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Abstract

Background: SWOG S0421 was a large randomized trial comparing docetaxel/prednisone plus placebo (DPP) to
docetaxel/prednisone plus atrasentan over 12 cycles for patients with metastatic castration-resistant prostate cancer
(mCRPC). The current report presents the PRO results for this trial, an important secondary endpoint.

Methods: The trial specified two primary PRO endpoints. Palliation of worst pain was based on the Brief Pain
Inventory (BPI), where a 2 point difference is defined as clinically meaningful. Improvement of functional status was
based on the Functional Assessment of Cancer Therapy – Prostate Cancer Trial Outcome Index (FACT-P TOI); a 5-
point difference has been defined as clinically meaningful. We compared rates by arm using chi-square tests.
Longitudinal analyses using linear mixed models addressed changes by arm over time.

Results: Four-hundred eighty-nine patients on each arm were evaluable for PRO endpoint data. There were no
differences by arm in clinically meaningful pain palliation (41.7% for DPP vs. 44.0% for DPA, p = .70) or functional
status (24.2% for DPP vs. 28.7% for DPA, p = .13). Longitudinal comparisons indicated no differences over time by
arm for BPI Worst Pain scores (0.13 points, p = .23). Patients on the DPA arm had improved functional status of 1.78
points on average, a statistically significant (p = .02) but not clinically meaningful difference.

Conclusions: The SWOG S0421 PRO data showed little evidence of clinically meaningful differences by arm in
either pain palliation or functional status.
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Background
Patients with metastatic castration-resistant prostate cancer
(mCRPC) are no longer sensitive to a continued regimen of
androgen deprivation treatment (ADT). This condition is
defined based on confirmed objective progression and/or
increases in prostate specific antigen (PSA) in the presence
of castrate ranges of testosterone; bone metastases are often
present. Bone is the most common site for metastasis in
prostate cancer disease and is associated with significant
morbidity, the most common of which is pain [1]. There
are a number of FDA- approved new agents for the treat-
ment of this disease, including docetaxel, which was first
approved in 2004.
The inclusion of Patient-Reported Outcomes (PROs)

in studies of prostate cancer are vital for informing trial
interpretations, as they provide key insights into pa-
tients’ symptoms and treatment response [2]. Men with
prostate cancer face issues that differ substantially de-
pending on stage of disease; early stage patients receiv-
ing local treatment to the prostate experience urinary,
sexual, and bowel problems, while men in the advanced
care setting experience systemic bone pain and symp-
tomatic deterioration [3]. A recent review by Nussbaum
et al. concluded that PROs improved the determination
of treatment impact in the mCRPC medical setting by
providing a more comprehensive evaluation of new
treatments [4]. Newer agents used to treat prostate cancer
tend to generate fewer toxicities with chemotherapy and
corresponding better or stable health-related quality of life
(HRQL) [5]. In mCRPC trials, PROs can be especially
useful for informing the assessment of the risk/benefit
tradeoff from the patient’s perspective for treatment
regimens with modest effects on overall survival [6, 7].
This report describes the PROs for SWOG S0421, a study

designed to examine whether the addition of atrasentan to
docetaxel would increase progression-free survival and
overall survival compared to docetaxel and a matching
placebo for atrasentan. SWOG S0421 clinical outcomes
were previously reported [8]. SWOG S0421 was based
on SWOG S9916, an earlier trial of treatment for
androgen-independent prostate cancer, that compared
docetaxel/estramustine versus mitoxantrone/prednisone
[9] and found no differences by arm in either pain
palliation or global HRQL [10].

Methods
Patient population and study design
SWOG S0421 was activated in August, 2006 and closed
in May, 2010. In total, 1038 patients with mCRPC were
randomized to docetaxel (75 mg/m2 every 21 days, intra-
venously) with atrasentan
(10 mg/day, orally) (DPA) or placebo (DPP) for up to

12 cycles administered every 3 weeks of 36 weeks [8].
Continued treatment with either atrasentan or placebo

could occur for a maximum of 52 weeks for patients
who did not progress after 36 weeks. The addition of
atrasentan to docetaxel/prednisone did not confer better
overall or progression-free survival; statistically signifi-
cant differences in toxicity were not observed by treat-
ment arm [8]. The study protocol was approved by
Institutional Review Boards at the participating institu-
tions enrolling cancer patients on the trial. All patients
who participated in the trial and who could complete
PRO forms signed detailed consent forms for the PRO
component of the trial. Given the importance of reporting
standards for methodological transparency, this report fol-
lows recommendations described in the CONSORT PRO
Extension [11].

