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Background: Subcutaneous immunotherapy (SCIT) has been proven as an effective therapy 
against some allergens for seasonal allergic rhinitis (SAR) patients unresponsive to intranasal 
corticosteroids and/or antihistamines but carries risk of systemic allergic reactions. 
Dupilumab blocks the shared receptor component for interleukin-4 and interleukin-13, key 
and central drivers of type 2 inflammation in multiple diseases.
Objective: To evaluate the efficacy and safety of SCIT+dupilumab vs SCIT alone.
Methods: This phase 2a, multicenter, double-blind, placebo-controlled parallel-group study 
conducted in 103 adults with grass pollen-induced SAR (NCT03558997) randomized 
patients 1:1:1:1 to SCIT, dupilumab (300 mg every 2 weeks), SCIT+dupilumab, or placebo. 
SCIT was administered using an 8-week cluster protocol followed by 8 weeks of main-
tenance injections. Primary endpoint was change from pre-treatment baseline in area under 
the curve (AUC) in total nasal symptom score (TNSS) 0–1 h following nasal allergen 
challenge (NAC) with timothy grass extract at Week 17.
Results: Although 16 weeks of treatment with SCIT+dupilumab did not significantly improve 
TNSS AUC (0–1 h) following NAC at Week 17 vs SCIT (least squares mean −56.76% vs 
−52.03%), a higher proportion of SCIT+dupilumab-treated patients (61.5%) achieved SCIT 
maintenance dose vs SCIT (46.2%). A lower proportion of SCIT+dupilumab-treated patients 
(7.7%) required epinephrine rescue treatment vs SCIT (19.2%). There were significantly fewer 
withdrawals in the SCIT+dupilumab group than in the SCIT group (n = 2 [7.7%] vs n = 8 
[30.8%]; P = 0.0216); the majority of SCIT group withdrawals were due to SCIT-related 
intolerability, compared with no discontinuations from the SCIT+dupilumab group.
Conclusion: In SAR patients, 16 weeks of SCIT+dupilumab may improve SCIT tolerability 
but did not incrementally reduce post-allergen challenge nasal symptoms compared with 
SCIT alone.
Clinical Study Number: NCT03558997.
Keywords: dupilumab, seasonal allergic rhinitis, subcutaneous immunotherapy, nasal 
allergen responses

Introduction
Allergic rhinitis (AR) is associated with a significant daily disease burden and 
impairment of quality of life.1 While oral and intranasal antihistamines and intra-
nasal corticosteroids may be helpful in many patients, a significant number of 
patients do not adequately respond to these medications1 and require allergen 
immunotherapy.2 Subcutaneous immunotherapy (SCIT) is effective in several aller-
gic disorders including AR and venom allergies.3,4 Allergen immunotherapy is also 
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well tolerated and effective in patients with AR and mild 
intermittent asthma, and can reduce short-term symptoms 
and medication use.5 SCIT has been shown to modify the 
underlying disease pathogenesis and may provide long- 
term sustained benefit following therapy cessation after 
years of prolonged treatment.6,7 However, SCIT is asso-
ciated with a risk of systemic allergic reactions, which is 
highest in patients with asthma, thus warranting adminis-
tration in specialized settings with access to epinephrine 
and other resuscitative methods.2,8,9 Dosing regimens with 
accelerated cluster build-up strategies allow patients to 
reach their maintenance dose in a shorter amount of time 
and with fewer injections than conventional dosing,10 but 
have also been associated with more systemic reactions.11

The type 2 cytokines interleukin (IL)-4 and IL-13 play 
key roles in the pathophysiology of several allergic diseases, 
including AR.12 IL-4 is critical for the generation of CD4+ 

T helper type 2 cells,13 which play a key role in allergen- 
specific T cell responses.14 Furthermore, both IL-4 and IL- 
13 are critical for B cell immunoglobulin (Ig) M to IgE class 
switching.15 Dupilumab, a fully human monoclonal anti-
body that binds specifically to IL-4 receptor α (IL-4Rα), 
the shared receptor subunit for IL-4 and IL-13, inhibits the 
signaling pathways of both IL-4 and IL-13.12,16 Dupilumab 
is approved for patients with atopic dermatitis,17–21 

asthma,22 or chronic rhinosinusitis with nasal polyps.23 

Dupilumab also significantly reduced total and allergen- 
specific serum IgE levels during 1 year of treatment in 
patients with asthma and perennial AR.23–25

We hypothesized that the addition of dupilumab to 
SCIT would enhance the efficacy and improve the toler-
ability of SCIT. The current proof-of-concept trial exam-
ined the efficacy and safety of combination therapy with 
timothy grass (TG)–specific SCIT plus dupilumab in 
patients with TG-induced seasonal AR using a nasal aller-
gen challenge (NAC) model.

Methods
Study Design
This was a phase 2a, multicenter, randomized, double-blind, 
placebo-controlled, parallel-group, 4-arm study of dupilu-
mab as an adjunct to TG SCIT (NCT03558997, Figure 1). 
The study consisted of a 12-week screening period, a 16- 
week treatment period, and an 8-week post-treatment follow- 
up period in patients with a history of grass pollen–induced 
AR (Figure 1A). The study was conducted outside of the 
grass allergy season to prevent interference from 

environmental allergens with the provoked allergy symptoms 
by the NAC. It was conducted at 17 study centers that 
specialized in allergy in North America (United States and 
Canada) between June 7, 2018, and June 13, 2019. The 
complete list of participating investigators can be found in 
this article’s Supplementary Materials.

The main inclusion criteria included age ≥18 to <55 
years at the time of study entry; a history of grass pollen– 
induced seasonal AR; positive skin prick test (SPT) with 
TG extract (mean wheal diameter at least ≥5 mm greater 
than negative control); positive serum TG-specific IgE 
(sIgE; ≥0.35 kU/L); a positive NAC with TG extract at 
screening with peak total nasal symptom score (TNSS; 
scale 0–12) ≥7 of 12; and either a >20% drop in peak 
nasal inspiratory flow (PNIF) or ≥3 sneezes between the 
first non-zero dose and approximately 10 minutes after the 
highest TG extract dose during NAC. TNSS is a composite 
symptom assessment of nasal congestion, nasal itching, 
rhinorrhea, and sneezing (each graded on a 0–3 scale; 0 
being none, 3 being severe).

