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Abstract

Objective—Bevacizumab, the first FDA-approved anti-angiogenesis agent, has been used for 

metastatic colorectal cancer since 2004. This study evaluated the utilization of bevacizumab 

among elderly metastatic colorectal cancer patients in the United States.

Methods—Using Surveillance and Epidemiology and End Results (SEER)-Medicare data, this 

retrospective cohort study consisted of individuals aged 65 years or older with a colorectal cancer 

diagnosis between 2005 and 2009, who received chemotherapy any time through 2010. This 

included patients with newly diagnosed metastatic colorectal cancer and patients who progressed 

from initially diagnosed earlier-stage disease. We ascertained comorbid conditions using ICD-9 

codes and conducted logistic regression to identify patients’ characteristics associated with 

bevacizumab use.

Results—A total of 8645 patients were identified (mean age 74 years; 52% male); 57% of 

patients received bevacizumab with initially diagnosed metastatic colorectal cancer and 44% of 

patients with treated progressive or recurrent disease. After adjusting for other covariates, we 
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found that patients aged ≥80 years were less likely to receive bevacizumab compared with those 

aged 65–69 years (odds ratio (OR), 0.64 (95% confidence interval (CI): 0.57–0.73)), or if they had 

evidence of comorbid cardiomyopathy/congestive heart failure (OR, 0.82 (CI: 0.70–0.95)) or 

arrhythmic disorder (OR, 0.85 (CI: 0.75–0.96)). Adoption of bevacizumab into practice was rapid 

following its approval, and the use increased from 36% to 40% from 2005 to 2010 (p = 0.013). 

There were significant regional variations in bevacizumab use.

Conclusions—Despite rapid uptake since its original approval, there appears to be low use of 

bevacizumab in elderly metastatic colorectal cancer patients in the United States. Regional 

variations and the strong effects of age and comorbidity suggest lack of consensus among 

oncologists regarding benefits and risks of bevacizumab in elderly patients.

Keywords

Bevacizumab utilization; colorectal cancer; elderly; SEER-Medicare

Introduction

Colorectal cancer (CRC) is the third-most common cancer and the third leading cause of 

cancer death for both men and women in the United States, with 142,820 new cases and 

50,830 deaths projected for year 2013.1 Among newly diagnosed CRC patients, 15–30% 

have metastatic colorectal cancer (mCRC) at diagnosis, whereas disease recurrence and 

development of distant metastases can occur in up to 50% of patients who were initially 

diagnosed at earlier stages.2

In the past two decades, improvements in the survival of patients with mCRC have been 

made with efficacious systemic therapies, including cytotoxic drugs and targeted 

monoclonal antibody treatments. Bevacizumab (Bev, Avastin®), targeting the vascular 

endothelial growth factor, received approval from the US Food and Drug Administration in 

2004 as the first anti-angiogenesis drug with fluorouracil-based chemotherapy as first-line 

treatment for mCRC. Clinical trials show that Bev improves median overall survival by 1–5 

months depending on combined use with different chemotherapy regimens.3–5 Clinical trials 

also report that Bev use is associated with the following severe adverse events: 

gastrointestinal (GI) perforations, surgery and wound-healing complications, hemorrhage, 

non-GI fistula formations, arterial thromboembolism, and hypertension.4,6 However, clinical 

trial results may not generalize well to older patients and those with comorbidities, who are 

frequently underrepresented in clinical trials and often undertreated with standard therapy. 

