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KABSTRACT

Background. Our ability to optimize the care of older adults
with cancer and comorbid illnesses is insufficient because most
clinical trials lack systematic measurement. The primary pur-
pose of this study was to evaluate the association between
patient-reported comorbidity and all-cause mortality using vari-
ous comorbidity scoring algorithms.

Materials and Methods. The Carolina Senior Registry was
linked with the North Carolina Central Cancer Registry to obtain
mortality data. Comorbidity was assessed using the patient-
reported Older Americans Resources and Services Question-
naire subscale that assesses 13 specific conditions and the
degree to which each impairs activities. Multivariable Cox pro-
portional hazard regression models were used to evaluate the
association between comorbidities and all-cause mortality.
Results. The study sample included 539 patients; the median
age was 72 years, 72% were female, and 47% had breast cancer.

Overall, 92% reported >1 comorbid condition, with a mean of
2.7 conditions (range 0—-10), with arthritis and hypertension the
most common (52% and 50%, respectively). Approximately
60% reported a functional limitation related to comorbidity.
After adjusting for time from diagnosis to geriatric assessment,
age, cancer type, and stage, the risk of death increased by 5%
for each unit increase in comorbidity burden score (adjusted
hazard ratio [HR] = 1.05, 95% confidence interval [Cl]: 1.01-
1.10) and 12% for each comorbid condition impacting function
(HR =1.12,95% Cl: 1.02-1.23).

Conclusion. Comorbid conditions in older adults with cancer
are highly prevalent and associated with all-cause mortality,
particularly those conditions that impair function. Routine
comorbidity assessment should be included in clinical trials and
can be measured via a simple one-page patient-reported ques-
tionnaire. The Oncologist 2018;23:433-439

Implications for Practice: In order to optimize and personalize the care of older adults with cancer, systematic measurement of
comorbidities is necessary in both clinical trials and routine practice. Patient-reported comorbid conditions in older adults with
cancer are highly prevalent and are associated with increased risk of all-cause mortality, particularly for those conditions that impair
function. Comorbidity can be systematically measured via a one-page patient-reported questionnaire and should be incorporated

into future clinical trials and considered for use in oncology clinics to aid in assessing older adults with cancer.

INTRODUCTION

Cancer disproportionately impacts older adults, and given
changing demographics, the number of older adults with can-
cer is increasing dramatically [1]. As our population ages, more
individuals are affected by chronic conditions, and the impor-
tance of comorbid conditions in older adults with cancer is an
area of growing importance [2]. Comorbidity, defined as a med-
ical condition that exists along with an index condition, is highly
prevalent, with as many as two thirds of Medicare beneficiaries
with two or more medical conditions and nearly 25% with four

or more chronic conditions [3]. Older adults with cancer have
an increased burden of comorbidity compared with noncancer
populations [4]. Comorbid conditions in oncology frequently
impact cancer treatment decisions and are associated with all-
cause mortality and increased treatment-related toxicity and
adverse events [5, 6].

Although the importance of comorbidity has been repeat-
edly demonstrated within oncology, comorbid conditions are
rarely measured or routinely reported in clinical trials [6].
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Evidence-based approaches to treating multimorbid patients
with cancer are severely limited due to the frequent exclusion
of patients with comorbid illnesses and lack of systematic
assessments of comorbid conditions in clinical trials. Further-
more, no systematic method of comorbidity assessment is
used in routine clinical practice, besides for what is typically col-
lected within the routine history and physical. Validated tools
provide a more systematic description of the severity and bur-
den of comorbid illnesses, yet many of the existing comorbidity
indices were developed for research purposes and are not
designed for use in clinical practice.

Patient-reported outcomes are increasingly being used to
assess quality of life, symptoms, and functional status in cancer
clinical trials and provide a potential avenue for assessing
comorbid conditions without additional burden to physicians
or office staff [7]. The Older Americans Resources and Services
(OARS) program developed several valid and reliable tools for
use in older adults, including the patient-reported OARS comor-
bidity questionnaire [8]. The OARS questionnaire assesses
the presence of 13 common comorbidities and additionally
inquires about the degree to which the individual comorbid
conditions interfere with activities. This brief tool has been
incorporated into several geriatric assessments for use in older
adults with cancer, yet the prevalence, scoring, and impact of
patient-reported comorbidity on mortality using the OARS sub-
scale remains poorly understood.

The primary purpose of this study was to evaluate the prev-
alence and potential impact of patient-reported comorbidity
on all-cause mortality using the OARS comorbidity scale. In par-
ticular, we evaluated associations between different scoring
algorithms of the OARS comorbidity scale and all-cause mortal-
ity to provide some guidance on how to operationalize patient-
reported comorbidity.

