8.58[ -9.09, -8.07] 13.40% 66 5
Sanofi 2017 (NCT01920893) = -826[ -14.57, -1.95] 11.80% 30 4
Zhang 2023 (NCT04805398) -10.40 [ -213.53, 192.73] 0.09% 28 4
Heterogeneity: 12 = 2.23, I> = 96.23%, H? = 26.55 ' -8.98[ -10.32, -7.65]
Test of §, = 6;: Q(8) =92.01, p = 0.00
Testof @ =0:2=-13.17, p =0.00
Test of group differences: Q,(1) = 67.65, p = 0.00

T T T T 1
-80.00 -60.00 -40.00 -20.00 0.00 20.00

Correlation Coefficient = 0.9

Figure 4. Forest plot for the change in SNOT-22 score within the biologic and control cohorts of included RCTs.

sex ratio, mean age of participants, mean follow-up duration,
duration of biological treatment or the year of publication of
included RCTs.

Meta-regressions of non-randomised studies

However, meta-regressions for meta-analyses across all papers
demonstrated that 66.3% of the variance in improvements in
UPSIT scores reported by included studies could be accounted
for by the variance in the sex ratio of their biologic cohorts,
with each 1% increase in the proportion of females conferring
a 1.01% increase in the improvement in UPSIT score (p=0.0002,
Figure S12). Similarly, 34.5% of the variance in the decreases in
VAS olfaction following biologic therapy could be accounted
for by variance in the duration of follow-up in included studies;
VAS olfaction decreased a further 0.59 points for each additional
month of follow-up (p=0.0003, Figure S13). Finally, 34.4% of

the variance in the NPS scores reported could be accounted for
by the variance in the year of publication, with the degree of
improvement in NPS score improving a further 0.61 points per
year between 2017 to 2024 (p=0.0002, Figure S14). No other
correlations were found.

Reported side effects

Reporting of adverse reactions to biologics was highly variable
amongst the included papers but was most reliably assessed by
the RCTs. Of the 37 included studies, 29 assessed for side effects
(49,50,59,60,63,65-72,74-83,85,86,88,90-92) and’ Of these, 6 papers (66,75,76,79,80,88) re-
ported that their participants had suffered no adverse reactions
to biologics. Amongst the 2,749 patients treated with biologics
and assessed for adverse reactions, there were 44 cases of hype-
reosinophilic disorders, 41 cases of pruritus or rash, 23 cases of
conjunctivitis and 26 cases of arthralgia. 5 deaths in total were
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Change in Nasal Polyp Score

Effect size
Study with 95% CI Weight Cohort (n) FU (Months)
Biologic
SYNAPSE (NCT03085797) = -1.00[ -1.31, -0.69] 10.01% 206 12
SINUS-52 (NCT02898454) L -2.05[ -2.07, -2.03] 10.18% 145 12
Bachert 2022 (NCT03401229) &8 -0.36 [ -0.59, -0.13] 10.09% 207 9
GSK 2021 (NCT01362244) —= -4.56 [ -5.07, -4.05] 9.73% 54 6
POLYP-2 (NCT03280537) L -0.90[ -0.94, -0.86] 10.18% 62 5
POLYP-1 (NCT03280550) L -1.08[ -1.12, -1.04] 10.18% 72 5
SINUS-24 (NCT02912468) = -1.89[ -1.91, -1.87] 10.18% 143 5
Tversky 2021 L 0.30[ 0.13, 0.47] 10.13% 12 5
Zhang 2023 (NCT04805398) = -2.40[ -2.86, -1.94] 9.81% 28 4
Sanofi 2017 (NCT01920893) —&— -1.90[ -2.53, -1.27] 9.50% 30 4
Heterogeneity: 12 = 1.72, I2 = 99.96%, H? = 2554.50 S -1.57[ -2.39, -0.75]
Test of 6, = 8: Q(9) = 4324.66, p = 0.00
Testof 8 =0:z=-3.76, p =0.00
Control
SYNAPSE (NCT03085797) 0.00[ -0.28, 0.28] 11.00% 201 12
SINUS-52 (NCT02898454) 0.16[ 0.14, 0.18] 11.15% 153 12
Bachert 2022 (NCT03401229) 0.17[ 0.01, 0.33] 11.10% 203 9
GSK 2021 (NCT01362244) -1.84[-11.72, 8.04] 0.60% 51 6
SINUS-24 (NCT02912468) | 0.17[ 0.14, 0.20] 11.15% 133 5
POLYP-2 (NCT03280537) L -0.31[ -0.35, -0.27] 11.15% 65 5
POLYP-1 (NCT03280550) L 0.06[ 0.02, 0.10] 11.15% 66 5
Tversky 2021 L -0.90[ -1.01, -0.79] 11.13% 12 5
Sanofi 2017 (NCT01920893) j -0.26[ -0.73, 0.21] 10.72% 30 4
Zhang 2023 (NCT04805398) -0.20[ -0.60, 0.20] 10.84% 28 4
Heterogeneity: 12 = 0.12, I2 = 99.46%, H? = 183.77 4 -0.12[ -0.36, 0.12]
Test of 6,= 6: Q(9) = 768.24, p = 0.00
Testof 8 =0:z=-0.96, p = 0.34
Test of group differences: Q,(1) = 11.10, p = 0.00

T T T
-6.00 -400 -2.00

T
0.00 2.00

Correlation Coefficient = 0.9. NPS graded 0-4 for each nostril and summed to produce a final score of 0-8.

Figure 5. Forest plot for the change in NPS within the biologic and control cohorts of included RCTs.

reported: 1 in the SINUS-52 trial ®® and a further 3 in another
non-randomised trial Y, though the latter deaths were reported
to have been unrelated to treatment with biologics. Additio-
nally, one patient from another RCT ¥ was reported to have
developed fatal chronic lymphocytic leukaemia one year after
treatment with omalizumab.

Risk of bias

All but one randomised study included in this analysis was
deemed to be at low overall risk of bias (5060.6270581-8385869092)
(Figure S15). The baseline characteristics of the participants
in the remaining paper © were found to suffer from statisti-
cally significant differences between cohorts, suggesting that
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there may have been an error in the randomisation process.

