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Summary

Objective. Response to dupilumab for chronic rhinosinusitis with nasal polyps, albeit almost always 
excellent, is still not predictable. Our study focuses on the role of body mass index (BMI) on the 
efficacy of dupilumab.
Methods. We present a retrospective multicentre study of 106 patients on dupilumab, stratified in 
3 subgroups of BMI. The main therapeutic outcomes investigated were Nasal Polyp Score (NPS), 
Sino-Nasal-Outcome Test - 22 (SNOT-22), Sniffin’ Sticks Identification test and visuo-analogical 
scale, and the different timing of response, according to De Corso et al. criteria. 

Cover figure. A) Evidence of correlation at baseline between body mass index (BMI) and 
disease burden in chronic rhinosinusitis with nasal polyps (CRSwNP); B) Different time-related 
outcomes in Sino-Nasal-Outcome Test - 22 questionnaire score decrese based on BMI groups 
in patients with CRSwNP treated with dupilumab. 
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Results. Dupilumab treatment led to a progressive improvement for all outcomes at all time points. Comparing the different metabolic subgroups, a late 
response in terms of decrease in NPS was observed only in 3 obese patients. A significant decrease was also found in SNOT-22 score at 6 and 12 months, 
which was less marked in overweight/obese patients. 
Conclusions. Our study confirmed the efficacy of dupilumab in each BMI subgroup. However, the efficacy seems to follow different timing with respect to 
patients’ BMI. Our data suggest that patients with a compromised metabolic state present more severe disease at baseline and a possibly delayed response 
to dupilumab.
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Introduction
Chronic rhinosinusitis with nasal polyps (CRSwNP) is 
a  heterogeneous, multifactorial inflammatory disease that 
may be characterised by a type 2 immune signature 1, being 
associated with hypereosinophilia, greater severity, associa-
tion with Type 2 comorbidities (such as asthma or atopic 
dermatitis) and a high recurrence rate 2. Several cytokines 
are produced in the context of type 2 responses including 
interleukin 5 (IL-5), 13 (IL-13), and 4 (IL-4), which are 
produced from different immune cells including T-helper 2 
cells (Th2), mast cells, and group 2 innate lymphoid cells 
(ILC2s) 2. 
The primary mechanism for the tissue remodelling and 
polyps arising in CRSwNP is represented by a maladaptive 
response to several agents such as viruses, bacteria (espe-
cially Staphylococcus aureus), fungi, smoking exposition, 
and respiratory allergens in the context of epithelial barrier 
damage  1,2. This leads to an innate immune reaction with 
overexpression of interleukin 33 (IL-33) and the arising of 
a Type 2 inflammatory reaction 2. IL-5 plays a pivotal role 
in eosinophil activation and acts as a survival factor; while 
IL-4 and IL-13 promote macrophage activation, control of 
mucus production, immunoglobulin E (IgE) release by B 
cells and mast cell degranulation 2,3. The inflammasome is a 
multi-protein complex that has an important role in the acti-
vation of a pro-inflammatory response in CRSwNP, enhanc-
ing the activation of caspase-1 and production of cytokines 
(such as interleukin 1β and 18) 4. The Nucleotide-binding 
domain Leucine-rich Repeat and Pyrin domain-containing 
receptor 3 (NLRP3) inflammasome (known as cryopyrin), 
a member of the family of NOD-like receptors (NLRs) 
was recently recognised to have a major role in promot-
ing inflammation patterns in CRSwNP and is activated by 
the same trigger factors of CRSwNP (such as pathogens) 4. 
Furthermore, the NLRP3 inflammasome seems to induce 
high eosinophilic infiltration in CRSwNP in comparison to 
chronic rhinosinusitis without nasal polyps (CRSsNP) 4. 
Obesity is another widely studied factor that may lead to 
a status of chronic low-grade systemic inflammation, and, 

