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Introduction

Colorectal cancer remains the second leading cause of cancer-

Abstract

Background: There is concern that elders are not adequately evaluated
prior to colon cancer surgery. We sought to determine adherence with ACOVE-3
(Assessing Care of Vulnerable Elders) quality indicators for pre-operative staging
prior to colectomy for colon cancer utilizing the Surveillance, Epidemiology and
End Results (SEER)-Medicare linked database (1992-2005).

Methods: We determined the proportion of patients aged 75 and older
who had preoperative staging prior to colectomy for colon adenocarcinoma.
Preoperative staging was defined as abdominopelvic computed tomography
or magnetic resonance imaging scan (SCAN) and colonoscopy or flexible
sigmoidoscopy (SCOPE). Multivariate logistic regression identified predictors
of adherence. Odds ratios were adjusted for comorbidity, socioeconomic status,
and disease severity. The association of adherence to ACOVE-3 and survival
was quantified.

Results: Of the 37,862 patients, the majority were 75-84 years, 28% of
the patients were >85 years. Regarding preoperative staging in the 6-month
interval prior to surgical resection, 8% had neither SCAN nor SCOPE, 6% had
only SCAN, 43% had only SCOPE, and 43% had both SCAN and SCOPE.
Compared to patients who were not staged, those evaluated with either SCOPE
alone or SCAN plus SCOPE had lower odds of 3-year mortality. Patients who
were staged with SCAN alone had an increased odds of death compared to
those who had neither SCAN or SCOPE.

Conclusion: These data demonstrate that the majority of vulnerable elders
with colon cancer did not receive appropriate preoperative staging prior to
resection. The findings also confirm that adherence to ACOVE-3 guidelines is
associated with improved long-term survival.

Keywords: ACOVE-3; Colon cancer; Quality indicators; Vulnerable elders;
SEER-Medicare

tend to have multiple medical comorbidities, and there is substantial
variation in goals of care [4]. The Assessing Care of Vulnerable Elders
(ACOVE) project was created in 1998 to develop and apply quality

related death in the United States, despite the advances in the
multidisciplinary treatment. Colon cancer is more common as
one age, with age being one of the predominant risk factors for its
development. By 2030, the segment of the population aged 80 and
older is projected to reach 19.5 million and by 2050 this figure will
reach 34 million or 8% of the total population. Thus, colon cancer, a
disease of the elderly, is becoming an ever more significant population
health concern [1]. The last two decades have seen an improvement in
colon cancer survival, which has been attributed to better screening,
staging, surgery, and systemic therapy [2]. However, significant
disparities in colon cancer outcomes persist, especially for older adults.
A study based on the California Cancer Registry demonstrated worse
outcomes for octogenarians and nonagenarians with colorectal cancer
in terms of morbidity, mortality, and readmission rates compared
with younger patients [3]. There is limited information available about
measuring the quality of medical care that is targeted to the needs of
older patients receiving treatment for colon cancer. Measuring the
quality of medical care for ill older adults is complex, because they

indicators for the medical care of vulnerable older persons [4]. The
project focuses on the 20-40% of community-dwelling older people
who are at moderate to high risk of death or decline in Instrumental
Activities of Daily Living (IADL) or Activities of Daily Living (ADL)
over 2 years [5]. This group uses a disproportionate number of health
care resources and is most susceptible to the effects of poor quality
care. The ACOVE quality indicators are based on the Donabedian
quality model [6], which focuses on processes of care. In 2007, the
third phase of the project, ACOVE-3, introduced new indicators for
a number of conditions including colon cancer. ACOVE-3 included
two recommendations related to preoperative staging of older adults
with colon cancer: 1) cross-sectional imaging of the abdomen and
pelvis and 2) endoscopic evaluation of the entire colon [7]. Improved
preoperative colon cancer staging in older adults has the potential
to limit unnecessary surgery for those with metastatic cancer and
improve outcomes for individuals with potentially curable disease.
However, little is known about the frequency and patterns of colon
cancer staging in vulnerable older adults. The association between
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adherences to ACOVE-3 proposed staging guidelines and long-term
survival has not been studied using population-based data. In this
study we addressed these knowledge gaps by analyzing the national
Surveillance, Epidemiology and End Results (SEER)-Medicare linked
database to describe patterns of colon cancer staging in older adults
and their relationship to survival.

