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Abstract

Background: The Asthma Symptom Diary was developed to assess severity of symptoms in patients with moderate to
severe asthma, and has evidence supporting reliability and validity. Only limited information is available on sensitivity to
change and responder definitions for the Asthma Symptom Diary.

Objectives: Main study objectives were to evaluate sensitivity to change and provide responder definitions for clinically
meaningful effects for the Asthma Symptom Diary.

Methods: This is a secondary analysis of Phase II clinical trial data in patients with moderate to severe asthma, Asthma
Symptom Diary (ASD) was collected daily during the 24-week study. The Asthma Control Questionnaire and the Patient
Global Assessment were collected at baseline, and week 12 and 24. Analysis of covariance (ANCOVA) models were used to
evaluate sensitivity to change in Asthma Symptom Diary scores after 12 and 24 weeks of treatment. Anchor-
based methods, using Asthma Control Questionnaire and Patient Global Assessment defined anchors, were used
to identify minimal important differences and various responder criteria for changes in mean 7-day ASD score,
symptomatic days, and minimal symptom days.

Results: Sample was 59% female, 81% White, with a mean age of 47.3 (SD = 13.6) years. ANCOVAs demonstrated
significant differences in baseline to week 12 and week 24 changes in mean 7-day Asthma Symptom Diary scores
and symptomatic days by Asthma Control Questionnaire (all p < 0.001) and Patient Global Assessment anchors (all
p < 0.001). Meaningful responders, from the patient’s perspective, were defined as improvements of 0.5–0.6 points
(SD = 0.6; scale range 0 to 4) in mean 7-day Asthma Symptom Diary scores, and as a reduction of 2 to 3 Asthma
Symptom Diary-based symptomatic days.

Conclusion: The Asthma Symptom Diary was responsive to changes in clinical status in patients with moderate
to severe asthma. Responder definitions were identified, including symptomatic days, for evaluating individual
level treatment effects in clinical trials.

Keywords: Asthma, Asthma symptom diary, Interpretation guidelines, Minimal important difference, Responder
definitions, Responsiveness to change
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Background
Asthma is a chronic respiratory illness characterized by
airway remodeling, inflammation, and immunological
hyper-responsiveness to allergens [22]. Approximately
300 million people worldwide suffer from asthma and
many of these patients are poorly controlled [9]. Based
on the 2014 Centers for Disease Control estimates, the
overall prevalence of asthma is 8% in the US, with preva-
lence rates of 9% in children and 7% in adults [5]. In
2009, 52% of asthmatics (both adults and children) expe-
rienced an asthma attack that increased their risk for an
emergency department visit or an inpatient
hospitalization [1]. Patient reported symptoms and
health-related quality of life (HRQL) are important mea-
sures of disease experience and impact of asthma, and
previous research has demonstrated the HRQL burden
of asthma [2, 6, 28–30].
Daily diaries have frequently been used to assess

symptom severity and treatment effectiveness in
asthma clinical trials [16, 20, 26]. However, few of these
symptom diaries have been systematically developed, and
have evidence supporting their reliability and validity, and
established responder definitions [3, 25, 31]. The Food
and Drug Administration (FDA) has recommended that
patient reported outcome (PRO) measures, including daily
symptom diaries, are developed based on patient qualita-
tive information and that these measures have evidence
supporting reliability, validity and responsiveness [8].
The Asthma Symptom Diary (ASD) was developed to

assess severity of asthma symptoms, nocturnal awaken-
ings and activity limitations in patients with moderate to
severe asthma. The symptom content of the ASD was
based on concept elicitation and cognitive interviews in
patients with moderate to severe persistent asthma [10].
Previous studies have supported the content validity of
the ASD [10] and the psychometric characteristics of the
ASD [11]. The ASD has good evidence supporting reli-
ability, validity and responsiveness of the average 7-day
score. However, the original psychometric evaluation
study was conducted in a sample of asthma patients in a
4-week observational study, limiting the evaluation of
minimal important differences (MID) and providing no
responder definitions, reflecting important changes from
the patient’s perspective. The psychometric evaluation of
a new measure, such as the ASD, is an ongoing exercise
with additional evidence on reliability, validity, and inter-
pretation guidelines providing additional confidence in
the instrument’s measurement properties. The current
psychometric analysis was designed to further confirm
the measurement qualities of the ASD using data from a
much larger, 24-week clinical trial.
Information on the interpretation and responder defi-

nitions of new PRO measures are needed to assist clini-
cians, patients and regulatory agencies in understanding

the effectiveness of treatments. For regulatory agencies,
such as the FDA and [7]). Evaluation of MID and re-
sponder definitions are critical for interpreting the ef-
fects of treatment on PRO measures, such as the ASD
[4, 12, 23, 24]. The MID is often used for interpreting
mean group differences between treatments and reflects
the smallest score or change in scores on the PRO meas-
ure that would likely be important from the patient’s
perspective [12, 23]. However, some researchers base re-
sponder definitions on the MID.
Responder definitions focus on the individual level and

assist in understanding percent of patients benefiting
from treatment. One definition of a responder is a pa-
tient who has experienced a change that is important to
that patient, that is, has experienced the MID. Thus, the
change as great or greater than the MID can be selected
as the criterion for defining a responder, that is, the
MID represents the threshold for response, though in-
vestigators may choose other thresholds (e.g. moderate
or large responses). Responder definitions are based on a
threshold of changes in endpoint scores based on psy-
chometric evidence and are defined as a magnitude of
change that is considered important to the patient. The
patient’s perspective is critical, and meaningful change (or
improvement) needs to be determined based on patient
input. Responder definitions for interpreting individual
patient-level change are normally larger than the MID (for
group or individual level interpretation) [13, 19]. The US
FDA has expressed concern that the MID, as a basis for
defining responders, reflects minimal rather than more
than minimal levels of change in PRO endpoints.
Both MIDs and responder definitions are based on

