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Abstract

Rationale: Phenotypic distinctions between severe asthma (SA) and
nonsevere asthma (NONSA) may be confounded by differential
adherence or incorrect use of corticosteroids.

Objectives: To determine if there are persistent phenotypic
distinctions between SA (as defined by 2014 American Thoracic
Society/European Respiratory Society guidelines) and NONSA after
intramuscular triamcinolone acetonide (T'A), and to identify
predictors of a corticosteroid response in these populations.

Methods: A total of 526 adults age 18 years and older (315 SA) and
188 children age 6 to less than 18 years (107 SA) in the NHLBI Severe
Asthma Research Program III were characterized before and 3 weeks after
TA. The primary outcome for corticosteroid response was defined as
greater than or equal to 10-point improvement in percent predicted FEV.

Measurements and Main Results: Adult asthma groups exhibited
a small but significant mean FEV;% predicted improvement after
TA (SA group mean difference, 3.3%; 95% confidence interval, 2.1-

Defining features of severe asthma (SA)
include poor control of symptoms,
persistence of greater inflammatory marker
expression, and/or airflow obstruction

despite the use of high doses of
corticosteroid therapy (1, 2). When
individuals with SA are compared with
those with non-SA (NONSA), they have
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4.5%; P =0.001), whereas children did not. Adult SA continued to
manifest lower FEV, and worse asthma control as compared with
NONSA after TA. In children, after TA only prebronchodilator FEV,
distinguished SA from NONSA. A total of 20% of adults with SA
and 21% of children with SA achieved greater than or equal to 10%
improvement after TA. Baseline bronchodilator response and
fractional exhaled nitric oxide had good sensitivity and specificity for
predicting response in all groups except children with NONSA.

Conclusions: One in five patients with SA exhibit greater than or
equal to 10% improvement in FEV; with parenteral corticosteroid.
Those likely to respond had greater bronchodilator responsiveness and
fractional exhaled nitric oxide levels. In adults, differences in airflow
obstruction and symptoms between SA and NONSA persist after
parenteral corticosteroids, suggesting a component of corticosteroid
nonresponsive pathobiology in adults with SA that may differ in children.

Clinical trial registered with www.clinicaltrials.gov (NCT 01606826).

Keywords: corticosteroid response phenotype; severe asthma;
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lower FEV;, more symptoms, and poorer
quality of life (2-6). Although these
differences may be caused by fundamental
pathobiologic differences in SA that lead to
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At a Glance Commentary

Scientific Knowledge on the
Subject: Whether phenotypic
distinctions between severe and
nonsevere asthma are related to the
degree of corticosteroid use is unclear.
Furthermore, in patients with severe
asthma who respond to corticosteroids,
the phenotypic or biomarker
predictors of a response are not known.
Whether the response or predictors
vary by age has not been explored.

What This Study Adds to the
Field: This study describes a
distinction between adults and children
with severe asthma in terms of their
response to parenteral corticosteroids.
Adults, but not children, with severe
asthma remain phenotypically distinct
from those with nonsevere asthma.
Furthermore, it identified that, despite
already being prescribed high-dose
inhaled corticosteroids, approximately
20% of patients with severe asthma
experience a clinically important
improvement in airway caliber after
triamcinolone acetonide. The baseline
FEV, response to bronchodilator and
baseline fractional exhaled nitric oxide
were good predictors of an FEV,
corticosteroid response. These findings
suggest differences between children
and adults in the pathobiologic
underpinnings of severe asthma that

require further investigation.

corticosteroid resistance, poor adherence or
delivery of inhaled corticosteroid therapy
may also contribute to these phenotypic
distinctions, especially in those individuals

in whom type 2 immune biomarkers
remain elevated.

From 2001 to 2011 the National
Institutes of Health/NHLBI supported the
Severe Asthma Research Program (SARP)
to study mechanisms differentiating
severe from NONSA (5, 7). In 2012,
NHLBI constituted SARP III, a panel of
investigators from 11 U.S. pediatric and
adult sites, including a data coordinating
center, to further evaluate biologic
processes that underlie asthma severity
in adults and children that are associated
with progression of severity. A unique
feature of SARP III was an effort to
eliminate the potential confounding of
poor corticosteroid adherence, and
variable deposition or absorption of
inhaled therapies. All participants
with SA and NONSA were characterized
before and after administration of
a single dose of intramuscular
triamcinolone acetonide (TA) to answer
several key questions. First, will clinical
and biomarker distinctions between the
SA and NONSA populations persist after
parenteral corticosteroid administration?
Second, do adults and children with
SA differ in their response to parenteral
corticosteroids? Third, are there phenotypic
characteristics and/or biomarkers that
predict an individual response to
corticosteroid? Finally, are there defining
characteristics associated with a
corticosteroid response that provide
insights into the pathobiology of SA?

