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Abstract 

Introduction: We assessed whether older patients experience the same treatment benefits from adjuvant 
chemotherapy in a real-world setting as younger patients in clinical trials. Methods: This retrospective cohort 
analysis used the linked Surveillance, Epidemiology, and End Results (SEER)-Medicare database. The analysis 
included 3,390 patients, >65 years, diagnosed with stage II or III colon cancer between January 1, 2004, and 
December 31, 2007. Patients were enrolled in Medicare Parts A and B, and had undergone adjuvant treatment with 
fluorouracil plus leucovorin (5-FU/LV; n=1,368), 5-FU/LV plus oxaliplatin (FOLFOX; n=1,398), capecitabine 
(CAP; n=507), or CAP plus oxaliplatin (CAPOX; n=117) within 3 months of surgery. Differences in patient 
demographics and disease characteristics by treatment were assessed by chi-square test and ANOVA or t-test. Cox 
proportional hazards regression and propensity score-weighted analyses were used to measure the relative risk of 
death associated with each treatment. Results: Median time from surgical resection to initiation of treatment was 
similar across cohorts (44-48 days). Mean treatment duration was longer for 5-FU/LV (149 days) and FOLFOX 
(144 days) than CAP (121 days) and CAPOX (111 days); p<.0001. In the propensity score-adjusted survival 
models, patients treated with FOLFOX (HR=0.70; 95%CI=0.55-0.90) and CAPOX (HR=0.44; 95%CI=0.20-0.98) 
had a significantly lower risk of death than 5FU/LV, while risk of death was similar between CAP and 5-FU/LV. 
Conclusions: Elderly patients with colon cancer have similar benefits from adjuvant chemotherapies in real-world 
settings as demonstrated in younger patients in clinical trial settings. 
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1. Introduction 

Surgical resection is the only curative treatment for locoregional colon cancer. Studies have shown that adjuvant 
chemotherapy reduces risk of relapse and prolongs survival in Stage III (node-positive) colon cancer (Investigators, 
1995; Moertel et al., 1995; Wolmark et al., 1993), although the benefits of adjuvant chemotherapy in Stage II 
(node-negative) disease are less certain. Bolus fluorouracil plus leucovorin (5-FU/LV) has been the standard of 
care for colon cancer adjuvant treatment since the early 1990s. The oral fluoropyrimidine capecitabine (CAP) is an 
effective alternative to intravenous 5-FU/LV in the adjuvant setting and has demonstrated equivalent disease-free 
survival (DFS) and overall survival (OS) with significantly fewer adverse events (AEs) (Scheithauer et al., 2003; 
Twelves et al., 2011; Twelves et al., 2005). In addition, capecitabine plus oxaliplatin (CAPOX) and 5-FU/LV plus 
oxaliplatin (FOLFOX) have demonstrated significantly better DFS and OS than bolus 5-FU/LV (Andre et al., 2004; 
Andre et al., 2009; Haller et al., 2011; Kuebler et al., 2007; H.-J. Schmoll et al., 2012). 

Although almost three-quarters of patients with colon cancer are 65 years or older; clinicians are less likely to 
follow expert recommendations for adjuvant chemotherapy with older patients than with younger patients 
(Sundararajan et al., 2002; Wolpin, Meyerhardt, Mamon, & Mayer, 2007). A recent analysis of data on more than 
85,000 patients with colon cancer found that only 69% of patients aged 70-79 years and 39% of those aged 80 or 
older received adjuvant chemotherapy, compared to 82% of patients younger than 60, and 77% of patients aged 
60-69 years (Jessup, Stewart, Greene, & Minsky, 2005). Comorbid health conditions and older age appear to 
influence physicians’ choice of treatment regimen due to tolerability issues and discourage administration of 
recommended therapies (Kahn et al., 2010; O'Grady et al., 2011; Schrag, Cramer, Bach, & Begg, 2001). 
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Elderly patients have been historically underrepresented in clinical trials, providing a limited evidence base in 
which to evaluate the benefits of adjuvant chemotherapy in this population. Furthermore, data on real-world 
outcomes with newer alternative agents are rare. The National Comprehensive Cancer Network (NCCN) 
recommends that patients with high-risk Stage II or Stage III colon cancer receive adjuvant chemotherapy with 
FOLFOX, bolus 5-FU/LV plus oxaliplatin, or CAPOX; and single-agent CAP or 5-FU-LV for patients 
inappropriate for oxaliplatin therapy. Fluoropyrmidine monotherapy, either CAP or 5-FU/LV, may be considered 
for patients with low-risk Stage II colon cancer (National Comprehensive Cancer Network, 2012). Per these 
guidelines, and the need for comparative effectiveness research in this area, we evaluated Stage II and Stage III 
colon cancer patients receiving adjuvant chemotherapy with 5FU/LV, CAP, CAPOX and FOLFOX in a real-world 
setting. With the increasing size of the elderly population in the United States, the results of this study may provide 
an important and timely context for identifying opportunities to improve the quality of colon cancer treatment 
strategies and provide a better understanding of the clinical benefits of adjuvant chemotherapy in the real-world 
setting compared to younger clinical trial participants. 

