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What is already known about this topic? Oral corticosteroids reduce inflammation and improve symptoms in biologic-
naive patients with severe eosinophilic asthma, but oral corticosteroid response in those receiving antieIL-5 treatment is
less clear.

What does this article add to our knowledge? In patients with severe eosinophilic asthma receiving treatment with
mepolizumab, oral corticosteroids further reduce inflammation but have limited clinical benefits. Heterogeneity in oral
corticosteroid response whilst on mepolizumab is likely driven by existing subphenotypes of eosinophilic asthma.

How does this study impact current management guidelines? Residual corticosteroid-responsive disease persists in
people with severe eosinophilic asthma receiving antieIL-5 treatment with mepolizumab. However, alternative
corticosteroid-sparing therapy should be considered instead of additional oral corticosteroids because the clinical benefits
are limited.
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T2- ty
pe 2
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BACKGROUND: Mepolizumab inhibits IL-5 activity and
reduces exacerbation frequency and maintenance oral cortico-
steroid (OCS) dosage in patients with severe eosinophilic
asthma (SEA). Some patients remain dependent on OCS despite
antieIL-5 treatment, suggesting residual corticosteroid-
responsive mechanisms.
OBJECTIVE: To determine the clinical and anti-inflammatory
effects of OCS in patients with SEA on mepolizumab.
METHODS: We conducted a randomized, triple-blind, placebo-
controlled crossover trial of prednisolone (0.5 mg/kg/d,
maximum 40 mg/d, for 14 – 2 days) in adults with SEA after 12
or more weeks of mepolizumab. We compared change in asthma
symptoms, quality of life, lung function measured by spirometry
and airwave oscillometry, fractional exhaled nitric oxide, and
blood and sputum eosinophil cell count after prednisolone and
placebo treatment.
RESULTS: A total of 27 patients completed the study.
Prednisolone did not improve 5-item Asthma Control Ques-
tionnaire (mean difference in change for prednisolone vs
placebo, L0.23; 95% CI, L0.58 to 0.11), mini-Asthma Quality
of Life Questionnaire (0.03; 95% CI, L0.26 to 0.42), St.
George’s Respiratory Questionnaire (0.24; 95% CI, L3.20 to
3.69), or Visual Analogue Scale scores for overall asthma
symptoms (0.11; 95% CI, L0.58 to 0.80). The mean difference
for FEV1 in favor of prednisolone was 105 mL (95% CI, L4 to
213 mL); forced expiratory flow at 25% and 75% 484 mL/s
(95% CI, 151 to 816 mL/s); fractional exhaled nitric oxide
reduction 41% (95% CI, 25% to 54%); blood eosinophil count
reduction 49% (95% CI, 31% to 62%); and percentage of
sputum eosinophil reduction 71% (95% CI, 26% to 89%).
CONCLUSIONS: OCS improved small-airway obstruction and
reduced biomarkers of type 2 inflammation but had no signifi-
cant effect on symptoms or quality of life in patients with SEA
receiving treatment with mepolizumab. Crown
Copyright � 2022 Published by Elsevier Inc. on behalf of the
American Academy of Allergy, Asthma & Immunology. This is
an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/). (J Allergy Clin
Immunol Pract 2022;10:2925-34)

Key words: Asthma; Eosinophils; Severe eosinophilic asthma; IL-
5; Mepolizumab; Type 2 inflammation; T2; Prednisolone; Oral
corticosteroids; Corticosteroid resistance

BACKGROUND
Severe asthma leads to significant health and socioeconomic

burden.1-3 Oral corticosteroids (OCSs) were the most effective
treatment for severe asthma before the introduction of biologic
therapies. Prolonged or frequent use of OCS is no longer
considered acceptable because of its high potential for side effects
compared with biologic treatment; however, OCSs continue to
have a prominent role in severe asthma management because
some patients remain dependent on maintenance or rescue OCS
despite mAb therapies.4-6

Mepolizumab was the first available humanized antieIL-5
mAb treatment for severe eosinophilic asthma (SEA). SEA is
driven by type 2 (T2) inflammation and can be effectively treated
with therapies targeting the IL-5 pathway.7 Placebo-controlled
trials of mepolizumab showed a 39% to 59% reduction in
annual exacerbations and 50% reduction in maintenance OCS
dose after 20 weeks. These favorable outcomes were mirrored by
other antieIL-5 and antieIL-5Ra therapies. However, treat-
ments targeting IL-5 have not achieved complete prevention of
exacerbations or withdrawal of maintenance corticosteroids in
many patients with SEA8-12 and improvements in daily symp-
toms and lung function are modest and inconsistent.10,13,14

Therefore, IL-5 suppression alone may be inadequate in treat-
ing SEA and alternative corticosteroid-responsive inflammatory
pathways, such as IL-4/IL-4Ra axis, may be left untreated.

The mechanism of OCS efficacy following circulatory eosin-
ophil depletion via IL-5 inhibition in SEA is unknown. Haldar
et al8 showed that there were no differences in prednisolone
response, when measured using Asthma Control Questionnaire,
FEV1, and fractional exhaled nitric oxide (FENO), in patients
before and after treatment with mepolizumab.8 However,
improvement in asthma symptoms measured using the Visual
Analogue Scale (VAS) were greater in patients not receiving
mepolizumab compared with those on mepolizumab.15 These
results were not placebo-controlled but suggest ongoing corti-
costeroid responsiveness after mepolizumab, albeit with attenu-
ation of symptom response. Current use of OCS while on
biologic therapy is guided by practices developed before the
availability of targeted therapies. There are no placebo-controlled
studies demonstrating the efficacy of OCS use in biologic-treated
patients with severe asthma. We conducted a placebo-controlled
crossover study of prednisolone in patients treated with mepo-
lizumab. Our hypothesis was that prednisolone would have
additional anti-inflammatory effects but attenuated clinical
effects.
METHODS

Study population and design
We conducted a randomized, triple-blind, placebo-controlled

crossover trial of prednisolone in patients with SEA treated with
mepolizumab. Adult patients aged 18 to 80 years with SEA were
recruited from 4 specialist UK asthma centers (Glasgow, Oxford,
Leicester, and Belfast). All study participants were suitable for
mepolizumab as per the National Institute for Health and Care
Excellence or Scottish Medicines Consortium Guidelines in
2019.16,17 The main eligibility criteria include requirement of 4 or
more OCS courses for exacerbations over 12 months or continuous
OCS equivalent to 5 mg/d for more than 6 months despite good
adherence to optimized treatments with at least 1 blood eosinophil
count greater than or equal to 300 cells/mL within the last 12
months. Eligibility assessment and decision to start mepolizumab
were made by the patients’ treating physicians and were independent
from participation in the current study. The study was approved by
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the Medical Ethics Committee (West of Scotland Research Ethics
Service 3, Reference number 18/WS/0060) and conducted in
accordance with the Declaration of Helsinki and Good Clinical
Practice guidelines. All participants provided written informed
consent before any study-specific procedures took place. This study
is registered on Clinicaltrials.gov (NCT03610685).

Interventions and procedures
All participants had received at least 12 weeks of mepolizumab

before randomization. A subgroup of patients underwent a 12-week
run-in period before randomization because they entered the study
at initiation of mepolizumab. Randomization was conducted using
an interactive voice responsive system. The study was triple-blinded,
with participants, research staff, and study statistician unaware of
treatment allocations. Study participants were randomized (1:1) to
prednisolone (0.5 mg/kg/d, maximum dose of 40 mg/d, 14 � 2
days) followed by a 4-week washout period and then matched pla-
cebo or vice versa. Treatment compliance was defined as more than
75% self-reported diary record and laboratory confirmation of
measurable serum prednisolone level. To ensure participants were
free from OCS effects before treatment periods, all study visits were
delayed by 4 weeks from when the participant last received OCSs
(see Figure E1 in this article’s Online Repository at www.jaci-
inpractice.org). Patients using regular maintenance prednisolone
were excluded. All inclusion and exclusion criteria are listed in
Table E1 in this article’s Online Repository at www.jaci-inpractice.
org.

Demographic, medical history, and asthma treatments were
recorded at study entry. Participants who were established on
mepolizumab at study entry consented to data collection from
previous clinical records. Clinical outcomes include asthma symp-
toms, quality of life, and lung function and were assessed by the
5-item Asthma Control Questionnaire (ACQ-5), Mini-Asthma
Quality of Life Questionnaire (Mini-AQLQ), St. George’s Respi-
ratory Questionnaire (SGRQ), VAS for asthma symptoms (scale 0-
10 cm), and spirometry. We measured small-airway function using
airwave oscillometry (Tremoflo, Thorasys, Montreal, Canada) in
addition to standard spirometry. Inflammatory outcomes include
FENO and blood and sputum eosinophil counts. Sputum samples
were obtained by sputum induction using hypertonic saline (up to
5%). Spirometry was performed according to American Thoracic
Society/European Respiratory Society guidelines while on usual
asthma treatments. All study measurements were taken before and
after prednisolone and placebo. Baseline measurements were taken at
the randomization visit. Premepolizumab measurements were taken
at the first study visit for the subgroup who entered the study at
mepolizumab initiation and retrospectively from medical records for
those who entered the study at randomization. Details of the study
schedule (see Table E2 in this article’s Online Repository at www.
jaci-inpractice.org) and assessments (see Table E3 in this article’s
Online Repository at www.jaci-inpractice.org) are available in this
article’s Online Repository at www.jaci-inpractice.org.

End points
This was an exploratory study that aimed to determine the clinical

and inflammatory effects of prednisolone in SEA after mepolizumab.
Prespecified primary end points include change in asthma symp-
toms, quality of life, lung function, FENO, and blood and sputum
eosinophils after prednisolone versus placebo in the overall study
population. Post hoc exploratory analyses were performed to examine
differences in prednisolone response according to baseline FENO
(<25 parts per billion [ppb], 25-50 ppb, and >50 ppb), blood
eosinophil count (<0.10 � 109/L and �0.10 � 109/L), and ACQ-5
score (<1.5 and �1.5).

