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Abstract
Background: Dupilumab, a human monoclonal antibody, blocks the shared receptor 
component for interleukins-4/13, key and central drivers of type 2 inflammation. The 
TRAVERSE (NCT02134028) open-label extension study demonstrated the long-term 
safety and efficacy of dupilumab in patients ≥12 years who completed a previous 
dupilumab asthma study. The safety profile was consistent with that observed in the 
parent studies. Here, we assess whether dupilumab sustains long-term efficacy in pa-
tients regardless of inhaled corticosteroid (ICS) dose at parent study baseline (PSBL).
Methods: Patients from phase 2b (NCT01854047) or phase 3 (QUEST; NCT02414854) 
studies receiving high- or medium-dose ICS at PSBL and enrolled in TRAVERSE were 
included. We analyzed unadjusted annualized severe exacerbation rates, change from 
PSBL in pre-bronchodilator (BD) forced expiratory volume in 1 second (FEV1), 5-item 
asthma control questionnaire, and type 2 biomarkers in patients with type 2 asthma 
at baseline (blood eosinophils ≥150 cells/μL or fractional exhaled nitric oxide [FeNO] 
≥25 ppb), and subgroups defined by baseline blood eosinophils or FeNO.
Results: Of patients with type 2 asthma (n = 1666), 891 (53.5%) were receiving high-
dose ICS at PSBL. In this subgroup, unadjusted exacerbation rates for dupilumab ver-
sus placebo were 0.517 versus 1.883 (phase 2b) and 0.571 versus 1.300 (QUEST) over 
the parent study (52 weeks) and remained low throughout TRAVERSE (0.313–0.494). 
Improvements in pre-BD FEV1 were sustained throughout TRAVERSE. Similar clini-
cal efficacy was observed among patients receiving medium-dose ICS at PSBL and 
biomarker subgroups.
Conclusions: Dupilumab showed sustained efficacy for up to 3 years in patients with 
uncontrolled, moderate-to-severe type 2 asthma on high- or medium-dose ICS.

www.wileyonlinelibrary.com/journal/all
mailto:
https://orcid.org/0000-0002-4288-5973
https://orcid.org/0000-0002-4645-5209
https://orcid.org/0000-0002-6924-4500
https://orcid.org/0000-0001-8358-773X
https://orcid.org/0000-0001-5951-3239
https://orcid.org/0009-0003-6666-6227
https://orcid.org/0000-0003-1658-5229
https://orcid.org/0000-0002-1072-2897
https://orcid.org/0000-0002-5372-8762
https://orcid.org/0000-0001-5258-0228
https://orcid.org/0000-0001-7622-9598
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:ian.pavord@ndm.ox.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fall.15792&domain=pdf&date_stamp=2023-07-11


2922  |    PAVORD et al.

1  |  INTRODUC TION

Asthma severity is largely identified by the therapy required to 
achieve asthma control.1,2 While most patients' asthma can be well 
managed with low-dose inhaled corticosteroids (ICS) and long-
acting β2-agonist (LABA) therapy, 5%–10% of patients have asthma 
that can be characterized as severe. This includes patients who re-
main controlled despite maximally tolerated inhaled therapy, e.g., 
high-dose ICS with additional controllers or maintenance systemic 
corticosteroids.1-6 Severe asthma leads to a higher burden of dis-
ease, including a greater risk for exacerbations and progressive de-
cline in lung function as well as increased medication burden, poorer 
asthma control, and a lower quality of life compared with patients 

with less severe asthma or adults without asthma.6-9 Frequent exac-
erbations are often managed by systemic corticosteroids, which can 
accumulate negative side effects.10-12 In patients with asthma that is 
uncontrolled on medium-dose ICS, there are limited data to suggest 
an added benefit from increasing the background ICS dose.13 Up 
to 75% of patients with moderate-to-severe asthma remain uncon-
trolled despite availability of effective add-on therapies,14 leaving an 
unmet and urgent need for more data to support their use in these 
patients.

