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Abstract: Background: Our purpose was to evaluate associations between health-related quality
of life (HRQoL) and overall survival (OS) in a population-based sample of kidney cancer (KC)
patients in the US. Methods: We analyzed a longitudinal cohort (n = 188) using the Surveillance,
Epidemiology, and End Results (SEER) database linked with the Medicare Health Outcomes Survey
(MHOS; 1998-2014). We included KC patients aged >65 years, with a completed MHOS during
baseline (pre-diagnosis) and another during follow-up (post-diagnosis). We reported HRQoL as
physical component summary (PCS) and mental component summary (MCS) scores and OS as
number of months from diagnosis to death/end-of-follow-up. Findings were reported as adjusted
hazard ratios (aHRs (95% CI)) from Cox Proportional Hazard models. Results: The aHRs associated
with a 3-point lower average (baseline and follow-up) or a 3-point within-patient decline (change) in
HRQoL with OS were: (a) baseline: PCS (1.08 (1.01-1.16)) and MCS (1.09 (1.01-1.18)); (b) follow-up:
PCS (1.21 (1.12-1.31)) and MCS (1.11 (1.04-1.19)); and (c) change: PCS (1.10 (1.02-1.18)) and MCS
(1.02 (0.95-1.10)). Conclusions: Reduced HRQoL was associated with worse OS and this association
was strongest for post-diagnosis PCS, followed by change in PCS and pre-diagnosis PCS. Findings
highlight the prognostic value of HRQoL on OS, emphasize the importance of monitoring PCS in
evaluating KC prognosis, and contribute additional evidence to support the implementation of
patient-reported outcomes in clinical settings.

Keywords: kidney cancer; health-related quality of life; overall survival; longitudinal; SEER-MHOS

1. Introduction

Health-related quality of life (HRQoL), a multidimensional concept representing indi-
viduals’ subjective assessment of overall wellbeing [1] is becoming a commonly measured
patient-reported outcome (PRO) in oncology clinical trials [2-5]. Additionally, there is a
growing interest in implementing PRO measures in routine clinical practices [3,6]. Research
in the United States (US), suggests that older kidney cancer patients experience poorer
physical HRQoL versus those without cancer, while there is no difference in their mental
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HRQoL [7-9]. Kidney cancer is commonly diagnosed in older individuals (>60 years) [10],
who also frequently present with several age-related comorbidities. This may result in
decreased functional ability, which not only affects HRQoL but also complicates healthcare
management [11].

In cancer patients, overall survival (OS) is shown to be associated with age at diagnosis,
cancer type and stage, treatments, comorbidities, disability, and sociodemographic fac-
tors [12,13]. In patients with kidney cancer, survival is improving [14-16], and researchers
have projected that kidney cancer will be managed as a chronic disease [17]. Thus, clini-
cians need more accurate ways to monitor disease prognosis and to manage patients’ needs,
with the ultimate goal of improving long-term survival. Therefore, research in oncology
has begun to evaluate the value of PROs, including HRQoL (a multidimensional concept
representing an individual’s subjective assessment of overall wellbeing), in predicting
clinical outcomes.

A review of the CheckMate-025 trial (nivolumab versus everolimus) revealed a pos-
itive correlation between baseline HRQoL and OS in previously treated patients with
advanced kidney cancer who received nivolumab [18]. Similarly, patients with fewer
symptoms [19-21] or better HRQoL [22,23] experienced longer progression-free survival
and OS. HRQoL has also been found to predict OS in patients with lung cancer, performing
better than a physician-rated performance status [24], and indicating the value of consid-
ering patients’ perspective in understanding cancer prognosis. Observational research in
patients with other cancer types (including lung and ovarian cancers) [13,25-27], and in a
general sample of older adults [28], has also demonstrated a positive association between
HRQoL and long-term survival.

Understanding the prognostic ability of HRQoL in predicting OS in kidney cancer
has been limited, given the heterogeneity across studies related to the timing of HRQoL
assessments. This study examined the association of HRQoL with overall survival in older
kidney cancer patients aged >65 in the US. We hypothesized that: (a) a lower average
HRQoL at baseline (pre-diagnosis) and follow-up (post-diagnosis) would be associated
with an increase in hazard of death; and (b) a greater reduction in HRQoL from baseline to
follow-up would be associated with an increase in hazard of death.

2. Methods
2.1. Data

This was a longitudinal, retrospective study (Supplementary Figure S1) using the
1998-2014 Surveillance, Epidemiology, and End Results (SEER) linked with Medicare
Health Outcomes Survey (MHOS) data. The SEER is a US-based cancer registry that cur-
rently covers ~34% of the population [29]. SEER-MHOS contain information about incident
cancer diagnosis, demographics, and date of death from the SEER and sociodemographic
factors, health problems, and PROs, including HRQoL from the MHOS. The MHOS is
a survey of 1000-1200 Medicare Advantage (MA) beneficiaries, who are randomly se-
lected each year from participating MA plans. They are invited to participate in a baseline
MHOS and the respondents are resurveyed after two years with follow-up MHOS. Detailed
information about SEER-MHOS is available elsewhere [30].

2.2. Study Population

We included patients with a primary diagnosis of kidney cancer (International Classi-
fication of Diseases for Oncology, Third Edition Code = C64.9) who had at least one survey
prior to (referred to as baseline or pre-diagnosis in this study, T0) and at least one survey
after diagnosis of kidney cancer (referred to as follow-up or post-diagnosis in this study,
T1). Among patients with >1 survey, the most recent pre-diagnosis survey was selected
as their baseline while the latest survey post-diagnosis was included as their follow-up
survey. Patients with a missing date of diagnosis of kidney cancer or those aged <65 years
during the month of diagnosis were excluded.
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2.3. Study Measures

OS, the outcome, was measured as the number of months from the diagnosis of kidney
cancer until death (all cause) or the end of the follow-up. Patients alive at the end of their
follow-up were censored.

