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IMPORTANCE Dupilumab has demonstrated efficacy in patients with asthma and atopic jama.com

dermatitis, which are both type 2 helper T-cell-mediated diseases. CME Quiz at
jamanetworkcme.com and

OBJECTIVE To assess inhibition of interleukins 4 and 13 with dupilumab in patients with CME Questions page 512

chronic sinusitis and nasal polyposis.

DESIGN, SETTING, AND PARTICIPANTS A randomized, double-blind, placebo-controlled
parallel-group study conducted at 13 sites in the United States and Europe between August
2013 and August 2014 in 60 adults with chronic sinusitis and nasal polyposis refractory to
intranasal corticosteroids with 16 weeks of follow-up.

INTERVENTIONS Subcutaneous dupilumab (a 600 mg loading dose followed by 300 mg
weekly; n = 30) or placebo (n = 30) plus mometasone furoate nasal spray for 16 weeks.

MAIN OUTCOMES AND MEASURES Change in endoscopic nasal polyp score (range, O-8; higher
scores indicate worse status) at 16 weeks (primary end point). Secondary end points included
Lund-Mackay computed tomography (CT) score (range, 0-24; higher scores indicate worse
status), 22-item SinoNasal Outcome Test score (range, O-110; higher scores indicating worse
quality of life; minimal clinically important difference =8.90), sense of smell assessed using
the University of Pennsylvania Smell Identification Test (UPSIT) score (range, 0-40; higher
scores indicate better status), symptoms, and safety.

RESULTS Among the 60 patients who were randomized (mean [SD] age, 48.4 years

[9.4 years]; 34 men [56.7%]; 35 with comorbid asthma), 51 completed the study. The least
squares (LS) mean change in nasal polyp score was -0.3 (95% Cl, -1.0 to 0.4) with placebo
and -1.9 (95% Cl, -2.5 to -1.2) with dupilumab (LS mean difference, -1.6 [95% Cl, -2.4 to
-0.7]; P < .001). The LS mean difference between the 2 groups for the Lund-Mackay CT total
score was -8.8 (95% Cl, -11.1to -6.6; P < .001). Significant improvements with dupilumab
were also observed for the 22-item SinoNasal Outcome Test (LS mean difference between
groups, -18.1[95% Cl, -25.6 to -10.6]; P < .001) and sense of smell assessed by UPSIT

(LS mean difference, 14.8 [95% Cl, 10.9 to 18.7]; P < .001). The most common adverse events
were nasopharyngitis (33% in the placebo group vs 47% in the dupilumab group), injection
site reactions (7% vs 40%, respectively), and headache (17% vs 20%).

CONCLUSIONS AND RELEVANCE Among adults with symptomatic chronic sinusitis and nasal
polyposis refractory to intranasal corticosteroids, the addition of subcutaneous dupilumab to

mometasone furoate nasal spray compared with mometasone alone reduced endoscopic Author Affiliations: Author
nasal polyp burden after 16 weeks. Further studies are needed to assess longer treatment affiliations are listed at the end of this
duration, larger samples, and direct comparison with other medications. article.
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hronic sinusitis, an inflammatory condition of

the sinuses, is common with estimates of prevalence

as high as 12% in Western populations.’? It is charac-
terized by specific symptoms often lasting for many
years including nasal congestion, discharge and postnasal
drip, decreased or lost

MCID minimally clinically important sense of smell, facial pain
e

difference

ff and pressure, headache,
MMRM mixed-effect model with and the consequences
repeated measures

thereof.? Based on endo-
scopic findings, the con-
dition can be divided into
chronic sinusitis with or
without nasal polyposis.
Typically observed in the
context of eosinophilic
inflammation of the upper airways, nasal polyps originate in
the sinuses and obstruct the sinus and nasal passages.

Medical management of chronic sinusitis with nasal
polyposis focuses on controlling tissue inflammation and,
depending on severity, includes use of intranasal corticoste-
roids, nasal saline irrigation, antibiotics, or short-course oral
steroids.® In patients in whom polyps and symptoms persist
despite medical treatment, surgical excision is considered.
However, disease recurrence after surgery approaches 50% in
patients with tissue eosinophilia,* and resolution of symp-
toms, including sense of smell loss, is often incomplete.

Epidemiological data from a large European cohort indi-
cate that chronic sinusitis is associated with a 3.5-fold
increase in comorbid asthma prevalence.® Although type 2
helper T-cell inflammation is implicated in this association,
the mechanisms of this association have not been fully
elucidated.®®

Dupilumab is a fully human monoclonal antibody to the
interleukin 4 (IL-4) receptor a subunit, which inhibits signal-
ing of IL-4 and IL-13, 2 cytokines central to type 2 helper
T-cell-mediated inflammation. Dupilumab has demonstrated
clinical efficacy in the type 2 helper T-cell-mediated diseases
of asthma and atopic dermatitis,®! and also improved sino-
nasal symptoms in patients with asthma.®

We hypothesized that the addition of dupilumab to intra-
nasal corticosteroids would improve endoscopic, radio-
graphic, and patient-reported measures of disease activity in
those with chronic sinusitis and nasal polyposis, while also
improving lung function and disease control in patients with
comorbid asthma.

SNOT-22 22-item SinoNasal
Outcome Test

TARC thymus and activation-
regulated chemokine

UPSIT University of Pennsylvania
Smell Identification Test

Methods

Study Design and Participants

This randomized, double-blind, placebo-controlled parallel-
group study was conducted at 13 sites in the United States
and Europe (Belgium, Spain, and Sweden) between August
2013 and August 2014. A 4-week run-in period was followed
by 16 weeks of blinded treatment and 16 weeks of follow-up.
The trial protocol (Supplement 1) was approved by the
institutional review board at each study site or by a central
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institutional review board. All patients provided written
informed consent and were given a stipend as governed by
local regulations.

