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ABSTRACT

Introduction: The patient experience with
prostate cancer differs throughout the disease
continuum, with health-related quality of life
(HRQoL) and symptoms worsening as the dis-
ease progresses. To understand the prostate
cancer experience, it is important to understand
the experience of same-aged men without
prostate cancer as a basis for comparison. This
study provides the US population reference
values for six patient-reported outcome (PRO)
questionnaires.
Methods: A cross-sectional online survey,
including several PRO questionnaires, was
administered in 2019 to a representative sample

of US adults. The male sample (N = 876) was
raked by age to have similar characteristics of
men in key advanced prostate cancer trials
(mean/median age: 67.5/70.0 years), with the
majority being white and non-Hispanic.
Results: Results from six PRO questionnaires
(Brief Pain Inventory; Quality of Life in Neuro-
logical Disorders 2.0 Cognitive Short Form; PRO
Measurement Information System Fatigue-Short
Form; Functional Assessment of Cancer Ther-
apy-General; European Organization for
Research and Treatment of Cancer Quality of
Life Questionnaire Core 30; and European
Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Prostate
Cancer Module) indicated that the US repre-
sentative sample of men have good role, phys-
ical, and emotional functioning but slightly
impaired social, functional, and overall well-
being. In addition, they have normal cognitive
function, few financial problems, minimal pain
and fatigue, minimal urinary and bowel symp-
toms, and limited use of incontinence aids.
Conclusions: The availability of the reference
values for these PRO questionnaires will enable
researchers to compare the HRQoL of patients
with advanced prostate cancer in the US with
that of the general US population and allow for
a better interpretation of those scores. Regis-
tration numbers of advanced prostate cancer
trials: NCT02677896, NCT02003924,
NCT01212991, NCT00974311.
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Key Summary Points

Why carry out this study?

Baseline patient-reported outcome (PRO)
scores of patients with advanced prostate
cancer across multiple clinical trials
indicate a moderate health-related
qualityof life (HRQoL) and low symptom
burden, particularly for those patients
who have not yet developed metastasis
and/or castration resistance or received
chemotherapy

PRO scores from a representative
population of men are needed to better
interpret PRO scores from patients with
advanced prostate cancer (metastatic or
castration-resistant prostate cancer
[CRPC])

What was learned from the study?

Responses to the online survey of PROs
indicated that in the US the general
population of men, raked by age to have a
similar age distribution (median age of 70)
of men in key prostate cancer trials across
the advanced prostate cancer continuum
(metastatic hormone-sensitive prostate
cancer [mHSPC] and CRPC), had normal
physical and emotional well-being and
slightly impaired social, functional, and
overall well-being

This sample from the general population
also reported low levels of pain, low
urinary, bowel, and hormone treatment-
related symptoms and use of incontinence
aids, as well as normal cognitive function
and minimal fatigue scores which were
consistent with the US ‘‘average’’ scores

The findings collectively indicate a
similarity in overall well-being between
the general population and patients with
prostate cancer but some differences in
disease and treatment-related symptoms

INTRODUCTION

Prostate cancer is the second most common
cancer in American men (after skin cancer),
with 191,930 new cases and 33,330 deaths
estimated in 2020 [1]. Typically, in most men,
the cancer is localized in the prostate when it is
first diagnosed, and patients can undergo
definitive primary therapy such as radical
prostatectomy or external-beam radiotherapy,
with curative intent. A biochemical relapse/re-
occurrence (i.e., an increase in prostate-specific
antigen levels) with or without the presence of
metastasis may occur, however, leading most
patients to initiate androgen deprivation ther-
apy (ADT). With time, prostate cancer cells
develop mechanisms that allow themselves to
grow despite castration levels of testosterone,
and the disease becomes castration-resistant
prostate cancer (CRPC) [2].

The patient experience with prostate cancer
differs throughout the disease continuum, with
many symptoms worsening as the disease pro-
gresses toward metastatic hormone-sensitive
prostate cancer (mHSPC), metastatic CRPC
(mCRPC), and/or CRPC [3–5]. Baseline charac-
teristics for patients with these stages of
advanced prostate cancer across multiple clini-
cal trials demonstrate a moderate health-related
quality of life (HRQoL) [6] and low symptom
burden [7–13]. However, patient-reported out-
comes (PROs) in trials with patients with
mCRPC who had progressed during or after
chemotherapy [13, 14] suggest that these
patients have a more impaired HRQoL and
functioning and higher symptom burden than
patients with less advanced prostate cancer.