Up to 80% of patients with severe asthma present with a pheno-
type that is driven by type 2 inflammation.2,15,16,17 Dupilumab, a fully 
human VelocImmune®-derived monoclonal antibody,18,19 blocks the 
shared receptor component for interleukin (IL)-4 and IL-13, type 2 

K E Y W O R D S
asthma control, exacerbations, inhaled corticosteroids, moderate-to-severe asthma, pre-
bronchodilator FEV1

G R A P H I C A L  A B S T R A C T
Dupilumab sustained long-term efficacy in patients with type 2 asthma regardless of inhaled corticosteroid (ICS) dose at parent study 
baseline (PSBL). Similar results were observed in subgroups of patients with elevated type 2 inflammatory biomarkers across ICS dose 
levels at PSBL. These findings support the long-term use of dupilumab in patients with uncontrolled moderate-to-severe asthma on high- or 
medium-dose ICS. †Type 2 asthma is defined as blood eosinophils ≥150 cells/μL or FeNO ≥25 ppb. ‡Similar results were observed in patients 
receiving medium-dose ICS at PSBL and across the remaining subgroups analyzed.
Abbreviations: ACQ-5, 5-item asthma control questionnaire; BD, bronchodilator; FeNO, exhaled nitric oxide; FEV1, forced expiratory volume 
in 1 second; ICS, inhaled corticosteroids; ppb, parts per billion; NCT, national clinical trial; PSBL, parent study baseline; q2w, every 2 weeks
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inflammatory cytokines implicated in numerous allergic diseases 
ranging from asthma to atopic dermatitis,20,21 thus inhibiting their 
signaling.

In a previous analysis of the 24-week phase 2b and 52-week 
phase 3 LIBERTY ASTHMA QUEST studies, dupilumab significantly 
reduced severe asthma exacerbations and improved asthma control 
and lung function in patients with type 2 asthma (defined as base-
line blood eosinophil count ≥150 or 300 cells/μL and/or fractional 
exhaled nitric oxide [FeNO] ≥25 parts per billion [ppb]) receiving 
high-dose ICS at study baseline.22 However, the long-term impact of 
dupilumab on patients with moderate-to-severe asthma as identified 
by baseline high- or medium-dose ICS use has not been reported 
previously.

The LIBERTY ASTHMA TRAVERSE open-label extension study 
evaluated the long-term safety and efficacy of dupilumab in pa-
tients aged ≥12 years who had participated in previous dupilumab 
asthma studies.23 Safety findings were consistent with the known 
dupilumab safety profile. Improvements in efficacy observed in the 
parent studies were sustained or increased in patients who had re-
ceived dupilumab in the parent studies; rapid, sustained improve-
ments were observed in patients who had received placebo and 
initiated dupilumab in TRAVERSE.23

The objective of this analysis of TRAVERSE is to evaluate the 
long-term efficacy of dupilumab in patients with moderate-to-
severe asthma receiving high- or medium-dose ICS at parent study 
baseline (PSBL).

2  |  METHODS

2.1  |  Study design and patients

LIBERTY ASTHMA TRAVERSE (NCT02134028) was a multinational, 
multicenter, single-arm, open-label extension study evaluating the 
long-term safety and tolerability of subcutaneous dupilumab 300 mg 
administered every 2 weeks (q2w) for up to 2 years in moderate-
to-severe or oral corticosteroid (OCS)-dependent severe asthma 
patients (Figure  S1) who had participated in a previous dupilumab 
asthma study (phase 2a EXPEDITION [NCT02573233] [Wechsler 
ME, unpublished data, October 2022], phase 2b [NCT01854047],24 
or QUEST [NCT02414854]25), or OCS-dependent patients who 
had participated in the LIBERTY ASTHMA VENTURE (VENTURE; 
NCT02528214) study,26 and were eligible for enrollment into 
TRAVERSE. Patients from EXPEDITION, QUEST, or VENTURE en-
tered the extension study at the end of the parent study treatment 
period, whereas patients from the phase 2b study had completed a 
16-week post-treatment follow-up period and were off treatment 
for up to 52 weeks. Following a protocol amendment, the treatment 
period was shortened from 96 to 48 weeks due to accumulating 
safety data. Full details of the study design have been previously 
published.23

In this predominantly post hoc analysis, only data from patients 
who had continued from the phase 2b trial and phase 3 QUEST 

were included (brief descriptions of both studies are available in 
the Supplemental Material); data from patients from VENTURE 
and EXPEDITION were not included due to differences in study 
designs and patient populations. Patients who were treated with 
dupilumab during the parent study continued with dupilumab for up 
to 96 weeks (cumulatively up to 3 years of treatment) (dupilumab/
dupilumab group); patients who had received placebo during QUEST 
or the phase 2b trial started dupilumab treatment for up to 96 weeks 
in TRAVERSE (placebo/dupilumab group). Patients were stratified 
according to ICS dose at PSBL (high- or medium-dose ICS).

