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QUESTION ASKED: Is there an association between
baseline health-related quality of life (HRQOL) and
progression-free survival (PFS) in patients enrolled
onto cancer treatment clinical trials?

SUMMARY ANSWER: In univariable analysis, we observed
a statistically significant gradient effect in all three SWOG
clinical trials included in this study, with higher baseline
Functional Assessment of Cancer Therapy (FACT) Trial
Outcome Index (TOI) scores corresponding to better PFS.
In multivariable analysis, FACT-TOI remained significantly
associated with PFS in one of the trials.

WHAT WE DID: We conducted a secondary analysis of
all SWOG cancer treatment clinical trials that enrolled
patients with advanced cancer and assessed FACT
questionnaires at baseline. We examined the associ-
ation between FACT-TOI and PFS using both uni-
variable and multivariable survival analyses.

WHAT WE FOUND: This analysis included data from
three SWOG clinical trials and 1,295 patients. Higher
baseline FACT-TOI score was significantly associated
with better PFS in univariable analysis, with a gradient

effect observed in all three trials (S0027, P , .001;
S9509, P5 .02; and S0421, P, .001). After adjusting
for other prognostic variables and stratification factors,
FACT-TOI was significantly associated with PFS in
S0027 (hazard ratio [HR] 5 0.64; 95% CI, 0.42 to
1.00) but not in S9509 (HR 5 0.77; 95% CI, 0.56 to
1.05) or S042 (HR 5 0.86; 95% CI, 0.73 to 1.01) in
multivariable analysis.

BIAS, CONFOUNDING FACTORS: Limitations of this post
hoc analysis include the relatively small number of
clinical trials with FACT questionnaires, older data, the
heterogenous patient population, missing values, and
multiple testing.

REAL-LIFE IMPLICATIONS: Our findings that HRQOL
scores were associated with survival underscore the
need to routinely incorporate HRQOL assessments in
clinical trials and consider using them as stratification
factors. Interventions to improve HRQOL in patients
with cancer, such as specialist palliative care, may also
play a role in improving treatment outcomes, and this
needs to be further tested.
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abstract

PURPOSE Health-related quality of life (HRQOL) is an established prognostic factor for mortality; however, it is
unclear if HRQOL is predictive of time to disease progression, a particularly meaningful outcome for patients. We
examined the association between HRQOL and progression-free survival (PFS) in SWOG Cancer Research
Network clinical trials.

METHODS For this secondary analysis, we reviewed all completed SWOG clinical trials to identify those for
patients with advanced cancer that incorporated Functional Assessment of Cancer Therapy (FACT) ques-
tionnaires at baseline. FACT-Trial Outcome Index (FACT-TOI) was the primary independent variable. Asso-
ciations between FACT-TOI and other FACT subscores with PFS and overall survival were evaluated via log-rank
test and multivariable Cox regression analysis.

RESULTS Three clinical trials met our inclusion criteria: S0027 and S9509 for advanced non–small-cell lung
cancer and S0421 for hormone-refractory prostate cancer. Of the 1,527 enrolled patients, 1,295 (85%) had
both HRQOL and survival outcomes data available and were included in this analysis. In univariable analysis, we
observed a statistically significant gradient effect in all three trials, with higher baseline FACT-TOI scores
corresponding to better PFS (S0027, P, .001; S9509,P5 .02; and S0421, P, .001). Inmultivariable analysis,
FACT-TOI was significantly associated with PFS in S0027 (hazard ratio [HR]5 0.64; 95% CI, 0.42 to 1.00) but
not in S9509 (HR 5 0.77; 95% CI, 0.56 to 1.05) or S042 (HR 5 0.86; 95% CI, 0.73 to 1.01). FACT-TOI was
significantly associated with overall survival in multivariable analysis (P , .005 in all three trials).

CONCLUSION The association between baseline FACT-TOI scores and survival underscores their potential as a
stratification factor in clinical trials.

