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A B S T R A C T

Purpose
Building on previous research documenting differences in preventive care quality between cancer
survivors and noncancer controls, this study examines comorbid condition care.

Methods
Using data from the Surveillance, Epidemiology, and End Results (SEER) –Medicare database, we
examined comorbid condition quality of care in patients with locoregional breast, prostate, or
colorectal cancer diagnosed in 2004 who were age � 66 years at diagnosis, who had survived � 3
years, and who were enrolled in fee-for-service Medicare. Controls were frequency matched to
cases on age, sex, race, and region. Quality of care was assessed from day 366 through day 1,095
postdiagnosis using published indicators of chronic (n � 10) and acute (n � 19) condition care. The
proportion of eligible cancer survivors and controls who received recommended care was
compared by using Fisher’s exact tests. The chronic and acute indicators, respectively, were then
combined into single logistic regression models for each cancer type to compare survivors’ care
receipt to that of controls, adjusting for clinical and sociodemographic variables and controlling for
within-patient variation.

Results
The sample matched 8,661 cancer survivors to 17,322 controls (mean age, 75 years; 65% male;
85% white). Colorectal cancer survivors were less likely than controls to receive appropriate care
on both the chronic (odds ratio [OR], 0.88; 95% CI, 0.81 to 0.95) and acute (OR, 0.72; 95% CI, 0.61
to 0.85) indicators. Prostate cancer survivors were more likely to receive appropriate chronic care
(OR, 1.28; 95% CI, 1.19 to 1.38) but less likely to receive quality acute care (OR, 0.75; 95% CI, 0.65
to 0.87). Breast cancer survivors received care equivalent to controls on both the chronic (OR,
1.06; 95% CI, 0.96 to 1.17) and acute (OR, 0.92; 95% CI, 0.76 to 1.13) indicators.

Conclusion
Because we found differences by cancer type, research exploring factors associated with these
differences in care quality is needed.

J Clin Oncol 31:1140-1148. © 2013 by American Society of Clinical Oncology

INTRODUCTION

The 2005 Institute of Medicine report “From Can-
cer Patient to Cancer Survivor: Lost in Transition”
highlights cancer survivors’ health care needs, in-
cluding surveillance for recurrence, treatment for
long-term and late effects of cancer and its treat-
ment, general primary and preventive care, and in
many cases, care for comorbid conditions.1 In a
population-based national sample, 58% of cancer
survivors had at least one comorbid condition com-
pared with 45% of noncancer controls2; thus, co-
morbid condition care is required in a majority of
cancer survivors. The need for quality comorbid

condition care will continue to increase as improve-
ments in diagnosis and treatment lead to patients
with cancer living longer after diagnosis. The 5-year
relative survival for breast cancer is 90%, for prostate
cancer is 100%, and for colorectal cancer is 65%.3

For cancers such as early-stage breast cancer, survi-
vors are more likely to die from causes other than
cancer.4 Although quality comorbid condition care
is important for all cancer survivors, it is particularly
relevant for older cancer survivors because they
are more likely to have health problems in addi-
tion to their cancer. Sixty percent of survivors are
older than age 65,5 and two thirds of the projected
increase in annual cancer incidence between 2010
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and 2030, from 1.6 to 2.3 million cases, is related to the aging of
the population.6

Despite the importance of appropriate comorbid condition care for
cancer survivors, few studies have examined this topic. Research has ex-
amined either particular comorbid conditions (eg, diabetes)7,8 or partic-
ular cancers.9-14 Earle and Neville15 examined comorbid condition care
quality in 5-year colorectal cancer survivors diagnosed from 1991 to 1992
and found worse care in cancer survivors compared with noncancer
controls, particularly for chronic conditions. Other research comparing
the quality of cancer survivors’ preventive care to that of controls has
produced mixed results, depending on the type of cancer studied.16-21 In
this study, we build on the previous research to investigate the quality of
comorbid condition care in three kinds of cancer by using more recent
data from patients with cancer who were transitioning from active treat-
ment to survivorship. We examine a broad range of quality indicators for
comorbid condition care to assess whether the prior research findings of
differences in care by cancer type are further supported.