For example, the two pivotal trials of Bev included patients with a mean age of 60 years,3,5 

whereas more than 40% of newly diagnosed mCRC patients in the United States are aged 75 

years and older. Studies have shown that older patients are less likely to receive treatment for 

every stage of CRC than younger patients, including chemotherapy,10,11 and they are more 

likely to receive single-agent rather than multiple-agent treatment with their chemotherapy.11

Bev has been associated with an increased risk of GI perforation and arterial 

thromboembolic events among mCRC patients aged 65 years or above in large observational 

cohorts.12–16 Given the potential for elevated risks of serious adverse events in older 

patients, and the small gain in survival shown in randomized trials that may not generalize to 
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this subgroup, it is possible that Bev may not yet be widely adopted in US oncology 

practice. Using the most recently updated linked Surveillance and Epidemiology and End 

Results (SEER) registry-Medicare claims database,17 we investigated the trends, variations, 

and utilization patterns of Bev in mCRC patients aged 65 years or older.

Methods

Source data

The SEER data are from a comprehensive population-based US cancer registry program 

funded by the National Cancer Institute, which collects cancer incidence and survival data 

from 17 population-based cancer registries covering approximately 26% of the US 

population. Medicare is a US federal health insurance program serving 97% of people aged 

65 years or older. Approximately 94% of SEER patients aged 65 years or above have been 

linked with their Medicare claims.18 The linked SEER-Medicare data, one of the largest 

cancer registry-claims data in the United States, is unique in its generalizability for US 

community practice and is used extensively in cancer-related health services research. The 

most recent update was available in December 2012, providing data including all Medicare 

eligible persons diagnosed with cancer in the SEER through year 2009 and their Medicare 

claims through 2010.17

From the SEER registries, we obtained information on population characteristics, year of 

diagnosis, clinical stage, and geographic region of all incident CRC patients. We used 

Medicare claims to ascertain information regarding chemotherapy and other medication 

utilization, as well as comorbidity information from inpatient hospital records, institutional 

outpatient providers, physician claims, and durable medical equipment files.

Sample selection and variable extraction

Our study cohort included patients aged 65 years or above with a diagnosis of CRC as their 

first or primary cancer from 1 January 2005 through 31 December 2009. The follow-up 

medical claims of these patients were through December 2010. For this study’s purposes, we 

looked at patients who received chemotherapy any time from diagnosis to the end of their 

follow-up (death or end of 2010). This included patients who were initially diagnosed with 

mCRC (stage IV) and patients who were initially diagnosed with earlier stages and later 

experienced a progression or recurrence of CRC. We defined this progression as receiving 

more than one standard chemotherapy agent (5-fluorouracil, irinotecan, oxaliplatin) at least 

8 months after their initial diagnosis of non-stage-IV CRC. We defined the index date as the 

first service date associated with chemotherapy use. In order to avoid bias owing to prior 

treatment for any other cancers, we excluded patients who had been diagnosed with a prior 

cancer other than CRC. We also excluded those who were enrolled in Health Maintenance 

Organizations (HMOs) or were not enrolled in both Medicare A and B programs because 

these patients do not have complete longitudinal claims histories in Medicare.

We extracted chemotherapy use and Bev use using Healthcare Common Procedure Coding 

System (HCPCS) codes present in Part B Medicare claims. We began with year 2005 

because there was not a specific HCPCS code in use to accurately identify Bev during 2004, 
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although Bev was first approved by the FDA in February of 2004. Patient characteristics 

derived from SEER data included demographic covariates (age, sex, race/ethnicity, location 

by registry site), ecological socio-economic status (marital status, income, education), and 

clinical variables (cancer stage, comorbidities). Census-tract level median household income 

and percentage of adults with less than high school education were created in SEER-

Medicare by linking patient’s census tract at the time of diagnosis with data collected by the 

US Census Bureau.19 Income and education variables were categorized by quartiles. Clinical 

variables included the tumor, node, metastasis stage at initial diagnosis20 and co-morbid 

conditions before index date. We identified co-morbid conditions using ICD-9 codes within 

1 year prior to the index date from inpatient, outpatient, and physician claims. Based on 

Bev-associated risks reported in the literature,6,13,14 we included GI perforation, arterial 

thromboembolism, cardiomyopathy or congestive heart failure (CM/CHF), arrhythmic 

disorders, and other cardiac conditions (including hypertension, pericardial disorder, aortic 

wall disorders, and cardiopulmonary arrest). As a measure of other comorbid conditions, we 

calculated a modified Charlson index by excluding cancer and the previously mentioned 

conditions from the original Charlson index.21 The details of coding that we used to capture 

treatment regimens are provided in the appendix (supplementary material online).

