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Background: Chronic rhinosinusitis with nasal polyps (CRSwNP) is a type 2
inflammatory disease treated with sinus surgery when refractory to medical
intervention. However, recurrence postsurgery is common. Dupilumab, a fully
human monoclonal antibody, blocks the shared receptor for interleukin 4 (IL-4)
and IL-13, key and central drivers of type 2 inflammation. We report the effi-
cacy of dupilumab in patients with CRSwNP from the SINUS-24/SINUS-52 trials
(NCT02912468/NCT02898454), by number of prior surgeries and time since last
surgery.
Methods: Patients were randomized to placebo or dupilumab 300 mg every 2
weeks. Post hoc subgroup analyses were performed for patients with 0, ≥1, 1/2,
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Public clinical trial registration: SINUS-
24 (https://clinicaltrials.gov/ct2/show/
NCT02912468)ARandomized, 24-Week
Treatment,Double-blind, Placebo-
controlledEfficacy andSafety Studyof
Dupilumab300mgEveryOtherWeek, in
PatientsWithBilateralNasal Polyposis on
aBackgroundTherapyWith Intranasal
Corticosteroids. SINUS-52 (https://
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ARandomized,Double-blind, 52-week,
PlaceboControlledEfficacy andSafety
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or ≥3 prior surgeries, and for patients who had surgery within <3, 3 to <5, 5 to
<10, or ≥10 years. Efficacy outcomes at 24 weeks included co-primary endpoints
nasal polyp score (NPS) and nasal congestion (NC), and Lund-Mackay (LMK),
22-item Sino-Nasal Outcome Test (SNOT-22), and smell scores.
Results: Of 724 patients randomized, 459 (63.4%) had ≥1 prior surgery. Baseline
sinus disease (NPS, NC, LMK) and olfactory dysfunction (University of Penn-
sylvania Smell Identification Test [UPSIT] and loss of smell) scores were worse
for patients with ≥3 prior surgeries vs no surgery. Baseline NPS and LMK were
worse in patients with <3 years since last surgery than in patients with ≥5 years
since last surgery. Dupilumab significantly improved all outcome measures vs
placebo in all subgroups by number of surgeries and by time since last surgery.
Improvements in NPS and LMK were greater in patients with <3 years since
last surgery than patients with ≥5 years. Safety results were consistent with the
known dupilumab safety profile.
Conclusion: Dupilumab improved CRSwNP outcomes irrespective of surgery
history, with greater improvements in endoscopic outcomes in patients with
shorter duration since last surgery.

KEYWORDS
chronic disease, chronic rhinosinusitis, sinus surgery, subcutaneous immunotherapy, thera-
peutics

Chronic rhinosinusitis with nasal polyps (CRSwNP) is
a chronic inflammatory disease affecting the nose and
paranasal sinuses, associated with a high symptom bur-
den and poor health-related quality of life.1 CRSwNP is
characterized by symptoms of rhinosinusitis (nasal con-
gestion [NC], anterior rhinorrhea/postnasal drip, reduc-
tion in or loss of smell, facial pain/headache) for at least 3
months, sinus obstruction, the presence of bilateral nasal
polyps (NP) upon nasal endoscopy or evidence of sinus
disease on a computed tomography (CT) scan, and by the
presence of type 2 inflammation, with the involvement of
type 2 cytokines interleukin 4 (IL-4), IL-13, and IL-5 in its
pathophysiology and high levels of tissue immunoglobulin
E (IgE).2–4

Current international treatment guidelines recom-
mend an incremental treatment approach determined
by disease severity. Nasal saline irrigation and topical
intranasal corticosteroids (INCS) are utilized at all severity
levels of disease, with short courses of oral systemic
corticosteroids (SCS) recommended for uncontrolled
severe disease and sinus surgery to remove polyps if
medical intervention fails.2,5 Endoscopic sinus surgery
(ESS) is recommended for the treatment of recalci-
trant disease, with an estimated 46% to 79% of patients
with CRSwNP undergoing at least 1 surgery.1,6,7 How-
ever, surgical procedures for CRSwNP lack uniformity,
ranging from simple polypectomy to more extensive
surgery options.8–10 Although patients commonly benefit

https://clinicaltrials.gov/ct2/show/NCT02912468
https://clinicaltrials.gov/ct2/show/NCT02912468
https://clinicaltrials.gov/ct2/show/NCT02898454
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symptomatically from surgery, postoperative recurrence
of polyps is frequent. Around 40% of patients suffer clin-
ically evident recurrence within 18 months postsurgery,
with around 60% within 7 years and almost 80% within
12 years.11–13 Multiple rounds of surgery are therefore
frequent, with a recent systematic review reporting that
14% to 24% of patients have undergone revision surgery
due to recurrence.14 Patients with CRSwNP with a type
2 inflammatory signature—characterized by asthma and
nonsteroidal anti-inflammatory drug–exacerbated respi-
ratory tract disease (NSAID-ERD) or elevated eosinophil
count and increased IL-5 and IgE levels in the nasal or
sinus tissues—show higher rates of polyp recurrence
and earlier recurrence postsurgery,15,16 and multiple
procedures are particularly common in these patient
groups.11,17,18
Dupilumab is a fully human VelocImmune R©-derived

