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ABSTRACT

Introduction: The NSCLC Symptom Assessment Question-
naire (NSCLC-SAQ) was developed to assess NSCLC symp-
tom severity in accordance with Food and Drug
Administration evidentiary expectations leading to Food
and Drug Administration qualification in 2018. This study
evaluated the NSCLC-SAQ’s measurement properties within
a clinical trial.

Methods: The KEYNOTE-598 phase 3 study of participants
with stage IV metastatic NSCLC with programmed death-
ligand 1 tumor proportion score greater than or equal to
50% was used to assess the NSCLC-SAQ’s reliability,
construct validity, responsiveness, and estimate clinically
meaningful within-person change. Other patient-reported
outcome measures included patient global impression
items of severity and change in lung cancer symptoms, and
the European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire core 30 and lung
cancer module, LC13.

Results: Participants (N ¼ 560) were mostly men (70%),
had a mean age of 64 years, and had Eastern Cooperative
Oncology Group performance status of 1 (64%) or 0 (36%).
Internal consistency at baseline (Cronbach’s a ¼ 0.74) and
test-retest reliability after 3 weeks (intraclass correlation
coefficient ¼ 0.79) were satisfactory. NSCLC-SAQ items,
domains, and total score correlated moderately to highly
with patient-reported outcome measures capturing similar
content, and the total score differentiated among patient
global impression of severity groups (p < 0.001). The total
score detected improvement over time and the
estimated clinically meaningful within-person change
threshold for improvement ranged from three to five points
on the 0 to 20 scale. Few participants exhibited symptom
worsening (n ¼ 38), limiting inferences in this group.

Conclusions: The NSCLC-SAQ was found to be reliable,
valid, responsive, and interpretable for assessing symptom
improvement in NSCLC. Further evaluation is recom-
mended in trial participants whose symptoms worsen over
time.
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Introduction
Lung cancer is the third most common cancer and the

leading cause of cancer-related mortality in the United
States.1 People with NSCLC may experience substantial
symptom burden and impact on their daily lives,
particularly at advanced stages of the disease. The most
frequently reported symptoms associated with NSCLC to
include cough, pain, shortness of breath (dyspnea),
appetite loss, and fatigue.2 Improvement of symptom
severity is considered among the most important factors
by persons with advanced NSCLC when making treat-
ment decisions.3

Treatment goals for advanced NSCLC focus on pro-
longing survival and relieving symptoms.4 Despite this,
findings from patient-reported outcome (PRO) assess-
ments, considered the most appropriate method for
assessing symptom experience, rarely make their way
into U.S. Food and Drug Administration (FDA) drug la-
beling for oncology drugs.5 Considering that drug la-
beling constitutes a formal basis for communicating
drug efficacy and safety, this absence limits a holistic
understanding of the benefit-risk of a treatment, hin-
dering fully informed treatment decisions. Methodologic
challenges that cast doubt on the interpretability of
patient-reported data within clinical studies constitute
the main barrier, for example, the use of PRO measures
for which evidence of adequate validation is lacking, or
lack of prespecification or multiplicity adjustment.6

After the passage of the 21st Century Cures Act of
2016, FDA has issued guidance aimed to advance the
collection of patient experience data for regulatory de-
cision making.7 Following this and previous guidance,8

and the processes outlined by FDA’s Clinical Outcome
Assessment (COA) Qualification Program, the NSCLC
Symptom Assessment Questionnaire (NSCLC-SAQ) was
developed by the PRO Consortium’s NSCLC Working
Group for use as an endpoint measure in clinical trials to
assess patient-reported NSCLC symptom severity. The
PRO Consortium was formed by Critical Path Institute,
FDA, and the pharmaceutical industry to support pre-
competitive, multistakeholder collaboration to advance
the FDA qualification of COAs for use in clinical trials in
which COA-based endpoints could be used to support
product labeling claims (www.c-path.org). Development
of the NSCLC-SAQ included qualitative research2 and
cross-sectional quantitative research.9 However, evi-
dence of longitudinal measurement properties including
the interpretation of clinically meaningful within-person
change in score is lacking. This evidence is needed to
support researchers when considering the appropriate-
ness of including the NSCLC-SAQ as an endpoint measure
in clinical trials.