in the literature, there is some evidence of association with 
CRSwNP 5-8. The prevalence of overweight and obesity is 
constantly increasing with an epidemic trend. Inflamma-
tion patterns in obesity are characterised by the interplay 
between different cell types such as adipose tissue mac-
rophages (ATM), neutrophils, eosinophils, mast cells, and 
dendritic cells 8. Interestingly, the role played by IL-4 and 
IL-5 in the downregulation of the fat tissue inflammatory 
response is in contrast to the pro-inflammatory action of in-
terleukins 6 and 1 (IL-6 and IL-1), leptin, adiponectin, and 
necrosis tumor factor alpha (TNF-α) 9. In CRSwNP, leptin 
has demonstrated the ability to promote tissue migration of 
eosinophils, their activation, and an anti-apoptosis effect 8. 
It was also demonstrated that circulating levels of leptin are 
consistently higher in patients with CRSwNP and its recep-
tors are present in nasal mucosa, suggesting an active role 
in immune-mediated response and chronic inflammation 9. 
Moreover, in obese patients, the NLRP3 inflammasome 
leads to the same pro-inflammatory effect of CRSwNP 
through overexpression of IL1β and IL-18 10. 
The fully human monoclonal antibody dupilumab was ap-
proved and reimbursed in Italy about 2 years ago for the 
treatment of severe CRSwNP with or without other Type 2 
comorbidities 11. It acts as an inhibitor of IL-4 and IL-13 by 
binding the alpha subunit of the IL-4Rα 12. Several studies 
have shown the efficacy of dupilumab in reducing the bur-
den of CRSwNP (in terms of nasal polyps, nasal symptoms, 
and impact on quality of life) 13-15. Emerging from the in-
creasing number of real-life studies are differences in terms 
of rapidity of the efficacy of dupilumab and, according to 
EPOS and EUFOREA criteria  1,16, different types of re-
sponses, including very early, early, and late responders 15. 
Since the inflammation pathways of obesity and CRSwNP 
may be overlapping, and in order to identify patient char-
acteristics that may predict response to biological therapy, 
the aim of this study is to investigate the role played by fat 
tissue-related chronic inflammation and body mass index 
(BMI) in the efficacy of dupilumab and the timing of thera-
peutic responses. 
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Materials and methods
The study was designed as a real-life observational mul-
ticentric retrospective study including patients with severe 
and uncontrolled CRSwNP treated with dupilumab accord-
ing to the indications of the Italian Medicines Agency. We 
reviewed medical charts from all patients admitted to a rhi-
nology outpatient clinic in ASST Santi Paolo e Carlo Hos-
pital (Milan, Italy), ASST Grande Ospedale Metropolitano 
Niguarda (Milan, Italy) and “A. Gemelli” University Hospi-
tal Foundation IRCCS  (Rome, Italy) from 1 February 2021 
to 31 August 2022.
Patients who had undergone administration of subcutane-
ous dupilumab 300 mg via a pre-filled auto-injector every 
14 days for at least 6 months prior to consent and inclusion 
were included. All data were then anonymised and collect-
ed for the purpose of this study. 

Inclusion criteria
•	 Age ≥ 18 years;
•	 Evidence of diffuse CRSwNP at the CT scan performed 

within the previous 6 months;
•	 Diagnosis of Type 2 inflammation (tissue eosinophils 

[EOS] > or = 10/hpf, or blood EOS > or = 250 EOS/μl, 
or total IgE > 100 U/L);

•	 Demonstration of severe uncontrolled CRSwNP with 
Nasal Polyp Score (NPS) ≥ 5 and Sino-Nasal-Outcome 
Test – 22 (SNOT-22) ≥ 50; 

•	 Failure of 2 courses of oral corticosteroid therapy in the 
previous year and/or recurrence after endoscopic sinus 
surgery (ESS) 16-18. 

Exclusion criteria
•	 Non-Type 2 chronic rhinosinusitis;
•	 Pregnancy;
•	 Ongoing immunosuppressive therapy;
•	 Ongoing chemotherapy or radiotherapy for neoplastic 

disease in the last 12 months;
•	 Long-term systemic corticosteroid therapy for chronic 

autoimmune diseases. 

Main investigations
Patients were evaluated as defined by our shared institution-
al protocol before the start of the treatment with dupilum-
ab (baseline, V0) and after 1 (V1), 3 (V3), 6 (V6), and 12 
(V12) months from the first administration. 
Detailed information on age, gender, smoking, height (m), 
weight (kg), BMI (kg/m2), peripheral blood hyper-eosin-
ophilia (EOS x 109/L), previous ESS, non-steroidal anti-
inflammatory drugs (NSAIDs) intolerance, presence of 

asthma as Type 2 comorbidity and presence of Widal triad 
were collected at the baseline. 
At each examination the centres furthermore evaluated:
•	 NPS via endoscopy;
•	 Quality of life assessment with SNOT-22 questionnaire;
•	 Asthma Control Test (ACT) questionnaire;
•	 Visuo-Analogical Scale (VAS) for olfaction;
•	 Smell functioning assessment through olfactometry 

with Sniffin’ Sticks-16 identification (SSIT-16) test 
(Burghart®); 

•	 Complete blood count for evaluation of blood eosino-
phils.