monoclonal antibody19,20 that inhibits the signaling of both
IL-4 and IL-13 (cytokines that are key and central drivers
of type 2-mediated inflammation) by binding to their
shared receptor component.21–23 Dupilumab is approved
as an add-on maintenance treatment in adult patients
with inadequately controlled CRSwNP.24–26 The phase
3 SINUS-24 (Clinical Trials; https://clinicaltrials.gov/
ct2/show/NCT02912468) and SINUS-52 studies (Clinical
Trials; https://clinicaltrials.gov/ct2/show/NCT02898454)
demonstrated that dupilumab, on a background of INCS
(mometasone furoate), significantly improved endo-
scopic, clinical, and patient-reported outcomes in patients
with severe CRSwNP uncontrolled by standard of care,
and reduced SCS use and surgery.17 These studies also
demonstrated the efficacy of dupilumab in patients
who had undergone prior sinus surgery17; however, it
remained unclear whether patients with multiple prior
surgeries benefited as much as patients with 1 prior
surgery.
Recurrence of polyps and symptoms following multiple

surgeries may be an indicator of disease refractory to treat-
ment, and it is not possible to assume that a patient with
several prior surgeries will have the same response to a
biologic as a patient with only a single surgery. Patients
and clinicians may have concerns that the requirement
for multiple surgeries indicates a patient with a more
severe inflammatory burden who is refractory to all treat-
ment options, or in whom scar tissue from previous surg-
eries may prevent benefit from biologic treatments. Inves-
tigation into the effects of prior surgical history on the
efficacy of biologics may help to resolve uncertainties
around value in healthcare settings where access to bio-
logics is targeted to those in whom it has the greatest
cost-effectiveness.
This study aimed to support shared clinician and patient

decision-making in the use of dupilumab by analyzing

whether patients who have undergone multiple surgeries
can derive benefit from treatmentwith a biologic. This post
hoc analysis examined a pooled population of patientswith
CRSwNP enrolled in the SINUS-24 and SINUS-52 studies
to assess the efficacy of dupilumab compared with placebo
at week 24 in patient subgroups according to history of
prior sinus surgery (by number of surgeries and by the time
since last surgery). The effect of dupilumab on the risk of
rescue treatment, defined as treatment with SCS or need
for sinus surgery,2 was also assessed.

1 PATIENTS ANDMETHODS

1.1 Study design

The SINUS-24 and SINUS-52 studies were randomized,
multicenter, double-blind, placebo-controlled, parallel-
group studies that assessed dupilumab as an add-on treat-
ment to standard of care in adults with severe CRSwNP.
The study designs have been described.17 In brief, in
SINUS-24, patients were randomized 1:1 to subcutaneous
(SC) dupilumab 300 mg or placebo every 2 weeks (q2w)
for 24 weeks. In SINUS-52, patients were randomized 1:1:1
to SC dupilumab 300 mg q2w for 52 weeks, SC dupilumab
300 mg q2w for 24 weeks then every 4 weeks for 28
weeks, or placebo q2w for 52 weeks. There were pre-
specified study enrollment goals of 50% of patients with
asthma and/or NSAID-ERD based on patient history and
50% of patients with prior sinus surgery. Patients were
stratified by history of prior sinus surgery, asthma/NSAID-
ERD, and country at randomization. Patients received
100 μg mometasone furoate nasal spray in each nos-
tril twice daily throughout the trial period. Rescue treat-
ment with SCS, sinus surgery, or nasal lavage with saline
and/or systemic antibiotics were allowed per investigator’s
discretion.

1.2 Eligibility criteria

Adult patients with CRSwNP with either prior treatment
with SCS within 2 years or contraindication/intolerance to
SCS or prior surgery for NP were considered eligible for
enrollment if they met the following criteria: bilateral NP
despite INCS treatment for ≥2 months with nasal polyp
score (NPS) ≥5 out of 8, and ≥2 for each nostril; ≥2 rhi-
nosinusitis symptoms of nasal obstruction or discharge
(symptom severity score ≥2) AND 1 of rhinorrhea (ante-
rior/posterior) or reduction or loss of smell.
Patients were excluded if they had: been treated with

monoclonal antibodies or immunosuppressive therapy
treatment within 2 months, or had undergone anti-IgE

https://clinicaltrials.gov/ct2/show/NCT02912468
https://clinicaltrials.gov/ct2/show/NCT02912468
https://clinicaltrials.gov/ct2/show/NCT02898454
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therapy (such as omalizumab) within 130 days of screen-
ing; undergone sinus surgery (including polypectomy)
within 6 months before screening or sinus surgery that
altered nasal lateral wall structure as to make NPS eval-
uation impossible; and forced expiratory volume (FEV1)
≤50% of predicted normal values.
In this post hoc analysis, the following subgroups were

analyzed: patients who had no sinus surgery,≥1, 1, 2, or≥3
prior surgeries, and, among patientswith prior surgery,<3,
≥3 to < 5, ≥5 to <10, and ≥10 years since their most recent
surgery. Surgeries were categorized as either polypectomy
or functional endoscopic sinus surgery (FESS). The type
and extent of surgery were not accounted for in subgroup
analyses.

1.3 Outcomemeasures

The effect of dupilumab was evaluated by subgroup by
change in outcome scores, NPS, NC score, Lund-MacKay
(LMK) score, loss of smell score, University of Pennsylva-
nia Smell Identification Test (UPSIT) score, 22-item Sino-
Nasal Outcome Test (SNOT-22) score from baseline to
week 24, and the probability of patients requiring SCS or
sinus surgery during the treatment period up to week 24.
The procedures for assessment of outcome measures have
been described.17 NPS and LMK scores were graded cen-
trally and independently by masked review of endoscopy
videos (NPS) and sinus CT images (LMK). Individual
response thresholds were defined by NPS improvement
from baseline ≥1 and ≥2, NC score improvement from
baseline ≥1 (prespecified threshold levels in both stud-
ies), and SNOT-22 improvement from baseline ≥8.9 (mini-
mal clinically important difference; prespecified secondary
efficacy endpoint).27 The European Quality of Life-5D
scale (0−100) was self-reported by patients. Biomarkers
of type 2 inflammation were assessed from blood samples
taken at study baseline; eosinophil levels were assessed
by cell count per mm3, and IgE, thymus and activation-
regulated chemokine (TARC), and periostin levels were
determined by immunoassay.
Safety was assessed by pooling adverse event data up to

week 24 for patients treated with placebo or dupilumab, by
either no prior surgery or ≥1 prior surgery subgroups.