anchor-based criteria measures [23]. These anchor
scores may be patient derived (i.e., patient global assess-
ment of change or severity), clinician derived (i.e., clin-
ician global rating of change or severity), based on
relevant clinical indicators (i.e., hematocrit), or other
established PRO endpoints (i.e., Asthma Control Ques-
tionnaire; ACQ).
Responder definitions may differ between chronic

symptomatic versus episodic symptomatic diseases. In
chronic diseases (e.g., gastroparesis, cancer, congestive
heart failure, etc.), responder definitions can be based on
baseline to endpoint changes in scores, as these repre-
sent meaningful outcomes. For episodic diseases, where
there are variations in symptomatic episodes, with rela-
tively milder symptoms between episodes (e.g., asthma,
celiac disease, migraine, etc.), a combination of clinical
and psychometric criteria is most often used to deter-
mine responder definitions. Asthma, especially moderate
to severe disease, has characteristics of both chronic and
episodic conditions, with acute exacerbations occurring
within this chronic condition, but less severe symptoms
occurring between these exacerbations. Thus, in the
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current study, we evaluate changes in mean 7-day ASD
scores and in symptomatic and minimal symptom days
as potential endpoints for clinical trials comparing
asthma treatments. Psychometric criteria are based on
the anchor-based and distribution-based analyses, while
clinical criteria are related to ensuring that any re-
sponder definition reflects the underlying clinical con-
text, that is, represents meaningful information from the
perspective of both the patient and the clinician.
In the current study, Phase II clinical trial data were

analyzed to evaluate the MID and to identify various re-
sponder definitions based on the ASD measure in pa-
tients with persistent moderate to severe asthma. The
main objective was to provide meaningful interpretation
guidelines for the ASD with respect to its application in
randomized clinical trials comparing asthma treatments.

Methods
Study design and patients
This was a secondary analysis of data collected from
a Phase II clinical trial in patients with moderate to
severe persistent asthma. The Phase II clinical trial
was a randomized, double-blind, placebo-controlled,
multiple dose study to evaluate the safety and efficacy
of brodalumab in subjects with moderate to severe
asthma (NCT01902290). The clinical trial involved
566 subjects with asthma recruited from 147 study
centers worldwide. Study subjects were randomized in
a 1:1 ratio to brodalumab 210 mg or placebo every
two weeks with approximately 283 subjects per treat-
ment group. This study enrolled men and women be-
tween 18 and 75 years of age, with a diagnosis of
asthma, with inadequately controlled asthma (ACQ ≥
1.5 at both screening and baseline), and with a forced
expiratory volume in one second (FEV1) ≥ 40% and ≤
80% (at screening and baseline). All subjects needed
to be treated with a stable dose of ICS (≥ 200 and ≤
1000/μg/day fluticasone powder or equivalent) and if
on a long acting beta-adrenoceptor agonist, must have
been on a stable dose. Additionally, subjects must have
had ≥1, but < 5 exacerbations in the year before screening.
Patients were excluded if they had an acute asthma ex-
acerbation requiring emergency room treatment with sys-
temic corticosteroids or hospitalization within 30 days of
screening or any exacerbation between screening and
baseline, use of systemic corticosteroids within the period
starting 4 weeks before screening, ≥ 5 asthma exacerba-
tions in the year prior to screening, history of chronic ob-
structive pulmonary disease or other chronic pulmonary
condition, or sleep apnea, respiratory infection, any clinic-
ally significant and unstable systemic disease, or pregnant
or breastfeeding.
Following randomization, subjects received brodalu-

mab 210mg or placebo. The primary endpoint was

change in asthma control (based on the ACQ; [17]) from
baseline to week 24, and all subjects were followed for
up to 24 weeks. The clinical trial protocol was approved
by an Institutional Review Board (Chesapeake Research
Review; Pro00007797), and each patient provided writ-
ten informed consent before participating in the study.
This psychometric analysis was based on pooled and
masked PRO and other clinical data from the treatment
and placebo groups in the Phase II clinical trial.

Measures
Asthma symptom diary
The ASD was developed to evaluate the severity of
asthma-related symptoms, nocturnal awakenings and ac-
tivity limitations based on a daily diary which is com-
pleted in the morning and evening each day [10, 11].
The ASD contains 10 questions, with 5 questions com-
pleted every morning and another 5 questions com-
pleted every evening. The morning diary comprises
questions on four asthma-related symptoms (wheezing,
shortness of breath, cough, chest tightness), rated using
a 5-point severity scale from 0 (no symptom) to 4 (very
severe symptoms), and one question on nocturnal awak-
enings, rated on a scale from 0 (did not wake up) to 4
(unable to sleep due to asthma). The evening diary has
questions on the same four asthma-related symptoms
and one question on limitations of activities, rated on a
scale from 0 (not at all) to 4 (extremely). The ASD daily
score is computed by averaging the responses to the 10
items, and a mean 7-day ASD score is calculated by
averaging the 7 daily scores (range 0 to 4). The daily
score is not calculated if any item responses are missing.
The mean ASD 7-day score is only calculated if at least
4 of 7 ASD daily scores are not missing. The ASD has
evidence supporting reliability (internal consistency,
test-retest reliability), concurrent and known groups val-
idity, and responsiveness [11]. The ASD was collected
daily over the course of the clinical trial.
In addition to the average 7-day ASD scores, three

other scores were derived from the ASD daily scores
based on previous ASD data [11] and clinician review.
Definitions of Symptomatic Days and Minimum Symp-
tom Days were based on daily ASD scores, and Symp-
tomatic and Minimal Symptom Days were examined
over 7-day time periods. In addition, mean changes in
average 7-day ASD scores were also evaluated.
The ASD-based endpoints were: (1) Symptomatic Days