HRQoL was measured using Short Form-36 (SF36, 1998-2005) or Veterans RAND
12-item (VR12, 2006 onwards) health surveys, depending on the MHOS cohort. HRQoL
was measured at pre-diagnosis, post-diagnosis, and as a change from pre-diagnosis to
post-diagnosis of kidney cancer. These surveys are comparable and measure the same eight
scales of HRQoL (physical functioning, role-physical, bodily pain, general health, mental
health, role-emotional, social functioning, and vitality) [31]. These instruments provide two
summary scores: physical component summary (PCS) and mental component summary
(MCS), representing physical and mental health, respectively. The values for PCS, MCS,
and eight scales range from 0 to 100 where a higher score indicates better HRQoL. For these
scores, a 3-point difference represents a minimal clinically important difference (MCID),
which is defined as the smallest difference/change in a measure that would be considered
a clinically meaningful difference to patients [32,33]. Another measure of HRQoL used in
this study was health utility (HU) that represents the “value assigned to different health
states,” [1], estimated using published algorithms [34]. The HU scores range from 0.29 to
1, where a score of 1 indicates “full health”, and a difference of 0.03 points represents the
MCID [35].

Several cancer sites, including kidney cancer, have been shown to be associated with re-
ductions in HRQoL scales [8,9], which are associated with OS in lung cancer patients [25,26].
Therefore, in this study, PCS/MCS were the two main exposures of interest while secondary
exposures of interest included the eight scales and HU scores.

Covariates The covariates considered for multivariable analyses in this study included
sociodemographic characteristics, comorbidities, kidney cancer-related factors, duration be-
tween the pre-diagnosis survey and kidney cancer diagnosis (T0 models), and/or duration
between diagnosis and the post-diagnosis survey (T1 and change models). Covariates that
were common across T0, T1, and change (T1-T0) multivariable models were gender, race,
age at diagnosis, stage at diagnosis, tumor grade, type of initial treatment, and geographic
location during kidney cancer diagnosis. Following covariates could vary with time, so
they were measured at pre-diagnosis (for TO models) and at post-diagnosis (for T1 and
change models) separately: education status, marital status, annual household income,
smoking status, and the number of self-reported comorbidities. The number of months
between the pre-diagnosis survey and kidney cancer diagnosis (“Months_T0_Dx") was
included as an additional covariate in T0O models. Similarly, the number of months between
kidney cancer diagnosis and the post-diagnosis survey (“Months_Dx_T1”) was included as
an additional covariate in T1 models. Lastly, both “Months_T0_Dx” and “Months_Dx_T1”
were included as additional covariates in the change models.

2.4. Statistical Analyses

We used Chi-square or Student’s ¢ tests to compare patient-level characteristics be-
tween patients who died during the study period vs. those who did not. The Kaplan-Meier
analysis was used to determine the median OS. Using separate multivariable Cox Propor-
tional Hazards models, adjusted associations between HRQoL (PCS, MCS, eight scales,
and HU at TO, T1, and as a change from TO to T1) and OS were determined, and the
covariate-adjusted hazard ratios (aHRs) and 95% confidence intervals were reported.

We also evaluated whether including HRQoL measure in these models provides
a prediction advantage for OS using likelihood ratio tests [36] for nested models and
computed generalized R-squared (R?) [37]. A statistically significant likelihood ratio test
indicates that a model with HRQoL better explains the outcome. Similarly, the higher the
generalized R? (range: 0-1), the stronger the association. We conducted these tests for PCS,
MCS, and HU models.
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Sensitivity Analyses

Because OS could be confounded by patients’ pre-diagnosis HRQoL, in sensitivity
analysis I (SA-I), we included pre-diagnosis HRQoL as an additional covariate in all T1
and change models. In sensitivity analysis II (SA-11), we determined if study findings were
sensitive to selection bias due to the selection of a healthier cohort in the main analyses as
patients were required to have both pre-diagnosis and post-diagnosis surveys. To do this,
we repeated all TO models from the main analyses on all older patients with kidney cancer
who had one pre-diagnosis survey regardless of whether or not they had a post-diagnosis
survey. In sensitivity analysis III (SA-III), we also repeated all T1 models from the main
analyses on all older KC patients who had one post-diagnosis survey regardless of whether
or not they had a pre-diagnosis survey.

3. Results

One hundred and eighty-eight (n = 188) patients with kidney cancer with a median
(interquartile range (IQR)) follow-up of 79 (54-120) months were included and analyzed in
this study (Figure 1). The average age at diagnosis of kidney cancer was 74.9 £ 5.5 years.
We noted 88 (47%) deaths with a median (IQR) OS of 107 (45-165) months (Table 1).

Total number of patients with primary diagnosis of kidney cancer
(“C649”) in the SEER-MHOS, 1998-2013 data:

N=2445
Number of kidney cancer patients Number of kidney cancer patients
who had at least one MHOS who had at least one MHOS
survey before diagnosis: survey after diagnosis:
N=1114 N=1529

Number of kidney cancer patients who had both, one MHOS survey
before diagnosis AND one MHOS survey after diagnosis:
N=198

Exclusions:

* Missing index
date

* Age <6Syears in
index month

Figure 1. Study sample selection.
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Table 1. Characteristics of patients with kidney cancer.

Group, 1 (col %) *

Total

Variables (1 = 188), 1 (col %) Survived Died p-Value
(n=99, 52.7%) (n =89, 47.3%)
Age at Diagnosis (Dx, years)
Mean =+ SD 749 £5.5 74.0 £ 4.8 759 £6.0 0.017
Median (IQR) 74.0 (71.0-79.0) 73.0 (71.0-78.0) 75.0 (72.0-80.0) 0.030 ¥
Male 101 (53.7) 51 (51.5) 50 (56.2) 0.522
White 136 (72.3) 67 (67.7) 69 (77.5) 0.132
Education 0.582
High school or lower 120 (63.8) 61 (61.6) 59 (66.3)
Some college or higher 65 (34.6) 37 (37.4) 28 (31.5)
Marital Status 0.433
Married 120 (63.8) 66 (66.7) 54 (60.7)
Non-married 64 (34.1) 32 (32.3) 32 (35.9)
Annual Household Income 0.164
<$30,000 80 (42.6) 36 (36.4) 44 (49.4)
>$30,000 54 (28.7) 30 (30.3) 24 (27.0)
Do not know or missing 54 (28.7) 33 (33.3) 21 (23.6)
Current Smoker 0.004
Yes 14 (7.5) <11 (<11.1) <11 (<11.1)
No 141 (75.0) 84 (84.8) 57 (64.1)
Do not know or missing 33 (17.5) <11 (<11.1) >12 (>13.5)
Geographic Region 0.014
West/Midwest 117 (62.2) 58 (58.6) 59 (66.3)
South 44 (23.4) 30 (30.3) 14 (15.7)
Northeast 27 (14.4) 11 (11.1) 16 (18.0)
Stage at Diagnosis <0.001
Localized 135 (71.8) 79 (79.8) 56 (62.9)
Regional 36 (19.2) 19 (19.2) 17 (19.1)
Distant 13 (6.9) - 13 (14.6)
Tumor Grade 0.018
I/11 100 (53.2) 62 (62.6) 38 (42.7)
r/1v 39 (20.7) 19 (19.2) 20 (22.5)
Unknown 49 (26.1) 18 (18.2) 31(34.8)
Treatment Type 0.159
Nephron sparing 63 (33.5) 32 (32.3) 31 (34.8)
Radical nephrectomy 122 (64.9) 67 (67.7) 55 (61.8)