Evaluation of dupilumab efficacy
According to EPOS 2020 criteria 1,15,16,17, efficacy was de-
scribed as following:
•	 NPS reduction (by at least one point);
•	 SNOT-22 reduction (by at least 8.9 points);
•	 Improvement of the sense of smell (using VAS and ol-

factometry);
•	 Reduction in the need for oral corticosteroids;
•	 Reduction of the impact of comorbidities.
Depending on the onset time of the response, we grouped 
patients into:
•	 Very early responders, if the efficacy of the treatment ap-

peared within 30 days from treatment start;
•	 Early responders, if the efficacy appeared between one 

and 6 months;
•	 Late responders, if the efficacy appeared between 6 and 

12 months. 
According to weight and BMI, we divided our sample into 
three different groups, with the purpose of investigating the 
indirect role played by chronic inflammation of adipose tis-
sue:
•	 Normal weight (BMI between 18.5 and 24.9 kg/m2);
•	 Overweight (BMI between 25 and 29.9 kg/m2);
•	 Obese (BMI > 30 kg/m2).

Statistical analysis 
Data were collected in a shared Microsoft Excel 365 data-
base and analysed with SPSS, Version 28 (IBM Corpora-
tion, Armonk, NY, US). All variables were compared first 
between patients with BMI <  25 and patients with BMI 
>  25. The latter group was further divided into patients 
with BMI between 25 and 30, and patients with BMI > 30. 
Dichotomic variables (gender, smoke, asthma, anosmia) 
were compared with a chi-square test. For continuous vari-
ables (age, height, weight, BMI, ACT, VAS for the sense 
of smell, NPS, and SNOT-22 score, at different time points 
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when available) we used non-parametric tests. Two-group 
comparisons for continuous variables were performed with 
a Mann-Whitney U test, while 3-group comparisons were 
accomplished with a Kruskal-Wallis test. 

Results
This multicentric study collected the medical records of 
106 patients affected by severe uncontrolled CRSwNP who 
received treatment with dupilumab. Data at baseline evalua-
tion are summarised in Table I. We performed a Chi Square 
test for different variables, such as gender (p = 0.872), al-
lergy (p = 0.101), presence of asthma (p = 0.894), smoking 
habit (p  =  0.338), previous ESS (p  =  0.466) and NSAID 
intolerance for the three metabolic groups. A significant dif-
ference (p < 0.05) was found for the presence of NSAID 
intolerance, but it is mandatory to underline that no obese 
patients were NSAID intolerant. 

Efficacy of dupilumab 
The response to treatment was evaluated through SNOT-22 
score, NPS, sense of smell VAS, olfactometry with 16-items 
Sniffin’ Sticks test at 1, 3, 6, and 12 months of therapy in 
comparison to baseline values. Recordings on ACT and pe-
ripheral blood hypereosinophilia reduction were collected 

only at baseline, V6, and V12. All data are summarised in 
Table II.
Dupilumab showed efficacy in NPS, SNOT-22 score, 
sense of smell VAS, and ACT at 1, 3, 6, and 12 months 
of treatment in all patients. Furthermore, an improvement 
in SSIT-16 scores was observed during the study period. 
A fluctuation in the number of peripheral eosinophils was 
observed during the entire follow-up time. In fact, after an 
initial increase in their average rates at V6, a progressive re-
duction was noticed at V12 with values substantially com-
parable to the baseline. 

Efficacy of dupilumab by metabolic profile (BMI) 
We designed a statistical model that compared three sub-
populations of patients (classified as normal weight, over-
weight and obese) and their response to biological therapy 
with dupilumab. 
According to EPOS 2020 1 and De Corso et al. 15 criteria 
of efficacy and response to dupilumab were described as a 
decrease of at least one point of NPS or at least 8.9 points 
of SNOT-22 1,15. In our sample and for the three different 
metabolic subgroups, a late response in terms of NPS de-
crease, was observed only in 3 patients, all belonging to 
the obese group. Data are summarised in Tables III, IV and 

Table I. Baseline evaluation.