2. Methods 

2.1 Data Sources 

We used population-based claims data from the Surveillance, Epidemiology, and End Results (SEER)–Medicare 
linked database. Institutional review board approval was waived because the SEER-Medicare data lack personal 
identifiers. The SEER-Medicare database is a collaborative effort of the National Cancer Institute (NCI), SEER 
registries, and Centers for Medicare and Medicaid Services (CMS). The SEER-Medicare database provides 
information on Medicare patients included in SEER, a nationally representative collection of 18 
population-based registries of all incident cancers from diverse geographic areas covering approximately 28% of 
the U.S. (Warren, Klabunde, Schrag, Bach, & Riley, 2002). All incident cancer patients reported to the SEER 
registries are cross-matched with a master file of Medicare enrollees (Potosky, Riley, Lubitz, Mentnech, & Kessler, 
1993). Approximately 97% of U.S. residents aged 65 years or older are eligible for Medicare and all Medicare 
beneficiaries receive Part A coverage (inpatient care, skilled nursing, home healthcare, and hospice care) while 
approximately 95% of beneficiaries subscribe to Part B, which covers physician services and outpatient care. The 
current analysis included all Medicare-eligible persons with data in SEER through 2007 and their Medicare claims 
for Part A and Part B through 2009. 

2.2 Study Population 

Patients were included in the study if they were diagnosed with a first primary Stage II or Stage III colon cancer 
from January 1, 2004 to December 31, 2007, were at least 66 years of age, had undergone resection of the primary 
tumor within 3 months after diagnosis, and received adjuvant chemotherapy within 3 months after resection. 
Consistent with prior studies of adjuvant chemotherapy use, we excluded patients who died within 6 months of 
surgery to restrict the sample to patients who did not have a poor short-term prognosis that would disqualify them 
for consideration of adjuvant therapy (Gross, McAvay, Guo, & Tinetti, 2007; Schrag, Cramer, et al., 2001). 
Patients were excluded if their date of death was recorded prior to or the same month as diagnosis, Medicare Parts 
A and B enrollment was less than 12 months prior to diagnosis date, enrolled in a health maintenance organization 
(HMO) during any period of the 12 months prior to diagnosis (because data were unavailable for these periods) 
and had two or more claims for chemotherapy prior to diagnosis. Of the 4593 patients who met all study criteria, 
1368 received adjuvant treatment with 5FU/LV, 1398 received FOLFOX, 507 received CAP, and 117 received 
CAPOX. 

2.3 Study Variables 

The SEER program registries routinely collect data on patient demographics (age, race/ethnicity, residence, 
socioeconomic status [income and education per census tract]), primary tumor site, tumor morphology, stage at 
diagnosis, first course of treatment, and follow-up for vital status. Median annual household income at the census 
tract level and percentage of the adult population who completed specific levels of education at the ZIP code level 
were used as a proxy for socioeconomic status. SEER site codes were used to identify colon. We considered both 
the American Joint Committee on Cancer (AJCC) and SEER stage groupings to identify the stage at diagnosis.  