(defined as mean of the 10 ASD daily symptom items ≥1,
otherwise non-Symptomatic Day); (2) Minimal Symptom
Days-1 (defined as mean of the 10 ASD daily symptom
items ≤1 and no single symptom item score > 1, otherwise
non-Minimal Symptom Day-1); and (3) Minimal Symp-
tom Days-2 (defined as no single ASD daily symptom item
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score > 1, and activity limitations or nighttime awakening
item scores = 0, otherwise non-Minimal Symptom Day-2).

Asthma control questionnaire
The ACQ is a 7-item disease-specific instrument designed
to assess asthma control [17, 18]. Five items assess
asthma-related symptoms and activity limitations; one item
on FEV1% predicted; and one item on beta-agonist use. All
seven items are scored on a 7-point scale, with 0 indicating
good control and 6 indicating poor control; the total score
is the mean of the seven items. A change of 0.50 points is
considered clinically meaningful [18] and a total score
of < 1.0 indicates good asthma control [15, 21, 27].
Analyses were completed using the 5-item ACQ total
score (which excludes the FEV1 and beta-agonist ques-
tions). ACQ-5 was collected at baseline and at every
study visit; the baseline, week 12 and week 24 data was
used in this analysis.

Patient global assessment (PGA)
The PGA was a single-item patient-rated assessment of
disease severity on a scale of 0 (no asthma symptoms) to
5 (very severe). The PGA measures the patient’s asthma
disease state at the time of assessment and was mea-
sured at every study visit. The PGA response scale was
0 = no asthma, 1 = very mild, 2 = mild, 3 = moderate,
4 = severe, and 5 = very severe.

Statistical analysis
This secondary statistical analysis was based on those pa-
tients with complete baseline to 12-week and baseline to
24-week ASD data. All the psychometric data analyses were
conducted masked to treatment group, as the focus on this
study was the measurement performance of the ASD. No
adjustments were made for multiplicity and the nominal
p-values < 0.05 were used to evaluate statistical significance.

Descriptive statistics
Demographic and clinical characteristics for the study
sample were summarized using descriptive statistics
(mean, standard deviation, and range for quantitative vari-
ables; frequency, and percentage for categorical variables).

Responsiveness (sensitivity to change)
Ability to detect change is a type of validity in health out-
comes measurement and refers to the extent to which the
instrument can detect change in the predicted direction
when there has been a notable change in patient status
[14, 23]. Anchor-based methods are recommended for
evaluating MID, and for identifying responder definitions
for PRO measures. Distribution-based methods may be
helpful in supporting the anchor-based findings. We
first examined the correlations between baseline to 12
and 24 weeks changes in ASD scores and changes in

the ACQ and PGA scores using Spearman correla-
tions to ensure that the anchors were sufficiently cor-
related with the ASD [23].
Analysis of covariance (ANCOVA) was used to exam-

ine the difference in the mean change scores of average
7-Day ASD scores from baseline to weeks 12 and 24
between ACQ and PGA defined responder and
non-responder groups, controlling for age, gender,
FEV1% predicted, and baseline mean 7-Day ASD score.
A significant main effect of the overall model at p < 0.05,
and a significant post-hoc difference among each pair-
wise comparison (p < 0.05) was considered supportive of
the responsiveness of the ASD scores. Effect size was
also estimated for the ACQ and PGA defined responder
and non-responder groups.
Ability of the ASD to detect change was assessed by

comparing changes in mean 7-Day Asthma Symptom
Diary scores. ASD change scores were evaluated from
baseline to weeks 12 and 24 based on the ACQ-5 and
PGA responder groups. For the responsiveness analyses,
responders and non-responders were defined as follows:

� ACQ-5 score: responders were defined as patients
with an ACQ-5 change score of ≤ − 0.5 from base-
line to weeks 12 and 24; and non-responders were
defined as patients with an increase in ACQ-5 score
or a decrease in ACQ-5 score of less than 0.5 from
baseline to weeks 12 and 24. Previous research has
identified a change of 0.5 in ACQ scores as mean-
ingful for patients [18].

� ACQ-5 score: responders were defined as patients
with an ACQ-5 change score ≤ − 1.0 from baseline
to weeks 12 and 24; and non-responders were de-
fined as patients with an increase in ACQ-5 score or
a decrease in ACQ-5 score of less than 1.0 from
baseline to weeks 12 and 24. This anchor responder
definition was used as a more stringent indicator of
treatment response based on twice the ACQ MID.

� PGA score: responders were defined as patients with
a ≥ 1 or more change from baseline to weeks 12 or
24; and non-responders were defined as patients
with a < 1 change from baseline to weeks 12 and 24.
For the PGA, a one-unit change is the smallest pos-
sible improvement (or worsening) that can be ob-
served. The one-unit improvement in PGA scores
may be considered the MID.