JCO Oncol Pract 18:e442-e451. © 2021 by American Society of Clinical Oncology

INTRODUCTION

In the era of patient-centered care, patient-reported
outcomes are essential for systematic screening,
documenting and monitoring symptom burden, psy-
chologic distress, satisfaction with care, and quality of
care from the patients’ perspective.1 One of the most
commonly assessed patient-reported outcomes in the
oncology setting is health-related quality of life
(HRQOL), which typically encompasses physical,
emotional, social, functional, and spiritual well-being.2

HRQOL is increasingly being incorporated into both
cancer treatment and supportive care clinical trials
and represents an important study outcome.3-6

HRQOL at baseline has been consistently found to be
an independent prognostic indicator for overall survival

(OS).7,8 A number of studies have also reported that
patients’ baseline HRQOL was associated with greater
treatment response and less toxicity.9-13 However, only
a handful of studies have examined the association
between baseline HRQOL and progression-free sur-
vival (PFS).12,14-16 PFS is not only a surrogate end point
for OS but also represents an important outcome on its
own because it indicates the duration of disease re-
sponse or stabilization, which is dependent on tumor
biology, treatment efficacy, and patients’ ability to
remain on treatment while tolerating the adverse ef-
fects at therapeutic doses.17 For patients living with
advanced cancer, PFS is a particularly meaningful
outcome because it represents the period of time in
which symptoms are generally well-controlled, quality
of life (QOL) is relatively maintained, and the existential
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threat of cancer progression is delayed.18 For individuals
with progressive advanced cancer who were well enough to
consider a new line of treatment, baseline HRQOL may be
helpful as a prognostic factor as the patient and oncology
clinicians undertake treatment decision making.

Confirming the association between baseline HRQOL and
PFS would (1) allow the use of the HRQOL score to indicate
to both the patient and clinician whether a given patient
might expect better outcomes and (2) provide more evi-
dence to support the need to improve HRQOL in con-
junction with initiating cancer treatments. A 2013 report by
the Agency for Healthcare Research and Quality concluded
that there was insufficient evidence to make any conclusion
about the association between PFS and QOL and that
further research is necessary.18 SWOG Cancer Research
Network has completed several cancer treatment clinical
trials that incorporated HRQOL as baseline measure. In this
secondary analysis, we examined the association between
baseline HRQOL and PFS in SWOG clinical trials involving
patients with advanced cancer.19-21 We also examined the
association between HRQOL and OS and selected grade 3
and 4 adverse events. We hypothesize that higher baseline
HRQOL is associated with longer PFS, longer OS, and fewer
grade 3 and 4 adverse effects.

METHODS

Design

This secondary analysis was designed to examine the
association between HRQOL and PFS. We included all
SWOG clinical trials that tested systemic cancer thera-
peutics in the palliative setting and included the Functional
Assessment of Cancer Therapy (FACT) questionnaire at
baseline. Studies that did not complete accrual were ex-
cluded. This proposal was approved by the SWOG Palliative
and End of Life Care Committee. All participants provided
signed informed consent.

Three clinical trials met the above criteria and were in-
cluded in this analysis: S0027,20 S9509,19 and S0421.21

S0027 was a phase II trial that examined first-line treatment
with vinorelbine and docetaxel in patients with advanced
non–small-cell lung cancer.20 S9509 was a phase III
randomized trial that compared first-line treatment with
paclitaxel plus carboplatin versus vinorelbine plus cisplatin
in patients with advanced non–small-cell lung cancer.19

S0421 was a phase III randomized trial that compared
docetaxel with either atrasentan or placebo in patients with
advanced castration-resistant prostate cancer.21

HRQOL Measures

FACT-General (FACT-G) is a psychometrically derived and
extensively validated questionnaire commonly used in
oncology clinical trials to assess HRQOL.22 It consists of 27
questions assessing the physical (seven questions), emo-
tional (six questions), social (seven questions), and func-
tional domains (seven questions). In addition to the core

domains, tumor-specific domains have been developed.
The FACT-Lung Cancer Symptom (LCS) Index includes
seven additional questions related to lung cancer, and the
FACT-Prostate Cancer Symptom (PCS) Index includes 12
more questions on prostate cancer.23,24 Each question was
assessed using a 5-point Likert scale from not at all (0
points) to very much (4 points). A total FACT-G score is
calculated from the sum of physical (0-28 points), emo-
tional (0-24 points), social or family (0-28 points), and
functional domains (0-28 points).

The total FACT-Lung score is represented by the sum of
FACT-G and LCS, and the FACT-Prostate (FACT-P) total
possible score is based on the sum of FACT-G score and
PCS. In addition, Trial Outcome Index (TOI) is the summed
total of three subscores that are most likely to change during
cancer treatment: Physical, Functional, and Cancer-specific
subscales (TOI-L 5 physical 1 functional 1 LCS 5 0-84
points; TOI-P 5 physical 1 functional 1 PCS 5 0-104
points). A higher score indicates better HRQOL. Both FACT-
Lung and FACT-P have been found to be responsive to
change.24,25

Covariates

Baseline demographics data included age, sex, race,
height, and weight. Other variables included cancer stage
(III v IV) and Zubrod performance status.

