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ARTICLE INFO ABSTRACT
Article history: Background: The Non-Small Cell Lung Cancer Symptom Assessment Questionnaire (NSCLC-SAQ) was de-
Received 7 May 2021 veloped to incorporate the patient’s perspective into evaluation of clinical benefit in advanced non-small

Accepted 20 August 2021 cell lung cancer trials and meet regulatory expectations for doing so. Qualitative evidence supported 7

items covering 5 symptom concepts.

Key words: Objective: This study evaluated measurement properties of the NSCLC-SAQ’s items, overall scale, and total
non-small-cell lung carcinoma score.

patient reported outcome measures Methods: In this observational cross-sectional study, a purposive sample of patients with clinician-
psychometrics diagnosed advanced non-small cell lung cancer, initiating or undergoing treatment, provided sociodemo-

symptom assessment graphic information and completed the NSCLC-SAQ, National Comprehensive Cancer Network/Functional

Assessment of Cancer Therapy Lung Symptom Index (FLSI-17), and a Patient Global Impression of Sever-
ity item. Rasch analyses, factor analyses, and assessments of construct validity and reliability were com-
pleted.
Results: The 152 participants had a mean age of 64 years, 57% were women, and 87% where White. The
majority were Stage IV (83%), 51% had an Eastern Cooperative Oncology Group performance status of 1
(32% performance status 0 and 17% performance status 2), and 33% were treatment naive. Rasch analy-
ses showed ordered thresholds for response options. Factor analyses demonstrated that items could be
combined for a total score. Internal consistency (Cronbach o =0.78) and test-retest reliability (intraclass
correlation coefficient=0.87) were quite satisfactory. NSCLC-SAQ total score correlation was 0.83 with
the National Comprehensive Cancer Network/Functional Assessment of Cancer Therapy Lung Symptom
Index-17. The NSCLC-SAQ was able to differentiate between symptom severity levels and performance
status (both P values < .001).
Conclusions: The NSCLC-SAQ generated highly reliable scores with substantial evidence of construct va-
lidity. The Food and Drug Administration’s qualification supports the NSCLC-SAQ as a measure of symp-
toms in drug development. Further evaluation is needed on its longitudinal measurement properties and
interepretation of meaningful within-patient score change. (Curr Ther Res Clin Exp. 2021; 82:XXX-XXX)
© 2021 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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lung cancer would be diagnosed in the United States during 2018.
Lung cancer is also the leading cause of cancer-related mortality in
the United States, with 150,000 deaths annually.! Although there
are more than a dozen different kinds of lung cancer, the 2 main
types are non-small cell lung cancer (NSCLC) and small cell lung
cancer. Approximately 75% to 80% of lung cancers are of the non-
small cell type.?

In the assessment of drug efficacy, cancer trials traditionally
rely on primary end points that are biomarker-based (eg, radio-
graphic assessment of tumor size to evaluate progression-free sur-
vival). However, this approach can miss important clinical ben-
efit that can arise from the alleviation or avoidance of symp-
toms or functional limitations caused by the disease or its treat-
ment. Recognizing this, US Food and Drug Administration (FDA)
staff proposed that cancer clinical trials should include individ-
ual patient-reported measures of treatment-related symptomatic
adverse events, physical function, and disease-related symptoms.>
Hence, assessment of the core symptoms of NSCLC is a key com-
ponent of a more comprehensive evaluation of clinical benefit
in NSCLC treatment trials. Because it is only 1 component of
a broader patient-reported outcome (PRO) measurement strategy,
minimizing patient burden in terms of the number of items is
critical. Although numerous patient-reported NSCLC measures ex-
ist (eg, Functional Assessment of Cancer Therapy-Lung,* European
Organization for Research and Treatment of Cancer Quality of Life
Lung-Specific Questionnaire,” Lung Cancer Symptom Scale,® and
the M.D. Anderson Symptom Inventory Lung Cancer Module’), no
single existing measure has been used consistently in clinical de-
velopment programs. Furthermore, the existing measures are not
exclusively NSCLC-related symptom measures because they include
broad, noproximal concepts such as quality of life and/or selected
treatment-related signs and symptoms that may become less rel-
evant as treatment evolves. In addition, based on interpretation of
the evidentiary expectations (eg, concept elicitation reports with
transcripts, saturation grids, and item tracking matrices) at the
time, it was believed that existing measures would fall short in
satisfying the regulatory requirements of FDA’s drug development
tool qualification program.?

In response to this need for fit-for-purpose clinical outcome
measures, the PRO Consortium’s?® NSCLC Working Group spon-
sored the development of a new PRO measure designed to assess
the core disease-related symptoms that are important and rele-
vant to persons with advanced NSCLC. This measure, named the
Non-Small Cell Lung Cancer Symptom Assessment Questionnaire
(NSCLC-SAQ), was developed with consideration of the recommen-
dations and scientific best practices set forth in the FDA guidance
for industry titled Patient-Reported Outcome Measures: Use in Medi-
cal Product Development to Support Labeling Claims, hereafter called
the PRO Guidance,'® and recent scientific literature for achieving
content validity of PRO instruments.!’- In addition, in 2014, the
FDA released the Guidance for Industry and FDA Staff: Qualifica-
tion Process for Drug Development Tools (hereafter referred to as
FDA Qualification Guidance).® Qualification, as defined by the FDA’s
Center for Drug Evaluation and Research, is a formal conclusion
that the results obtained from the PRO measure within a stated
context of use can be relied upon to have a specific interpretation
and application in drug development and regulatory review.® De-
velopment and FDA qualification of the NSCLC-SAQ was the goal of
the PRO Consortium’s NSCLC Working Group.

