
UC Irvine
UC Irvine Previously Published Works

Title
Colorectal Cancer Resections in the Aging US Population: A Trend Toward Decreasing Rates 
and Improved Outcomes.

Permalink
https://escholarship.org/uc/item/1747v1tj

Journal
JAMA surgery, 149(6)

ISSN
2168-6254

Authors
Jafari, Mehraneh D
Jafari, Fariba
Halabi, Wissam J
et al.

Publication Date
2014-06-01

DOI
10.1001/jamasurg.2013.4930
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1747v1tj
https://escholarship.org/uc/item/1747v1tj#author
https://escholarship.org
http://www.cdlib.org/


Colorectal Cancer Resections in the Aging US Population A Trend 
Toward Decreasing Rates and Improved Outcomes 
 
Mehraneh D. Jafari, MD; Fariba Jafari, BS; Wissam J. Halabi, MD; Vinh Q. Nguyen, 
PhD; Alessio Pigazzi, MD, PhD; Joseph C. Carmichael, MD; Steven D. Mills, MD; 
Michael J. Stamos, MD 
 
IMPORTANCE The incidence of colorectal cancer in elderly patients is likely to 
increase, but there is a lack of large nationwide data regarding the mortality and 
morbidity of colorectal cancer resections in the aging population. 
 
OBJECTIVE To examine the surgical trends and outcomes of colorectal cancer treatment 
in the elderly. 
 
DESIGN, SETTING, AND PARTICIPANTS A review of operative outcomes for 
colorectal cancer in the United States was conducted in a Nationwide Inpatient Sample 
from January 1, 2001, through December 31, 2010. Patients were stratified within age 
groups of 45 to 64, 65 to 69, 70 to 74, 75 to 79, 80 to 84, and 85 years and older. 
Postoperative complications and yearly trends were analyzed. A multivariate logistic 
regression was used to compare in-hospital mortality and morbidity between individual 
groups of patients 65 years and older and those aged 45 to 64 years while controlling for 
sex, comorbidities, procedure type, diagnosis, and hospital status. 
 
MAIN OUTCOMES AND MEASURES In-hospital mortality and morbidity. 
 
RESULTS Among the estimated 1 043 108 patients with colorectal cancer sampled, 
63.8% of the operations were performed on those 65 years and older and 22.6%on 
patients 80 years and older. Patients 80 years and older were 1.7 times more likely to 
undergo urgent admission than those younger than 65 years. Patients younger than 65 
years accounted for 46.0% of the laparoscopies performed in the elective setting 
compared with 14.1%for patients 80 years and older. Mortality during the 10 years 
decreased by a mean of 6.6%, with the most considerable decrease observed in the 
population 85 years and older (9.1%). Patients 80 years and older had an associated 
$9492 higher hospital charge and an increased 2½-day length of stay vs patients younger 
than 65 years. Compared with patients aged 45 to 64 years, higher risk-adjusted in-
hospital mortality was observed in patients with advancing age: 65 to 69 years (odds 
ratio, 1.32; 95%CI, 1.18-1.49), 70 to 74 years (2.02; 1.82-2.24), 75 to 79 years (2.51; 
2.28-2.76), 80 to 84 years (3.15; 2.86-3.46), and 85 years and older (4.72; 4.30-5.18) (P < 
.01). Compared with patients aged 45 to 64 years, higher risk-adjusted morbidity was 
noted in those with advancing age: 65 to 69 years (odds ratio, 1.25; 95%CI, 
1.21-1.29), 70 to 74 years (1.40; 1.36-1.45), 75 to 79 years (1.54; 1.49-1.58), 80 to 84 
years (1.68; 1.63-1.74), and 85 years and older (1.96; 1.89-2.03) (P < .01). 
 
CONCLUSIONS AND RELEVANCE Most operations for colorectal cancer are 
performed on the aging population, with an overall decrease in the number of cases 
performed. Despite the overall improved mortality seen during the past 10 years, the risk-



adjusted mortality and morbidity of the elderly continue to be substantially higher than 
that for the younger population. 
 