Outcomes

PFS was defined as the interval between date of trial
registration and date of disease progression or death.19,20

Disease progression was defined a priori by the study
protocols. For the lung cancer trials (S0027 and S9509),
progression was based on radiologic and/or clinical
deterioration.19,20 For the prostate cancer trial (S0421),
progression was based on soft tissue, bone disease, or
symptomatic pain criteria.21 OS was calculated as time from
enrollment to death. For all time-to-event outcomes, cen-
soring occurred at the date of last contact.

The Common Terminology Criteria for Adverse Events
(CTCAE, version 2.0 in lung cancer trials and version 3.0 in
prostate cancer trial) was used to document the adverse
effects. For this secondary analysis, we examined selected
hematologic (anemia, neutropenia, and thrombocytopenia)
and nonhematologic adverse effects (nausea, vomiting,
fatigue, sensory neuropathy, andmotor neuropathy). These
adverse effects were chosen because of their relative fre-
quency and clinical relevance.

Statistical Analysis

For this secondary analysis, TOI was defined a priori to be
the main independent variable. To facilitate comparison
among the clinical trials, TOI scores were standardized to
0-100 by dividing the scores with the total score.26 Data from
each clinical trial were analyzed separately because the
patient populations (lung and prostate), study treatments,
and TOI calculation differed. We plotted Kaplan-Meier
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survival curves by TOI divided into quartile groups to assess
if there was a gradient. Multivariable Cox regression
analysis was conducted to examine the association be-
tween TOI and PFS, adjusted for age, sex (except for
prostate cancer trial S0421), disease stage, performance
status, race (non-Hispanic White v Others), body mass
index, study treatment assignment, and stratification fac-
tors (S9509: lactate dehydrogenase. upper limit of normal
and weight loss . 5%; S0421: prior progression on the
basis of measurable or nonmeasurable disease versus
prostate-specific antigen only, use of bisphosphonates,
worst pain by Brief Pain Inventory $ 4/10, and any
extraskeletal metastases). In addition to TOI, we repeated
this analysis for each FACT subscore (physical, emotional,
social, and functional) and total FACT-G scores where
available (FACT emotional, social, and total scores were not
collected for S0027). Because of the lack of well-
established cutoffs to define prognostic categories for
FACT scores in the literature, the median was used as a
cutoff in multivariable analysis. We also repeated the above
analyses with OS as the dependent variable. Multivariable
logistic regression was used to examine the association

TABLE 1. Baseline Demographics and Outcomes

Characteristic
S0027

(n 5 111)b
S9509

(n 5 219)b
S0421

(n 5 965)b

Age, median (range),
years

74 (44-87) 62 (32-83) 69 (40-91)

Age group, No. (%)

, 49 1 (1) 27 (12) 23 (2)

50-59 5 (5) 60 (27) 144 (15)

60-69 8 (7) 93 (42) 340 (35)

70-79 78 (70) 36 (16) 351 (36)

$ 80 19 (17) 3 (1) 107 (11)

Sex, No. (%)

Male 61 (55) 148 (68) 965 (100)

Female 50 (45) 71 (32) 0 (0)

Race or ethnicity, No. (%)

White (non-
Hispanic)

96 (86) 171 (78) 752 (78)

Black (non-
Hispanic)

14 (13) 34 (16) 137 (14)

Hispanic 1 (1) 6 (3) 39 (4)

Asian or Pacific
Islander

0 (0) 6 (3) 20 (2)

American Indian or
Alaska Native

0 (0) 2 (1) 0 (0)

Multiracial or
Others

0 (0) 0 (0) 17 (2)

Cancer diagnosis, No. (%)

NSCLC 111 (100) 219 (100) 0 (0)

Prostate 0 (0) 0 (0) 965 (100)

Stage, No. (%)

IIIB or limited 13 (12) 11 (5) 11 (1)

IV or extensive 98 (88) 204 (95) 951 (99)

Unknown 4 3

Zubrod performance status, No. (%)

0 21 (19) 78 (36) 417 (43)

1 50 (45) 136 (63) 472 (49)

2-4 40 (36) 3 (1) 73 (8)

Unknown 0 2 3

BMI,a No. (%)

, 18.5 7 (6) 11 (5) 10 (1)

18.5-24.9 44 (40) 94 (43) 157 (17)

25.0-29.9 36 (32) 68 (31) 292 (31)

$ 30.0 24 (22) 45 (21) 485 (51)