The objectives of this study were to assess cross-
sectional and longitudinal measurement properties of
the NSCLC-SAQ, including responsiveness and assess-
ment of clinically meaningful within-person change in
score, using data from a phase 3 clinical study within the
measure’s context of use.
Materials and Methods
Data Source

Prespecified analyses were conducted using the
interim analysis 1 data cutoff of KEYNOTE-598—a ran-
domized, double-blind, placebo-controlled phase 3 study
to evaluate the efficacy of pembrolizumab plus ipilimu-
mab versus pembrolizumab plus placebo for first-line
treatment of participants with stage IV, metastatic
NSCLC whose tumors are programmed death-ligand 1–
positive (tumor proportion score �50%) and lack EGFR-
sensitizing mutations and ALK translocations.

Eligible participants were 18 years of age or older,
with no previous systemic therapy for metastatic NSCLC,
had an Eastern Cooperative Oncology Group (ECOG)
performance status score of 0 or 1, and had at least one
lesion measurable per Response Evaluation Criteria in
Solid Tumors, version 1.1.

The study was conducted in accordance with Good
Clinical Practice and all study materials were approved
by the appropriate ethics body at each participating
center. Further details and findings from KEYNOTE-598
have been reported elsewhere.10
PRO Assessments
Under the supervision of trained site personnel,

participants completed all PRO measures on tablet
computers before all other study procedures at baseline,
at each 3-weekly treatment cycle until week 18 (cycle 7),
and subsequently on a less frequent basis.

NSCLC-SAQ consists of seven items assessing 5
NSCLC symptom concepts: cough, pain, dyspnea, fatigue,
and poor appetite.2,11 All items have a recall period of
past 7 days and a 5-point response scale ranging from 0:
“No <symptom> at All” to 4: “Very severe <symptom>”
or from 0: “Never” to 4: “Always” to measure attributes
of symptom intensity or frequency, respectively. Two
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pain items form a single “Pain” domain representing the
most severe response of the two items, and two fatigue
items form a single “Fatigue” domain by calculating their
mean. The NSCLC-SAQ total score is computed as the
sum of the 5 domains and ranges between 0 and 20.
Higher scores indicate more severe symptomatology.

Other PRO measures used included the European
Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire core 30 (QLQ-C30) with the
Lung Cancer Module (QLQ-LC13), EQ-5D-5L, patient
global impression of severity-lung cancer symptoms
(PGIS-LC), and patient global impression of change-lung
cancer symptoms (PGIC-LC). After FDA feedback during
the study, modifications were made to the PGIS-LC and
PGIC-LC resulting in new versions administered to par-
ticipants at subsequent visits. PGIS-LC version 2.0 was a
single item “How would you rate your symptoms of your
lung cancer at this time?” with five response options
from “No symptoms” to “very severe”; PGIS-LC version
1.0 included similar but not identical response options.
PGIC-LC version 2.0 was a single item “Compared to your
first study visit, how would you describe the symptoms
of your lung cancer today?” with seven response options
from “much better” to “much worse”; PGIC-LC version
1.0 was not used in these analyses as the recall period
specified “last study visit,” thus preventing comparison
to baseline. PGIS-LC and PGIC-LC were completed up to
week 18 only.
Analyses
Analyses were conducted on blinded pooled treat-

ment arms data of interim analysis 1 data cutoff using
the PRO full analysis set (PROFAS), defined as all par-
ticipants who had at least 1 PRO assessment available
and received at least one dose of study medication.

Demographic and clinical variables at baseline were
described using mean, SD, median, minimum, and
maximum for quantitative variables, and percentage and
frequency for categorical variables.

NSCLC-SAQ compliance rate (i.e., number of partici-
pants with available scores/number of participants ex-
pected to have available scores) and completion rate (i.e.,
number of participants with available scores/number of
participants in PROFAS) were calculated from baseline
to week 18.

NSCLC-SAQ items, domains, and total score at base-
line were described using mean, SD, median, first and
third quartile, minimum, and maximum; item responses
were described using frequencies and percentages. Mean
scores were presented graphically from baseline to
week 18.

Interitem correlations at baseline were assessed us-
ing Spearman rank-order correlation coefficients,
ranging from 0 to 1 with higher values indicating greater
monotonicity.

Internal consistency reliability at baseline and week
18 was assessed using Cronbach’s a coefficients with
95% confidence intervals, ranging from 0 to 1 with
values between 0.7 and 0.9 considered to represent
acceptable to high reliability.12 In addition, item-total
correlations were calculated using Pearson correlations
of the domain with the total score (after removing the
domain from the total score).