Evaluation of MID and responder definitions
ANCOVAs were used to evaluate differences in mean
7-day ASD scores, and ASD-based 7-Day Symptomatic
Days and Minimal Symptom Days responder definitions
for change from baseline to weeks 12 and 24 as the
dependent variables and change groups (based on ACQ)
as independent variables, controlling for age, gender,
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FEV1% predicted, and baseline average 7-Day ASD
score. Separate ANCOVA models were conducted for
each responder definition based on the ACQ independent
variables. A significant main effect of the overall model at
p < 0.05, and a significant post-hoc difference among each
pairwise comparison (p < 0.05) was considered supportive
of the ACQ-based responder definition. The ACQ 0.5 and
ACQ 1.0 anchors can be considered reflective of the MID
and individual responder definitions, respectively.
In addition, cumulative distribution function (CDF) ana-

lysis was conducted based on the three anchor scales and
changes in mean 7-day ASD scores, symptomatic days
and minimal symptom days [4]. For CDFs, the continuous
plot of change from baseline is included on the horizontal
axis and the cumulative percentage of patients reporting
up to that change is included on the vertical axis.

Results
Sample characteristics
These analyses are based on the 417 (74%) of study par-
ticipants with complete baseline and 12-week follow-up
ASD data, and complete baseline to 24-week follow-up
ASD data (n = 345, 61%). The total sample was 59% fe-
male, 81% White, with a mean age of 47.3 (SD = 13.6)
years. Mean number of years with asthma was 22.6 (SD
= 14.6, range 0.4 to 62 years). For the overall analytic
sample, mean baseline 7-day ASD scores were 0.97 (SD
= 0.6), and mean baseline ACQ scores were 2.5 (SD =
0.8). Mean baseline Symptomatic Days scores were 3.33
(SD = 3.01), Minimal Symptom Days-1 scores were 3.01
(SD = 2.85), and Minimal Symptom Days-2 scores were
1.43 (SD = 2.27).

Correlations between changes in ASD scores and changes
in ACQ and PGA scores
The Spearman correlations between baseline to 12-week
changes in ASD scores and baseline to 12-week changes
in ACQ and PGA scores were 0.59 and 0.57, respectively.
The correlations between baseline to 24-week changes in
ASD scores and baseline to 24-week changes in ACQ and
PGA scores were 0.67 and 0.53, respectively.

Responsiveness (sensitivity to change)
Mean 7-day ASD scores
The results of the ANCOVA evaluating differences in
mean 7-day ASD scores by the ACQ and PGA anchors
are summarized in Table 1. At week 12, statistically sig-
nificant differences were observed in mean 7-day ASD
scores based on the ACQ 0.5 (p < 0.001) and ACQ 1.0
(p < 0.001) definitions of responders. For example, based
on the ACQ 0.5 responder criteria, responders reported
a mean change of − 0.49 points compared to − 0.05
points for non-responders on the average 7-day ASD
(difference 0.43 points; p < 0.001). The baseline to week

12 changes in average 7-day ASD scores were similar for
the PGA based responder groups (− 0.48 versus -0.07;
difference 0.41 points; p < 0.001). Comparable, although
somewhat larger differences between ACQ or PGA
based responders and non-responders, were seen at
week 24 (p < 0.001; Table 1). Effect sizes for the
anchor-based responder groups ranged from 0.80 to 1.13
for mean 7-day ASD scores.

ASD-based symptomatic days
The ANCOVA results evaluating differences in ASD
based Symptomatic Days by the ACQ and PGA anchors
are summarized in Table 2. At week 12, statistically sig-
nificant differences were observed in Symptomatic Days
based on the ACQ 0.5 responder criteria (p < 0.001) and
the ACQ 1.0 responder criteria (p < 0.001). For example,
based on the ACQ 0.5 responder criteria, responders re-
ported a mean decrease of − 2.21 Symptomatic Days
compared with − 0.57 days for non-responders (differ-
ence 1.64 days; p < 0.001). The baseline to week 12
changes in Symptomatic Days were similar for the PGA
based responder groups (− 2.34 versus − 0.45; difference
1.86 days; p < 0.001). Comparable, although larger differ-
ences between ACQ or PGA based responders and
non-responders, were seen in Symptomatic Days in the
week 24 analyses (all p < 0.001; Table 2). Effect sizes for
the anchor-based responder groups ranged from 0.73 to
1.07 for Symptomatic Days.

ASD-based minimal symptom days
For the first definition of Minimal Symptom Days
(i.e., mean of the 10 ASD daily symptom items ≤1
and no single symptom item score > 1), the
ANCOVA results evaluating differences in ASD
based Minimal Symptom Days by ACQ and
PGA-based responders are summarized in Table 3.
At week 12, statistically significant differences were
observed in Minimal Symptom Days-1 for the ACQ
0.5 responder criteria (p < 0.001) and ACQ 1.0 re-
sponder criteria (p < 0.001). Based on the ACQ 0.5
responder criteria, responders reported a mean in-
crease of 2.29 Minimal Symptom Days-1 compared
with 0.61 days for non-responders (difference 1.68
days; p < 0.001). The baseline to week 12 changes in
Minimal Symptom Days-1 were similar for the PGA
based responder groups (2.46 versus 0.48; difference
1.98 days; p < 0.001). Comparable, although larger dif-
ferences between ACQ or PGA based responders
and non-responders, were seen in changes in mean
Minimal Symptom Days-1 in the week 24 analyses
(all p < 0.001; Table 3).
For the second definition of Minimal Symptom Days

(i.e., no single ASD daily symptom item score > 1, and
activity limitations or nighttime awakening item scores
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= 0), the findings of the ANCOVA evaluating differences
in ASD based Minimal Symptom Days by ACQ and
PGA-based responders are summarized in Table 3. At
week 12, statistically significant differences were observed
in Minimal Symptom Days-2 for the ACQ 0.5 re-
sponder criteria (p < 0.001) and ACQ 1.0 criteria (p <
0.001). Based on the ACQ 0.5 responder criteria, re-
sponders reported a mean increase of 1.93 Minimal
Symptom Days-2 compared to a decrease of 0.04 days
for non-responders (difference 1.97 days; p < 0.001).
The baseline to week 12 changes in Minimal
Symptom Days-2 were similar for the PGA based re-
sponder groups (1.79 versus 0.20; difference 1.59 days;
p < 0.001). Comparable, although larger differences

between ACQ or PGA based responders and
non-responders, were seen in changes in mean Min-
imal Symptom Days-2 in the baseline to week 24 ana-
lyses (all p < 0.001; Table 3). Effect sizes for
anchor-based responder groups range from 0.80 to
1.13 for Minimal Symptoms Days-1 and 0.79 to 1.15
for Minimal Symptom Days-2.