The SEER program does not record chemotherapy administration. Data was abstracted from four merged 
SEER-Medicare files: Medicare provider analysis and review (MEDPAR), carrier claims (NCH), outpatient 
claims (OUTSAF) and durable medical equipment (DME) to identify claims for chemotherapy administration 
(Warren, Harlan, et al., 2002). Claims for oral equivalents of IV chemotherapies were identified in the DME file 
(i.e. capecitabine). Chemotherapy were characterized and quantified using International Classification of Disease 
(ICD) diagnosis codes, ICD procedural codes, Current Procedural Terminology (CPT) codes, Healthcare Common 
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Procedural Coding System (HCPCS) codes and revenue center codes. Chemotherapy claims were searched for 
specific drug codes to identify the type of chemotherapy used. The absence of these claims indicated lack of 
treatment. The first chemotherapy claim within 3 months after surgical resection indicated the start of adjuvant 
therapy. Patients were classified into one of four treatment groups (5FU/LV, CAP, FOLFOX, CAPOX) based on 
all chemotherapy given to a patient during the first 60 days after date of initiation of treatment. Medicare claims 
were used to identify patients who underwent primary resection of the tumor within 3 months after diagnosis. 
Colon cancer surgical procedures included hemicolectomy, subtotal colectomy, and total colectomy.  

We aggregated comorbidities to formulate the NCI comorbidity index, a revised version of the Charlson 
comorbidity index. (Klabunde, Legler, Warren, Baldwin, & Schrag, 2007) Complications from adjuvant treatment 
within180 days after treatment initiation were identified by ICD-9 diagnosis codes in both inpatient and outpatient 
Medicare claims. This 180-day period was selected based on the National Comprehensive Cancer Network 
(NCCN) guidelines that recommend 6 months of adjuvant treatment for stage II and III CRC or for stage IV stable 
disease (NCCN, 2012). 

2.4 Statistical Analysis 

Demographic and clinical characteristics were summarized descriptively by treatment type. Treatment patterns 
delivered in the adjuvant setting included: treatment type by time of initiation from surgery, duration of treatment, 
and complications of therapy within 180 days from treatment initiation. Chi-square test for categorical variables 
and ANOVA or t-test for continuous variables determined differences between groups. We considered a p-value 
<.05 to be statistically significant.  

We compared two approaches as a sensitivity exercise to assess overall risk of death: (1) Cox proportional hazards 
regression and (2) propensity score-weighted Cox proportional hazards regression model. In the Cox proportional 
hazards regression, we adjusted the multivariate models for confounders that were selected from demographic and 
clinical characteristics using the backward elimination strategy-a step-wise removal of covariates in full the model 
until only the significant variables remain (Greenland, 1998). In the second approach, multinomial logistic 
regression was used to calculate a propensity score—the conditional probability that each patient would receive a 
specific treatment given that patient’s pretreatment variables (baseline characteristics, such as age, gender, and 
comorbidities)—for each patient (Kurth et al., 2006). We fitted the propensity score-weighted Cox proportional 
hazards regression model to compare overall survival in the four treatment groups. Follow-up was calculated 
beginning on the date of treatment initiation up until the first occurrence of a censoring event: date of death, 
development of a second primary tumor, the last date for which Medicare claims are available, or the end of the 
follow-up period (December 31, 2009). All statistical analyses were performed using SAS software, version 9.1.3 
(SAS Institute Inc., Cary, North Carolina). 

3. Results 

3.1 Demographic & Clinical Characteristics 

The mean age at diagnosis was 73 in the FOLFOX group, 74 for CAPOX, 75 for 5-FU/LV, and 77 for CAP 
(p<0.0001). In general, patients treated with CAP were older, more likely to be female and non-white, and had a 
higher comorbidity score than patients in the other treatment groups (Table 1). A higher proportion of CAPOX 
patients were from the western part of the United States, and they had higher income and education levels than the 
other treatment groups.  
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Table 1. Demographic and Clinical Characteristics at Baseline 

Characteristic 
5-FU/LV (N=1368) CAP (N=507) FOLFOX (N=1398) CAPOX (N=117) 