Eligible patients were aged 18 to 65 years with bilateral
nasal polyposis and chronic symptoms of sinusitis despite
intranasal corticosteroid treatment for at least 2 months.
Patients were required to have a bilateral endoscopic nasal
polyp score of at least 5 (maximum score of 8), with a score of
at least 2 for each nostril, and manifest at least 2 of the fol-
lowing symptoms prior to screening: nasal obstruction or dis-
charge, facial pain or pressure, and reduction or lost sense of
smell. Patients were excluded if they: (1) had previously par-
ticipated in any clinical trial of dupilumab; (2) had received
corticosteroids (oral or intranasal), monoclonal antibodies,
immunosuppressive treatment, or anti-immunoglobulin E
(anti-IgE) therapy during the 2 months preceding the screen-
ing; (3) had undergone any nasal surgery within 6 months
prior to screening or had more than 2 surgeries for nasal
polyposis in the past; or (4) had concomitant conditions mak-
ing them not evaluable for the primary end point.

A prespecified enrollment goal was that 50% of the pa-
tients had comorbid asthma. The diagnosis of asthma was
based on patient history. The participants with asthma were
required to have (1) a forced expiratory volume in the first
second of expiration (FEV,) of more than 60% of predicted,
(2) taken daily inhaled corticosteroids of no more than 1000
pg of fluticasone (or equivalent), and (3) not had an asthma ex-
acerbation requiring systemic corticosteroids or hospitaliza-
tion within the previous 3 months.

Study Treatments

After a 4-week run-in period of treatment with mometasone
furoate nasal spray (100 pg in each nostril twice daily), pa-
tients were randomly allocated (1:1) using an interactive voice
or web-response system to add-on therapy with subcutane-
ous dupilumab (a 600 mgloading dose followed by 15 weekly
doses of 300 mg) or matched placebo for 16 weeks. Random-
ization was performed with the use of a centralized computer-
generated, permuted-block schedule with block size of 4
and stratification factors of visit 1 medical history of asthma
(yes or no) and visit 2 nasal biopsy (yes or no).

Dupilumab and placebo were provided in identical and in-
distinguishable treatment kits, and study patients, investiga-
tors, and site personnel were blinded to study treatment.
Mometasone furoate nasal spray was continued at a stable dose
throughout the treatment period. Inhaled asthma controller
therapies could be continued.

Outcomes
The primary efficacy end point was mean change in bilateral
endoscopic nasal polyp score from baseline to week 16. This
score is graded based on polyp size (recorded as the sum of the
right and left nostril scores with a range of 0-8; higher scores
indicate worse status).'? Video recordings of endoscopies were
sent to an independent reviewer for centralized blinded data
assessment.

Secondary end points included change in the Lund-
Mackay computed tomography (CT) score, percentage of max-
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illary sinus volume occupied by disease, 22-item SinoNasal Out-
come Test (SNOT-22) score, University of Pennsylvania Smell
Identification Test (UPSIT) score, and peak nasal inspiratory
flow. The secondary end points also included patient-rated na-
sal congestion or obstruction, anterior and posterior rhinor-
rhea, loss in sense of smell, nocturnal awakenings, and over-
all symptom severity. In patients with asthma, nasal polyp score
was also a predefined secondary end point.

The Lund-Mackay CT score evaluates the patency of each
sinus using a O to 2 scale (O = normal; 2 = total opacification)
and has a total score range from O to 24 (higher scores indi-
cate more opacification).!®>* The 22-question SNOT-22 is
scored as O (no problem) to 5 (problem as bad as it can be) with
a total range from O to 110 (higher scores indicate poorer out-
comes); aminimally clinically important difference (MCID) of
8.90 has been established.'® The UPSIT was administered ev-
ery 8 weeks; scores range from O to 40 (higher scores of 35-40
indicate normal sense of smell and lower scores of 0-18 indi-
cate anosmia).!®!”

Individual signs and symptoms were captured daily
(aM and PM) by patients using an electronic diary and a cat-
egorical scale (O = no symptoms; 3 = severe symptoms).'®
Peak nasal inspiratory flow was also measured daily (am and
PM). A visual analog scale was used every 4 weeks to measure
symptom severity, ranging from O (not troublesome) to 10
(worst thinkable), with total scores of O to 3 indicating pres-
ence of mild symptoms, greater than 3 to 7 indicating moder-
ate symptoms, and greater than 7 to 10 indicating severe
symptoms.!®

Exploratory end points in patients with asthma were
changes in FEV, (measured in liters) and FEV, percent pre-
dicted; the 5-question Asthma Control Questionnaire as-
sessed asthma control.!® The 5-question Asthma Control
Questionnaire is scored on a 7-point scale (O = no impair-
ment; 6 = maximum impairment) with an MCID of 0.5.2° Fur-
ther details on outcomes appear in eTable 1in Supplement 2.

Pharmacodynamic measurements included total serum
IgE, blood eosinophil count, serum thymus and activation-
regulated chemokine (TARC) level, and plasma eotaxin-3 level;
the latter 2 are involved in the chemotaxis of type 2 helper
T-cells and eosinophils, respectively. These pharmacody-
namic measurements were collected at weeks 2, 4, 8,12, and
16. Safety and tolerability assessments were based on the in-
cidence of adverse events and serious adverse events, as well
as vital signs, physical examination, clinical laboratory evalu-
ation, and 12-lead electrocardiogram findings.

Statistical Analysis

Efficacy analyses were performed using the intent-to-treat
(ITT) population, which was predefined as all patients who
were randomized. The safety data set comprised all random-
ized patients exposed to study medication. Statistical analy-
ses were conducted using SAS nQuery Advisor version 6.01
(SAS Institute Inc).

The primary efficacy variable in the ITT population was
analyzed using a mixed-effect model with repeated mea-
sures (MMRM) approach. The model included change
while receiving treatment from baseline to follow-up time
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points every 4 weeks through week 16 as response variables,
fixed-effects factors for treatment, stratification (comorbid
asthma, biopsy performed), visit, treatment x visit interac-
tion, nasal polyp score baseline value, and baseline x visit
interaction. The model did not impute missing data points. An
unstructured correlation matrix was used to model the within-
patient errors. Parameters were estimated using the re-
stricted maximum likelihood method with the Newton-
Raphson algorithm.

With approximately 28 patients per group, the study was
predicted to have 80% power to detect a between-group dif-
ference of 1.3 in reduction of nasal polyp score from baseline
using a 2-sided t test at the .05 significance level, and assum-
ing a common standard deviation of 1.5 and a dropout rate of
20%. A sensitivity analysis also was performed using mul-
tipleimputation based on the placebo group to fill in the miss-
ing data, and an MMRM model was then built for the primary
efficacy variable. Missing data that were not in a monotonic
pattern were first imputed using a Markov-chain Monte Carlo
method.

