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Capsule summary: Early transient increases in blood eosinophil count are seen in some patients with uncontrolled
moderate-to-severe type 2 asthma treated with dupilumab. This analysis confirms that such increases do not affect long-
term dupilumab efficacy or safety.
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Background: Transient increases in blood eosinophil count
(BEC) have been observed in dupilumab clinical trials but are
rarely associated with clinical symptoms.

Objective: We assessed the effect of early increases in BEC on
long-term treatment outcomes.

Methods: Patients aged >12 years with moderate-to-severe type
2 asthma from the phase 3 QUEST study (NCT02414854; 52
weeks) who enrolled onto the TRAVERSE open-label extension
study (NCT02134028; 96 weeks) were stratified by BEC: with or
without >2-fold BEC increase any time by week 12 of QUEST,
or presence or absence of increased BEC any time during
QUEST (defined as <500 cells/pL at baseline but >500 cells/pL
at any time during QUEST). End points included annualized
severe exacerbation rate and change from parent study baseline
in prebronchodilator forced expiratory volume in 1 second
(FEV,), 5-item Asthma Control Questionnaire, and type 2
inflammatory biomarkers.

Results: A total of 36.6% of dupilumab-treated patients versus
21.7% of placebo-receiving patients experienced a >2-fold BEC
change by week 12, while 31.3% versus 28.0% experienced
increased BEC any time during QUEST. Dupilumab versus
placebo reduced annualized severe exacerbation rate, improved
prebronchodilator FEV; and questionnaire scores, and reduced
biomarkers across subgroups at week 52 of QUEST.
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Improvements were maintained in all subgroups through week
96 of TRAVERSE.

Conclusions: Dupilumab reduced asthma exacerbations and
improved lung function and asthma control up to 148 weeks in
patients with uncontrolled moderate-to-severe type 2 asthma
irrespective of early transient increases in BEC. Overall safety
was consistent with the known dupilumab safety profile. (J
Allergy Clin Immunol 2026;157:363-73.)

Key words: Asthma, type 2, blood eosinophil count, dupilumab,
FEno, exacerbations, lung function, biomarkers, efficacy, safety

Type 2 inflammation is identified as a key treatable trait in
~50% of patients with asthma."” It involves activation of type 2
CD4™ T helper cells and type 2 innate lymphoid cells, with proin-
flammatory cytokine production (eg, IL-4, IL-5, and IL-13) and
airway inflammatory cell accumulation (eg, eosinophils and baso-
phils).” Dupilumab, a fully human monoclonal antibody, blocks
the shared receptor component for IL-4 and IL-13, inhibiting their
signaling.”® The phase 3 QUEST’ (NCT02414854) and TRA-
VERSE® (NCT02134028) studies have demonstrated dupilu-
mab’s efficacy over 148 weeks in patients aged >12 years with
moderate-to-severe asthma, showing benefits primarily in those
with a type 2-high disease endotype while maintaining an accept-
able safety profile.”*'"

Transient increases in blood eosinophil count (BEC) have been
observed in clinical trials of dupilumab in patients with some
chronic type 2 inflammatory diseases, including asthma.'""'* In-
creases generally occur in the first few weeks of treatment, and
the BEC returns to around or below baseline by the study’s
end.'” The mechanism for this transient increase may be related
to sequestration of eosinophils in the blood due to the inhibition
of eosinophil trafficking to tissues after IL-4/IL-13 blockade.'*"*
IL-4 regulates endothelial expression of vascular cell adhesion
molecule 1, which supports adhesion of eosinophils to blood ves-
sels and subsequent extravasation to tissues. In addition, inhibi-
tion of signal transducer and activator of transcription 6, or
STAT6, which is activated by the binding of IL-4/IL-13 to their
receptors, reduces the expression of thymus and activation-
regulated chemokine (TARC) and eotaxins 1-3. These chemo-
kines guide eosinophil migration to tissues.'”'® IL-4/IL-13
blockade does not affect eosinophil production or maturation;
therefore, continued release of eosinophils into blood together
with decreasing tissue migration may explain the transient rise
in BEC seen with dupilumab.lz’13 Type 2 inflammation bio-
markers (eg, fractional exhaled nitric oxide [FEnoj) are reduced
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Abbreviations used
ACQ-5: 5-item Asthma Control Questionnaire
AER: Annualized severe exacerbation rate
BEC: Blood eosinophil count
CI: Confidence interval
EGPA: Eosinophilic granulomatosis with polyangiitis
FeNo: Fractional exhaled nitric oxide
FEV;: Forced expiratory volume in 1 second
PSBL: Parent study baseline
SD: Standard deviation
TARC: Thymus and activation-regulated chemokine
TEAE: Treatment-emergent adverse event

by dupilumab throughout this elevated BEC period.”'* BEC may
not accurately reflect airway type 2 inflammation but can indicate
clinical benefit: elevated BEC suggests successful blockade of
eosinophil recruitment. Early transient BEC increases are rarely
linked to clinical symptoms in dupilumab trials, and cases of
eosinophilia or eosinophilic granulomatosis with polyangiitis
(EGPA) in real-world practice are rare. 12.13 Information is limited
on how early transient BEC increases relate to long-term treat-
ment efficacy and safety and whether they predict outcome.

This post hoc analysis assessed the effect of early transient
BEC increases on long-term treatment outcomes in patients
from QUEST who subsequently enrolled onto TRAVERSE to
determine whether there is clinical value in measuring eosinophil
level changes shortly after starting dupilumab and what predictive
value it may offer.