In the clinical trial setting, the important
and relevant treatment-related symptoms and
impacts on HRQoL that advanced prostate
cancer has on patients are typically assessed.
These often include pain, fatigue, urinary
symptoms, gastrointestinal symptoms, and
impaired functioning (e.g., social, physical,
cognitive, emotional) and are commonly mea-
sured through many different PRO question-
naires such as the European Organization for
Research and Treatment of Cancer Quality of
Life Questionnaire Core 30 (EORTC QLQ-C30)
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and the Functional Assessment of Cancer
Therapy-General (FACT-G) questionnaire
[4, 6, 15–17]. To better characterize the symp-
tom and HRQoL burden of patients with
advanced prostate cancer, this population
should be compared with a population of men
with similar demographic characteristics. This
comparison provides insights into the incre-
mental burden of advanced prostate cancer.
Additionally, understanding population rates of
symptoms and HRQoL scores allows for the
evaluation of treatments and the potential to
impact symptom burden and HRQoL relative to
those without advanced prostate cancer.

The main objective of this study was to
provide a set of US population reference values
for several symptom and HRQoL PRO ques-
tionnaires when the reference population is
iterative proportional fitted (‘‘raking’’) to reflect
men with advanced prostate cancer in the piv-
otal enzalutamide trials (ARCHES
[NCT02677896] [7], PROSPER [NCT02003924]
[10], PREVAIL [NCT01212991] [12], and
AFFIRM [NCT00974311] [14]; Supplemental
Table 1). Raking these populations allows for
the comparison of symptoms and HRQoL
between patients with advanced prostate cancer
and those of national norms, a particularly
valuable comparison when interpreting results
from and between clinical trials. Additionally,
many of the symptoms and HRQoL assessed
with PRO questionnaires are likely to be
impacted by age (e.g., fatigue, pain, or physical
functioning); thus, reference values from a
population of men with similar age character-
istics are important in the setting of prostate
cancer. The availability of national reference
values also supports the interpretability of the
PRO questionnaires used in advanced prostate
cancer clinical trials and illuminates whether
patients are able to maintain or normalize
symptom and HRQoL scores relative to the
general population.

Table 1 Demographic distribution of the sample

Demographics Raked reference value for
advanced prostate cancer
(N = 876)

Median age, years 70.0

Mean age, years 67.5

Minimum/maximum, years 41.0/96.0

Age group, %

\ 75 65.4

[ 75 34.6

Race, %

White 85.5

Black 7.3

Other 7.2

Hispanic ethnicity, %

No 97.0

Yes 3.0

Education, %

Less than high school 0.8

High school graduate

(includes equivalency)

18.7

Some college, no degree 22.4

Associate’s degree 12.4

Bachelor’s degree 27.0

Graduate degree 14.1

Doctorate or medical

degree

4.8

Region, %

Northeast 24.2

Midwest 26.3

South 32.2

West 17.3

Current condition,a %

Hypertension 42.5

Arthritis or other

rheumatologic diseases

23.6
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METHODS

Study Design

A cross-sectional online survey was adminis-
tered in January and February 2019. The selec-
tion criteria included men and women
aged C 18 years in the US general population.
Respondents were recruited by Critical Mix
(Connecticut, USA), which had an existing
respondent panel mirroring the US Census. The
panelists were invited by email and phone alerts
to complete the online survey. Participants were
compensated for completing the survey via a
pre-specified reward structure that is a function
of survey length and complexity.

A total of 1615 men and women completed
the online survey. The total included 1104
respondents representative of the US adult
population (by age, sex, and region) and an
enriched sample of 511 male respondents
aged C 65 years. These 511 men were sampled
from the same patient panel and recruitment
was restricted to men C 65 years of age. Given
the focus on prostate cancer, the analysis set
was restricted to the men who completed the
online survey. The final sample of 876 men was
used for this study after the sample was raked to

be similar to the age distribution of men who
participated in these advanced prostate cancer
clinical trials (i.e., 65.4% aged 41–74 years and
34.6% aged C 75 years; see Fig. 1 for study
sample flow diagram).

The online survey included three sections. In
the first section, respondents were introduced
to the survey and informed that the purpose of
the research was to collect HRQoL data from a
general US population and that the survey
would take approximately 30–45 min to com-
plete. The second section included questions
about their demographics and comorbidities.
The third section included nine PRO question-
naires to be completed by all respondents (ex-
cept the prostate cancer specific questionnaire
[EORTC QLQ-PR25], which was not given to
female respondents). This survey was deemed
exempt by the Institutional Review Board, as all
responses were anonymized, aggregated, and
untraceable to the respondents by Ethical and
Independent Review Services (#21149). The
study complies with the Declaration of Hel-
sinki, and informed consent was obtained from
all participants.

