Dupilumab reduces opacification across all sinuses and
related symptoms in patients with CRSwNP*
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Abstract

Background: Chronic rhinosinusitis with nasal polyposis (CRSWNP) is associated with substantial sinus opacification. In a phase
2a study (NCT01920893), dupilumab, a fully human anti-IL-4Ra monoclonal antibody, improved outcomes in CRSWNP refractory
to intranasal corticosteroids. We evaluated dupilumab's effect on sinus opacification in relation to effects on nasal polyp burden,
symptoms, and health-related quality of life (HRQoL) in patients with CRSWNP.

Methodology: 16-week randomized, double-blind, placebo-controlled, parallel-group study in 60 adults with CRSWNP. Patients
received weekly subcutaneous dupilumab 300-mg or placebo and daily mometasone furoate nasal spray. Sinus opacification was
assessed using standard and Zinreich-modified Lund-Mackay (zLMK) scoring. Correlation was assessed between zLMK score and
CRSWNP endpoints, including nasal polyp score (NPS), SNOT-22, daily symptom scores, and UPSIT smell-test score.

Results: Baseline characteristics were similar across treatment groups. Mean+SD baseline LMK scores of 18.7+5.5 (placebo) and
18.6+5.0 (dupilumab) indicated severe disease with extensive opacification involving all sinuses. Baseline LMK and LMK scores
correlated with NPS severity and loss of sense of smell (daily symptoms; SNOT-22 smell/taste; loss of sense of smell [UPSIT]).

At Week 16, dupilumab-treated patients had significantly improved sinus opacification measured by LMK in all individual sinuses
vs placebo. Dupilumab also showed similar efficacy with zLMK, with only small differences from LMK, and correlated with SNOT-
22 smell/taste. The most common adverse events were nasopharyngitis, injection-site reactions, and headache.

Conclusions: In patients with CRSWNP, baseline LMK showed extensive sinus opacification and correlated with symptoms, HR-
Qol, and hyposmia. Dupilumab treatment reduces opacification across all sinuses and related symptoms in patients with CRSWNP.
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Introduction

Chronic rhinosinusitis (CRS) is an inflammatory condition of the
sinuses, with prevalence estimated as high as 12% in Western
populations ™. It is characterized by nasal congestion, decreased
or lost sense of smell, nasal discharge (anterior/posterior), facial
pain and pressure, and headache, often lasting for many years.
Based on endoscopic findings, the condition can be divided
into CRS with or without nasal polyposis (CRSWNP and CRSsNP,
respectively).

CRSWNP patients experience significant nasal and paranasal
sinus inflammation, loss of sense of smell, high disease burden,
and significant impact on their health-related quality of life
(HRQol) @3,

In describing mucosal drainage from the sinuses, Messerklinger
“ outlines the mucocilliary passages from the different sinuses
and their opening into the middle and superior meatus and
their drainage into the nasopharynx. Mucosal drainage of the
frontal, maxillary, and anterior ethmoid sinuses is therefore ac-
complished by the anterior ostiomeatal channels and drainage
of the posterior ethmoid and sphenoid sinuses is carried out by
the posterior ostiomeatal channels.

Recent studies providing a more accurate description of the in-
flammatory mechanisms involved in CRS © and correlating these
mechanisms with different phenotypes support the concept of
treatments targeted against specific mediators of inflammation
in CRSWNP. Type 2 inflammation characterized by the release

of signature cytokines interleukin (IL) 4 (IL-4), IL-13, and IL-5 via
both the innate and adaptive immune pathways plays a central
role in the disease pathobiology of the vast majority of Western
patients with CRSWNP.

Dupilumab, a fully human VelocImmune®-derived ©” monoclo-
nal antibody directed against IL-4 receptor g, inhibits signaling
of IL-4 and IL-13, cytokines that are key drivers of type 2 immune
diseases such as CRSWNP, atopic dermatitis (AD), asthma, allergic
rhinitis, eosinophilic esophagitis, and food allergies, which often
present as overlapping comorbidities.

