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Abstract

Background—~Few studies have comprehensively compared health-related quality of life
(HRQoL) between metastatic prostate cancer survivors, survivors with non-metastatic disease,
and men without a cancer history.

Methods—We used the Surveillance, Epidemiology, and End Results-Medicare Health
Outcomes Survey (SEER-MHQOS) data linkage to identify men aged = 65 years enrolled in
Medicare Advantage (MA) plans. Prostate cancer survivors were diagnosed between 1988 and
2017 and completed MHOS surveys between 1998 and 2019. We analyzed data from 752
metastatic prostate cancer survivors (1040 survey records), 19,583 localized or regional prostate
cancer survivors (non-metastatic; 30,121 survey records), and 784,305 men aged = 65 years
without a cancer history in the same SEER regions (1.15 million survey records). We used
clustered linear regressions to compare HRQoL measures at the person-level using the Veterans
RAND 12 Item Health Survey (VR-12) T-scores for general health and physical and mental
component summaries.

Results—Compared to men without a cancer history, prostate cancer survivors were older, more
likely to be married, and had higher socioeconomic status. Compared to men without a cancer
history, metastatic prostate cancer survivors reported lower general health ( 7-score differences
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[95% confidence interval]: — 6.26, [~ 7.14, — 5.38], p < .001), physical health (- 4.33, [~

5.18, — 3.48], p<.001), and mental health (- 2.64, [- 3.40, — 1.88], p < .001) component
summaries. Results were similar for other VR-12 T-scores. In contrast, non-metastatic prostate
cancer survivors reported similar VR-12 7-scores as men without a cancer history. Further
analyses comparing metastatic and non-metastatic prostate cancer survivors support these findings.

Conclusion—Interventions to improve health-related quality of life for men diagnosed with
metastatic prostate cancer merit additional investigation.

Implications for cancer survivors—Interventions to improve health-related quality of life for

metastatic prostate cancer survivors merit additional investigation.
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Introduction

A total of 201,082 men were diagnosed with prostate cancer in the USA in 2021, and
32,707 men died of prostate cancer [1]. Although overall incidence rates of prostate cancer
remained stable over the past decade, the proportion of patients diagnosed with advanced
disease continued to increase from 2015 to 2019 [2-4]. Men diagnosed with localized or
regional stage have a 5-year survival rate greater than 99%, but the 5-year survival rate for
metastatic prostate cancer is only 31% [5]. Treatment for metastatic prostate cancer may
include standard hormonal therapy [6-8] and other systemic therapies such as chemotherapy,
in addition to local therapies targeted towards the primary tumor or metastatic lesions.
Although systemic combination therapies are associated with improved overall survival
[9], they often carry severe side effects, such as fatigue, neuropathy, hypertension, edema,
cardiac events, and seizures [6]. These severe side effects can adversely affect patients’
health-related quality of life (HRQoL) many years after initial diagnosis [10].

HRQoL includes multiple dimensions, including physical and mental health [11], and can
influence patients’ satisfaction with care, treatment adherence, and health outcomes [12-14].
For metastatic prostate cancer survivors, many of whom have a prognosis measured in
years, minimizing disease symptoms, mitigating treatment side effects, and maximizing
HRQoL are important therapeutic goals [6]. HRQoL measures can also be important

tools to help guide clinician recommendations as part of shared treatment decision-making
[15]. However, most existing evidence about HRQoL among patients with prostate cancer
has been from randomized clinical trials, which may not be generalizable to long-term
metastatic prostate cancer survivors due to patient selection, the limited timeframe over
which outcomes are measured, and differences in therapeutic approaches. Moreover, little
is known about the effect of metastatic prostate cancer on HRQoL over and above the
impact of aging and the onset of chronic conditions. The purpose of this study was to
comprehensively compare HRQoL measures between metastatic prostate cancer survivors,
non-metastatic prostate cancer survivors, and men without a cancer history in the USA.
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The Surveillance, Epidemiology, and End Results-Medicare Health Outcomes Survey
(SEER-MHOS) linked data were used to identify prostate cancer survivors and men without
a cancer history. SEER is a population-based cancer registry supporte by the National
Cancer Institute (NCI), with detailed information on cancer diagnoses, including stage at
diagnosis. The MHOS survey is a longitudinal survey administered annually by the Centers
for Medicare and Medicaid Services to a random sample of Medicare beneficiaries who
enrolled in Medicare Advantage (MA) plans; the survey collects multiple HRQoL measures
[16]. The NCI links SEER tumor registry data with MHOS data to promote research on
cancer patients’ outcomes. The most recent data linkage included surveys fielded from 1998
to 2019. The SEER-MHOQOS linkage consists of survey respondents from 18 SEER registries
who enrolled in more than 400 MA plans [17]. MA plans are offered by private companies,
which are approved and paid by Medicare to provide health care to enrollees [18]. Compared
with Original Medicare, MA plans often provide additional benefits, including vision,
hearing, and dental services. Moreover, most MA plans include prescription medication

and may require patients to use services only from in-network providers. MA enrollees may
also need a referral to see a specialist, whereas Original Medicare enrollees do not need
referrals [18].