Fig. 1 Study sample flow chart

Table 1 continued

Demographics Raked reference value for
advanced prostate cancer
(N = 876)

Back pain 21.6

Diabetes (without any

complications)

21.9

Chronic lung disease,

chronic bronchitis, or

emphysema

8.2

Cancer/

leukemia/lymphoma

4.9

Percentages may not add up to 100% due to rounding
aRespondents could endorse multiple conditions; the
conditions presented are the ones C 5% of respondents
endorsed
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PRO Questionnaires

Nine PRO questionnaires, commonly adminis-
tered in prostate cancer clinical trials, were
administered (Supplemental Table S2). Of these,
the results of the generic questionnaires (Brief
Pain Inventory Short Form [BPI-SF], Quality of
Life in Neurological Disorders 2.0 Cognitive
Function Short Form [Neuro-QoL 2.0 Cognitive
Function Short Form], and PRO Measurement
Information System Fatigue-Short Form 4a
[PROMIS Fatigue-SF4a]) and cancer-related
questionnaires (FACT-G, EORTC QLQ-C30, and
EORTC QLQ-PR25) are discussed in this publi-
cation. The other three questionnaires (EQ-5D-
5L, Veterans Rand [VR-12], and Work Produc-
tivity and Activity Impairment [WPAI]) are not
included in this report, as these are not com-
monly used to measure HRQoL in patients with
prostate cancer.

BPI-SF consists of nine items and measures
pain intensity and interference with daily
functioning. Pain intensity and interference
items are rated on a Likert scale of 0–10 (pain
intensity: no pain [0] to pain as bad as you can
imagine [10]; pain interference: no interference
[0] to completely interferes [10]). Higher scores
indicate greater pain [18]. Only pain intensity
was administered in the study.

The Neuro-QoL 2.0 Cognitive Function Short
Form consists of eight items and measures the
cognitive function of patients with a neurolog-
ical condition or disorder. Each item is rated on
a Likert scale of 1–5 (1 = very often, 2 = often,
3 = sometimes, 4 = rarely, and 5 = never). Raw
scores range from 8 to 40, and standardized
T-scores are generated with a mean of 50 and
standard deviation of 10. Higher T-scores indi-
cate better cognitive function. Standardized T-
scores[45 are considered normal cognitive
function. Standardized T-scores\30, 30–40,
and 41–45 are considered severe, moderate, and
mild cognitive dysfunction, respectively [19].

PROMIS Fatigue-SF4a consists of four items
and measures fatigue. Each item is rated on a
Likert scale of 1–5 (1 = never, 2 = rarely,
3 = sometimes, 4 = often, and 5 = always). Raw
scores range from 4 to 20, and standardized T-
scores are generated with a mean of 50 and
standard deviation of 10. Higher scores indicate

greater fatigue. Standardized T-scores\ 55,
55–60, 61–70, and[70 are considered normal,
mild, moderate, and severe fatigue, respectively
[20].

FACT-G consists of 27 items and measures
the HRQoL of patients with cancer. There are
four domain scores and a total score. The
domain scores include physical well-being
(PWB) [seven items], social well-being (SWB)
[seven items], emotional well-being (EWB) [six
items], and functional well-being (FWB) [seven
items]. Each item is rated on a Likert scale of 0
to 4 (0 = not at all, 1 = a little bit, 2 = some-
what, 3 = quite a bit, and 4 = very much). PWB,
SWB, and FWB domain scores range from 0 to
28, and EWB score ranges from 0 to 24. The
FACT-G scores range from 0 to 108. For all
domain and total scores, higher scores indicate
better HRQoL [21].

EORTC QLQ-C30 is a general cancer ques-
tionnaire. It consists of 30 items that measure
the HRQoL of patients with cancer. The EORTC
QLQ-C30 has five functioning scales (physical,
role, cognitive, emotional, and social), three
symptom scales (fatigue, nausea/vomiting, and
pain), and additional single symptom items
(dyspnea, insomnia, appetite loss, constipation,
diarrhea, and financial difficulties). Each item is
rated on a Likert scale of 1–4 (1 = not at all,
2 = a little bit, 3 = quite a bit, 4 = very much).
The EORTC QLQ-C30 questionnaire also con-
tains two global questions that use a 7-point
scale scoring with anchors (1 = very poor,
7 = excellent) to generate a global health status/
QoL score. All functioning, symptoms, and
global health status/QoL domain scores range
from 0 to 100. Higher functioning and global
health status/QoL scores indicate better HRQoL,
while higher symptom scores indicate more
severe symptoms [22].

EORTC QLQ-PR25 is the prostate cancer
module of the EORC QLQ-C30. It consists of 25
items that measure the HRQoL of patients with
prostate cancer. The EORTC QLQ-PR25 has two
multi-item functioning domains of sexual
activity (two items) and sexual functioning
(four items); three multi-item symptom
domains of urinary symptoms (eight items),
bowel symptoms (four items), and hormone
treatment–related symptoms (six items); and a
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single item symptom domain measuring the
degree to which wearing incontinence aids has
been problematic. There is also a modified uri-
nary symptoms domain, which includes the
three disease-related symptom items of the
eight-item domain, and an alternative urinary
symptoms domain, which includes the five
disease and treatment-related symptom items
(symptom impact items are omitted) of the
eight-item domain. Each item is rated on a
Likert scale of 1–4 (1 = not at all, 2 = a little bit,
3 = quite a bit, and 4 = very much). All func-
tioning and symptom domain scores range
from 0 to 100. Higher functioning scores indi-
cate better HRQoL, while higher symptom
scores indicate more severe symptoms [23].