Dupilumab is approved by the US Food and Drug Administra-
tion ® as an add-on maintenance treatment in patients with
moderate-to-severe asthma aged > 12 years with an eosinophi-
lic phenotype or with oral corticosteroid-dependent asthma @',
in Japan, for patients aged > 12 years with severe or refractory
bronchial asthma whose symptoms are inadequately control-
led with existing therapies "2, and by the European Medicines
Agency ", as an add-on maintenance treatment in patients
aged > 12 years with severe asthma with type 2 inflammation
characterized by increased blood eosinophils and/or raised
fractional exhaled nitric oxide who are inadequately controlled
with high dose inhaled corticosteroids plus another medicinal
product for maintenance treatment. Dupilumab is also appro-
ved for the treatment of patients with inadequately controlled,
moderate-to-severe AD, aged > 12 years in the USA ®, and

11

adults in the EU “® and other countries “'9, and has demonstra-
ted positive results in a proof-of-concept study for patients with
eosinophilic esophagitis 7.

In a proof-of-concept study (NCT01920893), dupilumab, in
conjunction with daily mometasone furoate nasal spray (MFNS)
therapy, was shown to improve endoscopic, clinical, and patient-
reported outcomes in patients with CRSWNP refractory to
intranasal corticosteroids 8.

In the abovementioned dupilumab proof-of-concept study,
opacification assessed by computed tomography (CT) scan

was reported as total Lund—Mackay (LMK) CT score only. Given
the extensive disease involving all sinuses in this cohort, we as-
sessed individual sinus-specific LMK scores to comprehensively
evaluate the effect of dupilumab treatment across individual
areas of sinus opacification. We also assessed opacification using
the Zinreich-modified Lund—Mackay (zLMK) CT scoring system, a
more granular adaptation of LMK 9 that includes segmentation
of the anterior and posterior ostiomeatal channels (OMC) @2,
Furthermore, to assess whether the improvement in sinus opaci-
fication parallels previously reported dupilumab effects on nasal
polyp burden (nasal polyp score [NPS]), symptom severity, and
HRQoL disease burden in patients with CRSWNP, the treatment
effect of dupilumab on these outcome measures is placed in
context relative to the sinus CT score changes through correla-
tion analysis.

Materials and methods

Study design and population

We reported the primary study design and population in detail
elsewhere ® (Appendix Figure S1). Briefly, we conducted a
randomized, double-blind, placebo-controlled, parallel-group
study in the United States and Europe between August 2013 and
August 2014. After a 4-week run-in period, which involved treat-
ment with MFNS, we randomly allocated (1:1) patients to add-on
therapy with subcutaneous dupilumab (a 600-mg loading dose
followed by weekly doses of 300 mg) or matched placebo for 16
weeks.

Eligible patients were aged 18 to 65 years with bilateral NP and
chronic symptoms of rhinosinusitis despite intranasal cortico-
steroid treatment for at least 2 months. Patients were required
to have a bilateral endoscopic NPS of at least 5 (of a maximum
score of 8), with a score of at least 2 for each nostril, and manifest
at least 2 of the following symptoms prior to screening: nasal
obstruction, reduction or loss of sense of smell, nasal discharge,
and facial pain or pressure. Randomization was stratified by me-
dical history of asthma (yes or no) and nasal biopsy (yes or no).

Sinus CT scan assessments

Sinus CT scans were performed at baseline and Week 16. Images
were assessed centrally in a blinded fashion by an indepen-
dent physician reviewer using 2 validated scoring systems, the



Table 1. Baseline demographics and clinical characteristics.