Number of Comorbidities
Mean =+ SD 29+19 30+19 29+18 0.518
Median (IQR) 3.0 (2.0-4.0) 3.0 (2.0-4.0) 2.0 (1.0-4.0) 0.583 %
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Table 1. Cont.

Group, 1 (col %) *
Variabl Total * - - Value
ariables (1 = 188), 1 (col %) Survived Died 14
(n =99, 52.7%) (n =89, 47.3%)
Months between T0 Survey and Dx
Mean + SD 17.4 £ 18.0 17.6 £19.2 17.1 £ 16.7 0.850
Median (IQR) 13.9 (6.6-20.9) 11.7 (5.6-20.4) 15.1 (6.9-21.0) 0421%
Months between Dx and T1 Survey
Mean + SD 23.7 £ 26.6 29.1 £27.3 17.6 £ 24.7 0.003
Median (IQR) 15.4 (8.0-24.4) 18.4 (11.0-38.7) 10.9 (5.3-21.0) <0.001 ¥

Note: A few cell sizes have been suppressed to protect patient identity; ¥ proportions may not always add up to 100% due to missing values;
t based on Kruskal-Wallis test. Number of comorbidities was a summary variable to indicate total number of self-reported diagnoses of the
following conditions: hypertension, angina pectoris or coronary artery disease, congestive heart failure, myocardial infarction, other heart
conditions, stroke, emphysema or chronic obstructive pulmonary disease or asthma, ulcerative colitis or Crohn’s Disease or inflammatory
bowel disease, arthritis of the hip or knee, arthritis of the hand or wrist, sciatica, and diabetes.

3.1. Patient Characteristics

Patients who survived versus those who died had statistically significant differences
in baseline characteristics (Table 1). Surviving patients were 2 years younger at diagnosis
versus those who died (74.0 £ 4.8 vs. 75.9 £ 6.0, p = 0.017). A greater proportion of
surviving patients were nonsmokers (84.8% vs. 64.1%, p = 0.004). None of the surviving
patients were diagnosed with distant kidney cancer disease versus 14.6% of those who
died (p < 0.001).

Except in MCS, no differences in average baseline HRQoL measures between the
two groups were observed (Supplementary Table S1). Patients who survived reported
better average MCS versus those who died (54.8 £ 9.0 vs. 50.8 £ 11.4, p = 0.009). Average
post-diagnosis HRQoL in patients who survived was significantly better than those who
died and the difference in all measures exceeded MCIDs. The average within-person
change in HRQoL from pre-diagnosis to post-diagnosis between the two groups was
significantly different for PCS, HU, role-physical, and general health. Patients who died
had greater reductions in HRQoL (>MCIDs) from pre-diagnosis to post-diagnosis versus
those who survived.

3.2. Association between HRQoL and OS

During baseline, every measure of HRQoL, except the scales bodily pain, mental
health, and vitality, was significantly associated with OS. The aHRs ranged from 1.08 to
1.09, indicating that a 0.03-point lower average HU or 3-point lower average PCS/MCS
during pre-diagnosis was associated with an 8-9% increase in hazard of death.

During follow-up, every measure of HRQoL, except role-emotional scale, was signifi-
cantly associated with OS. The aHRs ranged from 1.11 to 1.21, which represents an 11-21%
increase in hazard of death.

Among all the measures indicating the change in patients” HRQoL from pre-diagnosis
to post-diagnosis, only changes in PCS and scales for physical functioning, social function-
ing, and vitality were significantly associated with OS. Their aHRs ranged from 1.07 to 1.10,
representing a 7-10% increase in hazard of death (Figure 2 and Supplementary Figure S2).
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A. TO B. T1 C.T1-TO
Health Utility I—01—b 8 I—OE! l——oms

PCS 1.98 1.21 1.1

VCS 1.0? 1.11 HOHZ

0.8 1.0 1.2 0.8 1.0 1.2 0.8 1.0 1.2
Adjusted Hazard Ratio (95% CI) at MCID of HRQoL

Figure 2. Adjusted hazard ratios (95% CI) representing the association between HRQoL (at MCID) and OS in patients with
kidney cancer—main analyses. PCS—physical component summary; MCS—mental component summary. (A) Hazard ratios
represent the association between baseline HRQoL (0.03-point or 3-point reduction) and overall survival adjusted for gender,
race, education (T0), marital status (T0), annual household income (T0), smoking status (T0), geographic region, number of
comorbid conditions (T0), age at diagnosis, stage of kidney cancer at diagnosis, tumor grade, treatment type, and months
between the TO survey and kidney cancer diagnosis. (B) Hazard ratios represent the association between follow-up HRQoL
(0.03-point or 3-point reduction) and overall survival adjusted for gender, race, education (T1), marital status (T1), annual
household income (T1), smoking status (T1), geographic region, number of comorbid conditions (T1), age at diagnosis,
stage of kidney cancer at diagnosis, tumor grade, treatment type, and months between diagnosis of kidney cancer and the
T1 survey. (C) Hazard ratios represent the association between change in HRQoL (0.03-point or 3-point reduction) from
baseline to follow-up and overall survival adjusted for gender, race, education (T1), marital status (T1), annual household
income (T1), smoking status (T1), geographic region, number of comorbid conditions (T1), age at diagnosis, stage of kidney
cancer at diagnosis, tumor grade, treatment type, months between the TO survey and kidney cancer diagnosis, and months
between diagnosis of kidney cancer and the T1 survey.