Statistical Analysis

The reference values to represent a population
with advanced prostate cancer were derived by
raking the nationally representative data from
the male respondents. This raking was based on
the age distribution (41–74 years vs. C 75 years)
from four pivotal phase 3 enzalutamide clinical
trials in mHSPC (ARCHES), nonmetastatic cas-
tration-resistant prostate cancer (nmCRPC)
[PROSPER], and mCRPC chemo-naive (PRE-
VAIL) or post-chemo (AFFIRM). The demo-
graphics of patients from these four trials are
presented in the Supplemental Materials (Sup-
plementary Table S1). The PRO scores for each
questionnaire were calculated based on its
respective standard scoring guidelines. The
raked PRO scores were summarized using
descriptive statistics. A crosstabulation of the
PROMIS Fatigue-SF4a and Neuro-QoL 2.0 Cog-
nitive Function Short Form mean reference
values was also conducted to summarize the
percentage of respondents in this sample with
above average fatigue and/or below average
cognitive function.

RESULTS

Baseline Characteristics

A total of 876 men were included in the sample
raked on age for advanced prostate cancer. The
mean age of the raked sample was 67.5 years,
with 65.4% of men\75 years of age and 34.6%
of men C 75 years. The median age of the raked
sample was 70 years. Eighty-six percent of the
men were of White race and 97.0% were non-
Hispanic. Fifty-eight percent earned an educa-
tion of associate’s degree or higher. Sampled
men were located in all geographic regions of
the US. Twenty-four percent of men were from
the Northeast; 26.3%, from the Midwest; 32.3%,
from the South; and 17.3%, from the West. The
most common comorbidities they had at the
time of their survey completion were hyper-
tension (372 [42.5%]), arthritis or other
rheumatologic diseases (206 [23.6%]), back pain
(189 [21.6%]), and diabetes (192 [21.9%])
(Table 1).

Reference Scores by Questionnaire

The mean (SD) reference values for BPI-SF pain
at its worst, its least, and its average were 2.6
(2.6), 1.7 (2.1), and 2.2 (2.3), respectively, out of
a maximum score of 10, denoting low pain
(31% reported no pain on average; Table 2). The
mean (SD) reference values for the eight items
of the Neuro-QoL 2.0 Cognitive Function Short
Form ranged from 4.3 to 4.7 out of a maximum
score of 5, denoting rarely experiencing cogni-
tive impairment. The mean (SD) reference value
for the Neuro-QoL 2.0 Cognitive Function Short
Form raw score was 35.9 (5.3) out of a maxi-
mum score of 40, and the mean (SD) T-score
was 55.1 (8.5), denoting high-normal range
cognition (Table 2). Eighty-seven percent of
respondents had normal cognitive function (T-
scores[45; Table 3). The mean (SD) reference
value for PROMIS Fatigue-SF4a raw score was
7.7 (3.8) out of a maximum of 20, and the mean
(SD) T-score was 45.8 (10.1), denoting low-
normal levels of fatigue (Table 2). Eighty per-
cent of respondents had normal levels of fatigue
(T scores\55; Table 4).
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Table 2 Mean reference values for all domain and total scores from six PRO questionnaires

PRO scores Mean reference
values (SD)

Score
range

BPI-SF

In the past 24 h please describe your …

Pain at its worst 2.6 (2.6) 0–10

Pain at its least 1.7 (2.1) 0–10

Pain at its average 2.2 (2.3) 0–10

Neuro-QoL 2.0 Cognitive Function Short Form

I had to read something several times to understand it 4.3 (0.9) 1–5

My thinking was slow 4.4 (0.8) 1–5

I had to work really hard to pay attention or I would make a mistake 4.4 (0.9) 1–5

I had trouble concentrating 4.4 (0.9) 1–5

Reading and following complex instructions (e.g., directions for a new medication)? 4.6 (0.8) 1–5

Planning for and keeping appointments that are not part of your weekly routine (e.g., a

therapy or doctor appointment, or a social gathering with friends and family)?