The study was conducted in accordance with the Declaration 
of Helsinki, the International Conference on Harmonisation Good 
Clinical Practice guideline, and applicable regulatory requirements. 
An independent data and safety monitoring committee conducted 
blinded monitoring of patient safety data. The local institutional re-
view board or ethics committee at each study center oversaw trial 
conduct and documentation. All patients provided written informed 
consent before participating in the trial.

2.2  |  Study endpoints

Annualized severe asthma exacerbation rate, pre-bronchodilator 
(BD) forced expiratory volume in 1 second (FEV1), 5-item Asthma 
Control Questionnaire (ACQ-5;27 scale 0–6, higher scores indicate 
lower asthma control), and type 2 inflammatory biomarkers (blood 
eosinophil count and serum total immunoglobulin E [IgE]) were as-
sessed throughout TRAVERSE. Serum levels for total IgE are only 
available from patients enrolled from the phase 2b study, and not 
those coming from QUEST. A responder analysis of ACQ-5 scores 
reports the proportion of patients who had a response to treatment 
(responders), defined as those with an improvement from baseline in 
ACQ-5 score greater than or equal to the threshold of the minimum 
clinically important difference (MCID) of 0.5.28

Efficacy endpoints for annualized severe asthma exacerbation 
rate, pre-BD FEV1, and biomarkers are presented until Week 96; 
ACQ-5 data are presented until Week 48 only, as these data were 
only collected until Week 48.

2.3  |  Statistical analysis

As TRAVERSE is an open-label, single-arm extension study, data 
were analyzed using descriptive statistics using observed data 
only, and are presented as absolute mean (standard deviation [SD]) 
change from PSBL at TRAVERSE Weeks 0, 48, and 96. Efficacy 
analyses were performed on all patients who received one or 
more doses of dupilumab (exposed population) and were either on 
high-dose ICS or medium-dose ICS (defined at PSBL and adapted 
from the Global Initiative for Asthma [GINA] guidelines; Table  S1) 
plus LABAs and, if required, an additional third controller (patients 
from QUEST only). Maintenance OCS use at baseline was not al-
lowed. Additionally, analysis was performed on patients who were 
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2924  |    PAVORD et al.

on high- or medium-dose ICS at PSBL with type 2 asthma (blood 
eosinophil count ≥150 cells/μL or FeNO ≥25 ppb). The same analyses 
were performed on populations with PSBL levels of (1) blood eo-
sinophil count ≥150 cells/μL, (2) blood eosinophil count ≥300 cells/
μL, and (3) FeNO ≥25 ppb (Data S1). All analyses were post hoc with 
the exception of mean change from PSBL in pre-BD FEV1 and ACQ-5 
scores, which were pre-specified for the exposed population. The 
comparator value for efficacy was the PSBL value.

3  |  RESULTS

3.1  |  Patients

A total of 520 patients from the phase 2b trial (n = 411 and n = 109 
patients in the dupilumab/dupilumab and placebo/dupilumab 
groups, respectively) and 1525 patients from QUEST (n = 1007 and 
n = 518 patients in the dupilumab/dupilumab and placebo/dupilumab 
groups, respectively) rolled over into TRAVERSE (n = 2045). Of 
those, 225/411 (54.7%) and 55/109 (50.5%) patients who rolled over 
from the phase 2b study were on high-dose ICS in the dupilumab/
dupilumab and placebo/dupilumab groups, respectively, as were 
513/1007 (50.9%) and 283/518 (54.6%) patients, respectively, of 
those who rolled over from QUEST (Table 1).

There were 1076 participants in TRAVERSE on high-dose ICS 
and 969 on medium-dose ICS at PSBL. Baseline data were generally 
similar between treatment arms (Table 1).