METHODS

Research Design

This retrospective cross-sectional study examined the quality of comor-
bid condition care in survivors of locoregional breast, prostate, or colorectal
cancer and compared survivors’ care to that of matched noncancer controls.
These three cancer types represent approximately half of incident cancers3 and
survivors.5 We focused on the period during which patients would be com-
pleting active cancer treatment and transitioning to survivorship. Specifically,
we assumed that cancer treatment would occur in the first year following
diagnosis; thus, our study period started on day 366 postdiagnosis and contin-
ued for 2 years through day 1,095. We identified cancer survivors with each
comorbid condition and evaluated whether they received appropriate care by
using published quality indicators.15,22 Survivors’ care receipt was compared
with that of noncancer controls in analyses for each cancer type separately.

Data Source

We used the Surveillance, Epidemiology, and End Results (SEER)
–Medicare linked database, which combines the clinical information from the
SEER registries with Medicare claims. During our study period, there were 17
SEER registries covering a population-based sample of 26% of the US popu-
lation,23 with 16 of the 17 registries participating in the Medicare linkage. Data
on noncancer controls from a 5% random sample of Medicare beneficiaries
living in SEER regions were used for comparison.

Study Subjects

We identified patients diagnosed with locoregional breast, prostate, or
colorectal cancer in the year 2004 who survived for at least 3 years. Patients had
to be continuously enrolled in fee-for-service Medicare from 1 year before
diagnosis through 3 years after diagnosis, which means they had to be at least
66 years old at diagnosis. Patients enrolled in managed care at any point during
the observation period were excluded. Thus, all patients were insured through
the fee-for-service Medicare program. We used the claims data from before the
cancer diagnosis to calculate the prediagnosis comorbidity score. Because we
wanted to study patients who had completed acute treatment and had no
evidence of disease, we excluded patients who had a subsequent malignant
diagnosis or had received chemotherapy, radiation, or hospice care from day
366 through day 1,095.

Noncancer controls had to meet similar eligibility criteria, with the ex-
ception of a cancer diagnosis. We frequency matched controls 2:1 by using age
(65-74, 75� years), race (white, black, other), sex, and SEER region (combin-
ing Atlanta and rural Georgia, and combining all California registries). Con-
trols were matched separately for each of the three tumor types to retain the
frequency matching for analyses by tumor type. A dummy diagnosis date of
January 1, 2004, was used for all controls.

Outcome Measures

We used nine chronic condition and 19 acute condition quality indica-
tors (Table 1). There were also seven avoidable outcome indicators that were
summarized in one chronic condition indicator: “no avoidable outcome.”
Approximately half the chronic condition indicators related to ongoing visits,
and approximately half the acute event indicators related to visits following a
hospitalization. Other quality indicators included monitoring procedures
such as eye examinations for patients with diabetes and tests such as ECGs. We
used indicators based on those developed by RAND22 and later applied by
Earle and Neville.15 Using these indicators allowed us to compare our findings

Table 1. Quality Indicators

Indicator

Chronic care
Visit every 6 months for patients with chronic stable angina
Visit every 6 months for patients with congestive heart failure
Visit every 6 months for patients with COPD
Visit every year for patients with diagnosis of transient ischemic attack
Cholesterol test every 6 months for patients hospitalized for acute

myocardial infarction and who have hypercholesterolemia
Lipid profile � 1 year after initial diagnosis of angina
Visit every 6 months for patients with diabetes
Eye examination every year for patients with diabetes
Glycosylated hemoglobin or fructosamine every 6 months for patients

with diabetes
No avoidable outcome

Acute care
Visit � 4 weeks after discharge for patients hospitalized with acute

myocardial infarction
Electrocardiogram during emergency department visit for unstable

angina
Follow-up visit or hospitalization � 1 week after initial diagnosis of

unstable angina
Visit � 4 weeks after discharge for patients hospitalized with unstable

angina
Visit � 4 weeks after discharge for patients hospitalized with congestive

heart failure
Electrocardiogram � 3 months after initial diagnosis of congestive heart

failure
Chest radiograph � 3 months after initial diagnosis of congestive heart

failure
Visit � 4 weeks after discharge for patients hospitalized with

cerebrovascular accident
For patients hospitalized with carotid artery stroke, carotid imaging � 2

weeks of initial diagnosis
For cerebrovascular accident patients with eventual carotid

endarterectomy, interval between carotid imaging and carotid
endarterectomy � 2 months