Methods

This study was prospectively reviewed by the University of
Wisconsin-Madison Health Sciences Institutional Review Board and
determined to be exempt under Code of Federal Regulations Title 45
Part 46.101(b).

Data sources

We obtained data from the SEER-Medicare linked database
for patients diagnosed with colon cancer between 1992 and 2005.
SEER-Medicare database combines Medicare administrative claims
data and detailed clinical tumor registry data. It is one of the few
population-based data resources available for the analysis of cancer
care quality [8,9]. The SEER program of cancer registries collects
information about patient demographics, tumor characteristics, first
course of treatment, and survival for persons newly diagnosed with
cancer. For people who are Medicare eligible, the SEER-Medicare
database includes information on covered health care services,
including hospital, physician, outpatient, home health, and hospice
claims. The linkage of persons in the SEER database to their Medicare
claims is performed by the National Cancer Institute (NCI) and the
Centers for Medicare and Medicaid Services (CMS), with a linkage
success rate of 93% [8,10]. SEER registries from 1992 to 2002 contain
incident cancer diagnoses in the following cities, states, and regions:
Los Angeles, San Francisco-Oakland, San Jose-Monterey, Greater
California, Connecticut, Detroit, Atlanta, Rural Georgia, Hawaii,
Iowa, Kentucky, Louisiana, New Jersey, New Mexico, Seattle-Puget
Sound, and Utah. In 2000, SEER regions included approximately 26%
of the United States population [8].

Patients

All Medicare-enrolled patients aged 75 years and older diagnosed
with primary colon adenocarcinoma in a SEER area from 1992 to
2005 were evaluated for inclusion in the study. Included patients had
a diagnosis of American Joint Committee on Cancer (AJCC) stage
I, 11, 111, or unstaged colon (SEER cancer site codes 18.0 -18.9, and
19.9) adenocarcinoma (SEER histology codes 8140-47, 8210-11,
8220-21, 8260-63, 8480-81, and 8490). Patients with mucinous
cystadenocarcinoma (histology code 8470) were excluded because
the natural history of this disease, which occurs in the appendix
and is associated with pseudomyxoma peritonei, is different than
other histologic subtypes of colon adenocarcinoma [11]. Patients
with rectal cancer were also excluded because the surgical treatment
of rectal canceris different from that of colon cancer, is often more
technically challenging, and may be associated with a higher rate of
complications. Patients were required to be continuously enrolled
in parts A and B of fee-for-service Medicare for the 12 months
preceding cancer diagnosis to ascertain comorbidity and for an
additional 6 months after surgical discharge or until death, whichever
came first, to enable tracking procedures. Patients enrolled in health
maintenance organizations were excluded as their billing information
could not be obtained from this database. All included patients

underwent primary tumor resection, corresponding to International
Classification of Diseases, ninth revision, Clinical Modification (ICD-
9-CM) procedure codes 45.7X (partial excision of large intestine) and
45.8X (total intra-abdominal colectomy). Patients were excluded if
they did not undergo tumor resection within 6 months of diagnosis as
it was felt that these patients either had rapidly progressive disease or
comorbidities which dictated their ability to tolerate surgery. Patients
were also excluded if they were diagnosed with another malignancy
1 year before or after the date of colon cancer diagnosis as this other
cancer diagnosis was thought to possibly influence the treatments
offered for their colon cancer. Patients were also excluded if their first
diagnosis of colon cancer was made after death (i.e., on autopsy).

