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Abstract
Purpose The purpose of the study is to identify chronic condi-
tion clusters at pre- and post-cancer diagnosis, evaluate predic-
tors of developing clusters post-cancer, and examine the impact
on functional impairment among older cancer survivors.
Methods We identified 5991 survivors age 65 and older of
prostate, breast, colorectal, lung, bladder, kidney, head and
neck, and gynecologic cancer and non-Hodgkin lymphoma
from the Surveillance, Epidemiology and End Results-
Medicare Health Outcomes Survey resource. Survivors com-
pleted surveys pre- and post-cancer diagnosis on 13 chronic
conditions and functional status. Among those with ≥2 condi-
tions, exploratory factor analysis identified clusters of condi-
tions. Differences in cluster frequency from pre- to post-
cancer diagnosis were evaluated across the top five cancer
types using chi-square tests. Modified Poisson regression
models estimated the relative risk of developing clusters
post-diagnosis. Chi-square tests evaluated associations be-
tween function and clusters.

Results Clusters included the following: cardiovascular dis-
ease cluster (pre 6.1 % and post 7.7 %), musculoskeletal clus-
ter (28.2 % and 29.3 %), metabolic cluster (14.9 % and
17.6 %), and the major depressive disorder risk (MDDr)+
gastrointestinal (GI) + pulmonary condition cluster (5.8 %
and 8.7 %). Increases in MDDr+GI+Pulmonary cluster from
pre- to post-cancer diagnosis were observed for prostate, lung,
and colorectal cancer survivors. Functional impairment was
more prevalent in survivors with defined clusters, especially in
MDDr+GI+pulmonary, compared to survivors with ≥2 un-
clustered conditions.
Conclusions Distinct condition clusters of two or more chron-
ic conditions are prevalent among older cancer survivors.
Cluster prevalence increases from pre- to post-cancer diagno-
sis and these clusters have a significant impact on functional
limitations.
Implications for Cancer Survivors Tailored management on
specific multimorbidity patterns will have implications for
functional outcomes among older survivors.
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Introduction

Over half of cancer survivors 65+years old have at least one
chronic condition and almost one quarter have ≥4 conditions
[1]. Multimorbidity, defined as the presence of more than one
clinical condition of equal importance to a patient’s quality of
life [2], increases the likelihood of mortality in older cancer
patients [3]. Multimorbidity increases the complexity of clin-
ical decision-making in cancer survivors [4–7].

Specific chronic conditions may cluster based on shared
pathogenesis, such as cardiovascular disease and metabolic
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disorders [8]. Multimorbidity clusters may be different before
and after a cancer diagnosis due to the impact of cancer and
treatment, or may differ by cancer diagnosis [9]. Clusters may
be associated with particular outcomes: for example, cardio-
respiratory conditions may be associated with higher levels of
pain and shortness of breath [10], while musculoskeletal con-
ditions may have greater functional limitations; however, the
previously used comorbidity index scores may mask this dif-
ference. The majority of evidence on chronic conditions in
cancer survivorship has been demonstrated in the long-term
survivors of childhood cancer [11–13]. There is limited evi-
dence in the aging population on the occurrence of specific
clusters, whether the clusters are different pre- and post-cancer
diagnosis, and if specific clusters are associated with function-
al impairment.

Many older survivors suffer from multimorbidity in a
health care system currently designed for treating single dis-
eases, resulting in complicated long-term treatment recom-
mendations, or situations where no recommendations exist
[14, 15]. Our objective was to examine clusters pre- and
post-cancer diagnosis and the association of these clusters
with functional limitations in a population-based sample of
older cancer patients. We hypothesized that multiple clusters
would be observed before and after cancer diagnosis and that
different clusters would have varying impacts on functional
outcomes. The Surveillance, Epidemiology and End Results
(SEER) national database of cancer registries linked with the
Medicare Health Outcomes Survey (MHOS) provided a rich
database to achieve our objective.