Statistical analysis

We summarized patient characteristics by the use of Bev. We reported continuous variables 

as means ± standard deviations (SDs) and summarized categorical variables as percentages. 

The bivariate analyses were conducted comparing these variables between patients who did 

or did not use Bev. Chi-square tests assessed the statistical significance of percentage 

differences in categorical variables and t-tests tested for mean differences in continuous 

variables. Wilcoxon rank sum tests tested median differences in continuous variables. The 

Cochran-Armitage trend test tested the time trend in the adoption of Bev. For explanatory 

analysis, we constructed a multivariate logistic regression model to estimate likelihoods of 

Bev use as a function of all measured patient characteristics, including demographic 

information, socioeconomic status, and clinical covariates. The regression model included 

interaction terms between age, race, and comorbidities to test the potential modifying effects 

between these characteristics. Data analyses were carried out using SAS 9.2 (Cary, NC). All 

p-values were two-sided, and a p-value less than 0.05 was considered statistically 

significant.

Results

A total of 8645 patients with mCRC met our eligibility criteria for inclusion. Patient 

characteristics are shown in Table 1. The study sample had a mean (±SD) age of 74 (±6.3) 

years. There were 4502 (52%) patients who received Bev with 14 days as the median time 

from index date (initial chemotherapy) to Bev use. The average number of Bev cycles was 

12.2 (median = 9), and median duration of Bev use was 176 days from the first to the last 

Bev use. Fifty-nine percent of 6529 patients who received oxaliplatin also used Bev, whereas 

80% used Bev among 3385 patients who received irinotecan. Among 2777 patients who 

received both oxaliplatin and irinotecan, 15% used Bev. Overall, Bev was used in 57% of 

patients with an initial mCRC diagnosis and 44% of patients with treated progressive or 
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recurrent disease, with median time from index date to Bev use 1 versus 76 days, 

respectively (p< 0.0001). There were no differences between these two subgroups with 

respect to the median cycles of Bev or the median duration of Bev use.

We observed that the adoption of Bev into practice was quite rapid, with an initial rate of 

36% in its first full year after FDA approval in 2004. There is a modest yet significant 

increase in Bev use from 2005 to 2010, with annual percentage of use ranging from 36% to 

40% (p = 0.013 for trend analysis) (Figure 1). The percentage of annual Bev use among 

patients diagnosed with stage IV CRC ranged between 43% and 52%, but this trend was not 

statistically significant.

In bivariate analysis (Table 1), we found that patients who used Bev were younger 

(p<0.0001) and were more likely to be married (p = 0.001) than those who did not use Bev. 

There were significant variations in Bev use by region, ranging from 41% in Hawaii to 58% 

in New Mexico (Figure 2). In terms of clinical factors, 61% of patients in our study who 

received any chemotherapy were initially diagnosed with mCRC. The remainder were 

initially diagnosed with stages I–III disease and by our definition, received multiple 

chemotherapy agents for progressive or recurrent CRC. Patients who received Bev were 

more likely to have an initial stage IV diagnosis (67% versus 55%, p < 0.0001) and less 

likely to have an initial diagnosis of earlier stages than those who did not receive Bev. 

Patients who received Bev were less likely to have co-morbid arterial thromboembolism, 

CM/CHF, arrhythmic disorder, other cardiac conditions, and non-cardiac comorbid 

conditions (measured as a modified Charlson index) prior to their index date.