To date, the development of the NSCLC-SAQ has included com-
pletion of systematic reviews of the NSCLC literature and exist-
ing PRO and clinician-reported outcome instruments; the forma-
tion of an expert panel of clinical and methodological experts to
provide advice during multiple stages of the development process
(eg, review of study protocols and results); the completion of qual-
itative concept elicitation interviews conducted with patients with
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NSCLC to identify the symptom-related concepts that are most im-
portant and relevant to their experiences; a formal item-generation
process in which evidence from the concept elicitation interviews,
systematic literature reviews, and expert input was used to de-
velop the content of the NSCLC-SAQ; qualitative cognitive inter-
views among participants with NSCLC to evaluate and refine the
draft instrument; an electronic implementation assessment (by the
ePRO Consortium’s Instrument Migration Subcommittee) to assess
the ability to implement the NSCLC-SAQ on all available and ap-
propriate electronic data capture platforms; and a translatability
assessment, conducted concurrently with the early cognitive inter-
view process. Throughout the PRO measure development process,
the NSCLC Working Group received iterative feedback from FDA
to ensure that the NSCLC-SAQ would be fit-for-purpose for use in
drug development. The extensive qualitative work demonstrating
the relevance and importance of the NSCLC-SAQ’s content to per-
sons with advanced NSCLC and clinicians has been published.’”

This process resulted in a developmental version of the NSCLC-
SAQ. The primary aim of this study was to generate quantita-
tive evidence regarding the measurement properties of the NSCLC-
SAQ. This study was conducted from February 2015 through August
2016.

Methods

A purposive sample of participants with clinician-diagnosed
NSCLC from US clinical sites participated in data collection. The
target sample size was 150 participants. Eligibility criteria were de-
signed to reflect common entry criteria for clinical trials in ad-
vanced NSCLC. Eligibility included at least 18 years of age; di-
agnosis of Stage IIIB or IV NSCLC; naive to treatment (naive to
chemotherapy at the participant’s current stage of NSCLC as of en-
rollment and had not received chemotherapy in the past 6 months
for earlier stage disease) or had fully recovered from the adverse
event or recovered to at least a Common Terminology Criteria for
Adverse Events version 4.03 grade 1.6 Furthermore, patients were
required to be able to read, write, and speak English.

A centralized ethics committee process was used for the partici-
pating sites that were able to use a central application; clinics that
required their own internal ethics committee approval were sup-
ported with the study documentation and monitored to assure ap-
propriate approval was obtained before the initiation of any study
activities at that site. No clinical interventions or investigational
products were used in this study and no change in treatment was
required to participate.

Staff at each clinic site used medical records to identify patients
potentially eligible for participation. Recruitment quotas were es-
tablished to oversample certain subgroups to enable considerations
of factors that might influence symptom experience of patients
in advanced NSCLC clinical trials. These quotas included at least
30% with Stage IV, at least 10% with Eastern Cooperative Oncology
Group (ECOG) performance status 2 or higher, no fewer than 40%
and no more than 60% of the study sample with a diagnosis of co-
morbid chronic obstructive pulmonary disease (COPD), and at least
30% being treatment naive at the time of enrollment.

If eligible by record screen (eg, age, primary cancer diagno-
sis and stage, treatment history, prior adverse events, and cur-
rent Common Terminology Criteria for Adverse Events grade in-
formation), potential participants were contacted by telephone or
in-person and provided with information about the study using a
standardized screening script. Those interested completed a short
series of additional screening questions (eg, date of birth, sub-
stance abuse, previous study participation, language/reading prob-
lems, and availability) and, if eligible, were then scheduled for
their enrollment visit (with an effort to schedule the enrollment



D.M. Bushnell, TM. Atkinson, K.P. McCarrier et al.

Cough ‘

Pain in chest ‘

Appetite

Pain in areas
other than chest

NSCLC Symptoms Shortness of breath

Tire easily

Lack of energy ‘

Poor appetite

Figure 1. Conceptual framework for the Non-Small Cell Lung Cancer Symptom As-
sessment Questionnaire. NSCLC = non-small cell lung cancer.

visit to coincide with a regularly scheduled clinic visit for conve-
nience).

On day 1, using a study tablet, each participant completed de-
mographic items (marital status, education level, employment sta-
tus, household income category, race, ethnicity, and self-reported
general health) and the NSCLC-SAQ. Along with the NSCLC-SAQ,
each participant completed the National Comprehensive Cancer
Network/Functional Assessment of Cancer Therapy Lung Symp-
tom Index-17 (FLSI-17)!7 and a single Patient Global Impression of
Severity (PGIS) item. All participants were also expected to par-
ticipate in a 1-week retest that included the NSCLC-SAQ and the
PGIS item. The participants returned to the clinic for this visit to
complete the measures on the study tablet. Responses to the retest
were accepted within the window of 7 to 10 days, and participants
were excluded from the retest analysis if outside this window.