p-value
n % n % n % n % 

Age at diagnosis          < 0.0001

 66-70  327  23.9  96  18.9  543  38.8  39  33.3   

 71-75  386  28.2  132  26.0  458  32.8  28  23.9   

 76-80  372  27.2  124  24.5  302  21.6  36  30.8   

 >80  283  20.7  155  30.6  95  6.8  14  12.0   

Sex          0.0306 

 Male  628  45.9  198  39.1  648  46.4  55  47.0   

 Female  740  54.1  309  60.9  750  53.6  62  53.0   

Race/ethnicity          0.0202 

 White  1162  84.9  411  81.1  1211  86.6  96  82.1   

 Non-white  206  15.1  96  18.9  187  13.4  21  17.9   

Stage at diagnosis          < 0.0001

 Stage II  454  33.2  149  29.4  246  17.6  20  17.1   

 Stage III  914  66.8  358  70.6  1152  82.4  97  82.9   

Positive lymph nodes         < 0.0001

 0  449  32.8  146  28.8  239  17.1  20  17.1   

 1-3  648  47.4  246  48.5  711  50.9  60  51.3   

 4-7  178  13.0  80  15.8  270  19.3  25  21.4   

 >=8  61  4.5  28  5.5  149  10.7  11  9.4   

Tumor Grade         0.1181 

 1-2 971 72.1 337 68.2 939 69.0 72 64.3  

 3-4 376 27.9 157 31.8 421 31.0 40 35.7  

Comorbidity score          < 0.0001

 0  766  56.0  266 52.5  870  62.2  78  66.7   

 1  367  26.8  145 28.6  363  26.0  27  23.1   

 2  146  10.7  48  9.5  110  7.9  
12 10.3  

 

 >= 3  89  6.5  48  9.5  55  3.9   

Geographic region         < 0.0001

 Midwest  161  11.8  49  9.7  178  12.7  
22  18.8  

 

 Northeast  103  7.5  33  6.5  105  7.5   

 South  645  47.1  214 42.2  570  40.8  23  19.7   

 West  459  33.6  211 41.6  545  39.0  72  61.5   

Median income quartile        < 0.0001

 1-Low  350  25.6  138 27.2  292  20.9  23  19.7   

 2  370  27.0  121 23.9  324  23.2  27  23.1   

 3  345  25.2  114 22.5  380  27.2  20  17.1   

 4-High  300  21.9  133 26.2  399  28.5  47  40.2   

Education  mean 95% CI mean 95% CI  mean 95% CI  mean 95% CI   

 % less high school  20.24 19.58- 20.91 20.12 18.98- 21.26 18.31 17.68- 18.93 17.14 14.88- 19.40 < 0.0001

 % high school only 28.57 28.07- 29.06 27.02 26.20- 27.84 27.46 26.96- 27.96 22.47 20.77- 24.16 < 0.0001

 % some college  27.35 26.98- 27.71 27.10 26.49- 27.70 28.19 27.82- 28.56 28.55 27.31- 29.78 0.0013 

 % at least a college 
degree  

23.84 23.05- 24.63 25.76 24.30- 27.22 26.04 25.20- 26.89 31.84 28.50- 35.19 < 0.0001

Note: Cells with counts of less than 11 are combined in compliance with the National Cancer Institute data use agreement for 
small cell sizes. 

 

3.2 Treatment Patterns 

Throughout the study time period, the use of CAP (6% to 23%) and FOLFOX (20% to 57%) increased from 2004 
to 2009, while the use of 5-FU/LV (72% to 19%) decreased (Figure 1). The mean time (46-49 days) to 
chemotherapy initiation after surgery was similar between treatment groups (Table 2). Duration of treatment was 
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longer for 5-FU/LV (149 days) and FOLFOX (144 days) than for CAP (121 days) and CAPOX (111 days; Table 
2).  

 

 
Figure 1. Type of treatment by year of intiation 

 

Table 2. Time in days to adjuvant chemotherapy initiation after surgery and duration of therapy 
Treatment N Mean SD Median Minimum Maximum 

Time to treatment, days a       

5FU/LV  1368   46.70   16.82   44.00   1.00   92.00  

CAP  507   49.45   18.08   48.00   7.00   91.00  

FOLFOX  1398   46.88   16.29   44.00   1.00   92.00  

CAPOX  117   46.04   17.19   43.00   17.00   87.00  

Duration of treatment, days b       

5FU/LV  1367   149.11   49.61   180.00   30.00   180.00  

CAP  507   121.27   59.12   143.00   30.00   180.00  

FOLFOX  1398   143.76   49.09   178.00   30.00   180.00  

CAPOX  117   111.25   50.96   121.00   30.00   180.00  
a The first chemotherapy claim within 3 months after surgical resection indicated the start of adjuvant therapy. Time to 
treatment initiation defined as time from “date of surgery” to “date of first chemotherapy claim”.  
b Duration of treatment defined as time from date of first chemotherapy claim to 30 days following last administration of 
first-line agent, or to the day prior to second-line treatment initiation or 30 days following last administration of first-line agent 
if gap in therapy is >90 days 
 