The rest of the missing data in both treatment groups were
sequentially imputed by visit based only on the observed data
of patients in the placebo group. This method should be con-
sidered as a conservative approach for a sensitivity analysis.
The change from baseline to week 16 in percentage of maxil-
lary sinus volume occupied by disease and Lund-Mackay score
were analyzed using analysis of covariance models. The mod-
elsinclude change from baseline as the response variable, and
treatment, stratification factors, and baseline value as covar-
iates. The change from baseline for other continuous end points
was analyzed using an MMRM, which was the same analysis
as described for the primary end point.

A prespecified responder analysis of patients with a re-
duction in nasal polyp score of at least 1.0 from baseline to week
16 was performed using logistic regression, including terms for
treatment, stratification, and treatment x stratification inter-
action. An analysis of covariance model was used for the CT
scan end points of Lund-Mackay total score and percentage of
maxillary sinus volume occupied by disease. The factorsin the
model include treatment, stratification factors, and baseline
values.

Descriptive statistics were used for demographics, base-
line characteristics, and safety variables. Plots of secondary
and pharmacodynamic variables are presented as mean or
percentage change from baseline over time. Comparison of
treatment effects from the MMRM analyses are based on the
least squares mean change (with 95% confidence intervals
and P values) from baseline to week 16. A 2-sided t test with a
.05 significance level was used.

|
Results

Of 86 patients screened, 60 patients with chronic sinusitis and
nasal polyposis were randomized (Figure 1). Among the 60 pa-
tients who were randomized (mean [SD] age, 48.4 years [9.4
years]; 34 men [56.7%]; 35 with comorbid asthma), 51 com-
pleted the study. Thirty patients were assigned to each treat-
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Figure 1. Patients Enrolled and Included in the Analysis

86 Patients assessed for eligibility

26 Excluded?
10 Nasal polyp score <5
5 Technical or administrative reason
2 SinoNasal Outcome Test score <7
2 Receipt of prohibited therapy
2 Potential nonadherence to study
> procedures
2 Had hepatitis B or C
1 Had liver injury
1 Informed consent not signed
1 Underwent prohibited nasal
surgery
1 Met asthma exclusion criteria

60 Randomized

30 Randomized to receive
dupilumab plus MFNS
30 Received treatment as

30 Randomized to receive
placebo plus MFNS
30 Received treatment as

randomized randomized
7 Withdrew 2 Withdrew

5 Had adverse event 2 Had adverse event
2 Lack of efficacy 0 Lack of efficacy

v l

30 Included in primary analysis ‘ ‘ 30 Included in primary analysis

MFNS indicates mometasone furoate nasal spray.
@ A patient could have more than 1reason for exclusion.

ment group (ITT population). All patients received at least 1
dose of the study drug.

Demographic and baseline clinical characteristics were
similar between the 2 groups (Table 1). There were 23 pa-
tients in the placebo group who completed the 16-week treat-
ment period and 28 in the dupilumab group. Of the 7 patients
in the placebo group who prematurely withdrew study treat-
ment, 5 prematurely discontinued the study due to experi-
encing an adverse event and 2 due to lack of efficacy (Figure 1).
Two patients in the dupilumab group did not complete treat-
ment due to experiencing an adverse event.

Primary End Point
The least squares mean change in bilateral endoscopic nasal
polyp score between baseline and week 16 was -0.3 (95% CI,
-1.0to0 0.4) in the placebo plus mometasone furoate nasal spray
group and -1.9 (95% CI, -2.5 to -1.2) in the dupilumab plus mo-
metasone furoate nasal spray group (least squares mean dif-
ference, -1.6 [95% CI, -2.4 to -0.7], P < .001; Table 2 and
Figure 2A). A sensitivity analysis using multiple imputation re-
sulted in a least squares mean change in bilateral endoscopic
nasal polyp score between baseline and week 16 of -0.4 (95%
CI, -1.1to 0.3) in the placebo plus mometasone furoate nasal
spray group and -1.8 (95% CI, -2.5 to -1.2) in the dupilumab
plus mometasone furoate nasal spray group (least squares
mean difference, -1.5 [95% CI, -2.4 to -0.5]; P = .002).

In an additional analysis of this end point, improvement
of atleast 1 point in the nasal polyp score was observed in 20%
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of the patients who received placebo vs 70% of those who re-
ceived dupilumab (odds ratio [OR], 9.5 [95% CI, 2.8 to 31.8],
P < .001). Furthermore, the improvement in nasal polyp score
with dupilumab vs placebo was observed at week 4, which was
the first postbaseline assessment (least squares mean differ-
ence, -1.03 [95% CI, -1.58 to -0.49]; P < .001).

Secondary End Points
Radiographic and Inspiratory Flow
The least squares mean change from baseline to week 16 for
the Lund-Mackay CT total score was -0.2 (95% CI, -2.1t0 1.7)
with placebo plus mometasone furoate nasal spray and -9.1
(95% CI, -10.7 to -7.5) with dupilumab plus mometasone fu-
roate nasal spray (least squares mean difference, -8.8 [95% ClI,
-11.1to -6.6], P < .001; Table 2). The least squares mean change
in percentage of maxillary sinus volume occupied by disease
was —4.2 (95% CI, -13.5 to 5.2) with placebo and -36.4 (95%
CI, -44.4 to -28.4) with dupilumab (least squares mean dif-
ference, -32.2[95% CI, -43.1 to -21.4]; P < .001).

The least squares mean change from baseline to week 16
for morning peak nasal inspiratory flow was 27.1 L/min (95%
CI, 12.1-42.1 L/min) with placebo plus mometasone furoate na-
sal spray and 60.2 L/min (95% CI, 45.6-74.7 L/min) with du-
pilumab plus mometasone furoate nasal spray (least squares
mean difference, 33.1 L/min [95% CI, 12.7-53.5 L/min], P = .002;
Table 2 and Figure 2B).