3.2  |  Annualized rate of severe asthma 
exacerbations

Unadjusted annualized exacerbation rates by treatment period for 
patients with type 2 asthma and high- or medium-dose ICS at PSBL 
are shown in Figure 1. In patients with type 2 asthma and high-dose 
ICS at PSBL, dupilumab versus placebo reduced adjusted severe ex-
acerbation rates by 74% from the phase 2b trial and by 52% from 
QUEST, with unadjusted exacerbation rates of 0.517 (phase 2b) and 
0.571 (QUEST) for dupilumab-treated patients and 1.883 (phase 2b) 
and 1.300 (QUEST) for patients receiving placebo. The reductions 
in exacerbation rates observed in the parent studies (both phase 
2b and QUEST) remained low during TRAVERSE (unadjusted an-
nualized exacerbation rates during TRAVERSE Week 48–96; phase 
2b, 0.313–0.327; QUEST, 0.313–0.373) for those patients who 
had previously received dupilumab (dupilumab/dupilumab group; 
Figure  1A). Patients who had received placebo during the parent 
studies showed reductions in severe exacerbation rates upon initi-
ating dupilumab in TRAVERSE, which were sustained through end 
of treatment (TRAVERSE Week 48–96; phase 2b, 0.402–0.494; 
QUEST, 0.292–0.475).

Similar trends were observed in patients with type 2 asthma 
receiving medium-dose ICS at PSBL (Figure 1B) and the remaining 

subgroups analyzed in patients receiving high- and medium-dose 
ICS at PSBL (Figures S2 and S3). The reduction in severe exacerba-
tions (%) from PSBL at Week 52 of QUEST for multiple other sub-
groups analyzed within the intention-to-treat (ITT) and high-dose 
ICS populations are shown in Figure S4.

3.3  |  Pre-bronchodilator FEV1

In patients with type 2 asthma receiving high-dose ICS, pre-BD FEV1 
measurements at PSBL (mean [SD]) were 1.66 (0.49) L to 1.77 (0.49) 
L in patients from the phase 2b study and 1.68 (0.57) L to 1.73 (0.53) 
L in patients from QUEST, across treatment arms. By TRAVERSE 
Week 0, dupilumab improved pre-BD FEV1 with mean (SD) changes 
over baseline of 0.13 (0.36) L in the phase 2b study and 0.36 
(0.46) L in QUEST in the dupilumab/dupilumab group (Figure  2A). 
Improvements observed in the parent studies were sustained in 
TRAVERSE for patients in the dupilumab/dupilumab group (mean 
[SD] at Week 96 of TRAVERSE over PSBL from phase 2b study 0.28 
[0.42] L and from QUEST 0.35 [0.47] L). Rapid improvements as early 
as Week 2 after initiation of dupilumab in TRAVERSE were observed 
(mean [SD] at Week 2 of TRAVERSE over PSBL from phase 2b study 
0.27 [0.43] L and from QUEST 0.33 [0.43] L) in patients who had re-
ceived placebo during the parent studies. These improvements were 
sustained through Week 96 of TRAVERSE (mean [SD] over PSBL 
from phase 2b study 0.19 [0.41] L; QUEST 0.37 [0.45] L) (Figure 2A). 
Similar trends were observed in patients with type 2 asthma receiv-
ing medium-dose ICS at PSBL (Figure 2B) and in the remaining sub-
groups analyzed in patients receiving high- and medium-dose ICS 
at PSBL (Figures S5 and S6). Improvements in pre-BD FEV1 (L) from 
PSBL during the phase 2b study and QUEST are shown for the ITT 
population in Table S2, and improvements at Week 52 of QUEST and 
Week 96 of TRAVERSE for multiple other subgroups analyzed within 
the ITT (QUEST), exposed (TRAVERSE), and high-dose ICS popula-
tions (QUEST and TRAVERSE) are shown in Figure S7.