3.3 Treatment Complications 

Patients treated with FOLFOX (82%) and 5-FU/LV (78%) experienced a greater proportion of treatment 
complications (related to health resource use) than those treated with CAP (74%) or CAPOX (71%; p=0.006). The 
most common complications were anemia (57%), nausea/vomiting (32%), diarrhea (14%), and neutropenia (10%) 
across treatment regimens (Table 3).  
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Table 3. Incidence of medical resource utilization related treatment complications within 180 days after 
treatment initiation  

Adverse Events 
5-FU/LV (N=1,368) CAP (N=507) FOLFOX (N=1,398) CAPOX (N=117)  

n (%) n (%) n (%) n (%) p-value 

None  295  21.6  130  25.6  249  17.8  34  29.1  0.0063  

Anemia  827  60.5  314  61.9  746  53.4  59  50.4  < 0.0001 

Nausea/vomiting  414  30.3  86  17.0  637  45.6  35  29.9  < 0.0001 

Diarrhea  171  12.5  74  14.6  198  14.2  11  9.4  0.1680  

Neutropenia  77  5.6  17  3.4  265  19.0  13  11.1  < 0.0001 

Dehydration  79  5.8  33  6.5  111  7.9   5.1  0.0298  

Thrombocytopenia 17  1.2  12  2.4  21  1.5    0.2255  

Sepsis  15  1.1    17  1.2    0.0059  

Note: Cells with counts of less than 11 are suppressed in compliance with the National Cancer Institute’s data use agreement 
for small cell sizes 
 

3.4 Overall Survival 

Follow-up time varied by treatment (data not shown). Median follow-up duration was similar among patients 
treated with FOLFOX (560 days, interquartile range [IQR]: 287-826), CAP (496 days, IQR: 244-776), and 
CAPOX (524 days, IQR: 253-898). Median follow-up duration was significantly longer for 5-FU/LV (824.5 days, 
IQR: 457.5-1165) than for the other regimens. Patterns for mean follow-up duration were similar to those for 
median follow-up duration. 

Although the median survival time was not reached in all four treatment groups (Figure 2); after 3 years of 
follow-up the proportion of patients surviving were 85.5% (±0.39) in the 5-FU/LV cohort, 91.9% (±0.32) for 
FOLFOX, 88.4% (±0.53) for CAP, and 93.2% (±1.23) for CAPOX. 

 
Figure 2. Unadjusted overall survival Kaplan-Meier Curve by treatment regimen 
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In the multivariate Cox proportional hazards regression analysis, patients treated with FOLFOX had a 28% lower 
risk of death than patients treated with 5-FU/LV, and there was no significant difference in hazard of death 
between patients treated with CAP, CAPOX, or 5-FU/LV (Table 4). Older age, higher number of positive lymph 
nodes, higher tumor grade, and higher comorbidity score were significant predictors of mortality. In the sensitivity 
analysis comparing these results to the propensity score-adjusted model, we also found a significant 30% lower 
risk of death in patients treated with FOLFOX compared to 5-FU/LV, and no difference between CAP and 
5-FU/LV (Table 4). However, the propensity score-adjusted model showed that patients treated with CAPOX had 
a significantly lower risk of death (HR = 0.44; 95% CI = 0.20-0.98) than those treated with 5-FU/LV, while there 
was no significant difference between these two groups in the multivariate Cox proportional hazards model. 

 

Table 4. Overall Survival Analysis 

  
Multivariate Cox Regression  
Reduced Modela 

Propensity Weighted Cox Regressionb 

Treatment N HR 95% CI p-value HR 95% CI p-value 

 5-FU/LV (reference) 1368       

 CAP 507 1.261 0.95- 1.75 0.1311 1.167 0.88- 1.56 0.2925 

 FOLFOX 1398 0.720 0.55- 0.94 0.0155 0.702 0.55- 0.90 0.0053 

 CAPOX 117 0.536 0.22- 1.31 0.1709 0.444 0.20- 0.98 0.0439 

Age at diagnosis     

 