Quality of Life and Daily Symptoms
There was improvement from baseline to week 16 for the
SNOT-22 total score in patients treated with dupilumab plus
mometasone furoate nasal spray vs those treated with pla-
cebo plus mometasone furoate nasal spray (least squares mean
difference, -18.1[95% CI, -25.6 to -10.6], P < .001; Table 2 and
Figure 3A). This effect exceeded the MCID of 8.90.%
Significant improvements favoring dupilumab were
observed with improved UPSIT scores for sense of smell,
decreases in morning posterior rhinorrhea (Figure 3B-C),
decreases in morning symptoms of nasal congestion or
obstruction (Table 2), decreases in morning anterior rhinor-
rhea, increases in subjective sense of smell, decreases in eve-
ning symptoms, and decreases in nocturnal awakenings
(eTable 2 in Supplement 2).

Nasal Polyp Score in Patients With Comorbid Asthma

In the subset of patients with comorbid asthma (n = 35), the
least squares mean change in nasal polyp score was —0.02 (95%
CI, -0.9 to 0.8) with placebo plus mometasone furoate nasal
spray and -2.3 (95% CI, -3.2 to -1.4) with dupilumab plus mo-
metasone furoate nasal spray (least squares mean difference,
-2.3[95% CI, -3.4 to -1.2], P < .001; Figure 4A). An improve-
ment of at least 1 point in nasal polyp score was observed in
10.5% of patients who received placebo vs 75.0% of those who
received dupilumab (OR, 26.1[95% CI, 3.8 t0179.3]; P < .001).

Exploratory Analyses

Evaluations From Baseline to Week 32

Compared with patients who received placebo, reductions in
nasal polyp score and improvements in peak nasal inspira-
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Table 1. Baseline Demographic and Clinical Characteristics of the Patients

Placebo Plus MFNS

Dupilumab Plus MFNS

(n=30) (n =30)
Age, mean (SD), y 49.3 (9.1) 47.4 (9.8)
Male sex, No. (%) 16 (53.3) 18 (60.0)
Body mass index, mean (SD)? 26.8 (3.9) 28.1(4.2)
Body mass index <30, No. (%) 24 (80.0) 22 (73.3)
White race, No. (%) 30 (100) 29 (96.7)
Bilateral endoscopic nasal polyp score, mean (SD)® 5.7 (0.9) 5.9 (1.0)
Assessed with computed tomography, mean (SD)
Lund-Mackay total score® 18.7 (5.5) 18.6 (5.0)
Percentage of maxillary sinus volume occupied by disease 76.3 (23.9) 71.0 (26.2)
Peak nasal inspiratory flow in morning, mean (SD), L/min 109.2 (46.8) 98.4 (48.5)
SNOT-22 total score, mean (SD)¢ 40.6 (19.9) 41.4 (18.2)
Sinusitis symptom severity assessed on visual analog scale, 6.4 (2.7) 6.4 (2.7)
mean (SD), cm®
Sense of smell assessed by UPSIT, mean (SD)* 15.6 (7.9) 12.8 (8.3)
Nasal congestion or obstruction, mean (SD)¢
AM 1.7 (0.7) 1.7 (0.7)
PM 1.6 (0.7) 1.6 (0.8)
Sense of smell loss, mean (SD)9
AM 2.8 (0.5) 2.4 (0.9) Abbreviations: ACQ5, 5-question
M 2.8 (0.5) 2.4 (0.9) Asthma Control Questionnaire; '
- - FEV;, forced expiratory volume in
Anterior rhinorrhea, mean (SD)? the first second of expiration;
AM 1.1 (0.8) 1.0 (0.9) IgE, immunoglobulin E;
PM 1.2 (0.7) 1.0 (0.9) IQR, interquartile range;
. : MFNS, mometasone furoate
Posterior rhinorrhea, mean (SD)? nasal spray; SNOT-22, 22-item
AM 1.4 (0.8) 1.1 (0.9) SinoNasal Outcome Test;
™ 1.4 (0.8) 1.0 (0.9) UPSIT, Univlelrsit)l/ of Pennsylvania
- Smell Identification Test.
Nocturnal awakenings, mean (SD)¢ 1.0(1.2) 0.9 (1.1) o
2 Calculated as weight in kilograms
>1 Prior surgery for nasal polyposis, No. (%) 19 (63.3) 16 (53.3) divided by height in meters
Duration of nasal polyposis, mean (SD), y 11.5(8.7) 7.6 (6.1) squared.
Aspirin sensitivity, No. (%) 9 (30.0) 6 (20.0) ®Range of O to 8 (higher scores
H H 12
>1 Positive antigen-specific IgE, No./total (%) 20/28 (71.4) 18/26 (69.2) indicate worse outcomes).

. € Range of O to 24 (higher scores
Comorbid asthma, No. (%) 19 (63.3) 16 (53.3) - difate o opsciﬁcation) ©
Duration of asthma, mean (SD), y 20.2 (17.4) 15.5(12.1) 9Range of O to 110 (higher scores
FEV; for all patients, mean (SD), L 3.0(0.9) 3.2(0.9) indicate poorer outcomes) and a
FEV, percent predicted for all patients, mean (SD) 86.5 (18.4) 87.9 (18.9) minimally cIinicaIIy]iSmportant

diffi f 8.90.
FEV, for patients with asthma, mean (SD), L 2.7 (0.8) 2.7 (0.7) erence o
- - - € Range of O (not troublesome) to 10
FEV, percent predicted for patients with asthma, mean (SD) 79.8 (14.6) 82.2 (17.7) (worst thinkable).®
ACQ5 score in patients with asthma, mean (SD)" 1.5 (0.9) 1.6 (1.1)

Total serum IgE, 1U/mL
Mean (SD)
Median (IQR)

Serum thymus and activation-regulated chemokine,
mean (SD), pg/mL

195.3 (251.5)
101 (37-254)
4493 (376.8)

f Range of 0 to 40 (higher scores
of 35-40 indicate normal

139.7 (136.3) sense of smell)."”