Study outcome measures

The NSCLC-SAQ is a newly developed scale with seven items
assessing 5 symptoms of NSCLC (ie, cough, pain, dyspnea, fatigue,
and poor appetite) (see Figure 1)."> The recall period is “over the
last 7 days.” Each item has a 5-point verbal rating scale from either
0 “No <symptom> at All” to 4 “Very severe <symptom>" or from
0 “Never” to 4 “Always,” depending on the item’s format (ie, in-
tensity or frequency). Participants were allowed to skip NSCLC-SAQ
items in the case that they actively indicated they did not wish to
answer.

The FLSI-17'7 is a 17-item PRO instrument. All 17 items are
used in computing a total score (range=0-68 with 0 indicating
a severely symptomatic patient), but the FLSI-17 is also evaluated
in four areas associated with lung malignancies: Disease-Related
Symptoms-Physical [DRS-P] (10 items, range=0-40); Disease-
Related Symptoms-Emotional (1 item, range = 0-4); Treatment Side
Effects (3 items, range =0-12); and Function/Well-Being (3 items,
range = 0-12). The recall period is “the past 7 days.” Each of the
items uses a 5-point verbal rating scale in a tabular form, with op-
tions ranging from O (“Not at all”) to 4 (“Very much”). The FLSI-
17 was selected for use in this study because it has been used in
NSCLC studies, provides coverage of symptom concepts similar to
those included in the NSCLC-SAQ, and carries low respondent bur-
den. It was hypothesized that the NSCLC-SAQ total score would be
most highly associated with the FLSI-17 DRS-P score.

The PGIS is an assessment of lung cancer symptoms at the cur-
rent time. It is a single item with the response options of: 0 =“Not
severe,” 1="Mildly severe,” 2 =“Moderately severe,” 3 ="“Very se-
vere,” and 4 =“Extremely severe.” The PGIS was used as the pri-
mary means for assessing change between the visits for the retest
analysis.
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Statistical analyses

Descriptive statistics (mean, standard deviation, median, and
range for quantitative variables, and frequency and percentage for
categorical variables) were calculated for demographic variables
(eg, age, sex, race, ethnicity, marital status, education, employment
status, and income) and for clinical variables (eg, current NSCLC
stage, stage at initial NSCLC diagnosis, histology, years since NSCLC
diagnosis, treatment status, ECOG performance status, clinical diag-
nosis of COPD, and smoking history) to describe the study sample.

The analyses used to evaluate the NSCLC-SAQ are described in
detail in Table 1. The analyses used to evaluate NSCLC-SAQ item
performance were in accordance with classical psychometric the-
ory'® and item response theory methods (ie, Rasch measurement
theory [RMT] analysis).® Evaluation of the items in the NSCLC-SAQ
was made using information from the following analyses: floor ef-
fect (where participants endorse the worst response option and
can only improve) and ceiling effect (where participants endorse
the best possible response option and can only get worse), item-
to-item correlations, item-to-total correlations, factor analyses, reli-
ability estimation, and item parameters from RMT analyses. All sta-
tistical tests used a significance level of 0.05 (2-sided) unless oth-
erwise noted. Statistical tests involving multiple comparisons (eg,
ANOVA models with multiple groups) included Scheffé post hoc
tests, which adjust for multiple comparisons and reduce the possi-
bility of Type I error. Statistics were conducted using SPSS version
18 (IBM-SPSS Inc, Armonk, NY),2° RUMM2030 software (Rasch Uni-
dimensional Measurement Model RUMM Laboratory Pty Ltd, Dun-
craig, Australia),2! and IBM SPSS Amos (IBM SPSS Inc).22-23

Results

A total of 152 patients from 14 sites across 9 states (New York,
[llinois, Alabama, Georgia, Ohio, Kentucky, Pennsylvania, Florida,
and Louisiana) were enrolled into the study. Demographic and clin-
ical characteristics are shown in Table 2. Participants were 57%
women; 87% White; and, on average, aged 64 years. More than
half (61%) were married or living as married, 84% had at least a
high school education, 49% were retired, 18% were unable to work,
and 54% had an annual household income of $35,000 or higher. For
self-reported general health, 23.7% reported “Excellent” or “Very
good,” 33.6% reported “Good,” and 42.8% reported “Fair” or “Poor.”
For the PGIS, 47% rated their lung cancer symptoms as “Not se-
vere,” 27% as “Mildly severe,” and 20% as “Moderately severe.”

At the time of study enrollment, 126 participants (83%) were
NSCLC Stage IV and 26 (17%) were Stage IIIB. At initial diagnosis,
67% were Stage IV. About 33% of the participants were treatment
naive and half (51%) had an ECOG performance status of 1. One-
hundred three participants (68%) had histologic evidence of ade-
nocarcinoma, and 35 (23%) had histologic evidence of squamous
cell carcinoma. Sixty-five participants (43%) had a comorbid clini-
cal diagnosis of COPD and 35 (23%) were current smokers, whereas
93 (61%) were exsmokers. Table 3 shows the treatment status of
the participants in the study starting with the current treatment
(at the time of enrollment). The most prevalent (59%) was sys-
temic treatment alone, followed by 7% having systemic plus radia-
tion treatment, and 2% undergoing radiation alone.