We hypothesized that phenotypic/
biomarker distinctions would persist
between SA and NONSA after TA, but that
children would have less of an airway
response because of the lesser degree of
baseline obstruction. To test these
possibilities, we report characteristics of the
SARP III cohort across age and severity at

baseline characterization before and
after TA.

Methods

A total of 714 adults and children age
greater than or equal to 6 years old with
asthma were recruited by 11 clinical
centers for SARP III between 2011 and
2015 (see the online supplement for
detailed inclusion/exclusion criteria).
SARP III targeted a population of 60%
SA and 40% NONSA (75% adults and
25% children). The institutional review
board at each center approved the
study. Subjects were classified as SA as
defined by 2014 American Thoracic
Society/European Respiratory Society
guidelines (2). Briefly, this is defined as
asthma that requires treatment with
suggested Global Initiative for Asthma steps
4-5 for the previous year or systemic
corticosteroids for greater than or equal to
50% of the previous year to prevent
“uncontrolled” asthma or remains
“uncontrolled” despite therapy (see online
supplement for definitions of control).
After obtaining written informed
consent/assent, subjects were characterized
at baseline over two clinical research visits
(see online supplement).

Questionnaires

Questionnaires assessed demographics,
medication history, health care utilization,
and asthma control (Asthma Control
Questionnaire [ACQ]-6 permission
obtained) (8).

Height and Weight and Body

Mass Index

Height by stadiometry and weight were
measured using National Health and
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Nutrition Examination Survey standards
and body mass index (BMI) was calculated
for adults and percentiles for age and sex
in the children.

Measures of Atopy

Total IgE, and allergen-specific IgE by
ImmunoCap were collected (see online
supplement for details).

Airflow, Airway Reactivity, and
Fractional Exhaled Nitric Oxide

Pre- and postalbuterol spirometry (9)

and maximum bronchodilation were
performed in all subjects (see online
supplement). Predicted values for
spirometric variables were obtained using
the 2012 Global Lung Initiative standard
reference equations (10). Bronchodilator
(BD) response was defined as absolute A in
FEV,% predicted between pre- and
post-BD administration spirometry

(11, 12). Methacholine challenge was
performed using standardized methods (13).
Fractional exhaled nitric oxide (FEno) was
measured per American Thoracic
Society/European Respiratory Society
guidelines (14).

Sputum/Blood Eosinophils

Blood eosinophils were quantified. Sputum
induction was also performed using
standard methods (15, 16).

Intramuscular Corticosteroid
Administration

At the end of the second baseline
characterization visit, subjects that
satisfied inclusion/exclusion criteria
received a single dose of intramuscular
TA given intramuscularly deep in the
gluteal region. Adults aged 18 years and
older received 40 mg of TA; children ages
6-17 years received 1 mg/kg of TA (up to
40 mg maximum).

Characterization of Corticosteroid
Response

Response to TA was evaluated at a third
visit within 18 = 3 days of the TA injection,
which is a time frame used in prior

TA studies (17, 18). Spirometry,
maximum BD, blood eosinophil counts
(subset), induced sputum eosinophil

cell counts (ages =12), Feyo, and
asthma control surveys were repeated
after TA.

Phipatanakul, Mauger, Sorkness, et al.: Corticosteroid Response across the Spectrum of Asthma

Corticosteroid Response

Corticosteroid response was defined as a
dichotomous FEV,; outcome using a
threshold of at least 10 percentage point
absolute increase in pre-BD FEV;%
predicted (FEV, final minus FEV baseline)
from before to after TA administration,
based on other studies and the natural
variation expected in spirometry (19-21).

Analytic Methods

Descriptive statistics are presented as means
and SD for continuous variables and
proportions or percentages for categorical
variables. Generalized linear mixed effects
models allowing for correlations between
repeated measurements were used to
compare outcomes pre and post
corticosteroid administration, across
severity and age groups. Models were fit
under the normal distribution for FEV,
ACQ (minimally important difference =0.5
and ACQ =1.5 defined as uncontrolled
[22, 23]), or the log normal distribution
for sputum (in adults only because of
limited usable data in children), blood
eosinophils, and Feyno. Because assessments
were 2-3 weeks after TA and ACQ
ascertained 2-week symptom recall (as
opposed to 4-wk recall with Asthma
Control Test/Childhood Asthma Control
Test), ACQ6 was used as a marker of
symptom control without lung function.