1.4 Statistical analyses

This pooled analysis of the SINUS-24 and SINUS-52 stud-
ies compared patients randomized to placebo with those
randomized to dupilumab 300 mg q2w, to week 24.
Baseline characteristics were analyzed for differences

between at least 2 subgroups and vs the no surgery sub-

group (for patients by prior surgery) and vs the <3 years
since last surgery subgroup (for patients by time since
last surgery) by a chi-square test for qualitative parame-
ters or Kruskal-Wallis test for quantitative parameters. As
these post hoc tests were for exploratory purposes only,
no adjustment onmultiplicity was performed and nominal
p values were provided. Variance was shown by standard
deviation (SD).
The changes from baseline in outcome scores were

analyzed separately in each subgroup with a hybrid of
the worst observation carried forward (WOCF) and mul-
tiple imputation methods, followed by an analysis of
covariance (ANCOVA) model with the baseline value of
the corresponding endpoint, treatment, asthma or NSAID-
ERD status, region (pooled countries), and the study as
covariates. For patients who received SCS or who under-
went sinus surgery for any reason, data collected post-
surgery or post-SCS treatment were set to missing, and the
worst postbaseline value on or before the time of surgery
or SCS treatment was used to impute the week 24 values.
For patients who discontinued treatment without rescue
by surgery or SCS, a multiple imputation approach was
used to impute missing values, using all patients who had
not been rescued by surgery or were not receiving SCS. Sta-
tistical inference obtained from all imputed data was com-
bined using Rubin’s rule. Least squares (LS) mean differ-
ences vs placebo along with 95% confidence intervals (CIs)
were then calculated in each subgroup.
To compare the effect between subgroups a similar

ANCOVA model was carried out, with the addition of the
subgroup covariate and the subgroup-by-treatment inter-
action. The interaction p value was calculated from this
model.
The proportion of patients achieving response thresh-

olds for NPS, NC, and SNOT-22 was compared between
dupilumab and placebo in each subgroup using a logis-
tic regression, with treatment group, asthma/NSAID-ERD
status, prior surgery history, regions, and the study as
covariates. Risk differences with 95% CIs were computed.
Patients who were indicated for surgery for NP or received
SCS for any reason were considered as nonresponders for
time points after using SCS or surgery. Patients missing
data at the visit of interest were considered as nonrespon-
ders. To compare the effect between subgroups, a similar
model was carried out with the addition of the subgroup
and the subgroup-by-treatment interaction as covariates,
and the interaction p values derived.
The Cox proportional hazards model and the Kaplan-

Meier method were used to estimate the probability that
a patient in each treatment group would require SCS or
NP surgery (actual or planned) up to week 24, separately
in each subgroup. The Cox model used the event as the
dependent variable, and the treatment group, asthma or
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TABLE 1 Sinus surgery history of patients with CRSwNP from SINUS-24+SINUS-52*

Patients
Placebo
(n = 286)

Dupilumab 300 mg q2w
(n = 438)

All patients
(n = 724)

No prior surgeries, n (%) 99 (34.6) 166 (37.9) 265 (36.6)
Number of prior surgeries, n (%)

≥1 prior surgery 187 (65.4) 272 (62.1) 459 (63.4)
1 101 (54.0) 153 (56.3) 254 (55.3)
2 39 (20.9) 55 (20.2) 94 (20.5)
≥3 47 (25.1) 64 (23.5) 111 (24.2)

Number of prior surgeries, mean ±
SD

1.96 ± 1.45 1.96 ± 1.64 1.96 ± 1.56

Time since last surgery, n (%)a

<3 years 55 (29.4) 81 (29.8) 136 (29.6)
≥3 and <5 years 34 (18.2) 47 (17.3) 81 (17.6)
≥5 and <10 years 53 (28.3) 80 (29.4) 133 (29.0)
≥10 years 45 (24.1) 63 (23.2) 108 (23.5)

Time since last surgery (years),
median (Q1:Q3)

5.24
(2.62:9.83)

5.33
(2.53:9.62)

5.31
(2.56:9.62)

*Percentages for patients with 1, 2, or ≥3 prior surgeries and for time since last surgery subgroups were calculated using the number of patients with ≥1 surgery as
the denominator.
aData for time since last surgery were missing for 1 patient.
CRSwNP = chronic rhinosinusitis with nasal polyps; Q1 = first quartile; Q3 = third quartile; q2w = every 2 weeks; SD = standard deviation.