NSCLC-SAQ descriptive characteristics

Mean item scores ranged from 0.8 for pain in chest to 2.1 for
both low energy and tire easily using a response scale from 0 (“Not
at all” or “Never”) to 4 (“Very Severe” or “Always”) (see Table 2).
All items had the full range (0, 1, 2, 3, and 4) of responses en-
dorsed. All items were answered; there were no missing data. Re-
sponses of “No <symptom> at all” or “Never,” indicating poten-
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Table 1
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Detailed description of patient-reported outcome (PRO) data analyses and interpretation

Analysis

Description

Item-to-item correlations

Item-to-total correlations

Missing data

RMT

Factor analyses

Internal consistency reliability

Reproducibility

Convergent validity

Known-groups validity

A reliability analysis was conducted for all item pairs, focusing on Pearson correlation coefficients >0.70 indicating
potential redundancy between the items?’ within the NSCLC-SAQ.

A bivariate Spearman correlation was calculated for each item score against the total score (excluding the item of interest),
and any item with a value <0.40?® was examined because this indicates that it may not be sufficiently associated with the
remaining items in the hypothesized scale. These analyses were conducted between the NSCLC-SAQ items and total score.
Frequency and percentage of missing items per participant, frequency and percentage of missing data per item, number of
participants with at least 1 missing item, and number and percentage of participants with no missing data were examined.
RMT analyses were used to examine the ordering of item response options and the subscale unidimensionality. The
NSCLC-SAQ items were assessed for the model fit. When the Rasch model is applied to ordered response data, where
successively higher scores indicate increasing levels of agreement with a particular item, as is the case with the
NSCLC-SAQ items, person ability represents how strongly respondents support the NSCLC-SAQ item and item difficulty
represents how easy the item is to endorse. In addition to item threshold maps, item category trace lines were used to
display the probability of a person endorsing a particular response category based on their level of support for the item
and the intensity or difficulty of the item. To examine the consistency of the response pattern, a person-item distribution
map was used.

The results of the factor analysis were used to guide the development of the scoring algorithm for the NSCLC-SAQ.
Exploratory factor analyses were performed on the 7-symptom NSCLC-SAQ with standardized factor loadings of at least
0.40 considered acceptable. A confirmatory factor analysis (principal components analysis) was conducted on the final
5-symptom NSCLC-SAQ. Fit indices (comparative fit index [values >0.9 indicates satisfactory fit],%° goodness-of-fit index
[values >0.9],%9 root mean square residual [values <0.08],%° and root mean square error of approximation [values <0.08%°]
were assessed to confirm the relationship between the observed variables and their underlying latent constructs.??-3!
Internal consistency reliability addresses the extent to which individual items within each scale are related to each other?>
and is assessed by calculating the Cronbach’s alpha statistic. The values are presented descriptively on an interval level
scale ranging from 0 to 1.0, with higher scores indicating a more reliable (homogeneous) instrument. Values >0.70 are
generally considered indicative of a sufficiently internally consistent scale.?’” This analysis was conducted using both the 7
items and the 5 domains of the NSCLC-SAQ.

The evaluation of test-retest reliability of the NSCLC-SAQ total score was made using the intraclass correlation coefficient
using a 2-way mixed effect model with absolute agreement for single measures.’*>:** These analyses were conducted using
the Day 1 and Day 8 data and were restricted to the subset of participants who reported that their symptoms remained
stable during the study period, as defined by no change in the PGIS between day 1 and day 8.

Convergent validity (demonstrating that different measures of the same concept substantially correlate when assessed
concurrently) was evaluated by examining magnitude of correlations between the NSCLC-SAQ (items and total score) and
the FLSI-17 (items, total score and Disease-related Symptom-Physical score). It was hypothesized that Spearman correlation
coefficients of substantial magnitude (>0.40) would be apparent between the NSCLC-SAQ item and total scores and the
FLSI-17 Disease-related Symptom-Physical and total scores.

Known-groups validity is the extent to which scores from a measure can discriminate between groups of participants that
differ on a known relevant dimension, such as a measure/assessment of disease severity.>> The known-groups validity of
the NSCLC-SAQ was examined by grouping subjects into varying levels of disease severity/status based on the PGIS, patient
self-report of general health, and clinician-reported performance status. The ability of the NSCLC-SAQ total score to
discriminate between the groups of subjects according to group status was assessed via ANOVA where the PRO measure of
interest was entered in the model as the dependent variable, and the known-groups variable was entered as the
independent variable.

FLSI-17 = Functional Assessment of Cancer Therapy (FACT) Lung Symptom Index-17; NSCLC-SAQ =Non-Small Cell Lung Cancer Symptom Assessment Questionnaire;
PGIS = Patient Global Impression of Severity; RMT =Rasch Measurement Theory.

tial ceiling effects (where participants cannot get any better), were
seen most commonly in both pain items: pain in chest (51%) and
pain in areas other than chest (37%). No floor effects were ob-
served.