All patients Normal Overweight Obese

Number or mean value ± standard deviation (%)

Number of patients 106 51 (48.1) 44 (41.5) 11 (10.3)

Male 64/106 (60.3) 31/51 (60.7) 25/44 (56.8) 6/11 (54.5)

Female 42/106 (39.7) 20/51(39.3) 19/44 (43.2) 5/11 (45.6)

Age 52.9 ± 12.6 51.1 ± 11.9 54.8 ± 12.6 53.3 ± 15.7

Smoke 15/106 (14.1) 10/51 (19.6) 4/44 (9) 1/11 (9)

Allergy* 40/55 (72.7) 24/29 (82.7) 14/20 (70) 2/6 (33.3)

Previous endoscopic sinonasal surgery* (ESS) 54/55 (98.1) 29/29 (100) 19/20 (95) 6/6 (100)

ESS = 1 11/54 (20.3) 7/29 (24.1) 5/20 (25) 1/6 (16.6)

ESS > 1 43/54 (79.6) 22/29 (75.8) 14/20 (75) 5/6 (83.3)

Metabolic evaluation 

Weight (kg) 76.3 ± 15.2 67.4 ± 9.4 81.2 ± 10.3 102.6 ± 10.2

Height (m) 1.7 ± 0 1.7 ± 0 1.7 ± 0 1.7 ± 9

BMI (kg*/m2) 25.6 ± 4.3 22.7 ± 1.7 27 ± 1.7 34.5 ± 4

Type 2 inflammation 

Asthma 83/106 (78.3) 40/51 (78.4) 34/44 (77.1) 9/11 (81.8)

NSAID intolerance* 29/55 (27.3) 19/29 (65.5) 10/20 (50) 0/6 

Widal triad* 26/55 (47.2) 18/29 (62) 8/20 (40) 0/6 
* Data collected only from ASST Santi Paolo e Carlo Hospital and ASST Grande Ospedale Metropolitano Niguarda samples.
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Table II. Dupilumab efficacy in our real-life setting.

Baseline (V0) (mean ± SD) V1 (mean ± SD) V3 (mean ± SD) V6 (mean ± SD) V12 (mean ± SD)

SNOT-22 score 61.7 ± 19.4 30.8 ± 20.2 25.1 ± 18.4 20.9 ± 16 13.5 ± 9.5

NPS 6 ± 1.5 3.5 ± 2.2 3 ± 2.2 2.4 ± 1.8 1.8 ± 1.6

Sense of smell VAS 8.6 ± 2.2 5.5 ± 3.1 4.2 ± 2.9 3.3 ± 2.7 2.9 ± 2.7

Olfactometry with 
SSIT-16

4.5 ± 3.4 9.2 ± 4.1 9.4 ± 4.1 9.7 ± 3.3 10.4 ± 3.6

ACT 20.3 ± 4.5  22.8 ± 2.4 23 ± 2

Blood EOS 
(EOSx109/L)

0.6 ± 0.6 0.9 ± 0.7 0.7 ± 0.6

SNOT-22: Sino-nasal Outcome Test-22; NPS: Nasal Polyp Score; VAS: Visual Analogue Scale; SSIT-16: 16 items Sniffin Sticks Identification Test; ACT: Asthma Control Test; EOS: 
eosinophils.

Table III. Dupilumab efficacy in a real-life setting according to different metabolic groups. 

Baseline (V0) (mean ± SD) V1 (mean ± SD) V3 (mean ± SD) V6 (mean ± SD) V12 (mean ± SD)