Statistical analysis

No sample size calculation was indicated because of the explor-
atory nature of the study. All statistical analyses were conducted
under an intention-to-treat basis, and 2-tailed P values were used
throughout. We reported mean � SD for normally distributed
continuous outcomes, median (interquartile range) for skewed
continuous outcomes, and proportions for categorical outcomes. We
estimated differences in study outcomes between prednisolone and
placebo using the analysis of covariance approach, which includes
the within-subject difference in treatment responses as the depen-
dent variable and the corresponding difference in baseline responses
as a covariate.18 We took the log of FENO, sputum eosinophils, and
blood eosinophils to reduce their skew. We added a small amount to
zero measurements for these logged variables (1 ppb for FENO,
0.25% for sputum eosinophils, and 0.01 cell/mL for blood eosino-
phils) because the log of zero is undefined. Results were presented as
mean differences for normally distributed variables and ratios for
skewed variable. We tested for carryover effects by calculating the
sum of the posttreatment values for all patients and testing for dif-
ferences by treatment sequence allocation using unpaired t tests and
Mann-Whitney U tests.19 Analyses were conducted under a com-
plete case framework using STATA 16 SE (StataCorp LLC, College
Station, TX).

RESULTS

A total of 33 patients were recruited into the study; 30 were
randomized. Three patients did not complete the study; there-
fore, 27 provided outcome data for both arms of the study
(intention-to-treat cohort) and were included in the primary
analysis, of which 26 participants had good adherence to study
treatment (per-protocol cohort) (Figure 1). Reasons for study
withdrawals are listed in Table E4 in this article’s Online Re-
pository at www.jaci-inpractice.org. The mean age at study entry
was 56.9 � 12.1 years. Participants were nonsmokers and 66.7%
were male. Baseline demographic and clinical characteristics are
presented in Table I. Mean premepolizumab FEV1 was 69.6% of
predicted (�15.0%). Median (Q1, Q3) FENO, blood eosinophil
count, and percentage of sputum eosinophils before mepolizu-
mab treatment were 47 ppb (24, 69), 0.43 � 109/L (0.24, 0.73),
and 9.2% (0.7, 33.0), respectively. Premepolizumab measure-
ments are presented in Table II.

At study baseline (after �12 weeks of mepolizumab), median
(Q1, Q3) ACQ-5 score was 0.6 (0.2, 2.0), mini-AQLQ score
was 5.7 (4.0, 6.6), SGRQ score was 30.7 (13.1, 46.4), and
overall asthma symptoms VAS was 2.0 cm (0.3, 4.5). Mean
percentage of predicted FEV1 was 77.0% � 20.2%. Median
(Q1, Q3) FENO was 37 ppb (22, 61). Blood eosinophil count
(median, 0.06 � 109/L; interquartile range, 0.04-0.09) and
percentage of total sputum eosinophils (median, 0.65%; inter-
quartile range, 0.00-5.75) were within normal limits (Table III).

Prednisolone vs placebo
Prednisolone did not lead to clinically or statistically signifi-

cant change in ACQ-5 score (mean difference in change for
prednisolone vs placebo, �0.23; 95% CI, �0.58 to 0.11), mini-
AQLQ score (0.03; 95% CI, �0.24 to 0.31), SGRQ score
(0.24; 95% CI, �3.20 to 3.69), and VAS for overall asthma

http://Clinicaltrials.gov
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
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FIGURE 1. Study flow chart.
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symptoms (0.11; 95% CI, �0.58 to 0.80), breathlessness
(�0.19; 95% CI, �0.90 to 0.53), or cough (�0.16; 95%
CI,�0.98 to 0.66) compared with placebo (Figure 2). Individual
ACQ-5 questionnaire scores suggested that there was an
improvement in wheeze following prednisolone (�0.41; 95%
CI, �0.81 to �0.01); however, individual components of mini-
AQLQ and SGRQ did not detect any improvements after
prednisolone. There was a trend toward improvement in FEV1

(mean difference in change, 105 mL; 95% CI, �4 to 213 mL).
The improvement in forced expiratory flow at 25% and 75%
(FEF25-75) was 484 mL/s (95% CI, 151-816 mL/s). Airwave
oscillometry did not detect any change in lung function. Pred-
nisolone reduced FENO by 41% compared with placebo (95%
CI, 25%-54%). Total white blood cell count (ratio, 4.12; 95%
CI, 3.15-5.09) and blood neutrophil count (ratio, 3.91; 95% CI,
3.13-4.70) increased after prednisolone treatment. Blood eosin-
ophil count and sputum eosinophils reduced by 49% (95% CI,
31%-62%) and 71% (95% CI, 26%-89%), respectively (see
Table E5 in this article’s Online Repository at www.jaci-
inpractice.org).

Prednisolone response according to FENO, blood

eosinophils, and ACQ-5
Change in FENO after prednisolone was not associated with

changes in FEV1 (r ¼ 0.05; P ¼ .811) or percentage of sputum
eosinophils (r ¼ 0.32; P ¼ .155) (see Figures E2 and E3 in this
article’s Online Repository at www.jaci-inpractice.org). The
number of participants with low (<25 ppb), intermediate (25-50
ppb), and high (>50 ppb) FENO at baseline was similar. In the
low-FENO group (n ¼ 8), FEF25-75 improved by 358 mL/s (95%
CI, 82-633 mL/s). FEF25-75 did not improve in patients with
intermediate (n ¼ 10; 578 mL/s; 95% CI, �183-1339 mL/s) or
high FENO (n ¼ 9; 326 mL/s; 95% CI, �28-680 mL/s).
However, patients with high FENO demonstrated a further
reduction in blood eosinophil count (ratio, 0.44; 95% CI, 0.26-
0.75) and percentage of sputum eosinophils (ratio, 0.14; 95%
CI, 0.04-0.56), whereas patients with low FENO did not. ACQ-5,
mini-AQLQ, and SGRQ scores did not improve after prednis-
olone treatment regardless of baseline FENO. In patients with low
FENO, cough measured using VAS decreased by 2.37 cm (95%
CI, 1.38-3.37) after prednisolone treatment, but no changes
were observed in those with intermediate or high FENO

(Table IV).
Change in clinical and inflammatory measurements for

prednisolone versus placebo according to blood eosinophil count
and ACQ-5 are presented in Table E6 and Table E7, respec-
tively, in this article’s Online Repository at www.jaci-inpractice.
org. Interpretation of subgroup analyses according to blood
eosinophil count and ACQ-5 was difficult due to significant
differences in subgroup sample sizes.

Prednisolone versus placebo in per-protocol cohort
Twenty-six patients were compliant to study treatment and

included in the per-protocol analysis. Results were similar in
the per-protocol cohort apart from the change in FEV1

became statistically significant when only those compliant to

http://www.jaci-inpractice.org
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TABLE I. Baseline demographic characteristics (n ¼ 27)

Characteristic n Count (%)

Sex 27

Male 18 (66.7)

Female 9 (33.3)

Age at study entry (y)* 27 56.9 � 12.1

Ethnicity

African 1 (3.7)

White 26 (96.3)

Smoking status 27

Never smoker 17 (63.0)

Ex-smoker 10 (37.0)

E-cigarette smoker 27 0 (0.0)

No. of pack years (y)† 10 8 (5-12)

Asthma history 27

Age of asthma diagnosis (y)* 31.7 � 22.1

No. of exacerbations during
12 mo before mepolizumab†

5 (4-7)

Any ED attendances during
12 mo before mepolizumab

4 (14.8)

Any hospital admissions during
12 mo before mepolizumab

4 (14.8)

Any ICU/HDU admission ever 3 (11.1)

Any mechanical ventilations ever 0 (0.0)

Asthma-related comorbidities 27

Allergic rhinitis 5 (18.5)

Perennial rhinitis 14 (51.9)

Nasal polyps 9 (33.3)

Eczema 7 (25.9)

Depression/anxiety 5 (18.5)

Bronchiectasis 3 (11.1)

Reflux disease 7 (25.9)

Asthma treatments 27

Inhaled corticosteroid dose
(beclomethasone
equivalent, mg)†

2000 (2000- 2000)

Long-acting b-agonist 27 (100.0)

Leukotriene receptor antagonist 18 (66.7)

Long-acting muscarinic antagonist 21 (77.8)

Theophylline 6 (22.2)

Home nebulizer 3 (11.1)

Long-term antibiotics 4 (14.8)

BMI 26 31.5 (5.2)

BMI, Body mass index; ED, emergency department; ITU, intensive care unit; HDU,
high dependency unit.
*Results are presented as mean � SD.
†Results are presented as median (range).

TABLE II. Clinical and inflammatory measurements before
mepolizumab treatment (n ¼ 27)

Measurement N Median (Q1, Q3)

ACQ-5 score 22 1.6 (1.4, 3.2)

Mini-AQLQ score 18 4.6 (3.5, 5.5)

SGRQ score 19 47.3 (36.9, 65.3)

VAS (cm) 10

Overall symptoms 4.5 (1.0, 7.0)

Shortness of breath 4.5 (2.0, 6.1)

Cough 4.0 (2.0, 6.1)

SNOT-20 total score 11 37.0 (29.0, 48.0)

Airwave oscillometry 11

R5 (cmH2O $ s/L) 2.9 (2.8, 4.2)

R5-20 (cmH2O $ s/L) 0.2 (0.0, 0.6)

AX (cmH2O/L) 6.3 (4.7, 14.0)

X5 (cmH2O $ s/L) �0.5 (�0.7, �0.1)

Spirometry* 27

FEV1 % of predicted (%) 69.6 � 15.0

FVC % of predicted (%) 86.3 � 14.3

FEV1/FVC (%) 63.8 � 11.6

FEF25-75 % of predicted (%) 12 50.5 � 12.3

PEF (L/min)* 16 468 � 121

FENO (ppb) 27 47 (24, 69)

Blood cell counts 27

White cell count (� 109/L) 7.9 (6.6, 9.5)

Neutrophils (� 109/L) 4.77 (3.70, 6.30)

Eosinophils (� 109/L) 0.43 (0.24, 0.73)

Sputum cell counts 13

Macrophages % of total (%) 25.00 (9.73, 32.21)

Neutrophils % of total (%) 54.73 (30.70, 70.62)

Eosinophils % of total (%) 9.20 (0.71, 33.00)

Lymphocytes % of total (%) 0.00 (0.00, 0.00)