4.7 (0.7) 1–5

Managing your time to do most of your daily activities? 4.6 (0.8) 1–5

Learning new tasks or instructions? 4.5 (0.8) 1–5

Raw score 35.9 (5.3) 8–40

T-score 55.1 (8.5) 17.3–64.2

PROMIS FATIGUE-SF4A

PROMIS Fatigue-SF4a: PROMIS Fatigue raw score 7.7 (3.8) 4–20

PROMIS Fatigue-SF4a: PROMIS Fatigue T-score 45.8 (10.1) 33.7–75.8

FACT-G

PWB 24.8 (4.0) 0–28

SWB 17.2 (6.9) 0–28

EWB 19.5 (4.4) 0–28

FWB 18.8 (6.2) 0–28

FACT-G total score 78.8 (16.6) 0–108

GP1: I have a lack of energy 1.0 (1.1) 0–4

GP7: I am forced to spend time in bed 0.2 (0.6) 0–4

EORTC QLQ-C30

Global health status/QoL 69.1 (20.7) 0–100

Physical functioning 82.8 (21.9) 0–100

Role functioning 86.2 (22.7) 0–100
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Table 2 continued

PRO scores Mean reference
values (SD)

Score
range

Emotional functioning 85.2 (19.5) 0–100

Cognitive functioning 88.4 (18.0) 0–100

Social functioning 87.7 (23.5) 0–100

Fatigue 22.4 (22.1) 0–100

Nausea/vomiting 3.3 (11.1) 0–100

Pain 21.6 (22.6) 0–100

Dyspnea 15.4 (24.4) 0–100

Insomnia 22.0 (27.7) 0–100

Appetite loss 6.1 (17.0) 0–100

Constipation 9.8 (20.2) 0–100

Diarrhea 7.4 (17.2) 0–100

Financial difficulties 10.4 (24.5) 0–100

EORTC QLQ-PR25

Sexual activity score 36.6 (26.5) 0–100

Sexual functioning score 75.3 (21.5) 0–100

Urinary symptoms score 13.7 (15.6) 0–100

Urinary symptoms score (5 items scale)a 15.8 (16.8) 0–100

Modified urinary symptoms score (3 items scale)b 22.6 (22.6) 0–100

Incontinence aids score 4.9 (17.3) 0–100

Bowel symptoms score 4.7 (11.4) 0–100

Treatment-related symptoms score 8.0 (12.3) 0–100

BPI-SF Brief Pain Inventory Short Form, EORTC QLQ-PR25 European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire-Prostate Cancer Module, EWB emotional well-being, FACT-G Functional Assess-
ment of Cancer Therapy-General, FWB functional well-being, Neuro-QoL Quality of Life in Neurological Disorders, PRO
patient-reported outcome, PROMIS Fatigue-SF PRO Measurement Information System Fatigue-Short Form, PWB physical
well-being, SD standard deviation, SWB social well-being, VAS Visual Analog Scale
Higher BPI-SF scores indicate better HRQoL; Neuro-QoL 2.0 standardized T-scores are generated with a mean of 50 and
standard deviation of 10. Higher T-scores indicate better cognitive function; PROMIS Fatigue-SF4a standardized T-scores
are generated with a mean of 50 and standard deviation of 10. Higher T-scores indicate greater fatigue; higher FACT-G
domain and total scores indicate better HRQoL; higher EORTC QLQ-C30 scores indicate better HRQoL; higher EORTC
QLQ-PR25 sexual functioning scores indicate better HRQoL and higher symptoms scores indicate higher severity of
symptoms
aOut of the eight items of the urinary symptoms domain, alternative urinary symptoms score includes only the five disease
and treatment-related urinary symptoms
bOut of the eight items of the urinary symptoms domain, modified urinary symptoms score includes only the three disease-
related urinary symptoms
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The mean (SD) reference value for the FACT-
G total score was 78.8 (16.6) out of a maximum
score of 108. The FACT-G domain with the
highest reference value was PWB with a mean
(SD) of 24.8 (4.0). The mean (SD) values for
SWB, EWB, and FWB were 17.2 (6.9), 19.5 (4.4),
and 18.8 (6.2), respectively. On an item level,
the mean (SD) reference values for items GP1 (‘‘I
have a lack of energy’’) and GP7 (‘‘I am forced to
spend time in bed’’) were 1.0 (1.05) and 0.2
(0.6), respectively, out of a maximum of 4,
denoting low levels of fatigue (Table 2).

The mean (SD) reference value for the
EORTC QLQ-C30 global health status/QoL was
69.1 (20.7) out of a maximum score of 100. The
EORTC QLQ-C30 domain with the highest ref-
erence value was cognitive functioning with a
mean (SD) of 88.4 (18.0). The mean (SD) refer-
ence values for physical, emotional, role, and
social functioning were 82.8 (21.9), 85.2 (19.5),
86.2 (22.7), and 87.7 (23.5), respectively. The
symptoms with the highest values (i.e., more
burden) were fatigue (22.4 [22.1]), insomnia
(22.0 [27.7]), pain (21.6 [22.6]), dyspnea (15.4
[24.4]), and financial difficulties (10.4 [24.5]).
The mean values for all other symptoms
were\10, denoting little burden (constipation:
9.8 [20.2], diarrhea: 7.4 [17.2], appetite loss: 6.1
[17.0], nausea/vomiting: 3.3 [11.1]) (Table 2).