The SEER-MHOS linkage includes information about individuals enrolled in MA plans with
cancer diagnoses as well as individuals living in the same SEER areas enrolled in MA plans
without reported cancer diagnoses. A baseline MHOS survey is administered to each cohort
of Medicare beneficiaries, and a follow-up MHQS survey is conducted after 2 years. The
conduct of this study was approved by the Emory University Institutional Review Board
(IRB number: STUDY00001791).

Inclusion and exclusion criteria

Prostate cancer survivors were identified as those who had prostate cancer as their primary
cancer diagnosis [19] and completed the MHOS survey(s) between the time of their cancer
diagnoses and 10 years post-diagnosis. Prostate cancer survivors who completed the MHOS
survey prior to their cancer diagnoses or after 10 years post-diagnoses were excluded. For
respondents who received a prostate cancer diagnosis between the initial baseline survey and
the follow-up survey, only the survey records after their cancer diagnosis were included in
the analyses. SEER historic stage was used to define men with metastatic (distant stage) and
non-metastatic (localized or regional stage) prostate cancer at the time of initial diagnosis
because this measure was available across all years of the study period. Prostate cancer
survivors with unknown stage were included in our study as a separate group in addition to
survivors diagnosed with localized and regional disease. Survey respondents aged younger
than 65 years at the time of the survey were excluded. Multiple years of surveys were pooled
together to increase the analytical sample size and statistical power to detect differences

in HRQoL between prostate cancer survivors and men without a cancer history. The final
analytical sample consisted of prostate cancer survivors diagnosed between 1988 and 2017
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and men without a cancer history. All respondents were ages 65 years and above at the time
of the survey.

Survey record-level characteristics

For each survey record, information identified through SEER-MHOS included age at
cancer diagnosis, initial stage at diagnosis, receipt of active treatment for prostate cancer,
survey year, time between year of diagnosis and survey year, and SEER region. The

MHOQOS included self-reported demographic and socioeconomic characteristics such as race/
ethnicity, marital status, educational attainment, household income, and home ownership
[17]. Survey participants’” health characteristics included body mass index (BMI) categories
and number of comorbidities. Self-reported comorbidities included the following conditions:
osteoporosis, hypertension, any heart condition (coronary artery disease, congestive heart
failure, myocardial infarction, other heart conditions), stroke, emphysema/asthma/chronic
obstructive pulmonary disease, Crohn’s disease/ulcerative colitis/inflammatory bowel
disease, arthritis (hip/knee or hand/wrist), sciatica, and diabetes/high blood sugar/sugar

in urine. The MHOS also collected information about the receipt of any prostate cancer
treatment at the time of the survey by asking the following question: “Are you currently
under treatment for prostate cancer?”

HRQoL measures

The Veterans RAND 12-item Health Survey (VR-12 scores) is a well-validated and
commonly used HRQoL instrument in the USA [20]. It is a patient-reported instrument
which includes 8 health domains: general health, physical functioning, role limitations
due to physical problems, role limitations due to emotional problems, bodily pain, energy/
fatigue, social functioning, and mental health [21].

Although the HRQoL measure administered by the MHOS changed during the study period,
validated algorithms were developed for pooling these data across study years. In 2006,

the VR-12 instrument replaced the Veterans RAND 36 Item Health Survey (VR-36) for

the MHOS, which had been used 1998-2005 [22]. To make the VR-12 and VR-36 scores
comparable across multiple years, the MHOS utilized algorithms developed and validated
by Boston University (March, 2016) to re-score the VR-36 instrument. As a result, the
MHOQOS can be pooled before and after 2006 to increase the sample size [22]. VR-12 scores
were transformed into 7-scores to facilitate interpretation. 7-scores are a linear 0-100
version of the original scale that yields a population mean of 50 and a standard deviation

of 10, based on the 1990 population distributions. The final HRQoL measures included

10 separate VR-12 7-scores: physical component summary, mental component summary,
physical functioning, physical role limitation, emotional role limitation, pain, general health,
emotional well-being, social functioning, and energy/fatigue.