Table 2 shows only those factors that are significantly associated with Bev use after 

adjustment for all other covariates that are shown in Table 1 using a multivariate logistic 

regression. We did not identify any significant effects from interactions between age, race, 

and comorbidities, so we dropped these interaction terms from the final model. Patients were 

less likely to receive Bev if they were aged>80 years compared with those aged 65–69 years 

(odds ratio (OR) = 0.64 (95% confidence interval (CI): 0.57–0.73); p < 0.0001) after 

adjusting for all other covariates in the model. There was a significant overall geographic 

effect (p < 0.0001, not shown in Table 2) for Bev use, with higher use in New Mexico, 

Georgia, Seattle metro area, Louisiana, and Detroit metro area compared with other areas. 

Married patients were more likely to use Bev (OR = 1.11 (95% CI: 1.01–1.21); p = 0.033). 

Patients in the highest quartile of household income were more likely to use Bev compared 

with patients in the lowest quartile of household income (OR = 1.20 (95% CI: 1.03–1.40); p 
= 0.021). Patients initially diagnosed with mCRC were more likely to use Bev than those 

with treated progressive or recurrent disease (OR = 1.78 (95% CI: 1.63–1.95); p<0.0001). 

Additionally, patients who had CM/CHF, arrhythmic disorder, and more non-cardiac 

comorbid conditions prior to chemotherapy initiation were less likely to use Bev after 

adjustment for all other factors.

Discussion

Bev is the most widely used anti-angiogenic monoclonal antibody for treatment of several 

tumors, particularly as first-line therapy for mCRC.4 Using a large US population-based 
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database, we observed that approximately half of eligible patients aged 65 years or older 

used Bev. To our knowledge, this is the first report on patterns of Bev use through 2010 

among this sub-population using SEER-Medicare data.

A previous study analyzed the electronic medical records of 1655 adult patients with mCRC 

from 91 oncology practices in the United States.22 This study reported that Bev was the 

most frequently administered biologic therapy, with 69% of patients receiving it sometime 

during the study period (January 2004 to January 2008).22 However, this study did not 

specifically assess older patients, nor did it examine factors associated with Bev use. Our 

finding that 52% of eligible patients aged 65 years and older used Bev is lower than the 

previously published 69% in all patients. However, this is not surprising, since physicians 

may be often reluctant to aggressively treat older patients due to lack of sufficient clinical 

evidence and concerns with toxicity.23–25 The propensity toward more conservative use of 

Bev is consistent with results from the BRiTE observational cohort study evaluating the 

safety and effectiveness of Bev-based first-line mCRC therapy for elderly patients26 and 

another study analyzing the Cancer Care Outcomes Research Surveillance Consortium 

(CanCORS) data.27 Both indicated that elderly patients were less likely to receive Bev than 

younger patients. Our study found that age is a significant factor contributing to lower Bev 

use, even among patients aged 65 year and older, consistent with an earlier study through 

2007 using the SEER-Medicare data.15

In addition to age, we observed that patients’ history of CM/CHF, arrhythmic disorder, and 

non-cardiac comorbid conditions significantly contributes to lower Bev utilization. Data 

from clinical trials demonstrates the association between Bev and several 

cardiotoxicities;4,6,28 hence, physicians may carefully prescribe Bev to patients, avoiding 

those either with a history of or with risk factors for cardiac conditions. This finding is 

consistent with prior studies using SEER-Medicare data.13–15

Our results are consistent with another report that found that chemotherapy use may also be 

related to patients’ preference to undergo therapy and physicians’ recommendations.29 

Physicians in particular may be partly hampered by lack of comparative outcomes data that 

pertain to this patient subgroup, which is not typically well represented in prospective 

randomized trials of Bev. Our results are consistent with treatment patterns for older patients 

with other cancers,30–32 who generally receive less aggressive cancer therapies than their 

younger counterparts due likely to greater uncertainty regarding the benefit–risk tradeoffs of 

such therapies.

The rapid early uptake and then small increasing trend in Bev use we observed demonstrates 

the diffusion of an important medical advance in GI oncology within this patient population. 