MID and responder definitions
Mean 7-day ASD scores
The results of the ANCOVA evaluating differences in
mean 7-day average ASD scores by the ACQ anchors
are summarized in Table 4. The ACQ 0.5 and ACQ
1.0 anchors can be considered reflective of the MID

Table 1 Responsiveness of the Average 7-Day ASD Score at Weeks 12 and 24

Responders Mean (SE) Non-Responders Mean (SE) Difference P-Value

Week 12

ACQ > 0.5 −0.49 (0.03) − 0.05 (0.03) − 0.43 p < 0.001

Effect size 0.82 0.08

ACQ > 1.0 −0.54 (0.03) −0.13 (0.03) − 0.42 p < 0.001

Effect size 0.90 0.22

PGA −0.48 (0.03) −0.07 (0.03) − 0.41 p < 0.001

Effect size 0.80 0.12

Week 24

ACQ > 0.5 −0.59 (0.03) −0.06 (0.03) − 0.53 p < 0.001

Effect size 0.98 0.10

ACQ > 1.0 −0.68 (0.04) −0.15 (0.03) − 0.53 p < 0.001

Effect size 1.13 0.25

PGA −0.60 (0.03) −0.10 (0.04) − 0.49 p < 0.001

Effect size 1.00 0.17

Table 2 Responsiveness of ASD Symptomatic Days in a 7-Day Period at Weeks 12 and 24

Responders Mean (SE) Non-Responders Mean (SE) Difference P-Value

Week 12

ACQ > 0.5 −2.21 (0.16) −0.57 (0.18) −1.64 p < 0.001

Effect size 0.73 0.19

ACQ > 1.0 −2.35 (0.20) −0.90 (0.16) −1.45 p < 0.001

Effect size 0.78 0.30

PGA −2.34 (0.16) −0.45 (0.17) −1.86 p < 0.001

Effect size 0.78 0.15

Week 24

ACQ > 0.5 −2.86 (0.18) − 0.28 (0.28) − 2.57 p < 0.001

Effect size 0.95 0.09

ACQ > 1.0 −3.21 (0.21) −0.77 (0.20) −2.44 p < 0.001

Effect size 1.07 0.26

PGA −2.97 (0.19) −0.45 (0.23) −2.52 p < 0.001

Effect size 0.99 0.15

Symptomatic Days defined as mean of the 10 ASD daily symptom items ≥1, otherwise non-Symptomatic Day
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and individual responder definitions, respectively. At
week 12, statistically significant differences were ob-
served in mean 7-day ASD scores based on the ACQ
change groups (p < 0.0001). For example, the ACQ 0.5
change group reported a mean change of − 0.35 and
the ACQ 1.0 change group reported a mean change of −
0.54 points on the average 7-day ASD scores compared
with a change on only − 0.05 points for the ACQ > 0.5
group (differences all p < 0.01). Comparable differences
between ACQ based change groups were observed in
average 7-day ASD scores in the week 24 analyses (all
p < 0.01; Table 4). Therefore, the MID for mean 7-day
ASD scores may be 0.35.

Table 3 Responsiveness of ASD Minimal Symptom Days in a 7-Day Period at Weeks 12 and 24

Responders Mean (SE) Non-Responders Mean (SE) Difference P-Value

Minimal Symptom Days-1

Week 12

ACQ > 0.5 2.29 (0.17) 0.61 (0.18) 1.68 p < 0.001

Effect size 0.80 0.21

ACQ > 1.0 2.41 (0.20) 0.96 (0.16) 1.45 p < 0.001

Effect size 0.85 0.34

PGA 2.46 (0.17) 0.48 (0.17) 1.98 p < 0.001

Effect size 0.86 0.17

Week 24

ACQ > 0.5 2.91 (0.18) 0.50 (0.24) 2.41 p < 0.001

Effect size 1.02 0.18

ACQ > 1.0 3.21 (0.21) 0.98 (0.20) 2.23 p < 0.001

Effect size 1.13 0.34

PGA 3.01 (0.19) 0.63 (0.23) 2.38 p < 0.001

Effect size 1.06 0.22

Minimal Symptom Days-2

Week 12

ACQ > 0.5 1.93 (0.16) 0.04 (0.17) 1.97 p < 0.001

Effect size 0.85 0.02

ACQ > 1.0 2.29 (0.19) 0.29 (0.15) 2.05 p < 0.001

Effect size 1.01 0.13

PGA 1.79 (0.17) 0.20 (0.18) 1.59 p < 0.001

Effect size 0.79 0.09

Week 24

ACQ > 0.5 2.26 (0.18) 0.06 (0.28) 2.20 p < 0.001

Effect size 1.00 0.03

ACQ > 1.0 2.61 (0.21) 0.44 (0.19) 2.17 p < 0.001

Effect size 1.15 0.19

PGA 2.14 (0.19) 0.42 (0.24) 1.72 p < 0.001

Effect size 0.94 0.19

Minimal Symptom Days-1 defined as mean of the 10 ASD daily symptom items ≤1 and no single symptom item score > 1
Minimal Symptom Days-2 defined as no single ASD daily symptom item score > 1, and activity limitations or nighttime awakening item scores = 0