Test-retest reliability was assessed among stable
participants, defined as those with no change in PGIS-LC
responses of the same version between baseline and
week 3, using 2-way mixed, absolute agreement, single
measure intraclass correlation coefficients (ICCs) be-
tween the two assessments.13 Values between 0.5 and
0.9 represent moderate to good reliability.14

Construct validity was assessed using convergent,
discriminant, and known groups validity approaches.
Convergent validity, referring to how well constructs
that theoretically should be related to each other are
observed to be related, was assessed using Spearman
correlations among the NSCLC-SAQ items, domains, and
total score against concepts from the other PRO mea-
sures (QLQ-C30, QLQ-LC13, EQ-5D-5L, and the PGIS-LC)
at baseline. Correlation coefficients of greater than or
equal to 0.4 were considered as evidence of convergent
validity15 and greater than or equal to 0.6 considered
evidence for concepts expected to be highly related.
Discriminant validity, viewed as the counterpart to
convergent validity, was assessed using the same
method but evaluating correlations between less related
concepts from the other PRO measures, hypothesized to
be less strongly correlated.

Known groups validity, referring to how well the
NSCLC-SAQ total score distinguishes among groups of
participants known to differ in health status, was eval-
uated using analysis of variance in groups defined by
PGIS-LC response categories, QLQ-C30 Global Health
Status/Quality of Life score dichotomized by the NSCLC
population norm (i.e., low <58.8 and high �58.8 health
status),16 and ECOG performance status 0 versus 1.
Responsiveness and Clinically Meaningful
Within-Person Change

First, the appropriateness of both PGIS-LC and PGIC-
LC anchors was assessed using Spearman correlations by
correlating NSCLC-SAQ total score change from baseline
with the anchors, with correlation coefficients greater
than 0.3 considered desirable.17

Responsiveness, reflecting the ability of a measure to
detect changes in groups of participants who have
changed in the measured concept, was assessed between



Table 1. Demographic and Clinical Characteristics at
Baseline

Parameter/Category PROFAS (N ¼ 560)

Age (y)
n 560
Mean (SD) 64.0 (9.06)
Median (min–max) 65 (35–85)

Age group, n (%)
<65 y 279 (49.8)
�65 y 281 (50.2)

Sex, n (%)
Male 389 (69.6)
Female 170 (30.4)
Undetermined (nondisclosed) 1 (<0.1)

Region, n (%)a

East Asia 63 (11.3)
Non-East Asia 497 (88.8)

ECOG performance status, n (%)
0 203 (36.3)
1 357 (63.8)

Histology, n (%)
Squamous 157 (28.0)
Nonsquamous 403 (72.0)

PGIS-LC version 1.0, n (%)b

Not severe 89 (25.9)
Mildly severe 100 (29.2)
Moderately severe 108 (31.5)
Very Severe 39 (11.4)
Extremely severe 7 (2.0)
Missing 217

PGIS-LC version 2.0, n (%)b

No symptoms 38 (19.8)
Mild 66 (34.4)
Moderate 57 (29.7)
Severe 25 (13.0)
Very severe 6 (3.1)
Missing 368

aCountries included were as follows: East Asia region (Taiwan, Thailand,
South Korea); Non-East Asia region (Argentina, Brazil, Canada, Chile,
Colombia, France, Germany, Hungary, Ireland, Italy, Latvia, Mexico, Peru,
Poland, South Africa, Spain, Turkey, Ukraine, United Kingdom, and the
United States).
bPercentages calculated from participants in PROFAS who received this PGIS-
LC version. Missing values owing to the PGIS-LC version change whereby
some participants completed version 1.0 and some others version 2.0.
ECOG, Eastern Cooperative Oncology Group; max, maximum; min, mini-
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baseline and week 18. NSCLC-SAQ total score change
from baseline was evaluated within groups of partici-
pants who had a change in the PGIS-LC category (for
participants who completed the same PGIS-LC version)
using one-sample t tests to evaluate change from 0 and
reporting the magnitude of change using effect sizes
(ESs, i.e., mean change from baseline/SDbaseline) and
standardized response means (SRMs, i.e., mean change
from baseline/SDchange from baseline), and across groups
using analysis of covariance adjusted for baseline score.

To generate meaningful within-person change esti-
mates in NSCLC-SAQ total score between baseline and
week 18, anchor-based methods were used and sup-
ported by distribution-based methods and visual dis-
plays of the change score using empirical cumulative
distribution function (eCDF) and probability density
function (PDF) curves. Anchor-based methods included
parametric and non-parametric descriptive statistics of
the NSCLC-SAQ total score change from baseline
computed for anchor groups on the basis of PGIS-LC
change from baseline to week 18 (in participants who
completed the same PGIS-LC version). Distribution-
based estimates included the half SD of the baseline
score and standard error of measurement (SEM, i.e.
SDbaseline � O[1 - test-retest reliability coefficient]).