METHODS
Study design

Full details of QUEST (NCT02414854) and TRAVERSE
(NCT02134028) have been published elsewhere.”* Briefly,
QUEST was a phase 3 study assessing efficacy and safety of du-
pilumab in patients aged >12 years with uncontrolled moderate-
to-severe asthma despite treatment with high- or medium-dose
inhaled corticosteroids and a second controller (eg, long-acting
B-agonists, leukotriene receptor antagonists, methylxanthines).’
Patients were randomized 2:2:1:1 to receive dupilumab 200 mg
or 300 mg or matched-volume placebo every 2 weeks for up to
52 weeks. QUEST patients entered the open-label TRAVERSE
extension study immediately after the end-of-treatment visit.
All patients in TRAVERSE received dupilumab 300 mg every
2 weeks for up to an additional 96 weeks.® The treatment period
was shortened to 48 weeks after a protocol amendment as a result
of accumulating data demonstrating an acceptable safety profile
for dupilumab across indications. Patients continued the back-
ground regimen established in the QUEST study throughout the
TRAVERSE trial. QUEST and TRAVERSE had an exclusion cri-
terion of BEC > 1,500 cells/mL at screening, and all patients with
eosinophilia treatment-emergent adverse events (TEAEs) were
medically reviewed.’"*

Both studies were conducted in accordance with the Declara-
tion of Helsinki, the International Conference on Harmonization
Good Clinical Practice guidelines, and applicable regulatory
requirements. An independent data and safety monitoring com-
mittee conducted blinded monitoring of patient safety data. Study
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conduct and documentation were monitored by local institutional
review boards or ethics committees. Written informed consent
was obtained from all patients before enrollment. Patients aged
<18 years provided assent according to the ethics committee—
approved standard practice for pediatric patients at each partici-
pating center.

Study population

This post hoc analysis included patients aged >12 years with un-
controlled moderate-to-severe type 2 (baseline BEC > 150 cells/
L or FENo > 20 ppb) asthma receiving dupilumab (200 mg or
300 mg) or matched-volume placebo every 2 weeks for 52 weeks
in QUEST who enrolled onto TRAVERSE. Patients were stratified
by those with or without a >2-fold change versus parent study base-
line (PSBL) in BEC at any time point up to QUEST week 12; with
or without a >2-fold change versus PSBL in BEC at specific
QUEST timepoints of week 4 and separately, week 12; and
presence or absence of increased BEC any time during QUEST,
defined as <500 cells/pL at baseline but >500 cells/pL, considered
eosinophilia, at any time point during QUEST.

Outcomes

Clinical efficacy end points included unadjusted annualized
severe exacerbation rates (AERs) and changes from PSBL in
prebronchodilator forced expiratory volume in 1 second (FEV)
during QUEST and TRAVERSE (up to week 96) and 5-item
Asthma Control Questionnaire (ACQ-5) scores during QUEST
and TRAVERSE (up to week 48).

Change from PSBL in BEC during QUEST and TRAVERSE
and change from PSBL in FENo, total IgE, eotaxin-3, and TARC
during QUEST were assessed. In addition, TEAEs, EGPA events,
and treatment discontinuations were assessed.

Statistical analysis

Statistical analyses were performed for QUEST study data
only; TRAVERSE, an open-label extension study with no
comparator arm, had only descriptive summaries using observed
data only. The comparator value for efficacy end points was the
PSBL.

Unadjusted AERs were computed as total number of events
during the observation period divided by total exposure in
patient-years in the observation period. Adjusted AERs were
derived using a negative binomial model with total number of
events onsets from randomization up to visit 18 or last contact
date (whichever came earlier) as response variable, with 4
treatment groups (age, region [pooled country], baseline BEC,
baseline inhaled corticosteroid dose) and number of severe
exacerbation events within 1 year before study as covariates
and log-transformed standardized observation duration as offset
variable.