NSAID-ERD status, the region (pooled country) and the
study indicator (EudraCT Number EFC14280 = 0 and
EFC14146 = 1) as covariates. Hazard ratios (HRs) and
corresponding 95% CI and p values were estimated for
dupilumab vs placebo. The Kaplan-Meier method was
used to derive the probability that a patient would have
an event at week 24, with point probabilities and cor-
responding 95% CIs calculated. The HR was derived in
each subgroup from a Cox proportional hazard model
with the event of first SCS use and/or surgery as the
response variable, and treatment, asthma/NSAID-ERD
status, region (pooled country), and study as covariates. In
order to compare subgroups, a similar Cox model was per-
formed, with the addition of the subgroup covariate and
the subgroup-by-treatment interaction; the interaction p
value was derived from this model. Variance was shown
by 95% CI.
For all interaction p value calculations, the interac-

tion p values compare the dupilumab vs placebo effect
between subgroups, using the no prior surgery subgroup
and the<3 years subgroup as references for their respective
comparisons.
The incidence of treatment-emergent adverse events

(TEAEs) up to week 24 in patients with or without prior
surgery was analyzed descriptively.
Across all analyses significance was attributed as p <

0.05. As all predictive analyses were post hoc, all p values
should be considered nominal. Analyses were performed
using SAS version 9.4 (SAS Institute, Inc., Cary, NC).

2 RESULTS

2.1 Patients and baseline characteristics

Overall, 724 patients randomized in the SINUS-24 and
SINUS-52 studies were assessed and, of these, 459 (63.4%)
had undergone ≥1 prior sinus surgery. The number of
prior sinus surgery and time since last sinus surgery sub-
groups were balanced between the placebo and treatment
groups (Table 1). The mean ± SD number of prior surg-
erieswas 1.96± 1.56; themedian time since last surgerywas
5.3 years.
Baseline characteristics for patients by number of sinus

surgeries and by time since last sinus surgery are out-
lined in Tables 2 and 3, respectively. Pairwise comparisons
between subgroups by number of prior surgeries vs the
no surgery subgroup showed that patients with a greater
number of surgeries had a longer duration since diag-
nosis of CRSwNP, a younger age at onset of CRSwNP, a
greater prevalence of asthma/NSAID-ERD, and a shorter
time duration since revision (Supplementary Fig. 1). Base-
line sinus disease (LMK score) and olfactory dysfunction
(loss of smell and UPSIT scores) were significantly worse
with increased number of prior surgeries (Supplementary
Fig. 1).
Pairwise comparisons between subgroups by time since

last surgery vs the <3 years since last surgery subgroup
showed that patients with a more recent surgery were
generally younger, with a shorter time since last surgery
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TABLE 2 Baseline characteristics for patients by number of prior sinus surgeries

Characteristic
No surgery
(n = 265)

≥1 surgery
(n = 459)

1 surgery
(n = 254)

2 surgeries
(n = 94)

≥3 surgeries
(n = 111) Overall pa

Age (years), mean ± SD 51.4 ± 13.2 51.4 ± 12.6 52.3 ± 12.6 49.5 ± 13.2 50.9 ± 11.9 0.32
Male, n (%) 169 (63.8) 268 (58.4) 148 (58.3) 50 (53.2) 70 (63.1) 0.25
BMI (kg/m2), mean ± SD 28.50 ± 5.73 27.60 ± 5.30 26.95 ± 4.87 27.87 ± 5.38 28.87 ± 5.93 0.004
Time since first diagnosis of NP
(years), mean ± SD

5.53 ± 6.02 14.20 ± 9.62 12.29 ± 9.48 14.60 ± 8.73 18.37 ± 9.42 <0.001

Age at onset of nasal polyposis
(years), mean ± SD

45.98 ± 13.01 37.23 ± 13.18 40.02 ± 13.24 35.00 ± 12.19 32.60 ± 12.27 <0.001

Asthma/NSAID-ERD from
medical history, n (%)

129 (48.7) 322 (70.2) 171 (67.3) 66 (70.2) 85 (76.6) <0.001

SCS use within 2 years, n (%) 246 (92.8) 292 (63.6) 160 (63.0) 57 (60.6) 75 (67.6) <0.001
Time since last surgery (years),
mean ± SD

— 7.16 ± 6.44 8.12 ± 7.40 6.50 ± 4.80 5.50 ± 4.69 0.004

Time since last surgery category,
n (%)b

<3 years — 136 (29.7) 70 (27.7) 24 (25.5) 42 (37.8)
≥3 and < 5 years — 81 (17.7) 41 (16.2) 19 (20.2) 21 (18.9)
≥5 and < 10 years — 133 (29.0) 70 (27.7) 28 (29.8) 35 (31.5)
≥10 years — 108 (23.6) 72 (28.5) 23 (24.5) 13 (11.7)

Assessment scores, mean ± SD
NPS (0–8) 6.15 ± 1.20 5.86 ± 1.26 5.96 ± 1.20 5.62 ± 1.31 5.83 ± 1.35 0.005
NC score, 0–3 2.33 ± 0.60 2.44 ± 0.56 2.44 ± 0.55 2.33 ± 0.60 2.54 ± 0.54 0.015
LMK score, 0–24 17.15 ± 3.92 19.07 ± 3.97 18.57 ± 4.23 19.34 ± 3.50 19.95 ± 3.59 <0.001
UPSIT score, 0–40 16.02 ± 8.93 12.80 ± 7.52 12.87 ± 7.82 12.97 ± 7.89 12.49 ± 6.48 <0.001
Loss of smell score (0–3) 2.65 ± 0.54 2.79 ± 0.52 2.76 ± 0.56 2.81 ± 0.43 2.83 ± 0.50 <0.001
SNOT-22 total score (0–110) 49.72 ± 21.44 51.63 ± 20.19 51.49 ± 20.60 51.97 ± 20.77 51.68 ± 18.89 0.69
VAS for EQ-5D (0–100) 65.56 ± 22.15 65.37 ± 19.34 65.74 ± 18.47 64.03 ± 20.73 65.61 ± 20.23 0.82