Meaningful change thresholds were evaluated sepa-
rately for participants improving and worsening over
time. The estimates of interest for meaningful improve-
ment (or worsening) were a change from baseline in
PGIS-LC of 1 and 2 response categories indicating
improvement (or worsening). Estimates from these
anchor-based analyses were considered alongside visual
inspection of the eCDF curves and distribution-based
estimates to provide a range of plausible meaningful
within-person change thresholds.

As a prespecified sensitivity analysis, the PGIC-LC
(version 2.0 only) response at week 18 was considered
as an anchor, acknowledging the limitation that this
nonstatic anchor would likely be susceptible to recall
bias.18
mum; PGIS-LC, Patient Global Impression of Severity–Lung Cancer Symp-
toms; PROFAS, patient-reported outcome full analysis set.
Results
Study Population

A total of 568 participants were randomly allocated
to treatment arms from 171 sites across 24 countries
and were included in the KEYNOTE-598 study, of which
560 (98.6%) were included in the PROFAS analysis set.

At baseline, participants’ mean age was 64 years, most
were men (69.6%), enrolled in non-East Asia study sites
(88.8%), had an ECOG performance status 1 (63.8%), and
nonsquamous histology (72.0%) (Table 1). Just over half
of participants reported “not severe” or “mildly severe”
symptoms at baseline for PGIS-LC version 1.0 (55.1%) or
“no symptoms” or “mild” for PGIS-LC version 2.0 (54.2%).
At baseline, only a few participants reported the highest
severity of symptoms using version 1.0 (“very severe”:
11.4%; “extremely severe”: 2.0%) or version 2.0 (“se-
vere”: 13.0%; “very severe”: 3.1%).
NSCLC-SAQ Compliance, Completion, and
Distribution

NSCLC-SAQ compliance was high at baseline (95.7%)
through week 18 (92.6%) (Supplementary Table 1,
compliance and completion rates). As expected,



April 2022 Psychometrics of NSCLC-SAQ in a Phase 3 Study 5
completion rates continued to decrease through week 18
(66.8%) as participants discontinued the study owing to
disease progression, physician decision, adverse events,
or death.

At baseline, all NSCLC-SAQ item means were similar
(range: 0.86 to 1.66) with a median of 1 (i.e., “mild” or
“rarely” for symptom intensity or frequency, respectively)
except for the fatigue items with a median of 2 (i.e., “some-
times”) (Table 2). Ceiling effects indicating the lowest
symptom severity were most notable for items “pain in
chest” (47.6%), “pain inareasother thanchest” (39.2%), and
“poor appetite” (44.2%). No floor effects indicating the
highest symptom severity were observed at baseline. The
NSCLC-SAQ total score at baseline seemed normally
distributed (mean ¼ 6.88, SD ¼ 3.99, median ¼ 6.75 [on a
range of 0–20]) equivalent to an average item response of
1.4 (6.88/5) reflecting item responses between “mild” and
“moderate” or between “rarely” and “sometimes” for
symptom intensity or frequency, respectively.

By week 6, a trend of improvement was seen for all
item scores, with continued improvement through week
18 (Fig. 1). Similarly, the NSCLC-SAQ total score revealed a
trend of improvement through week 18 (mean ¼ 4.54;
SD ¼ 3.44; median ¼ 4.00) equivalent to an average item
response of 0.9 (4.54/5) reflecting item responses be-
tween “not at all” and “mild” or between “never” and
“rarely” for symptom intensity or frequency, respectively.
Reliability
Interitem Spearman correlations were generally

weak to moderate in the range of 0.11 to 0.82, with the
largest correlation between the two fatigue items “lack
of energy” and “tire easily” (Supplementary Table 2,
correlations between items and domains).

Internal consistency reliability of the NSCLC-SAQ was
above the conventional threshold of 0.70 at both base-
line (Cronbach’s a ¼ 0.74, 95% confidence interval [CI]:
0.70–0.77) and week 18 (Cronbach’s a ¼ 0.78, 95% CI:
0.74–0.81). All domains were moderately correlated
with the total score at baseline (range: 0.37–0.71) and
week 18 (range: 0.43–0.72) (Supplementary Table 3,
correlations between domains and the total score).