Efficacy end points (prebronchodilator FEV; and ACQ-5
score) are presented as mean change from PSBL during the treat-
ment period. Least squares mean changes from PSBL, difference
versus placebo, and P value analysis values were derived using a
mixed-effect model with repeated measures, with treatment
group, age, sex, baseline height, region (pooled country), baseline
BEC, baseline inhaled corticosteroid dose level, visit, treatment-
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TABLE |. Baseline demographics and disease characteristics
Patients with >2-fold Patients without >2-fold Patients with increased Patients without increased
change in BEC by week 12 change in BEC by week 12 BEC any time during QUEST* BEC any time during QUEST*
Placebo/ Dupilumabt/ Placebo/ Dupilumabt/ Placebo/ Dupilumabt/ Placebo/ Dupilumabt/
Characteristic Jupil b lupilumab Jupil b dupilumab dupilumab dupilumab dupilumab dupilumab
No. of subjects 111 367 400 636 145 317 372 696
Age (years) 46.6 (16.8) 47.3 (15.7) 48.5 (14.6) 48.2 (15.0) 46.1 (15.6) 46.7 (15.4) 49.0 (14.8) 48.4 (15.1)
Female, no. (%) 71 (64.0) 225 (61.3) 258 (64.5) 386 (60.7) 94 (64.8) 194 (61.2) 241 (64.8) 424 (60.9)
Race, no. (%)
White 93 (83.8) 294 (80.1) 347 (86.8) 540 (84.9) 127 (87.6) 274 (86.4) 318 (85.5) 570 (81.9)
Black/of African descent 4 (3.6) 12 (3.3) 13 (3.3) 31 (4.9) 4 (2.8) 11 (3.5) 13 (3.5) 32 (4.6)
Asian 13 (11.7) 57 (15.5) 37 (9.3) 59 (9.3) 11 (7.6) 30 (9.5) 40 (10.8) 86 (12.4)
Native Hawaiian or other 0 (0.0) 1(0.3) 0 0 0 0 0 1(0.1)
Pacific Islander
Other 1(0.9) 3(0.8) 3(0.8) 6 (0.9) 3 (2.1) 2 (0.6) 1(0.3) 7 (1.0)
Ethnicity, no. (%)
Hispanic 29 (26.1) 95 (25.9) 105 (26.3) 169 (26.6) 47 (32.4) 99 (31.2) 90 (24.2) 170 (24.4)
Not Hispanic 82 (73.9) 272 (74.1) 295 (73.8) 467 (73.4) 98 (67.6) 218 (68.8) 282 (75.8) 526 (75.6)
Body mass index (kg/m?) 28.8 (6.8) 27.6 (6.1) 29.5 (6.4) 29.6 (6.7) 28.5 (6.0) 28.4 (6.6) 29.6 (6.7) 29.1 (6.5)
High-dose inhaled corticosteroid 54 (48.6) 170 (46.3) 224 (56.0) 336 (52.8) 67 (46.2) 145 (47.5) 214 (57.5) 370 (53.2)
treatment, no. (%)
Age at onset of asthma (years) 25.2 (19.0) 27.7 (18.5) 27.9 (18.6) 26.4 (19.5) 26.7 (18.6) 27.4 (19.0) 27.6 (18.8) 26.7 (19.2)
No. of severe asthma
exacerbations experienced
in past year, no. (%)
1 46 (41.4) 173 (47.1) 187 (46.8) 342 (53.8) 60 (41.4) 156 (49.2) 175 (47.0) 364 (52.3)
2 31 (27.9) 95 (25.9) 114 (28.5) 162 (25.5) 48 (33.1) 86 (27.1) 99 (26.6) 174 (25.0)
3 16 (14.4) 53 (14.4) 47 (11.8) 65 (10.2) 20 (13.8) 38 (12.0) 45 (12.1) 81 (11.6)
>4 18 (16.2) 46 (12.5) 52 (13.0) 67 (10.5) 17 (11.7) 37 (11.7) 53 (14.2) 77 (11.1)
Atopic medicalcondition,§ 97 (87.4) 296 (80.7) 325 (81.3) 536 (84.3) 118 (81.4) 266 (83.9) 308 (82.8) 573 (82.3)
no. (%)
Prebronchodilator FEV; (L) 1.85 (0.60) 1.80 (0.60) 1.75 (0.58) 1.79 (0.63) 1.89 (0.63) 1.83 (0.62) 1.72 (0.56) 1.78 (0.62)
Predicted 60.52 (11.94) 58.67 (13.29) 57.74 (13.57) 58.47 (13.48) 61.03 (12.10) 58.97 (13.63) 57.34 (13.56) 58.25 (13.46)
prebronchodilator FEV; (%)
FEV, reversibility (%) 24.63 (16.35)  26.17 (22.22) 2592 (18.62) 26.48 (23.42) 23.39 (14.89) 28.37 (23.91) 26.73 (19.22) 25.42 (22.45)
Postbronchodilator FEV; (L) 2.26 (0.73) 2.19 (0.77) 2.13 (0.69) 2.18 (0.74) 2.29 (0.74) 2.24 (0.75) 2.11 (0.67) 2.15 (0.75)
ACQ-5 score 2.64 (0.72) 2.73 (0.75) 2.75 (0.75) 2.78 (0.80) 2.73 (0.72) 2.75 (0.73) 2.73 (0.75) 2.77 (0.81)
BEC (cells/pL)
Median (Q1-Q3) 110 (50-200) 190 (90-400) 360 (190-580) 280 (150-500) 300 (170-410) 290 (170-370) 240 (120-620) 220 (110-600)
Mean (SD) 158 (184) 292 (287) 455 (409) 389 (383) 284 (138) 272 (130) 426 (447) 386 (413)
BEC, no. (%)
<150 cells/pL 75 (67.6) 150 (40.9) 64 (16.0) 139 (21.9) 34 (23.4) 64 (20.2) 110 (29.6) 234 (33.6)
>150 to <300 cells/pL 20 (18.0) 85 (23.2) 112 (28.0) 191 (30.0) 35 (24.1) 96 (30.3) 97 (26.1) 180 (25.9)
>300 cells/pL 16 (14.4) 132 (36.0) 224 (56.0) 306 (48.1) 76 (52.4) 157 (49.5) 164 (44.1) 281 (40.4)
Total IgE (IU/mL)
Median (Q1-Q3) 178.5 196.0 187.0 157.0 199.0 221.5 176.5 151.0
(79.0-440.0) (76.0- 558.0)  (62.0-437.0) (58.0-420.0) (73.0-414.0) (99.0-579.0) (63.0-436.5) (54.0-417.0)
Mean (SD) 418.1 (673.0)  535.5(922.7) 408.4 (677.0) 411.7 (716.3) 415.1 (701.0) 511.1 (791.3) 404.0 (661.6) 428.1 (797.7)
Feno (ppb)
Median (Q1-Q3) 23.0 26.0 28.0 24.0 29.5 29.0 26.0 23.0
(14.0-41.0) (15.0-49.0) (16.0-49.0) (14.0-40.0) (16.0-49.0) (18.0-50.0) (15.0-46.5) (14.0-40.0)
Mean (SD) 35.4 (41.9) 36.5 (29.7) 37.1 (32.5) 33.6 (33.7) 39.4 (39.7) 38.6 (30.1) 35.8 (32.6) 33.0 (33.3)
TARC (pg/mL)
Median (Q1-Q3) 264.0 297.5 303.5 307.5 280.0 283.5 298.0 312.0
(177.0-390.0)  (206.5-425.0)  (210.0 -488.0)  (197.0 -445.0)  (173.0-444.0) (204.0-403.0) (205.0-488.0) (199.0-444.0)
Mean (SD) 336.6 (258.76) 405.8 (558.6)  390.4 (290.1) 363.2 (282.8) 351.6 (263.1) 374.8 (344.4) 387.3 (290.2) 378.9 (429.5)

