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Skeletal-related events significantly impact health-related
quality of life in metastatic castration-resistant prostate cancer:
data from PREVAIL and AFFIRM trials
F Saad1, C Ivanescu2, D Phung3, Y Loriot4, S Abhyankar5,9, TM Beer6, B Tombal7 and S Holmstrom8

BACKGROUND: We investigated the impact of skeletal-related events (SREs) on health-related quality of life (HRQoL) in patients
with metastatic castration-resistant prostate cancer (mCRPC) in phase III trials of enzalutamide versus placebo.
METHODS: Patients with mCRPC experiencing at least one SRE during AFFIRM and PREVAIL were assessed for trajectory-adjusted
mean change in HRQoL by first SRE using Functional Assessment of Cancer Therapy-Prostate (FACT-P; AFFIRM, three domains, and
PREVAIL, nine domains) and EQ-5D (PREVAIL) instruments.
RESULTS: First SREs caused HRQoL deterioration in both trials. Spinal cord compression had the largest impact, with clinically
meaningful reductions in seven of nine FACT-P domains in PREVAIL and all three in AFFIRM (mean (95% confidence interval (CI))
change in FACT-P total score –16.95 (–26.47, –7.44) and –9.69 (–16.10, –3.27), respectively). In PREVAIL, first SREs caused clinically
meaningful declines in EQ-5D utility index, irrespective of category; spinal cord compression had the largest impact (mean (95% CI)
change –0.24 (–0.39, –0.08)). In AFFIRM, FACT-P and FACT-General total scores showed clinically meaningful declines after radiation/
surgery to bone.
CONCLUSIONS: SREs were associated with clinically meaningful functional declines in the daily lives of patients with mCRPC. Spinal
cord compression had the largest impact on HRQoL.
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INTRODUCTION
In metastatic castration-resistant prostate cancer (mCRPC), bone is
the most frequent site of metastases.1 Skeletal metastases occur in
90% of CRPC patients and can result in significant morbidity,2

primarily through skeletal-related events (SREs).3 SREs include
pathologic fracture, spinal cord compression, palliative radiation
or surgery to bone and change in antineoplastic therapy
secondary to bone pain.4–6 Additionally, SREs may cause reduced
mobility, loss of independence and decreased health-related
quality of life (HRQoL),7 and have been associated with increased
mortality in bone mCRPC.8

In mCRPC patients with bone metastases, a key goal is to
decrease the morbidity associated with SREs, preserving or
improving HRQoL and functional independence.9 Delaying SREs
is an important treatment goal and the subject of research in
patients with mCRPC who initially do not have major cancer-
related symptoms in the chemotherapy-naïve setting.10 Further-
more, delaying SRE onset is recognized by the US Food and Drug
Administration as a clinically important indicator of preservation of
functionality and HRQoL.11 It is also important to understand how
SREs relate to patient-reported outcomes, as assessing HRQoL in
CRPC assumes increasing importance in new treatment
evaluation.12

Two recent phase III trials assessed the efficacy of the androgen
receptor signaling inhibitor enzalutamide in mCRPC patients who

were chemotherapy-naïve (PREVAIL) or had previously received
chemotherapy (AFFIRM).5,6 In addition to significant improve-
ments in overall and progression-free survival, enzalutamide was
associated with HRQoL benefits versus placebo and delayed first
SRE occurrence.9,13,14 Indeed, enzalutamide was associated with a
28% reduction in risk in the time to first SRE versus placebo in
PREVAIL (hazard ratio 0.72; 95% confidence interval (CI): 0.61, 0.84;
Po0.001)5 and a 31% reduction in AFFIRM (hazard ratio 0.69; 95%
CI: 0.57, 0.84; Po0.001).6

In our analysis, we characterize the clinical relevance of SREs in
terms of their association with mCRPC patients’ trajectories of
HRQoL and health-state preferences by assessing patient-reported
outcome data from both PREVAIL and AFFIRM.

MATERIALS AND METHODS
Data from PREVAIL and AFFIRM were analyzed separately.