The 2 fatigue-related items (low energy and tire easily) had
a large item-to-item correlation (r=0.84) indicating redundancy
(Table 4). The 2 pain items had a correlation of 0.46. Item-to-
total correlations also show a strong association between each item
against the rest of the items as a total score (excluding that item)
other than for pain in areas other than chest (0.38). All other cor-
relations were above 0.40.

The 2 pairs of items representing pain and fatigue were exam-
ined more closely because a unidimensional scale was preferred
with none of the 5 symptom domains (ie, cough, pain, dyspnea,
fatigue, and appetite) weighted more heavily in the total symptom
score than the other symptom domains. Hence, to account for this
and to minimize the local dependence caused by including multi-
ple items in the overall score, the decision was made to combine
the 2 items for each concept in the provisional scoring algorithm.

Fatigue

The 2 items were seen by many participants as distinct but
related concepts during the qualitative research!”; however, given

the high correlation between the 2 items (0.84), indicating consid-
erable conceptual redundancy, a score was derived by taking the
mean of the 2 items, thus becoming a single fatigue score.

Pain

The two items were observed to be conceptually distinct in
both the qualitative research’ and the current study (correla-
tion =0.46). These 2 items individually exhibit high ceiling effects
(participants indicating “No pain at all”); however, only 43 (28%)
participants indicated “No pain at all” for both pain items. There-
fore, because it is most clinically relevant to assess worst pain,
wherever it manifests, a score was derived by taking the most se-
vere response to either of the items, yielding a single pain score.

Factor analysis

Upon evaluating initial exploratory factor models using all 7
items and taking into consideration the overweighting of pain and
fatigue (2 items each), testlet scores were created as stated above.
Using a principal components analysis including the 5 domains
(ie, cough, shortness of breath, poor appetite, derived pain, and
derived fatigue), a single component was derived (factor loadings
ranging between 0.55 and 0.77). Fit indices were adequate: com-
parative fit index (0.96), goodness-of-fit index (0.97), root mean
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Table 2
Demographic and clinical characteristics (N=152).
Variable Result
Age, y
Mean (SD) 64.3 (9.8)
Median (range) 64 (41-85)
Age*,y
41-56 38 (25.0)
57-63 35 (23.0)
64-71 41 (27.0)
72-85 38 (25.0)
Sex*
Female 86 (56.6)
Male 66 (43.4)
Ethnicity*
Hispanic or Latino 8 (5.3)
Not Hispanic or Latino 144 (94.7)
Race*
White 132 (86.8)
Black or African American 12 (7.9)
Asian 3 (2.0)
Other 5(3.3)
Marital status*
Married or living as married 92 (60.5)
Widowed 21 (13.8)
Separated 4 (2.6)
Divorced 24 (15.8)
Never married 11 (7.2)
Highest level of education completed*
Less than high school 4 (15.8)
High school graduate 5 (36.2)
Some college 9 (25.6)
College graduate 5(16.4)
Graduate or professional school (5.9)
Employment status*
Employed full-time for wages 20 (13.2)
Employed part-time for wages 6(3.9)
Self-employed 8 (5.3)
Out of work <1y 3(2.0)
Out of work >1y 7 (4.6)
Homemaker 6 (3.9)
Student 1(0.7)
Retired 74 (48.7)
Unable to work 27 (17.8)
Annual household income from all sources*
<$15,000 23 (15.2)
$15,000-$34,999 35 (23.0)
$35,000-$49,999 19 (12.5)
>$50,000 63 (41.4)
Missing 12 (7.9)
Self-reported health status*
Excellent 7 (4.6)
Very good 29 (19.1)
Good 51 (33.6)
Fair 41 (27.0)
Poor 24 (15.8)
Patient Global Impression of Severity*
Not severe 72 (47.4)
Mildly severe 41 (26.9)
Moderately severe 31 (20.4)
Very severe 5(3.3)
Extremely severe 3(2.0)
NSCLC-SAQ
1. How would you rate your coughing at its worst...?’ 1.05 (0.89) [0-4]
No coughing at all* 42 (27.6)
Mild* 72 (47.4)
Moderate 28 (18.4)
Severe* 8 (5.3)
Very severe* 2 (1.3)
2. How would you rate the worst pain in your chest...?" 0.84 (1.06) [0-4]
No pain at all* 77 (50.7)
Mild* 41 (27.0)
Moderate* 20 (13.2)
Severe* 10 (6.6)
Very severe* 4 (2.6)
3. How would you rate the worst pain in areas other than your chest...?" 1.22 (1.20) [0-4]
No pain at all 56 (36.8)
Mild* 38 (25.0)
Moderate* 33 (21.7)

(continued on next page)
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Table 2 (continued)
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Variable Result

Severe* 18 (11.8)

Very severe* 7 (4.6)

4. How often did you feel short of breath during usual activities...?’ 1.81 (1.20) [0-4]

Never’ 26 (17.1)

Rarely* 34 (22.4)

Sometimes* 49 (32.2)

Often” 29 (19.1)

Always* 14 (9.2)

5. How often did you have low energy...?" 2.14 (1.11) [0-4]
Never* 8 (5.3)

Rarely* 40 (26.3)
Sometimes* 46 (30.3)
Often* 38 (25.0)
Always* 20 (13.2)