The aging population (≥65 years) is a rapidly growing segment of the United States. The 
US census data from 2011 report a total of 39 million elderly, comprising 13% of 
the population.1 In fact, projected estimates report a dramatic increase (19%) between 
2010 and 2030 in this population as the baby-boomer generation ages into the group 65 
years and older.2,3 An estimated 50% of all cancers and 70% of all cancer deaths occur in 
the elderly.4 Gastrointestinal malignant neoplasms are considered common cancers in the 
elderly, with peak incidences in the sixth and seventh decades of life. Despite this 
increase in the aging population, the elderly are often excluded from clinical trials.5 This 
raises concerns that clinical trial data may not accurately reflect morbidity and mortality 
in the elderly. It is important that the surgical community recognizes this shift in the 
patient population and prepares accordingly, given the expected higher mortality and 
morbidity rates.6-15 Despite increased screening, colorectal cancer (CRC) remains the 
third leading type of cancer and the second leading cause of death in the  United States, 
with an estimated 142 820 new cases in 2013.16,17 Surgical resection remains the curative 
modality for CRC, and most patients seek treatment after the seventh decade of life. To 
date, large nationwide studies that assess the effects of age on morbidity and mortality 
and analyze the latest trends in surgical resection in the elderly are lacking. Therefore, 
we aim to analyze contemporary data on the surgical treatment of CRC in the elderly in 
the United States in the past decade, examining the trends in the number of resections 
performed and the effect of age on the overall risk-adjusted in hospital mortality and 
morbidity.  
 
Methods 
 

The Healthcare Cost and Utilization Project Nationwide Inpatient Sample (NIS), 
the largest all-payer inpatient care database in the United States, contains information 
from nearly 8 million hospital stays each year across the country. The data set 
approximates a 20% stratified sample of US community, nonmilitary, and nonfederal 
hospitals, resulting in a sampling frame that comprises approximately 95% of all hospital 
discharges in the United States. Data elements within the NIS are drawn from hospital 
discharge abstracts that allow determination of all procedures performed during a given 
hospitalization. All statistical analyses were conducted on raw numbers, which were 
weighted to reflect national averages. Weight is based on sampling probabilities for each 
stratum to ensure that hospitals studied are representative of all US hospitals. Approval 
for the use of the NIS patient-level data in this study was obtained from the institutional 
review board of the University of California, Irvine Medical Center and the NIS. 

We analyzed the discharge data on patients 45 years and older who underwent 
colorectal cancer resection (CRS) for the treatment of CRC between January 1, 2001, and 
December 31, 2010, using appropriate diagnostic and procedural codes as specified by 
the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM). Patients admitted with the diagnosis of CRC (ICD-9-CM codes 153.0, 153.1, 
153.2, 153.3, 153.4, 153.6, 153.7, 153.8, 153.9, 154.0, 154.1, 154.8, 197.5, 209.17, and 
230.4) were sampled. Patients undergoing colon resection (ICD-9-CM codes 45.72, 



45.73, 45.74, 45.75, 45.76, 45.79, 45.8, 45.81, 45.82, and 45.83) and rectal resection 
(48.0, 48.4, 48.40, 48.41, 48.43, 48.49, 48.5, 48.50, 48.51, 48.52, 48.59, 48.92, 48.63, 
48.64, 48.69, 48.42, and 48.51) were selected. 