SNOT-22 score – Normal 
weight group 

61.2 ± 20.3 25.3 ± 14.6 20.9 ± 14.4 16.6 ± 14.2 11.3 ± 8.1

SNOT-22 score – 
Overweight group

61.2 ± 19.1 36.2 ± 24 28.4 ± 20.8 24.3 ± 16.9 14.5 ± 10.8

SNOT-22 score – Obese 
group

66.3 ± 17.3 34.6 ± 21.1 32.6 ± 22.8 28.5 ± 16.4 20.3 ± 6.2

NPS - Normal weight 
group

5.9 ± 1.5 3.4 ± 1.9 2.8 ± 1.7 2.3 ± 1.6 1.5 ± 1.3

NPS – Overweight group 5.9 ± 1.5 3.4 ± 2.5 3.1 ± 2.5 2.5 ± 2 2 ± 1.7

NPS – Obese group 6.6 ± 1.2 4.1 ± 2.1 3.5 ± 2.6 2.7 ± 2.6 2.1 ± 2.4 

Sense of smell VAS – 
Normal weight group 

8.5 ± 2.3 5.2 ± 2.8 3.9 ± 2.9 3.1 ± 2.8 2.6 ± 2.6

Sense of smell VAS – 
Overweight group

8.3 ± 2.3 5.7 ± 3.4 4.3 ± 2.9 3.3 ± 2.6 3.1 ± 2.8

Sense of smell VAS – 
Obese group

9.3 ± 0.9 6.2 ± 3.5 4.8 ± 3.4 4.3 ± 3 3.8 ± 3.3

Olfactometry with SSIT-16 
– Normal weight group

4.5 ± 3.4 9.1 ± 4.3 9.4 ± 4.5 10.1 ± 3.7 11.4 ± 3.7

Olfactometry with SSIT-16 
– Overweight group

5 ± 3.6 9.3 ± 3.7 9.6 ± 3.6 9.5 ± 2.6  9.6 ± 3.1

Olfactometry with SSIT-16 
– Obese group

2.7 ± 2.1 9.5 ± 5.5 9 ± 5.1 9 ± 3.9 8.8 ± 4.8

ACT – Normal weight 
group

20.4 ± 4.7  22.7 ± 2.4 23 ± 2.1

ACT – Overweight group 19.9 ± 5 22.6 ± 2.6 22.8 ± 2.1

ACT – Obese group 21.1 ± 2.6 23.6 ± 1.2 23.8 ± 1.7

Blood EOS (EOSx109/L)- 
Normal weight 

0.6 ± 0.8 1 ± 0.7 0.8 ± 0.5

Blood EOS – Overweight 
group

0.6 ± 0.4 0.7 ± 0.6 0.6 ± 0.6

Blood EOS – Obese Group 0.4 ± 0.3 0.7 ± 0.7 0.6 ± 0.5
SNOT-22: Sino-nasal Outcome Test-22; NPS: Nasal Polyp Score; ACT: Asthma Control Test; SSIT-16: 16 items Sniffin Sticks Identification Test; EOS: eosinophils. 
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V. Taking into consideration the modification of SNOT-22, 
NPS, ACT, SSIT-16 performances, VAS for sense of smell 
and blood eosinophil count at all time points, no sig-
nificant difference was observed among the 3 subgroups 
(p = 0.668, 0.24, 0.789, 0.349, 0.158 and 0.171, respec-

tively). Taking for granted the absence of late responders 
among normal weight-overweight-obese patients, a Fisher 
test was performed with no evidence of a significant dif-
ference between very early and early responders for dif-
ferent weight classes.
A Chi-Square test was performed with no evidence of a sig-
nificant difference in terms of response among the 3 sub-
groups (p = 0.196).

Impact of dupilumab on NPS by metabolic profile 
At baseline, mean values of 5.9  ±  1.9 for the “normal 
weight” group, 5.9 ± 1.5 for the “overweight group” and 
6.6 ± 1.2 for the “obese group” were observed. Higher NPS 
was found in the overweight and obese groups, but no sig-
nificant difference. The decrease in NPS during biological 
therapy in the three groups is summarised in Table V. De-
spite a reduction in NPS during follow-up and a lower mean 
value in normal weight patients, there was no significant 
difference between groups. Considering only 2 groups, one 
composed of normal weight patients and the other by over-
weight/obese patients, there was no significant differences 
at any time point.

Table IV. Response to dupilumab according to SNOT-22 and NPS.

SNOT-22 Very early 
responders

Early responder Late responder

Overall 95/106 (89.6%)  11/106 (10.3%) 0

Normal weight 47/95 (49.4%) 4/11 (36.3%) 0

Overweight 39/95 (41%) 5/11 (45.4%) 0

Obese 9/95 (9.4%) 2/11 (18.1%) 0

NPS Very early 
responders

Early responder Late responder

Overall 89/106 (83.9%) 14/106 (13.2%) 3/106 (2.8%)

Normal weight 48/89 (53.9%) 3/14 (21.4%) 0

Overweight 33/89 (37%) 9/14 (64.2%) 2/3 (66.6%)

Obese 8/89 (9%) 2/14 (14.3%) 1/3 (33.3%)
SNOT-22: Sino-nasal Outcome Test-22; NPS: Nasal Polyp Score.

Table V. Dupilumab efficacy evaluated through NPS, SNOT-22, VAS for sense of smell and SSIT-16 score variation in different metabolic groups.