6. How often did you tire easily...?" 2.14 (1.07) [0-4]

Never* 12 (7.9)
Rarely* 28 (18.4)
Sometimes* 53 (34.9)
Often* 45 (29.6)
Always* 14 (9.2)

7. How often did you have a poor appetite...?" 1.47 (1.27) [0-4]
Never* 47 (30.9)
Rarely* 32 (21.1)
Sometimes* 36 (23.7)

Often* 28 (18.4)
Always* 9 (5.9)

NCCN/FACT Lung Symptom Index-17 item'
Total, possible range 0-68*

22.3 (11.5) [1-50]

Disease Related Symptoms-Physical, possible range 0-40* 14.2 (7.8) [0-33]
Disease Related Symptoms-Emotional, possible range 0-4* 1.9 (1.3) [0-4]

Treatment Side Effects, possible range 0-12%
Function/Well-Being, possible range 0-12*
Current NSCLC stage*
1B
v
Stage at initial NSCLC diagnosis*
I
Il
Il
v
Years since initial NSCLC diagnosis
Mean (SD)
Median [range]
Treatment status*
Naive
First line
Second line
Third line
ECOG performance status*
0
1
2
Clinical diagnosis of COPD*
No
Yes
Histological evidence of*
Adenocarcinoma
Squamous cell carcinoma
Unknown
Mutation test and status*
EGFR mutation+
ALK+ negative
EGFR mutation +and ALK+ negative
None of the above
Not tested
Missing
Smoking history*
Current smoker
Exsmoker
Never a regular smoker

2.4 (2.3) [0-9]
3.8 (2.7) [0-11]

26 (17.1)
126 (82.9)

9 (5.9)

3 (2.0)

38 (25.0)
102 (67.1)

1.1 (1.5)
0.5 [0.0-9.6]

50 (32.9)
49 (32.2)
26 (17.1)
27 (17.8)

49 (32.2)
78 (51.3)
25 (16.5)

87 (57.2)
65 (42.8)

111 (73.0)
36 (23.7)
5 (3.3)

14 (9.2)
23 (15.1)
3 (2.0)
53 (34.9)
57 (37.5)
2(1.3)

35 (23.0)
93 (61.2)
23 (15.1)

ALK = anaplastic lymphoma kinase; COPD = chronic obstructive pulmonary disease; ECOG = Eastern Cooperative Oncol-
ogy Group; EGFR = epidermal growth factor receptor; NCCN/FACT = National Comprehensive Cancer Network/Functional
Assessment of Cancer Therapy Lung Symptom; NSCLC =non-small cell lung cancer; NSCLC-SAQ = Non-Small Cell Lung

Cancer Symptom Assessment Questionnaire.
* Values are presented as n (%).
T Values are presented as mean (SD) [range].

f Higher scores indicate a severely symptomatic patient.
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Table 3
Treatment (Tx) status (current and history) (N =152).
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Tx* First-line Tx Second-line Tx Third-line Tx Subsequent Tx
Current Tx at time of enrollment
Radiation alone 2 (1.3) 1(0.7) - -
Systemic Tx alone 42 (27.6) 26 (17.1) 21 (13.8)
Radiation and systemic 9 (5.9) 1(0.7) - -
No current Tx! - - - -
Tx received
Surgery 3(2.0) 4 (2.6) - -
Radiation 6 (3.9) 5(3.3) 1(0.7) -
Systemic Tx 87 (57.2) 49 (32.2) 23 (15.1) 10 (6.6)
Surgery + systemic Tx 3(2.0) - - -
Radiation + systemic Tx 21 (13.8) 2 (1.3) 1(0.7) 1(0.7)
Surgery + radiation + systemic Tx 3 (2.0) - - -
Not applicable 29 (19.1) 92 (60.5) 127 (83.6) -
Those who received systemic Tx
Received a platinum-based regimen 101 (66.4) 16 (10.5) 4 (2.6) 2 (13
Received a targeted therapy 35 (23.0) 31 (20.4) 13 (8.6) (3.3

* Values are presented as n (%).
T Fifty patients (32.9%) were not currently undergoing Tx.

square residual (0.05) and root mean square error of approxima-
tion (0.08). When evaluating by treatment group (treatment naive
versus currently treated with systemic and/or radiation), no differ-
ences were observed.

RMT analysis

RMT analyses allows for examination of the ordering of item re-
sponse options and the scale unidimensionality. The item thresh-
old map shows that all 7 items were correctly ordered; that is,
the threshold values between adjacent pairs of response options
are ordered by magnitude. The items’ response categories reflect
an ordered continuum from “No <symptom> at all” to “Very se-
vere <symptom>" (items 1-3) or “Never” to “Always” (items 4-7),
where each response had its own probability of being adequately
endorsed. Responses of 0 “No/Never” are independent of the re-
sponse 1 “Mild/Rarely,” in turn independent of response 3 “Mod-
erate/Sometimes,” and so on. The distributions of person and item
threshold locations for the NSCLC-SAQ showed that the items cov-
ered the range of persons included and that both the items and
participants were reasonably well distributed.