3.4  |  Asthma control (ACQ-5 scores)

In patients with type 2 asthma and high-dose ICS at PSBL, asthma con-
trol scores ranged from 2.76 (0.78) to 2.85 (0.79) in patients from the 
phase 2b study and from 2.86 (0.77) to 2.92 (0.88) in patients from 
QUEST, across treatment arms. By TRAVERSE Week 0, dupilumab re-
duced ACQ-5 scores by a mean (SD) change over baseline of −0.96 
(1.11) in the phase 2b study and −1.69 (1.13) in QUEST. Improvements 
observed in the parent studies were sustained in TRAVERSE for pa-
tients in the dupilumab/dupilumab group (mean [SD] at Week 48 of 
TRAVERSE over PSBL from phase 2b study: −1.63 [1.13]; QUEST: 
−1.85 [1.13]). Improvements were observed by the first assessment 
after initiation of dupilumab at Week 24 in TRAVERSE (mean [SD] 
over PSBL from phase 2b study: −1.42 [0.93]; QUEST: −1.73 [1.10]) in 
patients who had received placebo during the parent studies. These 
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TA B L E  1  Demographic and disease characteristics at PSBL of patients in TRAVERSE from phase 2b and QUEST studies by baseline ICS 
dose.

Exposed population

Patients rolled over from phase 2b trial Patients rolled over from QUEST

Placebo/dupilumab Dupilumab/dupilumab Placebo/dupilumab Dupilumab/dupilumab

High-dose ICS at PSBL

n 55 225 283 513

Age, mean (SD), years 50.7 (10.5) 50.7 (12.0) 49.4 (13.6) 49.6 (14.0)

Female sex, n (%) 37 (67.3) 135 (60.0) 192 (67.8) 322 (62.8)

Pre-BD FEV1, mean (SD), L 1.68 (0.50) 1.78 (0.51) 1.71 (0.53) 1.69 (0.59)

Percent predicted pre-BD FEV1, mean 
(SD)

58.15 (10.97) 60.28 (11.35) 57.55 (12.76) 56.45 (14.04)

FEV1 reversibility, mean (SD), % 27.10 (13.15) 26.07 (15.74) 24.31 (15.37) 27.91 (24.85)

Severe asthma exacerbations in past year, 
mean (SD)

2.64 (2.98) 2.63 (2.60) 2.44 (2.13) 2.34 (2.04)

ACQ-5 score, mean (SD) 2.83 (0.84) 2.89 (0.81) 2.85 (0.77) 2.92 (0.85)

AQLQ global score, mean (SD) 3.93 (1.08) 3.72 (1.07) 4.07 (1.02) 4.09 (1.06)

Number of puffs of albuterol or 
levalbuterol in a 24-h period

2.94 (2.33) 3.86 (3.30) 3.57 (4.15) 4.02 (4.56)

Biomarkers

Blood eosinophil count, cells/μL n = 55 n = 225 n = 283 n = 512

Median (Q1–Q3) 290.0 (210.0–450.0) 270.0 (160.0–470.0) 280.0 
(130.0–510.0)

250.0 (130.0–470.0)

Total serum IgE, IU/mL n = 55 n = 225 n = 281 n = 510

Median (Q1–Q3) 236.0 (94.0–484.0) 163.0 (76.0–404.0) 181.0 (63.0–406.0) 162.5 (59.0–459.0)

FeNO, ppb n = 50 n = 200 n = 278 n = 511

Median (Q1–Q3) 30.0 (20.0–40.0) 29.5 (17.0–55.0) 25.0 (15.0–42.0) 24.0 (14.0–41.0)

Medium-dose ICS at PSBL

n 54 186 235 494

Age, mean (SD), years 47.3 (13.5) 48.6 (13.2) 46.6 (16.6) 46.3 (16.2)

Female sex, n (%) 31 (57.4) 115 (61.8) 142 (60.4) 292 (59.1)

Pre-BD FEV1, mean (SD), L 1.92 (0.55) 1.87 (0.59) 1.84 (0.64) 1.89 (0.64)

Percent predicted, mean (SD), % 61.48 (10.55) 61.03 (10.66) 59.37 (13.77) 60.55 (12.66)

FEV1 reversibility, mean (SD), % 30.02 (15.62) 27.39 (18.18) 27.54 (20.90) 24.81 (20.81)

Severe asthma exacerbations in past year, 
mean (SD)

2.07 (1.91) 1.82 (1.60) 2.01 (1.60) 1.82 (1.89)

ACQ-5 score, mean (SD) 2.46 (0.65) 2.52 (0.73) 2.59 (0.69) 2.61 (0.68)

AQLQ global score, mean (SD) 4.58 (1.08) 4.30 (1.06) 4.45 (0.98) 4.49 (1.05)