Qutcome variable

The primary outcome of interest was preoperative staging in
accordance to ACOVE-3 quality indicators. We defined adherence
to the cross-sectional imaging indicator (SCAN) as receipt of an
abdominopelvic computed tomography (CT: CPT-4 codes 74150,
74160, 74170, 72192, 72193, 72194) [12] or magnetic resonance
imaging (MRI: CPT-4 codes 74181, 74185, 72196, 72198) [12] within
6 months prior to surgical resection. The ACOVE-3 indicator related
to preoperative endoscopic evaluation of the colon (SCOPE) was
defined as either colonoscopy (HCPCS codes G0105, G0121, 44388-
44389, 45378, 45380, 45382-45385 and ICD-9-CM 45.23, 45.25,
45.41-45.43, 48.36) [13] or flexible sigmoidoscopy (HCPCS codes
G0104, 45330-45331, 45333, and 45338-45339, and ICD-9-CM
45.22,45.24,48.22, and 48.24) [13], within 6 months prior to surgery.
Adherence to ACOVE-3 staging recommendations was categorized
as no staging, SCAN only, SCOPE only, or both SCAN and SCOPE
for each patient in the study. A secondary outcome measure, 3-year
mortality, was created based on dates of death recorded in the SEER
Patient Entitlement and Diagnosis Summary File (PEDSF) according
to Social Security Administration data.

Predictor variables

Information on date of birth, gender, marital status, and race/
ethnicity was obtained from the SEER database. Census tract level
medianhouseholdincomeand medianlevel ofeducation were obtained
from the PEDSF and used as proxies for patient socioeconomic status.
Geographic region represented by SEER registry and rural/urban
residence based on Rural/Urban Commuting Area Codes were also
obtained from the PEDSF. To measure comorbidity, we used CMS
Hierarchical Condition Categories (HCCs) [14] based on outpatient
and inpatient diagnoses from the 12 months prior to colon cancer
diagnosis. We also recorded the number of hospitalizations for each
individual in the year prior to cancer diagnosis. In addition to the
patient-related variables described above, we measured a variety of
disease-related variables. American Joint Committee on Cancer
(AJCC) stage and tumor grade was obtained from the SEER database.
To allow adjustment for acuity of illness, we identified patients who
presented with intestinal obstruction or perforation (ICD-9-CM
diagnosis codes 560.89 and 560.9, respectively), and those who were
emergently admitted prior to colectomy.

Statistical analysis

We determined adherence to preoperative SCAN and SCOPE
prior to colectomy for colon cancer. We compared the frequency of
patient-related (age, gender, race/ethnicity, census-tract based income
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Table 1: Characteristics of 37,862 Medicare beneficiaries aged 75 and older who underwent resection of colon cancer from 1992 to 2005 in the SEER-Medicare
database (% indicates column percentage).