Methods

Data source

The SEER-MHOS data set includes cancer registry informa-
tion linked with patient-reported surveys from a nationwide
sample of individuals 65 years old or older who are enrolled in
Medicare Advantage organizations [16]. MHOS collects sur-
vey data on comorbidities, symptoms, functional outcomes,
and quality of life [17]. Currently, 14 annual survey cohorts
from 1998 to 2013 are available for analysis. Individuals en-
rolled in participating Medicare Advantage organizations are
randomly sampled by health plans, administered the survey by
mail (>80 %) or telephone (∼20 %), and are then resurveyed
2 years later [16].

Of the 14 cohorts of data, we obtained data for nine of the
most frequent cancer diagnoses (or diagnosis groups) in the
USA, including breast, colorectal, prostate, lung, bladder, kid-
ney, gynecologic, head and neck cancers, and non-Hodgkin
lymphoma. We selected individuals who had completed a sur-
vey prior to a cancer diagnosis (median 12 months) and com-
pleted a survey post-cancer diagnosis (median 13 months). Of

the 6233 with pre- and post-cancer surveys, we excluded 242
individuals diagnosed <65, leaving a final sample size of 5991.

Measures

Cancer, stage, and treatment The SEER registry provides
cancer type, stage at diagnosis, diagnosis date, and prelimi-
nary treatment information. We used the summary stage
(2000) variable, derived from Collaborative Stage for 2004+
and Extent of Disease from 1998 to 2003 with the categories:
in situ, localized, regional, distant, and unknown. Preliminary
treatment information is reported in SEER on whether radia-
tion or surgery were received.

Comorbidities Comorbidities were measured via self-report
from the question stem Bhas a doctor ever told that you had…^
with response options of yes/no [7]. Comorbidities asked
across all 14 cohorts of survey data were selected for this study.
These included high blood pressure (HBP), angina/coronary
artery disease (CAD), congestive heart failure (CHF), myocar-
dial infarction (MI), other heart condition, stroke, diabetes, ar-
thritis of the hip/knee, arthritis of the hand/wrist, sciatica, pul-
monary conditions (emphysema, asthma, chronic obstructive
pulmonary disease [COPD]), and gastrointestinal (GI) condi-
tions (Crohn’s disease, ulcerative colitis, or inflammatory bow-
el disease). The algorithm for major depressive disorder risk
(MDDr) includes two methods that can result in a positive
screen forMDDr [18, 19]. The first method required a response
of Byes^ to BIn the past year, have you had 2 weeks or more
during which you felt, sad, blue, or depressed; or when you lost
interest or pleasure in that you usually cared about or enjoyed?^
The second method requires a response of Byes^ to (1) feeling
depressed or sad much of the time in the past 2 years and (2)
having ≥2 years in life when feeling depressed or sad on most
days, in addition to feeling downhearted/blue in the past
4 weeks at least Bsome of the time.^ Either method classified
a survivor as having MDDr.

Functional status (ADLs) Functional limitations were
assessed using an activity of daily living (ADL) index. The
six items adapted from the Katz ADL [20] scale asked respon-
dents how much difficulty they had doing six activities (no
difficulty; a little difficulty; a lot of difficulty). A score of 6
indicates functional independence, 3–4 indicates moderate
impairment, and ≤2 indicates significant impairment [20].

Demographic characteristics The SEER registry links cases
to the poverty level of the census tract where patients lived at
the time of cancer diagnosis, thus providing a measure of
poverty. Poverty levels were defined at 0–<5 % (includes
those not in poverty), 5–<10 %, 10–<20 %, and 20–100 %
below poverty. Race/ethnicity was derived using a variable
that combined SEER-filled race information, CMS enrollment

J Cancer Surviv (2016) 10:1096–1103 1097



database, and self-reported race. Categories included non-
Hispanic White, non-Hispanic Black, Asian or Pacific
Islander, and other. Education was self-reported as <high
school, high school graduate, some college, and college or
higher.