NPS V1 (mean ± SD) V3 (mean ± SD) V6 (mean ± SD) V12 (mean ± SD)

Normal weight 3.4 ± 1.9 2.8 ± 1.7 2.3 ± 1.6 1.5 ± 1.3

Overweight 3.4 ± 2.5 3.1 ± 2.5 2.5 ± 2 2 ± 1.7

Obese 4.1 ± 2.1 3.5 ± 2.6 2.6 ± 2.6 2.1 ± 2.6

p value (< 0.05) .604 .725 7.9 5.2

SNOT-22 V1 (mean ± SD) V3 (mean ± SD) V6 (mean ± SD) V12 (mean ± SD)

Normal weight 25.3 ± 14.6 20.9 ± 14.4 16.6 ± 14.2 11.3 ± 8.1

Overweight 36.2 ± 24 28.4 ± 20.8 24.3 ± 16.9 14.5 ± 10.8

Obese 34.6 ± 31.1 32.6 ± 22.8 28.5 ± 16.4 20.3 ± 6.2

p value (< 0.05) .070 .078 .020 .018

VAS for smell V1 (mean ± SD) V3 (mean ± SD) V6 (mean ± SD) V12 (mean ± SD)

Normal weight 5.2 ± 2.8 3.9 ± 2.9 3.1 ± 2.8 2.6 ± 2.6

Overweight 5.7 ± 3.4 4.3 ± 2.9 3.3 ± 2.6 3.1 ± 2.8

Obese 6.2 ± 3.5 4.8 ± 3.4 4.3 ± 3 3.8 ± 3.3

p value (< 0.05) .363 .515 .302 .358

SSIT-16** V1 (mean ± SD) V3 (mean ± SD) V6 (mean ± SD) V12 (mean ± SD)

Normal weight 9.1 ± 4.3 9.4 ± 4.5 10.1 ± 3.7 11.3 ± 3.7

Overweight 9.3 ± 3.7 9.6 ± 3.6 9.5 ± 2.7 9.6 ± 3.1

Obese 9.5 ± 5.5 9 ± 5.1 9 ± 3.9 8.8 ± 4.3

p value (< 0.05) .943 .923 .467 .208
NPS: Nasal Polyp Score; SNOT-22: Sino-nasal Outcome Test-22; VAS: Visual Analogue Scale; SSIT-16: 16 items - Sniffin’ Sticks Identification test. **Data collected only from ASST 
Santi Paolo e Carlo Hospital and “A. Gemelli” University Hospital Foundation IRCCS samples.
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Impact of dupilumab on quality of life by metabolic 
profile
Quality of life (QoL) was assessed with the SNOT-22 ques-
tionnaire. At baseline, the average scores were 61.2 ± 20.3 
for the normal weight group, 61.2 ± 19.1 for the overweight 
group and 66.3 ± 17.3 for the obese group. The trend in the 
SNOT-22 score for the 3 groups is shown in Table V, Figure 
1, and Cover figure. 
After Bonferroni correction, a significant decrease in 
SNOT-22 values was observed only between obese and nor-
mal-weight patients at V12 (Figs. 2-3). At 12 months, nor-
mal weight and overweight patients had a convergence in 
responses in comparison to the obese sample, as shown in 
Cover figure. By Mann-Whitney U test, a significant reduc-
tion between normal-weighted patients and overweighted/
obese patients was seen only at 12 months (from p < 0.018 
to p < 0.049). Furthermore, the trend in the obese sample 
does not converge to the other subgroups.

Modification of olfactometry and VAS for the sense 
of smell by metabolic groups 
Olfaction was assessed with VAS and SSIT-16. At base-
line, in the normal weight group, the percentage of anos-
mic patients (defined as SSIT-16 score lower than 5/16) 
was 18%, in comparison with a percentage of 57.4% in the 
overweight/obese group. After one month of treatment, the 
percentages of anosmic patients in the 2 subgroups were 
respectively 10% and 19%; at V3 there were 12% of anos-

mics in normal weight patients and 15.3% in overweight/
obese patients; at V6 the percentage of anosmic normal 
weight patients was of 4.4%, compared to 11.7% in the 
overweight/obese group. After 12 months of treatment, 
none of the normal-weight patients was anosmic versus 
9.7% of overweight/obese patients. There was a signifi-
cant difference between the 2 groups only at baseline and 
at 12 months (respectively, p < 0.001 and p = 0.027), while 
differences in all other time points were non-significant 
(V1, p = 0.216, V3, p = 0.672, V6, p = 0.174). Considering 
the VAS for the sense of smell, at baseline there was no 
significant difference between the three metabolic groups 
with mean values of VAS of 8.5 ± 2.3 (normal weight), 
8.3 ± 2.3 (overweight), and 9.3 ± 0.9 (obese). In Table V 
data on VAS for the sense of smell and SSIT-16 are pre-
sented.
Variations in ACT and peripheral blood eosinophils during 
dupilumab treatment showed no evidence of a significant 
difference in the 3 metabolic subgroups at baseline or at V6 
and V12. 