Study designs
SREs and HRQoL were assessed in the phase III, randomized, double-blind,
placebo-controlled PREVAIL and AFFIRM trials comparing oral enzaluta-
mide 160 mg per day versus placebo in patients with asymptomatic or
mildly symptomatic chemotherapy-naïve mCRPC, despite androgen-
deprivation therapy (PREVAIL) or mCRPC previously treated with one or
two chemotherapy regimens (AFFIRM).
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The designs (including choice of sample size, inclusion/exclusion criteria
and randomization/blinding methods), patient populations and overall
results of these trials have been described in detail elsewhere.5,6

Both trials were approved by the independent review board at each
study site and conducted according to the principles of the Declaration of
Helsinki and Good Clinical Practice Guidelines. Patients provided written
informed consent before study participation.

Procedures
In both studies, SRE was defined as radiotherapy or surgery to bone for
prostate cancer, pathological bone fracture, spinal cord compression or
change of antineoplastic therapy to treat prostate cancer-related bone
pain. Change in analgesic medication for bone pain or initiation of
bisphosphonates or denosumab were not considered to be SREs. However,
we analyzed only the first three SRE categories: radiotherapy or surgery to
bone for prostate cancer, pathological bone fracture and spinal cord
compression. In PREVAIL, patients were assessed for SREs every 4 weeks to
week 49 and every 12 weeks thereafter. This assessment was included to
evaluate the time before occurrence of important clinical manifestations of
disease progression. In AFFIRM, patients were followed for SREs every
12 weeks from week 13 until lost to follow-up, withdrawal of consent
or death.
HRQoL was assessed using Functional Assessment of Cancer Therapy-

Prostate (FACT-P) version 415–17 (both trials) and EQ-5D18 (PREVAIL only)
instruments (see Methods in the Supplementary Information). Higher
scores represent better health states.
In PREVAIL, nine FACT-P domains were assessed: FACT-P total score,

FACT-General (FACT-G) score, FACT-Trial Outcome Index (TOI), FACT
Advanced Prostate Symptom Index, physical wellbeing, functional well-
being, emotional wellbeing, social/family wellbeing and prostate cancer
subscale. Patients completed FACT-P at baseline, weeks 5 and 13, and then
every 12 weeks until study drug discontinuation. EQ-5D data were
collected at baseline and week 13, and then every 12 weeks until
treatment discontinuation.
In AFFIRM, three FACT-P domains were assessed: FACT-P total score,

FACT-G and prostate cancer subscale. Data were prospectively collected at
baseline, weeks 13, 17, 21 and 25, and every 12 weeks thereafter until
study drug discontinuation.
In both studies, HRQoL instruments were administered before patients

were interviewed by their physicians or received study medication. ‘Post-
SRE assessment’ was the first assessment made o100 days after an SRE
occurred. Patients without an assessment during that interval were
considered to have missing post-SRE assessments.

Statistical analyses
All analyses were performed on intention-to-treat populations (all patients
randomized). The analysis was performed on the combined (enzalutamide

and placebo) treatment arms; where the number of patients allowed, the
impact of SREs on HRQoL was stratified by treatment. Only patients
experiencing at least one SRE (AFFIRM, n= 421; PREVAIL, n=587) were
included in the analysis. Additionally, we included only patients with
baseline and one or more post-SRE HRQoL outcome values. SREs were
categorized as: (1) radiation or surgery to bone, (2) pathologic bone
fractures and (3) spinal cord compression. For patients with multiple SREs,
only the first SRE event category was used. If a patient experienced more
than one type of SRE as the first SRE, he was included in the analysis of
each SRE category. A separate analysis was performed for each SRE
category.
To determine the immediate impact of an SRE (any category) on HRQoL

outcomes, we included all outcome assessments up to the date of the SRE
of interest and first post-SRE assessment. We used linear mixed-effect
models with intercept as random effects to model each patient’s
longitudinal trajectory of HRQoL outcome before the first SRE.19 How far
the post-SRE value of HRQoL outcome deviated from the trajectory
(predicted value) was estimated by calculating the trajectory-adjusted
mean change (TAMC; mean deviation of the post-SRE value from the
expected value) after the patient’s first SRE (see the Supplementary
Information for further details of these analyses).
Standardized effect size was calculated by dividing TAMC by overall