Protocol-specified PRO outcomes
Major secondary objectives of the SWOG S0421 trial in-
cluded PRO measures to monitor palliation of bone pain
and improvement in functional status. Multiple PRO
measurements were administered: a Symptom Question-
naire (comprised of the Brief Pain Inventory (BPI) [12],
and the SF-36 Vitality scale [13]); the Functional Assess-
ment of Cancer Therapy – Prostate (FACT-P) [14, 15];
and a Pain Medication Log [16].

Earlier and newer research supporting use of the
protocol-specified PRO outcomes
The PRO outcome measures to assess pain, functional
status, and vitality are consistent with the currently rec-
ommended measures suggested for studies of treatment
for prostate cancer described by the various working
groups. A National Cancer Institute (NCI) Symptom
Management and Health-related Quality of Life Steering
Committee Working Group on the inclusion of PRO
measures in prostate cancer clinical trials recommended
assessing four domains in prostate cancer clinical trials
(physical and mental well-being, fatigue, and pain) [3].
The European Expert Consensus Panel for the Manage-
ment of Metastatic CRPC recommended that PROs
(pain and HRQL) were appropriate as important second-
ary outcomes in Phase III trials [17]. The Prostate Can-
cer Clinical Trials Working Group 3 recommended the
use of PRO assessment of adverse events [18]. The
Working Group also emphasized the importance of
measuring physical function; the FACT-General Physical
and Functional Well-being scales address this PRO do-
main [13]. The recommendations also suggested that
levels of baseline pain (or other symptoms of interest)
must be clinically meaningful and that change must be
based on well-specified response criteria [6]. Finally, the
main PROs selected for this trial include those areas of
change that Eton et al. (2010) documented for patients
being treated for metastatic hormone-refractory prostate
cancer [19].
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Pre-specified primary PRO measures
Pain response Pain was measured with the BPI Short
Form, the psychometric properties of which have been
previously documented [11]. Among its items, the BPI
asks about a patient’s worst pain in the past 24 h. The
BPI Worst Pain item is measured on a “0” to “10” re-
sponse scale, with higher scores reflecting more pain or
more interference with functioning. A two-point reduc-
tion in the Worst Pain rating has been documented as
clinically significant [9, 20–22].

Functional status - FACT-P trial outcome index
(FACT-P TOI) Functional status was assessed by the
FACT-P. This questionnaire addresses four general PRO
domains (physical, functional, emotional, and social
well-being subscales) as well as symptom concerns asso-
ciated with prostate cancer and its treatment [13, 14].
Higher scores reflect better functioning. The “primary”
functional status outcome was the FACT-P TOI score.
The TOI score, calculated with three FACT-P subscales
(functional and physical well-being and prostate symp-
tom concerns) is sensitive to change in clinical status
(e.g., performance status and PSA) and its components
reflect the key areas of importance to prostate cancer
patients as noted above [15]. We used a five-point
difference [14] to compare observed differences in TOI
scores for the two treatment arms; this difference
corresponds to a 0.4 to 0.5 effect size, which represents
a medium effect and a clinically meaningful difference
[14]. A more recent publication indicated that change
scores of five to nine points are more appropriate
for determining clinically meaningful change for the
FACT-P TOI [23].

Pre-specified secondary PRO measures

Vitality The total score for the four-item Medical Out-
comes Study Short Form-36 (SF-36) Energy/Vitality
Scale ranges from “0” to “100”, with higher scores
reflecting more vitality [12]. The SF-36 Energy/Vitality
scale has acceptable psychometric properties and has
been found to be a unidimensional construct addressing
energy/vitality [12, 24].

General quality of life/health status Two items from
the EORTC QLQ-C30 were also included to address
global or overall health and quality of life during the past
week [25].

Analgesic use Patient analgesic use was monitored
using Pain Medication Logs. The Pain Medication Log
was developed for use in SWOG S0421 and modified for
ease of data entry [15]. Clinic staff were instructed to
write the names of all pain medications the patient was

taking on the Pain Medication Log: each pain medica-
tion was then categorized as a “0” (no pain medications),
“1” (non-narcotic medication), “2” (weak opioid pain
medication), and “3” (strong opioid pain medication).
Medication type (pill, liquid, pump, and patch) and dose
units were also transcribed. The patient recorded the
number of pain medications taken in the 24 h prior to
the clinic visit using the list of medications prepared by
the clinic staff.

Administration schedule
The Symptom Questionnaire was administered at baseline
and at the end of each of the 12 cycles. The FACT-P was
administered every three cycles (cycles 4 [week 10], 7
[week 19], 10 [week 28]), and after the end of treatment
[beginning of week 37]. Additional follow-up was
collected through week 52 but these data are not reported
due to extensive missingness after 37 weeks (only n = 156
patients with QOL assessments at week 52 (16%)).

