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Abstract
Objectives—To determine the combined effect of age and comorbidity on receipt of chemotherapy
and its impact on survival in elderly patients with stage III colorectal cancer (CRC).

Materials and methods—All patients over age 65 with Stage III CRC diagnosed 1996–2006 were
identified from the Barnes-Jewish Hospital Oncology Data Services registry. An age/comorbidity
staging system was created using the ACE-27 comorbidity index and data from both Stage II and III
CRC. The staging system was then applied to patients with Stage III CRC. Odds of receiving
chemotherapy were calculated, and survival analyses determined the impact of chemotherapy on
overall survival in each age/comorbidity stage.

Results—435 patients with Stage III CRC were evaluated [median age 75 years (range 65–
99)]. Advancing age/comorbidity stage (Alpha, Beta, Gamma) was associated with decreasing odds
of receiving chemotherapy for Stage III CRC [Odds Ratio 0.83 (95% CI, 0.51–1.35) for Beta and
0.14 (95% CI, 0.08–0.24) for Gamma, compared to Alpha]. Chemotherapy was associated with lower
risk of death in each of the age/comorbidity stages, compared to those who underwent surgery only.
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The hazard ratio for death in patients who did not receive chemotherapy, relative to those who did,
within each age/comorbidity stage was 1.8 [95%CI 1.06–3.06] for Alpha, 2.24 [95%CI 1.38–3.63]
for Beta and 2.10 [95% CI 1.23–3.57] for Gamma.

Conclusion—While stage III CRC patients with increasing age and comorbidity are less likely to
receive chemotherapy, receipt of chemotherapy is associated with a lower risk of death.

Keywords
Elderly; Geriatric Oncology; Colorectal cancer; Comorbidity Chemotherapy; Adjuvant
chemotherapy; Survival

1. Introduction
The elderly population is disproportionately affected by cancer, with cancer incidence rates in
persons aged 65–74 years being two to three times higher than in those aged 50–64. The rapidly
growing elderly population in the United States, coupled with the increased incidence of cancer
among the elderly, is expected to cause cancer incidence to double its 2000 value by 2050.1
Despite the increasing burden of cancer in the elderly, optimal management of an older
individual remains undefined for many types of cancer. Older adults with cancer are
consistently under-enrolled in clinical trials, 2–4 resulting in a lack of definitive data on elderly-
specific cancer treatment. Additionally, there is a clear age bias in the treatment of elderly
cancer patients, with older patients being less likely to receive standard therapy.5–8 Comorbid
medical conditions increase in prevalence and severity with advancing age,9 further
complicating the treatment of elderly cancer patients. The presence of comorbidities influences
treatment decisions10 and is associated with poor tolerance of chemotherapy.11

Colorectal cancer (CRC) is the second leading cause of cancer death among all ages, with
nearly 150,000 incident cases and 50,000 deaths in the United States in 2009.12 Over two-
thirds of CRC cases occur in individuals aged ≥ 65 years,13 with a median age of incidence of
72.1 Overall, 36% of colorectal cancer patients will die within 5 years of diagnosis.12

In the past decade, major advances in the treatment of patients with CRC have improved
outcomes, even in patients with advanced stages of disease. The 5 year overall survival (OS)
for patients with regional colorectal cancer is 68%.12 Randomized controlled trials demonstrate
the benefit of adjuvant chemotherapy in both stage III colon14–18 and rectal19–22 cancer.
However, older patients were underrepresented in these trials, wherein the median age of
participants was typically 60 years, and adjuvant chemotherapy is often not administered in
the elderly population, ostensibly due to concerns about toxicity, comorbidities, and quality of
life. Both chronological age and comorbidity independently influence the rate of adjuvant
chemotherapy use in patients with stage III CRC 6, 7, 23–25. In one recent population-based
study, only 50% of patients over the age of 75 with stage III CRC received adjuvant
chemotherapy 25. While encouraging evidence is emerging on the effectiveness of adjuvant
chemotherapy in elderly patients with stage III CRC,24, 26–30 no study to date has examined
the combined effects of age and comorbidity on the decision to administer adjuvant
chemotherapy and the impact of this decision on survival.

Thus, we examined the combined effect of age and comorbidity on treatment in elderly patients
with stage III CRC and determined the impact of chemotherapy on survival. The knowledge
gained regarding the impact of treatment decisions on outcomes specific to the elderly
population provides the basis for improved decision-making in senior adults with CRC.
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2. Methods
2.1. Data Sources

From the Barnes-Jewish Hospital Oncology Data Service cancer registry, we identified all
adults aged 65 years and older with locally advanced cancer of the colon or rectum diagnosed
and initially treated between 1996 and 2006 at the Washington University School of Medicine
Siteman Cancer Center, a tertiary care institution affiliated with Barnes-Jewish Hospital. The
institution’s cancer registrars retrospectively collected clinical, demographic, and survival data
in accordance with the American College of Surgeons Commission on Cancer (CoC)
guidelines.