NSCLC-SAQ scoring

The provisional scoring algorithm of the NSCLC-SAQ total score
is as follows:

Cough domain score

Score of the cough item, or missing if skipped.

Fatigue domain score

If both items present, compute mean; or use score from 1 item
if the other is missing; or missing if both are skipped.

Pain domain score

If both items present, use most severe of both; or use score
from 1 item if the other is missing; or missing if both are skipped.

Dyspnea domain score

Score of the shortness of breath item, or missing if skipped.

Appetite domain score

Score of the poor appetite item, or missing if skipped.

NSCLC-SAQ total score

Sum all 5 domain scores; if any are missing, a total score is not
computed. This creates a total score ranging between 0 and 20,
with higher scores indicating more severe symptomatology.

Reliability

Internal consistency reliability was examined using Cronbach «
for the NSCLC-SAQ 7 items (0.78) and 5 domains (0.72). The eval-
uation of test-retest reliability was conducted using the intraclass
correlation coefficient (ICC). These analyses were restricted to the
subset of patients whose NSCLC-related symptom status remained
stable during the study period as defined by providing the same
response to the PGIS on day 1 and day 8. Of the 148 patients who
completed a retest within the acceptable window, 90 (60.8%) pro-
vided the same PGIS responses on day 1 and day 8. The ICC was
0.87 with a 95% CI of 0.80 to 0.91. As a post hoc analysis, the PGIS
change definition was expanded to allow a 1-point change from
day 1 to day 8. Of the 148 patients who completed the retest, 133
(89.8%) had no change or only a 1-point change in PGIS. ICC values
were 0.82 (95% CI, 0.76-0.87).

Construct validity assessment

Convergent validity was assessed by examining the magnitude
of correlations between the NCSLC-SAQ items and the FLSI-17
items. All associations hypothesized to have stronger correlations
(>0.40) between items of the NSCLC-SAQ and FLSI-17 were met
(see Table 4).

Known-groups validity was examined using the PGIS, self-
reported health status, and ECOG performance status. The NSCLC-
SAQ total score was able to differentiate between levels of self-
reported symptom severity on the PGIS (not severe, mildly se-
vere, moderately severe, or very/extremely severe; P < 0.001), self-
reported health status (excellent, very good, good, fair, or poor, P <
0.001), and clinician-reported performance status (ECOG 0, ECOG 1,
and ECOG 2; P < 0.001) (see Figure 2).



Table 4
Non-Small Cell Lung Cancer Symptom Assessment Questionnaire (NSCLC-SAQ) correlations (item-to-item, item-to-total, and by Functional Assessment of Cancer Therapy Lung Symptom Index-17 [FLSI-17] items) (n=152).
Variable 1. 2. 3. Pain score 4. 5. 6. Fatigue score 7. NSCLC-SAQ
Cough Chest pain Other pain (worst) Shortness of Low energy Tire easily (mean) Poor appetite  Total
breath
NSCLC-SAQ item
1. Cough — 412+
2. Chest pain 297+ — 413
3. Other pain 1717 455 — 381+
Pain score (worst) .226* 641+ 907 — 357+
4. Shortness of breath 410+ 152 136 178+ - 476
5. Low energy 294+ 173 326" 324 460 — 664+
6. Tire easily 251+ 216" 283" 326" 457 844+ - 664+
Fatigue score (mean) 288" 194+ 307 327 473 964" 954+ — .580**
7. Poor appetite 383" 326 303 354" 382" 481+ 458" 4897 - 576"
FLSI-17
1. I have a lack of energy 333 278 358" 392 447 754+ 790" 521+ 721+
2. [ have pain 168 643 710 774 213 453" 449+ 4017 598"
3.1 am losing weight 181 244 204" 268" 183 2927 327+ .596" 465
4. | have been short of breath 325 209 151 204" 853" 515 .525% 371+ 666"
5. 1 feel fatigued 269" 261" 356" 390 433 746" 786" 537+ 706"
6. I have been coughing 8727 270" .200" 215" 376 253" 264 365" 575"
7. 1 have bone pain .088 436" 579" 568" .108 243+ 262+ 266 .389*
8. Breathing is easy for me 243+ 263" 303" 343 582" 448+ 435+ 354+ 576"
I feel tightness in my chest 290" 420 300" 365" 421+ 340 335 246" 482+
9. I have a good appetite 279 323 350" 397+ 326" 390" 423+ 827+ 674
10. I am sleeping well .109 254+ 272 307+ 218 406" 379+ .330% 399+
11. I worry that my condition .009 .189* 141 178 111 .003 .039 255 .186*
will get worse
12. I have nausea 119 304+ 262" 331 241 451+ 426" A57+ 424+ 468"
13. I am bothered by hair loss 105 101 .096 .088 121 -.006 -.043 -.025 .100 115
14. 1 am bothered by side .140 210 254" 347 220 238" 247 2527 3117 378
effects of [Tx]
15. My thinking is clear -.063 134 157 .205 .002 .166 113 .146 127 131
16. I am able to enjoy life 114 178 265 290 384" 491+ 390" 4597 4547 508"
17. 1 am content with the 164 267 327 376" 353" 422+ 330" 392+ 5327 544
quality of my life right now
FLSI-17 DRS-P 426" 483" 522" 581" 573 650" 6227 6627 708" 8727
FLSI-17 Total score 345" 4707 515% 587 531 645" 617 656" 701+ .833+

DRS-P = Disease-Related Symptoms-Physical; Tx = treatment.