Corticosteroid response was also
considered as a qualitative outcome defined
as an increase of at least 10% in pre-BD
FEV,% predicted after corticosteroid
administration and predictors of response
were examined using receiver operating
characteristic curves. Sensitivity analyses
were done to evaluate the choice of 10% as
the threshold for defining response.

All analyses were conducted using SAS
statistical software version 9.4 (SAS Inc.,
Cary, NC), without adjustment for multiple
comparisons.

Results

Baseline Characteristics

The cohort (n=714) was comprised of 526
adults (age =18 yr) and 188 children (age
6-17 yr) (Table 1). Thirteen percent (n=
41) of severe adults and 14.4% (n = 16) of
severe children reported environmental
tobacco smoke exposure without any
apparent differences in reported exposure
between groups (Table 1).

Overall Change before and after TA
among the Groups by Age and
Severity

Pictorial distributions of intramuscular TA
response in the population as quantified
by absolute change in pre-BD FEV,%
predicted, post-BD FEV ;% predicted, blood
and sputum eosinophils (sputum in adults
only), and ACQ6 comparing adults and
children, grouped by severity, are shown in
Figure 1. Scatter plot distributions of pre-
and post-TA response with the same
variables are shown in Figure El in the
online supplement. Overall, the severe
patients had a wider distribution in lung
function and ACQ6 (adults only) after TA
(Figures 1A-1C), whereas in children the
NONSA group had a wider Feyxo
distribution (Figure 1D). The scatter plot
distributions before and after TA suggest
that severe adult patients with higher
baseline ACQ6, Feno, and blood
eosinophils responded less robustly than
those with lower baseline levels (see Figures
E1C-E1E), whereas lung function seemed
to have a more direct correlation (see
Figures E1A and E1B).

Baseline differences and changes in the
characteristics and biomarkers measured
before and after TA by severity and age
groups are shown graphically in Figure 2
with actual values shown in Table 2. Ranges
are reported as 95% confidence intervals
unless otherwise indicated. Responses are
described in the following sections
separated by adults and children.

Change in Markers after TA in Adults

Baseline distinctions before TA between SA
and NONSA. Before TA, adults with SA
were distinguished from NONSA by
significantly lower pre-BD FEV;% predicted
(difference, —14.3%; —17.3 to —11.3;
P < 0.001), significantly lower post-BD
FEV,% predicted lower Feyo, higher
sputum eosinophils, and higher ACQ6
(Table 2, column 1).

Post TA responses. Post-BD FEV,%
predicted improved in adult SA after
TA (2.2% predicted; 1.1-3.3; P < 0.001),
but not in NONSA (0.7% predicted; —0.1
to 1.4; P=0.08). Sputum eosinophil
counts declined after TA in both SA and
NONSA groups, and blood eosinophils
declined by 30% in both SA and NONSA
after TA. FEyo also decreased significantly
after TA in SA and NONSA groups
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Table 1. Summary Features of SARP lll Participants

Age at baseline visit, yr

Age at diagnosis of asthma, yr

Age at onset of symptoms, yr

Years since diagnosis of asthma

Years since onset of asthma symptoms

Body mass index, kg/m? (percentile for pediatric groups)

Pre-TA, pre-BD FEV{% predicted from visit 2
Pre-TA, max FEV,% predicted
Pre-BD FEV,/FVC
Pre-BD FEV/FVC% predicted
Maximum FEV, albuterol response (absolute
change in % predicted)

Methacholine PC,,, median (IQR)
ACQ-6
ACT/CACT(6-11) score
Feno, ppb, median (IQR)
Sputum eosinophils, %, median (IQR)
Blood eosinophils, cells/ul, median (IQR)
IgE test result, IU/ml, median (IQR)
Number of positive specific IgEs (of 15 tests)
TA response: pre-BD FEV,% predicted
At least one positive specific IgE, n (%)
Race/ethnicity, n (%)

Male sex

White race

African American race

Other race

Hispanic ethnicity
Medication use in the past 3 mo, n (%)