AX, Reactance area; FVC, forced vital capacity; PEF, peak expiratory flow; R5,
resistance at 5 Hz; R5-20, difference between resistance at 5 Hz and 20 Hz; SNOT,
Sino-Nasal Outcome Test; X5, reactance at 5 Hz.
*Results are presented as mean � SD.
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prednisolone were included (mean difference in change, 125
mL; 95% CI, 20-230 mL). The change in FEF25-75 remained
clinically and statistically significant (484 mL/s; 95% CI, 151-
816 mL/s). There were no improvements in asthma symptoms
or quality of life. FENO (ratio, 0.58; 95% CI, 0.45-0.75) and
blood (ratio, 0.51; 95% CI, 0.37-0.68) and sputum eosino-
phils (ratio, 0.21; 95% CI, 0.10-0.46) also reduced after
prednisolone treatment in the per-protocol cohort as they did
in the intention-to-treat group (see Table E8 in this article’s
Online Repository at www.jaci-inpractice.org).
Stratification according to baseline FENO showed that those
with low FENO (n ¼ 7) had an improvement in FEV1 (mean
difference in change, 171 mL; 95% CI, 2-340 mL) and FEF25-75
(358 mL/s; 95% CI, 82- 633 mL/s) after prednisolone treat-
ment. Blood and sputum eosinophils further reduced by 56%
(95% CI, 25%-74%) and 86% (95% CI, 44%-96%), respec-
tively, in the high-FENO cohort (n ¼ 9). Asthma symptoms and
quality-of-life scores did not improve regardless of FENO (see
Table E9 in this article’s Online Repository at www.jaci-
inpractice.org).
DISCUSSION

Targeted biologic therapies have successfully replaced OCSs in
many patients with severe asthma, but some remain dependent
on OCS despite humanized mAb therapies. Understanding the
role and efficacy of OCS after mepolizumab treatment will
facilitate the appropriate use of prednisolone. We showed in
stable patients with SEA treated with mepolizumab that OCS
improved small-airway function and further reduced T2
inflammation (including FENO and blood and sputum eosino-
phils), but without corresponding improvements in overall

http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org


TABLE III. Clinical and inflammatory measurements after �12 wk
of mepolizumab treatment (n ¼ 27)

Measurement n Median (Q1, Q3)

ACQ-5 score 27 0.6 (0.2, 2.0)

Mini-AQLQ score 27 5.7 (4.0, 6.6)

SGRQ score 27 30.7 (13.1, 46.4)

VAS (cm) 25

Overall symptoms 2.0 (0.3, 4.5)

Shortness of breath 2.0 (0.2, 5.0)

Cough 1.0 (0.0, 4.5)

Airwave oscillometry

R5 (cmH2O $ s/L) 3.5 (2.6, 5.0)

R5-20 (cmH2O $ s/L) 0.7 (0.3, 1.9)

AX (cmH2O/L) 7.9 (4.9, 31.8)

X5 (cmH2O $ s/L) �1.1 (�2.6 to �0.5)

Spirometry* 27

FEV1 % of predicted (%) 77.0 � 20.2

FVC % of predicted (%) 91.8 � 16.6

FEV1/FVC (%) 65.9 � 12.2

FEF25-75 % of predicted (%) 18 53.1 � 24.5

PEF (L/min)* 27 446 � 145

FENO (ppb) 27 37 (22, 61)

Blood cell counts 27

White cell count (� 109/L) 6.0 (5.5, 7.8)

Neutrophils (� 109/L) 3.70 (3.01, 4.40)

Eosinophils (� 109/L) 0.06 (0.04, 0.09)

Sputum cell counts 22

Macrophages % of total (%) 19.49 (8.70, 48.26)

Neutrophils % of total (%) 69.78 (34.00, 82.70)

Eosinophils % of total (%) 0.65 (0.00, 5.75)

Lymphocytes % of total (%) 0.00 (0.00, 0.35)

AX, Reactance area; FVC, forced vital capacity; PEF, peak expiratory flow; R5,
resistance at 5 Hz; R5-20, difference between resistance at 5 Hz and 20 Hz; SNOT,
Sino-Nasal Outcome Test; X5, reactance at 5 Hz.
*Results are presented as mean � SD.
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asthma symptoms or quality of life. Our findings suggest an
ongoing role for OCS following mepolizumab treatment; how-
ever, the clinical benefits are small and of uncertain clinical
significance.

This was the first placebo-controlled study of prednisolone
response in SEA treated with antieIL-5. Studies of biologic-naive
patients with SEA showed that prednisolone improved asthma
symptoms alongside FEV1 increase and FENO decrease.20-27 In
contrast, the current study of mepolizumab-treated patients
demonstrated that asthma symptoms did not improve despite
improvement in small-airway obstruction and reduction in FENO.
The lack of symptom improvement after prednisolone in patients
on mepolizumab is in keeping with a previous study that showed
that improvements in breathlessness, wheeze, and cough
measured by VAS were less in those on mepolizumab compared
with those without mepolizumab.15

There are various mechanisms by which prednisolone could
further reduce inflammation and improve lung function after
mepolizumab treatment; hypotheses include additional T2 sup-
pression, effect on mast cell activity, reduction of airway hyper-
responsiveness, and increased corticosteroid sensitivity.
Mepolizumab reduces IL-5, blood eosinophils, and serum
eosinophil cationic protein, but T-cell activation and production
of other cytokines are relatively unaffected.28 Prednisolone has
wider- ranging effects on other proinflammatory cytokines,
epithelial and submucosa mast cells, and T lymphocytes.23,29 In
the current study, FENO concentrations reduced following
prednisolone treatment. This likely results from modulation of
upstream cytokines such as IL-4 and IL-13. Dupilumab blocks
both IL-4 and IL-13 signaling and reduces exacerbations in pa-
tients with elevated FENO or eosinophilia, but FEV1 improved
only in those with elevated FENO and eosinophilia.30 Therefore,
prednisolone may improve lung function after IL-5 suppression
of other inflammatory pathways, including those mediated by
IL-4 and IL-13, although notably, we did not find any
improvement in FEV1 in those with elevated FENO, suggesting
that these are dissociated. We showed that prednisolone reduced
blood and sputum eosinophils further despite normal baseline
values. This is likely because corticosteroids are potent inducers
of eosinophil apoptosis in blood and tissue.31 Additional eosin-
ophilic suppression is achievable with higher doses of mepoli-
zumab9 or benralizumab, an antieIL-5Ra, but this does not
translate into greater improvements in lung function or exacer-
bation reduction.14 Therefore, it is more likely that mechanisms
independent of T2 inflammation are responsible for predniso-
lone responsiveness after IL-5 inhibition.

Airway eosinophilia and hyperresponsiveness are well-
established traits of severe asthma,32 but previous literature has
shown a dissociation between these 2 factors.33 Mepolizumab
treatment in patients with persistent sputum eosinophilia
reduced sputum eosinophil concentrations but had no effect on
airway hyperresponsiveness or lung function.8 We demonstrated
a large increase in FEF25-75 following prednisolone treatment,
which suggests that lung function improvements were concen-
trated in the smaller airways. Interestingly, similar changes were
not demonstrated by airwave oscillometry. One possible expla-
nation is the involvement of mast cells in the lower airways,
which communicate with airway smooth muscle to control
airway hyperresponsiveness and small-airway inflammation.34

Unlike mepolizumab, prednisolone is known to reduce mast
cell numbers23 and this effect may contribute to improvements
in small-airway obstruction following IL-5 inhibition.
Antiemast cell treatments have been shown to be promising for
T2-low asthma35 and our post hoc analysis, albeit with small
cohort numbers, showed that lung function predominantly
improved in the low-FENO cohort. Our study population had
well-characterized SEA with good evidence of T2 inflammation;
therefore, it is unlikely that IL-5 inhibition led to complete
reversal to T2-low disease, although it is possible that antieIL-5
treatment in SEA unmasked those who had noneosinophilic
inflammatory drivers alongside eosinophilic inflammation before
biologic therapy. An Unbiased Biomarker for the Prediction of
Respiratory Disease Outcomes study used proteomics to identify
subgroups within SEA. One subgroup had comparably lower
FEV1 (52% of predicted) and higher prevalence of atopy
(82%).36 Our low-FENO group on mepolizumab may represent
this atopic subphenotype and have untreated mast cell activity
contributing to persistent airway obstruction, hence prednisolone
responsiveness after eosinophil reduction.

Corticosteroid resistance is highly prevalent in patients with
severe asthma.37 Previous studies have shown that IL-5 and IL-
13 can reduce the proapoptotic function of corticosteroids.38,39

Thus, it is hypothesized that corticosteroid insensitivity may
occur beyond a certain level of IL-5 and IL-13.40 Inhibition of



FIGURE 2. Effect of prednisolone vs placebo on asthma symptoms, quality of life, lung function, and T2-inflammation markers.
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IL-5 with mepolizumab could overcome corticosteroid resistance
to lead to improvements in lung function observed in the current
study. This may also explain why our FENO-high subgroup was
less corticosteroid-responsive because ongoing IL-13 over a
certain threshold can also hinder the responsiveness of cortico-
steroids. Furthermore, systemic corticosteroids can lead to
reversal of bronchodilator subsensitivity in patients with mod-
erate to severe asthma via upregulation of beta2-adrenergic re-
ceptors on lymphocytes and smooth muscle cells,41,42 a
phenomenon not yet demonstrated with mepolizumab.
Regardless of the mechanism of action for prednisolone efficacy
in patients on mepolizumab, we clearly demonstrated T2
inflammation and small-airway obstruction in SEA that were
treatable with prednisolone following IL-5 suppression. The
question is how these findings guide the use of prednisolone after
mepolizumab.