standard deviation at baseline. Following Cohen’s benchmarks,20,21 effect
sizes of 0.2, 0.5 and 0.8 were characterized as small, medium and large,
respectively. TAMC results were interpreted using previously established
minimal clinically important differences (MCIDs). The MCID was the
smallest difference in a patient-reported outcome score interpreted as
clinically important or meaningful to the patient; these have been defined
for FACT-P (and its subscales), FACT-G and EQ-5D (Table 1). In our analyses,
the lower end of the range indicated a clinically meaningful change.
TAMCs were considered statistically significant if the 95% CI excluded zero.
Data were analyzed using SAS version 9.3 (SAS Institute, Cary, NC, USA).

Adjustments for multiple comparisons were not made because these were
exploratory analyses.

RESULTS
SRE data for combined treatment arms
PREVAIL. In PREVAIL, 1717 patients were randomized to enzalu-
tamide (n= 872) or placebo (n= 845). Overall, 587 patients (34.2%)
experienced at least one SRE; 426 patients (24.8%) experienced
one SRE, 109 (6.4%) experienced two SREs and 52 (3.0%)
experienced three or more SREs. Radiation or surgery to bone
was the most common first SRE (in 410 patients (23.9%); that is,
70% of patients who had at least one SRE) (Figure 1).
Table 2 shows baseline demographic and disease characteristics

of patients experiencing at least one SRE during AFFIRM and

Table 1. Mean (s.d.) baseline health-related quality of life scores for patients with at least one SRE during AFFIRM and PREVAIL

Outcome measure PREVAIL AFFIRM No. of items Possible score range Established MCID range

n Mean (s.d.) score n Mean (s.d.) score

FACT-P
FACT-P total score 566 118.4 (18.3) 406 103.9 (21.4) 39 0–156 6–10a

PCS score 574 33.6 (6.1) 410 28.6 (7.6) 12 0–48 2–3a

Physical wellbeing 578 24.5 (3.4) 412 19.7 (5.7) 7 0–28 2–3b,c

Functional wellbeing 577 21.5 (5.9) 413 21.9 (4.6) 7 0–28 2–3b,c

Emotional wellbeing 576 18.1 (3.9) 411 17 (4.5) 6 0–24 2–3b,c

Social wellbeing 578 20.6 (5.8) 411 16.7 (5.8) 7 0–28 2–3b,c

FAPSI 574 24.9 (4.5) 410 20.4 (6) 8 0–32 2–3a

FACT-TOI 568 78.8 (12.8) 406 65 (16.8) 28 0–104 5–9a

FACT-G total score 572 84.8 (13.9) 409 75.4 (15.3) 27 0–108 5–7b,c

EQ-5D utility index 573 0.829 (0.154) NA NA 5 –0.594 to 1 0.04–0.14d

Abbreviations: FACT-G, Functional Assessment of Cancer Therapy-General; FACT-P, Functional Assessment of Cancer Therapy-Prostate; FACT-TOI, Functional
Assessment of Cancer Therapy-Trial Outcome Index; FAPSI, Functional Assessment of Cancer Therapy Advanced Prostate Symptom Index; MCID, minimal
clinically important difference; NA, not available; PCS, prostate cancer subscale; SRE, skeletal-related event. aCella et al.16 bCella et al.22 cYost and Eton.23
dPickard et al.24

Skeletal events and quality of life in mCRPC
F Saad et al

111

Prostate Cancer and Prostatic Diseases (2017), 110 – 116



PREVAIL. Baseline pain (Brief Pain Inventory question 3, worst
pain in previous 24 h) was 0–1 (asymptomatic) in E 59% of
patients and 2–3 (mildly symptomatic) in 39%. Approximately
one-quarter of patients who experienced SREs had received
bisphosphonate treatment at baseline (Supplementary Table S1).
Table 1 shows baseline HRQoL scores of patients included in the
analysis.
In PREVAIL, first SREs caused declines in EQ-5D utility index