87 (47-185)

469.7 (298.0)

& Symptoms were captured using a
categorical scale (O = no symptoms,
1= mild symptoms, 2 = moderate
symptoms, and 3 = severe

Plasma eotaxin-3, mean (SD), pg/mL 61.6 (48.4) 64.0 (29.8) symptoms).'8

Blood eosinophil count, x10°/L " Range from O to 6 (lower scores
Mean (SD) 0.45 (0.67) 0.41 (0.24) indicate better control of asthma)
Median (IQR) 0.32 (0.18-0.49) 0.36 (0.25-0.47) and aminimally clinically important

difference of 0.5.2°

tory flow, SNOT-22, and symptom-based end points were sus-
tained throughout the 16-week follow-up period in patients
who received dupilumab plus mometasone furoate nasal spray;
patients only received mometasone furoate nasal spray dur-
ing follow-up (eTable 3 in Supplement 2).

jama.com

Other End Points by Asthma Status

In the subset of patients with comorbid asthma (n = 35) and com-
pared with patients who received placebo plus mometasone
furoate nasal spray, dupilumab plus mometasone furoate nasal
spray improved lung function and asthma control when assessed
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Figure 2. Primary and Secondary End Points for All Patients
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The P value comparisons are for week 16. Compared with placebo plus mometasone furoate nasal spray (MFNS), dupilumab plus MFNS significantly improved the
endoscopic NPS (maximum score = 8) and morning PNIF. Error bars indicate 95% Cls.

2 Assessed as change from baseline averaged over 4 weeks prior to each time point.

by the FEV, percent predicted (least squares mean difference, 7.2
[95%CI, 0.4 t013.9], P = .04; Table 2 and Figure 4B-D). The least
squares mean change from baseline to week 16 in scores on the
5-question Asthma Control Questionnaire was -0.1(95% CI, -0.5
to 0.3) in the placebo group and -1.2 (95% CI, -1.6 to -0.8) in the
dupilumab group (least squares mean difference, -1.1[95% CI,
-1.5t0-0.6]; P < .001), which exceeded the MCID of O.5. Patients
with asthma also experienced improvements with dupilumab
in UPSIT score, SNOT-22 total score, and symptoms of conges-
tion (eTable 4 in Supplement 2).

In patients without asthma, a dupilumab-specific effect
was observed for the Lund-Mackay total score, UPSIT score,
SNOT-22 total score, self-reported sense of smell loss, and other
clinical end points; however, dupilumab did not lead to a sig-
nificant reduction in endoscopic nasal polyp score (eTable 5
in Supplement 2).

Pharmacodynamic and Type 2 Helper

T-cell-Associated Biomarkers

Levels of total serum IgE, serum TARC, and plasma eotaxin-3
expressed as least squares mean percentage changes from
baseline decreased with dupilumab plus mometasone
furoate nasal spray vs placebo plus mometasone furoate
nasal spray (Table 2 and Figure 5A-C). Relative reductions
in IgE with dupilumab progressed over the 16-week treat-
ment period (P = .05 vs placebo at week 4 and P < .001 at
each remaining assessment).

Levels of eotaxin-3 decreased significantly with dupil-
umab plus mometasone furoate nasal spray vs placebo by week
2 and remained reduced throughout the treatment period (all
P <.001 vs placebo). Levels of TARC decreased significantly
with dupilumab vs placebo by week 2 (P < .001 vs placebo),
remained significantly reduced through week 12 (P < .001), and
tended to remain decreased at week 16 (P = .13). Transient in-
creases in blood eosinophil count occurred in some patients

jama.com

after initiation of dupilumab treatment; however, the mean
blood eosinophil count was unchanged in both groups at week
16 (Figure 5D).

Safety

Adverse events were reported by 25 of 30 patients in the pla-
cebo group and 30 of 30 in the dupilumab group (eTable 6 in
Supplement 2). Mild-to-moderate nasopharyngitis (33% in the
placebo group vs 47% in the dupilumab group), injection site
reactions (7% vs 40%, respectively), and headache (17% vs
20%) were the most frequent adverse events.

Six patients had serious adverse events: 4 in the placebo
group (uterine cancer, transient ischemic attack, asthma, and
nasal polyp) and 2 in the dupilumab group (one with herpes
zoster and the other with arrhythmia and upper extremity pain
or numbness). No serious adverse events were considered to
be related to dupilumab.

Five patients in the placebo group experienced an ad-
verse event that led to discontinuation of study drug (otitis me-
dia, bronchitis, hypersensitivity, headache, hypertension,
asthma, and abdominal pain), as did 2 in the dupilumab group
(constipation and injection site reaction). No clinically delete-
rious changes in vital signs, physical examination, laboratory
testing, or electrocardiogram were observed with dupilumab
compared with placebo.

There were no deaths during the active treatment period.
One patient died of a ruptured aortic aneurysm during the
screening period prior to having been randomized to active
treatment.

|
Discussion

In this proof-of-concept trial of dupilumab vs placebo added
to standard-of-care intranasal corticosteroids in patients
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Figure 3. Quality-of-Life and Symptom-Based Secondary End Points
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The P value comparisons are for week 16. Compared with placebo plus
mometasone furoate nasal spray (MFNS), dupilumab plus MFNS was associated
with a significant improvement in the SNOT-22 total score, sense of smell
(assessed by the UPSIT), and self-reported morning posterior rhinorrhea.

Error bars indicate 95% Cls.

2 Assessed as change from baseline averaged over 4 weeks prior to
each time point.
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with chronic sinusitis and nasal polyposis refractory to
intranasal corticosteroids alone, dupilumab treatment was
associated with significant improvements in endoscopic,
clinical, radiographic, and pharmacodynamic end points
after 16 weeks. Although an MCID for nasal polyp score has
not yet been established, the observed effect exceeded that
of other approved treatments?! and was supported by mean-
ingful changes in several other objective clinical and radio-
graphic parameters, including significant improvement in
CT scores.

Furthermore, significant improvements in quality of life
(assessed by SNOT-22) and in major symptoms, such as sub-
jective sense of smell, nasal obstruction or congestion, and
nocturnal awakenings, were reported. Dupilumab was gen-
erally well tolerated, and no serious adverse events were
considered to be related to dupilumab. Although injection
site reactions were more frequent in patients treated with
dupilumab vs placebo, there was no safety signal that con-
tributed to excess study discontinuations in the dupilumab
group.

Surgery is recommended as the next treatment option
for patients who experience medical therapy failure®; how-
ever, a substantial proportion of patients experience post-
surgical recurrence and require additional surgery.*-22
Although this trial was not designed to determine if dupil-
umab could delay or reduce surgical intervention, 58% of
the study population had undergone prior surgery for nasal
polyps, suggesting a potential role for dupilumab in this
patient population.