The main exclusion criteria included significant rhinitis 
(causing TNSS >2) or sinusitis outside of grass pollen 
season or due to daily contact with other allergens expected 
to coincide with final NAC assessments; symptoms of 
upper respiratory tract infection, acute sinusitis, acute otitis 
media, or other relevant infections at screening; or any 
contraindications to SCIT. Patients with a clinical history 
of asthma requiring chronic medication for >4 weeks 
per year or a history of asthma with two or more asthma 
exacerbations requiring hospitalizations or systemic corti-
costeroids in the previous year were also excluded. Use of 
leukotriene inhibitors, mast cell inhibitors, systemic, intra-
nasal or inhaled corticosteroids, oral or topical deconge-
stants, systemic or topical calcineurin inhibitors, beta 
blockers, long-acting beta agonists, and long-acting mus-
carinic antagonists were prohibited for the duration of the 
study. Approved standard care medications were allowed 
(see this article’s Supplementary Materials for details on the 
use of additional medication).

Randomization (1:1:1:1) was done by an interactive 
system. To maintain patient blinding, dupilumab-matched 
placebo and SCIT-matched placebo were provided 
(Figure 1A). With the exception of the designated study 
pharmacist(s)/designee at the study site who prepared and 
administered the SCIT, the study remained blinded to all 
individuals until the pre-specified unblinding. The desig-
nated study pharmacist(s)/designee at the study site who 
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prepared and administered the SCIT was not allowed to 
perform the NAC or nasal and skin assessments.

This study was conducted in accordance with the pro-
tocol, the consensus international ethical principle guide-
lines, including the 2013 Declaration of Helsinki and 

Council for International Organizations of Medical 
Sciences International Ethical Guidelines and applicable 
International Council for Harmonization Good Clinical 
Practice Guidelines. All study documents were approved 
by the WIRB-Copernicus IRB before the study was 
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Post-treatment follow-up
• Safety, laboratory, and clinical

 follow-up through Week 28

Screening
• Age 18 to <55 years
• History of grass pollen–induced seasonal

allergic rhinitis
• Positive SPT and serum IgE
•

10
minutes after the highest dose of TG  

Exclusion
• Significant rhinitis (TNSS >2  or sinusitis
• Outside grass pollen season

Treatment period 
(16 weeks)

Follow-up period 
(8 weeks)

Loading dose on Day 1
NAC

Week –12 to Day –14 Baseline Week 24Week 16

R
1:1:1:1

Screening
period NAC*

Placebo + Placebo (Placebo)
(n = 25

Dupilumab q2w + placebo (Duplilumab)
00 mg subcutaneous (SC  q2w, with 600 mg loading dose on Day 1

(n = 25

SCIT + Placebo (SCIT)
Up-titrated up to a 4000 BAU maintenance dose†

SCIT protocol modification was allowed based upon injection 
tolerability (n = 25

SCIT + dupilumab (SCIT+dupilumab)
SCIT: up-titrated up to 4000 BAU maintenance dose† Dupilumab: 
00 mg SC q2w, with 600 mg loading dose on Day 1 (n = 25

Figure 1 Study information. (A) CONSORT diagram of patient disposition and (B) study design. *NAC occurred at Week 17, after 16 weeks of treatment. †SCIT dosing 
regimen is detailed in Supplementary Table 1 in this article’s Online Repository at https://www.dovepress.com/. 
Abbreviations: BAU, bioequivalent allergy unit; FAS, full analysis set; NAC, nasal allergen challenge; PNIF, peak nasal inspiratory flow; PPS, per protocol set; q2w, every 2 
weeks; R, randomization; SAF, safety analysis set; SC, subcutaneous; SCIT, subcutaneous immunotherapy; SPT, skin prick test; TG, timothy grass; TNSS, total nasal symptom 
score.
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initiated. All participants signed an informed consent form 
prior to undertaking any study procedure.

Treatment
This randomized, double-blind, placebo-controlled trial 
consisted of four treatment arms: SCIT+placebo dupilu-
mab (SCIT), dupilumab+SCIT placebo (dupilumab), SCIT 
+dupilumab, or placebo for both SCIT and dupilumab 
(placebo) (Figure 1A).

Dupilumab 300 mg or placebo was administered sub-
cutaneously (SC) every 2 weeks for a total of 16 weeks, 
after a 600 mg dupilumab loading dose or placebo on Day 
1. TG-specific SCIT or placebo was administered using 
a rapidly escalating cluster protocol over 8 weeks, fol-
lowed by a maintenance regimen for the following 8 
weeks. The recommended SCIT target maintenance dose 
was 4000 bioequivalent allergy units (BAU), equivalent to 
approximately 20 µg Phleum pratense 5 (major TG aller-
gen). The SCIT treatment protocol consisted of escalating 
doses of 1 to 3 SC allergen injections per weekly study 
visit for the first 8 weeks and then maintenance SC injec-
tions for the next 8 weeks (see Supplementary Table 1).

Modification of the SCIT protocol, with no dose esca-
lation or dose reduction, was allowed based on injection 
tolerability. For all SCIT visits, patients were pre- 
medicated with an H1 antihistamine (loratadine 10 mg 
orally, supplied to study sites as a non-investigational 
medicinal product) 1 to 6 hours prior to each injection 
visit, as recommended by clinical guidelines to reduce 
local and systemic reactions during cluster SCIT.26 

Patients were observed for ≥30 minutes following all 
SCIT injections. If patients developed adverse events 
(AEs) during the SCIT dose escalation phase, including 
large local reactions or grade 1–2 systemic reactions 
requiring dose adjustment, the investigator was permitted 
to reduce the planned maintenance dose of SCIT (4000 
BAU) to a dose between 400 BAU and 4000 BAU in 
consultation with the sponsor’s medical monitor.