MATERIALS AND METHODS

Patient Population

We utilized a unique linkage of the Carolina Senior Registry
(CSR), an institutional registry (NCT01137825) that contains
geriatric assessment (GA) data, with the North Carolina Central
Cancer Registry (NCCCR) to obtain mortality data. The CSR was
developed in 2009 as a registry to collect GA information on
older adults (65+) with a diagnosis of cancer [9]. The CSR uses
a brief, cancer-specific GA that was developed by Hurria et al. to
better characterize the “functional age” of older patients with
cancer [10]. The present study was limited to the 546 patients
within the CSR who were recruited at the North Carolina Cancer
Hospital between 2009 and 2014 and were linked to the NCCCR
[11]. Survival status was determined through linking to the
National Death Index, Social Security Death Index, and North
Carolina State Center for Vital Statistics, and was available
through August 2015. The NCCCR collects data on all cancers
diagnosed in the state of North Carolina including date of diag-
nosis, cancer type, and stage according to the American Joint
Committee on Cancer 6th Edition. This study was approved by
The University of North Carolina Institutional Review Board.

Comorbidity Measurement
Comorbidity was assessed using a patient-reported version of
the OARS Physical Health subscale [8]. The OARS comorbidity
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Table 1. Patient characteristics (n = 539)

Characteristics n (%)
Age, years
Median (range) 72 (65-100)
65-69 206 (38)
70-74 154 (29)
75-79 90 (17)
80+ 89 (17)
Gender
Female 388 (72)
Male 151 (28)
Race
White 457 (85)
Other 82 (15)
Cancer type
Breast 253 (47)
Lung and bronchus 65 (12)
Hematologic malignancy 65 (12)
Gastrointestinal 40 (7)
Genitourinary 40 (7)
Head and neck 31 (6)
Other 45 (8)
Cancer stage
Stage 0/I 161 (35)
Stage I 129 (25)
Stage Il 85 (17)
Stage IV 95 (19)
Unstaged/unknown 41 (8)
Time from diagnosis to complete GA
Within 90 days 176 (33)
91 days to 1 year 118 (22)
1 year to 3 years 107 (20)
>3 years 138 (26)
Educational level
HS graduate or less 264 (49)
Associate/bachelor’s 147 (27)
Advanced degree 125 (23)
Total no. of comorbid conditions 2 (0-10)
Median (range)
No. of comorbid conditions 1 (0-7)
interfering with activities
Median (range)
Comorbidity burden score 3 (0-17)

Median (range)

Abbreviations: GA, geriatric assessment; HS, high school.

scale includes information regarding 13 specific comorbid condi-
tions and the degree to which each impairs the participant’s
activities (not at all, somewhat, or a great deal) [8]. Individual
comorbid conditions assessed include other cancers or leukemia,
arthritis or rheumatism, glaucoma, emphysema or chronic bron-
chitis, high blood pressure, heart disease, circulation trouble in
arms or legs, diabetes, stomach or intestinal disorders, osteopo-
rosis, chronic liver or kidney disease, stroke, or depression.
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Figure 1. The prevalence of specific comorbid conditions overall and by cancer type (A) and the overall distribution of comorbid conditions (B).
Abbreviations: COPD, chronic obstructive pulmonary disease; Gl, gastrointestinal.

Comorbidity was defined in three ways: (a) total number of
comorbid conditions (ranging from 0 to 13), (b) total number of
comorbid conditions interfering with activities (either rated as
“somewhat” or “a great deal”; ranging from 0 to 13), and (c) a
comorbidity burden score that applied additional weighting for
conditions impairing activity. The comorbidity burden score was
calculated by multiplying the presence of a comorbid condition
by the degree of reported interference with activities (“not at
all” =1, “somewhat” =2, and “a great deal” = 3). The total
score for the comorbidity burden score ranged from 0 to 39.