The clinical improvements observed with dupilumab treat-
ment throughout the study appeared to be similar to that of
the anti-IL-5 monoclonal antibody mepolizumab?® (another
biological therapy) in the ITT population and to that of the anti-
IgE monoclonal antibody omalizumab'? in the subgroup of pa-
tients with concomitant asthma; however, head-to-head stud-
ies are needed to draw conclusions.

These data suggest that signaling pathways mediated by
IL-4 and IL-13 are important to the pathogenesis of chronic si-
nusitis with nasal polyposis, and that blocking these path-
ways leads to significant clinical benefit.

The improvements observed in patients with nasal
polyposis and comorbid asthma are in line with data from
patients with severe asthma observed in phase 2 studies of
dupilumab, which suggest that dupilumab treatment
improves both upper and lower airway inflammation. In the
present trial, improvements were observed in endoscopic
nasal polyp scores (a prespecified secondary end point) and
in asthma control and lung function (exploratory end
points) in patients with asthma. Mechanistically, these clini-
cal observations support earlier reports”-® suggesting that
nasal polyposis and asthma share the same underlying type
2 helper T-cell inflammation.® Elevations in levels of bio-
markers associated with type 2 helper T cells (relative to
controls), including eotaxin-3, TARC, and IgE, and their
reduction by dupilumab herein, as well as in studies of
patients with asthma® and atopic dermatitis,'* further sup-
port a common set of underlying type 2 helper T-cell inflam-
matory mechanisms in these diseases.
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Figure 4. End Points in Patients With Comorbid Asthma
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The P value comparisons are for week 16. Compared with placebo plus
mometasone furoate nasal spray (MFNS), dupilumab plus MFNS was associated
with improvements in endoscopic NPS (maximum score = 8), FEV;, FEV,

percent predicted, and ACQ5 score compared with placebo plus MFNS. Error
bars indicate 95% Cls.

As a proof-of-concept trial, this study had some limita-
tions. The number of participants (60 patients) was small, al-
though this sample size was based on calculations identify-
ing it as adequate to test the central hypothesis. The study
duration was 16 weeks, limiting our ability to comment on the
effect of dupilumab during long-term treatment.

In addition, the absence of an established MCID for nasal
polyp score presents a challenge for interpreting the clinical
effect of dupilumab on the primary end point of the study.
The least squares mean change from baseline at week 16 was
-0.30 (SE, 0.34) in the placebo group and -1.85 (SE, 0.30) in
the dupilumab group (least squares mean difference, -1.55
[95% CI, -2.43 to -0.67]; P < .001).

A previous study using a nasal polyp score with a nar-
rower range (0-6 as opposed to 0-8 for the score in the cur-
rent study) showed that intranasal corticosteroid treatment

jama.com

(a standard therapy for nasal polyposis) led to a mean
change of -0.5 vs placebo. A study?! using the same nasal
polyp score as the current study showed a peak difference
vs placebo of approximately -2.2 for systemic corticoste-
roids alone, without intranasal corticosteroids, in patients
with nasal polyposis.

Because intranasal corticosteroids are the only approved
treatment for nasal polyps, there is currently no suitable
comparator drug available for long-term treatment. Further
studies will be needed to investigate the potential use of
dupilumab as adjunct therapy or in direct comparison with
other medications or surgery.2* In addition, 25% of partici-
pants (7/30) in the placebo group discontinued therapy. How-
ever, a sensitivity analysis using multiple imputation found
similar results, suggesting that this dropout rate is unlikely to
have biased the study findings.
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Figure 5. Pharmacodynamic and Type 2 Helper T-cell-Associated Biomarkers
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The P value comparisons are for week 16. Compared with placebo plus
mometasone furoate nasal spray (MFNS), dupilumab plus MFNS was associated

with a significant improvement in pharmacodynamic and type 2 helper
T-cell-associated biomarkers. Error bars indicate 95% Cls.

. |
Conclusions

Among adults with symptomatic chronic sinusitis and nasal
polyposis refractory to intranasal corticosteroids, the addi-

tion of subcutaneous dupilumab to mometasone furoate na-
sal spray compared with mometasone alone reduced endo-
scopic nasal polyp burden after 16 weeks. Further studies are
needed to assess longer treatment duration, larger samples, and
direct comparison with other medications.

ARTICLE INFORMATION

Author Affiliations: Upper Airway Research
Laboratory, Department of Otorhinolaryngology,
Ghent University Hospital, Ghent, Belgium
(Bachert, Gevaert); Clintec, Karolinska Institute,
Stockholm, Sweden (Bachert); Research and
Development, Sanofi, Chilly Mazarin, France
(Mannent); University of Chicago, Chicago, lllinois
(Naclerio); Hospital Clinic, Institut d'Investigacions
Biomediques August Pii Sunyer, Barcelona, Spain
(Mullol); University of Pittsburgh Medical Center,
Pittsburgh, Pennsylvania (Ferguson); Laboratory of
Experimental Immunology, Department of
Otorhinolaryngology—Head and Neck Surgery,
University Hospitals Leuven, Leuven, Belgium
(Hellings); Research and Development, Sanofi,

JAMA February 2,2016 Volume 315, Number 5

Bridgewater, New Jersey (Jiao, Wang, Pirozzi,
Swanson); Regeneron Pharmaceuticals Inc,
Tarrytown, New York (Evans, Graham, Hamilton,
Radin, Gandhi, Stahl, Yancopoulos); Immunology
and Inflammation Development Franchise, Sanofi
Research and Development, Cambridge,
Massachusetts (Sutherland).

Author Contributions: Dr Bachert had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.

Study concept and design: Bachert, Mannent,
Naclerio, Mullol, Ferguson, Gevaert, Hellings, Wang,
Evans, Pirozzi, Graham, Swanson, Hamilton, Radin,
Gandhi, Yancopoulos.

Acquisition, analysis, or interpretation of data:
Bachert, Mannent, Naclerio, Mullol, Ferguson,
Gevaert, Jiao, Wang, Evans, Pirozzi, Graham,
Swanson, Hamilton, Radin, Stahl, Yancopoulos,
Sutherland.

Drafting of the manuscript:Bachert, Mannent,
Gevaert, Wang, Evans, Hamilton, Sutherland.
Critical revision of the manuscript for important
intellectual content: Bachert, Mannent, Naclerio,
Mullol, Ferguson, Gevaert, Hellings, Jiao, Evans,
Pirozzi, Graham, Swanson, Hamilton, Radin,
Gandbhi, Stahl, Yancopoulos, Sutherland.
Statistical analysis: Jiao, Wang.