 66-70 (reference) 1005    

 71-75 1004 1.133 0.85- 1.52 0.4031 

 76-80 834 1.375 1.02- 1.85 0.0359 

 80 > 547 1.707 1.25- 2.33 0.0008 

Positive lymph nodes     

 0 (reference) 854    

 1-3 1665 1.096 0.84- 1.43 0.4966 

 ≥4 879 2.705 2.06- 3.55 <.0001 

Tumor grade     

 1-3 (ref) 2319    

 3-4 994 1.394 1.13- 1.72 0.0022 

NCI comorbidity score     

 0 (reference) 854    

 1 902 1.113 0.87- 1.42 0.3853 

 ≥2 508 1.674 1.28- 2.19 0.0002 

Median income quartiles     

 1-Low (reference) 797    

 2 869 0.946 0.71- 1.25 0.6994 

 3 844 1.005 0.76- 1.33 0.9697 

 4-High 873 0.737 0.54- 1.00 0.0477 

Year of diagnosis     

 2004 (reference) 954    

 2005 878 0.744 0.58- 0.96 0.0243 

 2006 770 0.839 0.58- 1.20 0.3411 

 2007 788 0.352 0.17- 0.73 0.0048 

HR: hazard ratio; CI: confidence interval 
aReduced model by backward elimination. Full model included age, sex, race, positive lymph nodes, tumor grade, 
comorbidity score, geographic region, income, and year of diagnosis. 
bPropensity score weighted for age, sex, race, positive lymph nodes, tumor grade, comorbidity score, geographic region, 
income, and year of diagnosis. 
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4. Discussion 

This observational study of Medicare beneficiaries with colon cancer, who underwent surgical resection showed a 
similar survival benefit after adjuvant treatment with CAP and 5FU/LV; and a greater overall survival benefit after 
adjuvant treatment with FOLFOX compared to 5-FU/LV. Despite the hazard ratio being reduced by a similar 
magnitude in the two statistical models used, the lower risk of death for CAPOX compared to 5FU/LV was only 
statistically significant in the propensity score-weighted analysis, confirming clinical trial results (Haller et al., 
2011). Overall, these results show that the findings from randomized clinical trials (RCTs) in younger patients 
(Andre et al., 2004; Andre et al., 2009; Haller et al., 2011; Twelves et al., 2011; Twelves et al., 2005) can be 
generalized to older, frailer patients in real-world settings. Prior research has shown that treatment rates decline 
dramatically with increasing age (Schrag et al., 2001), and older age is associated with delayed chemotherapy 
initiation (Hershman et al., 2006), lower rates of chemotherapy completion and less overall use of adjuvant 
chemotherapy (Bradley, Given, Dahman, & Fitzgerald, 2008; Dobie et al., 2006). The current findings provide 
further support that age and comorbidities should not deter the use of guideline-recommended therapies 
particularly in view of the fact that these disparities are associated with higher mortality (Dobie et al., 2006; 
Hershman et al., 2006). 

Our study inclusion criteria were slightly more stringent than that of a recent SEER-Medicare analysis of adjuvant 
chemotherapy in Stage III colon cancer (Sanoff et al., 2012). In that study, patients were required to have 6-months 
of continuous enrollment in Medicare Parts A and B compared to our 12-months of continuous enrollment. 
Furthermore, we included patients who survived at least 6-months after surgery to account for potential bias 
related to early deaths post-surgery and initiated chemotherapy within 90-days after surgery to assure that 
treatment was adjuvant in nature, whereas, the Sanoff et al., study included patients who survived only 30-days 
after surgery and initiated chemotherapy within 120-days after surgery. In spite of the differences in inclusion 
criteria between the two studies, the results of the propensity score-weighted analyses were remarkably similar 
demonstrating the robustness of our statistical approach and findings. We found a significant lower risk of death 
for FOLFOX compared to 5FU/LV (HR = 0.72; 95% CI: 0.55-0.90) while Sanoff and colleagues reported a 
significant lower risk of death for FOLFOX compared to non-oxaliplatin regimens, including 5FU/LV with HR= 
0.70; 95% CI: 0.60-0.82.  

The patients in this real-world analysis were considerably older, with a median age range of 73–77 compared to 
those who participated in randomized clinical trials (RCTs) with a median age range of 59–69 (Andre et al., 2004; 
Andre et al., 2009; Haller et al., 2011; Kuebler et al., 2007; Scheithauer et al., 2003; H. J. Schmoll et al., 2007; 
Twelves et al., 2011; Twelves et al., 2005). We used a 3-month interval between surgery and initiation of adjuvant 
chemotherapy which was similar or shorter to the interval used in other observational studies of real-world data 
(Gross et al., 2007; Sanoff et al., 2012; Schrag et al., 2001; Zuckerman et al., 2009), but slightly longer than the 7 
or 8 weeks used in most RCTs. The NCCN recommends starting adjuvant chemotherapy “as soon as medically 
possible,” and analyses of RCT data show an association between treatment benefit and adjuvant chemotherapy 
initiation within 8 weeks of surgery (Des Guetz, Nicolas, Perret, Morere, & Uzzan, 2010; National Comprehensive 
Cancer Network, 2012). Our results show however, that the lessons learned about adjuvant chemotherapy from 
clinical trials are being broadly applied in routine clinical practice since the majority of patients in this study (70%) 
initiated adjuvant chemotherapy within 8 weeks of surgery and 90% initiated adjuvant therapy within 12 weeks of 
surgery. 