The mean (SD) reference values for the
EORTC QLQ-PR25 sexual activity and sexual
functioning domains were 36.6 (26.5) and 75.3
(21.5), respectively, out of a maximum score of
100. The EORTC QLQ-PR25 domain with the
highest mean (SD) value denoting the greatest
burden was urinary symptoms (13.7 [15.6]). The
mean (SD) reference values for the alternative
domains for urinary symptoms were 15.8 (16.8)
for the five-item urinary symptoms domain and
22.6 (22.6) for the modified three-item urinary
symptoms domain. The mean (SD) reference
values for hormone treatment–related symp-
toms, use of incontinence aids, and bowel
symptoms were 8.0 (12.3), 4.9 (17.3), and 4.7
(11.4), respectively (Table 2).

A cross-tabulation of the PROMIS Fatigue-
SF4a and Neuro-QoL 2.0 Cognitive Function
Short Form mean reference values indicated
that 74% of the raked general population (with
a median age of 70 years and mean age of
67.5 years) had normal fatigue (described as
score\55) and normal cognitive function (de-
scribed as score[ 45; Table 5). Eight percent of
the raked general population had above average
fatigue (described as score C 55) and below
average cognitive function (described as score
B 45; Table 5). Six percent had normal fatigue
and below average cognitive function, and 13%
had above average fatigue and normal cognitive
function (Table 5).

Table 3 Distribution of Neuro-QoL 2.0 Cognitive
Function Short Form reference value T-scores

T-score category N (%)

Normal (T-scores[ 45) 758.3 (86.6)

Mild (T-scores 40–45) 66.2 (7.6)

Moderate (T-scores 30–40) 44.4 (5.1)

Severe (T-scores\ 30) 7.1 (0.8)

Neuro-QoL Quality of Life in Neurological Disorders
Both ns and proportions are raked; standardized T-scores
for Neuro-QoL 2.0 are generated with a mean of 50 and
standard deviation of 10. Higher T-scores for Neuro-QoL
2.0 Cognitive Function Short Form indicate greater cog-
nitive function

Table 4 Distribution of PROMIS Fatigue-SF4a reference
value T-scores

T-score category N (%)

Normal (T-scores\ 55) 697.2 (79.6)

Mild (T-scores 55–60) 88.3 (10.1)

Moderate (T-scores 60–70) 81.3 (9.3)

Severe (T-scores\ 70) 9.2 (1.0)

PROMIS Fatigue-SF PRO Measurement Information
System Fatigue-Short Form
Both ns and proportions are raked; standardized T-scores
for PROMIS Fatigue-SF4a are generated with a mean of
50 and standard deviation of 10. Higher T-scores for
PROMIS Fatigue-SF4a indicate greater fatigue
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DISCUSSION

The reference values were based on a nationally
representative demographic sample (Critical
Mix [Connecticut, United States]) and raked by
the age of men with advanced prostate cancer
in the enzalutamide pivotal trials (with a med-
ian and mean age of 70 and 67.5 years, respec-
tively). The BPI-SF mean reference values
indicated low pain at its worst, its least, and its
average (scores were 3%, 2%, and 2% of the
scale range, respectively). Despite the advanced
age of the sample, the mean value for the
Neuro-QoL 2.0 Cognitive Function Short Form
was 55 (i.e., above the average of 50 [better
cognitive function]), while the mean value for
the PROMIS Fatigue-SF4a was 46 (i.e., below the

average of 50 [less fatigue]). These results for
Neuro-QoL 2.0 Cognitive Function Short Form
and PROMIS Fatigue-SF4a in this study aligned
with the instruments’ reference values. Both
instruments have T-scores of 50 as the average
score for the general US population, with an SD
of 10.

Again, despite the advanced age of the raked
sample, both EORTC QLQ-C30 and FACT-G
suggested moderate HRQoL with a mean health
status/QoL score of 69 and a FACT-G total score
of 78.78 (moderate HRQoL was defined as 51–79
[6]). Generally, the two overall scores are com-
parable, measuring multiple aspects of HRQoL,
despite fundamental differences in composition
and scoring, making comparisons difficult.