Statistical Analysis

We first described the prevalence and distribution of comorbid
conditions. The primary outcome of interest was all-cause mor-
tality. Overall survival was measured from the date of comple-
tion of the GA to the date of death or last contact as reported
by the cancer registry. Cox proportional hazards regression
models were used to evaluate the association between comor-
bidity and all-cause mortality in both the unadjusted and
adjusted (for time from diagnosis to GA, age, cancer type, and
cancer stage) setting. To examine the influence of comorbidity
by cancer stage, we stratified participants by early stage (0-ll)
and more advanced stages (lll/IV) as well. As an exploratory
analysis, various models were run to identify potential cutoffs
for increased mortality, using a significance level of p < .05.
Using the lowest identified threshold, overall survival was esti-
mated using the Kaplan-Meier method and unadjusted survival
curves were compared using the log-rank test (for the entire
cohort and then those participants with the GA performed
within 3 months of diagnosis [incident cancer group]). As GAs
were completed at different time points throughout the cancer
continuum, we performed a subgroup analysis for participants
with GA performed within 3 months of diagnosis (incident can-
cer group). SAS statistical software version 9.4 (SAS Institute
Inc., Cary, NC) was used for all analyses.

www.TheOncologist.com

RESULTS

Patient Characteristics

From 2009 to 2014, 703 patients were enrolled into the CSR
from the North Carolina Cancer Hospital. Of these patients, 636
were matched to NCCCR using name, date of birth, and sex
(90% match rate), of whom 539 patients were successfully
linked to mortality data. The median age at the time of GA was
72 (range 65-100; Table 1). Most patients (85%) were white
and female (72%). The most common cancer type was breast
cancer (47%), followed by lung cancer (12%), hematologic
(12%), gastrointestinal (7%), and genitourinary malignancies
(7%). The majority had early stage disease (60% with stage
0-11). The GA was performed across the cancer continuum, with
33% having the GA performed within 90 days of diagnosis, 55%
within 1 year, and 45% with GA performed greater than 1 year
from initial diagnosis.

Comorbidity Results

Ninety-two percent of participants reported at least one
comorbid condition. The prevalence of any comorbidity was
high across cancer types and the presence of individual comor-
bid conditions was similar across cancer types (Fig. 1). The
median number of comorbid conditions was 2 (range 0-10).
Arthritis and hypertension were the most commonly reported
comorbidities (52% and 50%, respectively). Sixty-two percent
reported an activity limitation related to their comorbidity. Of
the reported comorbid conditions impairing activities, chronic
obstructive pulmonary disease and arthritis resulted in the
most limitations (71% and 69%, respectively). The median
comorbidity burden score was 3 (range 0-17).

Comorbidity and All-Cause Mortality
In the unadjusted setting, when examining comorbidity as a
continuous variable, increasing comorbidity was associated
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Table 2. Hazard ratios (95% CI) for all-cause mortality based on patient-reported comorbidity measures as continuous vari-

ables (n =539 for all cases, n = 176 for incident cases)

Unadjusted
hazard ratio Adjusted®
Comorbidity measurement (95% CI) p value hazard ratio (95% Cl) p value
All cases
No. of comorbidities 1.10 (1.02-1.19) .01 1.07 (0.99-1.15) .09
No. of comorbidities interfering 1.16 (1.06-1.26) <.001 1.12 (1.02-1.23) .02
with function
Comorbidity burden score 1.07 (1.03-1.12) <.001 1.05 (1.01-1.10) .02
Incident cases
No. of comorbidities 1.11 (0.98-1.26) 11 1.17 (0.99-1.39) .06
No. of comorbidities interfering 1.14 (0.98-1.34) .10 1.20 (0.97-1.49) .09
with function
Comorbidity burden score 1.07 (1.00-1.14) .06 1.12 (1.02-1.22) .02

Bolded values are statistically significant (p <.05).

@Adjusted for time from diagnosis to geriatric assessment, age, cancer type, and stage.

Abbreviation: Cl, confidence interval.

Table 3. Hazard ratios (95% CI) for all-cause mortality based on various thresholds of patient-reported comorbidity using

Cox proportional hazards models

Unadjusted Adjusted®
hazard ratio Unadjusted hazard ratio Adjusted
Comorbidity measurement (95% ClI) p value (95% ClI) p value
No. of comorbidities
>1vs. 0 1.34 (0.76-2.35) 32 1.40 (0.76-2.59) .28
>2vs. <1 1.08 (0.78-1.48) .65 0.96 (0.68-1.36) .84
>3 vs. <2 1.44 (1.08-1.92) .013 1.45 (1.07-1.97) .016
No. of comorbidities
interfering with activities
>1vs. 0 1.40 (1.03-1.90) .03 1.48 (1.07-2.05) .02
Comorbidity burden score
>1vs. 0 1.34 (0.76-2.35) 31 1.40 (0.76-2.59) 28
>2vs. <1 1.30 (0.89-1.88) .17 1.17 (0.78-1.73) .45
>3 vs. <2 1.41 (1.04-1.93) .03 1.30 (0.93-1.81) 12
>4 vs. <3 1.33 (1.00-1.78) .05 1.36 (1.00-1.84) .05
>5vs. <4 1.47 (1.11-1.96) .008 1.51(1.13-2.04) .008

Bolded values are statistically significant (p <.05).