Data are presented as means (SDs) unless otherwise specified.

*BEC of <500 cells/uL at PSBL and >500 cells/pL at any time point during QUEST.

tPooled data for patients treated with 200 mg or 300 mg dupilumab every 2 weeks during QUEST followed by 300 mg every 2 weeks during TRAVERSE.

ISevere asthma exacerbation before and study is defined as any treatment with 1 systemic (oral or parenteral) steroid burst or more for worsening asthma or hospitalization or an
emergency/urgent medical care visit for worsening asthma.

§Patients are considered to have ongoing atopic medical condition if they have any of these ongoing conditions: atopic dermatitis, allergic conjunctivitis or rhinitis, eosinophilic
esophagitis, food allergy, or hives; or has baseline total IgE > 100 IU/mL and at least 1 aeroantigen-specific IgE that is positive (>0.35 IU/mL) at baseline.

by-visit interaction, baseline prebronchodilator FEV;, and  period. The association between changes from PSBL in Feno
baseline-by-visit interaction as covariates. and prebronchodilator FEV| at week 52 of QUEST was assessed

Biomarker end points (BEC, FEno, TARC, and total IgE) are  using linear regression analysis. Safety end points are presented
presented as mean change from PSBL during the treatment  as the absolute numbers of patients reporting TEAEs.
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FIG 1. Unadjusted AER during QUEST and TRAVERSE in (A) patients with >2-fold change in BEC by week 12,
(B) patients without >2-fold change in BEC by week 12, (C) patients with increased BEC any time during
QUEST,* and (D) patients without increased BEC any time during QUEST.* *BEC of <500 cells/pL at
PSBL and >500 cells/pL at any time point during QUEST. {Total number of events that occurred during treat-
ment period divided by total number of patient-years followed in treatment period.

RESULTS
Patients

Of dupilumab-treated patients, 36.6% experienced a >2-fold
BEC change by week 12, compared with 21.7% of placebo
recipients, while 31.3% of dupilumab and 28.0% of placebo
recipients experienced an increased BEC, defined as <500 cells/pL.
at baseline but >500 cells/pL at any time point during QUEST.
Demographics and disease characteristics at PSBL were similar
across groups (Table I). Patients with >2-fold BEC change by week
12 or increased BEC any time during QUEST tended to have lower
BEC and similar or higher Feno levels at PSBL than those without.

AER

At PSBL, the mean number of exacerbations in the prior year
was >2 for all patients (Fig 1). Dupilumab versus placebo reduced
unadjusted AER during QUEST; these reductions were sustained
during TRAVERSE regardless of a >2-fold BEC increase by week
12 or increased BEC any time during QUEST. Consistent AER re-
ductions were also seen in placebo patients from QUEST on
switching to dupilumab in TRAVERSE. Similar AER reductions
were observed in patients with >2-fold BEC increase from PSBL
at week 4 or week 12 (see Fig E1 in this article’s Online Reposi-
tory available at www.jacionline.org).

During QUEST, dupilumab reduced adjusted AER versus
placebo across all treatment groups (relative risk vs placebo
[95% confidence interval (CI)]: patients with >2-fold BEC change
by week 12: 0.562 [0.379-0.832], P = .0041; patients without

>2-fold BEC change by week 12: 0.527 [0.424-0.655, P <
.0001; patients with increased BEC any time during QUEST:
0.511 [0.359-0.728], P = .0002; patients without increased
BEC any time during QUEST: 0.537 [0.431-0.669], P <.0001).

During TRAVERSE, unadjusted AERs for weeks 0 to 48 for
placebo/dupilumab and dupilumab/dupilumab arms were 0.480
and 0.323 for patients with >2-fold BEC change by week 12;
0.340 and 0.345 for patients without >2-fold BEC change by week
12; 0.352 and 0.333 for patients with increased BEC any time
during QUEST; and 0.374 and 0.347 for patients without
increased BEC any time during QUEST, respectively. Unadjusted
AERs for weeks 48 to 96 were further reduced to 0.090 and 0.114
for patients with >2-fold BEC change by week 12; 0.137 and
0.127 for patients without >2-fold BEC change by week 12; 0.107
and 0.087 for patients with increased BEC any time during
QUEST; and 0.132 and 0.147 for patients without, respectively.