There are 2 scenarios whereby prednisolone use is considered
after mepolizumab: an acute exacerbation or loss of asthma
control related to downtitration of maintenance OCS dose. We
showed that OCS response is nonhomogeneous after mepolizu-
mab; thus, a biomarker of corticosteroid response is needed to
guide prednisolone use in these scenarios. In prebiologic patients,
FENO positively correlates with the risk of exacerbations and
corticosteroid responsiveness.43-45 To our knowledge, the same
correlation has not been demonstrated in patients on
mepolizumab. The MEX study showed that although FENO

differentiated eosinophilic from noneosinophilic exacerbations
on mepolizumab, it was not related to the annualized exacerba-
tion rate.46 Furthermore, the current study suggests that OCS
responsiveness was not exclusive to those with high FENO while
on mepolizumab. In fact, patients who had low FENO benefited
the most from additional prednisolone in terms of improvements
in small-airway obstruction. This is an exploratory study;
therefore, our findings require confirmation with larger trials. It
is, however, noteworthy that the relationship between FENO and
corticosteroid responsiveness may differ before and after biologic
therapy. Potential explanations for this change include previously
described mechanisms related to corticosteroid insensitivity and
subphenotypes within SEA. The lack of corticosteroid respon-
siveness in some patients following IL-5 suppression presents an
opportunity for more selective use of OCS. FENO appears to be a
good biomarker for differentiating OCS responsiveness on
mepolizumab, but further studies are needed to confirm the
relationship between FENO and corticosteroid responsiveness
while on antieIL-5 therapy.

Our findings were generated using a crossover study design,
which provided a robust control and maximizes statistical power.
Carryover effects were mitigated by a 4-week washout period and
screened for as part of our analyses. There were however several
limitations to the current study. First, selection bias may have



TABLE IV. Prednisolone vs placebo in patients with low (<25 ppb), intermediate (25-50 ppb), and high FENO (>50 ppb)—Intention-to-treat cohort (n ¼ 27)

Measurement

Low FENO (n [ 8) Intermediate FENO (n [ 10) High FENO (n [ 9)

n

Difference in change for

prednisolone vs placebo n

Difference in change for

prednisolone vs placebo n

Difference in change for

prednisolone vs placebo

ACQ-5 score 8 0.31 (�0.27 to 0.89) 10 �0.39 (�1.10 to 0.31) 9 �0.31 (�0.95 to 0.33)

Mini-AQLQ score 8 �0.31 (�0.71 to 0.09) 10 0.25 (�0.41 to 0.91) 9 0.15 (�0.34 to 0.63)

SGRQ score 8 2.19 (�1.32 to 5.70) 10 0.78 (�5.78 to 7.34) 9 �1.59 (�9.43 to 6.26)

VAS (cm) 7 9 7

Overall symptoms 0.45 (�0.23 to 1.12) �0.19 (�1.95 to 1.57) 0.29 (�0.09 to 0.66)

Shortness of breath 0.51 (�0.11 to 1.12) �0.07 (�1.63 to 1.49) L0.72 (L1.31 to L0.13)
Cough 2.37 (1.38 to 3.37) �0.69 (�1.72 to 0.34) �1.12 (�2.70 to 0.47)

SNOT-20 total score* 8 �2.13 (�13.31 to 9.06) 10 �2.70 (�13.79 to 8.39) 8 �3.00 (�15.88 to 9.88)

Airwave oscillometry 7 10 9

R5 (cmH2O $ s/L) �0.16 (�0.87 to 0.55) 0.25 (�0.40 to 0.90) 0.11 (�0.22 to 0.43)

R5-20 (cmH2O $ s/L) �1.27 (�4.14 to 1.60) 0.08 (�0.19 to 0.34) 0.12 (�0.05 to 0.30)

AX (cmH2O/L) 0.32 (�14.91 to 15.54) 7.90 (�3.35 to 19.15) 1.81 (�1.38 to 5.00)

X5 (cmH2O $ s/L) �0.07 (�1.22 to 1.09) �0.46 (�1.69 to 0.78) �0.04 (�0.36 to 0.29)

Spirometry 8 10 9

FEV1 (L) 0.169 (�0.092 to 0.431) 0.047 (�0.161 to 0.255) 0.128 (�0.028 to 0.284)

FEV1/FVC (%) 2.27 (0.76 to 3.77) 2.87 (0.23 to 5.51) 0.91 (�2.07 to 3.90)

FEF25-75 (L/s) 4 0.358 (0.082 to 0.633) 8 0.578 (�0.183 to 1.339) 6 0.326 (�0.028 to 0.680)

FEF25-75 % of predicted (%) 4 10.54 (2.56 to 18.53) 8 1.25 (�9.12 to 11.62) 6 12.10 (�5.73 to 29.93)

PEF (L/min) 7 �33.2 (�130.8 to 64.4) 10 18.4 (�26.9 to 63.6) 9 7.5 (�15.9 to 31.0)

Blood cell counts 8 10 9

White cell count (� 109/L) 3.03 (1.64 to 4.42) 4.98 (3.52 to 6.45) 4.13 (2.28 to 5.97)

Neutrophils (� 109/L) 2.851 (1.764 to 3.937) 4.520 (3.159 to 5.880) 4.283 (2.807 to 5.759)

Lymphocytes (� 109/L) �0.016 (�0.670 to 0.639) 0.432 (0.006 to 0.857) �0.066 (�0.531 to 0.399)

Eosinophils (� 109/L)† 0.56 (0.28 to 1.12) 0.62 (0.42 to 0.92) 0.44 (0.26 to 0.75)

Basophils (�109/L) �0.025 (�0.052 to 0.001) 0.013 (�0.030 to 0.057) 0.004 (�0.024 to 0.032)

Sputum cell counts 4 5 6

Macrophages % of total (%) �8.452 (�20.401 to 3.498) 10.547 (�23.640 to 44.734) 1.371 (�7.254 to 9.996)

Neutrophils % of total (%) 16.837 (3.009 to 30.665) �18.792 (�72.261 to 34.676) 3.713 (�7.974 to 15.400)

Eosinophils % of total (%)† 8.06 (0.01 to 6326.42) 0.28 (0.06 to 1.23) 0.14 (0.04 to 0.56)

Lymphocytes % of total (%) �0.478 (�2.115 to 1.158) �0.108 (�0.390 to 0.174) �0.199 (�0.920 to 0.522)

AX, Reactance area; FVC, forced vital capacity; PEF, peak expiratory flow; R5, resistance at 5 Hz; R5-20, difference between resistance at 5 Hz and 20 Hz; SNOT, Sino-Nasal Outcome Test; X5, reactance at 5 Hz.
Results are presented as mean difference in change (95% CI) apart from FENO, blood eosinophil count, and sputum percentage of total eosinophils.
Statistically significant results are highlighted in bold.
*Difference between prednisolone and placebo are calculated using posttreatment measurements only.
†Modeled on a log-scale. Results are presented as ratios (95% CI).
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been introduced during the recruitment process because of poor
patient acceptance for additional systemic corticosteroid expo-
sure. Exclusion of patients on maintenance OCS may lead to
further selection bias toward those with milder disease or certain
subphenotypes. The male predominance in our study population
may reflect sex differences in study uptake, albeit patients with
noneosinophilic asthma are much more likely to be female than
those with eosinophilic asthma.47 Second, patients had very few
residual symptoms after mepolizumab and mild airway
obstruction. This could limit the capacity to detect effects from
prednisolone. Third, we did not test for prednisolone respon-
siveness before mepolizumab treatment, which makes any dif-
ferences after mepolizumab treatment difficult to interpret.
Fourth, the number of patients with complete sputum results
was low because of difficulty obtaining samples in a highly
treated and stable asthma population. Results may be difficult to
interpret due to small numbers, particularly after stratifications.
In addition, our analysis is subject to multiple testing, which
increases the chance of a type 1 error within our study. Conse-
quently, our findings, which reached the threshold for statistical
significance, should be interpreted with appropriate caution.
Fourteen patients had paired sputum samples to calculate change
after prednisolone and placebo treatment. The percentage of
sputum eosinophils increased after placebo treatment. This is
unlikely from poor inhaled corticosteroid adherence because
patients were recruited from asthma centers with vigorous pre-
biologic adherence testing, such as INhaler Compliance Assess-
ment monitoring and FENO suppression testing.48 In addition,
FENO is extremely sensitive to inhaled corticosteroid treatment
and is expected to rise in the presence of nonadherence. Mean
FENO values before (37 ppb) and after mepolizumab treatment
(36 ppb and 40 ppb at pretreatment visits) were similar and did
not rise after 2 weeks of placebo. This suggests that the increase
in percentage of sputum eosinophils is more likely from natural
variations in sputum eosinophil count over time.49 Lastly, a
major limitation is that prednisolone was given during stable
rather than exacerbation state. As such, patients had well-
controlled asthma symptoms, which may not be amenable to
further improvements. A placebo-controlled study of predniso-
lone during exacerbations on mepolizumab is needed. However,
this presents obvious ethical challenges because of the risk of fatal
attacks.
CONCLUSIONS
SEA remains OCS-responsive following IL-5 inhibition with

mepolizumab, although the clinical benefit of additional OCS is
less clear. In patients on mepolizumab, improvements in small-
airway obstruction were dissociated from additional reduction
in T2 inflammation. Our findings suggest that the clinical effi-
cacy of prednisolone and phenotype for corticosteroid respon-
siveness should not be assumed after biologic therapy. Although
OCSs will inevitably have a continued role in severe asthma
management in years to come, we should aim to differentiate
patients who are corticosteroid-responsive from those who are
not after biologic therapy to reduce unnecessary corticosteroid
exposure. We should also be cautious with previous in-
terpretations of biomarkers for corticosteroid response following
biologic treatment. Larger studies are needed to clarify the
clinical benefits of prednisolone in SEA after IL-5 inhibition and
during exacerbation states. This will become essential as we move
toward increased use of targeted biologic therapies for moderate
to severe asthma.
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FIGURE E1. Study design.

FIGURE E2. Relationship between FENO change and percentage of
FEV1 predicted change after prednisolone treatment.

FIGURE E3. Relationship between FENO change and percentage of
sputum eosinophils change after prednisolone treatment.