Statistical methods

Survey respondents may complete both baseline and follow-up MHOS surveys, and some
respondents may participate in multiple surveys. We treated each survey record as a separate
data point and calculated the time between year of diagnosis and year for each survey
record accordingly. Therefore, the same survey respondent could have different values for
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years between diagnosis and survey for each survey record. We used Chi-squared tests

to examine record-level patient characteristics between prostate cancer survivors and men
without a cancer history. We then generated unadjusted distributions of selected VR-12
7-scores (general health, physical component summary, and mental component summary)
and compared those scores for metastatic prostate cancer survivors, non-metastatic prostate
cancer survivors, and men without a cancer history (5% non-cancer sample from SEER

in the same MA plans). In adjusted clustered linear regressions, survey records were
grouped at the person level for respondents who completed both baseline and follow-up
surveys or multiple years of surveys. A unique de-identified person 1D was used to group
survey records at the person level, which enabled clustering in the analyses. The clustered
analyses assumed that survey responses from the same person were correlated, whereas
responses from different persons were uncorrelated. Clustered linear regressions were used
to compare metastatic prostate cancer survivors, non-metastatic prostate cancer survivors,
and men without a cancer history across all 10 HRQoL measures (i.e., VR-12 7-scores). All
adjusted analyses controlled for age at time of the survey, stage (without a cancer history,
localized/regional, missing, and metastatic), number of comorbid conditions, BMI category,
race/ethnicity, marital status, educational attainment, home ownership, SEER region, and
survey years (1998-2003, 2004-2008, 2009-2013, and 2014-2019).

Further analyses focused on prostate cancer survivors only and compared distributions of
survey record-level characteristics between metastatic and localized/regional prostate cancer
survivors. Additional adjusted clustered analyses among cancer survivors only included
cancer-specific characteristics, including stage at diagnosis, time between year of diagnosis
and survey year, prostate cancer treatment status at the time of the survey, and year of
diagnosis. Although the Food and Drug Administration approved the use of prostate-specific
antigen (PSA) testing for prostate cancer screening in 1994, many professional organizations
began to recommend patients discuss the benefits and harms of PSA testing with their
providers in 2008 [23]. Therefore, the years of diagnosis were grouped into 1988-2001,
2002-2007, 2008-2013, and 2014-2017 years to reflect the empirical distribution of our
sample and the historical changes in recommendation of PSA testing to screen for prostate
cancer. All statistical analyses were conducted using SAS, version 9.4. All statistical
comparisons were 2-sided, and statistical significance was defined as p < .05.

We identified a total of 27,828 prostate cancer survivors (/7= 42,277 survey records), of
whom 752 were diagnosed with metastatic disease (/7= 1040 survey records; 2.46% of
total survivors’ survey records); 17,211 were diagnosed with localized disease (7= 26,611
survey records; 61.85%); 2,372 were diagnosed with regional disease (7= 3510 survey
records; 8.53%). There were 7493 survivors for whom stage was missing (7= 11,116
survey records; 26.29%). An additional 784,305 men (7= 1.15 million survey records,
Table 1) had no cancer history. About 86% of prostate cancer survivors had only one
primary cancer diagnosis in their lifetime, 84.5% were diagnosed more than 2 years prior
to the time of their MHOS survey, 80% were aged 70 and above, and 57% were receiving
prostate cancer-related treatments at the time of MHOS survey. Compared to men without a
cancer history, prostate cancer survivors were older, more likely to be married, had higher
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educational attainment and household income and were more likely to own their houses
rather than renting.

Figure 1 shows the distributions of the of general health 7-score, physical component
summary 7-score, and mental component summary 7-score. The area under the curve equals
to 100% for all outcomes. Metastatic prostate cancer survivors were more likely to report
lower HRQoL compared to men without a cancer history and survivors diagnosed with
localized/regional diseases (Fig. 1).

In adjusted analyses, compared to men without a cancer history, metastatic prostate cancer
survivors reported consistently lower 7-scores at the time of the MHOS survey in all 10
HRQoL measures (Fig. 2a): general health (difference = — 6.26, 95% confidence interval
[95% CI]: - 7.14 to - 5.38; p< .001, Table 2), physical component summary (difference = -
4.33,95% CI: - 5.18 to — 3.48; p<.001, Table 3), mental component summary (difference
=-2.64,95% CI: — 3.40 to — 1.88; p<.001, Table 4), physical functioning (difference =

- 2.88,95% CIl: - 3.80 to — 1.95; p<.001, eTable 1), emotional well-being (difference = -
2.12,95% CI: — 2.87 to — 1.36; p< .001, eTable 2), pain (difference = - 3.07, 95% ClI: -
3.87 to — 2.87; p<.001, eTable 3), social functioning (difference = — 4.07, 95% CI: — 4.96
to — 3.17; p<.001, eTable 4), energy/fatigue (difference = - 3.83, 95% ClI: - 4.63 to -—.02;
p<.001, eTable 5), role limitations due to physical problems (difference = — 4.32, 95%

Cl: - 5.16 to — 3.48; p< .001, eTable 6), and role limitations due to emational problems
(difference = — 6.46, 95%CI: - 6.57 to — 6.34; p< .001, eTable 7). In contrast, HRQoL
measures were similar between men with localized/regional diseases and men without a
cancer history (Fig. 2b).