Inhaled corticosteroids

Long-acting B-agonist

Long-acting anticholinergic

Leukotriene antagonists

Short-acting anticholinergic

Short-acting B-agonist

Oral or systemic corticosteroids

>2 steroid courses in the past year

=3 mo with oral corticosteroid use in the past year

Biologics
Eczema

ED visit for breathing problems in the past 12 mo

Hospitalized for asthma in the past year

Daily oral corticosteroids (current)
Environmental smoke exposure, n (%)

Any

Home

Work

Other

Adult
Nonsevere
(n=213)

445+ 14.6*
19.1 =15.3
16.3 =13.9
25.4 + 15.6*
28.1 + 15.9*
31.0+7.9%
81.0 = 16.4*
92.2 + 15,5
0.72 + 0.09*
87.9 = 10.4*
10.5 +7.8"

1.6 (0.5-4.2)
1.1 +0.9*%
19.2 = 4.0
24.0 (16.0-43.0)
0.7 (0.0-2.0)
189 (111-320)"
141 (46-374)
4.8+38
23x741
173 (82)
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Definition of abbreviations: ACQ = Asthma Control Questionnaire; ACT = Asthma Control Test; BD = bronchodilator; CACT = Childhood Asthma Control Test;
ED = emergency department; Feno = fractional exhaled nitric oxide; IQR = interquartile range; IU = international units; SARP = Severe Asthma Research
Program; PCyq = provocative concentration (of methacholine in this case) that causes a 20% fall in FEV4; TA = triamcinolone acetonide.

Data are mean = SD unless otherwise indicated.

*P < 0.01; P values refer to comparison of severity by age group.
TP < 0.05; P values refer to comparison of severity by age group.

(SA, —2.4 ppb; —3.8 to —1.1; P < 0.001)
(Figures 2A, 2B, 2D, and 2F; Table 2,
column 3).

ACQ scores improved (declined) after
TA in both groups (SA, —0.2; —0.3 to —0.1;
P <0.001) (NONSA, —0.2; —0.3 to —0.2;

P < 0.001) (Figure 2C; Table 2, column 3).
Although the average improvement did
not exceed the threshold for the minimally
important difference of 0.5, 32% of
individuals achieved or exceeded that
threshold change.

Differences between SA and NONSA
Adults after TA
Fino and sputum eosinophils in adults
were significantly different between SA and
NONSA at baseline but not after TA. When

adults with SA and NONSA were compared
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A

C

Adult

Adult

Adult

p-value = 0.4

Pediatric

p-value = 0.03

Pediatric

p-value = 0.3

Pediatric

p-value = 0.5

p-value = 0.9

—40 -20 0 20 40
change in Pre-BD FEV1 Percent Predicted

D

—40 -20 0 20 40
change in Post-BD FEV1 Percent Predicted

E

p-value = 0.1

-3 -2 -1 0 1 2 3
change in ACQ-6

Adult

Adult

Adult

p-value < 0.001

Pediatric

p-value = 0.2

Pediatric

p-value = 0.1

p-value = 0.09

—-40 -20 0 20
change in FeNO

p-value = 0.9

-400

—200 0 200 400
change in blood eosiniphils

T - L T
-20 -15 -10 -5 0 5 10
change in sputum eosiniphils

7l Non-Severe [ Severe

Figure 1. (A-F) Distribution of intramuscular corticosteroid (triamcinolone) response in the population as quantified by absolute change in prebronchodilator
FEV1% predicted (A), post-bronchodilator FEV% predicted (B), Asthma Control Questionnaire-6 (C), fractional exhaled nitric oxide (D), and blood (E) and
sputum (F; in adults only) eosinophils, comparing adults and children grouped by severity. Bars are histograms and lines are smooth density lines showing
probabilities (area under the curve = 1.0). ACQ = Asthma Control Questionnaire; BD = bronchodilator; Feno = fractional exhaled nitric oxide.

after TA, pre- and post-BD FEV,%
predicted remained significantly lower, and
ACQ6 remained significantly higher in the
adult SA group as compared with NONSA
(Table 2, column 2; see Figure E2).

In children, blood eosinophils and
FEno declined significantly in SA and
NONSA after TA. At baseline, children
with SA were distinguished from NONSA
only by lower pre-BD FEV,% predicted and
higher ACQ6 (Table 2, column I). There
was no significant increase in pre-BD
FEV,% predicted in children after TA.
ACQ6 decreased (improved) significantly
after TA only in children with SA
(SA, —0.3; —0.4 to —0.1; P < 0.001)
(Figures 2A-2E; Table 2, column 3).