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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Figure 2. Evidence for known groups validity of the Non-Small Cell Lung Cancer Symptom Assessment Questionnaire (NSCLC-SAQ). Lower scores indicate lower symptom
severity. Overall significance for all comparisons was P < 0.001. ECOG = Eastern Cooperative Oncology Group.

Discussion

In regard to oncology, the FDA has made it clear they are in-
terested in reviewing clinical trial data that include assessment
of the following core PROs: symptomatic adverse events, physi-
cal function, and disease-related symptoms.> The NSCLC-SAQ was
designed to assess NSCLC-related symptoms in clinical trials in a
well-defined and reliable way. Although several measures aimed at
assessing patient-reported NSCLC-related symptoms had been pre-
viously developed (eg, FACT-L, M.D. Anderson Symptom Inventory
Lung Cancer Module, Lung Cancer Symptom Scale, and European
Organization for Research and Treatment of Cancer Quality of Life
Lung-Specific Questionnaire), it was not clear to the NSCLC Work-
ing Group that sufficient evidence documenting the provenance of
these legacy measures could be assembled to meet the evidentiary
expectations of the FDA’s qualification program.® With the release
of FDA’s PRO Guidance and the increased focus on the use of rigor-
ously developed PRO measures as clinical trial end point measures,
ensuring the adequacy of symptom inventories used to support la-
beling claims necessitates a structured review of evidence support-
ing content validity and the psychometric properties of these ex-
isting instruments. As such, a new NSCLC symptom measure was
developed for the specific purpose of capturing a symptom-based
efficacy endpoint in clinical trials for advanced NSCLC. The authors
do note that more recent statements from FDA indicate a greater
openness to the qualification of legacy PRO measures than when
the NSCLC Working Group’s qualification project began in 2012.24

As recommended by FDA, the use of a mixed-methods approach
(using both qualitative and quantitative information) and the early
use of quantitative data to further support the content validity
of items and scales is a prudent and productive approach to PRO
measure development.'?- The primary aim of this cross-sectional
observational study was to evaluate the performance of the NSCLC-
SAQ, both on an individual item level and scale level. The NSCLC-
SAQ was psychometrically tested using both classical as well as
modern analyses (ie, RMT).

Rasch analyses showed that the items were ordered, and the
person-to-item distribution was good. Factor analysis indicated a
single component supporting the use of a single (total) score. The
2 pain items (worst response) and the 2 fatigue items (mean of re-
sponses) are combined to create single item scores. Internal consis-
tency of the NSCLC-SAQ was acceptable (@ =0.78) and test-retest
reproducibility was good with an ICC of 0.87. Convergent validity
was supported as the NSCLC-SAQ score was substantially corre-
lated (0.87) with the FLSI-17 DRS-P score. The NSCLC-SAQ differen-
tiated between levels of self-reported symptom severity (ie, PGIS),
clinician-reported performance status (ie, ECOG), and self-reported

health status (P < 0.001). We acknowledge this study’s limitation
with respect to the severity of this sample; small numbers of par-
ticipants were in the very and extremely severe groups. This will
need to be investigated further to make more accurate compar-
isons within these more severe groups. In terms of the scoring,
additional exploration/confirmation with data from interventional
clinical studies is warranted around the use of the fatigue and pain
testlets. Further empirical evidence may lead to the elimination of
1 of the fatigue items.

An additional limitation was that this study included only US
patients and only those who spoke English; however, a formal
translatability assessment2> was conducted to optimize the NSCLC-
SAQ item language to facilitate future translation and cultural
adaptation through early identification of potential difficulties.'

In addition, the NSCLC-SAQ’s longitudinal measurement prop-
erties need to be evaluated. A key next step for the NSCLC-SAQ is
to examine its ability to detect meaningful change within advanced
NSCLC treatment trials. Now that the NSCLC-SAQ has obtained FDA
qualification®® it is publicly available. Sponsors of advanced NSCLC
clinical trials are encouraged to incorporate it into their PRO mea-
surement strategy in early-phase studies to help build evidence for
its performance before being used as part of a primary or sec-
ondary efficacy end point in confirmatory trials.

Conclusions

The cumulative evidence on content validity, construct validity,
and reliability of the NSCLC-SAQ, including the quantitative study
described above, led to its qualification by FDA as a drug develop-
ment tool in a limited context of use. The qualification supports
the NSCLC-SAQ as a patient-reported measure of symptoms in ad-
vanced NSCLC drug development.2® Further evaluation is needed
regarding the NSCLC-SAQ’s longitudinal measurement properties
(eg, sensitivity to change and responsiveness) and the interpreta-
tion of clinically meaningful within-patient score change. Imple-
menting assessment with the NSCLC-SAQ across sponsors will, ul-
timately, enable comparison of advanced NSCLC treatment trial re-
sults and facilitate comparative effectiveness research by providing
a standard measure of patient-reported clinical benefit.
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