In adjusted analyses and across all 10 VR-12 7-scores, men with a higher number of
comorbidities, lower educational attainment, and who rented, rather than owned, their home
had lower HRQoL (Tables 2, 3 and 4, and eTables 1-7). We did not find consistent changes
of VR-12 T7-scores over survey years (Tables 2, 3 and 4, and eTables 1-7).

Among prostate cancer survivors only, metastatic disease was associated with older age at
time of diagnosis and survey completion, being more recently diagnosed, higher likelihood
of undergoing prostate cancer related treatments at survey, and lower socioeconomic status
(Table 5). Adjusted clustered multivariable analyses comparing metastatic to localized/
regional prostate cancer survivors showed that men with metastatic disease experienced
poorer HRQoL (eTables 8-17). Receiving prostate cancer treatments at the time of the
survey was associated with lower HRQoL (eTables 8-17). Similar to the main results, we
did not find consistent changes of VR-12 7-scores over diagnosis years among cancer
survivors (eTables 8-17).

Discussion

In this sample of Medicare beneficiaries enrolled in MA plans, we comprehensively
examined HRQoL among prostate cancer survivors by stage, controlling for demographics,
socioeconomic status, and comorbid conditions. We found that men initially diagnosed
with metastatic prostate cancer were significantly more likely to experience lower HRQoL
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scores across all domains than men without a cancer history. In contrast, men initially
diagnosed with localized or regional prostate cancer had similar HRQoL as men without
a cancer history. Our results can help inform clinician treatment recommendations and
decision-making and symptom management in downstream care when HRQoL is also
included as part of the treatment outcomes [24, 25].

Analyzing differences in HRQoL among men with prostate cancer by stage is a major
contribution of this study. In the USA and for every 100,000 men, on average, 112 new
prostate cancer cases were reported, and 18 patients died of this cancer in 2019 [4].

Most survivors are diagnosed with localized or regional diseases, and some may never
develop symptoms during their lifetime. Those who chose to undergo treatment may be
exposed to the risk of long-term erectile, urinary, and bowel dysfunction problems [26].

The long-term survival rate among men diagnosed with localized disease is almost the

same as for the general population without a cancer history [3], leading some patients

and clinicians to choose active surveillance rather than immediate treatment following
diagnosis [27]. Previous research also shows that patients with localized disease who opt

for active surveillance report higher HRQoL compared to those who received more intensive
treatments with well-documented side effects [28]. Moreover, patients with low risk prostate
cancer on active surveillance have similar HRQoL to men without prostate cancer [29].

Our study also finds that men enrolled in MA plans and diagnosed with localized disease
reported comparable HRQoL to men enrolled in MA plans without a cancer history.
Randomized trials of localized disease showed that different therapeutical approaches (i.e.,
radical prostatectomy, external beam radiation therapy, interstitial implantation of isotopes)
have distinct patterns of side effects, resulting in differences in HRQoL [30]. HRQoL among
men diagnosed with localized disease and treated with surgery or radiation declines during
and shortly after treatment but gradually recovers over time [25, 31].

Compared to men diagnosed with localized disease, men with advanced prostate cancer
face a very different set of choices. Standard hormonal therapy for metastatic prostate
cancer focuses on lowering the level of testosterone through medical or surgical castration,
which is commonly referred as androgen deprivation therapy (ADT) [32, 33]. Randomized
trials show improved overall survival when ADT is combined with chemotherapy or newly
developed drugs such as abiraterone acetate, apalutamide, and enzalutamide [33]. One
study found that the addition of chemotherapy did not affect long-term quality of life
among metastatic hormone-sensitive prostate cancer patients [34]. Other studies have linked
intensive treatments with a decrease in physical measures of quality of life [35, 36], whereas
several contemporary stage Il trials from Europe suggest that developments in systemic
treatments can improve HRQoL and survival at the same time [37]. However, there is little
evidence comparing HRQoL across treatments for advanced prostate cancer.

Preserving HRQoL in men with metastatic prostate cancer requires anticipating and
addressing health problems beyond the management of the primary cancer. For example,
consistent with other evidence [38, 39], we found that comorbidity burden significantly
affects HRQoL. The early and regular involvement of palliative care physicians in the care
of patients with advanced cancer has been shown to improve quality of life, even in cases
when patients continue life-prolonging therapy [40-42]. Patients may experience various
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treatment side effects, and specialty palliative care clinicians should consider anticipating
threats to HRQoL and implementing detailed plans to address them [43]. Currently,
palliative care physicians treat fewer than 10% of metastatic prostate cancer patients [44],
highlighting the unmet potential to support patients in their last years of life [44, 45].