Of the 25 non-randomised studies #2585961-6871-798487:89.91) 7 \yere
deemed to be at low overall risk ©567687577.7890 and 19 at mode-
rate overall risk of bias in their results #4>°85961-646671-7476,798487-89)
(Figure S16). 10 studies ©162667174768487-89 gt moderate risk failed
to utilise appropriate analytical methods to account for the
effect of potential confounding factors whilst 13 were at risk of
bias from participants’ awareness of which intervention they
were receiving (6162667174768487-89) Eor six of the seven outcomes
assessed through meta-analysis, excluding the change in the
Lund-Mackay score, the Egger’s test statistic demonstrated a low
risk of publication bias for the included studies (p>0.05 for each,
Figure S17). The improvements in Lund-Mackay score reported
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Effect size
Study with 95% ClI Weight Cohort (n) FU (Months)
Biologic
SINUS-52 (NCT02898454) L] -5.60[ -5.66, -5.54] 20.21% 145 12
SINUS-24 (NCT02912468) L] -8.18[ -8.24, -8.12] 20.21% 143 5
Tversky 2021 a2 -4.20[ -4.82, -3.58] 20.09% 12 5
Sanofi 2017 (NCT01920893) —&— -9.26 [ -10.90, -7.62] 19.40% 30 4
Zhang 2023 (NCT04805398) = -7.80[ -8.41, -7.19] 20.10% 28 4
Heterogeneity: 12 = 3.92, |2 = 99.91%, H? = 1152.48 <> -6.95[ -8.72, -5.18]
Test of 8, = 8;: Q(4) = 3889.35, p = 0.00
Testof 8 =0:z=-7.68, p=0.00
Control
SINUS-52 (NCT02898454) | 011[ 0.05 0.17] 21.32% 153 12
SINUS-24 (NCT02912468) | -0.74[ -0.80, -0.68] 21.32% 133 5
Tversky 2021 —=| -1.60[ -2.84, -0.36] 20.82% 12 5
Zhang 2023 (NCT04805398) . -12.80 [ -17.53, -8.07] 15.81% 28 4
Sanofi 2017 (NCT01920893) —#- -0.23[ -1.57, 1.11] 20.74% 30 4
Heterogeneity: T2 = 21.55, I? = 99.98%, H? = 5641.03 ~<_—— -263[ -6.81, 1.54]
Test of 8, = 8 Q(4) = 406.71, p = 0.00
Testof 8 =0:z=-1.24,p=0.22
Test of group differences: Q,(1) = 3.48, p = 0.06
-24.00 20,00 -16.00 -12.00 -8.00 -4.00 0.00
Correlation Coefficient = 0.9
Figure 6. Forest plot for the change in Lund-Mackay score within the biologic and control cohorts of included RCTs.
Change in Nasal Peak Inspiratory Flow (ml/min)
Effect size
Study with 95% ClI Weight Cohort (n) FU (Months)
Biologic
SINUS-52 (NCT02898454) = 55.29 [ 54.79, 55.79] 34.83% 145 12
GSK 2021 (NCT01362244) = 16.20 [ 15.11, 17.29] 34.81% 54
Sanofi 2017 (NCT01920893) — 61.91[ 46.38, 77.44] 30.37% 30
Heterogeneity: 12 = 600.74, |2 = 99.94%, H? = 1610.61 e —— 43.90[ 15.72, 72.09]
Test of 6, = 8;: Q(2) = 4076.24, p = 0.00
Testof 8 =0: z=3.05, p=0.00
Control
SINUS-52 (NCT02898454) L] 18.65[ 18.02, 19.28] 35.57% 153 12
GSK 2021 (NCT01362244) & 10.71[ -3.17, 24.59] 31.84% 51
Sanofi 2017 (NCT01920893) —a— 28.81[ 16.55, 41.07] 32.59% 30
Heterogeneity: 12 = 14.32, |12 = 39.36%, H2 = 1.65 <> 19.30[ 13.21, 25.39]

Testof 8,=6;: Q(2) =3.89, p=0.14
Testof 8 =0:z=6.21, p=0.00

Test of group differences: Q,(1) = 2.80, p = 0.09

Correlation Coefficient = 0.9

T T T T 1
0.00 20.00 40.00 60.00 80.00 100.00

Figure 7. Forest plot for the change in NPIF within the biologic and control cohorts of included RCTs.
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in 8 individual papers (58758385868990.92) was found to be at high risk
of publication bias (t=-3.60, p=0.011, n=8) and the funnel plot
exhibits a clear bias towards publishing studies which reported
greater improvements in Lund-Mackay score. However, we
acknowledge that these interpretations of both the Egger’s test
and funnel plots may not be valid, firstly, given the significant
heterogeneity in this analysis ©¥, and secondly, due to the inclu-
sion of fewer than 10 individual study arms ©9.

Discussion

Biologics significantly improve olfactory dysfunction secondary
to treatment-resistant CRS. Despite the cultural variability of
psychophysical olfactory tests %, UPSIT, VAS olfaction and SSIT-
16 all show significant improvements after biological therapy
through the range of 30 included countries when conducting
meta-analyses across both RCTs and non-RCTs. Currently, the
EPOS update in 2023 lists smell loss as a criteria for eligibility

for biological therapy ", and our findings support the efficacy
of biologics in treating refractory anosmia, with an average
patient in our cohort having prevailing anosmia after 12.4 years
of disease burden, optimised medical management, initial FESS,
and revision FESS. Revision FESS currently represents “end-stage”
management for CRS, and displays a major complication rate of
0.46% relating to skull base, orbital, or haemorrhagic complica-
tions ©>%), In contrast, biologics are effective in treating FESS-re-
sistant CRS, and, to date, display a similar or better safety profile,
representing a significant opportunity to improve the HRQoL,
morbidity and mortality of patients with anosmia from CRS.

Of the biologics available, dupilumab shows initial promise as
most effective for anosmia, demonstrating significant impro-
vements in both VAS Olfaction and UPSIT over omalizumab,
although there was insufficient data availability to compare the
two across RCTs only. All papers exclusively assessed CRSWNP,
driven by type-2 inflammation, which displays significant hete-
rogeneity through distinct endotypes, which can independently
predict the magnitude of dupilumab response 1%, Differences
in underlying endotype prevalence or associated comorbidities
across cohorts may partially explain dupilumab’s relative effica-
cy, such as when considering the high concurrent prevalence of
asthma in included cohorts, which dupilumab is well-recognised
to be effective against. Future endotype-matched research may
help untangle endotype-specific efficacies of individual biologi-
cal therapies, including potentially effective biological therapies
for type-1 inflammation.

VAS Olfaction demonstrated continuing improvements for each
additional month of follow-up in the meta-regressions across all
papers, up to a maximum of 12 months of follow-up in the lon-
gest studies. The median length of follow-up for included RCTs
was 5 months, but given this association, we would recommend
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further RCTs to consider increasing their length of follow-up to
at least 12 months to fully capture potential subjective patient-
focused anosmia improvements. Notably, reliability of UPSIT
analysis across all papers is improved through meta-regression
demonstrating that improvements in UPSIT score were positi-
vely correlated to proportion of females in treatment groups,
with females being known to have superior olfactory function
and UPSIT scores ©%.

While UPSIT, VAS olfaction and SSIT-16 all showed significant
improvements, these findings must be interpreted with some
caution, as the RCT-only analysis did not demonstrate signifi-
cance with SSIT-16, and further RCTs incorporating Sniffin’ Sticks
would help discern significance from these findings. All papers
included utilised only the identification component of the full
TDI Sniffin’ Sticks’ test, which is the most widely used, resear-
ched, and modified of all three subtests ©”, potentially due to
relative ease-of-use and speed. However, both identification
and discrimination rely on and measure cerebral interpreta-
tion of smell, thereby displaying variability based on cognitive
ability, such as lower scores in young children ©&*°. In contrast,
threshold measures the peripheral, or end-organ component of
olfaction, and does not demonstrate the same cognitive age-
related variability ©®. Use of threshold testing in future RCTs may
therefore be a more accurate and sensitive measure of olfactory
mucosa olfaction and subsequent olfactory mucosa restoration
following biologics.