Electrocardiogram within 2 days of initial diagnosis of transient ischemic
attack

Visit � 4 weeks after discharge for patients hospitalized with transient
ischemic attack

For transient ischemic attack patients with eventual carotid
endarterectomy, interval between carotid imaging and carotid
endarterectomy � 2 months

Visit � 4 weeks after discharge for patients hospitalized with diabetes
Visit � 2 weeks after discharge for patients hospitalized with depression
Visit � 4 weeks after discharge for patients hospitalized with malignant

or otherwise severe hypertension
Visit � 4 weeks after discharge for patients hospitalized with GI

bleeding
Cholecystectomy (open or laparoscopic) for patients with cholelithiasis

and � one of the following: cholecystitis, cholangitis, gallstone
pancreatitis

Arthroplasty or internal fixation of hip during hospital stay for hip fracture

NOTE. Based on Asch et al22 as used by Earle and Neville.15

Abbreviation: COPD, chronic obstructive pulmonary disease.
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in patients with one of three cancer types who were transitioning to survivor-
ship with the previous findings in 5-year colorectal cancer survivors.15 Where
necessary, we revised the quality indicators to reflect updated diagnosis and
billing codes for our study period (see Appendix Table A1, online only, for the
indicator specifications we used).

Analyses

First, survivors’ and controls’ clinical and sociodemographic data were
described by using mean (standard deviation) for age and proportions for race,
sex, SEER registry site, urban/rural residence, participation in state buy-in (an
indicator of lower socioeconomic status), and the Charlson comorbidity score
as modified by Deyo and implemented by Klabunde.24-26 This comorbidity
score was measured by using precancer diagnosis claims for the purpose of
developing a summary measure to include as a covariate. To identify cases and
controls eligible for each quality indicator on the basis of the presence of a
particular comorbid condition, we applied the algorithms in the technical
document associated with the published quality indicators.22

Specifically, for the chronic condition indicators, we identified cases and
controls with the chronic conditions by using claims from day 1 through day
365 from diagnosis (the denominator). We then examined whether appropri-
ate care was provided during the observation period from day 366 through day
1,095 (the numerator). For the acute care indicators, we examined incident
events from day 366 through day 1,095. For both the chronic and acute
condition indicators, we calculated the percentage of cases and controls who
received appropriate care and compared the two groups using Fisher’s exact
tests with a P � .05 threshold for statistical significance. Given the large
number of indicators and comparisons, we then combined all chronic and
acute condition indicators, respectively, into single generalized estimating
equation logistic regression models for each cancer type, adjusting for age,

race, sex (colorectal analysis only), SEER region, comorbidity score, state
buy-in, and urban/rural residence. Generalized estimating equation models
were used to account for clustering because patients who were eligible for more
than one indicator were included in the model multiple times. Six models
(acute and chronic for the three tumor types) were analyzed, and a Bonferonni
correction was used such that P � .008 was considered statistically significant.
Although the unadjusted tests comparing the individual indicators were per-
formed to evaluate patterns in the data, the statistical tests of the models
combining all indicators were consideredthedefinitive testsofdifferences incare
between cancer cases and controls by cancer type. Finally, we examined the inter-
action between each covariate and case-control group in the regression mod-
els. The Johns Hopkins School of Medicine Institutional Review Board
deemed this project exempt.