(TAMC) that were statistically significant (95% CI excludes zero)
and clinically meaningful (exceeded lower limit of MCID range;
Table 1), irrespective of SRE category (Table 3). Spinal cord
compression had the largest impact on utility index (mean (95%
CI)) decrease –0.24 (–0.39, –0.08)).
Spinal cord compression had the broadest impact on FACT-P,

significantly diminishing HRQoL in seven of nine domains (not
social/family wellbeing or emotional wellbeing) to a clinically
meaningful extent, inducing a mean (95% CI) decrease in FACT-P
total score of –16.95 (–26.47, –7.44) points. Radiation or surgery to
bone was associated with statistically significant declines in
physical wellbeing, functional wellbeing and FACT-TOI and an
increase in social/family wellbeing, although none were clinically
meaningful. Pathologic bone fractures showed no statistically
significant changes in any FACT-P outcome.
Effect size was small to medium for radiation or surgery to bone

and pathologic fractures, ranging from –0.24 to –0.52 (Figure 2a).
In all outcome categories, spinal cord compression had the
greatest effect size and was the only SRE with effect sizes that
could be characterized as large.

AFFIRM. In AFFIRM, 1199 patients were randomized to enzalu-
tamide (n= 800) or placebo (n= 399). Overall, 421 patients (35.1%)
experienced at least one SRE; 408 (34.0%) experienced one SRE, 12
(1.0%) experienced two SREs and only one patient (0.1%)
experienced three or more SREs.
Distribution by first SRE type is shown in Figure 1. Radiation or

surgery to bone was the most common SRE (in 291 patients
(24.3%); that is, 69.1% of patients who had more than one SRE),
and pathologic bone fracture the least common (in 47 patients
(3.9%)).
Baseline pain (Brief Pain Inventory question 3, worst pain in

previous 24 h) was 2–3 (mildly symptomatic) in approximately
39% of patients and 43 (severely symptomatic) in 37% (Table 2).
Approximately half of patients who experienced SREs had
received bisphosphonate treatment at baseline (Supplementary
Table S1). Table 1 shows baseline HRQoL scores.
In AFFIRM, there were clinically meaningful and statistically

significant declines in FACT-P and FACT-G total scores after any
SRE, radiation or surgery to bone or spinal cord compression. For
FACT-P prostate cancer subscale score, statistically significant

declines were observed for any SRE, radiation or surgery to bone
and spinal cord compression, but this was clinically meaningful
only for spinal cord compression (Table 4). Pathologic bone
fractures were associated with declines in all three HRQoL
measures, but none were statistically significant.

Figure 1. Proportion of patients who experienced any SRE or given
category of SRE in AFFIRM and PREVAIL (ITT population). ITT, intent-
to-treat; SRE, skeletal-related event.

Table 2. Baseline characteristics for patients with at least one SRE
during AFFIRM and PREVAIL

Characteristic PREVAIL
(n=587)

AFFIRM
(n=421)

Mean (s.d.) age (years) 70.0 (8.7) 67.7 (8.3)

Geographic region, n (%)
Europe 303 (51.6) 238 (56.5)
North America 162 (27.6) 140 (33.3)
Rest of world 122 (20.8) 43 (10.2)

Pain average score, n (%)a

0–1 346 (58.9) 53 (12.6)
2–3 229 (39.0) 162 (38.5)
43 9 (1.5) 157 (37.3)
Missing 3 (0.5) 49 (11.6)

Fatigue severity, n (%)b

o7 525 (92.3) 296 (70.3)
⩾ 7 44 (7.7) 107 (25.4)
Missing 0 18 (4.3)

ECOG performance status, n (%)
0 195 (33.2) 131 (31.1)
1 392 (66.8) 244 (58.0)
2 0 46 (10.9)

Mean (s.d.) time from initial prostate
cancer diagnosis to randomization
(months)

71.1 (53.6) 78.0 (53.4)

No. of prior chemotherapies, n (%)
1 NA 313 (74.3)
⩾ 2 NA 108 (25.7)