TABLE E1. Inclusion and exclusion criteria*

Inclusion criteria

1. Age �18 and �80 y at consent

2. Able and willing to provide written informed consent and to comply
with the study protocol

3. Severe asthma diagnosis confirmed after assessment by an asthma
specialist

4. Suitable for mepolizumab as per the National Institute for Health
and Care Excellence/Scottish Medicines Consortium clinical
guidelines

Exclusion criteria:

1. Maintenance OCSs treatment within the past 4 wk

2. Acute exacerbation requiring OCSs in the 4 wk before consent

3. Other clinically significant medical disease or uncontrolled
concomitant disease despite treatment that is likely, in the opinion
of the investigator, to require a change in therapy or impact the
ability to participate in the study or be significantly worsened by
OCSs

4. History of current alcohol, drug, or chemical abuse or past abuse
that would impair or risk the subject’s full participation in the study,
in the opinion of the investigator

5. Treatment with an investigational agent within 30 d of visit 1 (or 5
half-lives of the investigational agent, whichever is longer)

6. Women of child-bearing potential who are pregnant, lactating,
planning pregnancy during the study period, or are unwilling to
use a highly effective form of contraception

7. Known hypersensitivity to prednisolone or its excipients

8. Previous psychiatric adverse reactions to steroid therapy in the past

9. Concomitant medication with systemic antifungals such as keto-
conazole, retinoids, tetracycline, other systemic immunosuppres-
sants, eg, ciclosporin, azathioprine, mycophenolate, and live
vaccines during the crossover trial

10. Received another biologic for asthma within the last 4 mo

11. For the subgroup of patients established on mepolizumab at study
entry, received the first mepolizumab injection <12 wk before
consent

*Patients from 4 specialist UK asthma centers (Glasgow, Oxford, Leicester, and
Belfast) were assessed and enrolled between December 2018 and October 2019 if
they fulfilled the criteria mentioned in the table.
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TABLE E2. Study schedule of procedures for new mepolizumab patients

Procedures

Visit 1:

Baseline

Visit 2 (V2):

PreeRx 1

Visit 3 (V3):

PosteRx 1

Visit 4 (V4):

PreeRx 2

Visit 5:

PosteRx 2

Premepolizumab

(L7 to 0 d)

Minimum 12 wk

postmepolizumab

14 d after V2

(L2 to D1 d)

Minimum

4 wk after V3

14 d after V4

(L2 to D1 d)

Written informed consent x

Check inclusion/exclusion
criteria

x

Medical check
pretreatment

x x

Medical history x

Vital signs (BP, heart rate,
oxygen saturation,
respiratory rate,
temperature)

x

Weight & height x x*

Brief physical
examination

x

FENO x x x x x

Oscillometry x x x x x

Blood test for full blood
cell count and
biobanking

x x x x x

Questionnaires (ACQ-5,
Mini-AQLQ, SGRQ,
Symptoms VAS,
SNOT-20)

x x x x x

Serum prednisolone &
cortisol

x x

Urine pregnancy test (if
applicable)

x x x

Induced sputum x x x x x

Spirometry x x x x x

Randomization to
prednisolone/placebo
first

x

Supply of prednisolone or
placebo

x x

Count of tablets returned x x

Exacerbation recording x x x x

Review/reporting of side
effects

x x x x

Concomitant medication
check, review of
inhaler technique, and
medication adherence

x x x x x

Procedures

Visit 2

PreeRx 1

Visit 3

PosteRx 1

Visit 4

PreeRx 2

Visit 5

PosteRx 2

Minimum 12 wk

postmepolizumab 14 d after V2 (L2 to D1 d) Minimum 4 wk after V3 14 d after V4 (L2 to D1 d)

Written informed consent x

Check inclusion/exclusion
criteria

x

Medical check
pretreatment

x x

Medical history including
clinical information
before initiation of
mepolizumab

x

(continued)
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TABLE E2. (Continued)

Procedures

Visit 2

PreeRx 1

Visit 3

PosteRx 1

Visit 4

PreeRx 2

Visit 5

PosteRx 2

Minimum 12 wk

postmepolizumab 14 d after V2 (L2 to D1 d) Minimum 4 wk after V3 14 d after V4 (L2 to D1 d)

Vital signs (BP, heart rate,
oxygen saturation,
respiratory rate,
temperature)

x

Weight & height x

Brief physical
examination

x

FENO x x x x

Oscillometry x x x x

Blood test for full blood
cell count and
biobanking

x x x x

Questionnaires (ACQ-5,
Mini-AQLQ, SGRQ,
Symptoms VAS,
SNOT-20)

x x x x

Serum prednisolone &
cortisol

x x

Urine pregnancy test (if
applicable)

x x

Induced sputum x x x x

Spirometry x x x x

Randomization to
prednisolone/placebo
first

x

Supply of prednisolone or
placebo

x x

Count of tablets returned x x

Exacerbation recording x x x x

Review/reporting of side
effects

x x x x

Concomitant medication
check, review of
inhaler technique, and
medication adherence

x x x x

BP, Blood pressure; Rx, treatment; SNOT, Sino-Nasal Outcome Test.
*Weight only.
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TABLE E3. Study assessments

Symptoms and quality Cof life
Asthma symptom control and quality of life were measured using ACQ-5, Mini-AQLQ, SGRQ, and VAS for asthma symptoms.

ACQ-5 is a short questionnaire that measures asthma control over the past week. It is made up of 5 questions, and the final score ranges from 0 to 6,
with higher scores indicating poorer asthma control. A score of 0-0.75 suggests well-controlled asthma and a score of >1.5 suggests poorly controlled
asthma. The MCID is 0.5.
Mini-AQLQ measures asthma-related quality of life using 15 questions and 2-wk recall. The score ranges from 1 to 7, with higher scores indicating
better quality of life. The MCID is 0.5. There are 4 domains, which are symptoms, activity limitation, emotional function, and environmental
exposure. Each domain is also scored from 1 to 7.

SGRQ measures the impact of obstructive airways disease on overall health and quality of life over the past 3 mo. It comprises 50 questions in total and
measures 3 components: symptoms, activities, and impact. The total score ranges from 0 to 100, with higher scores indicating poor quality of life and
more limitations. The MCID is 4; however, a change of 8 and 12 suggests a significant and very significant treatment effect, respectively.
A VAS was used to measure overall asthma control, breathlessness, and cough, each measured on a scale ranging from 0 to 10. The lower end of the
scale represented no symptoms, and the higher end of the scale represented worst possible symptoms.
Nasal symptoms were measured using the SNOT-20 questionnaire at posttreatment visits (3 & 5) for all patients. New mepolizumab patients also had
premepolizumab baseline measurements taken at visit 1. SNOT-20 assesses the severity of chronic rhinosinusitis using 20 questions. The total score
ranges from 0 to 100. Higher scores are indicative of severe symptoms.

FENO

FENO was measured using Niox VERO (Circassia, Northbrook House, Robert Robinson Avenue, The Oxford Science Park, Oxford, OX4 4GA, United
Kingdom) across all sites. FENO is a biomarker of type 2 airway inflammation and used in monitoring of airway inflammation in patients with asthma.
Cutoff points vary between guidelines (ATS/ERS, GINA, and NICE). We used ATS/ERS cutoff points for interpretation. FENO <25 ppb indicates low
eosinophilic inflammation and >50 ppb indicated high eosinophilic inflammation. For patients with FENO >50 ppb, a change of 20% from baseline is
significant. For patients with FENO <50 ppb, a change of 10 ppb from baseline is significant. FENO measurements were taken before airway
oscillometry and spirometry.

AOS
AOS can detect small-airway dysfunction and measure treatment response to inhaled corticosteroids and bronchodilators. It measures patients’ airflow

and oscillation response, which is used to calculate the various components of resistance to breathing. We used TremoFlo C-100 (Thorasys, Montreal,
Canada) across all sites for AOS measurements. A minimum of 3 measurements were taken. A coefficient of variation of �15% is required for valid
measurements, which include R5, R5-20, X5, and AX. R5 is a measure of low-frequency resistance at 5 Hz and indicates the overall resistance of the
respiratory system. R20 is a measure of midfrequency resistance and indicates the resistance of the conducting airways. R5-20 is the difference
between R5 and R20. This is an important measurement in asthma because it reflects the contribution of small-airway resistance to the total
respiratory resistance. This is the most sensitive measure of small-airway constriction compared with other frequencies. X5 represents low-frequency
reactance, which indicates loss of compliance (ie, lung stiffening) and small-airways obstruction. AX is area of reactance, which is the area under the
curve between the reactance values for 5 Hz and the resonance frequency. It is a useful indicator of small-airway patency and strongly correlates with
R5-20. Patients with asthma have higher R5, R5-20, and AX values and more negative X5 measurements.

Spirometry
Lung function was measured by spirometry according to ATS/ERS guidelines while the patient was on usual asthma treatments. Acceptable results

required the largest 2 measurements of FVC within 0.15 L and FEV1 within 0.15 L. A minimum of 3 maneuvers and a maximum of 8 maneuvers
were performed. Spirometry was performed before sputum induction.

Sputum induction
Sputum induction was performed using 3%, 4%, and 5% hypertonic saline solutions delivered by an ultrasonic nebulizer. Baseline FEV1 was measured

and repeated after each cycle of sputum induction before escalating to more concentrated hypertonic saline. The procedure was stopped if significant
symptoms occurred, a 20% or 400 mL drop in FEV1 was demonstrated, or adequate sputum sample has been obtained. Samples were processed
locally within 2 h of expectoration for cell differential counts.

Study treatment adherence
Study treatments started 1 d after pretreatment visits (2 & 4). Participants were asked to keep a daily written record of the dose of study medication
taken. This was reviewed by study staff along with a tablet count at posttreatment visits. Adherence is defined as �75% consumption of the prescribed
duration. Serum cortisol and prednisolone levels were taken at posttreatment visits, but results were not accessed until end of the study once patients
had been unblinded. Cortisol suppression and measurable prednisolone levels provided supportive evidence of adherence to study medications.