RESULTS

The final sample included 8,661 cancer cases and 17,322 controls. The
sample included 4,559 prostate cancer survivors (53%), 2,231 colorec-
tal cancer survivors (26%), and 1,871 breast cancer survivors (22%).
Across the three cancer types, the mean age was 75 years; approxi-
mately two thirds of the sample was male, and 85% were white (Table
2). One third of the population was from one of the California regis-
tries. These characteristics were identical between cases and controls as
a result of matching. For the nonmatched variables, we see approxi-
mately the same proportion of controls and cases with comorbidity
scores of 0 (72% of controls v 71% of cases) and level of urban

Table 2. Characteristics of Cancer Cases and Matched Controls

Characteristic

Controls Overall
(n � 17,322)

Cases

Overall
(n � 8,661)

Colorectal
(n � 2,231)

Breast
(n � 1,871)

Prostate
(n � 4,559)

No. % No. % No. % No. % No. %

Age, years
Mean 75.0 74.8 77.2 76.9 72.8
SD 6.81 6.55 7.02 7.16 5.25

Male sex 11,228 64.8 5,614 64.8 1,055 47.3 0 0.0 4,559 100.0
Race

White 14,660 84.6 7,330 84.6 1,926 86.3 1,656 88.5 3,748 82.2
Black 1,442 8.3 721 8.3 149 6.7 113 6.0 459 10.1
Other 1,220 7.0 610 7.0 156 7.0 102 5.5 352 7.7

Comorbidity score
0 12,474 72.0 6,114 70.6 1,376 61.7 1,306 69.8 3,432 75.3
1� 4,848 28.0 2,547 29.4 855 38.3 565 30.2 1,127 24.7

Ever in state buy-in 2,388 13.8 883 10.2 280 12.6 245 13.1 358 7.9
Urban residence 15,272 88.4 7,824 90.3 1,963 88.0 1,679 89.7 4,182 91.7
SEER region

Connecticut 1,242 7.2 621 7.2 179 8.0 171 9.1 271 5.9
Detroit 1,172 6.8 586 6.8 156 7.0 112 6.0 318 7.0
Hawaii 262 1.5 131 1.5 37 1.7 19 1.0 75 1.7
Iowa 1,240 7.2 620 7.2 229 10.3 163 8.7 228 5.0
New Mexico 430 2.5 215 2.5 54 2.4 41 2.2 120 2.6
Seattle 1,266 7.3 633 7.3 119 5.3 130 7.0 384 8.4
Utah 712 4.1 356 4.1 62 2.8 56 3.0 238 5.2
Atlanta and rural Georgia 466 2.7 233 2.7 43 1.9 50 2.7 140 3.1
California� 5,810 33.5 2,905 33.5 662 29.7 581 31.1 1,662 36.5
Kentucky 1,158 6.7 579 6.7 177 7.9 138 7.4 264 5.8
Louisiana 1,144 6.6 572 6.6 118 5.3 137 7.3 317 7.0
New Jersey 2,420 14.0 1,210 14.0 395 17.7 273 14.6 542 11.9

�Including greater California, San Francisco, San Jose, and Los Angeles registries.
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residence (88% of controls v 90% of cases). Slightly more controls
than cases were in state buy-in (14% v 10%), indicating lower socio-
economic status.

Table 3 presents the performance on the 10 chronic condition
indicators for the cases and controls overall and by tumor type. In the
analysis combining all three tumor types, the differences tend to be
small, with only differences on visits for chronic obstructive pulmo-
nary disease (COPD) and diabetes being statistically significant
(P � .05), with cases more likely to receive appropriate care than
controls (82% v 79% for COPD visits and 86% v 81% for diabetes
visits). The analyses by tumor type suggest differences depending on
the type of cancer. For breast and prostate cancer, cases were more
likely to receive appropriate care for the same two indicators as the
overall analysis. For COPD visits, 90% of breast cancer survivors
versus 83% of controls and 85% of prostate cancer survivors versus
75% of controls received appropriate care. For diabetes visits, 92% of
breast cancer survivors versus 84% of controls and 84% of prostate
cancer survivors versus 76% of controls received appropriate care. In
addition, breast cancer cases with hypercholesterolemia who were
hospitalized for acute myocardial infarction were more likely than
controls to have a cholesterol test every 6 months (60% v 5%), and
prostate cancer survivors were less likely than controls to experience
an avoidable outcome (88% v 80%). The patterns in the results for the
colorectal cancer survivors are quite different. Compared with con-
trols, survivors were less likely to receive appropriate care for five of the
10 indicators: COPD visits (75% v 83%), lipid profile within 1 year of
angina diagnosis (61% v 73%), eye examinations for diabetics (42% v
49%), diabetes monitoring (26% v 31%), and not having an avoidable
outcome (71% v 77%).