Number of puffs of albuterol or 
levalbuterol in a 24-h period

2.15 (2.61) 2.22 (2.71) 2.78 (3.73) 2.84 (3.29)

Biomarkers

Blood eosinophil count, cells/μL, 
median (Q1–Q3)

n = 54
215.0
(140.0–360.0)

n = 186
250.0
(140.0–380.0)

n = 235
260.0
(130.0–440.0)

n = 494
250.0
(120.0–460.0)

(Continues)
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improvements were sustained through Week 48 of TRAVERSE (mean 
[SD] at Week 48 of TRAVERSE over PSBL from phase 2b study: −1.36 
[1.10]; QUEST: −1.73 [1.13]) (Figure 3A). Similar trends were observed 

in patients with type 2 asthma receiving medium-dose ICS at PSBL 
(Figure  3B) and in patients receiving high- and medium-dose ICS at 
PSBL across the remaining subgroups analyzed (Figures S8 and S9).

Exposed population

Patients rolled over from phase 2b trial Patients rolled over from QUEST

Placebo/dupilumab Dupilumab/dupilumab Placebo/dupilumab Dupilumab/dupilumab

Total serum IgE, IU/mL, median 
(Q1–Q3)

n = 53
200.0
(94.0–381.0)

n = 186
195.0
(77.0–472.0)

n = 233
184.0
(64.0–447.0)

n = 492
178.5
(67.0–455.5)

FeNO, ppb, median (Q1–Q3) n = 51
25.0
(15.0–53.0)

n = 162
29.5
(16.0–51.0)

n = 233
27.0
(16.0–51.0)

n = 493
25.0
(15.0–46.0)

Note: n, number of patients assessed. Percentages are calculated using number of patients assessed as denominator.
Abbreviations: ACQ-5, 5-item Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Questionnaire; BD, bronchodilator; FeNO, exhaled nitric 
oxide; FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid(s); IgE, immunoglobulin E; ppb, parts per billion; PSBL, parent study 
baseline; Q, quartile; SD, standard deviation.

TA B L E  1  (Continued)

F I G U R E  1  Unadjusted annualized rate of severe exacerbations† in patients receiving (A) high- and (B) medium-dose ICS at baseline—type 
2 population. Patient is said to be free of exacerbations if there are no exacerbation events during the study period at a corresponding time 
point. If any patient has events with a missing end date, then those events are considered as ongoing events, and therefore, the patient is 
not considered to be free of exacerbations. For the analysis of free-of-exacerbation patients at the end of Week 96, only patients enrolled 
for 2 years in TRAVERSE study are considered. †The total number of events that occurred during the observational period divided by the 
total patient-years followed in the observational period. DPL, dupilumab; ICS, inhaled corticosteroid(s); PBO, placebo; PSBL, parent study 
baseline.
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3.5  |  ACQ-5 responder analysis

Many patients showed clinically significant improvements in 
asthma control, as evidenced by reductions versus PSBL in 
ACQ-5 scores reaching or exceeding the MCID of 0.5. In patients 
with type 2 asthma on high-dose ICS at PSBL, 81.3% and 82.4% 
of patients from the phase 2b trial and 88.0% and 87.0% of pa-
tients from QUEST (in the dupilumab/dupilumab and placebo/
dupilumab groups, respectively) were identified as responders at 
TRAVERSE Week 24. Furthermore, 82.7% and 82.0% of patients 
from the phase 2b study and 89.6% and 86.9% from QUEST (in 
the dupilumab/dupilumab and placebo/dupilumab groups, respec-
tively) achieved or exceeded the MCID at TRAVERSE Week 48 
(Figure  4A). Similar results were observed in patients with type 
2 asthma receiving medium-dose ICS at PSBL (Figure 4B) and for 
patients receiving high- and medium-dose ICS at PSBL across all 
subgroups analyzed (Figures S10 and S11).

3.6  |  Biomarkers

Patients from QUEST on high-dose ICS at PSBL who received 
dupilumab in the parent study showed a continuous decline in blood 
eosinophil counts over time, and patients who received placebo in 
the parent study showed an attenuated initial rise followed by con-
tinued decline over time. Similar trends were observed in patients 

from the phase 2b study and also in patients on medium-dose ICS 
at PSBL (Figure 5A).