Patients with diverticulitis and inflammatory bowel disease were excluded. Given 
the unreliability of laparoscopic codes before2009,18 laparoscopy was analyzed only 
from January 1,2009, throughDecember31, 2010.Patientswere then subdivided into the 
following age categories: 45 to 64, 65 to 69, 70 to 74, 75 to 79, 80 to 84, and 85 years and 
older. The control group included patients aged 45 to 64 years, and all other subgroups 
were compared with the control group. The temporal trends in the overall number of CRS 
performed during a 10-year study period were analyzed in each age group. This was 
further divided into the number of elective and urgent admissions. The rate of mortality 
per year in each subgroup was also analyzed. The mean change per year, as indicated by 
the variation of trends per year, was calculated using a geometric mean. Primary end 
points, selected a priori and including overall in-hospital morbidity and mortality, were 
analyzed using a multivariate regression analysis as described below. Patient 
demographics, hospital characteristics, payer type, preoperative comorbidities, total 
charge, length of stay, postoperative complications, and in-hospital mortality were also 
analyzed. Postoperative wound complications included ICD-9-CM codes for wound 
infection and dehiscence. Because of the vague nature of the ICD-9-CM code for 
anastomotic leak (997.4) involving complications of intestinal anastomosis and bypass, 
we paired this with the codes for peritoneal abscess (567.22) and fistula of the intestine 
(569.81). Cardiac complications comprised acute myocardial infarction and heart failure. 
Pneumonia included hospital acquired pneumonia. 
 
Statistical Analysis 
 

All statistical analyses were conducted using SAS, version 9.3 (SAS Institute, 
Inc), and the R statistical environment (R software, version 3.0.0; R Core Team, R 
Foundation for Statistical Computing, 2013).Univariate analysis comparing all groups 
was conducted via the Yates χ2 test, and a post hoc analysis was Performed on significant 
variables to compare each group with the control group using χ2 analysis. For the main 
analysis, logistic regression analysis was used for binary end points. We adjusted for age, 
sex, hospital characteristics, comorbidities (deficiency anemia, rheumatoid 
arthritis/collagen vascular, congestive heart failure, chronic pulmonary disease, 
coagulopathy, uncomplicated and complicated type 2 diabetes mellitus, hypertension, 
hypothyroidism, liver disease, obesity, peripheral vascular disorders, renal failure, weight 
loss, and hypoalbuminemia), procedure type, hospital status, and admission diagnosis. 
The Holm method was used to account for multiple comparisons in the form of adjusted 
P values.19-21 A comparison was declared statistically different, with an odds ratio of 1 at 
the family-wise error level of .05, if adjusted P < .05. Patients with missing data points 
were excluded from the final analysis. Univariate and multivariate statistical analyses 
were conducted on unweighted numbers. 
 
Figure 1. Number of Colorectal Cancer Resections 



 
 
Results 
 
Trends 
 
A total of 1 043 108 patients (aged >45 years)with CRC undergoing CRS were identified. 
Most patients were 65 years or older (63.8%), including 29.0%of septuagenarians and 
22.6% of both octogenarians and nonagenarians. This ratio remained consistent during 
the 10-year study period. The total number of CRS for CRC decreased by a mean of 5.1% 
and 7.0% per year for the entire population and the aging population, respectively 
(Figure 1). The largest decrease was seen in septuagenarians (7.5%).A similar decrease 
was seen in the elective and urgent settings, with a 5.4% decrease per year in the overall 
number of patients in each setting. There was a 7.6% decrease in the number of elective 
procedures per year in the aging population (≥65 years) compared with a 2.5% decrease 
in the control group. In the urgent setting, there was a 6.1% decrease in the number of 
procedures per year in the aging population (≥65 years) compared with 1.9%in the 
control group. Patients 85 years and older underwent urgent admission at a higher rate 
(50.4%) compared with the rest of the age groups: 45 to 64years (29%), 65 to 69 years 
(29.6%), 70to 74years (31%), 75 to 79 years (34%), and 80 to 84 years (39%). From 
January 1, 2009, through December 31, 2010, 85 115 (51%) laparoscopies were 
performed. Laparoscopy was used in 62.3% of the control group compared with 59.0% in 
65- to 69-year-olds, 52.3%in 70- to 74-year-olds, 47.3%in75- to 79-year-olds, 47.3% 
in 80- to 84-year-olds, and 36.7% in those 85 years and older (Table 1). 
 