The severity of SCIT-related AEs (allergic reactions 
and anaphylaxis) was graded according to the Common 
Terminology Criteria for Adverse Events (CTCAE) 
Version 4.3.27 Only SCIT-related reactions were graded 
according to the CTCAE. Patients with grade 3 allergic 
reactions to study drug per CTCAE criteria were discon-
tinued from study drug and were withdrawn from the 
study. Withdrawn patients were moved to end of treatment 
visit immediately, within 2 weeks of stopping study drug. 

If one study drug was discontinued, all study drugs were 
discontinued.

Participants who experienced systemic allergic reac-
tions were treated with rescue treatment, including but 
not limited to intramuscular or SC epinephrine adminis-
tration, as needed and determined by trained study staff. 
Participants were also permitted to take oral antihistamines 
for AR symptoms during the study as needed; however, 
use of oral antihistamines were not permitted within 5 
days prior to or during a visit for NAC or skin testing. If 
a participant used oral antihistamines within 5 days prior 
to or during a visit for NAC or skin testing, the visit was 
rescheduled.

Assessment Outcomes
The primary endpoint was the percent change from pre-
treatment baseline in the area under the curve (AUC) at 
Week 17 for TNSS (0–1 h post peak TNSS), following 
NAC with TG extract. The change in TNSS assessment 
was processed to produce the AUC using the trapezoid 
rule (see Algorithm for calculation of AUC in this article’s 
Supplementary Materials).

Secondary endpoints included absolute change 
and percent change from pre-treatment baseline in TNSS 
AUC (0–1 h) following NAC with TG extract at Week 
17; percent change and absolute change from baseline 
through Week 17 in serum TG-specific IgG4 (sIgG4) and 
sIgE; change from baseline through Week 17 in log- 
transformed value of serum sIgG4 to sIgE ratio (log 
[sIgG4/sIgE]); and incidence rates of treatment-emergent 
adverse events (TEAEs) and serious TEAEs through end 
of study.

All endpoints, including primary, secondary, and 
exploratory endpoints, and post hoc analyses are summar-
ized in Table 1. Details on the study procedures for these 
endpoints are provided in this article’s Supplementary 
Materials.

Statistical Analysis
With an estimated 25 patients per group with a 2-sided 5% 
significance level, there was an estimated 80% power to detect 
a 29% difference between SCIT+dupilumab and SCIT for the 
primary endpoint. The estimate assumed the mean percent 
changes from baseline for SCIT+dupilumab vs placebo and 
SCIT vs placebo were −55% and −26%, with a common 
standard deviation of 35%. These assumptions were based 
on the GRASS trial, which reported a 34% difference between 
SCIT and placebo in TNSS AUC (0–1 h) at 1 year.28 A similar 
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magnitude of improvement by adding dupilumab to SCIT was 
assumed for the sample size calculation.

The primary endpoint was analyzed with an analysis 
of covariance (ANCOVA) model as the primary analysis 
method. The main factor included the treatment group, 
with baseline value as the covariate. Multiple imputation 
(MI) was used for missing values as the primary analysis, 
with last observation carried forward (LOCF) and 
observed values (OC) for sensitivity analyses. The 
change and percent change from baseline in continuous 
secondary and exploratory efficacy endpoints were 

analyzed using the same approach as the primary end-
point, unless otherwise specified. Biomarker-related con-
tinuous endpoints were analyzed using a rank-based 
ANCOVA model with treatment and relevant baseline 
values as covariates. The proportion of patients who 
achieved SCIT maintenance dose (4000 BAU) during 
16 weeks of treatment was compared by χ2 test between 
SCIT+dupilumab and dupilumab and SCIT groups. 
TEAEs were summarized descriptively.

All analyses were carried out using Statistical Analysis 
Software Version 9.4 (SAS Institute, Cary, NC, USA).

Table 1 Primary, Secondary, and Exploratory Endpoints and Post Hoc Analyses

Type Endpoint Reported Comparison Between Groups

SCIT 
+dupilumab 

vs SCIT

Dupilumab 
vs Placebo

SCIT 
+dupilumab vs 

Dupilumab

Primary % Change from pretreatment baseline in TNSS AUC (0–1 h post peak 

TNSS)*,†,‡,§

X

Secondary Absolute change from pretreatment baseline in TNSS AUC (0–1 h post peak 

TNSS)*,†,‡,§

X

% Change and absolute change from pretreatment baseline in TNSS AUC 

(0–1 h post peak TNSS)*,†,‡,§

X X

% Change and absolute change from pretreatment baseline sIgG4 and sIgE† X

Change from pretreatment baseline in log-transformed value of serum sIgG4 

to sIgE ratio (log [sIgG4/sIgE])†
X

Incidence rates of TEAEs and serious TEAEs through end of study

Exploratory % Change and absolute change from baseline in peak TNSS‡ X X

% Change from baseline in TOSS AUC (0–1 h post peak TNSS)§ X X

% Change from pretreatment baseline in PNIF AUC (0–1 h)*,§ X X

% Change from baseline in SPT with serial allergen titration, as measured by 
AUC of average wheal sizes (diameter) over allergen concentrations after 

the challenge (early-phase reaction)*,§

X X

% Change from baseline at Week 17 in wheal size diameter induced by skin 

TG intradermal injection 6 h after challenge (LPR)

X X

% Change and absolute change from pretreatment baseline in sIgG† X

Change from pretreatment baseline in (log [sIgG/sIgE])† X

Post hoc Analysis of completers and non-completers (patients randomized to SCIT 

+dupilumab and dupilumab) at Week 17 was also performed for absolute 
change in sIgE, sIgG4, sIgG, log (sIgG4/sIgE), and log (sIgG/sIgE)