@Adjusted for time from diagnosis to geriatric assessment, age, cancer type, and stage.

Abbreviation: Cl, confidence interval.

with significantly increased risk of death for all versions of
comorbidity measurement (Table 2). There was a stronger asso-
ciation of comorbidity with increased death in participants with
earlier stages of cancer (0-ll; hazard ratio [HR] 1.24 vs. 1.10 for
number of comorbidities, HR 1.28 vs. 1.16 for number interfer-
ing with function, and HR 1.14 vs. 1.07 for comorbidity burden
score) that was diminished for more advanced stages (Ill-IV)
(HR 1.1 vs. 1.1 for number of comorbidities, HR 1.1 vs. 1.16 for
number interfering with function, and HR 1.05 vs. 1.07 for
comorbidity burden score). After adjusting for time from diag-
nosis to GA, age, cancer type, and cancer stage, the risk of
death associated with the number of comorbid conditions
alone was slightly attenuated (adjusted HR 1.07, confidence
interval [Cl]: 0.99-1.15, p = .09). Risk of death remained signifi-
cantly increased for each comorbid condition impacting activ-
ities by 12% (adjusted HR = 1.12, 95% CI: 1.02-1.23, p = .02)
and for each unit increase in comorbidity burden score by 5%
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(adjusted HR = 1.05, 95% Cl: 1.01-1.10, p = .02). When limiting
to just the incident cancer group, only comorbidity burden
score remained significantly associated with increased risk of
death after controlling for covariates.

In exploratory analyses, we attempted to identify a thresh-
old for increased risk of death for each comorbidity scoring
algorithm, and ran multiple models looking at potential thresh-
olds for each (Table 3). For the simple number of comorbidities,
patients with three or more total comorbidities had signifi-
cantly increased risk compared with those with two or fewer
(adjusted HR = 1.45, 95% Cl: 1.07-1.97, p =.016). For the
number of comorbidities interfering with activities, the thresh-
old for increased risk was found at one or more comorbidities
(adjusted HR =1.48, 95% Cl: 1.07-2.05, p =.02), and for
comorbidity burden score, a score of 5 or more (adjusted
HR = 1.51, 95% Cl: 1.13-2.04, p = .008). Figure 2 shows the
Kaplan-Meier survival curves for all-cause mortality based on
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Figure 2. Kaplan-Meier survival curves for all-cause mortality based on patient-reported comorbidity. (A, B): Examine comorbidity based
on the overall presence of comorbidity. (C, D): Examine only comorbidities that impact activities. (E, F): Use the comorbidity burden score
for all cases (A, C, E) and then for the incident cases (B, D, F). n = 579 for all cases, and n = 176 for incident cases.

Abbreviation: GA, geriatric assessment.

these identified thresholds for the number of comorbid condi-
tions, the number of comorbid conditions interfering with activ-
ities, and the comorbidity burden score separately for the
entire cohort and the incident cancer group.

DISCUSSION

In our population of older adults with cancer, we confirmed a
high prevalence of comorbid conditions (>90%), with more
than half of patients reporting a comorbidity that interferes
with activities. Using a patient-reported comorbidity scale, we
identified a population of older adults with cancer at increased
risk of all-cause mortality. In our adjusted model, the number
of comorbid conditions interfering with activities was more
strongly associated with an increase in mortality than the pres-
ence of comorbid conditions alone. In an exploratory analysis,
the presence of three or more comorbid conditions, two or
more comorbid conditions interfering with activities, and a
comorbidity burden score of 5 or more appeared to be thresh-
olds for increased mortality.

Numerous methods are available for measuring comorbid-
ity in cancer populations [12]; however, systematic comorbidity
assessment remains underutilized in cancer clinical trials and
clinical practice [6]. The OARS comorbidity measure is a valua-
ble option to assess comorbidity in older adults with cancer.
Compared with the commonly used Charlson Comorbidity
Index, the OARS results in a broader range of distribution of
comorbidity and is able to evaluate the severity of comorbid
conditions by assessing the degree to which comorbid condi-
tions interfere with activities [13]. Although less comprehensive
than the Cumulative lliness Rating Scale - Geriatric (CIRS-G)
[14], its patient-reported format and ease of use makes it par-
ticularly suitable to incorporate into clinical trials and practice.
However, the OARS comorbidity assessment is limited by only
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assessing 13 common comorbid conditions. For studies that
desire a more comprehensive approach to evaluating comor-
bidity, the CIRS-G provides a more extensive assessment of
comorbid conditions categories by organ system affected with
detailed severity scoring [13, 14].