Prebronchodilator FEV,

At PSBL, mean (standard deviation [SD]) prebronchodilator
FEV, was comparable regardless of >2-fold BEC change by week
12 or increased BEC any time during QUEST, ranging from 1.72
(0.56) L to 1.89 (0.63) L (Table I).

During QUEST, dupilumab significantly improved prebron-
chodilator FEV, versus placebo across all subgroups from base-
line to week 52 (least squares mean difference vs placebo [95%
CI]: patients with >2-fold BEC by week 12: 0.18 L [0.08-0.28],
P = .0004; patients without >2-fold BEC change by week 12:
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FIG 2. Mean change in prebronchodilator FEV, over QUEST and TRAVERSE in (A) patients with >2-fold
change in BEC by week 12, (B) patients without >2-fold change in BEC by week 12, (C) patients with
increased BEC any time during QUEST,* and (D) patients without increased BEC any time during QUEST.*
*BEC of <500 cells/pL at PSBL and >500 cells/pL at any time point during QUEST.

0.15 L [0.11-0.20], P <.0001; patients with increased BEC any
time during QUEST: 0.20 L [0.11-0.28], P < .0001; patients
without: 0.15 L [0.01-0.20], P < .0001) (Fig 2). Numerically
greater improvements were seen in dupilumab-treated patients
with >2-fold BEC change by week 12 or increased BEC any
time during QUEST than in those without them. These findings
were echoed for patients with >2-fold change in BEC from
PSBL at weeks 4 and 12 (see Table E1, A, in the Online Reposi-
tory at www.jacionline.org).

Improvements in prebronchodilator FEV; were maintained
through TRAVERSE in dupilumab-treated patients (mean [SD]
change from PSBL at week 96 in dupilumab/dupilumab sub-
groups: patients with >2-fold BEC change by week 12: 0.34
[0.47] L; patients without: 0.29 [0.47] L; patients with increased
BEC any time during QUEST: 0.38 [0.51] L; patients without:
0.27 [0.44] L). Similar results were observed for patients based
on fold change in BEC from PSBL at week 4 and at week 12
(Table E1, A). Patients who received placebo in QUEST and
switched to dupilumab during TRAVERSE saw similar improve-
ments in prebronchodilator FEV, versus PSBL at TRAVERSE
week 96 as the dupilumab/dupilumab patients, although improve-
ment from PSBL was lower in the placebo/dupilumab versus du-
pilumab/dupilumab subgroups, with a >2-fold BEC change by
week 12 (mean [SD] change from PSBL at week 96 in placebo/
dupilumab: patients with >2-fold BEC change by week 12: 0.22
[0.36] L; patients without: 0.35 [0.44] L; patients with increased
BEC any time during QUEST: 0.29 [0.39] L; patients without:
0.35[0.45] L).

ACQ-5 scores
At PSBL, mean (SD) ACQ-5 scores were comparable regard-
less of >2-fold BEC change by week 12 or increased BEC any

time during QUEST and ranged from 2.64 (0.72) to 2.78 (0.80)
(Table I).

Significantly greater improvements in ACQ-5 scores from
PSBL were seen with dupilumab versus placebo through QUEST
in all subgroups (least squares mean difference vs placebo at
QUEST week 52 [95% CI]: patients with >2-fold change in BEC
by week 12: —0.37 [—-0.59 to —0.16], P = .0007; patients
without: —0.30 [—0.43 to —0.17], P < .0001; patients with
increased BEC any time during QUEST: —0.28 [—0.48 to
0.09], P < .0043; patients without: —0.32 [—0.45 to 0.20],
P <.0001) (Fig 3).

Improvements were maintained through TRAVERSE week 48
in the dupilumab/dupilumab arm, and similar improvements were
seen after patients switched to dupilumab in the placebo/
dupilumab arm (mean change from PSBL [SD]: patients with
>2-fold BEC change by week 12: placebo/dupilumab —1.58
[1.06], dupilumab/dupilumab —1.71 [1.04]; patients without:
placebo/dupilumab —1.64 [1.08], dupilumab/dupilumab —1.67
[1.11]; patients with increased BEC any time during QUEST:
placebo/dupilumab —1.67 [1.036], dupilumab/dupilumab —1.64
[1.052]; patients without: placebo/dupilumab —1.63 [1.098],
dupilumab/dupilumab —1.70 [1.096]) (Fig 3). Similar results
were observed through QUEST and TRAVERSE when patients
were stratified on the basis of fold change in BEC from PSBL
at weeks 4 and 12 (Table E1, B).

Blood eosinophil levels

At PSBL, patients with a >2-fold change in BEC by week 12
had lower BECs than did those without such a change (see Table
E2 in the Online Repository at www.jacionline.org): mean (SD)
and median (Q1-Q3) BECs at PSBL were 158 (184) and 110
(50-200) cells/uL in the placebo group and 292 (287) and 190
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FIG 3. Mean change in ACQ-5 total score over QUEST and TRAVERSE in (A) patients with >2-fold change in
BEC by week 12, (B) patients without >2-fold change in BEC by week 12, (C) patients with increased BEC any
time during QUEST, * and (D) patients without increased BEC any time during QUEST.* *Eosinophil count of
<500 cells/pL at PSBL and >500 cells/pL at any time point during QUEST.