Missing 0 1 21

Baseline FACT scores, mean (SD)

TOI 54.5 (13.6) 53.9 (14.7) 67.6 (17.6)

TOI (% of total) 64.9 (16.2) 64.2 (17.5) 65.0 (16.9)

Physical subscore 21.4 (4.8) 20.5 (5.6) 20.9 (5.4)

Emotional subscore 16.2 (4.9) 17.2 (4.4)

Social subscore 22.7 (6.7) 22.1 (4.8)

Functional
subscore

15.5 (6.2) 16.3 (7.0) 17.3 (6.3)

Hope item 0.5 (0.9) 0.7 (0.9)

Total FACT 75.6 (15.8) 77.5 (16.0)

(continued in next column)

TABLE 1. Baseline Demographics and Outcomes (continued)

Characteristic
S0027

(n 5 111)b
S9509

(n 5 219)b
S0421

(n 5 965)b

PFS, months

Median (95% CI) 3.5 (2.4 to 4.7) 4.1 (3.3 to 4.9) 8.4 (8.2 to 9.0)

25% (95% CI) 1.9 (1.6 to 2.0) 1.7 (1.4 to 1.8) 3.9 (3.5 to 4.4)

75% (95% CI) 6.1 (5.1 to 7.7) 7.5 (6.4 to 8.8) 13.8 (12.2 to 15.3)

OS, months

Median (95% CI) 7.1 (5.5 to 9.0) 8.4 (6.6 to 10.2) 17.7 (16.8 to 19.4)

25% (95% CI) 3.3 (2.6 to 4.3) 3.7 (3.0 to 4.7) 10.7 (10.3 to 11.7)

75% (95% CI) 12.9 (11.2 to 16.5) 17.9 (14.4 to 20.3) 32.8 (30.7 to 34.8)

Grade 3 or higher toxicities, No. (%)

Hematologic 40 (36) 150 (69) 353 (37)

Anemia 5 (5) 37 (17) 90 (9)

Neutropenia 37 (33) 140 (65) 297 (31)

Thrombocytopenia 0 (0) 14 (6) 15 (2)

Selected
nonhematologic

33 (30) 66 (31) 71 (7)

Sensory
neuropathy

1 (1) 20 (9) 24 (3)

Motor neuropathy 8 (7) 18 (8) 17 (2)

Fatigue or malaise 24 (22) 21 (10) 0 (0)

Nausea and/or
vomiting

6 (5) 29 (13) 34 (4)

Abbreviations: BMI, body mass index; FACT, Functional
Assessment of Cancer Therapy; NSCLC, non–small-cell lung cancer;
OS, overall survival; PFS, progression-free survival; SD, standard
deviation; TOI, Trial Outcome Index.

aHeight was not collected on S0421 and was calculated from body
surface area and weight. Calculated height was used in BMI calculation.

bData are given as No. and percentage of participants unless
otherwise noted.
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between FACT scores and incidence of any grade
31 adverse effects, adjusting for the same covariates.

For our primary analysis of PFS, a P value of , .05 was
considered to be statistically significant. All remaining
analyses were considered to be hypothesis-generating in
nature, and no corrections were made for multiple com-
parisons. The statistical program (SAS 9.4; SAS Institute
Inc, Cary, NC) was used for computation.

RESULTS

Clinical Trials Included

This analysis included data from 1,295 patients who par-
ticipated in three clinical trials. Specifically, 111 of 125 (89%)
patients in S0027, 219 of 408 (54%) patients in S9509, and
965 of 994 (97%) patients in S0421 had both baseline
HRQOL and outcomes data available and were included in
this analysis. The patient characteristics are summarized in
Table 1. Among the 1,295 patients included, the median
age was 69 years (range 32-91 years), 1,174 (91%) were
male, 1,019 (79%) were White, 1,253 (97%) had metastatic
cancer, and 1,174 (91%) had performance status 0-1.

Treatment outcomes including PFS, OS, and adverse
events are shown in Table 1. The median OS was
7.1 months (95% CI, 5.5 to 9.0 months) for S0027,
8.4 months (95% CI, 6.6 to 10.2 months) for S9509, and
17.7 months (95% CI, 16.8 to 19.4 months) for S0421.

Association Between FACT Scores and PFS

Figures 1A-1C show the association between TOI quartiles
and PFS. We observed a statistically significant gradient
effect in all three trials, with higher baseline TOI scores
corresponding to better PFS (S0027, P , .001; S9509,
P 5 .02; and S0421, P , .001).