Statistical methods and analysis
Statistical power
SWOG S0421 was expected to enroll 930 eligible pa-
tients. In total, 42% of patients were expected either to
be asymptomatic at baseline (that is, having insufficient
pain at baseline to feasibly detect pain reduction) or to
drop out, resulting in 540 patients available for examina-
tions of PRO endpoints. Data from Tannock et al. which
included the control arm in this study (DPP), indicated
that 35% of the patients in this arm achieved pain palli-
ation [22]. Based on these data, the this study had 89%
power to detect a 15% difference in the proportion of
pain palliated patients (e.g., 35% versus 50%) using a
two-sided test, based on the hypothesis was that worst
pain reduction would be at least 15% more in the in the
DPA arm compared to the DPP arm. For functional sta-
tus, the five-point change noted above as clinically im-
portant for the FACT-P TOI score was used to evaluate
the impact of treatment [14]. Five-hundred forty patients
were sufficient for 92.5% power to detect an effect size
of 0.42 (corresponding to 5 FACT-P TOI points) or
98.5% power to detect an effect size of 0.50 (correspond-
ing to 6 FACT-P TOI points), based on the hypothesis
that the FACT-P TOI score would be 6 points higher
(more improved) than that for the DPP arm. Alpha
= .025 tests were used to account for the two compari-
sons using Bonferonni adjustment.

Clinically meaningful change
To account for measurement error present in a single pain
measure, the BPI Worst Pain baseline measure was defined
as the average of the PreStudy and week 4 assessments for
pain[26]. Successful pain palliation (a “responder”) was
defined as a two-point reduction in pain maintained for
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two consecutive cycles through Week 37, with no evidence
of an increase in analgesic use. A change of five points was
specified in the protocol to indicate clinically significant
change for the FACT-TOI from baseline to either week 28
or week 37. Chi-square analyses were conducted.

Longitudinal analyses
Longitudinal measures over time were described for the
primary endpoint measures (BPI Worst Pain and
FACT-P TOI), as well as secondary PRO measures in-
cluding BPI pain interference, SF-36 energy/vitality, the
EORTC global QOL score, the FACT-P Total Score, and
the FACT-G emotional and social well-being subscales.
For the primary endpoints, we examined longitudinal
PRO measurements using linear mixed models using
SAS PROC Mixed [27, 28]. We specified random effects
for the intercept and slope and a compound symmetric
correlation structure accounting for autocorrelation be-
tween serial observations within patients. For each out-
come examined, models included intervention and
assessment time as independent variables, as well as the
baseline score. We also examined whether scores differed
over time by arm using a treatment by time interaction
(both linear and quadratic). Given more information due
to serial measures over time, power for these analyses was
higher than that specified for the primary endpoints,
noted above. To account for potential informative miss-
ingness, we generated cohort plots to examine missing
data patterns by arm over time; pattern mixture models
(PMMs) were then conducted as a sensitivity analysis to
identify whether estimates of study parameters substan-
tially changed [29].

Results
S0421 was activated in August of 2006, with accrual
closed in May of 2010. A total of 1038 patients were en-
rolled (518 on DPP and 520 on DPA), of whom 489 pa-
tients on each arm were evaluable for the QOL
companion study (Fig. 1). Submission rates for the PRO
primary endpoint measures were generally similar by
treatment arm. Follow-up data by arm for both the BPI
and FACT-P TOI endpoints exceeded 78% at Week 10,
66% at Week 19, 58% at week 28, and 50% at week 37.

Descriptive results
Baselines characteristics were similar for the two treat-
ment arms (Table 1). Mean scores over time for the BPI
pain interference score and the SF-36 Energy/Vitality
scale by treatment arm are shown graphically in Fig. 2,
indicating no strong evidence of treatment arm differ-
ences. Similar patterns of limited differences by arm
were evident for the EORTC global QOL score, the
FACT-P total score, and the social and emotional sub-
scales of the FACT-G (Fig. 3).

Clinically significant change
The baseline/4 week average worst pain score was < 2
for 170 patients on the DPP arm and 183 patients on
the DPA arm. Baseline or 4 week data were missing for
an additional 55 patients on DPP and 49 patients on
DPA. Total missing data for the pain palliation endpoint
did not differ by arm (p = .70). In total, 521 patients
(96% of the accrual goal of n = 540) had sufficient data
to examine pain palliation. Successful palliation of base-
line pain was achieved for 41.7% (110/264) of patients
on the DPP arm and 44.0% (113/257) on the DPA arm.
This difference by arm of 2.3% did not achieve our
pre-specified target of 15% and was not statistically sig-
nificant (p = .66). Determining the “true” number of pa-
tients meeting clinically significant change in worst pain
is difficult due to the multifaceted definition of change
in pain and the missing data in these various compo-
nents (e.g., the Pain Medication Log). However, includ-
ing criteria for clinically significant change is critical for
more accurate interpretation of these results.
Many fewer patients had missing data for the examin-

ation of clinically meaningful change in functional status
since all patients had adequate baseline scores to poten-
tially achieve a clinically meaningful difference in func-
tional status, and only a single baseline and follow-up
assessment were required. The proportion of patients ex-
periencing a clinically meaningful change in functional sta-
tus between baseline and follow-up was 24.2% (118/487) on
the DPP arm and 28.7% (139/484) on the DPA arm; this
difference was not statistically significant (p = 0.13) and did
not meet our 6-point hypothesized treatment arm differ-
ence for functional status.