Table 4 Changes in Average 7-Day ASD Score by ACQ Change
Groups at Weeks 12 and 24

ACQ Group Week 12 Week 24

1 Change ≤ −1.0 [Responder] −0.54 −0.68

2 Change −0.5 to −1.0 [MID] −0.35 −0.35

3 Change ≥ −0.5 − 0.05 − 0.05

Model p-value < 0.0001 < 0.0001

Significant contrasts (p < 0.01) 1v2; 1v3; 2v3 1v2; 1v3; 2v3
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ASD-based symptomatic days
The results of the ANCOVA evaluating differences in
mean 7-day average ASD scores by the ACQ anchors
are summarized in Table 5. At week 12, statistically sig-
nificant differences were observed in changes in ASD
Symptomatic Days based on the ACQ change groups
(p < 0.0001). For example, the ACQ 0.5 change group
reported a mean change of − 1.75 (i.e., MID) and the
ACQ 1.0 change group reported a mean change of −
2.34 points in ASD Symptomatic Days compared with
a change of only − 0.61 days for the ACQ > 0.5 group
(differences all p < 0.01). Comparable, although some-
what larger, differences between ACQ based change
groups were seen in changes in ASD Symptomatic
Days in the week 24 analyses (all p < 0.01; Table 5).

ASD-based minimal symptom days
For the first definition of Minimal Symptom days (i.e.,
mean of the 10 ASD daily symptom items ≤1 and no
single symptom item score > 1), the ANCOVA results
evaluating differences in Minimal Symptom Days by
ACQ-based change groups are summarized in Table 6.
At week 12, statistically significant differences were ob-
served in Minimal Symptom Days-1 for the ACQ 0.5
change group (p < 0.01) and ACQ 1.0 change group (p <
0.01), compared to the ACQ > 0.5 change group. The
ACQ 0.5 change group reported a mean increase of 1.97
Minimal Symptom Days-1 compared with an increase of
0.6 days for no change group (difference 1.37 days; p <
0.01). Comparable, although larger, differences between

ACQ based change groups were seen in changes in
mean Minimal Symptom Days-1 in the week 24 analyses
(all p < 0.01; Table 6).
For the second definition of Minimal Symptom Days (i.e.,

no single ASD daily symptom item score > 1, and activity
limitations or nighttime awakening item scores = 0), the
findings of the ANCOVA evaluating changes in ASD based
Minimal Symptom Days by ACQ-based responders are
summarized in Table 6.
At week 12, statistically significant differences were

observed in Minimal Symptom Days-2 for the ACQ 0.5
responder criteria (p < 0.01) and ACQ 1.0 change groups
(p < 0.01). Those patients in the ACQ 0.5 change group
reported a mean increase of 1.02 Minimal Symptom
Days-2 compared to a decrease of 0.01 days for those in
the ACQ > 0.5 change group (difference 1.01 days; p <
0.01). Comparable, although slightly larger, differences
between ACQ change groups were seen in changes in
Minimal Symptom Days-2 in the baseline to week 24
analyses (all p < 0.01; Table 6).

Cumulative distribution functions
Cumulative distribution function (CDF) analyses were
conducted for 7-Day Average ASD scores, Symptomatic
Days, and the two definitions of Minimal Symptom Days
based on ACQ criteria of ≥0.5 improvements and based
on PGA improvements of 1 or more at weeks 12 and 24.
For 7-Day Average ASD scores, CDF results are dis-
played for the ACQ criteria and for the PGA criteria
(see Figs 1 and 2). Clearly, there is discrimination in
ASD scores across most of the distribution of changes
for baseline to week 12 and baseline to week 24. Based
on the CDF results, the responders demonstrated a de-
crease of 0.40 to 0.50 points in 7-Day Average ASD
scores, while non-responders showed only a zero to
0.05-point change.
For ASD-based Symptomatic Days, CDF results are sum-

marized for the ACQ-based criteria and for the PGA-based
criteria (see Fig. 3). Clearly, there is significant discrimin-
ation in Symptomatic Days for most of the distribution of
changes for baseline to week 12 and baseline to week 24.

Table 5 Changes in ASD Symptomatic Days in a 7-Day Period
by ACQ Change Groups at Weeks 12 and 24

ACQ Group Week 12 Week 24

1 Change ≤ −1.0 [Responder] −2.34 −3.22

2 Change −0.5 to −1.0 [MID] − 1.75 −1.98

3 Change ≥ − 0.5 − 0.61 −0.35

Model p-value < 0.0001 < 0.0001

Significant contrasts (p < 0.01) 1v3; 2v3 1v2; 1v3; 2v3

Table 6 Changes in ASD Minimal Symptom Days in a 7-Day Period by ACQ Change Groups at Weeks 12 and 24