(90-400) cells/pL in the dupilumab group. The respective values
in patients without such a change were 455 (409) and 360 (190-
580) cells/pL in the placebo group and 389 (383) and 280
(150-500) cells/pL in the dupilumab group. A similar pattern
was observed in patients with and without an increased BEC
any time during QUEST, in whom median (SD) and median
(Q1-Q3) BECs at PSBL were, in those with an increase, 284
(138) and 300 (170-410) cells/pL in the placebo group and 272
(130) and 290 (170-370) cells/pL in the dupilumab group; in
those without an increase, the respective values were 426 (447)
and 240 (120-620) cells/pL in the placebo group and 386 (413)
and 220 (110-600) cells/pL in the dupilumab group. In patients
with or without a >2-fold change by week 12, BECs were signif-
icantly different at PSBL in the placebo and dupilumab groups
(Table E2).

Early increases in BEC were seen during QUEST in all
dupilumab-treated patients except those without a >2-fold change
in BEC by week 12 (Fig 4). Peak increases (Fig 4, Table E2)
occurred at week 8 for patients with a >2-fold change by week
12, in whom the mean (SD) and median (Q1-Q3) changes from
PSBL were 475 (682) and 220 (70-670) cells/pL; at weeks 8
and 20 for patients with increased BEC any time during QUEST,
in whom the respective values were 311 (533) and 160 (0-425)
cells/pL at week 8 and 323 (723) and 140 (—20 to 450) cells/
pL at week 20; and at week 4 for patients without increased
BEC any time during QUEST, in whom the respective values
were 61 (468) and 0 (—70 to 70) cells/pL). All increases in
dupilumab-treated patients were transient and followed by a
decline to near PSBL values by week 52 of QUEST (Table E2).
The mean (SD) and median (Q1-Q3) changes from PSBL to
week 52 were, in patients with a >2-fold change in BEC by
week 12, 186 (337) and 90 (10-230) cells/pL in the placebo group
and 177 (433) and 60 (—30 to 240) cells/uL in the dupilumab

group; in patients without a >2-fold change by week 12, —87
(318) and —40 (—150 to 50) cells/pL in the placebo group and
—94 (347) and —60 (—170 to 10) cells/pL in the dupilumab
group; in patients with increased BEC any time during QUEST,
127 (298) and 60 (—50 to 240) cells/pL in the placebo group
and 143 (376) and 50 (—80 to 250) cells/wL in the dupilumab
group; and in patients without increased BEC any time during
QUEST, —87 (336) and —30 (— 135 to 50) cells/pL in the placebo
group and —50 (409) and —30 (— 150 to 30) cells/p.L in the dupi-
lumab group. In all 4 groups, BECs remained near to or fell below
PSBL concentrations up to week 96 of TRAVERSE (Fig 4).
Comparison of BEC changes in the placebo and dupilumab
groups (Table E2) shows that, in patients with a >2-fold change
from PSBL in BEC by week 12, the early BEC elevation (to
week 36) was significantly greater (P < .0001) in those who
received dupilumab than in those who received placebo. Similarly,
in patients with a BEC elevation at any time during the study, the
BEC elevation was more often significantly greater in those who
received dupilumab than in those who received placebo, with
P <.0001 at weeks 4 to 12 and 20 and 28, P <.001 at weeks 16
and 32, and P <.01 at weeks 24 and 40 (at weeks 36, 44, 48, and
52, P >.05). For patients without a >2-fold change in BEC by
week 12, in contrast, any difference between the placebo and dupi-
lumab groups in the BEC change from PSBL was not often statis-
tically significant, with P <.05 only at weeks 4, 8, and 20. In patients
without a BEC elevation at any time during QUEST, any change in
BEC was significantly different in the placebo and dupilumab
groups at weeks 4 to 20 (P <.0001) and weeks 24 to 32 (P <.01).

Feno
At PSBL, mean (SD) Feno levels were similar across patient
groups (Table I).
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FIG 5. Mean change in Feno levels over QUEST in (A) patients with >2-fold change in BEC by week 12, (B)
patients without >2-fold change in BEC by week 12, (C) patients with increased BEC any time during
QUEST,* and (D) patients without increased BEC any time during QUEST.* *Eosinophil count of <500
cells/pL at PSBL and >500 cells/pL at any time point during QUEST.

Dupilumab treatment versus placebo resulted in rapid re-  placebo —3.48 [33.19] ppb, dupilumab —17.31 [25.02] ppb; pa-
ductions in Feno levels in all subgroups by week 2 of QUEST  tients without: placebo —4.61 [26.62] ppb, dupilumab —16.12
and sustained them to week 52 (Fig 5). Most reductions were  [28.09] ppb; patients with increased BEC any time during
observed in patients with >2-fold BEC change by week 12 and  QUEST: placebo —6.18 [26.53] ppb, dupilumab —20.29
those with increased BEC any time during QUEST (mean change  [27.06] ppb; patients without: placebo —3.83 [28.68] ppb, dupilu-
from PSBL [SD]: patients with >2-fold BEC change by week 12:  mab —15.00 [26.91] ppb).
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Patients with >2-fold