Analysis

To identify clusters, we restricted the analysis to participants
with ≥2 conditions and conducted an exploratory factor anal-
ysis (EFA) at pre- and post-cancer diagnosis. A tetrachoric
correlation matrix was used to account for the dichotomous
items [21] along with oblique (geomin) rotationwith weighted
least squares mean estimator. Factors were derived using the
following criteria: eigenvalues (screen plot, eigenvalues >1),
root mean square residual (<0.05), root mean square error of
approximation (RMSEA; <0.06), and qualitatively assessing
factors for conceptual relevance [22]. Items with a factor load-
ing ≤0.20 were excluded from a factor. Priority was given to
eigenvalues, RMSEA, and conceptual relevance. EFA proce-
dures were conducted using MPlus version 7 [23].

The frequency of survivors in each cluster was determined
by requiring that survivors report the majority of conditions
within a cluster. For example, survivors needed to have ≥3 out
of 5 conditions for a 5-condition cluster, ≥2 out of 3 conditions
for a 3-condition cluster, or both conditions for a 2-condition
cluster. An additional category of multiple conditions was
created to account for survivors who had ≥2 conditions but
did not meet any defined cluster criteria. Survivors could po-
tentially have multiple clusters.

Cluster frequencies and chi-square tests were used to evaluate
pre- and post-cancer diagnoses in the overall sample and for the
five most prevalent cancer types: prostate (29.1 %), breast
(22.5 %), colorectal cancer (15.1 %), genitourinary (10.7 %),
and lung (9.9 %). Among those survivors without pre-cancer
diagnosis clusters, we estimated the relative risk (RR) and 95 %
confidence intervals (CIs) of developing specific clusters after
cancer diagnosis using modified Poisson regression models ad-
justed for demographic and clinical characteristics. Finally, we
used chi-square tests to examine the presence of functional lim-
itations across clusters at pre- and post-cancer diagnosis.

Results

Study population The average age at cancer diagnosis was
75 years (range 65–103). The mean age at pre-cancer and
post-cancer survey completion was 74 and 77.7 years, respec-
tively (Table 1). The majority of survivors were non-Hispanic
White (79 %). Approximately 67 and 70 % of survivors re-
ported ≥2 comorbidities before and after cancer diagnosis,
respectively. Supplementary Table 1 provides frequencies of
individual comorbidity.

EFA results The EFA yielded four clusters at both pre-
diagnosis and post-diagnosis. The full factor loadings and fac-
tor structure are shown in Supplementary Tables 2 and 3. The
factor structure indicates that CVD cluster was comprised of

Table 1 Sample characteristics (n= 5991)

N (%)

Age at diagnosis (mean, SD) 75.2 (5.9) 65–103

Age at post-cancer diagnosis
survey (mean, SD)

77.7 (6.0) 65–104

Race/ethnicity

Non-Hispanic White 4430 (79.0)

Non-Hispanic Black 467 (7.8)

Asian or Pacific Islander 535 (8.9)

Hispanic 474 (7.9)

Othera 86 (1.4)

Males 3159 (52.7)

Education

<High school 1596 (26.5)

High school graduate 1834 (30.6)

Some college 1378 (23.0)

College or higher 1058 (17.7)

Census-tract poverty level
(% below poverty level)

0–<5 % 1640 (27.4)

5–<10 % 1793 (29.7)

10–<20 % 1595 (26.6)

20–<100 % 893 (14.9)

Unknown 70 (1.2)

Cancer type

Prostate 1741 (29.1)

Breast 1345 (22.5)

Colon/rectal 904 (15.1)

Lung 593 (9.9)

Genitourinaryb 646 (10.8)

Gynecologic cancer 320 (5.3)

Non-Hodgkin lymphoma 263 (4.4)

Head and neck 179 (3.0)

Stage at diagnosis

In situ 569 (9.5)

Localized 3469 (57.9)

Regional 1131 (18.9)

Distant 510 (8.5)

Unstaged 167 (2.8)