Placebo Dupilumab
n=30 n=30

Age, mean (SD), years 49.3 (9.1) 47.4(9.8)
Male gender, n (%) 16 (53.3) 18 (60.0)
Body mass index, mean (SD) 26.8 (3.9) 28.1(4.2)
Body mass index <30, n (%) 24 (80.0) 22 (73.3)
NP duration, mean (SD), years 11.5(8.7) 7.6 (6.1)
Comorbid asthma, n (%) 19 (63.3) 16 (53.3)
Duration of asthma, mean (SD), years 20.2(17.4) 15.5(12.1)
VAS, rhinosinusitis disease severity, mean 6.4(2.7) 6.4(2.7)
(SD), 0-10?
SNOT-22 total score, mean (SD), 0-110? 40.6 (19.9) 41.4(18.2)
Nasal congestion or obstruction, mean
(SD), 0-32b
AM 1.7 (0.7) 1.7 (0.7)
PM 1.6 (0.7) 1.6 (0.8)
Sense of smell loss, mean (SD)**
AM 2.8(0.5) 24(0.9)
PM 2.8(0.5) 24(0.9)
Bilateral endoscopic nasal polyp score, 5.7 (0.9) 5.9(1.0)
mean (SD), 0-82
Patients with CT scan assessments, n (%) 30 (100) 29 (96.7)
LMK CT total score, mean (SD), 0-24° 18.7 (5.5) 18.6 (5.0)
zLMK total score, mean (SD), 0-48° 35.7(10.7) 34.8 (8.8)
Smell test (UPSIT) score, mean (SD), 15.6 (7.9) 12.8(8.3)

0-40°

2 Higher scores indicate worse status. ® Average of the past 7 days before
randomization. < Higher scores indicate better status. Abbreviations: AM,
morning; CT, computed tomography; LMK, Lund-Mackay; PM, after-
noon; SD standard deviation; UPSIT, University of Pennsylvania Smell
Identification Test; zLMK, Zinreich modified LMK.

protocol-mandated LMK system, and the more granular zLMK
system post hoc ?'29,with a different reviewer for each system.
For the LMK CT scoring system, sinuses on both sides were sco-
red using a scale of 0 to 2 (0 = normal; 1 = partial opacification;
and 2 = total opacification). The OMC was scored 0 (normal) or

2 (total) on each side and did not include a score of 1. The total
bilateral LMK score ranges from 0 (complete lucency) to 24
(complete opacity).

The zLMK scoring is based on the percentage opacification

of each sinus as follows: 0 = 0%; 1 = 1-24%; 2 = 25-74%; 3 =
75-99%; 4 = 100%. The OMC is divided into 4 segments (frontal
recess, infundibulum, middle meatus [anterior], and spheno-
ethmoid recess [posterior]), which are scored bilaterally as 0 or 1,
depending on whether the segment is completely patent (0) or
completely obstructed (1). The zZLMK system derives a maximum
possible score of 24 per side and a total bilateral zZLMK score
ranging from 0 (complete lack of opacification) to 48 (complete
opacity). This system provides increased disease representation
and sensitivity to change in partially opacified sinuses.

Dupilumab reduces sinus disease in nasal polyposis

Correlation analysis: NPS, SNOT-22, UPSIT, daily symptom
scores, VAS severity

Correlation analysis using Pearson’s correlation coefficient was
conducted at baseline and at Week 16 between total LMK and
zLMK scores and the following protocol-defined outcomes,
previously reported in Bachert et al. "®: endoscopic bilateral NPS
(0-8), a grading of polyp size and the primary endpoint for this
study, with a higher score indicating worse status; patient-
reported disease severity assessed monthly using visual ana-
logue scale (VAS; 0—10cm; 0—3cm = mild disease, >3—7cm =
moderate disease, >7—10cm = severe disease); the sino-nasal
outcome test (SNOT-22; total score 0-110), a validated question-
naire used to assess both symptoms and the impact of CRS on
HRQoL ", for which a difference of 8.9 or greater is accepted as
the minimally clinically important difference (MCID)“”; SNOT-22
smell/taste item score (score 1-5) derived from the SNOT-22
questionnaire; average of patient reported daily symptom as-
sessments for nasal congestion and/or obstruction, and loss of
sense of smell @, recorded each morning in an electronic diary;
and University of Pennsylvania Smell Identification Test (UPSIT)
score (0-40), a method to quantitatively assess subjective hu-
man olfactory function, which allows the clinician to distinguish
patients with a normal sense of smell (“normosmia’, indicated by
higher UPSIT score) from those with different levels of reduction
(“mild, moderate and severe microsmia”) or loss (“anosmia”,
indicated by lower UPSIT score) .