Table 1. Demographics of Patients Undergoing Colorectal Resection in the United States 
From January 1, 2001, Through December 31, 2010a 



 
Abbreviation: HMO, health maintenance organization. 
a Values are presented as percentages unless otherwise indicated. 
b P < .05 comparing all groups. 
c P < .05 compared with the control group (aged 45-64 years). 
 
Patient Demographics 
 
Most patients 65 years and older were white (61.9%) and female (54.0%). The overall 
Elixhauser–Van Walraven comorbidity score22 was highest (9) in the group 85 years and 
older vs 6 in the control group. The group 85 years and older had the highest percentage 
of comorbidities compared with the other groups with the exception of type 2 diabetes 
mellitus and obesity. Each group had a significantly higher percentage of comorbidities 
compared with the previous younger group with the exception of type 2 diabetes mellitus 
and obesity. The most prevalent comorbidities in the aging population (≥65 years) 



were hypertension (48.1%), anemia (22.2%), type 2 diabetes mellitus (18.0%), and 
chronic pulmonary disease (17.2%) (Table 2). 
 
Table 2. Comorbidities of Patients Undergoing Colorectal Resection in the United States 
From January 1, 2001, Through December 31, 2010a 

 
a Values are presented as percentages unless otherwise indicated. 
b P < .05 comparing all groups. 
c P < .05 compared with the control group (aged 45-64 years). 
 
Outcomes 
 
Patients in the group 85 years and older also had the highest in-hospital charge ($58 863) 
and hospital length of stay(12days) compared with the control group($47 395 
for9days).Each subsequent age group had a higher in-hospital charge and length 
of stay compared with the younger age groups as well as the control group. Anastomotic 
leak, intra-abdominal abscess, and intestinal fistula rates and ileus or bowel obstruction 
rates were not statistically different among the groups. However, the rate of acute renal 
failure, cardiac complications, respiratory failure, urinary tract infections, and pneumonia 
rose as age increased (P < .01) (Table 3). Using a multivariate regression analysis, 
compared with patients aged 45 to 64 years, significantly higher risk-adjusted in-hospital 
mortality was observed in patients with advancing age: 65 to 69 years (odds ratio, 1.32; 
95%CI, 1.18-1.49), 70 to 74 years (2.02; 1.82-2.24), 75 to 79 years (2.51; 2.28-2.76), 80 
to 84 years (3.15; 2.86-3.46), and 85 years and older (4.72; 4.30-5.18) (P < .01) (Table 4). 

On univariate analysis, in-hospital mortality was significantly higher in every 
subsequent age group, and patients 85 years and older had a 6.3 times higher likelihood 
of death than did the control group (Table 3). On multivariate risk-adjusted regression 
analysis, compared with patients aged 45 to 64 years, significantly higher risk-adjusted 
morbidity was observed in patients with advancing age: 65 to 69 years (odds ratio, 1.25; 
95% CI, 1.21-1.29), 70 to 74 years (1.40; 1.36-1.45), 75 to 79 years (1.54; 1.49-1.58), 80 
to 84 years (1.68; 1.63-1.74), and 85 years and older (1.96; 1.89-2.03) (P < .01) (Table 4). 
There was an overall 3.0%mortality rate, with the control group having the lowest 



mortality at 1.3% and patients 85 years and older having the highest mortality at 
8.0%(Table 3). There has been a mean decrease in mortality rates of 6.6% per year in the 
past decade. Patients 85 years and older had a 9.1%decrease (Figure 2) in mortality per 
year compared with the following age groups: 80to84years,6.4%; 75 to79years, 7.5%; 70 
to74years, 7.7%; 65 to 69 years, 5.4%; and 45 to 64 years, 1.7%. 
 
Table 3. Postoperative Outcomes of Patients Undergoing Colorectal Resection in the 
United States From January 1, 2001, Through December 31, 2010a 

 
a Values are presented as percentages unless otherwise indicated. 
b P < .05 comparing all groups. 
c P < .05 compared with the control group (aged 45-64 years). 
 