In multivariable analysis (Table 2), TOI was significantly
associated with PFS in S0027 (hazard ratio [HR] 5 0.64;
95% CI, 0.42 to 1.00) although it did not reach statistical
significance for S9509 (HR 5 0.77; 95% CI, 0.56 to 1.05)
and S0421 (HR 5 0.86; 95% CI, 0.73 to 1.01). Higher
functional subscore values were significantly associated
with longer PFS in S9509 (HR 5 0.69; 95% CI, 0.50 to
0.96) and S0421 (HR 5 0.83; 95% CI, 0.72 to 0.96).

Association Between FACT Scores and OS

The association between TOI and OS was consistent in all
three clinical trials, with a gradient effect observed in
Kaplan-Meier analyses (Figs 1D-1F), which remained
statistically significant in multivariable analysis (S0027:
HR5 0.51; 95% CI, 0.33 to 0.80; S9509: HR5 0.58; 95%
CI, 0.42 to 0.81; S0421: HR5 0.68; 95% CI, 0.57 to 0.81).
FACT physical and functional subscores were also signif-
icantly associated with OS in all three trials.

Association Between FACT Scores and Adverse Events

As shown in Appendix Table A1 (online only), patients with
higher TOI scores were less likely to develop nausea and

vomiting in S9509 (odds ratio [OR]5 0.25; 95% CI, 0.09 to
0.71) and S0421 (OR 5 0.34; 95% CI, 0.14 to 0.88). No
consistent association was found for other grade
31 hematologic and nonhematologic adverse events.

DISCUSSION

In this secondary analysis of three SWOG clinical trials in
patients with advanced lung and prostate cancer, we found
that TOI was associated with better survival outcomes. In
multivariable analysis adjusting for various prognostic
factors, TOI was significantly associated with OS in all three
trials although it was less consistent with PFS. We also
found that higher HRQOL scores were associated with a
lower likelihood of developing severe nausea and vomiting
during treatment. Taken together, our findings highlight the
potential prognostic role of HRQOL in patients undergoing
cancer treatments.

Consistent with our hypothesis, we found that higher
baseline TOI scores were associated with longer PFS. The
gradient effect across all three studies supports the finding
that TOI may be predictive of treatment outcomes. Con-
ceptually, patients who reported better HRQOL at baseline
may also have lower disease burden, fewer comorbidities,
lower physical symptoms, higher function, and longer
survival compared with patients with poorer HRQOL, which
may allow them to better tolerate cancer treatments at
therapeutic doses and stay on study longer, contributing to
longer PFS. In this context, HRQOL could represent a
marker for residual differences in disease stage or prog-
nosis, even in a well-characterized and homogeneous
clinical trial cohort. Indeed, a study examining 1,214 pa-
tients on 18 supportive care studies reported that higher
baseline symptom burden was associated with greater risk
of attrition.27 However, after adjusting for other variables
such as demographics, performance status, and treatment
assignment, the association was weakened and only
remained statistically significant in one of the three trials.
Interestingly, the FACT functional subscore, one of the
three TOI domains, was independently associated with PFS
in multivariable analysis; by contrast, no consistent asso-
ciation was observed with emotional and social subscores.
Further studies are needed to examine the predictive role of
functional subscore.

Our findings are consistent with a handful of studies in-
vestigating the relationship between HRQOL and PFS. In
the National Cancer Institute of Canada OV10 study, the
investigators found that European Organization for Re-
search and Treatment of Cancer Quality of Life Question-
naire (EORTC QLQ-C30) global QOL score was associated
with PFS (HR 5 0.90; 95% CI, 0.84 to 0.96) and this was
independent of performance status in patients with ovarian
cancer.14 In another randomized trial comparing first-line
sunitinib and interferon a in 750 patients with metastatic
renal cell carcinoma, Cella et al15 found that baseline FACT-
G scores were associated with longer PFS (HR 5 0.93;
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FIG 1. Gradient relationship between FACT-TOI and survival. We found a significant association between FACT-TOI scores and PFS in (A) S0027,
(B) S9509, and (C) S0421. We also found a significant association between FACT-TOI scores and OS in (D) S0027, (E) S9509, and (F) S0421. We
observed gradient effect in which better FACT-TOI scores corresponded to longer survival. FACT-TOI, Functional Assessment of Cancer Therapy
Trial Outcome Index; OS, overall survival; PFS, progression-free survival.
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95% CI, 0.89 to 0.91 per 5-point change) in multivariable
analysis. Similarly, in another study of 51 patients with
metastatic renal cell carcinoma, baseline HRQOL assessed
by EORTC QLQ-C30 was associated with treatment re-
sponse and PFS (11 months v 5.9 months, P 5 .002) in
univariate analysis.12 More recently, Beer et al16 reported
that both baseline and changes in PFS were significantly
associated with FACT-P in the AFFIRM and PREVAIL trials.