No. of unique prior hormonal therapies, n (%)c

None 2 (0.3) 0
1 66 (11.2) 36 (8.6)
2 269 (45.8) 176 (41.8)
3 161 (27.4) 123 (29.2)
⩾ 4 89 (15.2) 84 (20.0)
Missing 0 2 (0.5)

Distant metastasis (M) at diagnosis, n (%)
Mx 53 (9.0) 59 (14.0)
M0 282 (48.0) 151 (25.9)
M1 178 (30.3) 112 (26.6)
Unknown 74 (12.6) 99 (23.5)

Disease localization at screening, n (%)
None 0 2 (0.5)
Bone only 246 (41.9) 120 (28.5)
Soft tissue only 44 (7.5) 12 (2.9)
Both bone and soft tissue 297 (50.6) 287 (68.2)

Visceral disease at screening, n (%)
No 516 (87.9) 336 (79.8)
Yes 71 (12.1) 85 (20.2)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; NA, not
applicable; SRE, skeletal-related event. aDefined using Brief Pain
Inventory-Short Form question 3: asymptomatic= score 0 or 1; mildly
symptomatic= score 2 or 3; severely symptomatic= score 43. bDefined
using question 3 of Brief Fatigue Inventory. cNone of the previous therapies
were chemotherapy-based.
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Spinal cord compression had the largest impact on FACT-P total
score (mean (95% CI) decrease –9.69 (–16.10, –3.27); Table 4).
Pathologic bone fractures and radiation or surgery to bone
determined mean (95% CI) changes in FACT-P total score of –7.62
(–16.80, 1.56; not significant) and –6.69 (–10.26, –3.12) points,
respectively. Effect sizes on HRQoL outcomes were small or

medium in all cases, ranging from –0.17 to –0.49. In all three
HRQoL outcome categories, spinal cord compression showed the
largest effect size (Figure 2b).

SRE data stratified by treatment arm
For any SRE and radiation or surgery to bone categories, TAMCs in
HRQoL outcomes in PREVAIL and AFFIRM were stratified by
treatment arm (Supplementary Tables S2 and S3).
For enzalutamide-treated patients in PREVAIL, there were

clinically meaningful and statistically significant declines in four
FACT-P domains (functional wellbeing, prostate cancer subscale,
FACT-P total score and FACT-TOI) after any SRE. In contrast, there
were no statistically significant declines in FACT-P outcomes after
any SRE for patients receiving placebo, except for physical
wellbeing, and none were clinically meaningful. There were also
substantive declines in EQ-5D utility index in both enzalutamide
and placebo groups after any SRE.
For radiation or surgery to bone, enzalutamide-treated patients

had statistically significant declines in FACT-P physical wellbeing,
functional wellbeing and FACT-TOI domains and an increase in
social/family wellbeing. None of these were clinically meaningful.
With placebo, there were statistically significant declines in
physical wellbeing and FACT-TOI and a significant increase in
social/family wellbeing, but none were clinically meaningful.
In AFFIRM, in both the any SRE and radiation or surgery to bone

categories, enzalutamide was associated with a statistically
significant and clinically meaningful decline in FACT-P total,
prostate cancer subscale and FACT-G total scores. There were no
significant changes with placebo.

DISCUSSION
Our findings show an association between SREs and significant
functional decline in patients’ daily lives, and HRQoL in general, in
patients with mCRPC. In PREVAIL and AFFIRM, similar proportions
(just over one-third) of patients developed SREs, most commonly
radiation or surgery to bone (≈70%).
Associations between SREs and HRQoL outcomes in both trials

was greatest for spinal cord compression, with statistically and

Table 3. Trajectory-adjusted mean change (95% CI)a in HRQoL outcomes by category of first SRE in PREVAIL

Outcome measure Any SRE (n= 162) Radiation or surgery to bone
(n= 107)

Pathologic bone fracture
(n=31)

Spinal cord compression
(n= 23)

n TAMC (95% CI) n TAMC (95% CI) n TAMC (95% CI) n TAMC (95% CI)