Characteristic N (%)
Age
75-84 27,433 (72%)
>85 10,429 (28%)
Female gender 23,312 (62%)
Race/Ethnicity White 33,099 (87%)
Black 2,074 (5%)
Other 2,689 (7%)
Marital status Married 16,714 (44%)
Widowed 15,964 (42%)
Single, separated or divorced 3,889 (10%)
Unknown 1,295 (3%)
Median household income ($), mean (SD) 38,675 (17,238)
Less than 12 yr. education (%), mean (SD) 20 (12)
SEER registry Connecticut 4,137 (11%)
Detroit 3,766 (10%)
Hawaii 592 (2%)
lowa 5,010 (13%)
New Mexico 859 (2%)
Seattle 2,662 (7%)
Utah 1,058 (3%)
Atlanta & Rural Georgia 1,373 (4%)
Kentucky 1,745 (5%)
Louisiana 1,394 (4%)
New Jersey 4,127 (11%)
California 11,139 (29%)
Residence location Major metropolitan area 21,224 (56%)
Metropolitan or urban 12,806 (34%)
Less Urban or Rural 3,830 (10%)
HCC comorbidity score, mean (SD) 2.0(1.3)
Hospitalized in the year before surgery 10,986 (29%)
Cancer stage | 8,980 (24%)
Il 16,486 (44%)
1] 10,964 (29%)
Unstaged 1,432 (4%)
Tumor grade Well-differentiated 3,425 (9%)
Moderately differentiated 25,054 (66%)
Poorly differentiated or undifferentiated 7,769 (20%)
Unknown 1,614 (4%)
Admission Type Emergent Admission 8,084 (21%)
Urgent Admission 22,729 (60%)
Others 7,049 (19%)
Colon Cancer Location Right 21,995 (58%)
Transverse 3,825 (10%)
Left 3,225 (8%)
Sigmoid 8,195 (22%)
Other 595 (2%)
Intestinal obstruction on admission 1,526 (4%)
Intestinal perforation on admission 584 (2%)
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and education, SEER registry, urban/rural residence, hospitalization
in the year prior to colon cancer surgery, HCC comorbidity
score) and disease-related (stage, grade, obstruction, perforation,
emergent admission) variables in patients who did and did not have
preoperative staging. We used logistic regression to analyze these data
and determine adjusted ORs and 95% Confidence Intervals (CIs) of
adherence to preoperative staging for different predictors, controlling
for the other patient- and disease- related factors. Logistic regression
was also used to quantify the association between staging patterns and
3-year mortality. Analyses were performed using Stata 13.1 software
(Statacorp, College Station, Texas). All tests of significance were at the
P < 0.05 level, and P values were 2-tailed.

Results

Patient characteristics

A total of 37,862 individuals met the inclusion criteria for the study
and characteristics are summarized in Table 1. Of the 37,862 patients
identified, 28% of the patients were >85 years, and the remainder
were 75-84 years. Most patients were female (62%), Caucasian (87%),
married or widowed (86%) and resided in a major metropolitan area
56% (see Table 1). The most frequent stage at diagnosis was stage II
(44%), followed by stage III (29%), stage I (24%) and unstaged (4%).
The majority of tumors was located in the right-side of the colon
(58%) and had moderately-differentiated adenocarcinoma histology
(66%). A significant proportion of admissions were coded as non-
elective (60%) and the frequency of obstruction and perforation at
presentation were 4% and 2%, respectively.

Preoperative staging

Of the 37,862 patients who underwent colon cancer resection, 7%
had neither SCAN nor SCOPE, 6% had only SCAN, 43% had only
SCOPE and 42% had both SCAN and SCOPE (Figure 1).

Predictors of adherence to ACOVE-3 staging guidelines are
shown in Table 2. Patients with Asian/Pacific Islander or Hispanic
race/ethnicity (other) had higher odds of adherence than whites
(OR=1.33, 95% CI=1.21-1.45). We observed regional variation
(as determined by SEER site) in odds of adherence to preoperative
staging. However, rural or urban residence location was not

= None

u CT/MRI
C-Scope/FS
Both

44%

43%

Figure 1. Frequency of adherence to ACOVE-3 preoperative staging
guidelines in 37,862 Medicare beneficiaries who underwent colectomy
for colon cancer. SCAN refers to abdominopelvic computed tomography
or magnetic resonance imaging scan; SCOPE, colonoscopy or flexible
sigmoidoscopy.

Table 2: Predictors of adherence to ACOVE-3 preoperative staging guidelines in
37, 862 Medicare beneficiaries who underwent colectomy for colon cancer. Odds
Ratios (ORs) and Confidence Intervals (Cls) are adjusted for age, gender, SEER
registry, rural-urban residence location, tumor location, census-tract median
household income, census-tract education, and all of the variables listed in the
table.