In addition to PFS, we found that FACT TOI and physical
and functional subscores were significantly associated with
OS, suggesting that pretreatment HRQOL is a good prog-
nostic indicator. This finding has been well-documented in
other oncology clinical trials.26,28,29 In a study that included
7,417 patients with various solid tumors from 30 ran-
domized clinical trials, baseline EORTC QLQ-C30 scores
were associated with OS after adjusting for age, sex, per-
formance status, and distant metastasis.8,30

We did not find an association between FACT scores and
adverse effects other than nausea. Specifically, patients
with higher baseline HRQOL were less likely to report grade
31 chemotherapy-induced nausea and vomiting (CINV).
This observation may be explained in part by better
functional reserve and lower risk of hospitalization, al-
though other confounders such as anxiety, comorbidities,
or other risk factors for nausea may also be contributory. A
previous study of patients with advanced breast cancer
found that lower physical well-being was associated with
higher risk of nonhematologic grade 3 or 4 toxicity during
the first four cycles of chemotherapy (OR 3.3; 95% CI, 1.5
to 7.2). However, physical well-being was assessed on the
basis of a single linear analog scale and CINV was not
specifically examined.13 It is unclear why adverse effects
other than CINV were not significantly different.

Confirmation of the association between HRQOL and
survival has important implications on cancer treatment
decisions, clinical trial design, and optimizing care out-
comes. The positive association between baseline HRQOL
and PFS would enable the use of the HRQOL score to
indicate to both the patient and clinician whether a given
patient might expect to be better or worse than the median
PFS and OS statistics. When the clinician, patient, and
family discuss expectations and goals of care, the HRQOL
score is a credible datum that might be particularly helpful
for those at the extremes of high HRQOL (quartile 4, expect
better outcomes) and low HRQOL (quartile 1, acknowledge
low likelihood of even an average or median outcome). This
ability of the HRQOL score to help set expectations is
present in all three studies, but particularly so in 0027,
which was the study of advanced lung cancer in persons
age $ 70 years. Indeed, previous studies have found that
patients with higher HRQOL score generally were more
likely to want chemotherapy, to see treatment as beneficial,
and to have a more optimistic outlook.31,32

In regard to trial design, our study adds to the growing
literature on the prognostic and potentially predictive utility
of baseline HRQOL data, raising the possibility that baseline
HRQOL could be used as a stratifying factor in addition to
other variables such as performance status. One challenge
to routine application is the lack of well-established cutoffs
for baseline TOI and many other HRQOL questionnaires.
Further studies are needed to establish these cutoffs. Fi-
nally, given the importance of baseline HRQOL, it is im-
portant to optimize symptom control for patients with
advanced cancer embarking on cancer therapeutics.
There is a large body of literature to support the role of
timely specialist palliative care referral and its impact on
HRQOL.33,34 Involvement of palliative care early in the
disease trajectory could help to optimize symptom control,
nutrition, and function.

This study has several limitations. First, we were only able to
include three clinical trials becausemany other SWOG trials
either did not examine HRQOL at baseline or use other

TABLE 2. Multivariable Cox Regression Analyses to Examine the Association
Between FACT Scores, PFS, and OSa