FACT-P
Physical wellbeing 162 –1.70 (–2.42, –0.98)b 106 –1.28 (–2.06, –0.49)b 31 –1.15 (–3.09, 0.79) 23 –4.42 (–6.86, –1.98)b

Social wellbeing 161 0.77 (0.23, 1.32) 106 1.26 (0.60, 1.91)b 30 0.84 (–0.50, 2.17) 23 –0.34 (–1.86, 1.17)
Emotional wellbeing 160 –0.57 (–1.12, –0.01)b 107 –0.38 (–1.05, 0.30) 29 –0.15 (–1.23, 0.92) 23 –1.42 (–3.21, 0.37)
Functional wellbeing 159 –1.81 (–2.54, –1.09)b 106 –1.51 (–2.37, –0.64)b 29 –1.21 (–3.03, 0.60) 23 –4.27 (–6.35, –2.19)b

PCS 161 –1.92 (–2.91, –0.94)b 106 –0.72 (–1.77, 0.33) 30 –2.45 (–5.04, 0.13) 23 –6.00 (–9.30, –2.69)b

FAPSI 162 –1.38 (–2.14, –0.61)b 107 –0.72 (–1.51, 0.06) 30 –1.42 (–3.70, 0.86) 23 –3.70 (–6.36, –1.05)b

FACT-TOI 156 –5.20 (–7.39, –3.01)b 103 –2.83 (–5.15, –0.52)b 29 –4.67 (–10.37, 1.03) 23 –14.85 (–22.15, –7.55)b

FACT-G total score 158 –3.41 (–5.30, –1.52)b 105 –1.85 (–3.92, 0.23) 29 –1.49 (–5.99, 3.00) 23 –10.72 (–17.14, –4.29)b

FACT-P total score 156 –5.11 (–7.85, –2.37)b 103 –2.00 (–4.86, 0.85) 29 –4.07 (–10.93, 2.80) 23 –16.95 (–26.47, –7.44)b

EQ-5D utility index 156 –0.11 (–0.15, –0.06)b 104 –0.06 (–0.10, –0.02)b 28 –0.20 (–0.36, –0.04)b 22 –0.24 (–0.39, –0.08)b

Abbreviations: CI, confidence interval; FACT-G, Functional Assessment of Cancer Therapy-General; FACT-P, Functional Assessment of Cancer Therapy-Prostate;
FACT-TOI, Functional Assessment of Cancer Therapy-Trial Outcome Index; FAPSI, Functional Assessment of Cancer Therapy Advanced Prostate Symptom Index;
HRQoL, health-related quality of life; PCS, prostate cancer subscale; SRE, skeletal-related event; TAMC, trajectory-adjusted mean change. Negative values
indicate decline in health. Values in bold indicate clinically meaningful changes (versus established minimal clinically important difference; Table 1). Linear
mixed-effects model with intercept for time as random effects; fixed effects included region, baseline Eastern Cooperative Oncology Group performance
status, baseline average pain score, baseline fatigue severity and age. aEstimates of change reflect difference between predicted and actual scores after SRE.
b95% CI excludes zero, indicating a statistically significant change in TAMC.

Figure 2. Impact of SREs on HRQoL outcomes scores by SRE
category in (a) PREVAIL and (b) AFFIRM. EWB, emotional wellbeing;
FACT-G, Functional Assessment of Cancer Therapy-General; FACT-P,
Functional Assessment of Cancer Therapy-Prostate; FAPSI, Func-
tional Assessment of Cancer Therapy Advanced Prostate Symptom
Index; FWB, functional wellbeing; HRQoL, health-related quality
of life; PCS, prostate cancer subscale; PWB, physical wellbeing;
SRE, skeletal-related event; SWB, social wellbeing; TOI, Trial Outcome
Index.
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clinically meaningful reductions in most FACT-P domains assessed.
Spinal cord compression also induced the largest reductions in
FACT-P total score in both trials and had the largest impact on
EQ-5D utility index in PREVAIL. Furthermore, spinal cord compres-
sion had the largest effect size on all FACT-P domains in both
studies. Although expected, this helps calibrate, to some extent,
our measurement of the effects of the other SREs. The impact of
spinal cord compression on HRQoL measures was also larger in
chemotherapy-naïve mCRPC patients in PREVAIL than in those
previously treated with docetaxel in AFFIRM. The greater impact of
spinal cord compression (versus other SREs) on HRQoL reflects its
debilitating symptoms, which range from minor sensory, motor
and autonomic changes to severe pain and complete paralysis.25