Currently, biological therapy is not as cost-effective in the ma-
nagement of CRS as FESS @, although this may change as their
patents begin to expire. Looking forwards, dupilumab's patent
is set to expire in September 2032, but cost-efficiency gains may
be on the horizon for omalizumab, which has come off patent

in Europe earlier in March 2024, potentially paving the way for
more regular clinical use. Smell was evaluated using different
tests with a different time interval for each biologic. None of the
RCTs primarily aimed to assess the sense of smell. Furthermore,
although all these RCTs included patients with severe CRSWNP,
they used different enrolment criteria and varied methods to as-
sess baseline disease characteristics. Variability in inclusion crite-
ria also extended to use of diagnostic modalities such as blood
tests and cross-sectional imaging, and also prior treatment such
as intranasal corticosteroids and previous nasal polyp surgery.
This limits meaningful head-to-head comparison between RCTs
relating to differences in observed olfaction improvements. As
expected, the differences in eligibility criteria also led to dif-
fering baseline populations across the trials. For example, the
prevalence of comorbid asthma, which is associated with more
severe loss of smell, was higher in SYNAPSE ¢ than in the SINUS
589 POLYP ©'#2 and OSTRO “? trials, and baseline eosinophilia
was also higher in SINUS ©589), SYNAPSE 586 and OSTRO ©? than



in POLYP @152,

Conclusion

Currently, biological therapy is not as cost-effective in the
management of CRS as FESS (4), although this may change as
their patents begin to expire. Looking forwards, dupilumab is
set to expire in September 2032, but cost-efficiency gains may
be on the horizon for omalizumab, which has come off patent
in Europe earlier this year in March 2024, potentially paving the
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Olfactory outcomes after biologics in CRS

SUPPLEMENTARY MATERIAL

Appendix 1. Detailed search strategies.

Database:

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

DE(H

Ovid MEDLINE(R) ALL <1946 to April 25, 2024>

26/04/2024
rhinitis/ or rhinosinusitis/ or exp sinusitis/
(sinusitis or rhinosinusitis or rhinitis or CRSWNP or CRSsNP).ti,ab,kw,kf.
lor2
antibodies, monoclonal/ or exp antibodies, monoclonal, humanized/

biological therapy/ orimmunomodulation/ or immunotherapy/ or immunosup-
pression therapy/

((biologic* adj3 (therap* or factor* or intervention* or drug*)) or monoclonal
antibod* or mAb or mAbs or cytokine* orimmunotherapy or immunomodulation
or monoclonal antibod*).ti,ab,kw,kf.

(Dupilumab or Omalizumab or Mepolizumab or Benralizumab or reslizumab or
lebrikizumab or tralokinumab).ti,ab,kw,kf.

4or5o0r6or7

(olfact* or smell or anosmia or hyposmia).ti,ab,kw,kf.
olfaction disorders/ or anosmia/

Smell/

(SNOT-22 RSOM-31 or UPSIT or "Sniffin' Sticks" or "Sniffin Sticks").ti,ab,kw,kf.
9or10or11or12

3and 8and 13

editorial/

news/

exp historical article/

anecdotes as topic/

case reports/

(letter or comment*).ti.

(abstract or comment or letter).pt.

150r160r17or 18 or 19 or 20 or 21

14 not 22

limit 23 to english language

Rhinology Vol 63, No 6, December 2025

Results per line:

31106

60315

68236
263417

115046

860732

7670

1038890
71240
6309
18711
1606
75973
234
688611
224384
410414
4747
2398491
198991
1762988
5072522
221
203

Number of results:

203



Patel et al.

Appendix 1B. Detailed search strategies.

Database: Embase <1974 to 2024 Week 16>
Results per line: Number of results:
Date: 26/04/2024

1 exp rhinitis/ 114971
2 (sinusitis or rhinosinusitis or rhinitis or CRSWNP or CRSsNP).ti,ab,kw,kf. 84079
3 1or2 144260
4 exp monoclonal antibody/ 808815
5 biological therapy/ orimmunosuppressive treatment/ or immunotherapy/ 362824
6 ((biologic* adj3 (therap* or factor* or intervention* or drug*)) or monoclonal

antibod* or mAb or mAbs or cytokine* or immunotherapy orimmunomodulation 1210746

or monoclonal antibod*).ti,ab,kw,kf.
7 (Dupilumab or Omalizumab or Mepolizumab or Benralizumab or reslizumab or 14630

lebrikizumab or tralokinumab).ti,ab,kw,kf.
8 4or50r6or7 1917590
9 (olfact* or smell or anosmia or hyposmia).ti,ab,kw,kf. 86796
10 smelling/ or orthonasal olfaction/ or retronasal olfaction/ 14141
1 smelling disorder/ or anosmia/ or hyposmia/ 19223
12 (SNOT-22 RSOM-31 or UPSIT or "Sniffin' Sticks" or "Sniffin Sticks").ti,ab,kw,kf. 2470
13 9or10or11or12 96144
14 3and 8and 13 607
15 letter/ or case report/ or case study/ 4065433
16 (letter or comment®).ti. 244053
17 (abstract or letter or editorial or note).pt. 8213972
18 150r16o0r17 10623557
19 14 not 18 375
20 limit 19 to english language 360
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Olfactory outcomes after biologics in CRS

Appendix 1C. Detailed search strategies.

Cochrane Central Register of Controlled Trials (CENTRAL) and Cochrane Data-

Patabase: base of Systematic Reviews (CDSR) Results per line: Number of results:
Date: 26/04/2024
il MeSH descriptor: [Rhinitis] explode all trees 5079 e
CDSR: 1
#2 MeSH descriptor: [Sinusitis] explode all trees 1517
#3 (sinusitis or rhinosinusitis or rhinitis or CRSWNP or CRSsNP):ti,ab,kw 14999
#4 {OR #1-#3} 14999
#5 MeSH descriptor: [Antibodies, Monoclonal] explode all trees 21642
#6 MeSH descriptor: [Biological Therapy] this term only 98
#7 MeSH descriptor: [[mmunomodulation] explode all trees 12679
#8 MeSH descriptor: [[mmunotherapy] explode all trees 12072
#9 MeSH descriptor: [Immunosuppression Therapy] explode all trees 2960
#10 ((biologic* NEAR/3 (therap* or factor* or intervention* or drug*)) or monoclonal
antibod* or mAb or mAbs or cytokine* or immunotherapy or immunomodulation 62424
or monoclonal antibod*):ti,ab,kw
#11 (Dupilumab or Omalizumab or Mepolizumab or Benralizumab or reslizumab or 3300
lebrikizumab or tralokinumab):ti,ab,kw
#12 {OR #5-#11} 79657
#13 (olfact* or smell or anosmia or hyposmia):ti,ab,kw 3725
#14 MeSH descriptor: [Olfaction Disorders] explode all trees 267
#15 MeSH descriptor: [Smell] explode all trees 481
#16 (SNOT-22 RSOM-31 or UPSIT or "Sniffin' Sticks" or "Sniffin Sticks"):ti,ab,kw 287
#17 {OR #13-#16} 3734
#18 #4and #12 and #17 127
#19 #18 in Cochrane Reviews 1
#20 #18 in Trials 126

Table S2. Summary of main findings from meta-analysis of RCTs.

Outcome Biologic Cohort Cohort Control Test of Group
Difference

No. Papers Change No. Papers Change

(No. Pts) (95% Cl) (No. Pts) (95% ClI)
UPSIT 8(699) +7.74[4.49 - 11.00] 8 (685) +0.25[-0.37 - 0.86] %% =19.65, p<0.01
VAS Olfaction (0-10 Likert Scale) 8(919) -2.35[-0.68 - -4.02] 8(902) -0.10 [-0.54 - 0.35] %’ =6.52, p=0.01
SNOT-22 9 (905) -24.98 [-21.41 —-28.55] 9 (891) -8.98 [-7.65 --10.32] %% =67.65, p<0.01
Bilateral NPS (0-8) 10 (959) -1.57 [-0.75 - -2.39] 10 (942) -0.12[-0.36 - 0.12] x>=11.10, p <0.01
NPIF (ml/min) 3(229) +43.90[15.72 - 72.09] 3(234) +19.30[13.21 - 25.39] %% =2.80, p =0.09
Lund-Mackay Score 5(358) +6.95[5.18 - 8.72] 5(356) +2.63[-1.54 - 6.81] x*=3.48, p=0.06

Rhinology Vol 63, No 6, December 2025



Change in SSIT-16 Score (All Included Studies)

Patel et al.