This study has several limitations. First, the study sample is limited to Medicare
beneficiaries enrolled in MA plans, and thus our results may not be generalizable to all
Medicare beneficiaries. On the other hand, the focus on Medicare beneficiaries in MA
plans is a potential strength of this study, because an increasing proportion of Medicare
beneficiaries are enrolled in MA plans, rising from less than 20% in 2007 to 48% in

2022 [46]. Moreover, recent surveys suggest that MA enrollees are similar to traditional
fee-for-service Medicare beneficiaries in terms of demographics, socioeconomic status, and
prevalence of chronic conditions [47]. This trend is likely to continue; the Congressional
Budget Office predicted that more than 60% of Medicare beneficiaries will enroll in MA
plans by 2032 [46]. However, previous studies suggested that compared with Original
Medicare enrollees, MA enrollees reported similar care satisfaction and coordination, but
higher rates of having a usual source of care, receiving preventive care services, and getting
needed prescription medications [48]. Future research should evaluate whether improved
access to care and prescription medication are associated with better HRQoL between
Original Medicare enrollees and MA enrollees. A second limitation is that the majority of
prostate cancer survivors in this study were originally diagnosed with non-metastatic (local
or regional stage), who were long-term prostate cancer survivors. Moreover, more than
70% of metastatic and 80% of localized/regional prostate cancer survivors were diagnosed
between 2 and 10 years at the time of the survey. Newly diagnosed prostate cancer survivors
undergoing intensive treatments were likely under-represented in our study, and our results
may underestimate the differences in HRQoL between metastatic prostate cancer survivors
and those without a cancer history. Future studies that examine the changes in HRQoL
before and after a prostate cancer diagnosis by stage could further broaden the existing
evidence. However, our findings are consistent across all domains of HRQoL measures.
Moreover, detailed comprehensive cancer treatment information at diagnosis from SEER
was missing or incomplete for many patients in our sample [49]. In analyses focusing

on prostate cancer survivors only, we added cancer-specific characteristics comparing
metastatic with localized/regional disease. We found that receiving prostate cancer treatment
at the time of the survey was associated with lower HRQoL. These findings suggest that
for localized and regional stage, patients with high-risk prostate cancer, who often receive a
longer period of ADT compared with patients with low-risk prostate cancer, may experience
worse HRQoL. However, our study could not evaluate the differences in HRQoL between
high and low risk of localized prostate cancer survivors due to lack of detailed prognostic
and treatment information.

In conclusion, metastatic prostate cancer survivors report lower HRQoL than prostate
cancer survivors with non-metastatic disease and men without a cancer history. Additional
investigation on how to improve health-related quality of life for men diagnosed with
metastatic prostate cancer could lead broader adoption of effective strategies.
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Fig. 1.
Unadjusted distribution of select health-related quality of life measures (VR-12 7-scores

for general health, physical component summary, and mental component summary) among
prostate cancer survivors by stage and men without a cancer history. The peak of the density
curve represents the average 7-score for a particular stage group. The green line represents
the metastatic group, and its peak is lower than those of localized/regional group, missing
group, and individuals without a cancer history for all three 7-scores
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Fig. 2.
Adjusted differences in health-related quality of life measures between prostate cancer

survivors and men without a cancer history (* means p< 0.5). All adjusted analyses
controlled for age at time of the survey, stage, number of comorbid conditions, BMI, race/
ethnicity, marital status, educational attainment, home ownership, SEER region, and survey
years
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Table 1

Distribution of person-survey record-level characteristics between prostate cancer survivors and men without a
cancer history. Prostate cancer survivors were diagnosed (SEER-MHOS) from 1988 to 2017, and the Medicare
Health Outcomes Survey (MHOS) was conducted from 1998 to 20194

Prostate cancer survivors (n =42,277) 5% Non-cancer population (n = 1,313,323)

Col % pb Col %
Cancer sequence number
One primary only in the patient’s lifetime  85.9 NA
First of two or more primaries 14.1
Age at cancer diagnosis
41 to 64 16.4 NA NA
65 to 69 31.9
70to 74 27.0
=275 24.7
Age at time of survey
65 to 69 20.0 <.001 25.9
70to 74 30.6 28.3
275 49.3 458

Time between year of diagnosis and survey year

<2y 155 NA NA
22yand<5y 331
>5yand<10y 51.4

Stage®
Localized/regional (non-metastatic) 70.8 NA NA
Missing 26.8
Distant (metastatic) 25

Prostate cancer treatment status at survey

No 31.2 NA NA
Yes 55.9
Unknown 12.9

Number of comorbid conditions®

0 11.6 <.001 11.0
1 23.5 20.9
2 26.2 25.0
23 38.7 43.0

Body mass index (BMI)d

Normal weight (= 18.5 and < 25) 19.7 <.001 23.9
Overweight (= 25 and < 30) 34.1 26.5
Obese (= 30) 18.0 19.4
Unknown 28.2 30.3