Obtained funding: Pirozzi, Gandhi.

jama.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/24/2022


http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2015.19330

Subcutaneous Treatment for Chronic Sinusitis With Nasal Polyposis

Administrative, technical, or material support:
Ferguson, Evans, Swanson, Hamilton, Radin,
Sutherland.

Study supervision: Bachert, Mannent, Gevaert,
Hellings, Evans, Pirozzi, Graham, Stahl,
Yancopoulos, Sutherland.

Conflict of Interest Disclosures: The authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest.

Dr Bachert reported serving on advisory boards for
and receiving personal fees from Sanofi and
Novartis. Drs Mannent, Jiao, Wang, Pirozzi,
Swanson, and Sutherland reported being
employees and shareholders of Sanofi. Dr Naclerio
reported receiving grant support from Meda
Pharmaceuticals Inc, Merck, Nasaleze, Teva
Pharmaceutical Industries Ltd, and Kalypsys Inc;
and personal fees from Meda AB, Merck,
GlaxoSmithKline, Teva Pharmaceutical Industries
Ltd, and Sanofi. Dr Mullol reported receiving grant
support from the Uriach Group, Meda Pharma,
Faes Farma, Merck Sharp Dohme, and
GlaxoSmithKline; and personal fees from Sanofi,
the Uriach Group, Meda Pharma, ALK-Abell6 A/S,
Faes Farma, Hartington Pharmaceutical SL,
Johnson & Johnson, the Menarini Group, Merck
Sharp Dohme, GlaxoSmithKline, Crucell, Novartis,
Pierre Fabre, and UCB. Dr Ferguson reported
receiving consulting fees and travel reimbursement
from Sanofi; and support for the conduct of studies
from Meda Pharmaceuticals Inc, Teva
Pharmaceutical Industries Ltd, Sanofi, and Knopp
Biosciences. Dr Gevaert reported receiving grant
support from Sanofi. Dr Hellings reported receiving
grant support from Meda Pharma, GlaxoSmithKline,
Merck, and ALK-Abellé. Drs Evans, Graham,
Hamilton, Radin, Gandhi, Stahl, and Yancopoulos
reported being employees and shareholders of
Regeneron Pharmaceuticals Inc.

Funding/Support: The study was funded by Sanofi
and Regeneron Pharmaceuticals Inc.

Role of the Funder/Sponsor: Sanofi and
Regeneron Pharmaceuticals Inc, in collaboration
with the academic clinical investigators, provided
input on the design and conduct of the study;
oversaw the collection, management, and statistical
analysis of data; and contributed to the
interpretation of the data and the preparation,
review, and submission of the manuscript. The final
decision on manuscript submission was made by
the authors; the sponsors did not have the right to
veto or require submission or publication.

Additional Contributions: We thank the patients
for their participation, the members of the
independent data and safety monitoring
committee (James P. Kemp, MD [committee chair],
Pharmaceutical Safety Services LLC, San Diego,
California; Charles Anello, ScD, Applied Statistical
Concepts LLC, West Palm Beach, Florida; Adelaide
A. Hebert, MD, Department of Dermatology,
University of Texas Medical School, Houston;
Michael Kaliner, MD, Department of Medicine,
George Washington University School of Medicine
and Health Sciences, Washington, DC; Shirley
Murphy, MD, Pediatric Associates PA, Albuquerque,
New Mexico; Marie A. Richard, MD, Department of

jama.com

Dermatology, Service de Dermatologie, Hopital Ste
Marguerite, Assistance Publique des Hopital de
Marseille and Research Unit LIMP EA 3291,
Université de la Méditerranée, Marseille, France;
and Lanny J. Rosenwasser, MD, Children’s Mercy
Hospital, University of Missouri School of Medicine,
Kansas City), and all the study investigators

(a complete list appears in Supplement 2).

Both the independent data and safety monitoring
committee and the study investigators were
compensated for their participation in the trial. We
also thank Nikki Moreland, BSc, and Marinella Calle,
PhD (both with Excerpta Medica), for copyediting
assistance with language and format, medical
writing support in accordance with authors’
guidance, redrawing of the figures, and collating
the authors’ comments, which was funded by
Sanofi and Regeneron Pharmaceuticals Inc. We
thank the following persons for their contributions
to data collection, analysis, statistical analysis, and
review of the manuscript: Steven Weinstein, MD,
PhD, Rebecca Gall, MD, and Linda Williams, RPh
(all 3 with Regeneron) and Hongjie Zhu, PhD,
Annette Grabher, MD, Patricia Rohane, MD, Ariel
Teper, MD, Blandine Nembo, PhD, Sebastien Paoli,
MSc, Suzana Todorovic, MSc, Nian Tian, MSc,
Florence Benderitter, PhD, Pauline Wijnand,
PharmD, Anna Bergos, MD, Brian Bock, DO, Katia
Handelberg, MD, Donghui Zhang, PhD, Jeffrey
Cortez, MSc, Barbara Zhang, MD, and Karen
Mittleman, PhD (all 17 with Sanofi). Employees of
Excerpta Medica, Sanofi, and Regeneron were not
compensated for their contributions outside their
regular salaries.

REFERENCES

1. Blackwell DL, Lucas JW, Clarke TC. Summary
health statistics for US adults. Vital Health Stat 10.
2014;(260):1-161.

2. Hastan D, Fokkens WJ, Bachert C, et al. Chronic

rhinosinusitis in Europe—an underestimated
disease. Allergy. 2011;66(9):1216-1223.

3. Fokkens WJ, Lund VJ, Mullol J, et al.

EPOS 2012: European position paper on
rhinosinusitis and nasal polyps 2012. Rhinology.
2012;50(1):1-12.

4. Vlaminck S, Vauterin T, Hellings PW, et al.
The importance of local eosinophilia in the surgical

outcome of chronic rhinosinusitis. Am J Rhinol Allergy.

2014;28(3):260-264.

5. Jarvis D, Newson R, Lotvall J, et al. Asthmain
adults and its association with chronic
rhinosinusitis. Allergy. 2012;67(1):91-98.

6. Akdis CA, Bachert C, Cingi C, et al. Endotypes
and phenotypes of chronic rhinosinusitis. J Allergy
Clin Immunol. 2013;131(6):1479-1490.