Patients without >2-fold

Patients without increased
BEC any time during

Patients with increased
BEC any time during

change in BEC by week 12 change in BEC by week 12 QUEST* QUEST*
Placebo/ Dupilumabt/ Placebo/ Dupilumabt/ Placebo/ Dupilumab{/ Placebo/ Dupilumab/
Characteristic dupilumab dupilumab dupilumab dupilumab dupilumab dupilumab dupilumab dupilumab
No. of subjects 111 367 400 636 145 317 374 694
TEAE 95 (85.6) 288 (78.5) 322 (80.5) 518 (81.4) 109 (75.2) 257 (81.1) 316 (84.5) 556 (80.1)
Treatment-related SAE 10 (9.0) 24 (6.5) 21 (5.3) 42 (6.6) 6 (4.1) 19 (6.0) 26 (7.0) 47 (6.8)
TEAE leading to death 0 0 0 0 0 0 0 0
Treatment-emergent EGPA T 0 0 0 0 0 0 0 0
Treatment discontinuations 0 1(0.3) 0 0 0 0 0 1(0.1)
Patient request 0 1(0.3) 0 0 0 0 0 1(0.1)
TEAE 0 0 0 0 0 0 0 0
Lack of efficacy 0 0 0 0 0 0 0 0
Poor compliance 0 0 0 0 0 0 0 0
Other 0 0 0 0 0 0 0 0

Data are presented as nos. (%) unless otherwise indicated.
SAE, Serious adverse event.
*BEC of <500 cells/uL at PSBL and >500 cells/pL at any time point during QUEST.

tPooled data for patients treated with 200 mg or 300 mg dupilumab every 2 weeks during QUEST followed by 300 mg every 2 weeks during TRAVERSE.
{Dictionary-derived term or reported term for the adverse event is “eosinophilic granulomatosis with polyangiitis.”

A low, negligible correlation between relative changes from
PSBL to QUEST week 52 in Feno and prebronchodilator FEV,
were observed across subgroups regardless of an increase in
BEC (see Fig E2 in the Online Repository at www.jacionline.org).

Other biomarkers of type 2 inflammation

At PSBL, total IgE, TARC, and eotaxin-3 levels were compa-
rable regardless of increases in BEC.

Gradual reductions in total IgE (see Fig E3 in the Online Re-
pository at www.jacionline.org) and rapid reductions in TARC
(see Fig E4 in the Online Repository) were observed across all
dupilumab-treated patients up to week 52 of QUEST.

Moderate and sustained reductions in eotaxin-3 levels were
observed in all dupilumab-treated patients up to week 24 of
QUEST (see Fig E5 in the Online Repository at www.jacionline.
org). From week 24 to week 52, an increase to levels above PSBL
was observed, albeit with wide Cls, in patients with >2-fold BEC
change by week 12 and those with increased BEC any time during
QUEST. In patients without >2-fold BEC change by week 12 and
without increased BEC any time during QUEST, reduced eotaxin-
3 levels were maintained to week 52. No correlation was observed
between the relative change from PSBL in BEC and the relative
change from PSBL in eotaxin-3 concentration (data not shown).

Safety

Rates of TEAEs, serious TEAEs, and TEAEs leading to
treatment discontinuation were similar across all patient groups
during QUEST and TRAVERSE (Tables II and III). No patient
discontinued treatment because of a TEAE during QUEST, and
no incidences of treatment-emergent EGPA were reported. Be-
tween 1.5% and 6.3% of patients across subgroups withdrew
from TRAVERSE as a result of TEAEs.

DISCUSSION
In this analysis, dupilumab consistently reduced severe AERs
and improved lung function and asthma control up to 148 weeks

in patients with moderate-to-severe asthma, irrespective of
transient increases in BEC.

36.6% of dupilumab-treated patients experienced a >2-fold
BEC increase from PSBL at any time point up to week 12, and
31.3% experienced increased BEC at any time point during
QUEST, versus 21.7% and 28.0% of placebo-receiving patients,
respectively. Factors including the time of day the blood sample
was collected, medication use, seasonality, infection, and natural
variation may explain the BEC elevations observed in patients
who received placebo.'” In dupilumab-treated patients with >2-
fold BEC change by week 12 and those with increased BEC any
time during QUEST, BEC increases were early following treat-
ment start, peaking between weeks 4 and 8 then decreasing to
near PSBL levels by week 52, with these levels sustained to
week 96. Although most efficacy outcomes were consistent across
patients regardless of any transient increase in BEC, patients with
an increased BEC had slightly greater improvement in prebron-
chodilator FEV than did those without an increased BEC, despite
having a lower BEC at PSBL.

These data and other evidence suggest that dupilumab efficacy
in asthma is not directly linked to BEC changes.'” Lung inflam-
mation in asthma is heterogenous; peripheral BEC alone does
not fully reflect this heterogeneity, and other markers, such as
FENO, may inform on different but overlapping pathways. %'’
Higher baseline FEno levels are associated with increased clinical
benefit in patients treated with dupilumab, irrespective of baseline
BECs and other clinical characteristics.'® In this analysis, all pa-
tient subgroups had similar FENoO levels at baseline. However,
those with a >2-fold BEC increase or increases in BEC any
time during QUEST on dupilumab showed greater FENo reduc-
tions by week 52 and improved prebronchodilator FEV,
compared with those without transient BEC increases. In a recent
real-world study of patients with severe type 2 asthma, baseline
Feno levels significantly correlated with FEV, increases over
6 months of dupilumab treatment, although not with other mea-
sures of lung function or decreases in exacerbations; there was
no significant correlation with baseline blood eosinophil or IgE
levels with any FEno measure.'® Taken together, these data may
suggest that FENo levels may better predict dupilumab efficacy
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Patients with >2-fold