Biomarkers, mean ± SD
Blood eosinophils (1 × 109/L) 0.37 ± 0.31 0.47 ± 0.36 0.47 ± 0.37 0.43 ± 0.32 0.50 ± 0.36 <0.001
Total IgE (IU/mL) 241.22 ± 308.35 222.31 ± 323.75 239.02 ± 350.90 187.99 ± 297.47 213.07 ± 276.39 0.05
Periostin (ng/mL) 104.96 ± 40.67 116.65 ± 52.43 118.04 ± 51.15 109.83 ± 45.61 119.21 ± 60.16 0.04
TARC (pg/mL) 351.19 ± 243.42 361.32 ± 256.44 362.89 ± 254.80 345.58 ± 195.63 371.22 ± 303.76 0.78

aChi-square test for qualitative parameters, Kruskal-Wallis test for quantitative parameters; to compare if there was a difference between at least 1 subgroups
among patients with no surgery (except for time since last surgery), 1, 2, or ≥3 surgeries.
bData for time since last surgery were missing for 1 patient.
BMI = body mass index; EQ-5D = European Quality of Life-5 Dimensions; IgE = immunoglobulin E; LMK = Lund-Mackay; NC = nasal congestion; NPS = nasal
polyp score; NSAID-ERD = nonsteroidal anti-inflammatory drug-exacerbated respiratory tract disease; SCS = systemic corticosteroid; SD = standard deviation;
SNOT-22 = 22-item Sino-Nasal Outcome Test; TARC = thymus and activation-regulated chemokine; UPSIT = University of Pennsylvania Smell Identification
Test; VAS = visual analogue scale.

and a lower NPS and higher LMK score than those
with a longer time since last surgery (Supplementary
Fig. 2).
The overall surgery types undergone by patients were

similar across subgroups by time since last surgery
(Table 3). Details for type of prior surgery by number of
prior surgeries and most recent surgery type by time since
last surgery are presented in Supplementary Tables 1 and
2, respectively.

2.2 Dupilumab demonstrated efficacy
irrespective of the number or recency of
prior sinus surgeries

The superiority of dupilumab vs placebo in the overall
intent-to-treat (ITT) population for the outcome measures
presented here has been reported.17 Subgroup analyses for
the efficacy of dupilumab vs placebo by number of prior
sinus surgeries, and time since last sinus surgery were
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TABLE 3 Baseline characteristics for patients with prior sinus surgery by time since last surgery

Characteristic
<3 years
(n = 136)

≥3 and <5
years
(n = 81)

≥5 and <10
years
(n = 133)

≥10 years
(n = 108) Overall pa

Age (years) 46.35 (12.51) 50.38 (12.49) 53.21 (12.13) 56.19 (11.17) <0.001
Male, n % 87 (64.0) 48 (59.3) 74 (55.6) 59 (54.6) 0.42
BMI (kg/m2) 27.64 (5.92) 26.81 (4.77) 28.04 (4.61) 27.68 (5.65) 0.41
Time since first diagnosis of NP
(years)

8.56 (7.11) 11.66 (8.11) 15.32 (7.99) 22.01 (9.88) <0.001

Age at onset of NP (years) 37.82 (13.17) 38.78 (13.93) 38.08 (13.13) 34.21 (12.40) 0.10
Asthma/NSAID-ERD from
medical history, n (%)

87 (64.0) 64 (79.0) 101 (75.9) 69 (63.9) 0.02

SCS use within 2 years, n (%) 89 (65.4) 51 (63.0) 79 (59.4) 72 (66.7) 0.64
Type of last surgery, n (%)
FESS 72 (52.9) 47 (58.0) 75 (56.4) 54 (50.0)
Polypectomy 64 (47.1) 34 (42.0) 58 (43.6) 54 (50.0)

Number of prior sinus surgeries
category, n (%)

0.03

1 surgery 70 (51.5) 41 (50.6) 70 (52.6) 72 (66.7)
2 surgeries 24 (17.6) 19 (23.5) 28 (21.1) 23 (21.3)
≥3 surgeries 42 (30.9) 21 (25.9) 35 (26.3) 13 (12.0)

Assessment scores, mean (SD)
NPS (0−8) 5.41 (1.17) 5.75 (1.18) 6.05 (1.27) 6.27 (1.27) <0.001
NC score (0−3) 2.41 (0.53) 2.37 (0.65) 2.50 (0.55) 2.46 (0.56) 0.59
LMK score (0−24) 19.96 (3.78) 19.75 (4.02) 19.05 (3.76) 17.38 (3.96) <0.001
UPSIT score (0−40) 13.50 (7.70) 12.20 (7.13) 12.01 (7.14) 13.34 (8.00) 0.48
Loss of smell score (0−3) 2.80 (0.46) 2.80 (0.44) 2.84 (0.44) 2.69 (0.71) 0.36
SNOT-22 total score (0−110) 51.56 (20.05) 52.09 (21.47) 52.62 (19.21) 49.82 (20.56) 0.80
VAS for EQ-5D (0−100) 65.64 (19.84) 69.45 (17.40) 62.60 (20.41) 65.61 (18.35) 0.15