Table 5 Crosstabulation of PROMIS Fatigue-SF4a and Neuro-QoL 2.0 Cognitive Function Short Form reference value T-
scores

Neuro-QoL 2.0 Cognitive Function Short Form T-scores, N (%) Total

Normal
(T-scores > 45)

Mild
(T-scores
40–45)

Moderate (T-
scores 30–40)

Severe
(T-
scores < 30)

PROMIS Fatigue-SF4a:

PROMIS Fatigue

T-scores

Normal (T-
scores

\ 55)

648.5 (74.0) 32.5 (3.7) 16.2 (1.9) 0.0 (0.0) 697.2

(79.6)

Mild (T-scores
55–60)

63.0 (7.2) 18.2 (2.1) 6.3 (0.7) 0.8 (0.1) 88.3

(10.1)

Moderate (T-
scores 60–70)

44.4 (5.1) 13.9 (1.6) 19.4 (2.2) 3.6 (0.4) 81.3

(9.3)

Severe (T-scores

[ 70)

2.4 (0.3) 1.6 (0.2) 2.4 (0.3) 2.8 (0.3) 9.2

(1.1)

Total 758.3 (86.6) 66.2 (7.6) 44.4 (5.1) 7.3 (0.8) 876

(100)

PROMIS Fatigue-SF PRO Measurement Information System Fatigue-Short Form, Neuro-QoL Quality of Life in Neuro-
logical Disorders
Both ns and proportions are raked; standardized T-scores for PROMIS Fatigue-SF4a and Neuro-QoL 2.0 Cognitive
Function Short Form are generated with a mean of 50 and standard deviation of 10. Higher T-scores for PROMIS Fatigue-
SF4a indicate greater fatigue, while higher T-scores for Neuro-QoL 2.0 Cognitive Function Short Form indicate greater
cognitive function. Shaded in bold are the number and proportion of respondents with above average fatigue and below
average cognitive function
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In terms of functioning, participants repor-
ted high functioning across the different
domains, but some differences were observed
between FACT-G and EORTC QLQ-C30. Emo-
tional functioning was similar between FACT-G
(mean score of 19.5 [81% of the scale range])
and EORTC QLQ-C30 (mean score of 85.2
[85.2% of the scale range]) but social function-
ing was worse in FACT-G (mean score of 17.2
[61% of the scale range]) than in EORTC QLQ-
C30 (mean score 87.7 [87.7% of the scale
range]). Physical functioning was similar
between FACT-G (mean score of 24.8 [89% of
the scale range]) and EORTC QLQ-C30 (mean
score of 82.8 [82.8% of the scale range]). Func-
tional well-being was moderate in FACT-G
(score was 67% of the scale range), and role and
cognitive functioning were good in EORTC
QLQ-C30 (scores were 86.2 and 88.4,
respectively).

The mean reference value for the fatigue-re-
lated GP items (GP1 and GP7) suggested very
low fatigue impairment (GP1 mean [SD] score:
0.98 [1.05]; GP7 mean [SD] score: 0.18 [0.58]).
These item-level mean reference values allow
for a further examination of the impact of fati-
gue in patients with advanced prostate cancer
compared to its impact in a representative
population.

The results of EORTC QLQ-C30 show little
symptomatic burden. The symptoms with the
highest scores (15.4–22.4) were fatigue, pain,
dyspnea, and insomnia. Higher scores for these
symptoms than for the others are probably due
to the advanced age of the raked population, as
these symptoms are commonly observed in the
elderly population [24–27].

The EORTC QLQ-PR25 mean reference val-
ues indicated low urinary, bowel, and hormone
treatment-related symptoms and a low use of
incontinence aids (scores were 14%, 5%, 8%,
and 5% of the scale range, respectively).

Although the men in this sample are
advanced in age, the findings collectively sug-
gest they have good role, physical, and emo-
tional functioning but slightly impaired social,
functional, and overall well-being; low pain,
dyspnea, insomnia, and urinary, bowel, and
hormone treatment–related symptoms; a low
use of incontinence aids; normal cognitive

function and fatigue; and very low nausea/
vomiting, appetite loss, constipation, diarrhea,
and financial problems. These data are similar
to the HRQoL reference values reported in
EORTC QLQ-C30 for the general US population,
thus validating these findings [28]. More
specifically, the EORTC QLQ-C30 reference
values obtained in this study are similar and in
some instances slightly higher than the refer-
ence values obtained for the US population
using the same questionnaire in a large-scale
global survey study [28]. The mean (SD) refer-
ence value for the global health status/QoL in
this study was 69.1 (20.7) compared to 63.9
(22.9) in the US population in the large-scale
survey study [28]. A trend for worse health
state/QoL in Nolte et al., 2019, despite their
sample including younger respondents (19.9%
of respondents were C 70 years of age), may be
driven by their female respondent cohort. In
Nolte et al. [28], women had slightly worse PRO
scores than men did, with the largest differences
observed for insomnia, fatigue and pain.

The HRQoL results reported in the general
US population in this study are comparable to
the HRQoL results of patients with prostate
cancer reported in the literature. Males with
asymptomatic nonmetastatic prostate cancer
tend to have low pain and moderate QoL [11],
similar to what those in the general US popu-
lation in this study [29] had. As prostate cancer
advances to mCRPC in patients, however, they
tend to have moderate to severe pain and
poorer QoL [29, 30]. Many men with nmCRPC
and chemo-naı̈ve mCRPC also tend to have
some fatigue, which can be moderate to severe
in intensity and can impact their QoL [31].