In addition to the data collected under CoC guidelines, registrars also comprehensively
recorded information on comorbid medical diagnoses present at the time of diagnosis of cancer
using the Adult Comorbidity Evaluation-27 (ACE-27). The ACE-27, developed and validated
by Piccirillo et al31 based on previous research by Kaplan and Feinstein 32, is a comorbidity
collection and scoring system which assigns a comorbidity severity score of none, mild,
moderate or severe based on the number and severity of comorbid ailments, as detailed in the
patient’s medical record (See Table 1 for example). The ACE-27 measures 27 different
comorbid ailments and is useful in predicting prognosis and survival in cancer patients33, 34.
The ACE-27 can be viewed at http://oto2.wustl.edu/clinepi/comorbid.html.

The primary endpoint in this study was overall survival (OS). Duration of survival was
calculated from the date of diagnosis and censored at time of last follow-up. Patient mortality
data was obtained from follow-up information gathered as standard practice by the cancer
registrars. Demographic information (age, gender and race) and the ACE-27 comorbidity
severity score were identified as probable predictors of prognosis, patient mortality and
treatment decisions based on prior studies7, 27, 35, 36. Age at diagnosis was divided a priori
into three categories: 65–74, 75–84 and 85 and older. Patient race was classified as white, black
or other; analyses were confined to comparisons of those of white or black race.

Staging was either clinical or pathologic, depending on available data and whether the patient
received neoadjuvant therapy. If the patient received radiation or chemotherapy prior to surgery
and were downstaged by pathology, the clinical stage was used. Cancer site was categorized
as colon or rectal. Patients who did not undergo surgery were excluded. Treatment was
classified as no chemotherapy if they underwent surgery only or surgery plus radiation.
Treatment was classified as chemotherapy if they received either neoadjuvant or adjuvant
chemotherapy in addition to surgery. Data on the chemotherapeutic agents and doses
administered were not available.

2.2 Data Analysis
2.2.1. Cox Proportional Hazards Regression—The impact of covariates on overall
survival was evaluated using Cox proportional hazards modeling. This regression modeled the
dependent variable of time until death from the independent covariates: age group, race, gender,
comorbidity severity score, treatment and stage. Unadjusted hazards ratios (HR) for death and
corresponding 95% confidence intervals (CI) and p values were obtained for each covariate
according to reference groups for each variable. The log minus log plot of survival confirmed
that the proportional hazard assumption was met for all the variables included in the model.

2.2.2. Conjunctive Consolidation—Conjunctive consolidation was used to create a
staging system that combined age group and comorbidity severity score. To study the combined
effect of age and comorbidity on treatment decisions and outcomes, the two variables must be
incorporated in some fashion. Simple linear combination results in patients being stratified
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according to values of each covariate. This, however, results in many strata and therefore a
reduction in sample size for each group, minimizing the power of further statistical analysis.
Alternately, in conjunctive consolidation, by examining the conjoined effect of these two
variables on survival through cross table analysis, a new staging system can be derived.37

To create a new age/comorbidity staging system, cox proportional hazard modeling was used
to calculate the adjusted hazards ratios for each of the 12 combinations of age group and
comorbidity severity scores, controlling for race, gender, stage and cancer site. Data from both
stage II and stage III patients (N=936) were initially used to increase sample size and thus the
statistical validity within the stratifications. Cells with similar HR were grouped, maintaining
an equitable distribution of patients throughout all age/comorbidity stages. This grouping
generated the stages Alpha, Beta and Gamma for the newly created age/comorbidity staging
system.

After creation of the new age/comorbidity staging system, analyses focused on stage III patients
only (N=435). The behavior of this new model was compared to that of the model containing
the age and comorbidity groups as separate covariates, uncombined. In order to compare the
goodness of fit of the two models accurately, Bayesian Information Criteria (BIC) were used.
BIC penalizes models for increasing free parameters, thus standardizing the likelihood ratio
chi-square38, 39. When used to examine the effectiveness of two models, linear regression is
performed and BIC are assigned to each model. The model with the lowest BIC values for the
likelihood ratio chi-square is the more accurate fit of the data.40 The behavior of this model
was further tested by comparing the significance of the various covariates when entered either
independently or along with the new age/comorbidity stages into a Cox proportional hazards
regression model.