Differences between SA and NONSA
in Children after TA

ACQ6 was higher in children with SA as
compared with NONSA at baseline, but this
difference was eliminated after TA. Children

Phipatanakul, Mauger, Sorkness, et al.: Corticosteroid Response across the Spectrum of Asthma

with SA also had improvements in pre-BD
FEV,% predicted after TA, although they
were still significantly lower than NONSA.
Values of post-BD FEV% predicted, FEyo,
and blood eosinophils were similar among
children with SA and NONSA at baseline,
and remained similar among the groups
after TA (Table 2, column 2; see Figures
E2A-E2E).

Predictors of Asthma Response to
Corticosteroid

Twenty percent of the adult SA and 21% of
the pediatric SA had an increase in FEV,
of greater than or equal to 10% predicted
after parenteral administration of
corticosteroids. We investigated if the
baseline BD response, FEyo, blood
eosinophils, sputum eosinophils (adult
only), ACQ6, BMI, or age might identify
individuals who would respond using
receiver operating characteristic curve
analyses (Figure 3).

BD response at baseline (defined as
absolute A in FEV o, predicted between
pre- and post-BD administration
spirometry [11, 12]) provided the best
sensitivity/specificity in predicting a 10%
FEV, response to TA in all groups except
pediatric NONSA (area under the curve
[AUC], 0.76 NONSA adults; 0.69, SA
adults; 0.58, NONSA children; 0.73, SA
children). Baseline Feyo was also a good
predictor of corticosteroid response,
particularly in adult SA (AUC, 0.68) (see
Table E2 for sensitivity/specificity and
cutpoint values).

Notably, blood eosinophils performed
similarly to sputum but both were inferior to
FEno in predicting response in adults. BMI,
age, and ACQ6 were poor predictors of the
FEV, response in any of the severity/age
groups (AUC ranged from 0.5 to 0.6)
(Figure 3). Sensitivity analyses plotting the
AUGC:s for each predictor at levels of change
in pre-BD FEV;% continuously ranging
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Figure 2. (A-F) Intramuscular corticosteroid (triamcinolone) response in adult and pediatric participants by prebronchodilator FEV;% predicted (A), post-
bronchodilator FEV% predicted (B), Asthma Control Questionnaire-6 (C), fractional exhaled nitric oxide (D), and blood (E) and sputum (F; in adults only)
eosinophils. Error bars represent 95% confidence intervals. ***P < 0.001; **P = 0.001 to <0.01; *P =0.01 to <0.05. ACQ = Asthma Control
Questionnaire; BD = bronchodilator; Eos = eosinophils; Feno = fractional exhaled nitric oxide; Peds = pediatric; TA = triamcinolone acetonide.

from 5% to 15% suggested that 10% change
in outcome gave the best inflection

point for sensitivity and specificity for most
of the predictors in the adult groups (see
Figure E3).

Post Hoc Subgroup Analyses

Adults with higher Fexo at baseline and
those with higher sputum eosinophils at
baseline had a greater TA lung function
response. Among adults with SA,
corticosteroid response was three times
more likely for those with Feyo greater
than or equal to 20 ppb compared with
those with Feyo less than 20 ppb and twice
as likely for those with greater than or equal
to 2% sputum eosinophils compared with
those with less than 2% sputum eosinophils
at baseline. There were no differences in TA
response by race (see Table EI).

Discussion

SA is generally defined by poor control of
symptoms and airflow obstruction even
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with the use of high doses of inhaled
corticosteroid (1, 2). Although symptoms
and airflow obstruction may persist because
of unique pathobiologic mechanisms of
asthma severity, poor adherence or
suboptimal delivery of inhaled
corticosteroid therapy may also underlie
the poor control in patients with SA. In our
well-characterized cohort of adult and
children with asthma, we determined if
phenotypic differences among SA and
NONSA persist after uniformly
administered systemic TA, and identified
predictors of corticosteroid response. We
found that children and adults differ in the
pattern of their response to systemic
corticosteroids. We identified that Feyo
and sputum eosinophils in adults and
ACQ6 in children were significantly
different between SA and NONSA at
baseline but not after intramuscular TA.
Furthermore, post-BD FEV;% predicted
improved in adult SA after TA, but not in
NONSA. In children, blood eosinophils and
FEno declined significantly in SA and
NONSA after TA. Overall, these findings

indicate that SA is not simply related to
poor use of or adherence to medications.