pcIndependent
Variable

PFS OS

HR (95% CI) P HR (95% CI) P

S0027b

TOI 0.64 (0.42 to 1.00) .048 0.51 (0.33 to 0.80) .004

Physical subscore 0.81 (0.53 to 1.24) .34 0.73 (0.48 to 1.10) .14

Functional
subscore

0.68 (0.45 to 1.04) .07 0.52 (0.34 to 0.79) .002

S9509

TOI 0.77 (0.56 to 1.05) .10 0.58 (0.42 to 0.81) .001

Physical subscore 0.74 (0.54 to 1.01) .06 0.66 (0.47 to 0.92) .01

Emotional
subscore

0.78 (0.58 to 1.05) .10 0.73 (0.54 to 0.99) .04

Social subscore 1.04 (0.78 to 1.40) .78 0.92 (0.68 to 1.23) .57

Functional
subscore

0.69 (0.50 to 0.96) .03 0.52 (0.37 to 0.73) < .001

Total FACT-G 0.80 (0.58 to 1.09) .16 0.59 (0.43 to 0.82) .002

S0421

TOI 0.86 (0.73 to 1.01) .07 0.68 (0.57 to 0.81) < .001

Physical subscore 0.79 (0.67 to 0.93) .004 0.69 (0.58 to 0.82) < .001

Emotional
subscore

0.98 (0.85 to 1.13) .75 1.02 (0.88 to 1.18) .81

Social subscore 1.06 (0.93 to 1.22) .39 0.98 (0.85 to 1.13) .76

Functional
subscore

0.83 (0.72 to 0.96) .01 0.77 (0.66 to 0.90) .001

Total FACT-G 0.87 (0.74 to 1.01) .07 0.83 (0.71 to 0.98) .03

NOTE. Statistically significant values highlighted in bold.
Abbreviations: FACT-G, Functional Assessment of Cancer Therapy-General; HR,

hazard ratio; OS, overall survival; PFS, progression-free survival; TOI, Trial Outcome
Index.

aAdjusted for age, stage, performance status, race (non-Hispanic White v
Others), body mass index, and other stratification factors (if any), and where
applicable, also adjusted for sex and study treatment assignment.

bThis clinical trial only assessed physical subscore, functional subscore, and lung
cancer subscale. Thus, total FACT-G, emotional subscore, social subscore, and
hope items were not available.
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HRQOL measures. These trials were conducted between
2001 and 2013 andmay not reflect contemporary practice.
Second, the patient population was heterogeneous with
cancer diagnosis and survival; however, we analyzed the
three trials separately and the direction of association was
consistent. Third, HRQOL was missing in a large proportion
of patients in S9509, whichmay contribute to selection bias
if sicker patients were less likely to complete the question-
naires. Fourth, we conducted multiple exploratory analyses,
which may contribute to false positives because of multiple
testing. This, coupled with the post hoc analysis, means that
our findings should be considered as hypothesis-generating
only. Fifth, there were limitations in adverse event analysis.
Because we only focused on grade 31 toxicities and these
events were relatively rare, this study may not have adequate

power to assess these events. Moreover, we were only able to
assess adverse effects with older versions of CTCAE on the
basis of clinician assessment, which may be less sensitive
than patient-reported outcomes.35 Indeed, a patient-reported
version of CTCAE has been developed and validated, which
has been found to be associated with HRQOL.36

In summary, our findings underscore the prognostic and
predictive utility of HRQOL assessment, with potential
applications on cancer treatment decisions, clinical trial
design, and optimizing care outcomes. Only three SWOG
clinical trials have included FACT questionnaires at
baseline, highlighting the need for HRQOL assessment to
be more universally and more uniformly incorporated into
contemporary oncology trials.
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APPENDIX

TABLE A1. Association Between FACT Scores and Grade 3 or Higher Adverse Eventsa

Baseline Score

AE

Anemia Neutropenia Thrombocytopenia Sensory Neuropathy Motor Neuropathy Fatigue Nausea and Vomiting

Adjusted OR (95% CI) P Adjusted OR (95% CI) P Adjusted OR (95% CI) P Adjusted OR (95% CI) P Adjusted OR (95% CI) P Adjusted OR (95% CI) P Adjusted OR (95% CI) P

S0027

TOI 5.43 (0.45 to 65.5) .183 0.93 (0.38 to 2.26) .872 1.18 (0.21 to 6.80) .850 0.73 (0.27 to 1.97) .532 0.36 (0.05 to 2.64) .315

Physical subscore 3.02 (0.30 to 30.0) .345 1.16 (0.48 to 2.81) .745 2.42 (0.38 to 15.4) .350 1.16 (0.43 to 3.16) .767 0.51 (0.06 to 4.08) .529

Functional subscore 3.78 (0.31 to 46.5) .299 1.09 (0.45 to 2.63) .851 0.35 (0.05 to 2.31) .277 0.77 (0.29 to 2.07) .602 0.33 (0.05 to 2.44) .280

S9509

TOI 1.25 (0.57 to 2.72) .577 0.67 (0.35 to 1.31) .244 0.48 (0.13 to 1.72) .258 0.65 (0.18 to 2.29) .502 0.27 (0.08 to 0.96) .043 0.97 (0.35 to 2.69) .959 0.25 (0.09 to 0.71) .009

Physical subscore 1.21 (0.54 to 2.67) .643 0.80 (0.41 to 1.56) .509 0.46 (0.12 to 1.75) .257 0.56 (0.16 to 1.93) .357 0.70 (0.22 to 2.21) .542 0.95 (0.34 to 2.64) .917 0.58 (0.23 to 1.48) .253