AOS, Airwave oscillometry; ATS, American Thoracic Society; AX, reactance area; ERS, European Respiratory Society; FVC, forced vital capacity; GINA, Global Initiative for
Asthma; MCID, minimal clinically important change; NICE, National Institute for Health and Care Excellence; R5, resistance at 5 Hz; R5-20, difference between resistance at 5
Hz and 20 Hz; SNOT, Sino-Nasal Outcome Test; X5, reactance at 5 Hz.
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TABLE E4. Reasons for study withdrawal

Participant Reason for exclusion or withdrawal

Before randomization

1 (GL05) Mepolizumab stopped

2 (GL09) Mepolizumab stopped

3 (GL13) Recurrent exacerbation on
mepolizumab

After randomization

4 (BE03) Did not complete study treatment

5 (GL06) Mepolizumab stopped after diagnosis
of malignancy

6 (GL15) Unable to take study treatment
because capsules contained gelatin
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TABLE E5. Prednisolone vs placebo for all subjects (n ¼ 27)

Measurement

Prednisolone Placebo Prednisolone vs placebo

Preprednisolone, difference (95% CI) Change after prednisolone, difference (95% CI) Preplacebo (95% CI) Change after placebo (95% CI) n Difference (95% CI)

ACQ-5 score 0.6 (0.2 to 2.0) �0.10 (�0.38 to 0.19) 0.6 (0.0 to 1.8) 0.21 (�0.19 to 0.60) 27 �0.23 (�0.58 to 0.11)

Woken at night 0.0 (0.0 to 2.0) �0.15 (�0.39 to 0.09) 0.0 (0.0 to 1.0) 0.26 (�0.25 to 0.77) �0.27 (�0.72 to 0.18)

Symptoms in morning 0.0 (0.0 to 2.0) 0.00 (�0.29 to 0.29) 0.0 (0.0 to 2.0) 0.15 (�0.35 to 0.65) �0.15 (�0.57 to 0.27)

Limited in activities 1.0 (0.0 to 2.0) �0.11 (�0.45 to 0.22) 1.0 (0.0 to 2.0) 0.19 (�0.23 to 0.60) �0.24 (�0.67 to 0.20)

Shortness of breath 1.0 (0.0 to 2.0) 0.04 (�0.35 to 0.42) 1.0 (0.0 to 2.0) 0.33 (�0.13 to 0.80) �0.18 (�0.57 to 0.21)

Wheezing 1.0 (0.0 to 2.0) �0.26 (�0.81 to 0.30) 1.0 (0.0 to 3.0) 0.11 (�0.29 to 0.51) L0.41 (L0.81 to L0.01)

Mini-AQLQ score 6.0 (5.0 to 6.6) 0.02 (�0.17 to 0.22) 6.1 (4.0 to 6.9) �0.03 (�0.28 to 0.22) 27 0.03 (�0.24 to 0.31)

Symptoms score 6.0 (4.8 to 6.8) 0.01 (�0.34 to 0.37) 6.2 (4.8, 6.8) �0.13 (�0.37, 0.11) 0.08 (�0.26 to 0.42)

Activity limitation score 6.0 (4.8 to 6.8) �0.01 (�0.26 to 0.24) 6.5 (4.3 to 7.0) �0.06 (�0.51 to 0.38) 0.02 (�0.40 to 0.45)

Emotional function score 6.0 (4.7 to 7.0) 0.01 (�0.18 to 0.20) 6.7 (3.7 to 7.0) �0.02 (�0.35 to 0.30) 0.10 (�0.25 to 0.45)

Environmental stimuli score 5.7 (4.0 to 7.0) 0.09 (�0.13 to 0.30) 6.3 (3.7 to 7.0) 0.17 (�0.06 to 0.41) �0.13 (�0.42 to 0.16)

SGRQ score 22.9 (13.1 to 46.2) �0.18 (�2.90 to 2.53) 21.1 (9.6 to 46.4) �0.08 (�3.12 to 2.96) 27 0.24 (�3.20 to 3.69)

Symptoms score 30.5 (16.0 to 53.6) 0.12 (�4.48 to 4.73) 27.8 (9.6 to 60.9) 3.07 (�1.45 to 7.59) �2.79 (�7.60 to 2.02)

Activity score 36.5 (17.1 to 61.1) 0.50 (�4.65 to 5.65) 41.4 (17.4 to 59.5) 0.07 (�4.54 to 4.68) 1.02 (�3.68 to 5.71)

Impact score 13.2 (5.3 to 36.9) �0.45 (�3.72 to 2.83) 11.7 (3.6 to 30.1) �1.33 (�4.84 to 2.17) 0.23 (�2.95 to 3.41)

VAS (cm) 23

Overall symptoms 1.0 (0.0 to .0) �0.53 (�1.29 to 0.24) 1.1 (0.1 to 3.0) �0.14 (�0.90 to 0.61) 0.11 (�0.58 to 0.80)

Shortness of breath 1.0 (0.3 to 5.0) �0.58 (�1.28 to 0.12) 1.0 (0.2 to 2.5) �0.06 (�0.88 to 0.76) �0.19 (�0.90 to 0.53)

Cough 1.8 (0.3 to 3.6) �0.58 (�1.28 to 0.11) 1.0 (0.2 to 3.1) �0.04 (�0.98 to 0.89) �0.16 (�0.98 to 0.66)

SNOT-20 score* 12.0 (1.0 to 34.0) 10.0 (2.0 to 32.0) 26 �2.62 (�8.37 to 3.14)

Airwave oscillometry 26

R5 (cmH2O $ s/L) 3.8 (2.8 to 4.8) 0.27 (�0.12 to 0.66) 3.5 (2.8 to 5.1) �0.07 (�0.47 to 0.33) 0.27 (�0.16 to 0.70)

R5-20 (cmH2O $ s/L) 0.7 (0.3 to 1.4) 0.24 (�0.02 to 0.50) 0.9 (0.3 to 1.8) 0.20 (�0.51 to 0.92) �0.25 (�0.99 to 0.49)

AX (cmH2O/L) 10.3 (4.9 to 27.7) 7.34 (1.80 to 12.88) 10.6 (5.0 to 38.7) �0.54 (�6.27 to 5.19) 5.33 (�0.76 to 11.41)

X5 (cmH2O $ s/L) �1.0 (�1.8 to 0.3) L0.61 (L1.06 to L0.15) �1.1 (�2.6 to �0.4) 0.20 (�0.26 to 0.67) �0.26 (�0.74 to 0.21)

Spirometry† 27

FEV1 (L) 2.48 � 0.76 0.086 (�0.021 to 0.193) 2.48 � 0.77 �0.023 (�0.118 to 0.073) 0.105 (�0.004 to 0.213)

FEV1 % of predicted (%) 77.7 � 18.9 2.11 (�1.18 to 5.41) 77.5 � 19.7 �0.02 (�3.22 to 3.18) 2.28 (�1.48 to 6.04)

FVC (L) 3.73 � 1.00 0.085 (�0.099 to 0.269) 3.77 � 0.98 �0.048 (�0.175 to 0.079) 0.083 (�0.028 to 0.194)

FVC % of predicted (%) 91.4 � 14.8 2.26 (�2.61 to 7.12) 93.0 � 15.5 �0.78 (�4.03 to 2.48) 1.31 (�2.04 to 4.66)

FEV1/FVC (%) 67.1 � 12.7 0.24 (�1.82 to 2.30) 66.0 � 12.1 0.30 (�1.81 to 2.40) 1.20 (�0.31 to 2.71)

FEF25-75 (L/s) 1.75 � 0.98 0.449 (0.127 to 0.771) 1.88 � 0.97 �0.089 (�0.249 to 0.071) 18 0.484 (0.151 to 0.816)
FEF25-75 % of predicted (%) 52.1 � 18.3 4.95 (1.09 to 8.81) 54.9 � 24.2 �1.06 (�6.19 to 4.08) 18 5.40 (�1.23 to 12.04)

PEF (L/min)† 462 � 127 �6.0 (�35.8 to 23.8) 449 � 152 �1.9 (�23.3 to 19.6) 26 �1.1 (�30.4 to 28.2)

FENO (ppb)z 35 � 0.85 0.67 (0.48 to 0.94) 39 � 0.58 1.00 (0.82 to 1.20) 27 0.59 (0.46 to 0.75)

Blood cell counts 27

White cell count (� 109/L) 6.4 (5.5, 7.1) 4.39 (3.42 to 5.36) 6.2 (5.5 to 7.2) 0.30 (�0.13, 0.74) 4.12 (3.15 to 5.09)

Neutrophils (� 109/L) 3.80 (2.87 to 4.57) 4.276 (3.459 to 5.092) 3.70 (3.20 to 4.23) 0.374 (0.020 to 0.729) 3.914 (3.132 to 4.696)

(continued)
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TABLE E5. (Continued)

Measurement

Prednisolone Placebo Prednisolone vs placebo

Preprednisolone, difference (95% CI) Change after prednisolone, difference (95% CI) Preplacebo (95% CI) Change after placebo (95% CI) n Difference (95% CI)

Lymphocytes (� 109/L) 1.80 (1.40 to 2.40) 0.111 (�0.261 to 0.482) 1.89 (1.60 to 2.10) �0.080 (�0.200 to 0.041) 0.138 (�0.168 to 0.445)

Eosinophils (� 109/L)z 0.06 � 0.65 0.52 (0.38 to 0.71) 0.05 � 0.67 1.21 (1.01 to 1.45) 0.51 (0.38 to 0.69)

Basophils (�109/L) 0.04 (0.00 to 0.10) �0.026 (�0.058 to 0.006) 0.03 (0.00 to 0.04) 0.004 (�0.007 to 0.016) �0.002 (�0.023 to 0.018)

Sputum cell counts 15

Macrophages % of total (%) 28.95 (16.78 to 55.75) �6.815 (�21.717 to 8.088) 24.25 (8.70 to 38.00) �5.676 (�22.695 to 11.343) 1.450 (�6.037 to 8.937)

Neutrophils % of total (%) 60.16 (29.75 to 76.02) 11.807 (�1.477 to 25.091) 69.00 (46.20 to 88.30) 7.034 (�12.560 to 26.628) 1.654 (�8.685 to 11.993)

Eosinophils % of total (%)z 1.48 � 1.77 0.20 (0.07 to 0.54) 0.93 � 1.51 2.12 (1.06 to 4.25) 0.29 (0.11 to 0.74)

Lymphocytes % of total (%) 0.22 (0.00 to 1.50) L0.829 (L1.602 to 0.056) 0.00 (0.00 to 0.20) 0.064 (�0.242 to 0.370) �0.217 (�0.616 to 0.183)