Longitudinal analysis models
Patterns of BPI worst pain and the FACT-P TOI score
by arm over time are illustrated in Fig. 4. Observed
means over time indicated limited evidence of differ-
ences by arm. We identified the best models as de-
scribed above. For neither endpoint was there evidence
of different patterns by arm over time (i.e. no interac-
tions; Additional file 1: Table S1). For BPI worst pain,
the best model included a quadratic relationship be-
tween BPI worst pain scores and time, but there was
no difference by arm (p = .39; Table 2). For the
FACT-P TOI, the best model included a linear rela-
tionship between FACT-P TOI scores and time; also,
there was evidence that scores differed over time by
arm (p = .02), although the magnitude of this differ-
ence was small (1.78 points on average), suggesting a
statistically significant but not clinically meaningful
difference.
Cohort plots suggested strong evidence that patients

who dropped out earlier reported both more pain and
worse function status (Additional file 1: Figs. S1 and S2).
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The patterns were especially pronounced when pa-
tients had missing data after 28 weeks, and thus the
indicator variable used in pattern mixture models cat-
egorized patients by their missingness patterns at this
timepoint (i.e. missing weeks 28–37 vs. not missing
weeks 28–37). There was limited or no evidence that
patterns of missingness differed by arm for either
endpoint. As such, the use of pattern mixture models
generate very similar results for treatment arm differ-
ences for the BPI Worst Pain score (p = .19) and the
FACT-P TOI score (p = .01).

Discussion
This study examined PRO/HRQL data for a Phase III
clinical trial for patients with mCRPC. Both treatment
arms contained docetaxel, the standard of care for pa-
tients with mCRPC at the time the study was designed.
This trial evaluated the addition of a bone-targeted
agent, atrasentan. Given that bone pain is a key aspect
in this patient population, even in the absence of im-
proved survival, evaluating pain and other PRO mea-
sures in a well-designed Phase III trial with a national
sampling of the mCRPC population is critical in order to

Fig. 1 CONSORT diagram for patient-reported outcomes
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understand the full results and the ability of the agents to
improve/exacerbate symptom status and general
functioning.
SWOG S0421 did not identify treatment arm differ-

ences in overall survival or progression-free survival [7].
The design of the HRQL analyses included criteria for
clinically significant change, which is critical for accurate
interpretation. Moreover, the HRQL analyses controlled

for measurement error for the worst pain outcomes and
evaluated potential impacts of informative missing data
in sensitivity analyses. In summary, the DPA arm did not
demonstrate the hypothesized change in clinically mean-
ingful pain palliation or functional status improvement
compared to the DPP arm. The longitudinal analyses
showed little or no difference in worst pain scores over
time, but a statistically significant yet small difference in

Table 1 Baseline Patient Characteristics and Baseline Health Related Quality-of-Lifea

Docetaxel + Placebo
(n = 489)

Docetaxel + Astrasentan
(n = 489)

Patient Characteristic Categories N (%) N (%)

Age: median (range) 69.6 (43.2–89.1) 69.4 (40.8–92.0)

Hispanic ethnicity Yes 20 (4.1%) 20 (4.1%)

Race White 397 (83.6%) 399 (83.3%)

Black 64 (13.5%) 72 (15.0%)

Asian 12 (2.5%) 6 (1.3%)

Pacific Islander 2 (0.4%) 3 (0.6%)

Native 1 (0.2%) 1 (0.2%)

Unknown 14 10

Performance status 2 or 3 Yes 39 (8.0%) 35 (7.2%)

Baseline progression type Measurable or evaluable 390 (79.8%) 402 (82.2%)

Extraskeletal metastases Yes 272 (55.6%) 281 (57.5%)

Prior Prostatectomy Yes 142 (29.0%) 165 (33.7%)

Gleason score 5–6 48 (10.3%) 52 (11.1%)

7 133 (28.7%) 138 (29.5%)

8–10 272 (58.6%) 271 (57.9%)

Missing 25 21

Pain Medication (worst) 0 – None 14 (4.4%) 18 (5.6%)

1 – Non-narcotic 116 (36.7%) 118 (36.5%)

2 – Weak opioid 97 (30.7%) 90 (27.9%)

3 – Strong opioid 89 (28.2%) 97 (30.0%)