The adjusted HR for death and corresponding 95% confidence intervals were calculated using
the new age/comorbidity stage, race and gender as covariates, and stratified by cancer site. The
combined effect of age and comorbidity on treatment received (no chemotherapy vs.
chemotherapy) and OS was examined. The odds of receiving chemotherapy were calculated
for each age/comorbidity group, controlling for gender, race and cancer site. The adjusted HR
for death for each treatment was calculated within each age/comorbidity stage, controlling for
gender, race and cancer site. Adjusted Kaplan-Meier survival curves were generated from the
Cox proportional hazards regression model for the two different treatment courses within each
of the age/comorbidity stages. Corresponding log-rank chi-square values were calculated.

2.2.3. Propensity Scoring—Propensity score analysis41 was also used to test the
relationship between treatment choice and outcomes. Using a logistic regression model
controlling for race, gender and age/comorbidity stage (all factors known to influence the rate
of receiving adjuvant chemotherapy) all stage III patients were assigned a propensity score
from 0 to 1, representing the probability of receiving chemotherapy. All patients were then
stratified into quintiles based on their propensity score. These quintiles were used to examine
treatment decisions and outcomes in a similar fashion to the age/comorbidity stages. The
frequency of each treatment as well as overall survival (controlling for age/comorbidity stage,
race and gender) were calculated for each treatment choice within each of the quintiles.

All tabulation, sorting, coding, and analyses were performed using the SAS® system release
9.1 (SAS Institute Inc., Cary, NC). For all tests, the criterion for statistical significance was set
at p<0.05 The Washington University School of Medicine Human Studies Committee reviewed
this study and deemed it exempt.
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3. Results
3.1. Patients

The demographic and clinical characteristics of the 936 stage II and III CRC patients aged 65
and older are presented in Table 2. The patients were similarly distributed across the 65–74
and 75–84 age groups, with 11% comprising the 85+ age group. Comorbidity severity scores
were approximately evenly distributed between none, mild and moderate with 13% classified
as severe.

The unadjusted impact of age, gender, race, comorbidity, treatment and stage on risk of death
for the stage II and III patients is also shown in Table 2. Increasing age, severity of comorbidity
and stage III were associated with significantly increased risk of death.

3.2. Conjunctive Consolidation: Creation of Age/Comorbidity Staging System
The results of the conjunctive consolidation process are illustrated in Table 3. All 12 of the
possible combinations of the three age groups and the four comorbidity severity scores are
shown with corresponding adjusted HR for death and sample sizes. The final grouping of the
Alpha, Beta and Gamma stages of the new age/comorbidity staging system is shown. The
Alpha stage corresponds to the younger patients with lower severity of comorbidities. The Beta
group includes the younger elderly with moderate to severe comorbidities and the mid-elderly
with mild comorbidities. The Gamma group corresponds with the combination of the most
senior patients and the mid-elderly with moderate or severe comorbidities. The number of
patients was equitably distributed among the Alpha, Beta and Gamma groups, accounting for
37.2%, 32.8% and 30.0% percent of the study patients, respectively.

3.3. Behavior of Age/Comorbidity Staging System in Stage III CRC Patients
The age/comorbidity staging system was then applied to patients with Stage III CRC only
[Table 4]. Overall, the HR for death increased with increasing age/comorbidity stage (1.71 in
stage Beta, 2.67 in stage Gamma, relative to stage Alpha). Further, the age/comorbidity staging
system remained predictive of death when stratified by cancer site (colon or rectal cancer),
with the exception of stage Beta with rectal cancer. Among patients with stage III colon cancer,
the adjusted HR for death compared to stage Alpha was 1.76 in stage Beta and 2.76 in stage
Gamma. In patients with stage III rectal cancer, the adjusted HR for death was 1.57 in stage
Beta and 2.06 in stage Gamma, compared to stage Alpha.

The superiority (goodness of fit) of the new age/comorbidity staging system over the model
stratified by age and comorbidity was confirmed by BIC.

3.4. Odds of Receiving Chemotherapy
Advancing age/comorbidity stage was associated with decreasing odds of receiving
chemotherapy in patients with Stage III CRC. In Stage Alpha, 71.6% of patients received
chemotherapy, while in Stage Beta 68.7% received chemotherapy and only 29.3% of patients
in stage Gamma received chemotherapy. Adjusted for gender, race and cancer site, the odds
ratio of receiving chemotherapy was 0.83 [95% Confidence Intervals (CI) 0.51–1.35] in stage
Beta and 0.14 [95% CI 0.08–0.24] in stage Gamma, compared to stage Alpha.