Effect size
Study with 95% CI Weight Cohort (n) FU (Months)
Biologic
Jansen 2022 = 460[ 410, 5.10] 6.15% 40 13
Ottaviano 2023 (Young Adult Cohort) & 700[ 6.38, 7.62] 6.12% 74 12
De Corso 2022 = 7.29[ 6.81, 7.77] 6.15% 57 12
De Corso 2023 (NCT04181190) a8 8.00[ 7.74, 8.26] 6.19% 648 12
Galletti 2024 # 10.00[ 9.50, 10.50] 6.15% 170 12
Ottaviano 2022 = 457[ 4.20, 4.94] 6.17% 47 12
Albrecht 2023 = 556 [ 5.18, 594] 6.17% 68 12
Ottaviano 2023 (Elderly Cohort) — 7.00[ 5.36, 8.64] 5.66% 22 12
Gal 2024 —&— 750[ 6.61, 8.39] 6.03% 47 12
van der Lans 2023 B 540[ 5.18, 5.62] 6.19% 228 1
La Mantia 2023 = 7.15[ 6.60, 7.70] 6.14% 60 6
Campion 2023 —&— 7.00[ 6.12, 7.88] 6.04% 97 6
GSK 2021 (NCT01362244) L 0.03[-0.03, 0.09] 6.20% 54 6
Haxel 2022 (Dupilumab Cohort) L — 400[ 1.14, 6.86] 4.81% 49 6
Haxel 2022 (Omalizumab Cohort) = 3.90[-0.72, 8.52] 3.53% 21 6
Cantone 2022 = 3.60[ 3.16, 4.04] 6.16% 53 6
Mocellin 2023 & 560[ 494, 6.26] 6.11% 23 5.1
Heterogeneity: 12 = 5.09, I =99.42%, H2 = 171.11 > 5.85[ 4.74, 6.96]
Test of 6, = 6: Q(16) = 10052.11, p = 0.00
Testof 8 =0:z2=10.32, p=0.00
Control
GSK 2021 (NCT01362244) L 0.89[ 0.85, 0.93] 53.14% 51
La Mantia 2023 . -0.21[-2.16, 1.74] 46.86% 60
Heterogeneity: T2 = 0.11, I? = 18.53%, H*=1.23 < 0.79[ 0.16, 1.41]
Testof 8,=6:Q(1) =1.23, p=0.27
Testof 8 =0:z=2.47, p=0.01
Test of group differences: Q,(1) = 60.56, p = 0.00

Correlation Coefficient = 0.9

T T T
-2.00 0.00 2.00 4.00

T T T
6.00 8.00 10.00

Figure S1. Forest plot for the change in SSIT-16 score within the biologic and control cohorts across all included studies (RCTs and non-RCTs).
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Change in UPSIT Score (All Included Studies)

Effect size
Study with 95% ClI Weight Cohort (n) FU (Months)
Biologic '
SINUS-52 (NCT02898454) a 9.99[ 9.87, 10.11] 11.70% 145 12
Bachert 2022 (NCT03401229) - 0.41[ -0.93, 1.75] 11.54% 207 9
Shahzad 2021 —&—>21.00[ 14.41, 27.59] 8.76% 10 6
POLYP-2 (NCT03280537) L] 431 4.10, 4.52] 11.69% 62 5
POLYP-1 (NCT03280550) ] 444 424, 464 11.69% 72 5
SINUS-24 (NCT02912468) ol 11.26 [ 11.15, 11.37] 11.70% 143 5
Tversky 2021 —— 6.60[ 3.09, 10.11] 10.68% 12 5
Zhang 2023 (NCT04805398) = 10.30[ 8.89, 11.71] 11.52% 28 4
Sanofi 2017 (NCT01920893) —a— 15.36 [ 11.92, 18.80] 10.72% 30 4
Heterogeneity: T2 = 31.43, I> = 99.95%, H? = 2098.28 - 8.91[ 5.15, 12.68]
Test of 6, = 6;: Q(8) = 6021.82, p = 0.00
Testof 8 =0: z=4.64, p=0.00
Control
SINUS-52 (NCT02898454) L -0.78[ -0.89, -0.67] 13.50% 153 12
Bachert 2022 (NCT03401229) - -0.55[ -1.63, 0.53] 13.38% 203 9
Pinto 2010 (NCT00117611) —a— 400[ 1.04, 6.96] 12.64% 7 6
POLYP-2 (NCT03280537) =] 0.44[ 0.24, 0.64] 13.50% 65 5
POLYP-1 (NCT03280550) El 0.63[ 0.41, 0.85] 13.50% 66 5
SINUS-24 (NCT02912468) a 0.70[ 0.58, 0.82] 13.50% 133 5
Zhang 2023 (NCT04805398) e E— -0.80[ -12.05, 10.45] 6.83% 28 4
Sanofi 2017 (NCT01920893) —— -0.17[ -1.99, 1.65] 13.16% 30 4
Heterogeneity: T2 = 0.50, I> = 97.37%, H? = 38.00 ¢ 0.25[ -0.37, 0.86]

Test of 8, = 8;: Q(7) = 370.75, p = 0.00
Testof 86 =0:2=0.79, p=0.43

Test of group differences: Q,(1) = 19.83, p = 0.00

T T T T T
0.00 5.00 10.00 15.00 20.00

Correlation Coefficient = 0.9

Figure S2. Forest plot for the change in UPSIT score within the biologic and control cohorts across all included studies (RCTs and non-RCTs).
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Change in Olfaction as Determined by VAS (All Included Studies)