We also noted that addition of HRQoL information provided a predictive advantage
for OS. Of the likelihood ratio tests comparing models that included HRQoL versus those
that did not include HRQoL for HU, PCS, and MCS during pre-diagnosis, post-diagnosis,
and change from pre-diagnosis to post-diagnosis, all except one were statistically significant
(Table 2). Likewise, we observed an increase in generalized R? in 8/9 tests (Table 2). Both
approaches indicate that models including HRQoL better capture the relationship between
OS and predictors.

3.3. Sensitivity Analyses

In SA-I adjusting for pre-diagnosis HRQoL, the magnitudes of aHRs for the change
models were significantly different (Figure 3 and Supplementary Figure S3, SA-I), from
those observed in the main analyses. This indicates the importance of including baseline
HRQoL in an explanatory model when determining the relationship between change in
HRQoL and OS. However, the magnitudes of aHRs observed for follow-up models in SA-I
were identical to those observed for follow-up models in the main analyses.

When exploring the risk of selection bias by removing requirements to have follow-
up MHOS (SA-II, n = 1055), some level of selection bias was evident given that most
point estimates for HRQoL measures were no longer significantly associated with OS.
However, PCS and social functioning remained significantly associated with OS but with
a smaller magnitude (aHR = 1.04-1.03). When the requirement to have baseline MHOS
was removed (SA-1II, n = 966), the findings were consistent with those observed in the
main analyses, although the magnitudes of the associations were smaller (aHR = 1.05-1.10)
(Supplementary Table S2).
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Table 2. Likelihood ratio tests and generalized R? scores indicating the importance of including HRQoL in assessing OS.

Model Likelihood Ratio Test Generalized R?
Likelihood Ratio Statistic p-Value Full Model Reduced Model
Baseline-Health Utility 28.2 <0.001 0.32 0.29
Baseline-PCS 5.2 0.023 0.31 0.29
Baseline-MCS 5.1 0.024 0.31 0.29
giﬂft‘;" -up-Health 4338 <0.001 0.46 0.38
Follow-up-PCS 36.2 <0.001 0.46 0.38
Follow-up-MCS 8.2 0.004 041 0.38
Change-Health Utility 445 <0.001 0.40 0.38
Change-PCS 16.3 <0.001 0.40 0.38
Change-MCS 0.4 0.539 0.38 0.38

Abbreviations: PCS—physical component summary; MCS—mental component summary. The variables in full baseline models included
baseline HRQoL, age at diagnosis, number of comorbidities, months between baseline survey and diagnosis, gender, race, education,
marital status, annual household income, smoking status, geographic region, stage at diagnosis, tumor grade, and treatment type. The
variables in reduced baseline models included all from the respective full model, except baseline HRQoL. The variables in full follow-up models
included follow-up HRQoL, age at diagnosis, number of comorbidities, months between diagnosis and follow-up survey, gender, race,
education, marital status, annual household income, smoking status, geographic region, stage at diagnosis, tumor grade, and treatment
type. The variables in reduced follow-up models included all from the respective full model, except follow-up HRQoL. The variables in full
change models included change in HRQoL, age at diagnosis, number of comorbidities, number of months between baseline survey and
diagnosis, months between diagnosis and follow-up survey, gender, race, education, marital status, annual household income, smoking
status, geographic region, stage at diagnosis, tumor grade, and treatment type. The variables in reduced change models included all from the
respective full model, except change in HRQoL.

A. T1 (adj. for T0) B. T1-TO (adj. for TO)
Health Utility I—Oml I—Om
PCS 1.21 1.21
MCS 1.09 . 1.0?
0.8 1.0 1.2 0.8 1.0 1.2

Adjusted Hazard Ratio (95% Cl) at MCID of HRQoL

Figure 3. Adjusted hazard ratios (95% CI) representing the association between HRQoL (at MCID) and OS in patients
with kidney cancer—sensitivity analyses I. PCS—physical component summary; MCS—mental component summary.
(A) Hazard ratios represent the association between follow-up HRQoL (0.03-point or 3-point reduction) and overall survival
adjusted for gender, race, education (T1), marital status (T1), annual household income (T1), smoking status (T1), geographic
region, number of comorbid conditions (T1), age at diagnosis, stage of kidney cancer at diagnosis, tumor grade, treatment
type, months between diagnosis of kidney cancer and the T1 survey, and baseline HRQoL. (B) Hazard ratios represent the
association between change in HRQoL (0.03-point or 3-point reduction) from baseline to follow-up and overall survival
adjusted for gender, race, education (T1), marital status (T1), annual household income (T1), smoking status (T1), geographic
region, number of comorbid conditions (T1), age at diagnosis, stage of kidney cancer at diagnosis, tumor grade, treatment
type, months between the TO survey and kidney cancer diagnosis, months between diagnosis of kidney cancer and the T1
survey, and baseline HRQoL.
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4. Discussion

To our knowledge, this is the first study to quantify the association between HRQoL
measurements recorded during pre-diagnosis and post-diagnosis of kidney cancer and
OS in older patients with kidney cancer using a population-based database, where the
findings suggest a significant association between HRQoL and OS. The strengths of these
associations were generally strong; however, they differed with respect to the timing and
domain of HRQoL assessment. Patients’ HRQoL during post-diagnosis was more strongly
associated with OS than HRQoL from pre-diagnosis or HRQoL changes (T1-T0), which was
also largely supported in sensitivity analysis III but with weaker associations. This pattern
was mostly consistent across both primary (PCS and MCS) and secondary (eight scales
and HU) exposures of interest. These findings would be useful to clinicians/geriatricians
in better understanding the prognosis of kidney cancer, and they will aid in providing
appropriate healthcare to improve patients” long-term survival.