Emotional subscore 2.93 (1.22 to 7.03) .016 1.52 (0.80 to 2.88) .199 1.25 (0.37 to 4.21) .720 0.33 (0.09 to 1.28) .109 0.74 (0.26 to 2.13) .576 0.53 (0.20 to 1.43) .209 0.49 (0.20 to 1.20) .121

Social subscore 0.41 (0.19 to 0.89) .025 1.32 (0.70 to 2.48) .395 0.30 (0.08 to 1.20) .090 0.67 (0.19 to 2.37) .531 0.89 (0.30 to 2.66) .831 0.99 (0.37 to 2.65) .990 2.20 (0.87 to 5.57) .095

Functional subscore 1.39 (0.62 to 3.11) .427 1.01 (0.52 to 1.96) .974 0.97 (0.27 to 3.54) .969 1.09 (0.31 to 3.90) .892 0.55 (0.17 to 1.75) .308 1.07 (0.39 to 2.96) .895 0.20 (0.07 to 0.61) .005

Hope item 1.84 (0.81 to 4.16) .145 1.04 (0.50 to 2.13) .925 4.41 (1.33 to 14.6) .015 1.83 (0.46 to 7.31) .391 2.53 (0.84 to 7.56) .098 2.13 (0.76 to 5.98) .151 1.58 (0.61 to 4.12) .346

Total FACT-G 0.74 (0.34 to 1.63) .460 0.95 (0.49 to 1.84) .875 0.58 (0.15 to 2.17) .417 0.53 (0.13 to 2.17) .376 0.62 (0.19 to 2.05) .432 0.86 (0.31 to 2.36) .763 0.23 (0.08 to 0.66) .006

S0421

TOI 0.94 (0.55 to 1.60) .807 1.04 (0.74 to 1.45) .829 0.94 (0.26 to 3.38) .920 0.63 (0.23 to 1.72) .363 0.96 (0.30 to 3.07) .945 0.91 (0.57 to 1.46) .700 0.34 (0.14 to 0.88) .025

Physical subscore 1.18 (0.69 to 2.03) .539 1.03 (0.74 to 1.44) .857 1.90 (0.52 to 6.94) .334 0.76 (0.28 to 2.07) .591 1.34 (0.41 to 4.39) .625 0.91 (0.57 to 1.46) .700 0.47 (0.19 to 1.14) .094

Emotional subscore 1.43 (0.89 to 2.31) .142 1.19 (0.89 to 1.60) .240 3.01 (0.86 to 10.5) .084 1.51 (0.61 to 3.75) .370 0.87 (0.31 to 2.42) .785 0.91 (0.57 to 1.46) .693 0.80 (0.38 to 1.68) .552

Social subscore 0.96 (0.61 to 1.52) .866 1.17 (0.88 to 1.56) .279 0.93 (0.33 to 2.68) .898 1.35 (0.56 to 3.24) .508 0.84 (0.31 to 2.26) .725 0.84 (0.55 to 1.27) .403 1.38 (0.67 to 2.85) .378

Functional subscore 0.88 (0.53 to 1.44) .605 1.28 (0.94 to 1.75) .120 1.36 (0.41 to 4.55) .619 1.02 (0.40 to 2.58) .970 0.50 (0.17 to 1.49) .212 0.93 (0.62 to 1.39) .719 0.91 (0.41 to 2.02) .808

Hope item 0.64 (0.39 to 1.05) .077 1.01 (0.75 to 1.36) .946 0.99 (0.32 to 3.05) .986 0.57 (0.22 to 1.45) .238 1.01 (0.37 to 2.81) .980 0.87 (0.56 to 1.35) .540 1.26 (0.61 to 2.61) .525

Total FACT-G 1.27 (0.76 to 2.11) .360 1.06 (0.78 to 1.45) .707 3.10 (0.86 to 11.1) .083 0.63 (0.24 to 1.63) .336 0.83 (0.28 to 2.46) .734 1.01 (0.66 to 1.52) .979 0.93 (0.42 to 2.08) .863

NOTE. Statistically significant values were highlighted in bold.
Abbreviations: AE, adverse event; FACT-G, Functional Assessment of Cancer Therapy-General; OR, odds ratio; TOI, Trial Outcome Index.
aAdjusted for age, stage, performance status, race (non-Hispanic White vOthers), body mass index, and other stratification factors (if any), and where applicable, also adjusted for sex and study treatment

assignment.
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