Missing 173 166

Health Related QOL Categories N Mean SD N Mean SD

Brief Pain Inventory Worst pain 488 3.4 2.8 489 3.5 3.0

Worst pain, baseline + 4 week average 434 2.8 2.3 440 2.7 2.4

Pain interference 486 2.4 2.5 487 2.5 2.6

Pain interference, baseline + 4 week average 428 2.1 2.2 437 1.9 2.0

SF-36b Energy/vitality 487 48.2 23.3 487 48.3 24.1

Energy/vitality, baseline + 4 week average 435 49.5 20.7 437 51.7 21.0

FACT-Pc Trial outcome index 487 67.5 17.4 484 67.5 17.9

FACT-G total score 487 77.2 15.7 486 77.7 16.5

FACT-P total score 487 106.5 22.0 483 107.0 23.0

EORTC QLQ-C30d Global quality of life score 483 63.7 22.7 480 63.6 22.6
aPercentages shown among those with known date only
bMedical Outcomes Study 36 Item Short Form Health Survey
cFunction Assessment of Cancer Therapy – Prostate Cancer
dEuropean Organisation for Research and Treatment of Cancer – Quality of Life Questionnaire
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Fig. 2 Observed scores by arm over time for the BPI Pain Interference and SF-36 Energy/Vitality scales. Arm and assessment specific sample sizes
are shown in the bars. Ninety-five percent confidence intervals for the observed rates are indicated by the vertical lines at the tops of the bars

Fig. 3 Observed scores by arm over time for Global QOL, FACT-P Total Score, and FACT-G Emotional and Social Well-Being. Arm and assessment specific
sample sizes are shown in the bars. Ninety-five percent confidence intervals for the observed rates are indicated by the vertical lines at the tops of the bars
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functional status. Additional secondary endpoints also
showed little difference in scores over time by arm.
Taken together, the results indicated little evidence that
DPA was superior to DPP with respect to HRQL.
The level of trial- and PRO-related detail provided in

this manuscript is consistent with PRO reporting stan-
dards for randomized trials and outlined by Calvert et al.

[10] and addresses concerns raised by Fallowfield et al.
[30] regarding insufficient presentation of detail regard-
ing improvements and deterioration in symptom status.
Calvert et al. developed the PRO Extension for the
CONSORT (Consolidated Standards of Reporting Trials)
guidelines used for reporting clinical trial results to pro-
vide similar guidelines for the key PRO information that

a

b

Fig. 4 Mean observed BPI Worst Pain and FACT-P TOI scores over time. The fitted lines from the linear mixed models regressions are also shown.
The dashed vertical lines show the spread of the observed data by arm and assessment time using the 75% intraquartile range

Table 2 Best Model Results for BPI Worst Pain and FACT-P Trial Outcome Index

Results for Best Model:
Row 1 =Model coefficient values
Row 2 = p-value

Domain Intercept Treatment Time Baseline Score Time-squared

BPI Worst Pain 0.52
(< 0.0001)

−0.10
(0.39)

0.002
(0.78)

0.42
(< 0.0001)

0.0006
(0.001)

FACT-P Trial Outcome
Index

32.86
(< 0.0001)

1.78
(0.02)

−0.21
(< 0.0001)

0.60
(< 0.0001)

N/A

Table shows the best model results for the BPI worst pain scores and FACT-P trial outcome index. We used linear mixed models with random effects for the slope
and intercept, with a specified compound symmetric correlation structure to account for autocorrelation of serial measures within patients. For each outcome, we
examined whether scores differed over time by arm using a treatment by time interaction (both linear and quadratic); if no interaction as present, we modeled
time as both linear and quadratic. Best model fit was determined as shown in Additional file 1: Table S1
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should be routinely reported for a trial with PROs
[10]. The intent of this effort was to allow for a more
comprehensive interpretation of overall trial results
for the full set of stakeholders interested in or af-
fected by trial results. Although the PRO measures
and design for this trial were selected before these
papers were published, they are generally consistent
with these guidelines.

Limitations
One limitation of SWOG S0421 is the absence of infor-
mation on the screened (non-enrolled) population.
Such a limitation is common among network groups
trials given limited resources available to sites. Further,
missing data for PROs has been recognized as a prob-
lem in trials involving patients with advanced stage dis-
ease [29]. Even the best quality control procedures used
in a clinical trial cannot prevent missing PRO data, es-
pecially for patients with advanced stage disease. Co-
hort plots and accompanying pattern mixture models
were used to more fully address concerns about missing
data over time as sensitivity analyses [29]. Although
there was strong evidence that patients with missing
data had worse HRQL in general, patterns were similar
by arm, and thus these sensitivity analyses generated
largely similar outcomes as the main linear mixed
model analysis. This trial also preceded the introduc-
tion of patient-reported adverse event reporting devel-
oped by the NCI (the PRO Common Toxicity Criteria
for Adverse Events), and thus direct patient-reported
input on the experience of individual adverse events be-
yond pain were not available.[18] Finally, although our
accrual goal was achieved for the analysis of pain pa-
lliation, many patients were not evaluated due to the
absence of pain at baseline or inadequate follow-up
data to assess pain palliation using multiple metrics
(both BPI worst pain and analgesic use). Nonetheless,
the use of serial measures to determine clinically mean-
ingful change in pain palliation is critical for accurate
interpretation.