Most findings noted in this study are consistent with previous clinical trials [18,22-24]
and similar studies in patients with other cancers [25,26]. We observed a significant
increase (8-9%) in hazard of death with clinically meaningful lower average PCS/MCS
during baseline, which was also observed in sensitivity analysis II for PCS but with a
lower magnitude. However, in patients with lung [26] or advanced ovarian [27] cancers,
pre-diagnosis HRQoL was not associated with OS. In this study, a 3-point lower average
PCS/MCS during post-diagnosis was associated with an 11-21% (or 7-10% in sensitivity
analysis III) increase in hazard of death, which was greater than that observed in lung
cancer patients [26]. Additionally, in this study, when longitudinal changes within the same
patients were analyzed, a 3-point reduction in PCS from pre-diagnosis to post-diagnosis
was significantly associated with OS (10% increased risk). These findings potentially
indicate that in patients with kidney cancer, impairment in physical health has a stronger
association with OS vs. mental health. Assessing patients’ long-term physical HRQoL
could help in recognizing those with poorer physical health and may provide opportunities
for early clinical intervention. Preliminary evidence in other cancers suggests benefits of
non-pharmacological interventions (e.g., physical activity) in the improvement of HRQoL
and fatigue [38-40]; however, such evidence in patients with kidney cancer is rare [41,42].

In this study, 7/8 HRQoL scales measured post-diagnosis were significantly associated
with OS, where reduced HRQoL was associated with 6-17% increased hazard of death,
which was also observed in sensitivity analysis III but with smaller magnitude. How-
ever, upon evaluating patients” change in HRQoL from pre- to post-diagnosis, clinically
meaningful reductions were only identified in physical functioning, social functioning,
and vitality scales, which were associated with a significantly higher (7-10%, or 10-17%
in sensitivity analysis I) hazard of death. This is of clinical relevance because the average
reductions (from pre- to post-diagnosis) in these scales were >MCIDs among patients who
died. By definition, a meaningful reduction in (a) physical functioning indicates limitations
in performing physical activities such as bathing and dressing; (b) social functioning is
indicative of physical and emotional problems interfering with patients’ normal social
activities; and (c) vitality suggests feelings of tiredness and being worn out [43]. Longi-
tudinal monitoring of these domains could help in identifying patients at greater risk for
death. Enhancing the delivery of and referral to clinical resources to improve physical
functioning, reduce fatigue, and bolster social support may potentially result in improved
survival among these patients.

The findings from likelihood ratio tests and generalized R? in this study provide
evidence in favor of including a measure of HRQoL when estimating kidney cancer
patients’ likelihood of survival, emphasizing the prognostic value of HRQoL on OS. We
also observed that only the association between changes in HRQoL (pre- to post-diagnosis)
and OS was sensitive to baseline HRQoL, while the association between follow-up HRQoL
and OS was not. This may have happened considering that each patient may start at a
different HRQoL during baseline, which has a greater association on the change measure
than the follow-up measure of HRQoL. The relationship of kidney cancer diagnosis with
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patients” health may also be different given their baseline status of health that is observed
in the change measure of HRQoL, indicating the importance of having multiple HRQoL
assessments when evaluating long-term impacts of HRQoL changes on OS.

There are limitations to this study worth noting. The generalizability of findings
may be subject to selection bias due to a healthier study cohort. However, our sensitivity
analyses in a larger cohort of patients with kidney cancer confirmed the association between
HRQoL and OS, potentially with weaker associations. Additionally, we compared baseline
sociodemographic factors, PCS and MCS for KC patients who had both baseline and follow-
up surveys versus those who only had a baseline survey and did not find any significant
differences (data not shown). The study findings may not be generalizable to patients
with other cancers, younger age, or those KC patients enrolled in fee-for-service Medicare.
There is inconclusive evidence about the similarity of characteristics between patients
enrolled in fee-for-service vs. Medicare Advantage health plans [7,44—47]. Moreover,
residual confounding may be present in our study as we were unable to control for use of
chemotherapy, severity of comorbidities, etc., due to the unavailability of information.

5. Conclusions

The lower average HRQoL pre-diagnosis and post-diagnosis of kidney cancer and a
greater decline in PCS from pre- to post-diagnosis of KC were associated with increased
hazard of death. Post-diagnosis HRQoL was a stronger predictor of overall survival
compared to HRQoL measured prior to diagnosis or as a change from pre- to post-diagnosis,
which was also confirmed in sensitivity analyses in this study. Findings highlight the
prognostic value of HRQoL on OS and emphasize the importance of monitoring physical
health in assessing the prognosis of kidney cancer in older Americans. Given the increased
emphasis placed on patient-reported outcomes, HRQoL monitoring should be added to
kidney cancer patients” long-term care plans and can be used in developing prognostic
criteria for these patients [13,48].

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/healthcare9101344 /51, Figure S1: Graphical Representation of Study Design, Figure S2:
Adjusted Hazard Ratios (95% CI) Representing the Association between HRQoL Scales (at MCID)
and OS in Patients with Kidney Cancer-Main Analyses, Figure S3: Adjusted Hazard Ratios (95%
CI) Representing the Association between HRQoL Scales (at MCID) and OS in Patients with Kidney
Cancer-Sensitivity Analyses I, Table S1: Health-related Quality of Life of Kidney Cancer Patients,
Table S2: Adjusted Hazard Ratios (95% CI) Representing the Association between HRQoL (at MCID)
and OS in Patients with Kidney Cancer-Sensitivity Analyses II/1II

Author Contributions: Conceptualization: N.R.B., M.HK,, EEK.,, CM.-M,, S.T.O., JM.T,, and
N.P; data curation, N.R.B.; formal analysis, N.R.B., S.T.O., and N.P.; funding acquisition, N.R.B.;
methodology, N.R.B., M. HK,, EEK.,, CM.-M,,5.T.O., ].M.T,, and N.P; supervision, N.P,; visualization,
N.R.B.; writing—original draft, N.R.B.; writing—review and editing, N.R.B., M.HK,, EEK., CM.-M.,,
S.T.O., ].M.T,, and N.P. All authors have read and agreed to the published version of the manuscript.

Funding: The University of Arkansas Women’s Giving Circle and the division of Pharmaceutical
Evaluation and Policy at UAMS jointly funded the data used in this study.

Institutional Review Board Statement: The University of Arkansas for Medical Sciences Institu-
tional Review Board approved this study (IRB#FWA00001119).

Informed Consent Statement: Not Applicable.