In adults, airflow obstruction
differences and higher symptoms scores
persisted between SA and NONSA even
when all patients receive an “equalizing”
dose of parenteral corticosteroids,
suggesting that these features of SA in
adults are not simply caused by differential
exposure to corticosteroids. In contrast to
adults, in children, corticosteroids reduced
symptom differences between SA and
NONSA and reduced, to a lesser extent, the
difference in pre-BD FEV,. Furthermore,
once BDs were administered, airway
function in pediatric SA was not
distinguishable from NONSA. The
difference in persistence of the phenotype
after corticosteroids and BD in adults and
children is interesting and suggests that as
patients move to adulthood their asthma
may be a less reversible disease.

However, we found that about 20% of
children or adults with SA (who are already
on high-dose inhaled or oral corticosteroid)
experienced a substantial lung function
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Table 2. Pre- and Post-Triamcinolone Response between Age and Severity Groups

Pre-BD FEV1% predicted
Adult
Severe (n=313)
Nonsevere (n=212)
Difference
Pediatric
Severe (n=111)
Nonsevere (n=77)
Difference
Post-BD FEV,% predicted
Adult
Severe (n=311)
Nonsevere (n=213)
Difference
Pediatric
Severe (n=111)
Nonsevere (n=77)
Difference
FEno, PPb
Adult
Severe (n=309)
Nonsevere (n=213)
Difference
Pediatric
Severe (n=109)
Nonsevere (n=75)
Difference
Sputum eosinophils, %*
Adult
Severe (n=240)
Nonsevere (n = 166)
Difference
Blood eosinophils, cells/p.l*
Adult
Severe (n=159)
Nonsevere (n=119)
Difference
Pediatric
Severe (n=43)
Nonsevere (n=27)

Before Triamcinolone

66.7 (64.6 to 68.9)
81.0 (78.8 to 83.2)

—14.3 (-17.3 to —11.3) (P < 0.001)

86.3 (83.3 to 89.4)
93.1 (89.7 to 96.1)
—6.8 (—10.9 to —2.2) (P=0.003)

77.9 (75.8 to 80.1)
92.3 (90.4 to 94.4)

—14.3 (—17.4 to —11.3) (P < 0.001)

103.4 (100.0 to 106.6)
105.6 (102.6 to 108.5)
—22 (—6.7 t0 2.2) (P=0.3)

5(19.7 to 23.3)
6 (23.2 10 28.2)
1 (~7.3to —1.1) (P=0.010)
.7 (20.0 to 27.9)

2 (21.3 to0 31.8)

5(—9.2 to 4.2) (P=0.5)

216 (180 to 255)
179 (153 to 207)
37 (~7 to 81) (P=0.1)

261 (201 to 332)
321 (224 to 444)

After Triamcinolone

70.0 (67.9 to 72.2)
83.5 (81.2 to 85.8)

—~13.5 (—16.7 to —10.3) (P < 0.001)

88.6 (85.2 to 92.1)
94.2 (94.2 to 97.5)

—5.5(—10.3 to —0.8) (P=0.025)

80.1 (78.0 to 82.2)
92.9 (90.8 to 95.2)

—-12.8 (—15.9 to —9.8) (P < 0.001)

103.8 (100.9 to 106.5)
106.2 (103.2 to 109.3)
—2.5 (6.5 to 1.5) (P=0.2)

146 (122 to 170)
131 (114 to 149)
14 (—15 to 45) (P =0.4)

195 (138 to 262)
190 (130 to 270)

Change after
Triamcinolone

3.3 (2.1 to 4.5) (P < 0.001)

2.5 (1.4 to 3.5) (P < 0.001)

0.8 (—0.8 to 2.5) (P=0.3)

2.3 (-0.2 to 4.9) (P=0.076)

1.1 (-1.9 t0 3.9) (P=0.5)

1.2 (-2.510 5.2) (P=0.5)

2.2 (1.1 to 3.3) (P < 0.001)

0.7 (=0.1 to 1.4) (P=0.084)

1.5 (0.2 to 2.8) (P=0.023)

0.4 (—2.0 to 2.6) (P=0.8)

0.6 (—1.5 to 2.6) (P=0.6)
—0.3 (—3.4 t0 3.0) (P=0.9)

—2.4 (—3.8to —1.1) (P < 0.001)

~6.1 (~7.8 to —4.4) (P < 0.001)

3.6 (1.5 to 5.8) (P < 0.001)

~6.2 (—8.9 to —3.8) (P < 0.001)

—-10.3 (—14.4 to —6.6) (P < 0.001)