Race/ethnicity
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Prostate cancer survivors (n = 42,277)

5% Non-cancer population (n = 1,313,323)

Col % pb Col %
Non-Hispanic White 70.1 <.001 77.0
Non-Hispanic Black 13.0 9.9
Hispanic 85 35
Asian and others 7.0 9.1
Unknown 15 0.6
Marital status®
Married 70.8 <.001 51.1
Others 29.2 48.9
Educational attainment
2 4-year college graduate 25.3 <.001 17.6
Some college or 2-year degree 216 215
High school graduate 26.7 31.7
< High school 24.1 26.7
Unknown 2.3 25
Household income at the time of survey
< $19,999 24.0 <.001 322
$20,000-$49,999 37.1 31.7
= $50,000 22.0 14.7
Unknown 16.8 213
Home ownership
Owned or being bought 75.8 <.001 70.2
Rented for money 17.4 21.2
Unknown 6.9 8.6
SEER region
California 22.1 <.001 22.2
Connecticut 3.9 4.7
Georgia 6.0 6.5
Hawaii 42 3.7
Idaho 3.6 3.0
lowa 3.3 3.3
Kentucky 2.6 2.3
Louisiana 4.1 4.3
Massachusetts 6.9 5.1
Detroit (Metropolitan) 2.8 35
New Jersey 5.6 7.6
New Mexico 4.4 4.5
New York 23.0 20.4
Utah 3.3 4.2
Seattle (Puget Sound) 4.3 5.0
Year of diagnosis
1988-2001 30.0 NA NA
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Prostate cancer survivors(n=42,277) 5% Non-cancer population (n = 1,313,323)
Col % pb Col %

2002-2007 37.3

2008-2013 28.2

2014-2017 4.4

Survey years

1998-2003 19.6 <.001 21.3

2004-2008 18.6 16.5

2009-2013 37.7 34.1

2014-2019 24.2 28.2

aMHOS Medicare Health Outcomes Survey (https://healthcaredelivery.cancer.gov/seer-mhos/)

b . . .
The reference group were men without a cancer history from SEER enrolled in the same MA plans.

cComorbid conditions included the following: osteoporosis, hypertension, any heart condition (angina pectoris/coronary artery disease, congestive
heart failure, myocardial infarction, other heart conditions), stroke, emphysema/asthma/COPD, Crohn’s disease/ulcerative colitis/Inflammatory
bowel disease, arthritis (hip/knee, or hand/wrist), sciatica, and diabetes/high blood sugar/sugar in urine

dUnderweight (BMI < 18.5) observations were excluded from Table 1

e . . . . .
Others included single, widowed, divorced, separated, unmarried, or unknown
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Table 2

Adjusted clustered linear regression analysis of general health T-score among prostate cancer survivors vs men
without a cancer history. Prostate cancer survivors were diagnosed (SEER-MHOS) from 1988 to 2017 and

surveys (MHOS) were conducted from 1998 to 20194

T-scoredifferences  95%Cl p

Age at time of survey

65 to 69 Ref

70to 74 0.23 0.18 0.28 <.001

=75 -151 -1.55 - 1.46 <.001
Stage

Without a cancer history Ref

Localized/regional (non-metastatic) - 0.99 -111 -088 <.001

Missing -0.74 -1.05 -0.43 <.001

Distant (metastatic) -6.26 -714 -538 <.001
Number of comorbid conditions

0 Ref

1 -295 -3.02 -2.88 <.001

2 -6.01 -6.08 -5.94 <.001

23 -11.65 -11.71 -1159 <.001
Body mass index (BMI)

Normal weight (= 18.5 BMI < 25) Ref

Overweight (= 25 BMI < 30) 0.15 0.10 0.20 <.001

Obese (BMI = 30) -1.67 -173 -161 <.001

Unknown -0.68 -0.76 -0.60 <.001
Race/ethnicity

Non-Hispanic White Ref

Non-Hispanic Black -1.92 -1.99 -1.85 <.001

Hispanic -3.40 -3.50 -3.29 <.001

Asian and others -1.78 -18 -170 <.001

Unknown -0.57 -0.81 -0.33 <.001
Marital status

Married Ref

Others 0.04 0.00 0.08 0.054
Educational attainment

> 4-year college graduate Ref

Some college or 2-year degree -1.49 -155 -1.43 <.001

High school graduate -321 -3.26 -3.15 <.001

< High school -5.97 -6.03 -5091 <.001

Unknown -3.97 -4.10 -3.84 <.001
Home ownership

Owned or being bought Ref

Rented for money -2.52 -257 -247 <.001
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T-scoredifferences  95%Cl p
Unknown - 248 -255 -2.40 <.001
Survey years
1998-2003 Ref
2004-2008 0.03 -0.04 0.11 0.388
2009-2013 0.18 0.10 0.27 <.001
2014-2019 0.74 0.66 0.83 <.001