ACQ Group Minimal Symptom Days-1 Minimum Symptom Days-2

Week 12 Week 24 Week 12 Week 24

1 Change ≤ −1.0 [Responder] 2.43 3.23 2.31 2.56

2 Change −0.5 to −1.0 [MID] 1.97 2.16 1.02 1.36

3 Change ≥ −0.5 0.60 0.54 −0.01 0.08

Model p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001

Significant contrasts (p < 0.01) 1v3; 2v3 1v2; 1v3; 2v3 1v3; 2v3 1v2; 1v3; 2v3

Minimal Symptom Days-1 defined as mean of the 10 ASD daily symptom items ≤1 and no single symptom item score > 1
Minimal Symptom Days-2 defined as no single ASD daily symptom item score > 1, and activity limitations or nighttime awakening item scores = 0
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Based on the CDF results, the responders demonstrated a
decrease of 1.0 to 2.2 Symptomatic Days (over a 7-day
period), while non-responders demonstrated only a 0.4 to
0.5- day decrease.
For ASD-based Minimal Symptom Days, CDF results

are summarized for the ACQ-based responder criteria
and the PGA-based responder criteria (see Figs. 4 and 5).
There is significant discrimination in the distribution of
changes from baseline to week 12 and baseline to week 24
Minimal Symptom Days. For Minimal Symptom Days-1
(Figs. 4a and b), based on the CDF findings, the responders
demonstrated an increase of approximately 1.0 day (over a
7-day period), while non-responders demonstrated only a
0.2 to 0.5-day decrease. Somewhat larger effects were ob-
served for Minimal Symptom Days-2 (Figs. 5 a and b), with

responders demonstrating an increase of 1.7 to 2.6 days
(during a 7-day period),while non-responders demonstrated
only a 0.2 to 0.4-day decrease.

Discussion
The ASD was developed to evaluate daytime and night-
time asthma symptom outcomes for clinical trials, and has
evidence supporting content validity and good measure-
ment properties [10, 11]. Extensive patient engagement
and clinician review and input provided the basis for the
development of the ASD. Previous research has demon-
strated that the ASD has good evidence supporting reli-
ability and validity, and provides preliminary evidence
supporting responsiveness [11]. The current secondary
analysis utilizes Phase II clinical trial data to evaluate

a

b

Fig. 1 Cumulative Distribution Curves for 7-Day Average ASD Scores by ACQ Based Responder Criteria. a Baseline to Week 12 by ACQ-5 Response. b
Baseline to Week 24 by ACQ-5 Response. PRO analysis set includes all subjects who are enrolled and have Asthma Symptom Diary measurement at
baseline and at 12 weeks or 24 weeks
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the sensitivity to change of the ASD, and evaluates sev-
eral ASD-based responder endpoint definitions. Defini-
tions of days with asthma symptoms and days with
minimal asthma symptoms were developed to evaluate
treatments for asthma and were evaluated in this study.
These analyses further confirm the responsiveness of

the ASD scores. The 7-day average asthma symptom
scores demonstrated significant differences between re-
sponders and non-responders based on ACQ- and
PGA-derived anchors. Consistently, anchor-based meas-
ure responders reported changes of between 0.48 to 0.54
points after 12 weeks of treatment, and 0.59 to 0.68
points after 24 weeks of treatment. Non-responders re-
ported changes of only 0.05 to 0.13 points in ASD 7-day
average scores after 12 weeks, and 0.06 to 0.15 points

after 24 weeks of treatment. The magnitude of these sta-
tistically significant effects were large, with effect sizes of
0.80 to 0.90 and 0.98 to 1.13 at 12 and 24 weeks, respect-
ively. These changes in 7-day mean ASD scores were
seen regardless of using an ACQ or PGA defined an-
chor. The current study observed changes in 7-day mean
ASD scores are consistent with the changes seen for
non-responders (0.0 to − 0.1), but were somewhat larger
than responders (− 0.2 to − 0.3) in the Globe et al. [11]
study. These differences may be attributable to the ab-
sence of an asthma severity inclusion criteria and rela-
tively short follow-up (i.e., 4 weeks) in the Globe et al.
[11] study. The intent for the Globe et al. [11] study was
to recruit across severity levels consistent with [9]
guidelines.

a

b

Fig. 2 Cumulative Distribution Curves for 7-Day Average ASD Scores by PGA Based Responder Criteria. a Baseline to Week 12 by PGA Response. b Baseline
to Week 24 by PGA Response. PRO analysis set includes all subjects who are enrolled and have Asthma Symptom Diary measurement at baseline and at 12
weeks or 24weeks
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a

b

c

d

Fig. 3 (See legend on next page.)
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For ASD symptomatic days, responsiveness was dem-
onstrated for both the ACQ defined and PGA defined
anchors after 12 and 24 weeks of treatment. The study
findings showed decreases in 2.2 to 2.4 symptomatic
days after 12 weeks of treatment, and decreases of 2.9 to
3.2 symptomatic days were observed after 24 weeks of
treatment for the ACQ and PGA defined anchors. This
observed magnitude of change in number of symptom-
atic days is substantial, and likely reflects important im-
provements in asthma-related outcomes for patients
with moderate to severe asthma. The effect sizes ranged
from 0.73 to 1.07. The results suggest that a reduction
of 2 to 3 symptomatic days may be important in moder-
ate to severe asthma patients.
As expected, the findings for ASD defined minimal

symptom days, also mirrored the effects for ASD based
symptomatic days. For example, for ASD Minimal
Symptom Days-1, improvements of 2.3 to 2.5 days were
seen after 12 weeks of treatment, and 2.9 to 3.2 days
after 24 weeks of treatment. The Minimal Symptoms
Days-2 version also showed comparable, but slightly at-
tenuated effects at 12 and 24 weeks. Based on these
study results, we recommend that minimal symptom
days are defined, based on the first version, as the mean
of the ASD daily symptoms less than or equal to 1 with
no single symptom item score with a response greater
than 1. Both definitions of minimal symptom days dem-
onstrated good responsiveness and differentiation across
different anchors, however, reductions in symptomatic
days is recommended as a clinical trial endpoint as this
outcome may resonate more with clinicians and may
better reflect outcomes important to patients.
For patient-reported outcomes, guidelines are neces-