Notes: *Following NAC with timothy grass extract. †Change from pretreatment baseline at Week 17. ‡TNSS is defined as the highest TNSS attained during 0–1 h following 
NAC. §AUC is calculated using the trapezoid rule (see Algorithm for calculation of AUC in this article’s Online Repository at https://www.dovepress.com/). 
Abbreviations: AUC, area under the curve; BL, baseline; LPR, late-phase reaction; NAC, nasal allergen challenge; PNIF, peak nasal inspiratory flow; SCIT, subcutaneous 
immunotherapy; sIgE, timothy grass–specific immunoglobulin E; sIgG, timothy grass–specific immunoglobulin G; sIgG4, serum timothy grass–specific IgG4; SPT, skin prick 
test; TEAE, treatment-emergent adverse event; TG, timothy grass; TNSS, total nasal symptom score; TOSS, total ocular symptom score.
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Results
Patients
Of the 214 patients screened, 103 patients were rando-
mized and 90 patients (87.4%) completed the trial. All 
randomized patients were included in the efficacy and 
safety analyses (Figure 1B). Baseline demographics and 
disease characteristics were similar among groups 
(Table 2). The mean age ranged from 33.0 to 40.3 years 
across groups, and approximately half of all patients were 
male (38.5–61.5% across groups). Around a third of 
patients had a history of asthma, with 9 (36.0%), 7 
(26.9%), 9 (34.6%), and 10 (38.5%) patients with 
a history of asthma in the placebo, dupilumab, SCIT, and 
SCIT+dupilumab groups, respectively.

Efficacy
Total Nasal Symptom Score
Sixteen weeks of SCIT+dupilumab treatment did not sig-
nificantly reduce the TNSS AUC (0–1 h) in response to 
NAC at Week 17 compared with SCIT, as shown by percent 
change in TNSS AUC (0–1 h) (primary endpoint, Table 3). 

The primary analysis performed with MI was supported by 
sensitivity analyses using LOCF and OC (Table 3).

Similar to the primary endpoint, 16 weeks of treat-
ment with SCIT+dupilumab did not significantly reduce 
other TNSS endpoints such as absolute change in TNSS 
AUC (0–1 h), percent change in peak TNSS, and absolute 
change in peak TNSS compared with SCIT (Table 3). 
Given the small size of the study and the high degree of 
withdrawals from the SCIT arm (Figure 2), post hoc 
analyses were conducted to more fully understand the 
potential treatment effect of SCIT+dupilumab vs SCIT, 
which directly compared the treatment effects of the 
SCIT+dupilumab and SCIT groups to the placebo 
group. Due to the higher number of withdrawals from 
the study in the SCIT group compared with other treat-
ment groups, the LOCF method is the most informative to 
account for missing data. In these post hoc analyses, 16 
weeks of treatment with SCIT+dupilumab vs placebo 
showed significant improvement in peak TNSS endpoints 
compared with SCIT vs placebo (Table 3). Furthermore, 
16 weeks of SCIT+dupilumab treatment showed a greater 

Table 2 Baseline Patient Demographics and Characteristics

Placebo  
(n = 25)

Dupilumab  
(n = 26)

SCIT  
(n = 26)

SCIT+dupilumab  
(n = 26)

Age, mean (SD), years 34.6 (11.1) 40.3 (11.2) 37.8 (11.3) 33.0 (10.6)

≥18 to ≤40 years, n (%) 16 (64.0) 12 (46.2) 14 (53.8) 18 (69.2)

≥40 to ≤55 years, n (%) 9 (36.0) 14 (53.8) 12 (46.2) 8 (30.8)

Sex, male, n (%) 15 (60.0) 10 (38.5) 12 (46.2) 16 (61.5)

BMI, mean (SD) 29.3 (10.25) 28.0 (6.64) 26.5 (5.26) 26.6 (5.60)

TNSS AUC, mean (SD) 5.34 (2.18) 5.03 (2.19) 4.66 (1.99) 4.69 (1.72)

TNSS peak score, mean (SD) 9.20 (1.56) 8.50 (1.36) 8.30 (1.19) 8.70 (1.29)

TOSS AUC, mean (SD) 2.75 (2.53) 2.63 (2.88) 2.80 (2.78) 1.59 (1.92)

SPT AUC, mean (SD) 13.74 (5.12) 10.76 (4.73) 12.87 (4.25) 14.32 (5.95)

LPR wheal diameter, mean (SD) 52.54 (23.80) 48.79 (16.20) 60.77 (34.10) 46.40 (25.68)

PNIF AUC (0–1 h), mean (SD) 80.89 (52.47) 85.40 (46.76) 77.86 (31.59) 80.58 (36.46)

PNIF AUC (1–6 h), mean (SD) 108.28 (47.09) 114.07 (48.36) 111.59 (36.03) 113.38 (40.68)

Sneeze count AUC, mean (SD) 0.68 (0.80) 0.91 (1.11) 0.45 (0.72) 0.96 (1.17)

sIgE, mean (SD), kU/L 27.212 (45.891) 16.201 (35.427) 18.776 (28.168) 44.475 (126.639)

sIgG4, mean (SD), mg/L 0.186 (0.170) 0.213 (0.282) 0.172 (0.216) 0.221 (0.284)

sIgG, mean (SD), mg/L 2.700 (1.503) 2.804 (1.831) 2.623 (1.421) 3.858 (5.276)

log (sIgG4/sIgE), mean (SD) −1.877 (0.694) −1.596 (0.569) −1.859 (0.550) −1.871 (0.713)

log (sIgG/sIgE), mean (SD) −0.659 (0.674) −0.357 (0.642) −0.603 (0.612) −0.610 (0.620)

Total IgE, mean (SD), IU/mL 159.756 (173.6115) 159.769 (141.2617) 222.508 (235.1932) 364.258 (643.9095)

TARC, mean (SD), pg/mL 280.8 (127.37) 363.8 (219.45) 350.8 (185.19) 335.8 (205.86)

Patients with history of asthma, n (%) 9 (36.0) 7 (26.9) 9 (34.6) 10 (38.5)

Ongoing asthma, n/N1 (%) 6/9 (66.7) 4/7 (57.1) 5/9 (55.6) 6/10 (60.0)

Asthma patient with peak flow >80% predicted, n/N1 (%) 9/9 (100) 7/7 (100) 8/9 (88.9) 9/10 (90.0)