Patients without >2-fold

Patients with increased
BEC any time during

Patients without increased
BEC any time during

change in BEC by week 12 change in BEC by week 12 QUEST* QUEST*
Placebo/ Dupilumabt/ Placebo/ Dupilumab{/ Placebo/ Dupilumabt{/ Placebo/ Dupilumab/
Characteristic dupilumab dupilumab dupilumab dupilumab dupilumab dupilumab dupilumab dupilumab
No. of subjects 111 367 400 636 145 317 372 696
TEAE 88 (79.3) 285 (77.7) 320 (80.0) 496 (78.0) 109 (75.2) 249 (78.5) 305 (82.0) 540 (77.6)
Treatment-related SAE 15 (13.5) 43 (11.7) 38 (9.5) 66 (10.4) 13 (9.0) 34 (10.7) 40 (10.8) 77 (11.1)
TEAE leading to death 0 0 2 (0.5) 1(0.2) 1(0.7) 0 1(0.3) 1 (0.1)
Treatment discontinuations 19 (17.1) 30 (8.2) 32 (8.0) 75 (11.8) 18 (12.4) 25 (7.9) 34 (9.1) 80 (11.5)
Patient request 9 (8.1) 11 (3.0) 15 (3.8) 39 (6.1) 9 (6.2) 10 (3.2) 16 (4.3) 40 (5.7)
TEAE 7 (6.3) 7 (1.9) 6 (1.5) 25 (3.9) 6 (4.1) 6 (1.9) 7 (1.9) 26 (3.7)
Lack of efficacy 2 (1.8) 0 1(0.3) 2 (0.3) 1(0.7) 1(0.3) 2 (0.5) 1(0.1)
Poor compliance 1(0.9) 2 (0.5) 2 (0.5) 5 (0.8) 0 1(0.3) 3 (0.8) 6 (0.9)
Other 9 (8.1) 21 (5.7) 23 (5.8) 43 (6.8) 11 (7.6) 17 (5.4) 22 (5.9) 47 (6.8)

Data are presented as nos. (%) unless otherwise indicated.
SAE, Serious adverse event.
*BEC of <500 cells/wL at PSBL and >500 cells/pL at any time point during QUEST.

fPooled data for patients treated with 200 mg or 300 mg dupilumab every 2 weeks during QUEST followed by 300 mg every 2 weeks during TRAVERSE.

as reflected by FEV; improvement than BECs and can help to
identify patients with low BEC who may benefit from dupilumab
treatment. Along with elevated FEno and allergen-specific IgEs,
elevated BECs are now recognized as an indicator of type
2-high endotype in patients with asthma and, with other type 2
biomarkers, can guide asthma management because of inherent
therapeutic and prognostic implications.'**"

Transient BEC elevation can identify type 2-high patients,
especially those with low baseline BEC, revealing underlying
inflammation.

In line with previous data,”' we saw a rapid decline in TARC
with dupilumab and a more gradual decline in total IgE with dupi-
lumab during QUEST. TARC levels showed a small, gradual
decline by week 12 of QUEST. The reasons for increased
eotaxin-3 levels in dupilumab-treated subgroups around week 24
of QUEST are unclear, although CIs for these data points are
very wide, so results should be treated with caution. Whether
this increase can explain transient BEC increases seems unlikely
since the trend in eotaxin-3 was most pronounced after peak
eosinophil levels had been reached.

Overall safety was consistent with the known dupilumab safety
profile and similar across all subgroups irrespective of early BEC
increases. No patients discontinued treatment during QUEST
because of a TEAE, and there were no reports of EGPA. TEAE
rates and associated treatment discontinuations were similar
across subgroups during TRAVERSE.

While data from this analysis come from large, randomized,
controlled clinical trials, it has the usual limitations associated
with its post hoc nature. TRAVERSE statistical analyses were
descriptive only, and the treatment period was reduced from 96
to 48 weeks; therefore, for some analyses, only 48-week data in
the extension study, beyond the 52-week QUEST data, are avail-
able. We considered BEC increases occurring anytime during the
first 12 weeks, and anytime during the first 52 weeks, after treat-
ment start to ensure that all potentially relevant BEC increases
were captured in our analysis. We also analyzed patients by
BEC increase at discrete time points (week 4 or week 12), since
that could be more translatable to patient follow-up starting a
new treatment in a real-world situation. We chose to dichotomize

the increase in blood eosinophils to simplify interpretation and
clinical translation.

These results confirm the long-term efficacy and safety of
dupilumab and its mechanism of blocking IL-4/IL-13 signaling.
While early BEC increases, especially >2-fold in the first
12 weeks, may predict better lung function improvement, FENO
changes might be a superior biomarker. Additionally, higher base-
line BEC doesn’t correlate with the likelihood of early transient
BEC increase, which may be clinically relevant for patients
with high pretreatment BEC.

In conclusion, irrespective of transient BEC increases during
the first 12 weeks of treatment, dupilumab consistently reduced
severe AERs and improved prebronchodilator FEV and asthma
control up to 148 weeks in patients with uncontrolled moderate-
to-severe type 2 asthma.
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Clinical implication: Transient increases (>2-fold) in BEC early
in dupilumab treatment occurred in 36.6 % of adults and adoles-

cents with uncontrolled moderate-to-severe type 2 asthma but
did not affect long-term efficacy or safety.
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