In the current analysis, patients treated with CAP were oldest, and had more comorbidities, compared to other 
treatment groups. Chemotherapy treatments can be particularly challenging to elderly patients with limited 
mobility and access to transportation. Even if patients receive their chemotherapy through an ambulatory pump, 
they still experience discomfort, potential complications (including deep-vein thrombosis), and the need to have a 
malfunctioning pump replaced (Chu et al., 2012). Elderly patients may prefer oral chemotherapy because of the 
convenience of administration and concerns over infusion-related problems; provided that such treatments do not 
compromise treatment efficacy (Borner et al., 2002; Liu, Franssen, Fitch, & Warner, 1997). Physicians may also 
perceive the option of an oral chemotherapy, such as CAP, to be of value to elderly patients and may feel that the 
short remaining natural life expectancy of these patients outweigh the potential benefits of more aggressive 
treatment (Castiglione, Gelber, & Goldhirsch, 1990). 

Our findings of treatment complications requiring medical resource use confirms results of prior RCTs showing 
lower AE rates with CAP than 5-FU/LV (Scheithauer et al., 2003; Twelves et al., 2011; Twelves et al., 2005) and 
higher rates of severe AE with FOLFOX than 5-FU/LV (Andre et al., 2004; Andre et al., 2009; Kuebler et al., 
2007). However, in the RCT by Schmoll and colleagues, approximately 20% of CAPOX patients had grade 3 or 4 
diarrhea and 60% had diarrhea of any severity, whereas only 9% of CAPOX patients in our study had diarrhea 
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(Schmoll et al., 2007). One reason for this difference may be the relatively small number of CAPOX patients in our 
study, rendering estimates of complication rates unstable. Furthermore, physicians sometimes administer lower 
chemotherapy doses in elderly patients to increase the tolerability of treatment (Field et al., 2008; Twelves et al., 
2005). RCT patients are also monitored closely for the occurrence of AEs; but in this analysis only more serious 
treatment complications are likely to have been reported given that patients were seen by a physician or received 
treatment that resulted in a medical claim for payment.  

The study has several strengths, including the potentially large sample size from a population-based registry with a 
wide geographic representation of the United States. The SEER-Medicare dataset includes inpatient and outpatient 
data, comprehensive information about covered services, all claims regardless of residence or care out of area, and 
longitudinal data with claims for services from the time a person is eligible for Medicare until their death. Unlike 
clinical trials, this observational study provides insight into the determinants and effectiveness of adjuvant 
chemotherapy treatment in actual use in the general population. 

Although SEER-Medicare data are a valuable resource for understanding treatment patterns, these data have some 
limitations. In particular, Medicare does not cover all relevant medical services. As a result, if patients in our study 
received care not paid for by the Medicare program, the dataset would not have captured this information. No 
information is available on performance status or lifestyle factors, which affect clinicians’ initial decisions to treat. 
All of the patients in this study use Medicare’s fee-for-service (FFS) system, and Medicare HMO patients were 
excluded because claims are not collected for those patients. Prior research shows that Medicare HMO enrollees 
with colon cancer had better OS than FFS plan members (Kirsner et al., 2006; Merrill et al., 1999). HMO enrollees 
tend to be healthier than FFS enrollees and these mortality differences may also be due to higher use of screening 
and preventive services among HMO patients. 

5. Conclusion 

In conclusion, elderly colon cancer patients treated in real-world settings experienced similar benefits from 
adjuvant chemotherapies as younger patients in clinical trial settings, and imply that age and comorbidities should 
not discourage the use of guideline-recommended therapies. Further research is required to evaluate possible 
interactions of performance status on patterns and outcomes of care, and incidence of treatment-related 
complications. In addition, a comparison of the treatment patterns, treatment complications and survival outcomes 
of patients enrolled in HMOs compared with those in FFS plans is warranted. 
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