Statistical analysis

Descriptive statistics including frequencies and means were
calculated for demographic and baseline characteristics. The
change from baseline to Week 16 (end of treatment) for LMK
and zLMK was analysed using a mixed-effect model with repea-
ted measures approach. The model included the change from
baseline to Week 16 as the response variable, and factors (fixed-
effects) for treatment, stratification factors (medical history of
asthma and nasal biopsy), visit, treatment-by-visit interaction,
NPS baseline value, and baseline-by-visit interaction. An un-
structured correlation matrix was used to model the within-
patient errors. Parameters were estimated using the restricted
maximum likelihood method with the Newton-Raphson algori-
thm. No imputation for missing data was performed. Differences
in least squares means (LSM) (including corresponding 95%
confidence intervals [Cl] and P values) were used to compare
dupilumab against placebo. Correlation analysis between total
LMK and total zLMK and other endpoints was performed using
Pearson’s correlation.

Results

Opacification of sinuses and OMC patency at baseline
Baseline demographics and patient characteristics were similar
in the placebo and dupilumab groups (Table 1). Baseline bila-
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Figure 1. Total mean (SD) LMK (A) and zLMK (B) scores for placebo and
dupilumab at baseline and week 16. ***p < 0.0001. LMK, LMK, Lund-
Mackay; SD, standard deviation; zLMK, Zinreich-modified LMK.

teral LMK and zLMK total scores indicated patients had substan-
tial sinus involvement, with mean + SD LMK total scores similarly
elevated in both the placebo (18.7 £ 5.5) and dupilumab (18.6

+ 5.0) groups, with the maximum possible LMK score being 24
(Figure 1A and Table 1). Mean * SD zLMK total scores at baseline
were 35.7 £ 10.7 and 34.8 + 8.8 for the placebo and dupilumab
groups, respectively, with the maximum possible zLMK score
being 48 (Figure 1B and Table 1).

At baseline, either a partial or complete opacification was
observed across all sinuses using the LMK measure. The anterior
ethmoid sinuses presented a high degree of opacification,

with mean LMK scores >1.7 (range 0.0-2.0) in both the placebo
(Figure 2A) and dupilumab (Figure 2B) groups. The posterior
ethmoid and frontal sinuses had mean LMK scores >1.5 (range
0.0-2.0), while the maxillary and sphenoid sinuses had mean
LMK scores >1.2 (range 0.0-2.0) for placebo (Figure 2A) and
dupilumab (Figure 2B; data for LMK score by sinus, both sides, at
baseline are shown in Table S1).

At baseline, the proportion of patients with total opacification
(LMK score of 2) ranged from 80% (for the anterior ethmoid
sinus) to 27% (for the maxillary sinus) in placebo patients (Figure
3A) and from 83% (for the anterior ethmoid sinus) to 35% (for
the maxillary and sphenoid sinuses) in dupilumab patients
(Figure 3B).

At baseline, the OMC was occluded in >87% of patients in the
placebo group and =90% of patients in the dupilumab group
(Table S2). Based on the zLMK score at baseline, almost com-
plete obstruction was observed for all 4 segments of the OMC,
with scores of 1 in at least 90% of patients in both groups for the
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Figure 2. Mean (SD) LMK for placebo (A) and dupilumab (B) at baseline
and week 16 by individual sinus, left and right. ***p < 0.0001. LMK, LMK,
Lund-Mackay; SD, standard deviation; zLMK, Zinreich-modified LMK.

frontal recess and middle meatus segments, in at least 80% of
patients in both groups for the spheno-ethmoidal segment, and
in at least 70% of patients in both groups for the infundibulum
segment (the percentages of patients with zZLMK scores of 0-1
for OMC left and right at baseline are provided in Table S4).
Additional baseline zLMK data, which are provided in Figure 4
and Tables S3 and S4, were similar to the LMK data indicating
high degree of opacification, ranging from a mean score of 2.2
(1.4) to 3.3 (0.8) with majority of patients having almost total
opacification (75-100%) of ethmoid and frontal sinuses.