Serum levels for total IgE in TRAVERSE are only available from 
patients enrolled from the phase 2b study, and not those coming 
from QUEST. In patients rolled over from the phase 2b trial, long-
term dupilumab treatment resulted in a progressive, continued re-
duction in serum total IgE levels in patients on high-dose ICS at PSBL 
(Figure  5B). Similar results were observed in patients on medium-
dose ICS at PSBL (Figure 5B).

4  |  DISCUSSION

This analysis of data from the TRAVERSE single-arm, open-label 
extension study demonstrated that patients exposed to dupilumab 
for up to 3 years experienced sustained reductions in severe exac-
erbation rates and improvements in lung function, asthma control, 
and rate of response (difference in ACQ-5 score ≥0.5 over base-
line) for up to 96 weeks in patients on either high- or medium-dose 
ICS at PSBL. These results are consistent with the observations 
from the previously published data of the phase 2b and QUEST 
parent studies24,25 and with further investigations into dupilum-
ab's efficacy across subgroups of patients from these studies with 
a type 2 inflammatory phenotype receiving high- or medium-ICS 
dose at PSBL.22,29 In TRAVERSE, dupilumab was well tolerated 
and had an acceptable safety profile during long-term treatment.23 

F I G U R E  2  Mean change from PSBL 
in pre-BD FEV1 (L) over time in patients 
with (A) high- and (B) medium-dose 
ICS at baseline—type 2 population. The 
baseline values are from the baseline 
of the parent study. Week 0 represents 
the start of TRAVERSE. Pre-BD FEV1 
was assessed using descriptive statistics. 
BD, bronchodilator; BL, baseline; DPL, 
dupilumab; FEV1, forced expiratory 
volume in 1 second; ICS, inhaled 
corticosteroid(s); PBO, placebo; PSBL, 
parent study baseline; SE, standard error.
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Furthermore, similar to previously published dupilumab stud-
ies,22,23,24,25,26,29 a greater magnitude of efficacy was observed 
in patients with elevated type 2 biomarkers at PSBL (defined as 
blood eosinophil count ≥150 cells/μL or FeNO ≥25 ppb), as well 
as in populations with elevated eosinophils ([1] blood eosinophils 
≥150 cells/μL, [2] blood eosinophils ≥300 cells/μL), and elevated 
FeNO ([3] FeNO ≥25 ppb).

We observed similar efficacy with dupilumab treatment regard-
less of the dose of ICS that patients were using at PSBL, indicating 
that dupilumab is equally efficacious regardless of background ICS 
dose, and across patients with both moderate or severe uncontrolled 
asthma. Patients with moderate uncontrolled asthma receive min-
imal benefit from increasing to high-dose ICS,13 and this analysis 
shows that a clear sustained benefit is seen with long-term dupi-
lumab use.

As observed in the parent studies, a downward trend in blood 
eosinophils was seen in patients on either high- or medium-dose ICS 
at PSBL.24,25 The precise mechanism for this effect is yet to be ex-
plained in full; however, dupilumab binds to IL-4Rα, thus blocking 

IL-4 and IL-13 signaling and reducing proinflammatory cytokine ex-
pression, as well as eosinophilic inflammation.30

It has been shown previously that eosinophil levels in peripheral 
blood can be significantly influenced by the use of ICS.31,32 Here, we 
show that long-term dupilumab treatment leads to a decline in blood 
eosinophils, irrespective of whether patients were receiving high- or 
medium-dose ICS at PSBL.

Furthermore, consistent with observations made in the parent 
study,24 dupilumab further reduced serum total IgE levels in pa-
tients who had previously participated in the phase 2b study; un-
fortunately, no IgE measurements were available from patients who 
enrolled from QUEST. In addition, further studies will be needed to 
examine long-term change in type 2 biomarkers when dupilumab 
treatment is halted (e.g., in patients who had a treatment gap be-
tween the end of treatment in the parent study and the beginning of 
TRAVERSE, as with the phase 2b study).