Missing 145 (2.4)

Received radiation 2096 (35.0)

Received surgery 3896 (65.0)

Mean number of months from
cancer diagnosis to survey (post)

16.1 (16.2) 0–145

aAmerican Indian or Alaskan Native, multiracial, or another race
b Comprised of bladder (n = 438) and kidney cancers (n= 208)
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MI, angina, CHF, other heart conditions, and stroke. The mus-
culoskeletal cluster was comprised of arthritis of hip/knee, ar-
thritis of hand/wrist, and sciatica. The metabolic cluster was
comprised of diabetes and HBP. Finally, MDDr, pulmonary,
and GI conditions (MDDr+GI+pulmonary) clustered togeth-
er. In the pre-cancer diagnosis survey, the four-cluster model
demonstrated satisfactory fit with CFI/TLI = 0.98/0.95 and
RMSEA=0.026. The same structure emerged for post-cancer
diagnosis EFA (CFI/TLI=0.98/0.95, RMSEA=0.027).

Cluster frequency Overall, 41.7 % of the patients reported
one or more clusters prior to cancer diagnosis; the proportion
of patients with one or more clusters increased to 46.2 % after
cancer diagnosis. Table 2 shows that, overall, the musculo-
skeletal cluster was most frequently reported (28 and 29 %
of cancer survivors at pre- and post-diagnosis, respectively),
followed by metabolic (15 and 17 %, respectively), CVD (6.1
and 7.6 %, respectively), and MDDr+GI+pulmonary (5.8
and 8.7 %, respectively). Un-clustered conditions were ob-
served in 25 % cancer survivors prior to cancer diagnosis
and 26 % cancer survivors after cancer diagnosis. The

proportion of prostate cancer survivors reporting musculo-
skeletal conditions was significantly higher after cancer diag-
nosis when compared to before (25.7 vs. 21.6 %, p=0.0139).
The proportion of breast and lung cancer survivors reporting
metabolic conditions was significantly higher after cancer di-
agnosis (19.2 vs. 15.5 %, p=0.032, and 16.9 vs. 11.8 %,
p = 0.042). Finally, the proportion of cancer survivors
reporting MDDr+GI+pulmonary cluster was significantly
higher after the respective cancer diagnoses, when compared
to before for prostate (3.2 vs. 5.9 %, p=0.0005), colorectal
cancer (5.2 vs. 8.1 %, p=0.037), and lung cancer survivors
(13.2 vs. 21.6 %, p=0.0006).

Factors associated with post-cancer diagnosis cluster
development

Entire cohortOverall, 2.7, 1.6, and 2.9 % of survivors report-
ed the development of new metabolic, CVD, and MDDr+
GI+pulmonary cluster after cancer diagnosis, respectively.
Factors associatedwith all three new clusters included increas-
ing age (RR = 1.02–1.07) and less than a high school

Table 2 Chronic condition cluster prevalence overall and by top 5 cancer types

All (n= 5991) Prostate (n= 1741) Breast (n = 1345)

Pre Post Pre Post Pre Post

N (%) N (%) N (%) N (%) N (%) N (%)

0 condition 769 (12.9) 562 (9.5) 282 (16.2) 216 (12.4) 131 (9.7) 83 (6.2)

1 condition 1206 (20.3) 1082 (18.2)* 413 (23.7) 355 (20.4)* 241 (17.9) 240 (17.8)

Un-clustered conditionsa 1511 (25.3) 1571 (26.3) 440 (25.4) 452 (26.1) 352 (26.2) 329 (24.5)

Musculoskeletal 1677 (28.2) 1755 (29.3) 376 (21.6) 448 (25.7)*** 463 (34.4) 493 (36.7)

Metabolic 890 (14.9) 1040 (17.6)*** 255 (14.7) 282 (16.2) 208 (15.5) 258 (19.2)*

CVDb 365 (6.1) 458 (7.7)*** 106 (6.1) 126 (7.2) 47 (3.5) 65 (4.8)