Page 18

a ) . e ) . . .
Prostate cancer survivors with missing survey records /7= 405 and men without a cancer history with missing survey records /7= 14,453. All

adjusted analyses controlled for age at time of the survey, stage, number of comorbid conditions, BMI, race/ethnicity, marital status, educational

attainment, home ownership, SEER region, and survey years
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Table 3

Adjusted clustered linear regression analysis of physical component summary 7-score among prostate cancer
survivors vs men without a cancer history. Prostate cancer survivors were diagnosed (SEER-MHOS) from

1988 to 2017 and surveys (MHOS) were conducted from 1998 to 20194

OR 95%Cl p

Age at time of survey

65 to 69 Ref

70to 74 -0.29 -0.34 -0.24 <.001

=75 -3.55 -3.59 -3.50 <.001
Stage

Without a cancer history Ref

Localized/regional (non-meta- 0.12 -0.02 027 0.094
static)

Missing -0.37 -0.57 -0.17 <.001

Distant (metastatic) -433 -518 -348 <.001
Number of comorbid conditions

0 Ref

1 -3.17 -324 -3.10 <.001

2 -7.04 -7.11 -6.97 <.001

23 -13.61 -1367 -1354 <.001

Body mass index (BMI)
Normal weight (= 18.5 BMI < 25)  Ref

Overweight (= 25 BMI < 30) -037 -043 -032 <.001
Obese (BMI = 30) -352 -358 -346 <.001
Unknown -145 -153 -137 <.001

Race/ethnicity

Non-Hispanic White Ref

Non-Hispanic Black -0.67 -0.74 -0.60 <.001
Hispanic -0.99 -1.10 -0.89 <.001
Asian and others -019 -027 -011 <.001
Unknown 0.03 -0.22 0.28 0.811

Marital status
Married Ref
Others -0.60 -0.64 -0.56 <.001

Educational attainment

> 4-year college graduate Ref

Some college or 2-year degree -1.53 -1.59 -1.47 <.001
High school graduate -2.49 -255 -243 <.001
< High school -398 -404 -392 <.001
Unknown -2.39 - 253 -2.25 <.001

Home ownership

Owned or being bought Ref
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OR 95%Cl p
Rented for money -1.91 -1.96 -1.86 <.001
Unknown -171  -179 -164 <.001
Survey years

1998-2003 Ref

2004-2008 0.15 0.07 0.23 0.003
2009-2013 0.29 0.20 0.38 <.001
2014-2019 0.58 0.49 0.67 <.001

Page 20

a . . . . . . .
Prostate cancer survivors with missing survey records 7= 1449 and men without a cancer history with missing survey records 7= 46,415.All
adjusted analyses controlled for age at time of the survey, stage, number of comorbid conditions, BMI, race/ethnicity, marital status, educational

attainment, home ownership, SEER region, and survey years
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Table 4

Adjusted clustered linear regression analysis of mental component summary 7-score among prostate cancer
survivors vs men without a cancer history. Prostate cancer survivors were diagnosed (SEER-MHOS) from

1988 to 2017 and surveys (MHOS) were conducted from 1998 to 20194

OR 95%Cl p
Age at time of survey
65 to 69 Ref
70to 74 0.77 0.72 0.82 <.001
=75 0.15 0.10 0.20 <.001
Stage
Without a cancer history Ref

Localized/regional (non-metastaticy -0.01 -0.18 0.17 0.918

Missing -024 -044 -004 <.001

Distant (metastatic) -264 -34 -1.88 <.001
Number of comorbid conditions

0 Ref

1 -085 -092 -078 <.001

2 -182 -189 -175 <.001

23 -510 -517 -504 <.001

Body mass index (BMI)
Normal weight (= 18.5 BMI < 25) Ref

Overweight (= 25 BMI < 30) 059 054 065  <.001

Obese (BMI = 30) 0.29 0.23 0.35 <.001

Unknown -0.04 -012 0.04 0.367
Race/ethnicity

Non-Hispanic White Ref

Non-Hispanic Black -072 -079 -0.65 <.001

Hispanic -276 -286 -265 <.001

Asian and others -118 -126 -111 <.001

Unknown -068 -094 -043 <.001
Marital status

Married Ref

Others -078 -082 -0.74 <.001
Educational attainment

> 4-year college graduate Ref

Some college or 2-year degree -055 -061 -049 <.001

High school graduate -151 -157 -145 <.001

< High school -396 -4.03 -390 <.001

Unknown -217 -231 -203 <.001

Home ownership
Owned or being bought Ref
Rented for money -211 -216 -206 <.001
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OR 95%Cl p