Biomarkers, mean (SD)
Blood eosinophils (1 × 109/L) 0.45 (0.30) 0.56 (0.47) 0.45 (0.31) 0.45 (0.39) 0.31
Total IgE (IU/mL) 225.88 (271.55) 241.24 (327.49) 219.84 (342.49) 202.69 (358.01) 0.37
Periostin (ng/mL) 125.89 (60.60) 127.23 (53.83) 107.45 (44.52) 107.89 (45.95) 0.002
TARC (pg/mL) 373.04 (264.40) 389.53 (277.67) 308.49 (157.15) 389.50 (314.23) 0.17

aChi-square test for qualitative parameters, Kruskal-Wallis test for quantitative parameters; to compare if there was a difference between at least 2 subgroups
among patients with < 3, ≥3 to <5, ≥5 to <10, and ≥10 years since last sinus surgery.
BMI= bodymass index; EQ-5D=EuropeanQuality of Life-five Dimensions; FESS= functional endoscopic sinus surgery; IgE= immunoglobulin E; LMK= Lund-
Mackay; NC = nasal congestion; NP = nasal polyposis; NPS = nasal polyp score; NSAID-ERD = nonsteroidal anti-inflammatory drug–exacerbated respiratory
tract disease; SCS = systemic corticosteroid; SD = standard deviation; SNOT-22 = 22-item Sino-Nasal Outcome Test; TARC = thymus and activation-regulated
chemokine; UPSIT = University of Pennsylvania Smell Identification Test; VAS = visual analogue scale.

consistent with the ITT results, with the LS mean differ-
ence in change from baseline favoring dupilumab for all
outcome measures regardless of the number of prior sinus
surgeries or the time since last surgery (Fig. 1).
Analysis by number of prior sinus surgeries showed sim-

ilar improvements with dupilumab vs placebo for patients
with 1, 2, or ≥3 prior sinus surgeries across most end-
points (Fig. 1). For NC score, dupilumab was associated
with a greater improvement vs placebo in patients with ≥3
prior sinus surgeries than in patients with no prior surgery
(p < 0.05).

The magnitude of treatment effect of dupilumab vs
placebo was generally greater in patients with more recent
surgery, with a more marked improvement observed in
patients who had surgery within 3 years compared with
those with a longer duration since last surgery (Fig. 1).
Significantly greater improvements with dupilumab vs
placebo were observed in NPS and LMK score in the <3
years subgroup comparedwith the≥5 to<10 and≥10 years
subgroups (NPS: LS mean differences [95% CI] vs placebo
in <3 years subgroup, −2.76 [95% CI, −3.37 to −2.15]; ≥5
to <10 years subgroup, −1.66 [95% CI, −2.20 to −1.12],
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F IGURE 1 Dupilumab efficacy outcomes at week 24 by number of prior sinus surgeries, and by time since last sinus surgery. All panels
show the LSmean difference in change from baseline, comparing the dupilumab vs placebo. *Subgroup-by-treatment interaction p< 0.05; **p<
0.01; ***p<0.001. LSmean: imputed complete datawere analyzed by fitting anANCOVAmodelwith the corresponding baseline value, treatment
group, asthma/NSAID-ERD status, regions, and the study as covariates. Analysis was based on the same imputed dataset usingWOCF/MI from
primary analysis of the co-primary endpoints. Interaction p value computed by fitting anANCOVAmodelwith the corresponding baseline value,
treatment group, asthma/NSAID-ERD status, and regions as covariates, plus the subgroup variable and the subgroup-by-treatment interaction
and the study. The “no surgery” and <3 years subgroups were considered as references for the calculation of the interaction p values for the
number of surgery and the time since most recent surgery subgroup analyses, respectively. ANCOVA= analysis of covariance; CI= confidence
interval; LS mean = least squares mean; NSAID-ERD = nonsteroidal anti-inflammatory drug-exacerbated respiratory tract disease; SNOT-22
= 22-item Sino-Nasal Outcome Test; SE = standard error; UPSIT = University of Pennsylvania Smell Identification Test; WOCF/MI = worst
observation carried forward/multiple imputation.
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F IGURE 2 Differences in the proportion of patients
achieving treatment response thresholds at week 24 by number of
prior sinus surgeries, and by time since last sinus surgery. All
panels show risk differences for response outcomes, comparing
the dupilumab vs placebo groups. *Treatment-by-subgroup
heterogeneity p < 0.05. RD derived in each subgroup using
logistic regression with treatment group, asthma/NSAID-ERD
status, prior surgery history, regions, and the study; interaction p
values derived using the same model, with the additional
inclusion of the subgroup, and the subgroup-by-treatment
interaction as covariates. The “no surgery” and <3 years
subgroups were considered as references for the calculation of the
heterogeneity p values for the number of surgery and the time
since most recent surgery subgroup analyses, respectively. CI =
confidence interval; NSAID-ERD = nonsteroidal
anti-inflammatory drug-exacerbated respiratory tract disease; RD
= risk difference; SNOT-22 = 22-item Sino-Nasal Outcome Test.

interaction p = 0.007 vs <3 years subgroup; ≥10 years sub-
group,−1.31 [95% CI,−1.83 to−0.80], interaction p= 0.001
vs<3 years subgroup. LMK:<3 years subgroup,−8.06 [95%
CI, −9.49 to −6.63]; ≥5 to <10 years subgroup, −6.08 [95%
CI, −7.23 to −4.93], interaction p = 0.04 vs <3 years sub-
group; ≥10 years subgroup, −3.94 [95% CI, −5.35 to −2.53],
interaction p < 0.001 vs <3 years subgroup).
Analysis of efficacy by patients achieving response

thresholds by number of prior sinus surgeries and time
since last sinus surgery, as defined by NPS improvement

≥1 (prespecified threshold levels in the studies), NC score
improvement≥1, or SNOT-22 improvement≥8.9 (minimal
clinically important difference; all prespecified threshold
levels in the studies), demonstrated significantly greater
risk difference (RD) with dupilumab vs placebo in all sub-
groups, with the exception of SNOT-22 improvement ≥8.9
in patients with ≥10 years since last surgery (Fig. 2). RDs
favoring dupilumab were observed across subgroups for
the more stringent threshold of NPS improvement ≥2,
albeit with wider 95% CI than with the lower thresholds
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of improvement due to the very low number of respon-
ders in the placebo group (Supplementary Fig. 3, Supple-
mentary Table 3). Patients with <3 years since last sinus
surgery were more likely to achieve NPS improvement ≥1
with dupilumab vs placebo compared with patients with
≥10 years since last sinus surgery (interaction p = 0.01;
Fig. 2).