The strength of this analysis includes its long-term observa-
tion across multiple efficacy endpoints for up to 96 weeks. The 
limitations of this study are inherent to its design: analyses were 

F I G U R E  3  Mean change from baseline 
in ACQ-5 scores over time in patients 
receiving (A) high- and (B) medium-dose 
ICS—type 2 population. The baseline 
values are from the baseline of the parent 
study. Week 0 represents the start of 
TRAVERSE. ACQ-5 scores were assessed 
using descriptive statistics. ACQ-5, 5-
item Asthma Control Questionnaire; BL, 
baseline; DPL, dupilumab; ICS, inhaled 
corticosteroid(s); PBO, placebo; PBSL, 
parent study baseline; SE, standard error.
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primarily post hoc, and, as TRAVERSE was a single-arm open-label 
study, statistical analyses were descriptive only. Additionally, only 
patients who completed the parent study were eligible to partic-
ipate, which could potentially have introduced a treatment bias 
towards patients who received active treatment during the par-
ent study over those on placebo. Furthermore, the findings are 
constrained by the low sample sizes in some of the subgroups, as 
these were not defined a priori in the parent studies and were not 
powered to investigate differences between patients with asthma 
on high- or medium-dose ICS and by baseline levels of type 2 in-
flammatory biomarkers (eosinophil count ≥150 cells/μL or ≥ 300 
cells/μL, FeNO ≥25 ppb, or eosinophil count ≥150 cells/μL or FeNO 
≥25 ppb). Also, following a protocol amendment, the treatment 
period was reduced from 96 to 48 weeks, and therefore, for some 
analyses only 48-week data were available.

Asthma is driven by type 2 inflammation in a large proportion of 
patients with an uncontrolled, severe phenotype.2,15,16,17 The results 
presented here provide further confirmation of and insights into dup-
ilumab's dual mode of action of blocking the signaling of IL-4/IL-13, 
key and central drivers of type 2 inflammatory diseases.20,21 Taken 

together, the results presented here provide important insights into 
the continued use of dupilumab over time in the moderate-to-severe 
asthma population requiring either high- or medium-dose ICS, in-
cluding evidence of long-term efficacy of dupilumab in these pop-
ulations. In addition, the results from this analysis suggest that the 
benefits of dupilumab may accumulate, with observed concordance 
between sustained reduction in type 2 biomarkers and sustained 
clinical efficacy over time across multiple assessments (severe exac-
erbation rates, pre-BD FEV1, and ACQ-5).

5  |  CONCLUSIONS

Treatment with dupilumab treatment for up to 3 years demon-
strated sustained long-term efficacy in patients with uncontrolled, 
moderate-to-severe asthma, among those with evidence of type 
2 inflammation and requiring either high- or medium-dose ICS. 
Reductions in severe exacerbation rates and improvements in 
lung function and asthma control were sustained in patients who 
were treated with dupilumab during the parent studies, and were 

F I G U R E  4  Proportion of patients requiring (A) high- and (B) medium-dose ICS at baseline who reached clinically significant improvements 
(MCID ≥0.5) in ACQ-5 scores—type 2 population. Responders are defined as patients with improvement from baseline in ACQ-5 ≥ 0.5. 
Patients with improvement from baseline in ACQ-5 < 0.5 at the time point are considered as non-responders. Abbreviations: ACQ-5, 5-item 
Asthma Control Questionnaire; ICS, inhaled corticosteroid(s); MCID, minimally clinically important difference; PSBL, parent study baseline.
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generally of greater magnitude in patients with the type 2 inflam-
matory asthma phenotype or in subgroups identified by eleva-
tions in either type 2 biomarker, regardless of ICS dose at PSBL. 
Furthermore, rapid improvements upon initiation of dupilumab in 
TRAVERSE were observed in patients who had received placebo 
during the parent study; these improvements were generally sus-
tained until the end of treatment. These data provide added evi-
dence supporting the use of dupilumab as an add-on therapy for 
patients who remain uncontrolled despite medium- or high-dose 
ICS use.
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F I G U R E  5  Median (95% CI) change from PSBL in (A) blood eosinophil count and (B) total serum IgE† in patients receiving high- (left) and 
medium-dose (right) ICS at PSBL—exposed population. The baseline values are from the baseline of the parent study. Week 0 represents the 
start of TRAVERSE. †Serum levels for total IgE in TRAVERSE are only available from patients enrolled from the phase 2b study, not those 
coming from QUEST. CI, confidence interval; DPL, dupilumab; ICS, inhaled corticosteroid(s); IgE, immunoglobulin E; PBO, placebo; PSBL, 
parent study baseline.
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