Thus, more than 90% of such patients have pain26 with other
common signs, including radiculopathy, weakness, sensory
changes (e.g., paresthesia, loss of sensation), incontinence and
autonomic dysfunction (e.g., urinary hesitancy, retention).27 More-
over, metastatic spinal cord compression is an acute condition
requiring emergency care to prevent loss of neurological function
and reverse established deficits.28

The more pronounced effect of spinal cord compression on
HRQoL likely reflects not only its magnitude of effect on HRQoL
but also the timing of HRQoL measurement. As HRQoL data is only
measured every 12 weeks, SREs may occur up to 3 months
beforehand. Thus, for example, patients undergoing radiotherapy
for pain may experience some resolution of symptoms and some
level of recovery and relief before their next HRQoL assessment.
Also, for example, in the case of a moderate fracture, many of its
effects also may have resolved when HRQoL is next measured. In
contrast, spinal cord compression has a longer duration of impact
and sequelae are often still present when patients undergo HRQoL
assessment.
Radiation or surgery to bone was associated with statistically

significant and clinically meaningful declines in FACT-P and FACT-
G total scores in AFFIRM; however, in PREVAIL, none of the
changes in FACT-P outcomes were clinically meaningful, although
several showed statistically significant changes. These results are
consistent with a previous study in advanced prostate cancer,
where radiation to bone was associated with statistically
significant declines in four of five FACT-G domains and a
statistically significant reduction in EQ-5D utility index and EQ
visual analog scale scores.29 However, although radiotherapy has
the potential for beneficial effects such as alleviating bone pain, it
can be associated with pervasive negative effects on HRQoL such
as adverse events and the negative psychological effect of a
patient realizing that the cancer is sufficiently severe to require
radiotherapy and repeated hospital visits for treatment.29

Pathologic bone fractures were not associated with statis-
tically significant changes in any FACT-P outcomes in either

study, although in PREVAIL they were associated with significant
declines in EQ-5D utility index. In AFFIRM, although changes in
FACT-P/FACT-G outcomes associated with pathologic bone
fractures were not statistically significant, they were clinically
significant; the lack of statistical significance perhaps reflects
the small sample size. This contrasts with the study by Weinfurt
et al.29 where pathologic fractures were associated with signi-
ficant declines in two of five FACT-G domains and in EQ visual
analog scale and EQ-5D utility index in patients with meta-
static prostate cancer (some of whom were receiving anti-
neoplastic therapy). Pathologic fractures can seriously affect
HRQoL of cancer patients30 and have been correlated with
reduced survival in malignant bone disease.31 It may be that, in
the context of the effect sizes associated with this variable, the
small sample size caused the 95% CIs to include zero in this
subgroup and precluded detection of statistical significance.
Furthermore, pathologic fractures vary considerably in severity; it
may be that the fractures in our analysis were not particularly
severe.
We also looked for between-treatment differences in the effect

of SREs on HRQoL. For some variables, such as pathologic fracture
and spinal cord compression, low patient numbers precluded
reliable analysis by treatment group. Thus, we confined our
analysis to outcomes with sufficient patient numbers (any SRE and
radiation or surgery to bone). In general, changes were largely
concordant between treatments. Over both trials, enzalutamide
was associated with clinically meaningful and statistically sig-
nificant declines in several FACT-P domains after any SRE. For
radiation or surgery to bone, there were clinically meaningful
declines in FACT-P domains with enzalutamide in AFFIRM but not
PREVAIL. In contrast, there were no clinically meaningful declines
in FACT-P domains with placebo in either trial after any SRE or
after radiation or surgery to bone. Note that the small sample size
of the placebo arm in both trials likely caused the 95% CIs to
include zero.
Bisphosphonates were used by approximately 25 and 52% of

patients with at least one SRE in PREVAIL and AFFIRM, respectively.
However, it has been reported previously that the benefit of
enzalutamide on reducing the risk of first SRE versus placebo
occurred regardless of bisphosphonate (or bisphosphonate or
denosumab in PREVAIL) use.10,13