AX, Reactance area; FVC, forced vital capacity; PEF, peak expiratory flow; R5, resistance at 5 Hz; R5-20, difference between resistance at 5 Hz and 20 Hz; SNOT, Sino-Nasal Outcome Test; X5, reactance at 5 Hz.
Pretreatment results are presented as median (Q1, Q3) and changes are presented as mean change (95% CI).
Statistically significant results are highlighted in bold.
*Measurements were taken after treatment only; hence, difference was calculated using posttreatment values only. Results are presented as posttreatment median (Q1, Q3) and mean difference in change (95% CI).
†Normally distributed. Pretreatment results are presented as mean � SD and changes are presented as mean change (95% CI).
zModeled on a log-scale. Pretreatment results are shown as geometric means � geo SD and changes are presented as ratios (95% CI).
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TABLE E6. Prednisolone vs placebo in patients with low (<0.10 �109/L) and high blood eosinophil count (�0.10 � 109/L) (n ¼ 27)

Measurement

Low blood eosinophil count (n [ 22) High blood eosinophil count (n [ 5)

n Difference in change for prednisolone vs placebo n Difference in change for prednisolone vs placebo

ACQ-5 score 22 �0.28 (�0.71 to 0.14) 5 �0.26 (�0.66 to 0.14)

Mini-AQLQ score 22 0.09 (�0.24 to 0.41) 5 0.05 (�0.29 to 0.39)

SGRQ score 22 0.54 (�3.53 to 4.60) 5 �2.06 (�9.37 to 5.26)

VAS (cm) 20 3

Overall symptoms 0.12 (�0.68 to 0.93) 0.04 (�0.02 to 0.10)

Shortness of breath �0.23 (�1.05 to 0.59) 0.25 (�0.24 to 0.74)

Cough �0.21 (�1.14 to 0.72) �0.07 (�0.92 to 0.79)

SNOT-20 score* 21 �3.48 (�10.59 to 3.64) 5 1.00 (�5.51 to 7.51)

Airwave oscillometry 22 4

R5 (cmH2O $ s/L) 0.20 (�0.30 to 0.69) 0.86 (0.78 to 0.95)

R5-20 (cmH2O $ s/L) 0.13 (�0.19 to 0.44) �3.95 (�8.74 to 0.84)

AX (cmH2O/L) 5.66 (�1.50 to 12.81) 3.31 (�1.38 to 8.01)

X5 (cmH2O $ s/L) �0.23 (�0.78 to 0.31) �0.47 (�1.24 to 0.29)

FENO (ppb)† 22 0.57 (0.44 to 0.74) 5 0.65 (0.26 to 1.64)

Spirometry 22 5

FEV1 (L) 0.086 (�0.038 to 0.211) 0.192 (�0.056 to 0.440)

FEV1/FVC (%) 1.21 (�0.33 to 2.74) 8.80 (�6.66 to 24.26)

FEF25-75 (L/s) 15 0.523 (0.128 to 0.919) 3 0.251 (�0.060 to 0.561)

FEF25-75 % of predicted (%) 15 4.64 (�3.16 to 12.44) 3 7.87 (1.73 to 14.01)

PEF (L/min) 21 10.1 (�16.7 to 36.9) �36.7 (�159.9 to 86.6)

Blood cell counts 22 5

White cell count (� 109/L) 3.94 (2.92 to 4.97) 5.89 (2.60 to 9.19)

Neutrophils (� 109/L) �1.9 (�3.9 to 0.2) 5.305 (2.043 to 8.568)

Lymphocytes (� 109/L) 0.062 (�0.307 to 0.431) 0.520 (0.143 to 0.897)
Basophils (� 109/L) �0.005 (�0.027 to 0.017) 0.023 (�0.031 to 0.077)

Sputum cell counts 12 3

Macrophages % of total (%) 5.275 (�7.846 to 18.396) L6.168 (L7.413 to L4.923)

Neutrophils % of total (%) �7.842 (�26.681 to 10.997) 17.182 (12.989 to 21.374)

Eosinophils % of total (%)† 0.42 (0.17 to 1.03) 0.02 (0.01 to 0.05)

Lymphocytes % of total (%) �0.291 (�0.785 to 0.202) 0.055 (�0.764 to 0.873)

AX, Reactance area; FVC, forced vital capacity; PEF, peak expiratory flow; R5, resistance at 5 Hz; R5-20, difference between resistance at 5 Hz and 20 Hz; SNOT, Sino-Nasal
Outcome Test; X5, reactance at 5 Hz.
Results are presented as mean difference in change (95% CI) apart from FENO, blood eosinophil count, and sputum percentage of total eosinophils.
Statistically significant results are highlighted in bold.
*Difference between prednisolone and placebo is calculated using posttreatment measurements only.
†Modeled on a log-scale. Results are presented as ratios (95% CI).
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TABLE E7. Prednisolone vs placebo in patients with low (<1.5) and high ACQ-5 score (�1.5) (n ¼ 27)

Measurement

Low ACQ score (n [ 18) High ACQ score (n [ 9)

n Difference in change for prednisolone vs placebo n Difference in change for prednisolone vs placebo

Mini-AQLQ score 18 0.11 (�0.17 to 0.40) 9 �0.10 (�0.76 to 0.56)

SGRQ score 18 �0.78 (�4.71 to 3.15) 9 2.26 (�5.03 to 9.55)

VAS (cm) 15 8

Overall symptoms 0.32 (�0.06 to 0.70) �0.38 (�2.34 to 1.57)

Shortness of breath �0.26 (�0.93 to 0.42) �0.03 (�1.76 to 1.71)

Cough �0.09 (�1.01 to 0.83) �0.20 (�1.99 to 1.59)

SNOT-20 total score* 18 �2.06 (�8.40 to 4.29) 8 �3.88 (�19.01 to 11.26)

Airwave oscillometry 18 8

R5 (cmH2O $ s/L) 0.14 (�0.22 to 0.51) �0.36 (�1.10 to 0.38)

R5-20 (cmH2O $ s/L) �0.36 (�1.40 to 0.68) �0.17 (�0.46 to 0.12)

AX (cmH2O/L) 4.97 (0.19 to 9.75) 4.85 (�8.64 to 18.34)

X5 (cmH2O $ s/L) �0.24 (�0.66 to 0.19) �0.31 (�1.78 to 1.16)

FENO (ppb)† 18 0.66 (0.48 to 0.90) 9 0.50 (0.39 to 0.66)

Spirometry 18 9

FEV1 (L) 0.118 (0.005 to 0.231) 0.193 (�0.031 to 0.417)

FEV1/FVC (%) 1.51 (0.32 to 2.69) 1.70 (�1.91 to 5.31)

FEF25-75 (L/s) 12 0.112 (�0.096 to 0.321) 6 1.247 (0.675 to 1.818)

FEF25-75 % of predicted (%) 12 4.41 (�3.92 to 12.75) 6 6.65 (�5.53 to 18.83)

PEF (L/min) 18 5.7 (�16.4 to 27.7) 8 �21.2 (�118.3 to 75.9)

Blood cell counts 18 9

White cell count (� 109/L) 3.93 (2.82 to 5.03) 4.51 (2.39 to 6.63)

Neutrophils (� 109/L) 3.886 (2.954 to 4.819) 3.965 (2.368 to 5.563)

Lymphocytes (� 109/L) 0.019 (�0.402 to 0.440) 0.379 (�0.007 to 0.766)

Eosinophils (� 109/L)† 0.58 (0.37 to 0.92) 0.50 (0.27 to 0.91)
Basophils (� 109/L) �0.013 (�0.038 to 0.012) 0.017 (�0.006 to 0.041)

Sputum cell counts 10 5

Macrophages % of total (%) 2.109 (�3.690 to 7.908) 14.010 (�11.138 to 39.158)

Neutrophils % of total (%) 1.193 (�7.650 to 10.036) �5.995 (�54.425 to 42.435)

Eosinophils % of total (%)† 0.34 (0.10 to 1.20) 0.22 (0.03 to 1.48)

Lymphocytes % of total (%) �0.200 (�0.804 to 0.403) L0.226 (L0.445 to L0.007)

ACQ, Asthma Control Questionnaire; AX, reactance area; FVC, forced vital capacity; PEF, peak expiratory flow; R5, resistance at 5 Hz; R5-20, difference between resistance at
5 Hz and 20 Hz; SNOT, Sino-Nasal Outcome Test; X5, reactance at 5 Hz.
Results are presented as mean difference in change (95% CI) apart from FENO, blood eosinophil count, and sputum percentage of total eosinophils.
Statistically significant results are highlighted in bold.
*Difference between prednisolone and placebo is calculated using posttreatment measurements only.
†Modeled on a log-scale. Results are presented as ratios (95% CI).
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TABLE E8. Prednisolone vs placebo—Per-protocol cohort (n ¼ 26)

Measurement

Prednisolone Placebo Prednisolone vs placebo

Preprednisolone,

difference (95% CI)

Change after prednisolone,

difference (95% CI)

Preplacebo, difference

(95% CI)

Change after placebo,

difference (95% CI) n Difference (95% CI)

ACQ-5 score 0.6 (0.2 to 2.0) �0.10 (�0.40 to 0.20) 0.6 (0.2 to 1.8) 0.22 (�0.19 to 0.62) 26 �0.24 (�0.60 to 0.12)

Mini-AQLQ score 5.9 (5.0 to 6.6) 0.03 (�0.18 to 0.23) 6.1 (4.0 to 6.8) �0.04 (�0.30 to 0.22) 26 0.04 (�0.25 to 0.33)

SGRQ score 25.0 (14.7 to 46.2) �0.22 (�3.04 to 2.60) 24.8 (9.7 to 46.4) �0.08 (�3.25 to 3.08) 26 0.22 (�3.35 to 3.80)

VAS (cm) 22

Overall symptoms 1.0 (0.3 to 4.0) �0.55 (�1.35, 0.25) 1.2 (0.5 to 3.0) �0.15 (�0.94 to 0.64) 0.12 (�0.61 to 0.84)

Shortness of breath 1.0 (0.3 to 5.0) �0.60 (�1.34, 0.13) 1.0 (0.5 to 2.5) �0.06 (�0.91 to 0.80) �0.20 (�0.94 to 0.55)

Cough 2.0 (0.5 to 3.6) L0.69 (L1.38 to L0.01) 1.0 (0.3 to 3.1) �0.05 (�1.02 to 0.93) �0.27 (�1.10 to 0.57)

SNOT-20 total score* — 13.5 (2.0 to 34.0) — 10.0 (3.0 to 32.0) 25 �2.68 (�8.69 to 3.33)