Test-retest reliability of the NSCLC-SAQ between
baseline and week 3 was ICC equal to 0.79 (95% CI:
0.74–0.84). This was calculated on the 210 participants
who had stable overall symptoms (i.e., participants who
did not have a change in PGIS-LC score between baseline
and week 3), had completed the same PGIS-LC version,
and had nonmissing NSCLC-SAQ data.
Construct Validity
Convergent validity was shown by moderate to high

correlations of NSCLC-SAQ items, domains, and total
score with concepts hypothesized to be similar from the
other PRO measures and especially those with the most
similar concepts (Supplementary Table 4, which de-
scribes all correlations with the hypothesized correla-
tions of �0.4 and �0.6 indicated). Discriminant validity
was supported by the observation of lower (low to
moderate) correlations with the other PRO measures,
which captured less similar concepts.

Known groups validity was shown by the logical
trend in NSCLC-SAQ total scores among groups hypoth-
esized to be different at baseline (all p < 0.001)
(Table 3). Higher mean NSCLC-SAQ total scores, indi-
cating more severe symptoms, were seen in groups
defined using PGIS-LC response (higher responses indi-
cating more severe lung cancer symptom severity), QLQ-
C30 Global Health Status/Quality of Life (lower values
indicating worse overall health), and ECOG performance
status (higher score indicating a lower level of
functionality).

Responsiveness
In the assessment of the appropriateness of the an-

chors, the correlation between change from baseline to
week 18 for the NSCLC-SAQ total score and PGIS-LC was
r equal to 0.46, supporting the adequacy of the PGIS-LC
as an anchor for responsiveness analyses and deter-
mining meaningful within-person change thresholds.
The correlation with PGIC-LC was weak (r ¼ 0.25), and,
thus, did not support the use of PGIC-LC as an anchor in
these analyses.

Responsiveness of the NSCLC-SAQ total score was
supported by the logical differences in change from
baseline to week 18 among PGIS-LC change score groups
(p < 0.001) (Supplementary Table 5, responsiveness
analysis). Mean changes were statistically significantly
different from “0” for participants improving by 1 PGIS-
LC response category (mean change ¼ �2.06; 95%
CI: �2.77 to �1.36) and participants improving by
greater than one PGIS-LC response category (mean
change ¼ �4.08; 95% CI: �5.01 to �3.15); ES and SRM
were moderate to large. Results were inconclusive for
detecting worsening owing to the small magnitude of
NSCLC-SAQ total score change from baseline in the small
sample (n ¼ 38) of participants who worsened on the
basis of the PGIS-LC. For this group, ES and SRM were
small, and no evidence was found that the mean change
was statistically significantly different from “0.”

Interpretation of Meaningful Within-Person
Change in Score

NSCLC-SAQ change scores from baseline to week 18
by PGIS-LC anchor groups are presented in Table 4.
Within the group of 68 participants who improved by 1



Table 2. Distribution of NSCLC-SAQ Items, Domains, and Total Score at Baseline

Items, Domains,
Total Score

Response Category, n (%)

Mean (SD) Median (Q1–Q3)
Minimum–
maximum0, n (%) 1, n (%) 2, n (%) 3, n (%) 4, n (%)

Item 1. Cough 117 (21.8) 210 (39.2) 142 (26.5) 49 (9.1) 18 (3.4) 1.33 (1.02) 1.00 (1.00–2.00)
Item 2. Pain in chest 255 (47.6) 147 (27.4) 97 (18.1) 27 (5.0) 10 (1.9) 0.86 (1.00) 1.00 (0.00–1.50)
Item 3. Pain in areas

other than chest
210 (39.2) 155 (28.9) 103 (19.2) 51 (9.5) 17 (3.2) 1.09 (1.12) 1.00 (0.00–2.00)

Item 4. Shortness of
breath

159 (29.7) 146 (27.2) 129 (24.1) 77 (14.4) 25 (4.7) 1.37 (1.18) 1.00 (0.00–2.00)

Item 5. Lack of energy 113 (21.1) 143 (26.7) 158 (29.5) 95 (17.7) 27 (5.0) 1.59 (1.15) 2.00 (1.00–2.00)
Item 6. Tire easily 98 (18.3) 147 (27.4) 154 (28.7) 111 (20.7) 26 (4.9) 1.66 (1.14) 2.00 (1.00–3.00)
Item 7. Poor appetite 237 (44.2) 99 (18.5) 100 (18.7) 63 (11.8) 37 (6.9) 1.19 (1.30) 1.00 (0.00–2.00)
Derived pain domaina 1.36 (1.11) 1.00 (0.00–2.00) 0.00–4.00
Derived fatigue