MDDrc +GId + pulmonary 348 (5.8) 518 (8.7)*** 56 (3.2) 103 (5.9)*** 84 (6.3) 105 (7.8)

≥2 clusters 666 (11.1) 823 (13.7)*** 160 (9.2) 199 (11.4)* 157 (11.7) 194 (14.4)*

CRC (n= 904) Genitourinary (n= 646) Lung (n = 593)

Pre Post Pre Post Pre Post

N (%) N (%) N (%) N (%) N (%) N (%)

0 condition 124 (13.7) 93 (10.3) 66 (10.2) 59 (9.1) 50 (8.4) 32 (5.4)

1 condition 162 (17.9) 147 (16.3) 117 (18.1) 90 (13.9) 109 (18.4) 90 (15.2)

Un-clustereda 208 (23.1) 244 (27.1) 165 (25.6) 181 (28.2) 156 (26.5) 175 (29.7)

Musculoskeletal 270 (29.9) 238 (26.3) 198 (30.7) 202 (31.3) 173 (29.2) 157 (26.5)

Metabolic 157 (17.4) 175 (19.4) 115 (17.8) 123 (19.0) 70 (11.8) 100 (16.9)*

CVDb 69 (7.6) 86 (9.5) 61 (9.4) 71 (11.0) 45 (7.6) 57 (9.6)

MDDrc +GId + pulmonary 47 (5.2) 73 (8.1)** 40 (6.2) 52 (8.1) 78 (13.3) 128 (21.7)***

≥2 clusters 109 (12.1) 122 (13.5) 96 (14.9) 109 (16.9) 78 (13.3) 109 (18.4)*

*p< 0.05; **p < 0.01; ***p < 0.001 for chi-square test of statistically significant differences in frequency from pre- to post-cancer diagnosis
a Individuals with ≥2 conditions and were considered Bun-clustered^
b Cardiovascular disease cluster
cMajor depressive disorder risk
dGastrointestinal conditions
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education (RR=1.31–1.50; results shown in Supplementary
Table 4). Minority survivors were at increased risk for devel-
oping the metabolic cluster (RR=1.31, 95 % CI 1.28, 2.02)
but at decreased risk for developing the MDDr+GI+pulmo-
nary cluster (RR=0.57, 95 % CI 0.45, 0.71).

Prostate cancer Approximately 4 % reported new develop-
ment of the musculoskeletal cluster and 2.5 % reported the
MDDr+GI+pulmonary cluster after prostate cancer diagno-
sis. Table 3 shows age was associated with new musculoskel-
etal cluster development (RR=1.08, 95 % CI 1.06, 1.10).
Factors associated with new MDDr+GI+pulmonary cluster
included age, less than high school education, and >5% below
poverty level.

Colorectal cancer There was a 2.9 % increase in the propor-
tion of survivors reporting MDDr+GI+ pulmonary cluster
after colorectal cancer diagnosis. No sociodemographic or
clinical characteristics included in the model were associated
with increased risk.

Breast cancer Approximately 5 % of survivors reported de-
velopment of new metabolic cluster after diagnosis.
Minorities were at significantly increased risk of developing
new metabolic cluster (RR=1.74, 95 % CI 1.09, 2.79).

Lung cancer A total of 5.1 and 8.4 % of survivors reported
development of new metabolic and MMDr+GI+pulmonary
cluster. No sociodemographic or clinical characteristics in-
cluded in the model were associated with increased risk.

Functional impairment frequency The frequency of
reporting at least moderate functional impairment was highest
among the MDDr+GI+pulmonary condition cluster across
cancer types with the exception of breast cancer, where the
CVD cluster had the most functional impairment (Table 4).
Other than survivors with ≤1 conditions, those with Bun-
clustered^ conditions reported lowest functional impairment.
Over half of the survivors with ≥2 clusters (52 %) and
MDDr+GI + pulmonary condition cluster (56 %) met the
criteria for functional impairment at pre-diagnosis.