7. Bachert C, Zhang N, Holtappels G, et al.
Presence of IL-5 protein and IgE antibodies to
staphylococcal enterotoxins in nasal polyps is
associated with comorbid asthma. J Allergy Clin
Immunol. 2010;126(5):962-968, el-e6.

8. Bachert C, van Steen K, Zhang N, et al.
Specific IgE against Staphylococcus aureus

Original Investigation Research

enterotoxins: an independent risk factor for
asthma. J Allergy Clin Immunol. 2012;130(2):376-381,
el-e8.

9. Wenzel S, Ford L, Pearlman D, et al. Dupilumab
in persistent asthma with elevated eosinophil
levels. N Engl J Med. 2013;368(26):2455-2466.

10. Wenzel S, Wang L, Pirozzi G, et al. Dupilumab
improves lung function and reduces severe
exacerbations in uncontrolled asthmatics with
baseline eosinophil levels above and below 300
cells/pL. Am J Respir Crit Care Med. 2015;191:A6362.

11. Beck LA, Thagi D, Hamilton JD, et al.

Dupilumab treatment in adults with
moderate-to-severe atopic dermatitis. N Engl J Med.
2014;371(2):130-139.

12. GevaertP, Calus L, Van ZeleT, et al.
Omalizumab is effective in allergic and nonallergic
patients with nasal polyps and asthma. J Allergy Clin
Immunol. 2013;131(1):110-116, el.

13. Lund VJ, Mackay IS. Staging in rhinosinusitus.
Rhinology.1993;31(4):183-184.

14. Bhattacharyya N. Test-retest reliability

of computed tomography in the assessment of
chronic rhinosinusitis. Laryngoscope. 1999;
109(7 pt 1):1055-1058.

15. Hopkins C, Gillett S, Slack R, et al. Psychometric
validity of the 22-item SinoNasal Outcome Test. Clin
Otolaryngol. 2009;34(5):447-454.

16. Scadding G, Hellings P, Alobid I, et al. Diagnostic
tools in rhinology EAACI position paper. Clin Trans/
Allergy. 2011:1(1):2.

17. Doty RL, Frye RE, Agrawal U. Internal
consistency reliability of the fractionated and whole
University of Pennsylvania Smell Identification Test.
Percept Psychophys. 1989;45(5):381-384.

18. Fokkens W, Lund V, Mullol J, et al. European
position paper on rhinosinusitis and nasal polyps
2007. Rhinol Suppl. 2007;(20):1-136.

19. Juniper EF, O'Byrne PM, Guyatt GH, et al.
Development and validation of a questionnaire to
measure asthma control. Eur Respir J. 1999;14(4):
902-907.

20. Juniper EF, Svensson K, Mork AC, Stahl E.
Measurement properties and interpretation of
three shortened versions of the asthma control
questionnaire. Respir Med. 2005;99(5):553-558.

21. Small CB, Hernandez J, Reyes A, et al. Efficacy
and safety of mometasone furoate nasal spray in
nasal polyposis. J Allergy Clin Immunol. 2005116
(6):1275-1281.

22. Wynn R, Har-El G. Recurrence rates after
endoscopic sinus surgery for massive sinus
polyposis. Laryngoscope. 2004;114(5):811-813.

23. Gevaert P, Van Bruaene N, Cattaert T, et al.
Mepolizumab, a humanized anti-IL-5 mAb, as a
treatment option for severe nasal polyposis.

J Allergy Clin Immunol. 2011;128(5):989-995, el-e8.

24. Rudmik L, Soler ZM. Medical therapies for adult
chronic sinusitis. JAMA. 2015;314(9):926-939.

JAMA February 2,2016 Volume 315, Number 5

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/24/2022

479


http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2015.19330&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2015.19330
http://www.ncbi.nlm.nih.gov/pubmed/24819891
http://www.ncbi.nlm.nih.gov/pubmed/24819891
http://www.ncbi.nlm.nih.gov/pubmed/21605125
http://www.ncbi.nlm.nih.gov/pubmed/22469599
http://www.ncbi.nlm.nih.gov/pubmed/22469599
http://www.ncbi.nlm.nih.gov/pubmed/24980239
http://www.ncbi.nlm.nih.gov/pubmed/24980239
http://www.ncbi.nlm.nih.gov/pubmed/22050239
http://www.ncbi.nlm.nih.gov/pubmed/23587334
http://www.ncbi.nlm.nih.gov/pubmed/23587334
http://www.ncbi.nlm.nih.gov/pubmed/20810157
http://www.ncbi.nlm.nih.gov/pubmed/20810157
http://www.ncbi.nlm.nih.gov/pubmed/22738677
http://www.ncbi.nlm.nih.gov/pubmed/22738677
http://www.ncbi.nlm.nih.gov/pubmed/23688323
http://www.ncbi.nlm.nih.gov/pubmed/25006719
http://www.ncbi.nlm.nih.gov/pubmed/25006719
http://www.ncbi.nlm.nih.gov/pubmed/23021878
http://www.ncbi.nlm.nih.gov/pubmed/23021878
http://www.ncbi.nlm.nih.gov/pubmed/8140385
http://www.ncbi.nlm.nih.gov/pubmed/10401840
http://www.ncbi.nlm.nih.gov/pubmed/10401840
http://www.ncbi.nlm.nih.gov/pubmed/19793277
http://www.ncbi.nlm.nih.gov/pubmed/19793277
http://www.ncbi.nlm.nih.gov/pubmed/22410181
http://www.ncbi.nlm.nih.gov/pubmed/22410181
http://www.ncbi.nlm.nih.gov/pubmed/2726398
http://www.ncbi.nlm.nih.gov/pubmed/17844873
http://www.ncbi.nlm.nih.gov/pubmed/10573240
http://www.ncbi.nlm.nih.gov/pubmed/10573240
http://www.ncbi.nlm.nih.gov/pubmed/15823451
http://www.ncbi.nlm.nih.gov/pubmed/16337459
http://www.ncbi.nlm.nih.gov/pubmed/16337459
http://www.ncbi.nlm.nih.gov/pubmed/15126735
http://www.ncbi.nlm.nih.gov/pubmed/21958585
http://www.ncbi.nlm.nih.gov/pubmed/26325561
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2015.19330