Airwave oscillometry 25

R5 (cmH2O $ s/L) 3.8 (2.8 to 4.8) 0.24 (�0.16 to 0.63) 3.7 (2.9 to 5.1) �0.09 (�0.50 to 0.33) 0.09 (�0.26 to 0.44)

R5-20 (cmH2O $ s/L) 0.7 (0.3, 1.4) 0.19 (�0.06 to 0.44) 0.9 (0.3 to 1.8) 0.20 (�0.54 to 0.94) �0.44 (�1.17 to 0.30)

AX (cmH2O/L) 9.5 (4.9 to 21.7) 6.43 (0.99 to 11.86) 10.7 (5.4 to 38.7) �0.88 (�6.80 to 5.04) 2.79 (�2.27 to 7.85)

X5 (cmH2O $ s/L) �1.0 (�1.6, �0.3) L0.55 (L1.01 to L0.09) �1.0 (�2.6 to �0.4) 0.23 (�0.25 to 0.71) �0.14 (�0.61 to 0.33)

Spirometry† 26

FEV1 (L) 2.50 � 0.77 0.093 (�0.017 to 0.204) 2.49 � 0.79 �0.021 (�0.120 to 0.079) 0.125 (0.020 to 0.230)

FEV1 % of predicted (%) 77.5 � 19.3 2.35 (�1.05 to 5.74) 76.9 � 19.8 0.09 (�3.23 to 3.42) 3.12 (�0.48 to 6.72)

FVC (L) 3.75 � 1.01 0.093 (�0.098 to 0.283) 3.79 � 0.99 �0.059 (�0.189 to 0.071) 0.104 (�0.002 to 0.210)

FVC % of predicted (%) 91.2 � 15.1 2.50 (�2.54 to 7.54) 92.7 � 15.8 �1.11 (�4.42 to 2.20) 1.92 (�1.28 to 5.13)

FEV1/FVC (%) 67.1 � 12.9 0.25 (�1.90 to 2.39) 65.7 � 12.2 0.58 (�1.53 to 2.68) 1.58 (0.00 to 3.15)

FEF25-75 (L/s) 1.75 � 0.98 0.449 (0.127 to 0.771) 1.88 � 0.97 �0.089 (�0.249 to 0.071) 18 0.484 (0.151 to 0.816)
FEF25-75 % of predicted (%) 52.1 � 18.3 4.95 (1.09 to 8.81) 54.9 � 24.2 �1.06 (�6.19 to 4.08) 18 5.40 (�1.23 to 12.04)

PEF (L/min)† 464 � 129 �4.8 (�35.7 to 26.2) 450 � 155 �3.3 (�25.4 to 18.9) 25 1.9 (�27.9 to 31.8)

FENO (ppb)z 36 � 0.86 0.66 (0.46 to 0.93) 40 � 0.58 0.99 (0.81 to 1.21) 26 0.58 (0.45 to 0.75)

Blood cell counts 26

White cell count (� 109/L) 6.6 (5.5, 7.1) 4.47 (3.47 to 5.47) 6.3 (5.6, 7.2) 0.27 (�0.18 to 0.72) 4.22 (3.22 to 5.21)

Neutrophils (� 109/L) 3.83 (2.87, 4.57) 4.357 (3.525, 5.190) 3.70 (3.40 to 4.23) 0.335 (�0.025 to 0.695) 4.025 (3.249 to 4.801)
Eosinophils (� 109/L)z 0.06 � 0.65 0.52 (0.37 to 0.72) 0.05 � 0.68 1.21 (1.00 to 1.46) 0.51 (0.37 to 0.68)

Sputum cell counts 14

Macrophages % of total (%) 27.89 (15.77 to 50.50) �3.193 (�16.797 to 10.411) 22.73 (7.61 to 34.85) �3.322 (�20.669 to 14.026) 1.027 (�6.606 to 8.660)

Neutrophils % of total (%) 63.06 (36.00 to 77.97) 8.352 (�3.459 to 20.164) 69.88 (41.72 to 90.89) 4.636 (�15.538 to 24.810) 2.078 (�8.378 to 12.533)

Eosinophils % of total (%)z 1.62 � 1.77 0.16 (0.06 to 0.42) 1.00 � 1.51 2.19 (1.04 to 4.57) 0.21 (0.10 to 0.46)

Lymphocytes % of total (%) 0.19 (0.00 to 1.00) L0.542 (L1.054 to L0.029) 0.00 (0.00 to 0.10) 0.126 (�0.168 to 0.421) �0.211 (�0.635 to 0.213)

AX, Reactance area; FVC, forced vital capacity; PEF, peak expiratory flow; R5, resistance at 5 Hz; R5-20, difference between resistance at 5 Hz and 20 Hz; SNOT, Sino-Nasal Outcome Test; X5, reactance at 5 Hz.
Pretreatment results are shown as median (Q1, Q3) and changes are shown as mean change (95% CI).
Statistically significant results are highlighted in bold.
*Measurements were taken after treatment only; hence, difference was calculated using posttreatment values only. Results are presented as posttreatment median (Q1, Q3) and mean difference in change (95% CI).
†Normally distributed. Pretreatment results are presented as mean � SD and changes are presented as mean change (95% CI).
zModeled on a log-scale. Pretreatment results are presented as geometric means � log SD and changes are presented as ratios (95% CI).
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TABLE E9. Prednisolone vs placebo in patients with low (<25 ppb), intermediate (25-50 ppb), and high FENO (>50 ppb)—Per-protocol cohort (n ¼ 26)

Measurement

Low FENO (n [ 7) Intermediate FENO (n [ 10) High FENO (n [ 9)

n

Difference in change for

prednisolone vs placebo n

Difference in change for

prednisolone vs placebo n

Difference in change for

prednisolone vs placebo

ACQ-5 score 7 0.38 (�0.31 to 1.08) 10 �0.39 (�1.10 to 0.31) 9 �0.31 (�0.95 to 0.33)

Mini-AQLQ score 7 �0.34 (�0.80 to 0.12) 10 0.25 (�0.41 to 0.91) 9 0.15 (�0.34 to 0.63)

SGRQ score 7 2.43 (�1.69 to 6.55) 10 0.78 (�5.78 to 7.34) 9 �1.59 (�9.43 to 6.26)

VAS (cm)

Overall symptoms 6 0.54 (�0.26 to 1.34) 9 �0.19 (�1.95 to 1.57) 7 0.29 (�0.09 to 0.66)

Shortness of breath 6 0.62 (�0.09 to 1.34) 9 �0.07 (�1.63 to 1.49) 7 L0.72 (L1.31 to L0.13)

Cough 6 2.52 (1.24 to 3.80) 9 �0.69 (�1.72 to 0.34) 7 �1.12 (�2.70 to 0.47)

SNOT-20 total score* 7 �2.29 (�15.64 to 11.07) 10 �2.70 (�13.79 to 8.39) 8 �3.00 (�15.88 to 9.88)

Airwave oscillometry

R5 (cmH2O $ s/L) 6 �0.15 (�0.92 to 0.62) 10 0.25 (�0.40 to 0.90) 9 0.11 (�0.22 to 0.43)

R5-20 (cmH2O $ s/L) 6 �2.12 (�4.80 to 0.57) 10 0.08 (�0.19 to 0.34) 9 0.12 (�0.05 to 0.30)

AX (cmH2O/L) 6 �2.00 (�9.35 to 5.34) 10 7.90 (�3.35 to 19.15) 9 1.81 (�1.38 to 5.00)

X5 (cmH2O $ s/L) 6 0.05 (�0.70 to 0.80) 10 �0.46 (�1.69 to 0.78) 9 �0.04 (�0.36 to 0.29)

Spirometry

FEV1 (L) 7 0.171 (0.002 to 0.340) 10 0.047 (�0.161 to 0.255) 9 0.128 (�0.028 to 0.284)

FEV1/FVC (%) 7 2.67 (1.11 to 4.22) 10 2.87 (0.23 to 5.51) 9 0.91 (�2.07 to 3.90)

FEF25-75 (L/s) 4 0.358 (0.082 to 0.633) 8 0.578 (�0.183 to 1.339) 6 0.326 (�0.028 to 0.680)

FEF25-75 % of predicted (%) 4 10.54 (2.56 to 18.53) 8 1.25 (�9.12 to 11.62) 6 12.10 (�5.73 to 29.93)

PEF (L/min) 6 �24.4 (�140.9 to 92.2) 10 18.4 (�26.9 to 63.6) 9 7.5 (�15.9 to 31.0)

Blood cell counts

White cell count (� 109/L) 7 3.31 (1.81 to 4.80) 10 4.98 (3.52 to 6.45) 9 4.13 (2.28 to 5.97)

Neutrophils (� 109/L) 7 3.148 (2.201 to 4.094) 10 4.520 (3.159 to 5.880) 9 4.283 (2.807 to 5.759)
Eosinophils (� 109/L)† 7 0.54 (0.28 to 1.06) 10 0.62 (0.42 to 0.92) 9 0.44 (0.26 to 0.75)

Sputum cell counts

Macrophages % of total (%) 3 �7.583 (�24.982 to 9.817) 5 10.547 (�23.640 to 44.734) 6 1.371 (�7.254 to 9.996)

Neutrophils % of total (%) 3 16.866 (�4.019 to 37.751) 5 �18.792 (�72.261 to 34.676) 6 3.713 (�7.974 to 15.400)

Eosinophils % of total (%)† 3 0.01 (0.00 to 37.58) 5 0.28 (0.06 to 1.23) 6 0.14 (0.04 to 0.56)

Lymphocytes % of total (%) 3 0.465 (�1.081 to 2.011) 5 �0.108 (�0.390 to 0.174) 6 �0.199 (�0.920 to 0.522)

AX, Reactance area; FVC, forced vital capacity; PEF, peak expiratory flow; R5, resistance at 5 Hz; R5-20, difference between resistance at 5 Hz and 20 Hz; SNOT, Sino-Nasal Outcome Test; X5, reactance at 5 Hz.
Results are presented as mean difference in change (95% CI) apart from FENO, blood eosinophil count, and sputum percentage of total eosinophils.
Statistically significant results are highlighted in bold.
*Difference between prednisolone and placebo is calculated using posttreatment measurements only.
†Modeled on a log-scale. Results are presented as ratios (95% CI).
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