Variable Adjusted odds ratio 95% CI
Race/ethnicity
Caucasian Reference
Black 1.13 1.02-1.25
Other 1.33 1.21-1.45
Marital status
Married Reference
Widowed 1.03 0.98-1.09
Single, separated or divorced 1.05 0.97-1.13
Unknown 0.94 0.83-1.06
Hospitalization in the previous year 1.35 1.28-1.41
No Reference
Yes 1.35 1.29-1.42
Stage
Stage | Reference
Stage Il 1.2 1.13-1.27
Stage Il 1.2 1.12-1.27
Unstaged 1.23 1.09-1.39
Tumor grade
Well differentiated Reference
Mod. differentiated 1.10 1.02-1.19
Poorly or undiff. 1.22 1.12-1.34
Unknown 0.83 0.73-0.95
Acuity of admission
Emergent Reference
Urgent 1.18 1.12-1.25
Others 0.85 0.79-0.91

significantly associated with adherence to preoperative staging (data
not shown). A history of hospitalization in the year prior to surgery
was a significant predictor of adherence (OR=1.34, 95% CI=1.28-
1.41). Of the disease-related variables, patients that had an urgent
admission had higher odds of adherence compared to patient who
were admitted emergently (OR=1.18, 95% CI=1.12-1.25). Patients
with poorly-differentiated grade had higher odds of adherence than
patients with well-differentiated histology (OR=1.22, 95% CI=1.12-
1.34).

Long-term survival

We next examined the association between patterns of
preoperative staging and 3-year mortality. Compared to patients
who were not evaluated with either modality, those who underwent
both SCAN and SCOPE had decreased odds of death (OR=0.75, 95%
CI=0.69-0.82). Patients who had SCOPE alone also had decreased
odds of 3-year mortality (OR=0.71, 95% CI=0.65-0.78). However, the
group evaluated with SCAN alone had increased odds of mortality at
3 years (OR 1.22, 95% CI=1.08-1.38) (Table 3).
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Table 3: Association of preoperative staging studies and three-year mortality
in 37,862 Medicare beneficiaries who underwent colectomy for colon cancer.
SCAN refers to abdominopelvic computed tomography or magnetic resonance
imaging scan; SCOPE, colonoscopy or flexible sigmoidoscopy. Adjusted Odds
Ratios (ORs) and Confidence Intervals (Cls) are adjusted for age, gender, race,
marital status, SEER registry, rural-urban residence location, hospitalization in
the previous year, tumor stage, tumor location, tumor grade, admission type,
census-tract median household income, and census-tract education; OR, odds
ratio; Cl, confidence interval.

Preoperative Staging | Crude OR | 95% Cl | Adjusted OR | 95% CI
None Reference Reference
SCAN only 1.37 1.22-1.54 1.22 1.08-1.38
SCOPE only 0.56 0.52-0.61 0.71 0.65-0.78
SCAN plus SCOPE 0.64 0.59-0.69 0.75 0.69-0.82
Discussion

In this study we analyzed population-level SEER-Medicare data
to describe patterns of preoperative staging in older adults with
colon cancer. We found that only 44% of patients aged 75 and older
were evaluated with both cross-sectional imaging such as abdominal
computed tomography or magnetic resonance imaging (SCAN)
and endoscopic examination of the colon (SCOPE), the two quality
indicators related to colon cancer staging in ACOVE-3. We identified
a number of patient and disease-related predictors of adherence to
staging guidelines. Finally, we confirmed the association between
adherence to staging recommendations and long-term survival in
this population of vulnerable older adults.

Preoperative colonic examination is recommended to evaluate for
synchronous carcinoma or neoplastic polyps, and may alter treatment
in up to one-third of patients [15]. For vulnerable older adults who
have a higher burden of comorbid disease and lower physiologic
reserve the consequences of missed colonic pathology can be serious.
If the additional tumor or polyp is discovered intra-operatively by the
surgeon, the result may be a longer procedure and a more extensive
resection, leading to increased risk of perioperative morbidity
and mortality. If the colonic neoplastic lesion is not discovered
until later, the patient may be exposed to the risk associated with a
second operation, and there may also be a delay or interruption in
adjuvant chemotherapy. In the current study adherence to staging
recommendations regarding endoscopic evaluation of the colon was
satisfactory — a total of 87% of patients had either SCOPE alone or
SCOPE plus SCAN in the 6 months before or after surgical resection.
The group that was not staged with SCOPE had increased odds of
3-year mortality, underlining the importance of this staging modality
in older adults with colon cancer.