Abbreviations: AUC, area under the curve; BMI, body mass index; IgE, immunoglobulin E; LPR, late-phase reaction; N1, number of patients with a history of asthma; PNIF, 
peak nasal inspiratory flow; SCIT, subcutaneous immunotherapy; SD, standard deviation; sIgE, timothy grass–specific immunoglobulin E; sIgG, timothy grass–specific 
immunoglobulin G; sIgG4, serum timothy grass–specific IgG4; SPT, skin prick test; TARC, thymus and activation-regulated chemokine; TNSS, total nasal symptom score; 
TOSS, total ocular symptom score.
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reduction from baseline in nasal symptoms after NAC vs 
placebo (least squares [LS] mean percent change in TNSS 
AUC [0–1 h]: −24.6%; 95% confidence interval [CI]: 
−48.96, −0.29), whereas there was no significant differ-
ence for SCIT vs placebo (LS mean percent change in 
TNSS AUC [0–1 h]: −16.3%; 95% CI: −40.64, 8.05). In 
addition, 16 weeks of SCIT+dupilumab treatment 
resulted in a reduction in peak TNSS compared with 
placebo (an improvement, −1.9; 95% CI: −3.53, −0.23; 
P = 0.0262). Similar improvements in peak TNSS were 
not seen when comparing SCIT with placebo (−1.0; 95% 
CI: −2.72, 0.65; P = 0.2266), suggesting the addition of 
dupilumab to SCIT, but not SCIT alone, may provide 
a greater reduction in peak TNSS post NAC (Table 3).

Sixteen weeks of treatment with dupilumab alone did 
not lead to a significant reduction in TNSS AUC (0–1 h) in 
response to NAC with TG at Week 17 compared with 
placebo, as shown by percent change in TNSS AUC (0– 
1 h) (secondary endpoint, Table 3).

Peak Nasal Inspiratory Flow, Total Ocular Symptom 
Score, Early-Phase Reaction, and Late-Phase Reaction
SCIT+dupilumab showed a trend towards a larger increase 
(improvement) in mean percent change from baseline in 
PNIF AUC (0–1 h) compared with SCIT at Week 17 
(Figure 3A), indicating better nasal patency. Similar 
mean percent change in total ocular symptom score 

(TOSS) AUC (0–1 hr post peak TNSS) following NAC 
were observed in the SCIT and SCIT+dupilumab treatment 
groups (Supplementary Figure 1). The percent change from 
baseline in average wheal size (diameter) AUC over aller-
gen concentration in the SPT (early-phase reaction) at Week 
17 is shown in Figure 3B, with a significant reduction in 
wheal size in the SCIT+dupilumab vs SCIT groups. No 
significant difference was noted between the SCIT+dupilu-
mab and SCIT treatment groups for percent change from 
baseline in wheal size induced by intradermal injection 
(late-phase reaction) at Week 17 (Figure 3C).

Sixteen weeks of treatment with dupilumab did not 
differ from placebo in mean percent change from baseline 
in PNIF AUC (0–1 h) at Week 17, mean percent change in 
TOSS AUC (0–1 h post peak TNSS) at Week 17, percent 
change from baseline in average wheal size AUC over 
allergen concentration in the SPT (early-phase reaction) 
at Week 17, or in percent change from baseline in wheal 
size induced by intradermal injection (late-phase reaction) 
at Week 17 (Figure 3A–C and Supplementary Figure 1).

Biomarker Analysis
Changes from baseline in serum biomarkers are shown from 
baseline through Week 17 in Figure 3D–I and in Table 4.

At Week 17, SCIT+dupilumab led to nominally sig-
nificant reductions in sIgE, characterized by 
median percent change (Table 4 and Figure 3D) and 

Figure 2 Kaplan–Meier estimate of time to withdrawal from study treatment. Numbers below each week represent the number of patients remaining in the treatment 
period (16 weeks ± 1-week treatment window). Patient numbers drop after Week 15 through Week 17 due to the ±1-week treatment window at 16 weeks of study 
treatment. At Week 18, all subjects progressed to the follow-up period; therefore, none remained in the treatment period. 
Abbreviations: BL, baseline; SCIT, subcutaneous immunotherapy.
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median absolute change (Table 4) compared with SCIT. 
Furthermore, SCIT+dupilumab also led to numerical 
increases (improvements) in both percent and absolute 
change in sIgG and sIgG4 compared with SCIT (Table 4 
and Figure 3E and F). The reductions in IgE and increases 
in sIgG and sIgG4 resulted in nominally significant 
increases (improvements) in log (sIgG4/sIgE) and log 
(sIgG/sIgE) compared with SCIT (Figure 3G and H). 
Serum thymus and activation-regulated chemokine 
(TARC) was suppressed (median percent change, improve-
ment) compared with SCIT (Table 4 and Figure 3I). 

Comparing dupilumab monotherapy to placebo at Week 
17, there were no differences in sIgE, sIgG, sIgG4, log 
(sIgG4/sIgE), and log (sIgG/sIgE). However, TARC was 
reduced in dupilumab-treated patients, characterized by 
median percent change, compared with placebo (Table 4 
and Figure 3I).

The post hoc biomarker analyses of SCIT+dupilumab 
and SCIT patients who completed (completers)/did not com-
plete the study (non-completers) are shown in 
Supplementary Figure 2. No association was observed 
between the magnitude of SCIT-induced IgE induction and 

A

B

Figure 3 Continue.
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study completion. At Week 17, the median percent change 
from baseline in sIgE in all SCIT+dupilumab–treated 
patients was lower compared with SCIT (Supplementary 
Figure 2A). For sIgG4 at Week 17, the median percent 
change from baseline was similar in SCIT+dupilumab and 
SCIT completers, and higher than in non-completers in both 
treatment groups (Supplementary Figure 2B). There were 
larger median percent increases in sIgG from baseline in 
SCIT+dupilumab and SCIT completers than in non- 
completers over the 16-week treatment period 
(Supplementary Figure 2C). Completers in both treatment 

groups had a greater improvement in sIgG4/sIgE and sIgG/ 
sIgE ratios relative to non-completers for the same treatment 
groups (Supplementary Figure 2D and E).