Our results are similar to a large number of studies demon-
strating poorer survival among patients with cancer and comor-
bid conditions [15, 16]. In a review of the impact of
comorbidity on cancer survival, Sggaard et al. explored the
potential underlying causes of this association. The presence of
comorbid conditions is associated with lower rates of surgical
management, and multimorbid patients are less likely to
receive adjuvant chemotherapy and more likely to receive a
reduced dose as well as to not complete chemotherapy when
initiated [17]. Whether this represents thoughtful and appropri-
ate treatment modifications by oncology providers based on
limited life expectancy remains unclear. Incorporation of
comorbidity assessment into clinical trials may help clarify the
causes of increased mortality among multimorbid patients. Fur-
thermore, increased comorbidity in all older adults is associ-
ated with an increase in all-cause mortality, and older patients
with cancer and multiple comorbid conditions are at risk for
competing causes of mortality. Competing causes of mortality
are an important consideration in older adults with comorbidity
when developing treatment plans, particularly in patients with
early stage malignancies. Although the association of comorbid-
ity and increased mortality is well established, its relationship
with chemotherapy toxicity is less so. In an analysis by Klepin
et al. of older women undergoing adjuvant chemotherapy for
early stage breast cancer, comorbidity was associated with
shorter overall survival, but not chemotherapy toxicity [18]. The
two most commonly employed chemotherapy toxicity predic-
tors for use in older adults with cancer do not include
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comorbidity as a variable as there was no significant association
of comorbid conditions with severe grade 3/4 chemotherapy
toxicity after controlling for functional status, suggesting the
impact of comorbidity may be via their effect on function [19,
20]. Comorbid conditions have also been associated with
reduced quality of life and impaired functional status in studies
examining associations in a cross-section of older adults with
cancer [21, 22], but less is known about how comorbidity
impacts long-term function and quality of life outcomes in
those undergoing cancer treatment.

This study has several limitations. First, GAs were com-
pleted at different time points throughout the cancer contin-
uum. To take this into account, we included the time from
diagnosis to GA completion into our multivariable model as a
covariate and performed subgroup analysis separately for the
entire cohort and for those with GA performed within 3
months of diagnosis (incident cancer group) for our survival
curves. Second, our cohort consists of a heterogeneous cancer
population with patients of various cancer types and stages.
We examined the prevalence of comorbid conditions sepa-
rately for each of the more common cancer types and found
similar results between cancer types. Although the impact of
comorbid conditions on all-cause mortality may vary depending
on the specific cancer type of interest, given the small numbers
within cancer types, we were unable to examine mortality by
individual cancer types. Further work is necessary to refine the
prognostic impact of patient-reported comorbidity within spe-
cific cancer types and to retest our model to provide further
evidence of our thresholds. Third, treatment information is not
available in this sample, thus limiting our ability to further
examine the impact of comorbidity on type, receipt, and com-
pletion of treatment. Fourth, although we were able to suc-
cessfully link the vast majority of participants to mortality data,
approximately 100 participants were lost, and this could result
in some selection bias. Lastly, comorbid conditions were self-
reported without additional objective testing; however, several
studies have shown advantages to patient self-report with
good reliability when compared with medical record review
[23, 24].

CONCLUSION

Due to changing demographics in the U.S. and worldwide,
comorbid conditions are increasingly common in oncology
care. It is critical to personalized medicine to understand how
coexisting diseases affect cancer outcomes. The optimal care of
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For Further Reading:

Trevor A. Jolly, Allison M. Deal, Kirsten A. Nyrop et al. Geriatric Assessment-Identified Deficits in Older Cancer Patients With Nor-
mal Performance Status. The Oncologist 2015;20:379-385; first published on March 12, 2015.

Implications for Practice:

The optimal evaluation to guide treatment decisions for older cancer patients is not known. The Karnofsky performance status
(KPS) scale is frequently used to guide oncology practice, whereas the standard in geriatric medicine is the comprehensive geriatric
assessment (GA). Comprehensive GA is time and resource intensive and impractical in routine cancer care. This study shows that a
brief, mostly patient-administered GA can identify deficits that could affect treatment tolerance and outcomes in patients assessed
as functionally normal by KPS. A brief GA should be incorporated into routine oncology practice for timely identification of patient
deficits that may be remediable before or during treatment.
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