While the rationale for routine total colonic examination in
patients newly diagnosed with colon cancer is well established, the
utility of preoperative abdominopelvic cross-sectional imaging has
been more contentious [16-18]. The ACOVE-3 guidelines make the
recommendation based on evidence that preoperative imaging aids
the planning of the surgical procedure and other treatments. Prior
research has shown that preoperative imaging of the abdomen and
pelvis alter treatment plan in 16-19% of patients, either by substantially
changing the surgical procedure when respectable extensive or
distant disease is found, or by demonstrating unresectable metastatic
disease for which the best treatment may be chemotherapy or other
palliative measures, including referral to hospice care [16,19]. Given

the potential significance of preoperative imaging findings in patients
with colon cancer who are considering surgical therapy, the finding
that only 50% of the patients in the current study had a preoperative
CT or MRI is concerning.

Early identification of metastatic disease allows the avoidance
of a major surgery, earlier initiation of chemotherapy, and timely,
more meaningful discussions of goals of care as well as earlier hospice
referral. Interestingly, while adherence to the recommended guidelines
for both colonic examination and abdominopelvic imaging reduced
the risk of 3-year mortality, patients who only received imaging
were actually found to have increased odds of death (OR=1.22, 95%
CI=1.08-1.38). Patients who were staged with SCAN alone may have
had contraindications to SCOPE related to comorbid illness, thus
comprising a higher-risk subgroup that would be expected to have
poorer perioperative outcomes and long-term survival.

Beyond examining the frequency of adherence to preoperative
staging guidelines for colon cancer, we also assessed the association
of patient- and disease-related factors with guideline adherence.
Predictors of adherence included Black and Asian/Pacific Islander/
Hispanic race/ethnicity, hospitalization within the previous year,
higher tumor stage, moderate or poorly differentiated tumor grade,
and non-emergent hospitalization.

Some of these factors such as non-White race and advanced
tumor stage and grade define populations at higher risk for worse
cancer related outcomes, and it is possible that treating physicians
had a higher index of suspicion for advanced or metastatic disease
and therefore ordered staging studies. Patients hospitalized within
the prior year may have had increased utilization of SCAN and
SCOPE in the work-up of other medical problems, or it could be
that their engagement within the health care system related in earlier
colon cancer diagnosis. The finding that patients who presented
emergently with colon cancer had decreased preoperative imaging is
not surprising, as both SCAN and SCOPE may not be appropriate
or possible to perform in the emergent setting. We also found a
discrepancy in adherence to staging recommendations by SEER
region; such geographic variations in the delivery of cancer-related
and other health care is well-described [20,21]. The geographic
discrepancy hints at the integral role of the systems-wide process, and
could allow for specific models for the structuring of the diagnostic
work-up of colon cancer patients to both increase guideline adherence
while reducing therapeutic delays [22].

Our study has several limitations. We were unable to examine
the impact of patient preferences and physician recommendations
on decision-making related to preoperative staging. For patients
who did not undergo either SCAN or SCOPE, we were not able to
determine why these diagnostic studies were omitted. The study
period spanned over a decade, and it was only towards the end of this
time period that consistent recommendations regarding preoperative
staging of colon cancer were published by national and international
organizations [23-28]. Our survival analysis has the potential for
significant confounding factors, including the presence of non-cancer
comorbidities and other clinical factors which impact survival as well
as the ability to get preoperative staging.

However, despite these limitations, this study is the first to
examine patterns of colon cancer staging using population-level data
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and important implications. The study demonstrated the existence of
a significant gap in adherence to staging guidelines in older adults
with colon cancer. Given the association between non-adherence and
increased mortality, it is imperative that interventions are devised to
improve adherence to colon cancer staging guidelines in vulnerable
older adults.

Conclusion

Adherence with published quality indicators improved outcome
and survival for vulnerable elders with potentially resectable
colorectal cancer.

Funding Source
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