Safety
TEAEs were reported in 69–92% of the patients across 
treatment groups (Table 5). Serious TEAEs occurred infre-
quently and were reported in one patient in the placebo, 
dupilumab, and SCIT groups each, and in two patients in 
the SCIT+dupilumab group. The majority of TEAEs were 
mild or moderate in severity, and no deaths occurred during 

C

D

Figure 3 Continue.
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the study. Dupilumab-treated patients experienced similar 
rates of TEAEs compared with placebo-treated patients, 
including injection-site reactions, consistent with the safety 
profile of dupilumab as previously described.17–19,22,23

The most commonly reported TEAEs were injection-site 
reactions, which were more common in the SCIT-containing 
treatment arms (Table 5). The proportion of patients who 
overall required rescue treatment for allergic reactions to 
SCIT was similar between the SCIT+dupilumab and SCIT 

regimens (Table 5). However, the requirement for rescue 
treatment with epinephrine was higher in the SCIT group 
(19.2%) than in the SCIT+dupilumab group (7.7%, Table 5). 
For a list of reactions and treatments in the SCIT and SCIT- 
placebo populations, see Supplementary Table 2. A higher 
proportion of SCIT+dupilumab patients (61.5%) achieved 
the SCIT maintenance dose during the treatment period com-
pared with SCIT-receiving patients (46.2%, Table 5). A total 
of 13 (12.6%) patients withdrew from the study, with one 

E

F

Figure 3 Continue.
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Figure 3 Exploratory endpoints and changes in biomarkers. (A) LS mean percent change from baseline in PNIF AUC (0–1 h) after challenge at Week 17, LOCF method 
(FAS). (B) Titration SPT, early-phase reaction LS mean (SE) of percent change from pre-treatment baseline in average wheal sizes (diameter) AUC over allergen 
concentrations in SPT after the challenge (early-phase reaction) at Week 17, LOCF method (FAS). (C) Intradermal skin challenge test, LPR LS mean (SE) of percent change 
from pre-treatment baseline in wheal sizes (diameter) induced by skin TG intradermal injection 6 hours after the challenge (LPR) at Week 17, LOCF method (FAS). (D) 
Median (Q3-Q1) percent change in sIgE from baseline, LOCF method (FAS). (E) Median (Q3-Q1) percent change in sIgG4 from baseline, LOCF method (FAS). (F) Median 
(Q3-Q1) percent change in sIgG from baseline, LOCF method (FAS). (G) Median (Q3-Q1) change in log-transformed sIgG4/sIgE ratio from baseline, LOCF method (FAS). 
(H) Median (Q3-Q1) change in log-transformed sIgG/sIgE ratio from baseline, LOCF method (FAS). (I) Median (Q3-Q1) percent change in TARC from baseline, LOCF 
method (FAS). 
Abbreviations: AUC, area under the curve; BL, baseline; FAS, full analysis set; LOCF, last observation carried forward; LPR, late-phase reaction; LS, least squares; PNIF, 
peak nasal inspiratory flow; Q1, first quartile; Q3, third quartile; SCIT, subcutaneous immunotherapy; SE, standard error; sIgE, timothy grass–specific immunoglobulin E; sIgG, 
timothy grass–specific immunoglobulin G; SPT, skin prick test; TARC, thymus and activation-regulated chemokine; TG, timothy grass.
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(4.0%), two (7.7%), eight (30.8%), and two (7.7%) withdra-
wals in placebo, dupilumab, SCIT, and SCIT+dupilumab 
groups, respectively. There were significantly fewer withdra-
wals in the SCIT+dupilumab group than in SCIT (P = 0.0216), 
and although the majority of discontinuations in the SCIT 
group were due to SCIT-related intolerability (n = 5 
[62.5%]), none of the discontinuations in the SCIT+dupilumab 
group were attributable to SCIT-related intolerability.

Discussion
Our results demonstrate that when directly compared, a 16- 
week treatment course of dupilumab plus timothy grass SCIT 
was not significantly more efficacious than SCIT in reducing 
responses to timothy grass NAC. Interpretation of efficacy 

data was limited by the higher than anticipated number of 
SCIT-related withdrawals in the SCIT arm, which affected 
the projected treatment effects used in the power calculations 
to support the study design. The primary analysis performed 
with MI was supported by sensitivity analyses using LOCF 
and OC.

Administration of dupilumab in combination with SCIT 
significantly reduced the response to TG allergen SPT and the 
number of systemic reactions to SCIT. Grass allergens have 
been identified as risk factors for systemic reactions during 
SCIT, both in studies in North America29 and in Europe.30 

When compared to other allergens, the latter study showed that 
TG SCIT had the lowest proportion of patients reach the 
maintenance dose without side effects.30 The improved toler-
ability of SCIT in patients in the present study receiving 

Table 4 Biomarker Analysis at Week 17

Placebo 
(n = 25)

Dupilumab 
(n = 26)

SCIT 
(n = 26)

SCIT 
+dupilumab 

(n = 26)

SCIT+dupilumab vs 
SCIT Median 

Difference (95% CI), 
P value

Dupilumab vs 
Placebo Median 

Difference 
(95% CI), P value

sIgE

Median % change (LOCF) −37.2 −16.9 81.3 −56.4 −134.6 (−205.51, 

−94.98), <0.0001

4.6 (−15.89, 29.59), 

0.7314

Median absolute change (LOCF) −1.110 −0.585 6.460 −2.990 −13.325 (−23.9400, 
−8.3600), <0.0001

0.740 (−0.9200, 
3.3100), 0.3288

sIgG4

Median % change (LOCF) 19.0 0.0 1444.5 1896.3 335.3 (−551.47, 

1746.55), 0.1231

0.0 (−30.77, 0.00), 

0.4024

Median absolute change (LOCF) 0.050 0.000 1.705 3.550 0.665 (−0.7700, 

3.2100), 0.1449

0.000 (−0.0800, 

0.0000), 0.2734

sIgG

Median % change (LOCF) 0.0 0.0 216.1 454.6 159.5 (−43.94, 434.21), 

0.0079

0.1 (−19.13, 23.81), 

0.7295

Median absolute change (LOCF) 0.000 0.000 6.150 10.350 3.800 (−0.6000, 

8.9000), 0.0112

0.050 (−0.5000, 

0.8000), 0.7653

Log (sIgG4/sIgE)