Unknown
Survey years
1998-2003
2004-2008
2009-2013
2014-2019

-238 -246 -231 <.001

Ref

0.07 -0.01 0.14 0.104
-025 -034 -016 <.001
0.91 0.83 1.00 <.001

Page 22

a I . o . . . .
Prostate cancer survivors with missing survey records 7= 1449 and men without a cancer history with missing survey records /7= 46,415. All
adjusted analyses controlled for age at time of the survey, stage, number of comorbid conditions, BMI, race/ethnicity, marital status, educational
attainment, home ownership, SEER region, and survey years
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Table 5

Page 23

Distribution of person-survey record-level characteristics between localized/regional and metastatic prostate
cancer survivors. Prostate cancer survivors were diagnosed (SEER-MHQOS) from 1988 to 2017, and the

Medicare Health Outcomes Survey (MHOS) was conducted from 1998 to 20194

M etastatic prostate cancer (n = 996)

L ocalized/regional prostate cancer (n = 28,747)

Col % pb Col %

Cancer sequence number

One primary only in the patient’s lifetime ~ 89.2 0.126 87.5

First of two or more primaries 10.8 125
Age at cancer diagnosis

41 to 64 13.2 <.001 16.5

65 to 69 25.6 32.8

70to 74 25.4 27.1

275 35.8 23.7
Age at time of survey

65 to 69 18.7 <.001 215

70to 74 26.3 31.8

275 55.0 46.8
Time between year of diagnosis and survey year

<2y 27.9 <.001 16.4

22yand<5y 34.4 35.4

25yand<10y 37.7 48.3
Prostate cancer treatment status

No 17.3 <.001 315

Yes 725 55.8

Unknown 10.2 12.7
Number of comorbid conditions®

0 117 0.770 11.3

1 22.2 23.6

2 26.4 26.1

23 39.8 39.0
Body mass index (BMI)”I

Normal weight (= 18.5 and < 25) 18.7 <.001 21.9

Overweight (= 25 and < 30) 27.1 38.4

Obese (= 30) 12.1 20.9

Unknown 42.2 18.8
Race/ethnicity

Non-Hispanic White 67.6 <.001 68.7

Non-Hispanic Black 12.9 13.6

Hispanic 8.0 9.0

Asian and others 10.8 7.4
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M etastatic prostate cancer (n =996) Localized/regional prostate cancer (n = 28,747)

Col % pb Col %
Unknown 0.7 13
Marital status€
Married 64.3 <.001 70.5
Others 35.7 29.5
Educational attainment
> 4-year college graduate 20.8 <.001 26.8
Some college or 2-year degree 22.9 21.9
High school graduate 27.3 26.3
< High school 27.6 225
Unknown 14 24
Household income at the time of survey
< $19,999 29.4 <.001 23.1
$20,000-$49,999 327 36.3
= $50,000 17.3 24.2
Unknown 20.6 16.4
Home ownership
Owned or being bought 73.8 0.432 75.6
Rented for money 18.6 17.4
Unknown 7.6 7.0
SEER region
California 26.9 <.001 211
Connecticut 5.8 5.0
Georgia 5.2 7.8
Hawaii 9.2 3.9
Idaho 2.1 3.0
lowa 5.4 3.6
Kentucky 2.0 25
Louisiana 7.6 4.9
Massachusetts 2.0 4.6
Detroit (Metropolitan) 2.4 4.0
New Jersey 4.7 6.0
New Mexico 4.5 5.1
New York 9.9 18.1
Utah 3.7 51
Seattle (Puget Sound) 8.3 5.4
Year of diagnosis
1988-2001 42.0 <.001 17.7
2002-2007 24.0 40.3
2008-2013 25.1 36.6
2014-2017 8.9 5.4

Survey years
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M etastatic prostate cancer (n =996) Localized/regional prostate cancer (n = 28,747)
Col % pb Col %
1998-2003 31.8 <.001 12.0
2004-2008 18.8 145
2009-2013 311 421
2014-2019 18.3 315

aMHOS Medicare Health Outcomes Survey (https://healthcaredelivery.cancer.gov/seer-mhos/)

b . . .
The reference group were localized or regional prostate cancer survivors

cComorbid conditions included the following: osteoporosis, hypertension, any heart condition (angina pectoris/coronary artery disease, congestive
heart failure, myocardial infarction, other heart conditions), stroke, emphysema/asthma/COPD, Crohn’s disease/ulcerative colitis/Inflammatory
bowel disease, arthritis (hip/knee, or hand/wrist), sciatica, and diabetes/high blood sugar/sugar in urine

a . .
Underweight (BMI < 18.5) observations were excluded from the sample

e . . . . .
Others included single, widowed, divorced, separated, unmarried, or unknown
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