3.5. Survival by Treatment and Age/Comorbidity Stage
At the time of last follow-up, 195 (45%) of the patients were alive. Overall, the median survival
time was 33.9 months (range 4 days–143 months). Of the patients that were alive at the time
of last follow-up, the median survival time was 48.6 (range 5–143) months.
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Receipt of chemotherapy was associated with lower risk of death in each of the age/comorbidity
stages, compared to those who did not receive chemotherapy. The adjusted HR for death for
patients who underwent surgery only compared to those who received chemotherapy was 1.8
in stage Alpha, 2.24 in stage Beta and 2.1 in stage Gamma [Table 5]. The 3 year survival rate
was higher in those who received chemotherapy, overall and in each of the age/comorbidity
stages.

The improvement in survival is illustrated in Figure 1. In the overall cohort and in each stage
of the age/comorbidity stages, patients receiving chemotherapy had significantly greater
overall survival compared to those not receiving chemotherapy. Although older patients with
more severe comorbidity were less likely than patients in stage Alpha to receive adjuvant
therapy, those who did receive chemotherapy had improved survival relative to those who did
not.

Propensity score analysis confirmed these results. Within each quintile, chemotherapy was
associated with increased survival. There was no significant difference in survival for those
who received chemotherapy across the quintiles (data not shown).

4. Discussion
While patients with increasing age and comorbidity are less likely to receive chemotherapy,
we demonstrate that a dramatic survival benefit associated with chemotherapy persists across
age and comorbidity categories in patients with stage III CRC. This raises the question whether
some older patients with more severe comorbidities may fail to receive a potential survival
benefit with chemotherapy.

Our findings are consistent with previous reports that increasing age and comorbidity reduce
the rate of administration of chemotherapy in elderly patients with stage III colon 25, 35, 42,
43 and rectal cancer7. Additionally, our results support the findings of other studies which
demonstrate the OS benefit of adjuvant chemotherapy in elderly patients with stage III CRC,
24, 26–29 even among patients with significant comorbidity42.

We have extended previous analyses to examine the combined effect of age and comorbidity.
By using conjunctive consolidation, we combined age and comorbidity into a single predictive
variable and created a model that better fits the data and, clinically, more precisely delineates
prognosis in the heterogeneous population of older adults. We then demonstrated that the age/
comorbidity staging system predicts likelihood of receiving chemotherapy in patients with
Stage III CRC, and that the survival benefit of chemotherapy relative to surgery alone is
maintained independent of the age/comorbidity status and propensity to receive chemotherapy.
Importantly, our sample size allowed us to evaluate the survival benefit of chemotherapy in
the most elderly group (age >85), a subset of patients in whom data are sparse.

The observed survival benefit of chemotherapy among the very old and those with severe
comorbidities suggest that some elderly patients are not receiving optimal care. There are a
number of barriers to the administration of chemotherapy in older patients. Advancing age,
male gender, black race, higher comorbidity scores44 and Medicaid insurance23 are associated
with lower chance of consulting with a medical oncologist. Age and comorbidity significantly
impact whether a medical oncologist recommends adjuvant chemotherapy.45, 46 Life
expectancy is an important consideration in estimating the potential benefit of adjuvant therapy.
Even if offered, a patient may decline chemotherapy due to concerns about a negative impact
on quality of life. However, patients with stage III CRC who receive adjuvant therapy report
health-related quality of life similar to those who do not receive adjuvant therapy.47 In a recent
population-based cohort study, patients over 65 years were more likely to discontinue
chemotherapy early, though the rate of clinical adverse events was similar across the age
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spectrum. 25 This underscores the importance of quality of life in older patients undergoing
chemotherapy, and the need to better understand the factors that influence an older individual’s
decision to proceed with chemotherapy or to discontinue it prematurely.