domaina
1.63 (1.09) 1.50 (1.00–2.50) 0.00–4.00

Total scoreb 6.88 (3.99) 6.75 (3.50–9.50) 0.00–18.00

Note: N equals 536 (response options for items 1 to 3: 0 ¼ not at all; 1 ¼ mild; 2 ¼ moderate; 3 ¼ severe; 4 ¼ very severe; response options for items 4 to 7:
0 ¼ never; 1 ¼ rarely; 2 ¼ sometimes; 3 ¼ often; 4 ¼ always).
aDerived domains are presented for comprehensiveness and are not intended to be used as an endpoint measure in clinical trials.
bTotal score ranges from 0 to 20 with higher scores indicating more severe NSCLC-related symptomatology.
NSCLC-SAQ, NSCLC Symptom Assessment Questionnaire; Q1, first quartile; Q3, third quartile.
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PGIS-LC category, that is, the smallest amount of change,
the mean change in NSCLC-SAQ total score was �2.65
(95% CI: �3.52 to �1.78). Half of the participants in this
group had changed by at least �2.25 (median) and 75%
had either improved or remained unchanged (third
quartile ¼ 0.00). Within the group of 36 participants
who improved by 2 PGIS-LC categories (on the PGIS-LC
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Table 3. Known Groups Validity for NSCLC-SAQ Total Score at Baseline

Known Group Classification n LSmean (SE)a 95% CI p Value

PGIS-LC version 1.0 <0.0001
Not severe 89 4.03 (0.36) 3.31–4.74
Mildly severe 100 5.48 (0.34) 4.80–6.15
Moderately severe 108 8.31 (0.33) 7.66–8.95
Very severe/extremely severeb 46 10.70 (0.50) 9.70–11.69

PGIS-LC version 2.0
No symptoms 38 4.43 (0.46) 3.52–5.35 <0.0001
Mild 66 5.83 (0.35) 5.13–6.52
Moderate 57 8.04 (0.38) 7.29–8.78
Severe/very severeb 31 12.06 (0.51) 11.05–13.08

EORTC QLQ-C30 GHS/QoLc

<58.8 209 9.39 (3.76) 8.88–9.90 <0.0001
�58.8 326 5.25 (3.24) 4.90–5.61

ECOG performance statusd

0 191 5.74 (3.87) 5.19–6.29 <0.0001
1 345 7.50 (3.93) 7.09–7.92

aLS means were calculated using ANOVA Welch F-test, with a ¼ 0.05 level.
bCategories were combined owing to low cell counts.
cPopulation reference value for NSCLC from EORTC QLQ-C30 reference values.16
dECOG performance status 0 means normal activity (fully active, able to carry on all predisease performance without restriction) whereas 1 means with
symptoms but ambulatory (restricted in physically strenuous activity, but ambulatory and able to carry out work of a light or sedentary nature [e.g., light
housework, office work]).
CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; EORTC QLQ-C30 GHS/QoL, European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire core 30 Global Health Status/Quality of Life scale; LSmean, least square mean; NSCLC-SAQ, NSCLC Symptom Assessment
Questionnaire; PGIS-LC, patient global impression of severity–lung cancer symptoms.
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total score was �3.77 (95% CI: �4.53 to �3.02) and the
median and third quartile were �3.75 and �1.00,
respectively.

It is reasonable to consider that the smallest esti-
mates derived from the 1 PGIS-LC response category
improvement group (e.g., �2.25, �2.65) and the largest
estimates from the 2 PGIS-LC response category
improvement group (e.g., �5.50, �5.90) represent
values too extreme for a meaningful within-person
change threshold; therefore, a logical threshold most
likely lies inside these estimates. Considering further
that the meaningful within-person change threshold
needs to be an attainable number (i.e., an increment of
0.5 on the 0–20 range of the NSCLC-SAQ total score),
these estimates converge toward a score change of three
to five points. This range is larger than the estimates
derived from distribution-based methods (1/2 SD ¼
2.00; SEM ¼ 1.82), which indicates the magnitude of the
change in score that is likely to be larger than mea-
surement error. This range is also larger than the dis-
tribution of change scores in participants who had no
change in PGIS-LC (mean ¼ �1.28, 95% CI: �1.99
to �0.57), which was small and within the distribution-
based estimates.

The eCDF curves (Fig. 2) for the NSCLC-SAQ total
score by PGIS-LC groups revealed the expected negative
change scores for improvement groups, and clear dif-
ferentiation was evidenced by the consistent separation
between curves throughout the range of change scores.
PDF curves revealed a similar clear separation among
improved, stable, and worsened groups (see Fig. in
Supplementary Table 2, NSCLC-SAQ total score PDF
curve).