Effect size
Study with 95% CI Weight Cohort (n) FU (Months)
Biologic
SYNAPSE (NCT03085797) = -0.53[ -0.92, -0.14] 4.28% 206 12
De Corso 2023 (NCT04181190) =] -7.00[ -7.26, -6.74] 4.29% 648 12
De Corso 2022 L -5.60[ -5.86, -5.34] 4.29% 57 12
Gal 2024 = -6.84[ -7.19, -6.49] 4.28% 47 12
Ottaviano 2022 = -8.41[ -8.80, -8.02] 4.28% 47 12
Ottaviano 2023 (Elderly Cohort) - -9.00[ -9.74, -8.26) 4.24% 22 12
SINUS-52 (NCT02898454) =l -497 [ -5.02, -4.92] 4.29% 145 12
Ottaviano 2023 (Young Adult Cohort) = -9.00[ -9.40, -8.60] 4.28% 74 12
Albrecht 2023 L] -6.07 [ -6.39, -5.75] 4.28% 68 12
Tugba 2022 - 710 -7.67, -6.53] 4.26% 17 9.2
Bachert 2022 (NCT03401229) - -1.13[ -1.47, -0.79] 4.28% 207 9
Sima 2023 S & o -1.30[ -4.21, 1.61] 3.54% 22 6
GSK 2021 (NCT01362244) - -3.01[ -3.71, -2.31] 4.24% 54 6
Napolitano 2021 = -4.87 -542, -4.32] 4.26% 19 6
Cantone 2022 L] -5.50 [ -5.80, -5.20] 4.28% 53 6
Suzaki 2023 L] -5.00[ -5.28, -4.72] 4.29% 63 6
Forster-Ruhrmann 2023 (Mepolizumab Cohort) —— 0.00[ -1.05, 1.05] 4.18% 31 5
POLYP-1 (NCT03280550) & 1.87[ 1.80, 1.94] 4.29% 72 5
SINUS-24 (NCT02912468) L -4.70[ -4.74, -4.66] 4.29% 143 5
Foérster-Ruhrmann 2023 (Dupilumab Cohort) —— -400( -8.76, 0.76] 2.73% 27 5
Forster-Ruhrmann 2023 (Omalizumab Cohort) —— 0.00[ -1.17, 1.17] 4.15% 30 5
Forster-Ruhrmann 2023 (Benralizumab Cohort) - 0.00[ -0.39, 0.39] 4.28% 27 5
POLYP-2 (NCT03280537) = -1.93[ -2.01, -1.85] 4.29% 62 5
Sanofi 2017 (NCT01920893) —a— -453[ -5.82, -3.24] 4.12% 30 4
Heterogeneity: 12 = 9.75, I = 99.94%, H? = 1813.60 Lo -4.14[ -5.41, -2.87)
Test of 6, = 8;: Q(23) = 34263.16, p = 0.00
Testof 8 =0:z=-6.39, p=0.00
Control
SYNAPSE (NCT03085797) = 0.00[ -0.41, 0.41] 11.63% 201 12
SINUS-52 (NCT02898454) = -0.60[ -0.65, -0.55] 11.68% 153 12
Bachert 2022 (NCT03401229) = -0.53[ -0.83, -0.23] 11.66% 203 9
GSK 2021 (NCT01362244) — -1.32[ -3.33, 0.69] 10.60% 51 6
Sima 2023 —_— -6.30 [ -10.70, -1.90] 7.85% 22 6
POLYP-1 (NCT03280550) =] 0.77[ 0.69, 0.85] 11.68% 66 5
POLYP-2 (NCT03280537) L} -043[ -0.51, -0.35] 11.68% 65 5
SINUS-24 (NCT02912468) | -0.29[ -0.33, -0.25] 11.68% 133 5
Sanofi 2017 (NCT01920893) - 1.00[ 0.28, 1.72] 11.53% 30 4
Heterogeneity: 12 = 0.39, I = 99.44%, H? = 178.65 0 -0.16 [ -0.62, 0.30]

Test of 6, = 8;: Q(8) = 922.46, p = 0.00
Testof 8 =0:z=-0.68, p=0.50

Test of group differences: Q,(1) = 33.32, p = 0.00

T T T T T T T 1
-10.00-8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00

Correlation Coefficient = 0.9. VAS graded 0-10 with 0 being no olfactory deficit and 10 being highly bothersome olfactory deficit

Figure S3. Forest plot for the change in VAS score within the biologic and control cohorts across all included studies (RCTs and non-RCTs).
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Olfactory outcomes after biologics in CRS

Change in SNOT-22 Score (All Included Studies)

Effect size
Study with 95% CI Weight Cohort (n) FU (Months)
Biologic
Jansen 2022 L -39.20[ -42.28, -36.12] 3.60% 40 13
Ottaviano 2022 = -46.83[ -50.16, -43.50] 3.59% 47 12
Albrecht 2023 L] -30.89[ -32.73, -29.05] 3.62% 68 12
Ottaviano 2023 (Elderly Cohort) —a— -42.22[ -51.87, -32.57] 3.27% 22 12
Galletti 2024 L -45.00[ -47.49, -42.51] 3.61% 170 12
Ottaviano 2023 (Young Adult Cohort) ] -50.56 [ -51.80, -49.52] 3.63% 74 12
Gal 2024 = -39.70[ -44.14, -35.26] 3.55% 47 12
De Corso 2022 = -48.76 [ -51.85, -45.67] 3.60% 57 12
SYNAPSE (NCT03085797) - -30.00[ -34.51, -25.49] 3.55% 206 12
De Corso 2023 (NCT04181190) ] -46.00[ -47.14, -44.86] 3.63% 648 12
SINUS-52 (NCT02898454) L -30.42[ -30.89, -30.15] 3.64% 145 12
van der Lans 2023 ] -33.40[ -34.55, -32.25] 3.63% 228 1
Tugba 2022 —- -73.90[ -81.55, -66.25] 3.40% 17 9.2
Bachert 2022 (NCT03401229) = -15.20[ -19.35, -11.05] 3.56% 207 9
Sima 2023 — -19.40[ -38.05, 0.25] 2.48% 22 6
Haxel 2022 (Dupilumab Cohort) —— -47.00[ -61.95, -32.05] 2.87% 49 6
Campion 2023 —&— -30.50[ -38.14, -22.86] 3.40% 97 6
Cantone 2022 L] -39.70[ -41.72, -37.68] 3.62% 53 6
Haxel 2022 (Omalizumab Cohort) —a -27.00[ -43.50, -10.50] 2.74% 21 6
Napolitano 2021 = -2519[ -31.01, -19.37] 3.50% 19 6
Shahzad 2021 — -36.50[ -52.59, -20.41] 2.77% 10 6
La Mantia 2023 = -43.47[ -46.15, -40.79] 3.61% 60 6
Mocellin 2023 = -33.10[ -36.43, -29.77] 3.59% 23 5.1
POLYP-2 (NCT03280537) L] -21.59[ -21.74, -21.44] 3.64% 62 5
SINUS-24 (NCT02912468) L -30.43[ -30.68, -30.18] 3.64% 143 5
POLYP-1 (NCT03280550) [ ] -24.70[ -25.16, -24.24] 3.64% 72 5
Tversky 2021 | -19.20[ -20.67, -17.73] 3.63% 12 5
Sanofi 2017 (NCT01920893) —& -29.10[ -36.22, -21.98] 3.43% 30 4
Zhang 2023 (NCT04805398) = -24.80[ -28.70, -20.90] 3.57% 28 4
Heterogeneity: T2 = 137.53, I* = 99.90%, H? = 1002.69 O -35.40[ -39.84, -30.97]
Test of 6, = 6;: Q(28) = 10247.95, p = 0.00
Testof 8 =0:z =-15.64, p = 0.00
Control
SINUS-52 (NCT02898454) ] -9.06[ -9.32, -8.80] 11.37% 153 12
SYNAPSE (NCT03085797) = -14.00[ -18.29, -9.71] 11.12% 201 12
Bachert 2022 (NCT03401229) = -10.70[ -15.05, -6.35] 11.11% 203
Sima 2023 —— -33.60[ -44.70, -22.50] 9.90% 22 6
La Mantia 2023 2.69[ -70.97, 76.35] 1.51% 60 6
POLYP-1 (NCT03280550) -8.58[ -9.09, -8.07] 11.36% 66 5
SINUS-24 (NCT02912468) | -9.31[ -9.59, -9.03] 11.37% 133 5
Tversky 2021 —&— -14.60[ -25.97, -3.23] 9.83% 12 5
POLYP-2 (NCT03280537) L] -6.55[ -7.09, -6.01] 11.36% 65 5
Zhang 2023 (NCT04805398) -10.40 [ -213.53, 192.73] 0.22% 28 4
Sanofi 2017 (NCT01920893) —= -8.26[ -14.57, -1.95] 10.85% 30 4
Heterogeneity: T2 = 16.06, I* = 99.33%, H? = 148.42 O -10.78 [ -13.79, -7.77]

Test of 8, =8, Q(10) = 111.18, p = 0.00
Testof @ =0:2=-7.02, p=0.00

Test of group differences: Q,(1) = 81.03, p =0.00

Correlation Coefficient = 0.9

T T T T d
-80.00 -60.00 -40.00 -20.00 0.00 20.00

Figure S4. Forest plot for the change in SNOT-22 score within the biologic and control cohorts across all included studies (RCTs and non-RCTs).
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Patel et al.