Additionally, we found that patients with higher household income are more likely to use 

Bev, suggesting a possible association between higher socio-economic status and Bev use. 

The drug cost of Bev is approximately US$4000–5000 per month.33 Though presumably 

most of the cost is covered by the Medicare program for this patient population, the out-of-

pocket financial burden may not be trivial.34 Thus, future research could focus on the 

economic impact of Bev use on patients’ financial well-being. Our finding of an association 

between marital status and Bev use is consistent with other cancer care literature, which has 
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often found that being currently married is positively associated with better outcomes 

relative to being single, widowed, or divorced.35,36

There is substantial geographic variation in Bev use even after adjusting for all patient 

characteristics. We observed patients in the Northeast region were less likely to use Bev 

compared with patients in the West or South regions. This variation underscores uncertainty 

and professional disagreement37 in the adoption of this drug. This phenomenon may also 

reflect variations in insurance guidelines and/or institutional policies in local regions. To 

better understand the reasons for geographic variations and physician practice patterns, 

future studies should assess the attitudes and practices of physicians and health plan 

regarding the adoption of Bev and other high-cost cancer medications.

The present study has several strengths. We included a large cohort of approximately 9000 

subjects aged 65 years or above, a subgroup typically underrepresented in randomized 

clinical trials. Our results are thus generalizable to older patients with mCRC within US 

oncological practice. Additionally, we used the most recently updated SEER-Medicare 

linked data to provide the most updated report as possible on practice.

As with all analyses based on observational data, the study findings should be viewed in 

light of some limitations. First, we restricted our sample to patients newly diagnosed with 

CRC without a history of other cancers. This maintained the internal validity of the study but 

limited our generalizability to patients with CRC as their second or higher cancer diagnosis. 

Second, we defined patients who were initially diagnosed at earlier stages who later 

experienced progressive or recurrent disease as those receiving more than one standard 

chemotherapy agent (5-fluorouracil, irinotecan, oxaliplatin) at least 8 months after initial 

diagnosis. However, some patients, especially those at an older age or with comorbidities, 

may decide not to receive aggressive treatments but only receive one agent or none for the 

control of their metastatic disease. Due to the exclusion of these patients, the denominator of 

all eligible patients may be larger; hence, the true utilization rate is probably lower than what 

we observed. Third, the comorbidities identified in this study were based on ICD-9 codes 

within claims data rather than medical charts. For example, the ascertainment of CHF using 

claims has high specificity but moderate sensitivity,38 since a diagnosis of CHF may often 

appear as a diagnosis of CM. We included CHF with CM to minimize this potential 

misclassification error. It would also be possible that certain comorbidities were not claimed 

within the baseline year, which led to underestimate of comorbid conditions. Fourth, this 

study included only older patients with Medicare health insurance. Those remained 

employed after the age of 65 and who maintain their private health insurance plans, or who 

are in HMO plans, are not included.

Conclusion

Our study showed that approximately half of Bev-indicated patients aged 65 years or older 

in the United States receive Bev. Patients’ age and history of cardiac conditions significantly 

contributed to lower Bev utilization. These results from an older patient population in 

community practice demonstrate the rapid uptake of Bev since its original approval, the 

regional variations in Bev adoption, and several other patient factors in addition to age that 
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are strongly associated with Bev use. Our study complements the current literature on 

clinical efficacy, safety, and effectiveness in US oncology practice by describing existing 

practices for older patients with this disease.
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Figure 1. 
Bevacizumab use by calendar year (all eligible versus initially diagnosed stage IV colorectal 

cancer patients; number of all patients in parentheses).
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Figure 2. 
Bevacizumab use by geographic area (number of all patients on top of bar).
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Table 1

Characteristics of CRC patients who were 65 years or older and treated with chemotherapy with versus 

without bevacizumab (Bev) use.a

n Total
8645

Bev
4502

No Bev
4143

p

Age at first chemotherapy (years)