Conclusions
The PRO measures included in SWOG S0421 did not
identify substantial treatment arm differences for pain
and functional status. However, with any new study, we
do not know the extent to which patients will report
improved or deteriorated status. Therefore, we encourage
researchers to include as comprehensive a PRO assess-
ment as resources will allow. The PRO data can be of use
to a wider group of “consumers” of the clinical trial’s
results. In our case, the treatment arms had similar
average effects on patient HRQL.

Additional file

Additional file 1: Table S1. Identifying Best Fit Model for Longitudinal
Analyses of BPI Worst Pain and FACT-P TOI Scores, Figure S1. Cohort plot of
average BPI worst pain scores by missing data patterns and arm, Figure S2.
Cohort plot of average FACT-P TOI scores by missing data patterns and arm.
(DOCX 115 kb)

Acknowledgments
The authors thank the patients who submitted PRO data for SWOG S0421
and the nurses and Clinical Research Associates who collected and
monitored the submission of the PRO forms. We also acknowledge the data
management assistance provided by Cancer Research and Biostatistics.

Funding
The National Cancer Institute of the National Institutes of Health supported
this research under grant awards U10CA180888, U10CA180819,
UG1CA189974 and legacy grants U10CA37429, U10CA32102, U10CA38926,
and in part by Sanofi-Aventis and Abbott Laboratories. The content is solely
the responsibility of the authors and does not necessarily represent the offi-
cial views of the National Institutes of Health or Sanofi-Aventis and Abbott
Laboratories.

Authors’ contributions
CMM, PJVV, MH, CSH, PNL, CMT, DIQ, NJV, and IMT designed the study. JMU,
KMB, MJG, ER, PJVV, MH, MAC, PJM, CSH, PNL, CMT, DIQ, JLW, NJV, and IMT
enrolled patients and/or collected trial data. JMU, CMM, KG, GWD, PJVV, MH,
MAC, CSH, MAC, PNL, CMT, DIQ, NJV, IMT did the data analysis/consulted
with statisticians regarding the analyses and interpretation. JMU, CMM, KG,
MAC, CSH, PNL, and DIQ were involved in writing the manuscript. All authors
reviewed and approved the S0421 PRO manuscript.

Ethics approval and consent to participate
The study protocol was approved by Institutional Review Boards at the
participating institutions enrolling cancer patients on the trial. All patients
who participated in the trial and who could complete PRO forms signed
detailed consent forms for the PRO component of the trial.

Competing interests
CMM received support from Abbott to fund the quality of life component
for S0421 but no competing interests within the last 36 months. In the last
36 months, CSH has had a spouse in leadership role for CTI Biopharma.
Under Other, CSH reports serving on Advisory Boards for Aptevo, Asana,
Astellas, Bayer, Blue Earth Diagnostics, Churchill, Clovis, Dendreon, Endocyte,
Ferring, Medivation, MorphoSys, Orion, and Pfizer. CSH has received
sponsored research from Aptevo, Bayer, Aragon, AstraZeneca, Dendreon,
Exelixis, Genentech, Medivation, Millenium, Sanofi, Teva, and Pfizer. During
the last 36 months, DIQ reported grant funding from Sanofi and personal
fees from Sanofi, Bayer, Astellas, Dendreon, and AstraZeneca. The other
authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1SWOG Statistics and Data Management Center, Fred Hutchinson Cancer
Research Center, Seattle, WA, USA. 2University of Utah, Salt Lake City, UT,
USA. 3Karmanos Cancer Center, Farmington Hills, MI, USA. 4National Cancer
Institute, Washington, DC, USA. 5ICON PLCC, Philadelphia, PA, USA. 6Robert H.
Lurie Comprehensive Cancer Center of Northwestern University, Chicago, IL,
USA. 7The Ohio State University James Cancer Hospital, Columbus, OH, USA.
8Sarah Cannon Cancer Center, Kansas City, KS, USA. 9Johns Hopkins
University School of Medicine, Baltimore, MD, USA. 10Pacific Cancer Research
Consortium NCORP, Seattle Cancer Care Alliance, University of Washington,
Seattle, WA, USA. 11University of California at Davis, Sacramento, CA, USA.
12University of Southern California Norris Comprehensive Cancer Center, Los
Angeles, CA, USA. 13Heartland NCORP, Decatur, IL, USA. 14US Oncology
Research Comprehensive Cancer Centers, Las Vegas, NV, USA. 15CHRISTUS

Unger et al. Journal of Patient-Reported Outcomes  (2018) 2:27 Page 9 of 10

https://doi.org/10.1186/s41687-018-0054-5


Santa Rosa Hospital Medical Center, San Antonio, TX, USA. 16Fred Hutchinson
Cancer Research Center, Seattle, WA, USA. 17Fred Hutchinson Cancer
Research Center, M3-C102/P.O. Box 19024, 1100 Fairview Avenue North,
Seattle, WA 98109-1024, USA.