The availability of the reference values for
these PROs is very important. The reference
values enable researchers to compare the self-
reported HRQoL of patients with advanced
prostate cancer in the US with the HRQoL
reported in the general US population and allow
for a better interpretation of those PRO scores.
These reference values also allow for a better
understanding and interpretation of patients’
HRQoL at baseline and post-treatment, and this
improved understanding and interpretation
enables a keener evaluation of the impact of
treatment.
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Furthermore, the US reference values allow
for the interpretation of cognitive impairment
and fatigue in the advanced prostate cancer
clinical trials compared to the national norms
of cognitive impairment and fatigue. This is
important for prostate cancer, as cognitive
impairment and fatigue are common treatment-
related impacts [32–34] and the specific inter-
action between cognitive impairment and fati-
gue has not been thoroughly explored. The
results of the crosstabulation of the PROMIS
Fatigue-SF4a and Neuro-QoL 2.0 Cognitive
Function Short Form mean reference values
indicate that within the general population a
large percentage of the raked male population
(median age of 70 years) have above average
fatigue and/or below average cognitive function
(227 [26%]). Researchers can take these results
into account when they evaluate fatigue and
cognitive impairment in patients with
advanced prostate cancer. Some evidence sug-
gests that the high rates of cognitive impair-
ment and fatigue observed in males in advanced
prostate cancer trials may in part result from
their advanced age (not necessarily solely
resulting from the cancer itself or the treatment
[32–34]). Finally, the reference values can help
define HRQoL cut-off scores for certain sub-
groups in advanced prostate cancer clinical trial
populations such as mHSPC and mCRPC. It can
be evaluated, for example, how far from the
reference values are patients with mCRPC vs.
mHSPC.

Study Strengths and Limitations

There are some limitations to this study. First,
the sample for it was raked against the age of
patients participating in global prostate cancer
clinical trials (not exclusively US patients). The
US reference values may not therefore be gen-
eralizable to advanced prostate cancer patient
populations in other countries. Second, the
sample for this study was raked against patients
from prostate cancer clinical trials who are
usually healthier and have higher functioning
than the general prostate cancer population
(e.g., clinical trials typically include patients
with an Eastern Cooperative Oncology Group

status of 0 or 1 and exclude patients with cer-
tain comorbidities such as cardiovascular dis-
ease). Third, respondents may have had
respondent burden while completing the
lengthy survey. Fourth, there may be a selection
bias with more healthy and educated people
with sufficient knowledge of the internet
responding to the online survey.

This study has several strengths, however.
First, it’s the first to provide reference values for
several PRO questionnaires that are commonly
administered in prostate cancer trials to men of
similar ages to those of typical patients with
prostate cancer. While reference values have
been reported in other studies, given that many
of the domains assessed with these question-
naires are likely to be impacted by age (e.g.,
fatigue, pain, or physical functioning), age-
raked reference values are important in the
setting of prostate cancer. Second, administer-
ing the survey online was an efficient, cost-ef-
fective method of obtaining large,
representative samples of the general popula-
tion. This method has advantages over in-per-
son or telephone interviews, as it yields higher
response rates and avoids interviewer bias.
Third, the online survey was administered in a
scientifically robust manner. For example,
respondents were required to complete each
question before they could complete the fol-
lowing one; therefore, there were no missing
data for the survey. The survey was also
designed to prevent respondents from answer-
ing too fast or randomly, a design based on
Critical Mix’s built-in processes and technolo-
gies. Furthermore, the ‘‘Not Applicable’’
response option was added to selected questions
so that respondents who were not being treated
for advanced prostate cancer would be able to
indicate that a question did not apply to them.
Fourth, the results of this study were aligned to
those reported in the general population for
EORTC QLQ-C30, PROMIS Fatigue-SF4a, and
Neuro-QoL 2.0 Cognitive Function Short Form,
and their alignment demonstrates that the data
were robust and respondents were attentive.
Although the survey included nine question-
naires, the mean time to complete the survey
was 24 min.

Adv Ther (2022) 39:3696–3710 3707



CONCLUSIONS

This study presented a set of reference values for
several PRO questionnaires (BPI-SF, Neuro-QoL
2.0 Cognitive Function Short Form, PROMIS
Fatigue-SF4a, FACT-G, EORTC QLQ-C30, and
EORTC QLQ-PR25) that are commonly used in
prostate cancer trials from a US population that
was gender- and age-raked to patients with
prostate cancer. The availability of these refer-
ence values is valuable because it will enable
researchers to compare the HRQoL of patients
with advanced prostate cancer in the US with
the HRQoL of the general US population. This
comparison will allow for a better interpretation
of these PRO scores, a better characterization of
the incremental burden of advanced prostate
cancer, and a better assessment of treatment
benefits on HRQoL.
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