Table 4 Pre- and post-cancer diagnosis functional limitation prevalence overall and by top 5 cancer types

All (n = 5991) Prostate (n= 1741) Breast (n= 1345)

Pre Post Pre Post Pre Post

N (%)a N (%)a N (%) N (%) N (%) N (%)

0–1 condition 200 (10.1) 239 (14.5) 62 (8.9) 66 (11.6) 41 (11.0) 35 (10.8)

Un-clustered conditionsb 281 (31.6) 433 (41.3)*** 67 (15.2) 98 (21.7)* 49 (13.9) 59 (17.9)

Musculoskeletal 699 (41.7) 856 (48.8)*** 149 (39.6) 197 (44.0) 198 (42.8) 223 (45.2)

Metabolic 229 (15.2) 393 (25.0)*** 62 (24.3) 97 (34.4)* 77 (37.0) 92 (35.7)

CVDc 160 (43.8) 248 (54.2)** 45 (42.5) 65 (51.6) 26 (55.3) 38 (58.5)

MDDrd +GIe + pulmonary 344 (51.7) 477 (58.0)* 28 (50.0) 65 (63.1) 42 (50.0) 105 (52.4)

≥2 clusters 195 (56.0) 310 (59.9) 72 (45.0) 104 (52.3) 81 (11.7) 106 (54.6)

CRC (n= 904) Genitourinary (n= 646) Lung (n= 593)

Pre Post Pre Post Pre Post

N (%) N (%) N (%) N (%) N (%) N (%)

0–1 condition 34 (11.9) 38 (15.8)*** 21 (11.5) 29 (19.5)* 18 (11.3) 31 (25.4)**

Un-clustered conditionsb 35 (16.8) 67 (27.5)** 17 (10.3) 43 (23.8)*** 18 (11.5) 61 (34.9)***

Musculoskeletal 114 (42.2) 117 (49.2) 85 (42.9) 109 (54.0)* 76 (43.9) 98 (62.4)***

Metabolic 53 (33.8) 82 (46.9)* 37 (32.2) 55 (44.7)* 27 (38.6) 58 (58.0)*

CVDc 32 (46.4) 48 (55.8) 22 (36.1) 35 (49.3) 19 (42.2) 35 (61.4)

MDDrd +GIe + pulmonary 31 (65.9) 47 (64.4) 25 (62.5) 28 (53.9) 47 (60.3) 83 (64.8)

≥2 clusters 62 (56.9) 80 (65.6) 48 (50.0) 64 (58.7) 46 (29.0) 72 (66.1)

*p< 0.05; **p < 0.01; ***p < 0.001 for chi-square test of differences from pre- to post-cancer diagnosis
a Percentages represent the percentage of those with functional limitations within each cluster
b Individuals with ≥2 conditions and were considered Bun-clustered^
c Cardiovascular disease cluster
dMajor depressive disorder risk
e Gastrointestinal conditions
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Discussion

Over two thirds of older cancer survivors within this sample of
Medicare Advantage beneficiaries reported ≥2 comorbidities
pre- and post-cancer diagnosis. This study identified the co-
occurrence of specific conditions both before and after cancer
diagnosis. We identified several condition clusters, including a
CVD cluster, musculoskeletal cluster, metabolic dyad, and a
cluster ofMDDr+GI+pulmonary conditions. Increases in clus-
ter frequency from pre- to post-cancer diagnosis differed across
cancer types. Survivors within clustered conditions had signifi-
cantly higher frequency of functional impairment compared to
those with Bun-clustered^ multimorbidity or with ≤1 condition.