For participants with any amount of worsening in
PGIS-LC response category between baseline and week
18, the sample size was small (n ¼ 38) with a large
variance around the NSCLC-SAQ total change score
as observed by the 95% confidence interval including
“0” (95% CI: �0.12 to 2.12), thus, limiting inference
in this group. For participants with any worsening
in PGIS-LC, a mean increase (i.e., worsening) in
NSCLC-SAQ total score of 1.00 was observed
(median ¼ 1.00).

Discussion
The NSCLC-SAQ has been developed in accordance

with evidentiary expectations detailed in regulatory
guidance and the rigorous FDA COA Qualification Pro-
gram, which led to its qualification in 2018 for use in
drug development as a measure of NSCLC symptom
severity.19 To inform meaningful endpoint construction,
evaluation of the NSCLC-SAQ in a longitudinal setting
was needed and had not been previously reported.

The novel and central contribution of this work
were to assess the responsiveness and clinically
meaningful within-person change in score for the
NSCLC-SAQ within the randomized, double-blind, pla-
cebo-controlled phase 3 KEYNOTE-598 study. Results



Table 4. NSCLC-SAQ Total Score Change From Baseline to Week 18 by PGIS-LC Anchor Groups

PGIS-LC Anchor Response Category na

Distribution of NSCLC-SAQ Change Scoreb

Mean (95% CI) Median (Q1–Q3)

All change response categories
<�2 (improvement) 5 �3.70 (�8.38 to 0.98) �2.00 (�6.00 to �2.00)
�2 36 �5.90 (�7.10 to �4.71) �5.50 (�8.50 to �3.75)
�1 68 �2.65 (�3.52 to �1.78) �2.25 (�5.00 to 0.00)
0 (no change) 108 �1.28 (�1.99 to �0.57) �1.00 (�3.00 to 1.00)
1 31 1.05 (�0.28 to 2.38) 1.00 (�1.50 to 3.00)
2 7 0.79 (�1.54 to 3.11) 1.00 (�1.00 to 2.00)
>2 (worsening) 0 (NC) (NC)

1 or 2 response category improvement/worsening
�2 or �1 (improvement) 104 �3.77 (�4.53 to �3.02) �3.75 (�6.50 to �1.00)
1 or 2 (worsening) 38 1.00 (�0.12 to 2.12) 1.00 (�1.50 to 3.00)

Any improvement/ worsening
��1 (improvement) 109 �3.77 (�4.50 to �3.04) �3.50 (�6.50 to �1.00)
�þ1 (worsening) 38 1.00 (�0.12 to 2.12) 1.00 (�1.50 to 3.00)

aThe n describes the number of participants from the PROFAS population who completed the same version of PGIS-LC at baseline and week 18.
bChange scores are calculated as week 18 score minus baseline score.
CI, confidence interval; NC, not calculated; NSCLC-SAQ, NSCLC Symptom Assessment Questionnaire; PGIS-LC, patient global impression of severity–lung cancer
symptoms; Q1, first quartile; Q3, third quartile.
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of the clinically meaningful within-person improvement
analysis support an estimated range of 3 – 5 points
change from baseline in NSCLC-SAQ total score, about
15% to 25% of the 0 to 20 possible score range. This
threshold was identified using a sufficiently correlated
anchor variable and by comparing estimates from
different anchor categories, providing a basis for re-
searchers considering the NSCLC-SAQ total score for an
endpoint evaluating improvement in NSCLC symptom
severity.

Researchers have suggested that differences may exist
between what participants perceive as meaningful in
terms of deterioration versus improvement.20 In our
Figure 2. Empirical cumulative distribution function curves for
PGIS-LC anchor categories; the change in score from baseline t
Curves toward the left of 0 (negative NSCLC-SAQ total score cha
groups with low cell counts (n <10) are not provided for parsim
PGIS-LC, patient global impression of severity-lung cancer sym
study, insufficient evidence was obtained to support a
clear meaningful within-person change threshold for
symptomworsening as only a small subset of participants
exhibited symptom worsening up to week 18 (n ¼ 38).
Although a threshold greater than the distribution-based
method estimates (two-points) may provide a starting
point, it is recommended that future studies estimate
meaningful within-person change for participants whose
symptom severity worsens over time.