Change in Nasal Polyp Score (All Included Studies)

Effect size
Study with 95% CI Weight Cohort (n) FU (Months)
Biologic
Tsunemi 2023 L] -5.80[ -6.02, -5.58] 3.74% 22 18
Jansen 2022 = -3.20[ -3.59, -2.81] 3.72% 40 13
Albrecht 2023 B -4.03[ -4.22, -3.84] 3.74% 68 12
SINUS-52 (NCT02898454) L] -2.05[ -2.07, -2.03] 3.75% 145 12
Ottaviano 2023 (Young Adult Cohort) —=— -5.00[ -5.68, -4.32] 3.65% 74 12
Gal 2024 ] -4.58 [ -4.80, -4.36] 3.74% 47 12
Ottaviano 2023 (Elderly Cohort) = -4.00[ -4.28, -3.72] 3.73% 22 12
SYNAPSE (NCT03085797) = -1.00[ -1.31, -0.69] 3.73% 206 12
Ottaviano 2022 —&— -3.50[ -4.43, -2.57] 3.56% 47 12
De Corso 2023 (NCT04181190) B -5.00[ -5.14, -4.86] 3.75% 648 12
Galletti 2024 8 -4.00[ -4.20, -3.80] 3.74% 170 12
van der Lans 2023 B -6.00[ -6.17, -5.83] 3.74% 228 1
Bachert 2022 (NCT03401229) = -0.36 [ -0.59, -0.13] 3.74% 207 9
Cantone 2022 L] -4.20[ -4.33, -4.07] 3.75% 53 6
Napolitano 2021 = -3.22[ -3.63, -2.81] 3.71% 19 6
GSK 2021 (NCT01362244) & -456[ -5.07, -4.05] 3.69% 54 6
Haxel 2022 (Dupilumab Cohort) —a— -400[ -4.83, -3.17] 3.59% 49 6
La Mantia 2023 = -3.52[ -3.76, -3.28] 3.74% 60 6
Haxel 2022 (Omalizumab Cohort) —a8— -3.00[ -4.27, -1.73] 3.40% 21 6
Suzaki 2023 =l -4.60[ -4.76, -4.44] 3.75% 63 6
Mocellin 2023 - -3.36[ -3.88, -2.84] 3.69% 23 5.1
Tversky 2021 = 030[ 0.13, 0.47] 3.74% 12 5
POLYP-1 (NCT03280550) L -1.08[ -1.12, -1.04] 3.75% 72 5
SINUS-24 (NCT02912468) L] -1.89[ -1.91, -1.87] 3.75% 143 5
POLYP-2 (NCT03280537) L -0.90[ -0.94, -0.86] 3.75% 62 5
Zhang 2023 (NCT04805398) = -2.40[ -2.86, -1.94] 3.70% 28 4
Sanofi 2017 (NCT01920893) —& -1.90[ -2.53, -1.27] 3.66% 30 4
Heterogeneity: 12 =2.74, |? = 99.94%, H? = 1578.34 O -3.21[ -3.84, -2.58]
Test of B, = 8: Q(26) = 14903.91, p = 0.00
Testof 8 =0:z=-9.99, p=0.00
Control
SINUS-52 (NCT02898454) ] 0.16[ 0.14, 0.18] 991% 153 12
SYNAPSE (NCT03085797) = 0.00[ -0.28, 0.28] 9.86% 201 12
Bachert 2022 (NCT03401229) ] 0.17[ 0.01, 0.33] 9.89% 203 9
La Mantia 2023 = 1.02[ 0.59, 1.45] 9.79% 60 6
GSK 2021 (NCT01362244) -1.84[-11.72, 8.04] 1.37% 51 6
POLYP-2 (NCT03280537) | -0.31[ -0.35, -0.27] 9.90% 65 5
POLYP-1 (NCT03280550) E 0.06[ 0.02, 0.10] 9.91% 66 5
Tversky 2021 ] -0.90[ -1.01, -0.79] 9.90% 12 5
SINUS-24 (NCT02912468) ] 0.17[ 0.14, 0.20] 9.91% 133 5
Zhang 2023 (NCT04805398) = -0.20[ -0.60, 0.20] 9.80% 28 4
Sanofi 2017 (NCT01920893) = -0.26[ -0.73, 0.21] 9.77% 30 4
Heterogeneity: T2 =0.20, I? = 99.63%, H? = 271.47 0 -0.02[ -0.31, 0.27]

Test of B, = 6: Q(10) = 786.86, p = 0.00
Testof 6=0:2=-0.15,p=0.88

Test of group differences: Q,(1) = 81.18, p = 0.00

T T T T T
600 -400 -200 0.00 2.00

Correlation Coefficient = 0.9. NPS graded 0-4 for each nostril and summed to produce a final score of 0-8.

Figure S5. Forest plot for the change in NPS score within the biologic and control cohorts across all included studies (RCTs and non-RCTs).
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Olfactory outcomes after biologics in CRS

Change in Lund-Mackay Score (All Included Studies)

Effect size
Study with 95% Cl Weight Cohort (n) FU (Months)
Biologic
Akiyama 2023 = -10.30[ -11.24, -9.36] 12.59% 16 36
Tsunemi 2023 - -9.90[ -11.21, -8.59] 12.48% 22 18
SINUS-52 (NCT02898454) L] -5.60[ -5.66, -5.54] 12.70% 145 12
Shahzad 2021 —— -17.50[ -20.15, -14.85] 11.85% 10 6
Tversky 2021 - -420[ -482, -3.58] 12.65% 12 5
SINUS-24 (NCT02912468) 2 -8.18[ -8.24, -8.12] 12.70% 143 5
Sanofi 2017 (NCT01920893) —a— -9.26 [ -10.90, -7.62] 12.36% 30 4
Zhang 2023 (NCT04805398) - -7.80[ -8.41, -7.19] 12.65% 28 4
Heterogeneity: 12 = 14.01, I? = 99.96%, H2 = 2370.97 > -8.97[ -11.60, -6.34]
Test of 6, = 6: Q(7) = 4016.66, p = 0.00
Testof 6 =0:z =-6.68, p=0.00
Control
Akiyama 2023 —— -9.90[-13.56, -6.24] 15.55% 78 36
SINUS-52 (NCT02898454) ®m 011 0.05 0.17] 17.66% 153 12
SINUS-24 (NCT02912468) ® -074[ -0.80, -0.68] 17.66% 133 5
Tversky 2021 = -160[ -2.84, -0.36] 17.39% 12 5
Zhang 2023 (NCT04805398) —— -12.80[-17.563, -8.07] 14.39% 28 4
Sanofi 2017 (NCT01920893) - -023[ -157, 1.11] 17.35% 30 4
Heterogeneity: 12 = 26.53, I> = 99.98%, H? = 5557.28 —=  .382[ -8.06, 0.42)
Test of 8, = 8: Q(5) = 433.21, p = 0.00
Testof6=0:2=-1.77, p=0.08
Test of group differences: Q,(1) = 4.09, p = 0.04

r T T T T T
-24.00 -20.00 -16.00 -12.00 -8.00 -4.00 0.00

Correlation Coefficient = 0.9

Figure S6. Forest plot for the change in Lund-Mackay score within the biologic and control cohorts across all included studies (RCTs and non-RCTs).
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Change in Nasal Peak Inspiratory Flow (ml/min) (All Included Studies)

Patel et al.