sary for interpreting changes in outcomes either for ap-
plications in clinical trials comparing treatment and for
clinical practice settings. For the FDA and other regula-
tory agencies, their main concern relates to identifying
clinical differences that are greater than minimal and
that are important to patients, therefore the responder
thresholds were based on PGA score changes of greater
than or equal to 1 and ACQ scores of 1.0 or greater. For
ASD 7-day average scores, responders may be defined as
those patients who report improvements of 0.50 to 0.60
points, based on the results of this study. The patient’s
perspective is important for understanding meaningful
outcomes, and the two patient-reported anchors used in
this study are relevant for identifying responders. Al-
though distribution-based methods may provide insight

as to the magnitude of change, they do not provide in-
formation as to what level of change is important to pa-
tients and clinicians [23]. Clearly, treatment effects in
this range of magnitude of change are likely to be import-
ant to patients with moderate to severe persistent asthma
and clinically important to their clinicians when evaluating
treatment effects. The MID for the ASD 7-day average
scores were estimated at 0.35, which reflects a 0.58 effect
size, and may be considered moderate.
For the ASD defined symptomatic days, decreases of 2

to 3 days are important to patients with moderate to se-
vere asthma. Decreases as small as 1.75 symptomatic
days may also be considered meaningful outcomes from
a patient’s perspective. Responder definitions based on
this magnitude of change are likely to differentiate highly
effective from less effective treatments for asthma. Fu-
ture research is needed to further confirm this responder
definition for asthma symptomatic days. Based on the
range of asthma-specific anchors included in this study
and the CDF analyses, however, these findings are likely
to be confirmed with future research.
Similar responder criteria can be derived for different

versions of minimal symptom days based on the ASD.
Clearly, as expected, minimal symptom days represent
the reverse reflection of asthma symptom days. As with
the ASD defined symptomatic days, increases of 2 to 3
days with minimal asthma symptoms are likely meaning-
ful for moderate to severe asthma patients and their cli-
nicians. An improvement of two days per week in
minimal symptom days may represent an acceptable cri-
terion for defining responders in clinical trials compar-
ing treatments of moderate to severe persistent asthma.
However, smaller improvements may also reflect import-
ant changes. Future research is needed to further con-
firm these findings, but given the range of asthma
related anchors and various analyses, these results are
likely to be confirmed as the results are consistent irre-
spective of method used.
There are significant challenges in defining re-

sponders, based on the magnitude of change consid-
ered important by patients, and in evaluating the
statistical significance of within-patient changes [13,
19]. Although some researchers apply the MID as the
threshold for identifying individual patient responders,
higher thresholds of often necessary for defining
within-patient responders, given the variability and
less reliability in individual patient scores compared
to group mean scores. Hays et al. [13] have examined

(See figure on previous page.)
Fig. 3 Cumulative Distribution Curves for ASD Symptomatic Days by ACQ Based Responder Criteria and PGA Based Responder Criteria. a Baseline
to Week 12 by ACQ-5 Response. b Baseline to Week 24 by ACQ-5 Response. c Baseline to Week 12 by PGA Response. d Baseline to Week 24 by
PGA Response. PRO analysis set includes all subjects who are enrolled and have Asthma Symptom Diary measurement at baseline and at 12
weeks or 24 weeks
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the reliable change index and standard error of meas-
urement for understanding individual patient level
changes in health-related quality of life, while Kemm-
ler et al. [19] combine both clinical relevance and

statistical significance in evaluating within-patients
changes in patient reported outcomes.
Several limitations should be acknowledged related to

interpreting the findings of this study. First, the analyses

a

b

Fig. 4 a Cumulative Distribution Curves for ASD Minimal Symptom Days-1 by ACQ Based Responder Criteria PRO analysis set includes all subjects
who are enrolled and have Asthma Symptom Diary measurement at baseline b Cumulative Distribution Curves for ASD Minimal Symptom Days-1
by PGA Based Responder Criteria. PRO analysis set includes all subjects who are enrolled and have Asthma Symptom Diary measurement at
baseline and at 12 weeks or 24 weeks

Globe et al. Journal of Patient-Reported Outcomes            (2019) 3:22 Page 13 of 16



a

b

Fig. 5 (See legend on next page.)
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were based on a clinical trial sample, and any demo-
graphic or clinical differences of the clinical trial sample
and the asthma general population may impact on the
generalizability of these results. However, the analysis of
sensitivity to change from a clinical trial sample has cer-
tain advantages, since there will likely be some patients
who improve, remain stable and worsen over the course
of the study [23]. Second, the anchors used to evaluate
responsiveness and responder definitions are derived
from patient reports and may be associated with some
measurement bias. Given that the ASD is a PRO meas-
ure, the perspective of patients is most important in
examining sensitivity to change in clinical status and for
understanding the importance of these changes. Finally,
multiplicity of statistical tests may be an issue, however,
the consistency of findings across different anchors obvi-
ates concern associated with multiple statistical tests.

Conclusion
Interpretation guidelines based on the MID estimates
can be used to evaluate clinical significance of mean dif-
ferences in ASD scores and for determining sample size
estimates for clinical trials. The identification of re-
sponder definitions and interpretation guidelines pro-
vides further insight into individual level treatment
benefits. The findings of this study indicate that the
ASD is a good symptom assessment tool for asthma
clinical trials in patients with moderate to severe persist-
ent asthma. Several responder definitions, based on to
the ASD to define symptomatic and minimal symptom
days, may be useful in evaluating treatment effects at the
individual patient level in clinical trials.
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