Discussion
Several studies have demonstrated the efficacy of dupilum-
ab in CRSwNP 14,15,18. The SINUS-24 and SINUS-52 stud-
ies showed a significant improvement in the primary and 
secondary endpoints in comparison to placebo (such as 
nasal discharge, severity of nasal obstruction, NPS, loss of 

Figure 1. Decrease in SNOT-22 score for groups 1 (normal weight), 2 (overweight) and 3 (obese) at V6 and V12.
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smell, and paranasal sinus opacification at CT scan) after 
24 and 52 weeks of treatment 14. Moreover, the SINUS-52 
study underlined that dupilumab acts against the main in-
flammatory Type 2 factors and agents 14. Our multicentric 
study collected data from 106 patients with severe and un-
controlled CRSwNP who were treated with the monoclonal 
antibody dupilumab. Our analysis confirmed its efficacy for 
all time points in the improvement of quality of life, NPS, 
VAS for the sense of smell, olfactory function, and ACT 
scores. A fluctuation in peripheral blood eosinophils was 
observed over the entire follow-up, but after an initial in-
crease at V6 the mean count was substantially comparable 
to baseline at V12. 
Of note, we evaluated the impact of the metabolic profile 
on the therapeutic response by analysing outcomes based 
on different BMI. For this reason, we designed a statisti-
cal model to compare the subpopulations of normal weight, 
overweight and obese patients with CRSwNP who were 

treated with dupilumab with the purpose of uncovering the 
existence of a different type of response at the biological 
therapy, depending on different metabolic profile. We fo-
cused on investigating variations in NPS, SNOT-22, and 
VAS for the sense of smell and outcomes of SSIT-16. De-
spite a progressive reduction of the NPS observed at all 
time points in the 3 groups, there was no significant differ-
ence during follow-up. 
Our data did not show a significant difference between the 
3 different BMI-based samples in terms of improvement 
of mean NPS 1,15. We only observed a slight difference in 
terms of response timing. Indeed, the only 3 late responders 
were overweight/obese patients. Future analyses on this as-
pect on a larger number of patients should be performed to 
confirm our preliminary analyses if obesity may be a factor 
predisposing to a late response. 
The QoL outcomes from the SNOT-22 questionnaire 
revealed a significant improvement in terms of mean 
SNOT for all the 3 BMI-based samples in terms of mean 
SNOT-22 over the first year of treatment. Interestingly, 
a difference was observed in terms of mean SNOT in 
the 3 groups. The difference was not significant at base-
line and progressively increased to reach significance 
at 6 and 12 months of observation (p < 0.05). This sig-
nificance was confirmed by repeating the analyses and 
considering only 2 subgroups, namely normal weight 
and overweight/obese patients. This may be due to a de-
layed response to dupilumab in patients with an impaired 
metabolic profile, although future studies are required to 
confirm this preliminary observation. Taking into ac-
count the different characteristics of the items evaluated 
through the SNOT-22 questionnaire, it would be interest-
ing to investigate what symptoms played a major influ-
ence in overweight/obese patients; in fact, the relation 
between metabolic disease, depression, and sleep disor-
ders is widely recognised 19. Hence, evidence emerging 
from our study suggests that overweight/obese patients 
seem to have worse endoscopic features, higher comor-
bidity-associated symptoms, perception of their QoL, 
and olfactory performance at the baseline, with a prob-
able slower response to dupilumab.
The role of Type 2 inflammation, the inflammasome, and 
obesity has been analysed in the literature. According to 
Pinkerton et al. 19, a positive relationship between BMI, 
NLRP3 inflammasome, IL-5, and IL-13 was demonstrat-
ed in obese patients with severe asthma and, in particu-
lar, obesity increases Type 2 cytokines and the NLRP3 
inflammasome leading to uncontrolled and difficult-to-
treat asthma. Obesity is widely recognised as a risk fac-

Figure 2. Bonferroni correction for SNOT-22 at V6.

Figure 3. Bonferroni correction for SNOT-22 at V12.