The clusters identified through our data were generally
consistent with our hypotheses and with clusters reported in
other studies conducted among similarly aged non-cancer
population [24]. Cardiovascular, metabolic, and musculoskel-
etal condition clusters are among the primary groups that have
previously been identified in other studies. Our EFA found
that diabetes and HBP exist as an independent dyad [25]; this
differs from several studies reporting that these conditions
clustered with other CVD diseases in the general population
[26]. Our study also identified a fourth cluster that was com-
prised of three seemingly unrelated disease combinations: GI,
pulmonary conditions, and MDDr. This may follow the trend
of the Bmental health problems cluster^ summarized by Prado-
Torres and colleagues in their systematic review [24]. For
example, several studies in the review reported that conditions
such as anxiety, asthma/COPD, depression, and intestinal di-
verticulitis, among others, were all within a single cluster [27,
28]. Survivors with one or both of these conditions may have
an increased depression risk, thus creating this Bheteroge-
neous^ cluster in terms of pathophysiologic relationship.

As might be expected for colorectal and lung cancer survi-
vors, MDDr+GI+pulmonary conditions increased from pre-
to post-diagnosis. However, MDDr+GI+pulmonary condi-
tions also increased for prostate cancer survivors. Consistent
with reports of high risk of metabolic syndrome in breast
cancer survivors [29], we found a significant 4 % increase in
frequency of having both diabetes and HBP. Given that the
surveys were delivered in relatively close timing (on average
within 2 years), cluster increases may not necessarily be at-
tributable to aging. Further study on clinical and biological
factors that contribute to the increase of multimorbidity, espe-
cially clusters, is needed.

Multimorbidity among the older population has multiple
health-status implications, especially in functional outcomes.
Interestingly, those with ≥2 clusters did not have the highest
functional impairment frequency. The high frequency of lim-
itations within the MDDr+GI+pulmonary cluster is sugges-
tive of the impact of these condition combinations in older
survivors. Given that multimorbid adults report that maintain-
ing independence, and thus their functional capabilities, ranks

number one on their priority list, followed by pain/symptom
relief, and then survival, identifying high-risk clusters for pre-
emptive functional assessments and intervention may provide
a targeted approach to preventing further decline [30].

However, despite the association between chronic health
condition clusters and functional limitation, almost all of the
limited number of interventions for multimorbid patients are
designed for primary care or community settings for the gen-
eral population of older adults and not cancer survivors [31].
Tailoring or developing interventions for an older cancer-
specific population with multimorbidity must include integra-
tion of available evidence on the interaction between cancer,
its treatments, and other conditions; how conditions may con-
tribute to polypharmacy; the effect on survival estimates; and
how this information affects patient preferences for care [2].
Our study suggests considerations of multimorbidity should
include not only which conditions are present or how many
but also in which combinations they occur.

Findings are subject to several limitations. First, theMHOS
is not a cancer-specific instrument and thus does not include
certain symptoms or conditions that are relevant for cancer
patients (e.g., fatigue). Second, there are inherent limitations
to Bdefining^ whether a survivor does or does not qualify as
having a cluster of conditions. Requiring that survivors have
the majority, or both, of the conditions is the first step to
examining a highly complex problem. Validation of the clus-
ters in another cancer sample will also be required. Third, the
data do not include Medicare Fee-for-Service beneficiaries
who account for most of the Medicare population [16] and
tend to report lower quality of life [32]. Fourth, the treatment
data are limited to the first course of therapy data (surgery,
radiation) from SEER and chemotherapy data is not reliable.
Finally, we did not have data from a non-cancer population;
therefore, we were unable to compare cancer vs. non-cancer.
However, given that one in three individuals >65 years old
will be diagnosed with cancer, a Bwithin-cancer^ population
comparison holds significant value.

Multimorbidity clusters were prevalent within the vulnera-
ble older cancer survivor population. Functional impairment
was substantial across clusters and imposed an additional bur-
den compared to having ≥2 conditions that were un-clustered.
As survivors advance further from diagnosis, treating and/or
managing multiple chronic conditions will be critical to main-
tain functional status and quality of life [33].Multidisciplinary
approaches, including oncologists, geriatricians, social
workers, pharmacists, and physical therapists, among others,
will be required to provide optimal comprehensive care for
older cancer survivors living with multimorbidity [2].
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