Effect size
Study with 95% CI Weight Cohort (n) FU (Months)
Biologic
SINUS-52 (NCT02898454) L 55.29 [ 54.79, 55.79] 12.89% 145 12
Ottaviano 2022 —a— 51.21[42.82, 59.60] 12.53% 47 12
Ottaviano 2023 (Young Adult Cohort) —- 72.00 [ 65.87, 78.13] 12.70% 74 12
De Corso 2022 —— 59.10[ 49.80, 68.40] 12.45% 57 12
Ottaviano 2023 (Elderly Cohort) —#—03.00 [ 79.14, 106.86] 11.95% 22 12
van der Lans 2023 = 59.30[ 56.72, 61.88] 12.86% 228 1
GSK 2021 (NCT01362244) a 16.20[ 15.11, 17.29] 12.89% 54
Sanofi 2017 (NCT01920893) i 61.91[46.38, 77.44] 11.74% 30
Heterogeneity: T2 = 445.69, |2 = 99.77%, H? = 426.64 - 57.99 [ 43.04, 72.94]
Test of 6, = 6;: Q(7) = 4240.09, p = 0.00
Test of @ =0:z2=7.60, p=0.00
Control
SINUS-52 (NCT02898454) S 18.65[18.02, 19.28] 34.85% 153 12
GSK 2021 (NCT01362244) — 10.71[ -3.17, 24.59] 32.31% 51
Sanofi 2017 (NCT01920893) —— 28.81[16.55, 41.07] 32.84% 30
Heterogeneity: 12 = 14.32, 12 = 39.36%, H2 = 1.65 < 19.30[ 13.21, 25.39]

Testof 8, =6:Q(2) =3.89,p=0.14
Testof 6 =0:z=6.21, p=0.00

Test of group differences: Q,(1) = 22.08, p = 0.00

Correlation Coefficient = 0.9

Figure S7. Forest plot for the change in NPIF score within the biologic and control cohorts across all included studies (RCTs and non-RCTs).
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Change in UPSIT Score

Effect size

Study with 95% ClI Weight Cohort (n) FU (Months)
Dupilumab
SINUS-52 (NCT02898454) L] 9.99[ 9.87, 10.11] 17.66% 145 12
Shahzad 2021 —&——21.00[ 14.41, 27.59] 13.20% 10 6
SINUS-24 (NCT02912468) a 11.26 [ 11.15, 11.37] 17.66% 143 5
Sanofi 2017 (NCT01920893) — 156.36 [ 11.92, 18.80] 16.17% 30 4
Heterogeneity: 12 = 15.25, |2 = 99.93%, H? = 1496.18 —_ 13.53[ 9.38, 17.68]
Test of B, = 6;: Q(3) = 253.26, p = 0.00
Testof 8 =0:z=6.39, p=0.00
Omalizumab
POLYP-2 (NCT03280537) B 431[ 4.10, 4.52] 17.65% 62
POLYP-1 (NCT03280550) L] 444 4.24, 4.64] 17.66% 72
Heterogeneity: 12 = 0.00, 12 = 0.00%, H? = 1.00 | 438[ 4.23, 452]
Testof 8,=0;:Q(1)=0.78, p=0.38
Testof 8 =0:z =59.59, p=0.00
Test of group differences: Q,(1) = 18.69, p = 0.00

0.00 500 10.00 15.00 20.00

Correlation Coefficient = 0.9

Figure S8. Forest plot for the change in UPSIT score comparing Dupilumab vs Omalizumab across all studies.
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Olfactory outcomes after biologics in CRS

Change in Olfaction as Determined by VAS

Effect size
Study with 95% CI Weight Cohort (n) FU (Months)
Dupilumab
De Corso 2023 (NCT04181190) L -7.00[-7.26, -6.74] 5.47% 648 12
Albrecht 2023 b -6.07 [ -6.39, -5.75] 5.47% 68 12
Ottaviano 2023 (Young Adult Cohort) = -9.00[ -9.40, -8.60] 5.46% 74 12
De Corso 2022 L] -5.60[ -5.86, -5.34] 5.47% 57 12
Ottaviano 2023 (Elderly Cohort) —& -9.00 [ -9.74, -8.26] 5.40% 22 12
SINUS-52 (NCT02898454) B -4.97[-5.02, -4.92] 5.49% 145 12
Gal 2024 = -6.84[-7.19, -6.49] 5.47% 47 12
Ottaviano 2022 = -8.41[-8.80, -8.02] 5.46% 47 12
Cantone 2022 = -5.50 [ -5.80, -5.20] 5.47% 53 6
Napolitano 2021 = -4.87[-5.42, -4.32] 5.44% 19 6
Suzaki 2023 L -5.00[ -5.28, -4.72] 5.47% 63 6
SINUS-24 (NCT02912468) L -4.70 [ -4.74, -4.66] 5.49% 143 5
Férster-Ruhrmann 2023 (Dupilumab Cohort) e —— -4.00[-8.76, 0.76] 3.23% 27 5
Sanofi 2017 (NCT01920893) —— -4.53[-5.82, -3.24] 5.22% 30 4
Heterogeneity: T2 = 2.54, I? = 99.80%, H? = 494.82 < -6.22 [ -7.09, -5.36]
Test of 8, = 8: Q(13) = 1400.13, p = 0.00
Testof 8=0:z=-14.07, p=0.00
Omalizumab
Tugba 2022 - -7.10[ -7.67, -6.53] 5.43% 17 9.2
Sima 2023 —tr— -1.30[-4.21, 1.61] 4.34% 22 6
Forster-Ruhrmann 2023 (Omalizumab Cohort) —8— 0.00[-1.17, 1.17] 5.26% 30 5
POLYP-1 (NCT03280550) L 1.87[ 1.80, 1.94] 5.49% 72 5
POLYP-2 (NCT03280537) L -1.93[-2.01, -1.85] 5.48% 62 5
Heterogeneity: 1% = 11.56, I? = 99.95%, H? = 1872.16 — -1.71[-4.75, 1.33]
Test of 8, = 6;: Q(4) = 5143.60, p = 0.00
Testof0=0:z2=-1.10,p=0.27
Test of group differences: Q,(1) = 7.83, p = 0.01

r T T T T T 1
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Correlation Coefficient = 0.9

Figure S9. Forest plot for the change in VAS score comparing Dupilumab vs Omalizumab across all studies.
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Change in Nasal Polyp Score

Patel et al.