L. Nitro et al.

36

tor for the development of asthma; in particular, it seems 
to be associated with more severe and steroid-insensitive 
disease compared to non-obese patients  19,20. There is 
relevant evidence showing that the metabolic condition 
of overweight-obesity plays a role in the pathogenesis 
and severity of upper and lower respiratory disease 20 and 
their relation with Type 2 inflammation, which is a pri-
mary driver of CRSwNP 5,17,20. Adipose tissue promotes 
increased production of cytokines, adipocytokines, adi-
ponectin, and other mediators, with relevant implications 
for the immune pathogenetic process  15,21. According to 
Nam et al.  21, there is a significant association between 
obesity and CRSwNP with evidence of worse symptoms 
such as purulent nasal discharge, olfactory dysfunction, 
and increased daily life disability in comparison to non-
obese patients. This was confirmed in our study, wherein 
overweight and obese patients showed worse SNOT-22 
scores and olfactometry performance at baseline. More-
over, obesity seems able to promote the appearance of 
nasal polyps with a reduced therapeutic response due 
to reduced immune function and production of several 
hormones 20. For example, increased serum leptin levels 
might promote chemotaxis of eosinophils into the nasal 
mucosa and polypoid tissue and their delayed apoptosis, 
inhibition of T-Reg lymphocyte proliferation, and am-
plify chronic inflammation and local oedema  13. It was 
demonstrated that cytokines, such as IL-4, IL-13, IL-5, 
and IL-33 have a pivotal role in the modulation of the 
Type 2 immune process even in adipose tissue 7. Interest-
ingly, it was observed that, in a murine model, IL-4 acts 
in a completely different way in adipose tissue compared 
to intranasal tissue  6-8. In fact, it drives the polarisation 
of macrophages towards the M2 phenotype, which has 
local anti-inflammatory action and promotes insulin sen-
sitivity through an increase in its receptors 6-8. For those 
reasons, an anti-IL4 agent could have a local pro-inflam-
matory role in the fat tissue of obese patients and this, 
perhaps, could promote a positive feedback mechanism 
that leads to a delayed response to dupilumab. 
Taking into account olfaction, its dysfunction is strongly 
related to both CRS and obesity even if the physiopa-
thology is not completely understood 21. Dupilumab pro-
motes restoration of olfaction in patients with CRSwNP 
with a change in their olfactory condition, from anos-
mic to non-anosmic, in 62% of the sample  14. Accord-
ing to Mullol et al. 22, in CRSwNP the impairment could 
be related to multiple factors including higher chronic 
inflammation and therefore oedema of the neuroepithe-
lium and the olfactory mucosa, changes in airflow in 

the olfactory cleft due to nasal polyposis, and a direct 
neurotoxic effect of inflammatory agents  23,24. Accord-
ing to the present literature, the prevalence of olfaction 
impairment is higher in obese patients in comparison to 
the normal weight population, with a direct relation to 
weight gain  23-25. Moreover, in obese subjects a volume 
reduction of the olfactory bulb was found that showed 
a potential negative correlation with BMI  24. In our 
study, we performed SSIT-16 that provided interesting 
information about olfactory function in different meta-
bolic settings. From the baseline to V12, a consistently 
higher percentage of anosmic patients was found in the 
overweight/obese groups. It is remarkable that at V12 
none of the normal-weight patients was anosmic versus 
a 9.7% of anosmic overweight/obese patients. Further-
more, overweight and obese patients showed worse VAS 
scores for their sense of smell at each time point. No 
confounding elements (such as smoking) could be found. 
This evidence could be considered concordant with our 
evaluation of the endoscopic features, as stated above, 
with higher NPS scores in overweight/obese patients at 
baseline and during follow-up as indicators of persistent 
altered airflow to the nasal vault. Results at V12 could, 
however, also be explained by the significantly higher 
rate of anosmia at baseline in overweight/obese patients. 

Conclusions 
Our study confirmed the efficacy of dupilumab for the 
treatment of severe uncontrolled CRSwNP with an  im-
provement in endoscopic findings, sinonasal symptoms, 
and olfactory function in normal, overweight, and obese 
patients. To the best of our knowledge, this is the first 
study that has investigated the role of the fat tissue-related 
response of CRSwNP to dupilumab. In addition, our study 
underlines the efficacy of dupilumab in the  treatment of 
severe and uncontrolled CRSwNP; the timing of response 
may be affected by the patient’s metabolic state due to a 
pro-inflammatory state promoted by fat tissue. Our find-
ings suggest, in fact, that patients with a compromised 
metabolic state  (overweight and obesity) have a more 
impaired baseline and could present a delayed response 
to dupilumab compared to normal-weight patients. Clini-
cians should therefore be aware of the different inflamma-
tion statuses of overweight and obese patients and consid-
er the possible need for prolonged treatment to obtain an 
optimal response. Further studies are necessary to deepen 
the understanding of the role of metabolic status in Type 2 
inflammation and CRSwNP. 
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