Received: 17 October 2017 Accepted: 21 May 2018

References
1. Kirby, M., Hirst, C., & Crawford, E. D. (2011). Characterising the castration-

resistant prostate cancer population: A systematic review. Int J Clin Pract,
65(11), 1180–1192.

2. Unger, J.M., Vaidya, R., Gore, J.L. (2018) Key design and analysis principles for
quality of life and patient reported outcomes in clinical trials. Urologic
Oncology: Seminars and Original Investigations In press.

3. Chen, R. C., Chang, P., Vetter, R. J., Lukka, H., Stokes, W. A., Sanda, M. G., et al.
(2014). Recommended patient-reported Core set of symptoms to measure
in prostate Cancer treatment trials. J Natl Cancer Inst, 106(7), 1–7.

4. Nussbaum, N., George, D. J., Abernethy, A. P., Dolan, C. M., Oestreicher, N.,
Flanders, S., et al. (2016). Patient experience in the treatment of metastatic
castration-resistant prostate cancer: State of the science. Prostate Cancer
Prostatic Dis, 19(2), 111–121.

5. Cella, D., Ivanescu, C., Holmstrom, S., Bui, C. N., Spalding, J., & Fizazi, K. (2015).
Impact of enzalutamide on quality of life in men with metastatic castration-
resistant prostate cancer after chemotherapy: Additional analyses from the
AFFIRM randomized clinical trial. Ann Oncol, 26(1), 179–185.

6. Basch, E., Loblaw, D. A., & Rumble, R. B. (2014). Systemic therapy in men
with metastatic castration-resistant prostate cancer: American Society of
Clinical Oncology and Cancer Care Ontario clinical practice guideline.
J Clin Oncol, 32(30), 3436–3448.

7. Scher, H. I., Morris, M. J., Stadler, W. M., Higano, C., Basch, E., Fizazi, K., et al.
(2016). Trial design and objectives for castration-resistant prostate cancer:
Updated recommendations from the prostate Cancer clinical trials working
group 3. J Clin Oncol, 34(12), 1402–1418.

8. Quinn, D.I., Tangen, C.M., Hussain, M., Lara, P.N. Jr., Goldkorn, A., Moinpour, C.
M., et al. Docetaxel and atrasentan versus docetaxel and placebo for men
with advanced castration-resistant prostate cancer (SWOG S0421): a
randomised phase 3 trial. Lancet Oncol 14(9), 893–900.

9. Petrylak, D. P., Tangen, C. M., Hussain, M. H., Lara Jr., P. N., Jones, J. A., Taplin,
M. E., et al. (2004). Docetaxel and estramustine compared with
mitoxantrone and prednisone for advanced refractory prostate cancer.
N Engl J Med, 351(15), 1513–1520.

10. Berry, D. L., Moinpour, C. M., Jiang, C. S., Ankerst, D. P., Petrylak, D. P., Vinson,
L. V., et al. (2006). Quality of life and pain in advanced stage prostate cancer:
Results of a southwest oncology group randomized trial comparing
docetaxel and estramustine to mitoxantrone and prednisone. J Clin Oncol,
24(18), 2828–2835.

11. Calvert, M., Blazeby, J., Altman, D. G., Revicki, D. A., Moher, D., & Brundage,
M. D. (2013). Reporting of patient-reported outcomes in randomized clinical
trials: The CONSORT PRO extension. JAMA, 309(8), 814–822.

12. Cleeland, C. S. (1994). The brief pain inventory, a measure of cancer pain
and its impact. International Society for Quality of Life Research Newsletter,
9(Feb.-May), 5–6.

13. Ware Jr., J. E., & Sherbourne, C. D. (1992). The MOS 36-item short-form
health survey (SF-36). I Conceptual framework and item selection Med Care,
30(6), 473–483.

14. Cella, D. F., Tulsky, D. S., Gray, G., Sarafian, B., Linn, E., Bonomi, A., et al.
(1993). The functional assessment of Cancer therapy scale: Development
and validation of the general measure. J Clin Oncol, 11(3), 570–579.