2.3 SCS use and/or sinus surgery rate

In the overall ITT population, dupilumab significantly
reduced SCS use and/or rate of sinus surgery vs placebo
during the treatment period (8.3% and 26.5% at week 24
for dupilumab vs placebo, respectively).17 In the post hoc
analyses presented here, dupilumab consistently reduced
rescue treatment with SCS and/or rate of sinus surgery
vs placebo regardless of the number of prior sinus surg-
eries, with the difference being statistically significant in
all but the smallest group (2 prior surgeries; Table 4).When
assessed by time since last surgery, the differences favoring
dupilumab were statistically significant in all subgroups
except the ≥10 years group (Table 4).

2.4 Safety

Dupilumab was generally well tolerated in patients with
CRSwNP, with rates of TEAEs up to week 24 numerically
lower in the dupilumab vs placebo groups for patients
either with or without prior sinus surgery. The most
common TEAEs were nasopharyngitis, NP, headache,
and injection-site erythema (Table 5). Overall, 26 patients
(3.6%) experienced TEAEs leading to permanent treatment
discontinuation: 15 patients in the placebo groups and 11
in the dupilumab groups. There were no deaths. Details of
TEAEs have been described.17

3 DISCUSSION

The patients who participated in the SINUS-24 and
SINUS-52 studies were representative of adults with severe
CRSwNP, as demonstrated by their baseline characteristics
of severe symptoms, extensive bilateral disease, severely
impaired sense of smell, and impaired health-related qual-
ity of life. These patients had inadequately controlled dis-
ease despite receiving standard of care therapy, including
INCS, SCS, and/or sinus surgery. Almost two-thirds of the
patients evaluated had undergone 1 or more sinus surgery,
with almost one-quarter having undergone 3 or more
surgeries. The distribution of patients in the time since last
surgery subgroups, from <3 to ≥10 years, was relatively

even,with amedian duration since last surgery of 5.3 years.
Patients with a history of prior sinus surgery generally had
more pronounced signs and symptoms of CRSwNP with
radiologically more extensive disease and greater olfactory
dysfunction observed at study baseline than patients with-
out prior surgery. These patients also had a younger age of
disease onset and an increased prevalence of NSAID-ERD,
suggesting a more severe disease burden.
Dupilumab showed a consistent and clinicallymeaning-

ful improvement in sinus outcome measures, as assessed
by objective outcome measures (NPS, LMK score), by
patient-reported symptoms (NC and UPSIT scores), and
by the proportion of patients achieving response thresh-
olds (NPS improvement≥1 and≥2, NC score improvement
≥1) in patients with uncontrolled CRSwNP, regardless of
whether they were surgery-naïve, or had undergone 1, 2,
or ≥3 prior sinus surgeries. Health-related quality of life,
as measured by SNOT-22 and the proportion of patients
achieving SNOT-22 improvement≥8.9, also improvedwith
dupilumab vs placebo, regardless of surgery history.
Dupilumab generally also showed efficacy in patients

regardless of time since prior sinus surgery. However, an
incremental improvement was observed in measures of
objective signs of disease severity (NPS andLMKscore, and
NPS improvement ≥1 and ≥2) in patients with surgery <3
years prior to study entry when compared with patients
with surgeries ≥5 and <10 years, and ≥10 years prior to
study entry. Though no framework currently exists for
the assessment of therapeutic benefits over time follow-
ing surgery, these data suggest that the time since last
sinus surgery could influence the magnitude of response
to dupilumab for these objective measures of disease.
In a study evaluating the prevalence of NP recurrence

followingESS, a history of previous sinus surgerywas iden-
tified as a significant risk factor for the recurrence of NP
postsurgery,12 supporting the data presented here in which
the number of prior surgeries was higher for patients with
a more recent surgery. This suggests there may be an
inverse relationship between the time since last surgery
and the recurrence of polyps. It is possible that this group of
patients, who have both more recent surgery and a higher
number of surgeries, have a high type 2 inflammatory bur-
den, as reflected by the increased prevalence of the type
2 inflammatory comorbidities of asthma/NSAID-ERD and
greater baseline blood eosinophil counts and periostin lev-
els (markers of type 2 inflammation) compared with those
with no surgery.11,28
Recurrence of polyps is common in patients with high

type 2 inflammation,15,16 which is also linked to tis-
sue remodeling associated with recalcitrant disease.29,30
As dupilumab suppresses type 2 inflammation, this may
potentially account for the greater improvements in objec-
tive CRSwNP outcomes seen in the subgroup of patients
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TABLE 5 Overview of treatment-emergent adverse events: pooled analysis of SINUS-24/SINUS-52 up to week 24*

No surgery ≥1 prior surgery

Parameter
Placebo
(n = 97)

Dupilumab 300
mg q2w
(n = 167)

Placebo
(n = 185)

Dupilumab 300
mg q2w
(n = 273)

TEAEs, n (%)
Any TEAE 68 (70.1) 110 (65.9) 140 (75.7) 195 (71.4)
Any serious TEAE 3 (3.1) 6 (3.6) 13 (7.0) 9 (3.3)
Any TEAE leading to death 0 0 0 0
Any TEAE leading to
permanent treatment
discontinuation