Data Availability Statement: The database used in this study cannot be made publicly available as
it was obtained from the United States National Cancer Institute (https:/ /healthcaredelivery.cancer.
gov/seer-mhos/) under an approved data use agreement.


https://www.mdpi.com/article/10.3390/healthcare9101344/s1
https://www.mdpi.com/article/10.3390/healthcare9101344/s1
https://healthcaredelivery.cancer.gov/seer-mhos/
https://healthcaredelivery.cancer.gov/seer-mhos/

Healthcare 2021, 9, 1344 11 of 12

Conflicts of Interest: This study was conducted when the first author (NRB) of this manuscript was
a candidate and the corresponding author (NP) of this manuscript was an Associate Professor at the
University of Arkansas for Medical Sciences. Currently, NRB and NP are employed by Eli Lilly and
Company, Indianapolis, IN, USA. None of the other authors of this manuscript has any conflicts of
interest to disclose.

References

1. Karimi, M,; Brazier, J. Health, Health-Related Quality of Life, and Quality of Life: What is the Difference? Pharm. Econ. 2016, 34,
645-649. [CrossRef]

2. Osoba, D. Health-related quality of life and cancer clinical trials. Ther. Adv. Med Oncol. 2011, 3, 57-71. [CrossRef]

3. Mercieca-Bebber, R.; King, M.T.; Calvert, M.].; Stockler, M.R.; Friedlander, M. The importance of patient-reported outcomes in
clinical trials and strategies for future optimization. Patient Relat. Outcome Meas. 2018, 9, 353-367. [CrossRef]

4. Moretto, P,; Jewett, M.A_; Basiuk, J.; Maskens, D.; Canil, C.M. Kidney cancer survivorship survey of urologists and survivors: The
gap in perceptions of care, but agreement on needs. Can. Urol. Assoc. ]. 2014, 8, 190-194. [CrossRef]

5. The Kidney Cancer UK Patient Survey Report 2018. Available online: https:/ /www.kcuk.org.uk/wp-content/uploads/2018/01/
2018-Kidney-Cancer-UK-Patient-Survey-Report-1.pdf (accessed on 1 March 2019).

6. Basch, E.; Barbera, L.; Kerrigan, C.L.; Velikova, G. Implementation of Patient-Reported Outcomes in Routine Medical Care. Am.
Soc. Clin. Oncol. Educ. Book 2018, 38, 122-134. [CrossRef]

7. Reeve, B.B.; Potosky, A.L.; Smith, A.W.; Han, P.; Hays, R.D.; Davis, WW.; Arora, N.K.; Haffer, S.C.; Clauser, S.B. Impact of Cancer
on Health-Related Quality of Life of Older Americans. J. Natl. Cancer Inst. 2009, 101, 860-868. [CrossRef]

8. Kent, EE.;; Ambs, A ; Mitchell, S.A ; Clauser, S.B.; Smith, A.W.; Hays, R.D. Health-related quality of life in older adult survivors of
selected cancers: Data from the SEER-MHOS linkage. Cancer 2015, 121, 758-765. [CrossRef]

9. Bhandari, N.R.; Ounpraseuth, S.T.; Kamel, M.H.; Kent, E.E.; McAdam-Marx, C.; Tilford, ].M.; Payakachat, N. Changes in
health-related quality of life outcomes in older patients with kidney cancer: A longitudinal cohort analysis with matched controls.
Urol. Oncol. Semin. Orig. Investig. 2020, 38, 852.e11-852.€20. [CrossRef] [PubMed]

10. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2019. CA Cancer |. Clin. 2019, 69, 7-34. [CrossRef] [PubMed]

11. Ploussard, G.; Albrand, G.; Rozet, F; Lang, H.; Paillaud, E.; Mongiat-Artus, P. Challenging treatment decision-making in older
urologic cancer patients. World J. Urol. 2013, 32, 299-308. [CrossRef] [PubMed]

12.  Pasetto, L.M.; Falci, C.; Compostella, A.; Sinigaglia, G.; Rossi, E.; Monfardini, S. Quality of life in elderly cancer patients. Eur. |.
Cancer 2007, 43, 1508-1513. [CrossRef]

13.  Montazeri, A. Quality of life data as prognostic indicators of survival in cancer patients: An overview of the literature from 1982
to 2008. Health Qual. Life Outcomes 2009, 7, 102. [CrossRef] [PubMed]

14. Beisland, C.; Johannesen, T.B.; Klepp, O.; Axcrona, U.; Torgersen, K.M.; Kowalski, J.; Solli, O.; Sandin, R.; Oldenburg, J. Overall
survival in renal cell carcinoma after introduction of targeted therapies: A Norwegian population-based study. OncoTargets Ther.
2017, 10, 371-385. [CrossRef] [PubMed]

15. Nandagopal, L.; Naik, G.; Sonpavde, G. Overview of Current and Future Adjuvant Therapy for High-Risk Localized Renal Cell
Carcinoma. Curr. Treat. Options Oncol. 2018, 19, 2. [CrossRef]

16. Gill, D.M.; Hahn, A.W,; Hale, P.; Maughan, B.L. Overview of Current and Future First-Line Systemic Therapy for Metastatic Clear
Cell Renal Cell Carcinoma. Curr. Treat. Options Oncol. 2018, 19, 6. [CrossRef]

17.  Gore, M.E,; Larkin, ] M.G. Challenges and opportunities for converting renal cell carcinoma into a chronic disease with targeted
therapies. Br. J. Cancer 2011, 104, 399-406. [CrossRef] [PubMed]

18. Grimm, M.-O.; Griinwald, V. Health-Related Quality of Life as a Prognostic Measure of Clinical Outcomes in Renal Cell
Carcinoma: A Review of the Check Mate 025 Trial. Oncol. Ther. 2017, 5, 75-78. [CrossRef]

19. Cella, D.; Bushmakin, A.G.; Cappelleri, ].C.; Charbonneau, C.; Michaelson, D.; Motzer, R. Baseline quality of life as a prognostic
survival tool in patients receiving sunitinib for metastatic renal cell carcinoma. Br. ]. Cancer 2012, 106, 646—650. [CrossRef]

20. Trask, P.C.; Bushmakin, A.G.; Cappelleri, ]J.C.; Tarazi, J.; Rosbrook, B.; Bycott, P; Kim, S.; Stadler, WM.; Rini, B. Baseline
patient-reported kidney cancer-specific symptoms as an indicator for median survival in sorafenib-refractory metastatic renal cell
carcinoma. J. Cancer Surviv. 2011, 5, 255-262. [CrossRef]