15. Esper, P., Mo, F., Chodak, G., Sinner, M., Cella, D., & Pienta, K. J. (1997).
Measuring quality of life in men with prostate cancer using the functional
assessment of Cancer therapy-prostate instrument. Urology, 50(6), 920–928.

16. Geyer Jr., C. E., Green, S. J., Moinpour, C. M., O'Sullivan, J., Goodwin, D. K.,
Canfield, V. A., et al. (1998). Expanded phase II trial of paclitaxel in metastatic
breast cancer: A southwest oncology group study. Breast Cancer Res Treat,
51(2), 169–181.

17. Fitzpatrick, J. M., Bellmunt, J., Fizazi, K., Heidenreich, A., Sternberg, C. N.,
Tombal, B., et al. (2014). Optimal management of metastatic castration-
resistant prostate cancer: Highlights from a European expert consensus
panel. Eur J Cancer, 50(9), 1617–1627.

18. Basch, E., Reeve, B.B., Mitchell, S.A., Clauser, S.B., Minasian, L.M., Dueck, A.C.,
et al. (2014) Development of the National Cancer Institute's patient-reported
outcomes version of the common terminology criteria for adverse events
(PRO-CTCAE). J Natl Cancer Inst 106(9). pii: dju244.

19. Eton, D. T., Shevrin, D. H., Beaumont, J., Victorson, D., & Cella, D. (2010).
Constructing a conceptual framework of patient-reported outcomes for
metastatic hormone-refractory prostate Cancer. Value Health, 13(5), 613–623.

20. Tannock, I. F., Osoba, D., Stockler, M. R., Ernst, D. S., Neville, A. J., Moore, M. J.,
et al. (1996). Chemotherapy with mitoxantrone plus prednisone or prednisone
alone for symptomatic hormone-resistant prostate cancer: A Canadian
randomized trial with palliative end points. J Clin Oncol, 14(6), 1756–1764.

21. Farrar, J. T., Young Jr., J. P., LaMoreaux, L., Werth, J. L., & Poole, R. M. (2001).
Clinical importance of changes in chronic pain intensity measured on an
11-point numerical pain rating scale. Pain, 94(2), 149–158.

22. Tannock, I. F., de Wit, R., Berry, W. R., Horti, J., Pluzanska, A., Chi, K. N., et al.
(2004). Docetaxel plus prednisone or Mitoxantrone plus prednisone for
advanced prostate Cancer. New Engl J Med, 351(15), 1502–1512.

23. Cella, D., Nichol, M. B., Eton, D., Nelson, J. B., & Mulani, P. (2009). Estimating
clinically meaningful changes for the functional assessment of Cancer
therapy–prostate: Results from a clinical trial of patients with metastatic
hormone-refractory prostate cancer. Value Health, 12(1), 124–129.

24. Deng, N., Guyer, R., & Ware Jr., J. E. (2015). Energy, fatigue, or both? A
bifactor modeling approach to the conceptualization and measurement of
vitality. Qual Life Res, 24(1), 81–93.

25. Aaronson, N. K., Ahmedzai, S., Bergman, B., Bullinger, M., Cull, A., Duez, N. J.,
et al. (1993). The European Organization for Research and Treatment of
Cancer QLQ-C30: A quality of life instrument for use in international clinical
trials in oncology. J Natl Cancer Inst, 85(5), 365–373.

26. Donaldson, G. (2008). Patient-reported outcomes and the mandate of
measurement. Qual Life Res, 17(10), 1303–1313.

27. Laird, N. M., & Ware, J. W. (1982). Random-effects models for longitudinal
data. Biometrics, 38(4), 963–974.

28. Littell, R.C., Milliken, G.A., Stroup, W.W., Wolfinger, R.D. (1996) SAS System for
mixed models. Cary, N. C.: SAS Institute, Inc.

29. Fairclough, D.L. (2010) Design and analysis of quality of life studies in clinical
trials, Second Edition. 2nd ed. Chapman & Hall/CRC Interdisciplinary
Statistics. Boca Raton, FL: Chapman & Hall/CRC, Taylor & Francis Group, LLC.

30. Fallowfield, L., Payne, H., & Jenkins, V. (2016). Patient-reported outcomes in
metastatic castration-resistant prostate cancer. Nat Rev Clin Oncol,
13(10), 643–650.

Unger et al. Journal of Patient-Reported Outcomes  (2018) 2:27 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient population and study design
	Protocol-specified PRO outcomes
	Earlier and newer research supporting use of the protocol-specified PRO outcomes
	Pre-specified primary PRO measures
	Pre-specified secondary PRO measures

	Administration schedule
	Statistical methods and analysis
	Statistical power
	Clinically meaningful change
	Longitudinal analyses


	Results
	Descriptive results
	Clinically significant change
	Longitudinal analysis models

	Discussion
	Limitations

	Conclusions
	Additional file
	Acknowledgments
	Funding
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