Table 4 presents the results for each of the 19 acute care indica-
tors. Although some of the denominators are small (particularly in the
analyses by tumor type) and some of the indicators did not show
variation, differences in the patterns of care quality emerge across
cancer types. In the overall analyses, two indicators were statistically
significantly different favoring the control group: ECG after initial
diagnosis of congestive heart failure (CHF; 46% v 50%) and cholecys-
tectomy (16% v 24%). In the prostate cancer subgroup, the control
group received better care on one of these same indicators (ECG after
CHF diagnosis, 44% v 52%), as well as chest radiograph after CHF
diagnosis (39% v 46%). Among the colorectal cancer subgroup, there
were two indicators that statistically significantly favored the control
group: visits following hospitalization for acute myocardial infarction
(72% v 89%) and for CHF (68% v 81%). There were no statistically
significant differences in the breast cancer subgroup.

The results of the multivariate models combining all of the
chronic and acute indicators, respectively, largely confirmed the pat-
terns seen in the individual indicators (Fig 1). Colorectal cancer sur-
vivors were less likely than controls to receive appropriate care on both
the chronic (OR, 0.88; 95% CI, 0.81 to 0.95) and acute (OR, 0.72; 95%
CI, 0.61 to 0.85) indicators. Prostate cancer survivors were more likely
to receive appropriate chronic condition care (OR, 1.28; 95% CI, 1.19
to 1.38) but less likely to receive quality acute condition care (OR, 0.75;
95% CI, 0.65 to 0.87). Breast cancer survivors received care equivalent
to controls on both the chronic (OR, 1.06; 95% CI, 0.96 to 1.17) and
acute (OR, 0.92; 95% CI, 0.76 to 1.13) condition indicators. All cova-
riates except SEER region were statistically significant in the prostate
cancer chronic model, but in general, the covariates were not statisti-
cally significant in the other five models. SEER region and comorbid-

ity score were significant in the breast cancer chronic and acute
models, respectively. Sex and comorbidity score were significant in the
colorectal chronic model. The only statistically significant interaction
we found was with case control status and comorbidity score in the
prostate and breast cancer chronic models (P � .004 and .001, respec-
tively). In the prostate cancer model, patient cases with fewer comor-
bidities were more likely to receive chronic care indicators than
controls (OR, 1.39; 95% CI, 1.27 to 1.52). For those with more comor-
bidities, the association was the same, though not as strong in magni-
tude (OR, 1.11; 95% CI, 1.00 to 1.25). In the breast cancer model, the
same pattern emerged. Patient cases with fewer comorbidities were
more likely to receive chronic care indicators than controls (OR, 1.39;
95% CI, 1.26 to 1.52), with a lesser magnitude in those with more
comorbidites (OR, 1.12; 95% CI, 0.98 to 1.27).

DISCUSSION

The issue of comorbid condition care in cancer survivors has been under-
studied. As treatments improve and survivors live longer after a cancer
diagnosis, appropriate care for comorbid conditions takes on greater
importance. This study examines this important issue and benefits from
several strengths: examining care quality for a range of chronic and acute
comorbid conditions, including survivors of three different tumor types,
comparing cancer survivors’ care with that of noncancer controls, and
focusing on the transition period when active cancer treatment is ending.

Thus, our findings are informative on several different levels. First,
we found that patterns of care receipt depend on the type of cancer
survived. Breast cancer survivors tend to do as well as controls; prostate
cancer survivors do better on chronic care but worse on acute care; and
colorectal cancer survivors are consistently less likely to receive recom-
mended care than controls. Finally, focusing on day 366 through day
1,095 from diagnosis addresses a period that may be particularly impor-
tant for ensuring that patients do not get “lost in transition.”