Opacification of sinuses and OMC patency at end of treat-
ment

After 16 weeks of treatment, statistically significant (p < 0.0001)
improvements with dupilumab vs placebo were observed in
total bilateral scores using both standard LMK (LSM difference
for dupilumab vs placebo —8.8; 95% Cl —11.1, —6.6) and zLMK
scoring systems (LSM difference for dupilumab vs placebo
—15.4;95% Cl —19.3, —-11.5) (Figures 1A and 1B).

Significant improvements vs placebo were observed for the
individual sinuses using the LMK (p < 0.001; Figure 2 and Tables
S5 and S6) and zLMK CT scoring systems (p < 0.01; Figure 4 and
Tables S7 and S8). At the end of 16 weeks of treatment, the ma-
jority of patients treated with dupilumab had a per-sinus LMK
score of 0 or 1 (Table S6). Results were similar with the zLMK
measure where the majority of patients treated with dupilumab
had a per-sinus zZLMK score of 0 or 1 (<25% opacification) (Table
S8).

At end of treatment, the percentage of patients with complete



Table 2. Total LMK and zLMK scores by at baseline and week 16.

TOTAL (N =60)

Placebo Dupilumab
(n=30) 300 mg qw
(n=30)
Baseline
Number 30 29
Mean (SD) 18.73 (5.52) 18.62 (5.00)
Week 16
Number 26 30
Mean (SD) 17.92 (5.69) 9.43 (5.10)
Change from baseline
Number 26 29
Mean (SD) —0.23 (0.95) —9.07 (0.81)
LS mean difference, 95% Cl -8.84
(-11.07,-6.61)
P value vs placebo < 0.0001

TOTAL (N =60)

Placebo Dupilumab
(n=30) 300 mg qw
(n=30)
Baseline
Number 30 29
Mean (SD) 35.67 (10.66) 34.83(8.82)
Week 16
Number 26 30
Mean (SD) 32.31(10.85) 17.20 (8.78)
Change from baseline
Number 26 29
Mean (SD) -2.23(7.06) -17.66 (7.71)
LS mean difference, 95% Cl -15.37
(-19.28,-11.46)
P value vs placebo < 0.0001

Cl, confidence interval; LMK, Lund—Mackay score; LS, least squares;

zLMK, Zinreich-modified Lund-Mackay score.

opacification per sinus in the placebo group remained high
(Figure 3A) compared with the dupilumab-treated group (Figure
3B).

Post-treatment obstruction in the OMC measured using the LMK
system was =81% in the placebo group compared with >40%

in the dupilumab group (Table S6). Although almost complete
obstruction was observed for all 4 segments of the OMC inclu-
ded in the zLMK system at baseline, after 16 weeks of dupilumab
treatment at least 40% of patients had patent frontal recess and
middle meatus segments, and more than 60% of patients had
patent infundibulum and spheno-ethmoidal recess segments. In
contrast, there were only small improvements in patency across
segments in the placebo group (the percentages of patients
with zLMK scores of 0-1 for OMC left and right at Week 16 are
provided in Table S8).
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Figure 3. Percentages of patients with LMK score 0, 1, 2 for placebo (A)
and dupilumab (B) at baseline and week 16 by sinus, left and right. L,
left; LMK, Lund-Mackay; R, right.

Correlation between LMK and zLMK Total Scores and other
CRSWNP outcomes

For the total patient population (dupilumab and placebo groups
pooled, N = 60) at baseline, total LMK score was positively

and significantly correlated with bilateral NPS (r = 0.3720, p =
0.0037), daily assessed loss of sense of smell (r =0.4579, p =
0.0003), and the SNOT-22 decreased sense of smell/taste item (r
=0.4331, p =0.0001), for which high scores indicate more severe
disease, and was negatively and significantly correlated with
UPSIT, for which a low score indicates more severe disease (r =
—0.6105, p < 0.0001). These results indicate that opacification
measured by LMK correlates with other measures of disease se-
verity. For the patients treated with dupilumab (n = 30), at Week
16 total LMK was no longer correlated with any of the assessed
outcomes. None of the additional CRSWNP endpoints correlated
with LMK at Week 16 in the placebo-treated group (Table S9).