The principal limitations of this single-institution study are those inherent with observational
research. Without randomization, the bias due to unmeasured covariates on treatment outcome
cannot be removed. We do not have data on the functional status of the cohort. As functional
status and comorbidities are independent of each other,48, 49 there may be differences in
functional status between the groups to which the difference in survival may be attributed.
Further, data on the precise chemotherapeutic regimens administered are not available from
the institution’s cancer registry. Presumably, all patients received standard-of-care 5-
fluorouracil based regimens. More recently, regimens adding oxaliplatin to fluorouracil
(FOLFOX) have supplanted earlier regimens, with superior disease-free17 and overall
survival50. FOLFOX was found to be safe and effective in a pooled analysis of 4 clinical trials
of older adults with colon cancer.29 However, a recent study of over 12,500 patients who
received newer adjuvant regimens (including regimens containing oxaliplatin, irinotecan or
oral 5FU) for stage II or III colon cancer found that patients over the age of 70 years did not
receive the same survival benefit from the newer agents than did those under the age of 70.51

In conclusion, increasing age and comorbidity are associated with a lower likelihood of
receiving chemotherapy and increased risk of death in patients with stage III CRC. Despite
this disparity in treatment, older patients with more severe comorbidity who do receive
chemotherapy have a lower risk of death relative to similar patients who do not receive
chemotherapy. These findings should encourage clinicians to reconsider biases that impact
their decision to offer adjuvant chemotherapy. Our new age/comorbidity staging system will
aid clinicians and patients in assessing the combined effect of age and comorbidity. Future
study will determine whether this survival benefit persists with more modern chemotherapeutic
regimens, and should include additional parameters relevant to a geriatric oncology population,
particularly functional status.
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FIGURE 1. Impact of treatment on survivala in stage III colorectal cancer
(A) All stage III patients
(B) Stage Alpha
(C) Stage Beta
(D) Stage Gamma
aAll curves adjusted for gender, race and cancer site.
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Table 2

Age/comorbidity staging system: Conjunctive consolidation of age group and comorbidity severity with strata
sample size and Hazard Ratioa (N=936)

Age Group

Comorbidity Category

None Mild Moderate Severe

65–74 N=104
HR 1.0

N=163
1.28

N=119
2.29

N=43
2.45

75–84 N=81
1.64

N=145
2.15

N=111
2.94

N=62
3.86

85+ N=16
3.52

N=44
5.04

N=31
6.02

N=17
5.37

α = 348 β = 307 γ = 281

a
Adjusted Hazards Ratios for death (controlling for race, gender, stage and cancer site)
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Table 3

Impact of age/comorbidity staging system on survival in stage III patients (N=435)

Characteristic N (%) Adjusted HR for deatha 95% CI

All Stage III Patients

Gender

 Female 218 (50) 1.00 Reference

 Male 217 (50) 1.27 0.99–1.64

Race

 White 359 (83) 1.00 Reference

 Black 76 (17) 1.32 0.96–1.82

Age/Comorbidity stage

 Alpha 162 (37) 1.00 Reference

 Beta 150 (35) 1.71 1.24–2.36

 Gamma 123 (28) 2.67 1.93–3.68

Colon cancer

Gender

 Female 156 (57) 1.00 Reference

 Male 118 (43) 1.35 1.0–1.84

Race

 White 217 (79) 1.00 Reference

 Black 57 (21) 1.31 0.91–1.88

Age/Comorbidity stage

 Alpha 91 (33) 1.00 Reference

 Beta 91 (33) 1.76 1.17–2.64

 Gamma 92 (34) 2.76 1.86–4.10

Rectal cancer

Gender

 Female 62 (39) 1.00 Reference

 Male 99 (61) 1.34 0.82–2.18

Race

 White 142 (88) 1.00 Reference

 Black 19 (12) 1.29 0.65–2.54

Age/Comorbidity stage

 Alpha 71 (44) 1.00 Reference

 Beta 59 (37) 1.57 0.92–2.67

 Gamma 31 (19) 2.06 1.12–3.80

a
Adjusted for other predictors in the model.

HR: hazard ratio; CI: confidence interval
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Table 4

Impact of treatment on risk of death and 3 year overall survival in stage III colorectal cancer, stratified by age/
comorbidity stage (N=435)

Characteristic N (%) 3-year OS Adjusted HR for deatha 95% CI

All stage III patients (N=435)

  Chemotherapy 255 (59) 70.4% 1.00 Reference

  No Chemotherapy 180 (41) 41.7% 2.28 1.76–2.96

 Alpha (N=162)

  Chemotherapy 116 (72) 71.4% 1.00 Reference

  No Chemotherapy 46 (28) 58.5% 1.80 1.06–3.06

 Beta (N=150)

  Chemotherapy 103 (69) 72.0% 1.00 Reference

  No Chemotherapy 47 (31) 38.6% 2.24 1.38–3.63

 Gamma (N=123)

  Chemotherapy 36 (29) 61.5% 1.00 Reference

  No Chemotherapy 87 (71) 34.9% 2.10 1.23–3.57

a
Controlling for gender, race, cancer site

HR: hazard ratio; CI: confidence interval; OS: overall survival
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