5 (5.2) 2 (1.2) 10 (5.4) 9 (3.3)

TEAEs occurring in ≥5% of
patients in both subgroups, n
(%)a

Nasopharyngitis 13 (13.4) 20 (12.0) 28 (15.1) 35 (12.8)
Nasal polyps 14 (14.4) 5 (3.0) 19 (10.3) 7 (2.6)
Injection-site erythema 4 (4.1) 10 (6.0) 18 (9.7) 18 (6.6)
Headache 9 (9.3) 9 (5.4) 15 (8.1) 23 (8.4)
Asthma 6 (6.2) 3 (1.8) 14 (7.6) 4 (1.5)
Epistaxis 7 (7.2) 10 (6.0) 13 (7.0) 15 (5.5)

*Data are presented for the safety population (all patients who received ≥1 dose of a study drug).
aAccording toMedDRA 21.0; nasal polyps refers to a worsening of nasal polyps, leading to surgery or systemic glucocorticoid use, and asthma refers to a worsening
of asthma.
q2w = every 2 weeks; MedDRA =Medical Dictionary of Regulatory Activities; TEAE = treatment-emergent adverse event.

with <3 years since last sinus surgery vs the subgroups
with ≥5 and <10 years and ≥10 years since last surgery. It
is also possible that other mechanisms beyond the scope
of this study may contribute to these findings. For exam-
ple, although there is no evidence that fibrin deposition
increases in NP with prolonged duration, if this is the case
it may reduce response in patients who have had polyps for
longer periods.31 Dupilumab has also been shown to sup-
press levels of leukotriene E4 (LTE4), a biomarker of mast
cell activation,32 a cell type suggested to play a key role in
the development of NP.33
Results presented here show the use of dupilumab

reduced the incidence of future surgery, and in patients for
whom surgery had been performed but the outcome was
suboptimal, dupilumab efficacy was similar to that seen in
surgery-naïve patients. Although this study did not eval-
uate the time at which polyps recurred following surgery,
at the time of trial enrolment all patients were considered
as candidates for an advanced therapy. The occurrence of
early and multiple revision surgeries suggests there is a
patient population who have derived a less durable ben-
efit from current standard of care treatments, and who
might therefore also be expected to fail to benefit from
other treatment options. The results presented here show
that patientswithmultiple surgeries can benefit from treat-
ment with dupilumab, and are in fact no less likely to do
so than patients with 1 or no prior surgeries. The potential

association between response to dupilumab and time since
last surgery may contribute evidence for decisions around
personalization of treatment andmay aid decision-making
regarding treatment cost-effectiveness.
The risk analyses presented here show that treat-

ment with dupilumab reduced the rate of SCS and/or
surgery over the 24-week treatment period. SCS use has
been linked to numerous health consequences,34–36 while
surgery, although considered relatively safe, has been asso-
ciated with both minor and major risks (reported inci-
dence of 1.1% to 20.8% and 0% to 1.5%, respectively)
such as severe bleeding, infection, or cranial damage.37,38
Although assessment of long-term exposure to dupilumab
is ongoing in patients with CRSwNP, dupilumab has
been well tolerated long term (up to 3 years) in patients
with asthma or atopic dermatitis.39–42 Therefore, treat-
ment with dupilumab has the potential to reduce the
risks associated with SCS treatment and surgery, while
also improving signs and symptoms of CRSwNP, suggest-
ing dupilumab may be suitable as a long-term treatment
option for patients with severe CRSwNP.
Potential limitations of this analysis include its post

hoc nature, with neither study designed to specifically
evaluate the efficacy of dupilumab by sinus surgery
history. Alternate stratification of the time since last
surgery subgroups may lead to different statistical results,
which could in turn affect the conclusions drawn from
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these data. The study inclusion criteria were selected for a
population with severe disease and may therefore not be
fully representative of the spectrum of disease severities
observed in the real-world population of patients with
CRSwNP. In addition, the prescription of rescue treatment
with SCS and/or surgery was per the treating investigator’s
discretion, which introduces variability in the use of these
treatments given the differing preferences, experience,
and judgment of individual physicians. The lack of uni-
formity and retrospective reporting from case notes of
surgical procedures is a limitation for this analysis but
also reflects the real-world challenges faced by patients
with CRSwNP, as there is no standardization of the type
and quality of surgery that they might receive. The variety
of surgical procedures experienced by patients (Supple-
mentary Tables 1 and 2) highlights current practices and
subsequently a therapeutic need, and thus a potential
benefit of treatment with a biologic may be that patients
receive a consistent treatment that can be efficacious
regardless of prior surgery history. The pooled analyses
presented here show data only to 24 weeks and, while the
sustained efficacy and tolerability of dupilumab have been
demonstrated to 52 weeks,17 longer-term data are needed
for a chronic condition such as CRSwNP to ensure that
the benefits of dupilumab treatment can be sustained.
The safety profile of dupilumab has been shown. When

analyzed by surgery history, treatment was generally well
tolerated, with no meaningful differences in TEAE profile
between patients with or without prior sinus surgery.

4 CONCLUSION

In summary, the results presented here suggest that
dupilumab is an effective treatment for patients with
severe CRSwNP regardless of their number of prior
sinus surgeries, and reduced SCS use, and/or surgery.
Dupilumab treatment was associated with greater
improvements in objective outcomes of CRSwNP in
patients with a shorter duration since last sinus surgery
that in these symptomatic patients, may be associated
with high type 2 inflammation burden.
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