Median change (LOCF) 0.310 0.235 0.745 1.720 0.840 (0.4500, 1.2700), 
<0.0001

−0.060 (−0.2300, 
0.1200), 0.9551

Log (sIgG/sIgE)

Median change (LOCF) 0.190 0.130 0.180 1.105 0.830 (0.5400, 1.1300), 

<0.0001

−0.005 (−0.1900, 

0.1800), 0.6032

Note: All P values reported are nominal. 
Abbreviations: CI, confidence interval; LOCF, last observation carried forward; SCIT, subcutaneous immunotherapy; sIgE, timothy grass–specific immunoglobulin E; sIgG, 
timothy grass–specific immunoglobulin G: sIgG4: serum timothy grass–specific IgG4.
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concomitant dupilumab was supported by fewer treatment 
discontinuations due to adverse events with SCIT+dupilumab 
vs SCIT, a reduced need for epinephrine as rescue medication, 
and higher proportions of patients achieving the target main-
tenance dose of SCIT. A previous trial of SCIT plus an anti-IL 
-4 antibody showed no improved tolerability to SCIT.31 

However, these results suggest that dual blockade of IL-4 and 
IL-13 may improve tolerability of SCIT and could be useful for 
patients in which rapid achievement of cluster SCIT 

maintenance dose is required. Although systemic reactions 
occurred in approximately 0.1% of SCIT injection visits in 
the United States between 2008 and 2016,32,33 a study of 441 
patients receiving cluster SCIT showed systemic reactions in 
10.9% of patients.29 A recent study reviewing SCIT treatment 
for a variety of allergens in pediatric AR patients from 2005 to 
2018 found that 106 of 786 patients (13.4%) presented adverse 
reactions, mostly in the up-dosing phase (83/106, 78.3%).9 The 
number and grade of systemic reactions in the present trial are 

Table 5 Safety Assessment

Placebo 
(n = 25)

Dupilumab 
(n = 26)

SCIT  
(n = 26)

SCIT 
+dupilumab 

(n = 26)

Patients with ≥1 TEAE, n (%) 21 (84.0) 18 (69.2) 24 (92.3) 22 (84.6)

Patients with ≥1 serious TEAE, n (%) 1 (4.0) 1 (3.8) 1 (3.8) 2 (7.7)

Maximum intensity of TEAE, severe, n (%) 1 (4.0) 1 (3.8) 1 (3.8) 2 (7.7)

Deaths 0 0 0 0

TEAE leading to discontinuation of study drug

Any TEAE leading to discontinuation of study drug (dupilumab/dupilumab   

placebo) permanently, n (%)

0 2 (7.7) 4 (15.4) 1 (3.8)

Any TEAE leading to discontinuation of study drug (SCIT/SCIT placebo)   

permanently, n (%)

0 1 (3.8) 5 (19.2) 1 (3.8)

Any TEAE leading to discontinuation of study drug (dupilumab/dupilumab placebo or   

SCIT/SCIT placebo) permanently, n (%)

0 2 (7.7) 5 (19.2) 1 (3.8)

Injection site reactions (HLT), n (%) 12 (48.0) 9 (34.6) 18 (69.2) 18 (69.2)

Patients with TEAE (≥10% by PT), n (%)

Injection site reaction 8 (32.0) 8 (30.8) 11 (42.3) 16 (61.5)

Injection site erythema 1 (4.0) 1 (3.8) 2 (7.7) 4 (15.4)

Injection site induration 1 (4.0) 0 5 (19.2) 4 (15.4)

Injection site pruritus 1 (4.0) 0 4 (15.4) 3 (11.5)

Injection site swelling 1 (4.0) 0 3 (11.5) 2 (7.7)

Injection site urticaria 1 (4.0) 0 3 (11.5) 2 (7.7)

Nasopharyngitis 5 (20.0) 5 (19.2) 1 (3.8) 10 (38.5)

Viral upper respiratory tract infection 3 (12.0) 0 0 1 (3.8)

Upper respiratory tract infection 5 (20.0) 4 (15.4) 1 (3.8) 0

Hypersensitivity 0 0 5 (19.2) 8 (30.8)

Headache 3 (12.0) 1 (3.8) 1 (3.8) 1 (3.8)

Nausea 3 (12.0) 0 2 (7.7) 2 (7.7)

Nasal congestion 1 (4.0) 1 (3.8) 3 (11.5) 0

Patients with ≥1 rescue medication for allergic reaction to SCIT during study, n (%) 0 2 (7.7) 14 (53.8) 14 (53.8)

Patients with ≥1 epinephrine dose, n (%) 0 1 (3.8) 5 (19.2) 2 (7.7)

Patients with ≥1 oral antihistamine dose, n (%) 0 2 (7.7) 12 (46.2) 12 (46.2)

Patients with ≥1 oral steroid, n (%) 0 0 5 (19.2) 2 (7.7)

Patients with ≥1 topical steroid, n (%) 0 0 2 (7.7) 1 (3.8)

Patients with ≥1 SABA, n (%) 0 0 2 (7.7) 4 (15.4)

Patients achieving maintenance dose of SCIT during 16-week treatment period, n (%) N/A N/A 12 (46.2) 16 (61.5)

Abbreviations: HLT, MedDRA high-level term; MedDRA, Medical Dictionary for Regulatory Activities; N/A, not applicable; PT, MedDRA preferred-term; SABA, short- 
acting beta agonist; SCIT, subcutaneous immunotherapy; TEAE, treatment-emergent adverse event.
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similar to those observed in the study reported by Scadding 
et al, where cluster SCIT was similarly utilized.28 The epi-
nephrine administration in 19.2% (SCIT) and 7.7% (SCIT 
+dupilumab) of patients may be a reaction to increased SCIT 
fatalities in recent years32 or differences in the rates of epi-
nephrine administration observed across different geographies. 
For instance, across a sublingual immunotherapy program 
conducted in both North America and Europe, there were 35 
total epinephrine administrations with only 2 epinephrine 
administrations occurring in Europe.34 The number of epi-
nephrine administrations in this trial is not unexpected given 
the cluster regimen and high target maintenance dose of grass 
allergen in this US-based trial.