Responsiveness of the NSCLC-SAQ total score was
exhibited by detectable differences in NSCLC-SAQ total
score change observed over the 18-week period among
participants categorized by their global impression of the
NSCLC-SAQ total score change from baseline to week 18 by
o week 18 equals score at week 18 minus the baseline score.
nge) indicate improvement in symptom severity. PGIS change
ony. NSCLC-SAQ, NSCLC Symptom Assessment Questionnaire;
ptoms.
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severity of their lung cancer symptoms. Score changes
differed statistically significantly from “0” for partici-
pants who improved (i.e., mean change for those with >1
category improvement ¼ �4.08, 95% CI: �5.01
to �3.15), and by a larger amount than for participants
who stayed at the same severity on the PGIS-LC (mean
change ¼ �1.94, 95% CI: �2.51 to �1.38). For partici-
pants who worsened, a small statistically nonsignificant
change was observed (mean change ¼ 0.16, 95%
CI: �0.78 to 1.10). Again, this was likely owing to the
small subset of participants whose symptom severity
worsened over the study period.

Participants in KEYNOTE-598 reported a low level of
NSCLC symptom severity at baseline as seen by low item
means and ceiling effects indicating “not at all” or
“never” experiencing certain symptoms in the preceding
7 days. This was similar to previous findings reported
elsewhere.9 Furthermore, the overall symptom severity
measured by the NSCLC-SAQ total score was toward the
lower end of the score range (mean at baseline ¼ 6.88,
SD ¼ 3.99), which revealed a trend of improvement by
week 18 (mean at week 18 ¼ 4.54, SD ¼ 3.44).

This study also evaluated the cross-sectional mea-
surement properties and test-retest reliability of the
NSCLC-SAQ, and our findings were similar to those
previously reported.9 Specifically, the interitem correla-
tion between the two fatigue items was large (r ¼ 0.82),
thus, confirming the close relationship between partici-
pant reports of “tiring easily” and having “lack of energy”
and providing support for their averaging in the derived
fatigue domain. The NSCLC-SAQ total score revealed
acceptable internal consistency reliability (i.e., Cron-
bach’s a at baseline ¼ 0.74 and at week 18 ¼ 0.78) and
test-retest reliability (i.e., ICC ¼ 0.79). Although test-
retest reliability was slightly lower than previously re-
ported (cf., ICC ¼ 0.87), this may be a consequence of the
longer assessment period in our study (3 weeks at the
first treatment cycle after baseline) compared with the
7- to 10-day period previously reported. Finally,
construct validity was well revealed by consistent pat-
terns of moderate to high correlations with similar
concepts captured by the other PRO measures and by the
magnitude of differences between groups expected to
differ in NSCLC symptom severity.

Strengths of this study include the ability to observe a
change in NSCLC symptom severity by means of a blin-
ded interventional study in a multinational setting, with
PRO measures administered electronically at study sites
before all other study procedures, thus minimizing the
possibility of experimental processes influencing partic-
ipants’ responses. In addition, it is noteworthy that the
performance of the measure’s responsiveness to
improvement, including the ability to quantify mean-
ingful within-person change, was observed despite a
sample with generally low symptom severity at baseline.
This may be of particular interest to researchers
considering using this measure in the first-line setting.

The main limitation of this study was the inclusion of
relatively few participants with high symptom severity
at baseline, and the small subset of participants who
exhibited symptom worsening up to week 18. As a
result, it was not possible to support a clear within-
person meaningful change threshold for symptom
worsening. Inclusion of participants with greater func-
tional limitations (e.g., ECOG performance status 2) or
investigating symptom worsening in participants with
progressive disease may be a way to investigate this
further. Another limitation included the version change
in PGIS-LC and PGIC-LC during the study. To address
this, participants completing different versions were
excluded from the analyses assessing change in score. In
addition, the weak correlation between the NSCLC-SAQ
change score and the PGIC-LC at week 18 suggested an
inadequacy of the PGIC-LC to detect change over the 18-
week interval. This aligns with previously reported rec-
ommendations that nonstatic anchors (i.e., requiring
participants to recall their change, often over long pe-
riods) may be more susceptible to recall bias,18 and re-
searchers should consider this carefully for future
studies.

In conclusion, this study provides a rationale for
consideration of the NSCLC-SAQ total score to assess
NSCLC symptom severity as an endpoint measure in
clinical trials, including trials involving participants who
are mildly symptomatic at baseline. It is recommended
that future studies be conducted to better understand
the performance of the NSCLC-SAQ in trials enrolling
participants likely to have greater lung cancer symptom
severity at baseline or more likely to experience symp-
tom worsening over time, such as those who have failed
previous line(s) of therapy for their metastatic disease or
ECOG performance status 2.
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