4.1 (-0.4 to 8.8) (P=0.086)
—0.4 (—0.6 to —0.2) (P < 0.001)
~0.2 (—0.4 to —0.1) (P=0.015)
—0.2 (-0.5to 0.1) (P=0.1)

—70 (—102 to —40) (P < 0.001)
—48 (—71 to —26) (P < 0.001)
—22 (—61 to 15) (P=0.2)

—66 (—110 to —26) (P =0.002)
—131 (-201 to -74) (P < 0.001)

Difference —60 (—194 to 65) (P=0.4) 5 (—91 to 96) (P=0.9) 65 (—9 to 145) (P=0.091)
ACQ-6
Adult
Severe (n=308) 1.9 (1.7 to 2.0) 1.7 (1.6 to 1.8) 0.2 (—0.3 to —0.1) (P <0.001)
Nonsevere (n=213) 1.1 (1.0 to 1.3) 0.9 (0.8 to 1.0) 0.2 (-0.3to —-0.2) (P< 0.001)
Difference 0.7 (0.5 to 0.9) (P < 0.001) 0.8 (0.6 to 1.0) (P < 0.001) 0.1 (—0.1t0 0.2) (P=0.3)
Pediatric
Severe (n=111) 1.3 (1.1 to 1.5) 1.1 (0910 1.2) 0.3 (—0.4 to —0.1) (P <0.001)
Nonsevere (n=77) 0.9 (0.7 to 1.1) 0.8 (0.6 to 1.0) -0.1 (-0.2t00.1) (P=0.4)
Difference 0.4 (0.2 to 0.7) (P=0.001) 0.2 (—0.0 to 0.5) (P=0.059) 0.2 (—0.4 to 0.0) (P=0.1)

Definition of abbreviations: ACQ = Asthma Control Questionnaire; BD = bronchodilator; Cl = confidence interval; Feno = fractional exhaled nitric oxide.
Data are shown as mean (95% CI).
*Sputum in adults only with usable data and blood eosinophils in a subset of participants were available.

(17) who reported a 12% (as a percent of
baseline) improvement in FEV after
systemic corticosteroids in patients with
SA and greater than or equal to 2%
sputum eosinophils. These findings were
replicated in work by the BioAIR
investigators with a 2-week oral corticosteroid

improvement after systemic corticosteroid
administration. The ability to predict
response of this subgroup of SA would be
clinically meaningful. We demonstrate that
using baseline BD response and/or Feyo
one-third of patients already on intensive
therapy and with substantial continued

morbidity would have a substantial
improvement in their lung function.

Our finding that type 2 inflammation,
as indicated by Feyo and sputum
eosinophils, was associated with a response
to TA in adults with SA is consistent
with the work of ten Brinke and coworkers
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Figure 3. The receiver operating characteristic curve to depict sensitivity and specificity for a
corticosteroid response (defined as absolute A prebronchodilator FEV,% predicted of at least 10%)
for each of the baseline predictors including Asthma Control Questionnaire-6, age, bronchodilator
response, body mass index, blood eosinophils, and fractional exhaled nitric oxide. ACQ = Asthma
Control Questionnaire; BD = bronchodilator; BMI = body mass index; Feyo = fractional exhaled nitric

oxide; ROC = receiver operating characteristic.

intervention (24). These data suggest
that persistent type 2 inflammatory
processes contribute to ongoing airway
obstruction in a proportion of patients
with SA. Whether this persistence is
related to pathobiologic underpinnings
that make these patients more “resistant”
to corticosteroids or whether these
findings are indicators of poor
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adherence or incorrect medication use is
unclear.

It is of interest that FExo was as good,
or better, for predicting a threshold
response in FEV, than blood or sputum
eosinophils in adults with SA. We also
found that a higher percentage of those
with baseline FEyg greater than 20 ppb
were corticosteroid responders as

opposed to those with Feyo less than

20 ppb at baseline. This threshold for
FEno is similar to a cutpoint for patients
with SA who respond to omalizumab
(25) and lebrikizumab (26), therapies
that target IgE and eosinophils, respectively,
and lends further evidence that elevated
FEno may identify a subset of patients
with SA who may benefit from additional
systemic therapy targeting type 2
inflammation (27).