The study most similar to this one15 examined preventive and
comorbid condition care quality in 5-year colorectal cancer survivors.
It also found that colorectal cancer survivors were less likely to receive
appropriate chronic condition care than controls, with no clear pat-
tern in acute care quality. Other studies comparing survivors’ care
with that of controls have focused on preventive care. Yu et al16 found
higher rates of mammography in female colorectal cancer survivors
compared with controls. In prostate cancer, survivors were more likely
to receive certain services and less likely to receive others.17 Studies
examining preventive care in breast cancer survivors have also been
mixed, with some studies finding better care on at least some mea-
sures18 and others finding worse care,19 with the eligibility criteria for
the control group having important implications for the results.20,21

Thus, these prior studies also suggest differences in care quality by type
of cancer survived, similar to the findings presented here.

Although the findings are informative, several limitations of our
analysis warrant discussion. First, although this analysis suggests dif-
ferences in comorbid condition care quality across cancer types, it
does not provide evidence on why; ongoing research is exploring the
factors associated with quality comorbid condition care. In addition,
sample sizes were small for several indicators, particularly in the sub-
group analyses, and the comparison of cancer cases and controls on 29
quality indicators both overall and by cancer type resulted in a large
number of comparisons. To address both of these issues, we combined
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the chronic and acute care indicators, respectively, in logistic regres-
sion models and used these models in our definitive tests of differences
between groups. Notably, even in the unadjusted analyses both overall
and for each subgroup, the statistically significant differences were all
in the same direction, either favoring the cancer survivors or favoring
the controls. If the associations found were spurious, one might expect
some differences to favor the cases and some to favor the controls.

There is also the possibility of misclassification bias as a result of
the reliance on diagnosis and billing codes to define patients’ eligibility
and care receipt. For example, we required only one claim for a
condition in the year following diagnosis using the same approach as
Earle and Neville.15 Although this approach may be less specific, we
would not expect to see differential misclassification between cancer
cases and controls. Thus, we would not expect bias in our primary
analyses comparing cancer survivors’ care to that of controls. There
are, however, some differences that may be occurring in the coding
between survivors and controls. Given that we matched controls to
cases 2:1, we might expect the denominators for the controls to be
about double those for cases. We found higher rates of chronic condi-
tions in our cancer survivors, which is consistent with prior research.2

For the acute indicators, the control denominators are more than
double those for cases. It is possible that this results from symptoms of
and hospitalizations for noncancer problems being attributed to can-
cer. Another difference that may occur between cancer cases and
noncancer controls relates to counting visits. In general, the indicators
require specific diagnosis and procedure codes to determine the na-
ture of the visit, but given that cancer cases tend to have more visits

overall than controls,17,19 cases may be more likely to meet the quality
standards simply by having more visits. This would only strengthen
our findings related to less care receipt in colorectal cancer.

Other limitations of this analysis relate to the nature of all analy-
ses that use the SEER-Medicare database: the data are restricted to
older adults living in the SEER regions and enrolled continuously in
the fee-for-service Medicare program, and no information is available
on why care was or was not provided. We used the most recent
SEER-Medicare data available at the time of our study’s initiation;
however, newer data are now available, and future research could
investigate whether the patterns found here persist.

Despite these limitations, these results have several important impli-
cations. First, in terms of survivorship research, these findings indicate
that analyses combining multiple cancer types may not be appropriate. In
fact, our overall analyses masked important differences in the patterns of
care in the individual tumor groups. In terms of clinical implications,
theseresultssuggestthattheremaybecertaingroups(eg,colorectalcancer
survivors) that are less likely to receive appropriate care. Additional re-
searchisneededtoexplorethepatientandproviderfactorsassociatedwith
the differences found in care quality. Further, interventions designed to
improve care may need to be focused on these vulnerable groups, and
evaluations of these interventions may be more likely to demonstrate
benefits when implemented in cancer populations for which there is
evidence of worse care quality.
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Fig 1. Odds ratios (squares, breast cancer; diamonds, prostate cancer;
circles, colorectal cancer) and 95% CIs from models combining the chronic
and acute care indicators for cases versus controls (reference group),
adjusting for age (65-74, 75� years), race (white, black, other), sex (colorectal
analyses only), comorbidity score, state buy-in, urban/rural residence, and
SEER region (combining Atlanta and rural Georgia, and combining all
California registries).
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