21. Bukowski, R.; Cella, D.; Gondek, K.; Escudier, B. Effects of Sorafenib on Symptoms and Quality of Life. Am. J. Clin. Oncol. 2007,
30, 220-227. [CrossRef]

22.  Cella, D.; Cappelleri, J.C.; Bushmakin, A.; Charbonneau, C.; Li, ].Z.; Kim, S.T.; Chen, I.; Michaelson, M.D.; Motzer, R.J. Quality of
Life Predicts Progression-Free Survival in Patients With Metastatic Renal Cell Carcinoma Treated With Sunitinib Versus Interferon
Alfa. . Oncol. Pract. 2009, 5, 66-70. [CrossRef]

23. Herrmann, E.; Gerss, ].; Bierer, S.; Kopke, T.; Bolenz, C.; Hertle, L.; Wiilfing, C. Pre-treatment global quality of health predicts
progression free survival in metastatic kidney cancer patients treated with sorafenib or sunitinib. J. Cancer Res. Clin. Oncol. 2008,
135, 61-67. [CrossRef] [PubMed]

24. Gotay, C.C.; Kawamoto, C.T.; Bottomley, A.; Efficace, F. The Prognostic Significance of Patient-Reported Outcomes in Cancer

Clinical Trials. J. Clin. Oncol. 2008, 26, 1355-1363. [CrossRef] [PubMed]


http://doi.org/10.1007/s40273-016-0389-9
http://doi.org/10.1177/1758834010395342
http://doi.org/10.2147/PROM.S156279
http://doi.org/10.5489/cuaj.1907
https://www.kcuk.org.uk/wp-content/uploads/2018/01/2018-Kidney-Cancer-UK-Patient-Survey-Report-1.pdf
https://www.kcuk.org.uk/wp-content/uploads/2018/01/2018-Kidney-Cancer-UK-Patient-Survey-Report-1.pdf
http://doi.org/10.1200/EDBK_200383
http://doi.org/10.1093/jnci/djp123
http://doi.org/10.1002/cncr.29119
http://doi.org/10.1016/j.urolonc.2020.08.015
http://www.ncbi.nlm.nih.gov/pubmed/32863123
http://doi.org/10.3322/caac.21551
http://www.ncbi.nlm.nih.gov/pubmed/30620402
http://doi.org/10.1007/s00345-013-1158-4
http://www.ncbi.nlm.nih.gov/pubmed/23990122
http://doi.org/10.1016/j.ejca.2006.11.023
http://doi.org/10.1186/1477-7525-7-102
http://www.ncbi.nlm.nih.gov/pubmed/20030832
http://doi.org/10.2147/OTT.S123061
http://www.ncbi.nlm.nih.gov/pubmed/28144152
http://doi.org/10.1007/s11864-018-0522-4
http://doi.org/10.1007/s11864-018-0517-1
http://doi.org/10.1038/sj.bjc.6606084
http://www.ncbi.nlm.nih.gov/pubmed/21285971
http://doi.org/10.1007/s40487-017-0042-6
http://doi.org/10.1038/bjc.2011.589
http://doi.org/10.1007/s11764-011-0178-6
http://doi.org/10.1097/01.coc.0000258732.80710.05
http://doi.org/10.1200/JOP.0922004
http://doi.org/10.1007/s00432-008-0438-7
http://www.ncbi.nlm.nih.gov/pubmed/18592270
http://doi.org/10.1200/JCO.2007.13.3439
http://www.ncbi.nlm.nih.gov/pubmed/18227528

Healthcare 2021, 9, 1344 12 of 12

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Pinheiro, L.C.; Zagar, T.M.; Reeve, B.B. The prognostic value of pre-diagnosis health-related quality of life on survival: A
prospective cohort study of older Americans with lung cancer. Qual. Life Res. 2017, 26, 1703-1712. [CrossRef] [PubMed]
Pinheiro, L.C.; Reeve, B.B. Investigating the prognostic ability of health-related quality of life on survival: A prospective cohort
study of adults with lung cancer. Support. Care Cancer 2018, 26, 3925-3932. [CrossRef]

Doll, K.M,; Pinheiro, L.C.; Reeve, B.B. Pre-diagnosis health-related quality of life, surgery, and survival in women with advanced
epithelial ovarian cancer: A SEER-MHOS study. Gynecol. Oncol. 2017, 144, 348-353. [CrossRef] [PubMed]

Brown, D.S.; Thompson, W.W.; Zack, M.M.; Arnold, S.E.; Barile, J. Associations Between Health-Related Quality of Life and
Mortality in Older Adults. Prev. Sci. 2015, 16, 21-30. [CrossRef]

National Cancer Institute. Surveillance, Epidemiology, and End Results (SEER) Fact Sheet. 2018. Available online: https:
/ /seer.cancer.gov /about/factsheets /SEER_Overview.pdf (accessed on 1 March 2019).

Ambs, A.; Warren, J.L.; Bellizzi, K.M.; Topor, M.; Haffer, S.C.; Clauser, S.B. Overview of the SEER—Medicare Health Outcomes
Survey Linked Dataset. Health Care Financ. Rev. 2008, 29, 5-21.

Selim, A.; Rogers, W.; Qian, S.; Rothendler, J.A.; Kent, E.E.; Kazis, L.E. A new algorithm to build bridges between two patient-
reported health outcome instruments: The MOS SF-36®and the VR-12 Health Survey. Qual. Life Res. 2018, 27, 2195-2206.
[CrossRef]

Hays, R.D.; Farivar, S.S.; Liu, H. Approaches and Recommendations for Estimating Minimally Important Differences for
Health-Related Quality of Life Measures. COPD ]. Chronic Obstr. Pulm. Dis. 2005, 2, 63—-67. [CrossRef]

Revicki, D.; Hays, R.D.; Cella, D.; Sloan, ]. Recommended methods for determining responsiveness and minimally important
differences for patient-reported outcomes. J. Clin. Epidemiol. 2008, 61, 102-109. [CrossRef]

Selim, A.J.; Rogers, W.; Qian, S.X.; Brazier, ].; Kazis, L.E. A preference-based measure of health: The VR-6D derived from the
veterans RAND 12-Item Health Survey. Qual. Life Res. 2011, 20, 1337-1347. [CrossRef]