Effect size

Study with 95% ClI Weight Cohort (n) FU (Months)
Dupilumab
Tsunemi 2023 = -5.80[ -6.02, -5.58] 4.64% 22 18
Jansen 2022 = -3.20[ -3.59, -2.81] 4.58% 40 13
De Corso 2023 (NCT04181190) -5.00[-5.14, -4.86] 4.66% 648 12
Ottaviano 2023 (Elderly Cohort) = -4.00 [ -4.28, -3.72] 4.63% 22 12
Albrecht 2023 L -4.03[-4.22, -3.84] 4.65% 68 12
SINUS-52 (NCT02898454) L -2.05[-2.07, -2.03] 4.67% 145 12
Galletti 2024 = -4.00 [ -4.20, -3.80] 4.65% 170 12
Ottaviano 2023 (Young Adult Cohort) —fl= -5.00 [ -5.68, -4.32] 4.40% 74 12
Ottaviano 2022 —— -3.50 [ -4.43, -2.57] 4.19% 47 12
Gal 2024 = -4.58 [ -4.80, -4.36] 4.65% 47 12
van der Lans 2023 L -6.00[-6.17, -5.83] 4.66% 228 "
La Mantia 2023 = -3.52[-3.76, -3.28] 4.64% 60 6
Cantone 2022 ] -4.20 [ -4.33, -4.07] 4.66% 53 6
Suzaki 2023 B -4.60 [ -4.76, -4.44] 4.66% 63 6
Haxel 2022 (Dupilumab Cohort) —a— -4.00 [ -4.83, -3.17] 4.27% 49 6
Napolitano 2021 - -3.22[ -3.63, -2.81] 4.57% 19 6
Mocellin 2023 —a— -3.36 [ -3.88, -2.84] 4.51% 23 5.1
SINUS-24 (NCT02912468) c] -1.89[-1.91, -1.87] 4.67% 143 5
Sanofi 2017 (NCT01920893) —a— -1.90[-2.53, -1.27] 4.44% 30 4
Heterogeneity: 12 = 1.35, 12 = 99.85%, H? = 653.33 < -3.89 [ -4.42, -3.36]
Test of 6, = 6;: Q(18) = 8691.18, p = 0.00
Testof 8=0:z=-14.37, p =0.00
Omalizumab
Haxel 2022 (Omalizumab Cohort) —— -3.00 [ -4.27, -1.73] 3.84% 21 6
POLYP-2 (NCT03280537) -0.90 [ -0.94, -0.86] 4.67% 62
POLYP-1 (NCT03280550) -1.08[-1.12, -1.04] 4.67% 72
Heterogeneity: 12 = 0.90, I = 99.91%, H? = 1094.04 - -1.50 [ -2.63, -0.37]
Test of 8, = 8: Q(2) = 48.92, p =0.00
Testof 8=0:2=-259, p=0.01
Test of group differences: Q,(1) = 14.03, p = 0.00

-6.IDD -4.I00 2.I0CI 0.00 2.60

Correlation Coefficient = 0.9

Figure S10. Forest plot for the change in nasal polyp score comparing Dupilumab vs Omalizumab across all studies.

X1

Rhinology Vol 63, No 6, December 2025



Olfactory outcomes after biologics in CRS

Change in SNOT-22 Score

Effect size
Study with 95% CI Weight Cohort (n) FU (Months)
Dupilumab
Jansen 2022 = -39.20 [ -42.28, -36.12] 4.31% 40 13
Ottaviano 2023 (Young Adult Cohort) L -50.56 [ -51.60, -49.52] 4.39% 74 12
De Corso 2022 -48.76 [ -51.85, -45.67] 4.31% 57 12
Ottaviano 2023 (Elderly Cohort) —a— -42.22 [ -51.87, -32.57] 3.66% 22 12
Galletti 2024 = -45.00 [ -47.49, -42.51] 4.34% 170 12
Albrecht 2023 L] -30.89[-32.73, -29.05] 4.37% 68 12
De Corso 2023 (NCT04181190) B -46.00 [ -47.14, -44.86] 4.39% 648 12
Ottaviano 2022 & -46.83 [ -50.16, -43.50] 4.29% 47 12
SINUS-52 (NCT02898454) L] -30.42 [ -30.69, -30.15] 4.40% 145 12
Gal 2024 = -39.70 [ -44.14, -35.26] 4.22% 47 12
van der Lans 2023 L] -33.40 [ -34.55, -32.25] 4.39% 228 1
Shahzad 2021 — -36.50 [ -52.59, -20.41] 2.81% 10 6
Haxel 2022 (Dupilumab Cohort) —— -47.00 [ -61.95, -32.05] 2.96% 49 6
Napolitano 2021 —& -25.19[-31.01, -19.37] 4.10% 19 6
Campion 2023 —a— -30.50 [ -38.14, -22.86] 3.90% 97 6
La Mantia 2023 = -43.47 [ -46.15, -40.79] 4.33% 60 6
Cantone 2022 L -39.70 [ -41.72, -37.68] 4.36% 53 6
Mocellin 2023 = -33.10[ -36.43, -29.77] 4.29% 23 5.1
SINUS-24 (NCT02912468) L -30.43 [ -30.68, -30.18] 4.40% 143 5
Sanofi 2017 (NCT01920893) —a— -29.10[ -36.22, -21.98] 3.96% 30 4
Heterogeneity: T2 = 54.55, |2 = 99.55%, H? = 223.67 < -38.38 [ -41.82, -34.94]
Test of 8, = 8: Q(19) = 25659.18, p = 0.00
Testof 8 =0:z=-21.85, p=0.00
Omalizumab
Tugba 2022 —&— -73.90[ -81.55, -66.25] 3.90% 17 9.2
Sima 2023 il -19.40[-39.05, 0.25] 2.39% 22 6
Haxel 2022 (Omalizumab Cohort) — -27.00 [ -43.50, -10.50] 2.76% 21 6
POLYP-2 (NCT03280537) L -21.59 [ -21.74, -21.44] 4.40% 62 5
POLYP-1 (NCT03280550) L} -24.70 [ -25.16, -24.24] 4.40% 72 5
Heterogeneity: T° = 515.41, I° = 99.98%, H* = 4157.74 — -33.72 [ -54.27, -13.16]
Test of 8, = 8;: Q(4) = 333.28, p = 0.00
Testof 8 =0:2=-3.22, p=0.00
Test of group differences: Q,(1) =0.19, p = 0.66
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Figure S11. Forest plot for the change in SNOT-22 score comparing Dupilumab vs Omalizumab across all studies.
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Meta-Regression: Sex Ratio Versus A UPSIT
In CRS Patients Taking Biologics
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Figure S12. Meta regression for the change in UPSIT score in the biologic cohort of included RCTs against the sex ratio of the cohort.

Meta-Regression: Mean Follow-Up (Months)

Versus A VAS Olfaction In CRS Patients Taking Biologics
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Figure S13. Meta regression for the change in VAS olfaction in the biologic cohort of included RCTs against the mean duration of follow up.
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Olfactory outcomes after biologics in CRS

Meta-Regression: Year of Publication Versus Assessment of Heteroscedasticity
A Nasal Polyp Score In CRS Patients Taking Biologics .
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Figure S14. Meta regression for the change in nasal polyp score in the biologic cohort of included RCTs against the year of publication.
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Figure S15. The risk of bias assessment for the included randomised Figure S16. The risk of bias assessment for the included non-randomised
studies. studies.
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Improvements in Main Outcomes In CRS Patients Following Biologic Therapy
and The Risk of Publication Bias Therein (All Included Studies)
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Figure S17. Funnel plots for the change in SSIT-16, UPSIT score, SNOT-22 score, VAS olfaction, nasal polyp score, Lung-Mackay score and nasal peak

inspiratory flow rate for the biologic cohorts of included RCTs against the standard errors therein.
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