As previously reported,35,36 an induction of sIgE was 
observed in SCIT-treated patients in this study. The increase 
in sIgE was suppressed in patients treated with SCIT+dupilu-
mab. Both IL-4 and IL-13 have been shown to play key roles in 
B cell IgM to IgE isotype switching,15 and it has been pre-
viously shown that dupilumab suppresses total IgE over 
time.21–25,37 The observation that dupilumab blocks the SCIT- 
induced sIgE through the blockade of IL-4Rα is supportive of 
the hypothesis that the rise in sIgE post-allergen exposure is 
directly related to IL-4–mediated class switching of B cells16 

and is consistent with previous studies demonstrating dupilu-
mab suppresses IgE.21–25 Biologics against IgE, including 
omalizumab, have been tested in AR patients with concomitant 
allergic asthma and shown to reduce symptom load but not to 
reduce the usage of rescue medication.38,39 During a 16-week 
treatment period, we did not observe any significant difference 
in the rise of sIgG and sIgG4 between SCIT+dupilumab and 
SCIT treatment groups. We also observed that the SCIT- 
induced increases in sIgG4 were not inhibited by the dupilu-
mab-mediated IL-4Rα blockade, a novel finding that has not 
been previously described.

The combination of dupilumab, which causes 
a reduction in sIgE, plus SCIT, which leads to elevated 
sIgG4, results in an increase in the ratio of sIgG4/sIgE 
compared to patients treated with SCIT. In a setting in 
which IgG4 memory is already established, as in individuals 
with seasonal grass allergy, IL-4 is not required for IgG4 
plasma cell differentiation/antibody production. In indivi-
duals with peanut allergy, human IgE-switched cells exhibit 
a plasmablast/plasma cell phenotype, while IgG4-switched 
cells exhibited a B cell phenotype.40 IL-10 can enhance the 
differentiation of B-cells that are already IgG4–committed 
to produce antibody,41 and this process was shown to be 
independent of IL-4.42 In fact, IL-4 was shown to suppress 
the expression of Blimp-1, a transcription factor that drives 

the terminal differentiation of B-cells to plasma cells.42 

Together, these data demonstrate IgG4 memory B-cells 
exist, and that in the presence of antigen their subsequent 
differentiation to IgG4-producing cells is IL-4–independent. 
Augmentation of the sIgG/sIgE ratio by the SCIT+dupilu-
mab combination therapy may have contributed to the 
reduction in both SPT responses and systemic reactions to 
SCIT. These data suggest the use of dupilumab in combina-
tion with immunotherapy for patients undergoing oral 
immunotherapy for other allergens to improve tolerability 
warrants further study.

Although 16 weeks of monotherapy with dupilumab 
had no significant impact on AR symptoms induced by 
NAC, dupilumab has previously been shown to reduce 
perennial AR symptoms in patients with perennial AR 
and comorbid asthma,24,25 and perennial AR and comorbid 
atopic dermatitis.43 Future studies are needed to assess 
whether dupilumab monotherapy affects the symptoms of 
seasonal AR during the natural season.

The overall safety of dupilumab and SCIT in the SCIT 
+dupilumab group was consistent with the known safety 
profile of dupilumab17–19,22,23 and SCIT.2,28 The most 
important limitations of our study included the small num-
ber of patients in each treatment group, the high rate of 
withdrawal in one study arm (SCIT), and the short 16- 
week treatment duration. The NAC model may also not be 
the most appropriate model to test the effect of dupilumab 
on AR, as the NAC provokes mainly early allergic 
responses.44

Conclusions
SCIT+dupilumab did not reduce post-allergen challenge 
TNSS compared with SCIT after 16 weeks of treatment. 
However, our data suggest that dupilumab may improve the 
tolerability of SCIT and may be useful for patients with severe 
AR and/or allergic asthma who may benefit from immunother-
apy but are immunotherapy intolerant. A higher proportion of 
SCIT+dupilumab patients achieved the SCIT maintenance 
dose and fewer of these patients required epinephrine rescue 
treatment compared to SCIT-only patients. Dupilumab as an 
adjuvant to SCIT significantly reduced sIgE levels and 
increased the log sIgG4/sIgE and sIgG/sIgE ratios compared 
with SCIT alone, which may be a possible mechanism to 
improve the tolerability of SCIT updosing. The effect of 
SCIT+dupilumab on AR symptoms may not be fully captured 
using the NAC AR provocation model in the short, 16-week 
duration of treatment, and longer-term studies are needed to 
further evaluate whether the addition of dupilumab improves 
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the efficacy and safety of SCIT in patients with grass pollen– 
induced seasonal AR.

Abbreviations
AE, adverse event; ANCOVA, analysis of covariance; AR, 
allergic rhinitis; AUC, area under the curve; BAU, bioe-
quivalent allergy unit; CI, confidence interval; CTCAE, 
Common Terminology Criteria for Adverse Events; Ig, 
immunoglobulin; IL, interleukin; IL-4Rα, interleukin-4 
receptor α; LS, least squares; LOCF, last observation car-
ried forward; MI, multiple imputation; NAC, nasal aller-
gen challenge; OC, observed values; PNIF, peak nasal 
inspiratory flow; SAR, seasonal allergic rhinitis; SC, sub-
cutaneously; SCIT, subcutaneous immunotherapy; SD, 
standard deviation; sIgE, serum timothy grass–specific 
immunoglobulin E; sIgG, timothy grass–specific immuno-
globulin G; sIgG4, serum timothy grass–specific immuno-
globulin G4; SPT, skin prick test; TARC, thymus and 
activation-regulated chemokine; TEAE, treatment- 
emergent adverse event; TG, timothy grass; TNSS, total 
nasal symptom score; TOSS, total ocular symptom score.
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