At baseline, correlation results for the zLMK measure were
similar, while at Week 16 the SNOT-22 decreased sense of smell/
taste item alone remained correlated with zLMK (r =0.3790, p =
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Figure 4. Mean (SD) zLMK for placebo (A) and dupilumab (B) at baseline
and week 16 by individual sinus, left and right. L, left; LMK, Lund-
Mackay; R, right.

0.0426), in dupilumab-treated patients (Table S10).

Safety

Safety findings have been reported in detail elsewhere 9. Brie-
fly, 25 of 30 patients in the placebo group and 30 of 30 patients
in the dupilumab group reported adverse events. The most
common adverse events were nasopharyngitis (placebo, 33%;
dupilumab, 47%), injection site reactions (placebo, 7%; dupilu-
mab, 40%), and headache (placebo, 17%; dupilumab, 20%).

Discussion

In a previous publication, we demonstrated that 16 weeks of
treatment with dupilumab in adults with symptomatic CRSWNP
refractory to intranasal corticosteroids led to a significant impro-
vement in NPS, LMK, rhinosinusitis severity as assessed by VAS,
HRQolL as assessed by SNOT-22, and sense of smell as assessed
by UPSIT @, In this manuscript, we expand the CT scan results
to include all sinuses, using the more granular zZLMK measuring
scale.

In this population of patients with severe CRSWNP (endoscopic
NPS >5), diffuse and substantial opacification of all the sinuses
caused by mucosal thickening was observed at baseline, as
reflected by high LMK (LMK score of 1-2) and zLMK scores, with
most sinuses almost completely opacified. Treatment with dupi-
lumab resulted in reductions in opacification across all sinuses
as measured by LMK CT scoring, and in the zLMK, at Week 16.

In this study, we found the mean change from baseline in LMK
and zLMK scoring measures to be comparable, in contrast to a
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previous study reporting that the LMK is less sensitive than the
zLMK to small changes in disease severity following intramuscu-
lar depot corticosteroid injections ©%. Although we would have
expected a more distinct gradation with the zLMK scoring sys-
tem, as was shown in Likness et al. 9, our study included only
patients with extensive sinus involvement and polyps at base-
line, and this, along with the large treatment effect observed
after dupilumab therapy, may account for the lack of difference
between the LMK and zLMK scoring systems observed.

The improvements in sinus opacification measures based on
both LMK and zLMK were mirrored by improvements in clinical
signs (NPS) and symptoms and HRQolL, as reported by Bachert
et al. "®, Total sinus opacification as measured by LMK was
shown to correlate at baseline with the severity of endoscopic
NPS, along with smell test (assessed by UPSIT), the SNOT-22
decreased loss of smell/taste item, and the daily loss of sense of
smell, all 3 of which are endpoints related to patient reported
ability to smell, suggesting that sinus opacification is related to
loss of smell. However, it is worth noting that these correlations
were weak to moderate in strength, and that they did not cor-
relate with improvement in LMK score at Week 16 (Table S9).
The ability to assess correlations between zLMK and other out-
comes based on treatment was limited due to the population
size in our study; however, zZLMK did positively correlate with
decreased loss of smell/taste in the dupilumab group after 16
weeks of treatment.

Previous data regarding correlations between radiological
findings and symptoms are mixed ©¢'3%, While data on the relati-
onship between obstruction assessed by CT scan and olfaction
are sparse, studies have reported pre-treatment correlations ran-
ging from very weak (Kendall correlation coefficient = 0.112) to
strong (R =—0.71) 6233, Post-dupilumab treatment, the majority
of correlations were no longer significant in our study, potential-
ly due to lower n numbers than those used the pooled baseline
group, as mentioned. However, in a previous study office-based
CT scans correlated moderately with olfaction post-surgery 4.
It has been suggested that reduced olfaction is caused by nasal
inflammation, which would be in line with a potential relations-
hip with obstruction ©2.

Conclusion

Dupilumab added to MFNS background therapy significantly
decreased opacification across all sinuses after 16 weeks of tre-
atment as measured using the LMK and zLMK scoring systems,
while also significantly improving NPS, disease severity, HRQoL,
and sense of smell.
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