Gandhi, PK,; Ried, L.D.; Bibbey, A.; Huang, I.-C. SF-6D utility index as measure of minimally important difference in health
status change. |. Am. Pharm. Assoc. 2012, 52, 34—42. [CrossRef]

Kleinbaum, D.G.; Klein, M. Survival Analysis: A Self-Learning Text., 3rd ed.; Springer: Berlin/Heidelberg, Germany, 2012.
Allison, P.D.; SAS Institute. Survival Analysis Using SAS: A Practical Guide; SAS Institute: Minato City, Tokyo, Japan, 1995.
Available online: https://www.oreilly.com/library/view/survival-analysis-using /9781555442798 / (accessed on 31 May 2019).
Albrecht, T.A.; Taylor, A.G. Physical Activity in Patients With Advanced-Stage Cancer: A Systematic Review of the Literature.
Clin. J. Oncol. Nurs. 2012, 16, 293-300. [CrossRef]

Schwartz, A.L.; De Heer, H.D.; Bea, ].W. Initiating Exercise Interventions to Promote Wellness in Cancer Patients and Survivors.
Oncology 2017, 31, 711-717. [PubMed]

Duncan, M.; Moschopoulou, E.; Herrington, E.; Deane, J.; Roylance, R.; Jones, L.; Bourke, L.; Morgan, A.; Chalder, T.; Thaha,
M.A.; et al. Review of systematic reviews of non-pharmacological interventions to improve quality of life in cancer survivors.
BM]J Open 2017, 7, €015860. [CrossRef]

Trinh, L.; Plotnikoff, R.C.; Rhodes, R.E.; North, S.; Courneya, K.S. Feasibility and Preliminary Efficacy of Adding Behavioral
Counseling to Supervised Physical Activity in Kidney Cancer Survivors. Cancer Nurs. 2014, 37, E8-E22. [CrossRef]

Jones, J.; Bhatt, J.; Avery, J.; Laupacis, A.; Cowan, K.; Basappa, N.; Basiuk, J.; Canil, C.; Al-Asaaed, S.; Heng, D.; et al. The kidney
cancer research priority-setting partnership: Identifying the top 10 research priorities as defined by patients, caregivers, and
expert clinicians. Can. Urol. Assoc. J. 2017, 11, 379-387. [CrossRef] [PubMed]

Ware, J.E., Jr.; Sherbourne, C.D. The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and item selection.
Med. Care 1992, 30, 473-483. [CrossRef] [PubMed]

Pourat, N.; Kagawa-Singer, M.; Wallace, S.P. Are Managed Care Medicare Beneficiaries with Chronic Conditions Satisfied With
Their Care? J. Aging Health 2006, 18, 70-90. [CrossRef]

Morgan, R.O,; Virnig, B.A.; DeVito, C.A.; Persily, N.A. The Medicare-HMO Revolving Door—The Healthy Go in and the Sick Go
out. N Engl. J. Med. 1997, 337, 169-175. [CrossRef] [PubMed]

Miller, E.A.; Decker, S.L.; Parker, ].D. Characteristics of Medicare Advantage and Fee-for-Service Beneficiaries upon Enrollment in
Medicare at Age 65. ]. Ambul. Care Manag. 2016, 39, 231-241. [CrossRef] [PubMed]

Koroukian, S.; Basu, J.; Schiltz, N.; Navale, S.; Bakaki, PM.; Warner, D.F; Dor, A.; Given, C.W,; Stange, K.C. Changes in Case-Mix
and Health Outcomes of Medicare Fee-for-Service Beneficiaries and Managed Care Enrollees during the Years 1992-2011. Med.
Care 2018, 56, 39-46. [CrossRef] [PubMed]

Anatchkova, M.; Donelson, S.M.; Skalicky, A.M.; McHorney, C.A.; Jagun, D.; Whiteley, J. Exploring the implementation of
patient-reported outcome measures in cancer care: Need for more real-world evidence results in the peer reviewed literature. J.
Patient Rep. Outcomes 2018, 2, 1-21. [CrossRef]


http://doi.org/10.1007/s11136-017-1515-7
http://www.ncbi.nlm.nih.gov/pubmed/28194618
http://doi.org/10.1007/s00520-018-4265-3
http://doi.org/10.1016/j.ygyno.2016.12.005
http://www.ncbi.nlm.nih.gov/pubmed/27988047
http://doi.org/10.1007/s11121-013-0437-z
https://seer.cancer.gov/about/factsheets/SEER_Overview.pdf
https://seer.cancer.gov/about/factsheets/SEER_Overview.pdf
http://doi.org/10.1007/s11136-018-1850-3
http://doi.org/10.1081/COPD-200050663
http://doi.org/10.1016/j.jclinepi.2007.03.012
http://doi.org/10.1007/s11136-011-9866-y
http://doi.org/10.1331/JAPhA.2012.10114
https://www.oreilly.com/library/view/survival-analysis-using/9781555442798/
http://doi.org/10.1188/12.CJON.293-300
http://www.ncbi.nlm.nih.gov/pubmed/29083464
http://doi.org/10.1136/bmjopen-2017-015860
http://doi.org/10.1097/NCC.0b013e3182a40fb6
http://doi.org/10.5489/cuaj.4590
http://www.ncbi.nlm.nih.gov/pubmed/29106364
http://doi.org/10.1097/00005650-199206000-00002
http://www.ncbi.nlm.nih.gov/pubmed/1593914
http://doi.org/10.1177/0898264305280997
http://doi.org/10.1056/NEJM199707173370306
http://www.ncbi.nlm.nih.gov/pubmed/9219704
http://doi.org/10.1097/JAC.0000000000000107
http://www.ncbi.nlm.nih.gov/pubmed/27232684
http://doi.org/10.1097/MLR.0000000000000847
http://www.ncbi.nlm.nih.gov/pubmed/29176368
http://doi.org/10.1186/s41687-018-0091-0

	Introduction 
	Methods 
	Data 
	Study Population 
	Study Measures 
	Statistical Analyses 

	Results 
	Patient Characteristics 
	Association between HRQoL and OS 
	Sensitivity Analyses 

	Discussion 
	Conclusions 
	References