Recent analyses from both AFFIRM and PREVAIL showed that
median time to first SRE was significantly longer with enzaluta-
mide than placebo (P⩽ 0.0001), and time to HRQoL deterioration
was also delayed.10,13 In mCRPC, delaying or preventing SREs is an
important treatment goal10,32,33 and reflects preservation of
HRQoL and functionality.11 Our analysis provides quantitative
data linking the most commonly observed adverse consequence

Table 4. Trajectory-adjusted mean change (95% CI)a in HRQoL outcomes by type of first SRE in AFFIRM

Outcome measure Any SRE Radiation or surgery to bone Pathologic bone fracture Spinal cord compression

n TAMC (95% CI) n TAMC (95% CI) n TAMC (95% CI) n TAMC (95% CI)

FACT-P total score 139 –6.94 (–9.93, –3.95)b 96 –6.69 (–10.26, –3.12)b 23 –7.62 (–16.80, 1.56) 26 –9.69 (–16.10, –3.27)b

FACT-P PCS 139 –1.79 (–2.91, –0.68)b 96 –1.37 (–2.60, –0.13)b 23 –2.80 (–6.82, 1.22) 26 –2.66 (–5.01, –0.32)b

FACT-G 142 –5.46 (–7.55, –3.36)b 99 –5.57 (–8.13, –3.01)b 23 –5.18 (–10.88, 0.51) 26 –6.96 (–11.97, –1.94)b

Abbreviations: CI, confidence interval; FACT-G, Functional Assessment of Cancer Therapy-General; FACT-P, Functional Assessment of Cancer Therapy-Prostate;
HRQoL, health-related quality of life; PCS, prostate cancer subscale; SRE, skeletal-related event; TAMC, trajectory-adjusted mean change. Negative values
indicate decline in health. Values in bold indicate clinically meaningful changes (versus established minimal clinically important difference (Table 1)). Linear
mixed-effects model with intercept for time as random effects; fixed effects included time, baseline average pain score, baseline Eastern Cooperative Oncology
Group Performance Status, baseline fatigue severity, age and number of prior chemotherapy regimens. aEstimates of change reflect difference between
predicted and actual scores after SRE. b95% CI excludes zero, indicating a statistically significant change in TAMC.
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of advanced metastatic prostate cancer—complications from
skeletal involvement—with quantitative HRQoL measures.
Some limitations of our analyses should be considered. A higher

proportion of enzalutamide patients were available for HRQoL
assessment in both trials because of disease progression occurring
earlier with placebo, at which time HRQoL data collection ceased.
Absence of HRQoL data after disease progression is a recognized
drawback of trials using HRQoL as a secondary end point.
Additionally, our SRE categories did not include ‘change of
antineoplastic therapy to treat prostate cancer-related bone
pain’; however, few patients had SREs in this additional category
(AFFIRM, 3–4%; PREVAIL, 6–9%) (Astellas data on file,
2014).13 Finally, the study design may have led us to under-
estimate changes in HRQoL outcomes caused by SREs. The recall
period of FACT-P is 7 days, but we collected HRQoL data every
12 weeks; therefore, a patient experiencing a moderate fracture
may not have had an HRQoL assessment until 2–3 months after
the event, by which time many of the fracture’s effects may have
resolved.
In conclusion, our analyses show an association between SREs

and clinically meaningful functional declines in the daily
lives of patients with mCRPC. As expected, spinal cord compres-
sion had the largest impact on HRQoL. Moreover, the impact was
larger in chemotherapy-naïve mCRPC patients. Treatments that
reduce or delay emergence of SREs may slow HRQoL decline in
mCRPC. In AFFIRM and PREVAIL, both time to first SRE and time to
HRQoL deterioration were delayed with enzalutamide versus
placebo.
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