Very few studies have prospectively
evaluated the response to parenteral
corticosteroid therapy in patients with SA
already on high-dose inhaled or oral
corticosteroid therapy. Children with SA
treated with oral or intramuscular
corticosteroids found that environmental
tobacco exposure was associated with a
decreased likelihood of a “complete”
response (1) and suggested multiple factors
may be considered response in children
(18). Adults also have differential inhaled
corticosteroid response based on smoking
status (28). Our cohort had approximately
one in eight individuals exposed to
environmental tobacco, but there were no
apparent differences in response to
triamcinolone among the exposed and
nonexposed age and severity groups. A
study by Kupczyk and coworkers (24)
examined the effect of an oral corticosteroid
course in patients with SA and NONSA.
Similar to our study they found that nearly
a fifth of the patients had a substantial
improvement in FEV,. Interestingly, their
population of adults with SA, which was
less reversible at baseline than the
population we studied, had markedly
greater sputum (17.9 vs. 0.8%) and blood
eosinophils (375 vs. 228). They did not find
that the BD response predicted the oral
corticosteroid response but rather found
that sputum eosinophils were among their
best predictors. These differences may
reflect the major differences in the
underlying populations studied.

Recently, a study of 85 children
with SA who received parenteral
triamcinolone (29) found approximately
25% had a substantial improvement in
FEV |, similar to the proportion in our
study. This study noted African American
children (n = 16) were less likely to have
an improvement in Feyo. We did not
identify differences in Fexo response
by race.

It is important to acknowledge that the
study did not include a placebo intervention.
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The lack of a placebo does not affect our aim
of examining the phenotypic differences
among different asthma severity groups
when all are treated with an “equalizing”
dose of parenteral corticosteroids.
Additionally, it does not have a significant
effect on our aim to examine whether
adults differ from children in their
response to corticosteroids. Although it
may be argued that it could affect our
conclusions regarding phenotypic markers
predicting and/or associated with a
corticosteroid response, we have taken steps
to minimize this possibility. In particular,
we set our threshold for an FEV,
corticosteroid response to twice the
FEV,% predicted response reported even
in those with asthma who are highly
reversible (30). Furthermore, lending
credence that it is unlikely that the effect
we are describing would occur from a
placebo is the fact that studies in SA as
opposed to milder asthma suggest that
FEV, is not particularly responsive to
placebo (17).

The strength of our study is to the
ability to discern whether lack of control is
caused by severity of asthma, or by poor
compliance. The administration of
parenteral TA alleviates that latter concern,
which makes the findings clinically and
pathophysiologically informative. However,
it is possible that those who improved the
most with TA were the individuals with
poor adherence at baseline, and/or with
improved adherence over the evaluation
period during the course of the study. In

this context, measures of corticosteroid
metabolites before intervention with

TA would have been helpful to assess
adherence to baseline inhaled or oral
corticosteroid use. These measures are
unavailable but may have provided some
information on suppression of endogenous
steroid pathways, primarily partial
adherence or nonadherence. The strength of
our study is the ability to discern whether
lack of control is caused by severity of
asthma, or by poor compliance. The
administration of parenteral TA alleviates
the latter concern, which makes the findings
clinically and pathophysiologically
informative. However, it is possible (and
quite likely) that some of those who
improved with TA were the individuals
with poor adherence. In this context,
measures of corticosteroid metabolites
before intervention with TA would have
been helpful to assess adherence to
baseline inhaled or oral corticosteroid use.
These measures are unavailable but may
have provided some information on
suppression of endogenous steroid
pathways reflecting partial adherence or
nonadherence.

Conclusions

Our study has several important findings.
First, in adults with SA, “equalizing”
corticosteroid treatment does not eliminate
the distinction between SA and NONSA.
In contrast, in children, parenteral
corticosteroids lead to loss of most of the
distinctions between SA and NONSA, aside

from baseline degree of obstruction. The
reasons for differences in response across
age are unclear. Prolonged reduction in
proresolving mediators in adults with SA
(31, 32) and/or longer persistence of
unopposed type 2 inflammation may result
in remodeling and irreversible changes in
adults. Recent work identifies separable
effects of aging and asthma duration on
asthma severity (33). Importantly, this
study clearly defines corticosteroid-
responsive and nonresponsive SA
phenotypes, which will be useful to
guide individualized therapy. Up to

20% of patients with SA have a
substantial improvement in airway
function after parenteral corticosteroids,
which can be predicted by the baseline
degree of reversibility of airway
obstruction and levels of Feno. High
levels of Fexo, an indicator of type 2
inflammation, especially in adults, are
associated with the corticosteroid
responsive SA phenotype. Longitudinal
lifespan studies are necessary to
understand progression of SA and to
guide approaches to alter the disease
course in children and adults.
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