    65–69 29.5% 31.3% 27.5% <0.0001

    70–74 27.5% 27.9% 27.1%

    75–79 22.5% 23.2% 21.8%

    80 or above 20.5% 17.7% 23.6%

Sex

    Male 52.1% 52.5% 51.8% 0.53

    Female 47.9% 47.5% 48.2%

Race/ethnicity

    White 82.4% 83.3% 81.5% 0.062

    Black 9.1% 9.0% 9.2%

    Hispanic/Latino 1.7% 1.4% 1.9%

    Asian 3.8% 3.6% 4.0%

    Other 3.0% 2.6% 3.4%

Marital status

    Married 57.0% 58.6% 55.1% 0.001

    Other 43.0% 41.4% 44.9%

Median household income (group-level)

    Q1 24.1% 23.6% 24.6% 0.66

    Q2 24.3% 24.7% 23.9%

    Q3 25.0% 25.1% 25.0%

    Q4 26.2% 26.1% 26.3%

Education

    Q1 25.4% 25.0% 25.9% 0.20

    Q2 25.3% 25.0% 25.7%

    Q3 24.0% 23.8% 24.3%

    Q4 24.9% 25.8% 23.8%

CRC stage at diagnosis

    I 3.1% 2.8% 3.4% <0.0001

    II 10.3% 9.2% 11.4%

    III 25.8% 21.2% 30.7%

    IV 60.9% 66.8% 54.5%

Co-morbid conditions

    GI perforation 2.5% 2.2% 2.8% 0.062

    Arterial thromboembolism 4.6% 3.9% 5.3% 0.001

    CM/CHF 10.2% 8.6% 12.0% <0.0001

    Arrhythmic disorder 17.2% 15.2% 19.3% <0.0001

    Other cardiac condition 66.7% 64.3% 69.4% <0.0001
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n Total
8645

Bev
4502

No Bev
4143

p

    Modified Charlson index (mean±SD) 0.626 ±0.916 0.582 ±0.876 0.675 ±0.956 <0.0001

Q1–Q4: quartile 1–quartile 4 from lowest to highest; CRC: colorectal cancer; CM/CHF: cardiomyopathy or congestive heart failure; GI: 
gastrointestinal; SD: standard deviation.

a
Modified Charlson index was calculated excluding all other listed conditions.
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Table 2

Logistic regression of likelihood of bevacizumab (Bev) use among CRC patients who were 65 years or older 

and treated with chemotherapy.a

Odds
ratio

95%
Confidence

interval p

Age groups

    65–69 years (reference)

    80 years or above 0.64 0.57 0.73 <0.0001

Cancer registry site

    New Mexico 1.60 1.16 2.19 0.004

    Georgia 1.55 1.30 1.86 <0.0001

    Seattle metro area 1.42 1.12 1.79 0.003

    Louisiana 1.27 1.03 1.57 0.029

    Detroit metro area 1.23 1.01 1.50 0.041

    New Jersey (reference)

Marital status

    Married 1.11 1.01 1.21 0.033

    Other (reference)

Income

    Q1 (reference)

    Q4 1.20 1.03 1.40 0.021

CRC stage at diagnosis

    I–III (reference)

    IV 1.78 1.63 1.95 <0.0001

Co-morbid conditions

    CM/CHF 0.82 0.70 0.95 0.009

    Arrhythmic disorder 0.85 0.75 0.96 0.009

    Modified Charlson index 0.93 0.89 0.98 0.007

Q1–Q4: quartile 1–quartile 4 from lowest to highest; CRC: colorectal cancer; CM/CHF: cardiomyopathy or congestive heart failure.

a
Variables with significant results are listed in the table. The model also adjusted for the effects of sex, race/ethnicity, other registry sites, education, 

other co-morbid conditions including gastrointestinal perforation, arterial thromboembolism, and other cardiac conditions.
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