Table 4. Risk-Adjusted Outcomes of Colorectal Surgery in the Elderly 
Compared With Patients Aged 45 to 64 Years (Control Group) 



 
 
Figure 2. Improved Mortality in the Elderly 

 
Decrease in mortality rates as demonstrated by the linear line comparing patients in the 
group 85 years and older with the control group (aged 45-64 years). 
 
Discussion 
 
As the aging US population grows, physicians and surgeons are faced with difficult 
treatment decisions. This population poses challenges in terms of preoperative consulting, 



as well as perioperative and postoperative treatment. Data regarding the national surgical 
trends and specific rates of mortality in this population are rare, especially since this 
subset of patients frequently is excluded from large randomized clinical studies. 
Therefore, it is important to analyze the effects of age on mortality and morbidity on a 
large nationwide scale. This study is unique in that it allows for assessing the trends of 
patients with CRC undergoing surgical resection, as well as examining small incremental 
age increases (specifically 5 years) and the effects on overall morbidity and mortality. 
Our data clearly demonstrated that as patients age, their comorbidity index increases. 
However, once all patient factors and comorbidities are controlled for, risk-adjusted 
outcomes demonstrated that age continues to be associated with higher rates of mortality 
and morbidity. In fact, all 5 age groups compared with the control group had an increase 
in the odds ratio of mortality and morbidity, and as age rose, this ratio increased as well.  
Patients 85 years and older had a 4.7 increase in the odds ratio of in-hospital mortality. 
However, during the 10-year study period, mortality rates in all age groups, especially the 
elderly, improved. In the past decade, there has been a steady decrease in the number of 
CRS (6.1% per year), and despite a continued higher risk-adjusted mortality and 
morbidity, there has been a marked improvement in surgical outcomes in the elderly. 

From 2001 through 2010, CRS for CRC has decreased by 5.1%annually, with the 
largest decrease seen in the elderly at 7.0% annually compared with 2.2% in patients aged 
45 to 64 years. This decrease mainly can be attributed to the overall 2% per year decrease 
in the incidence of CRC in patients older than 50 years.17,23,24 Screening for CRC appears 
to have had a considerable effect on reducing incidence.25 The greater reduction 
in the number of cases in the elderly may be explained by this population’s higher access 
to screening programs, given that most of these patients have Medicare and thereby have 
access to Medicare preventative service benefits for CRC.26 This outcome would lead us 
to hypothesize that the number of patients under going urgent admissions would decrease 
at a higher rate than would elective admissions. However, our data show that the decrease 
in the rate of urgent admissions in the elderly was only slightly lower than that for 
elective admissions (6.1% vs 7.6%). The 6.1% decrease was mainly attributed to the 
large proportion of patients 80 years and older requiring urgent admissions. The US 
Preventive Services Task Force27 suggests screening individuals aged 50 to 75 years, and 
perhaps the increase in the number of urgent admissions may be due to lack of screening 
in patients 80 years and older.17  

Laparoscopy was half as likely to be used in those 80 years and older. We can 
hypothesize that this finding may be secondary to the fact that these patients were sicker, 
with a higher percentage needing urgent operations. However, Kang et al,10 in a 
retrospective review of the NIS, demonstrated that laparoscopic surgery was safe for 
high-risk patients. Perhaps the implementation of laparoscopy in this high-risk population 
may in fact decrease their postoperative mortality and morbidity. The elderly were less 
likely to be treated at a teaching institution. Although we cannot explain this phenomenon 
,and a large proportion of these individuals may have sought care at nonteaching 
facilities, it may be a contributing factor of the observed decreased use of laparoscopy in 
these patients.  

Multiple small series in the 1990s have established that increased age, specifically 
older than 70 years, is associated with worse postoperative outcomes secondary to an 
increase in the number of comorbidities and a decrease in functional status.8,9,11-13 This 



outcome was confirmed by larger studies 28,29 that collectively reported that postoperative 
mortality and morbidity rose with increased age. Our data demonstrated a steady increase 
in risk-adjusted mortality as patients age. In a recent study of the American College of 
Surgeons National Surgical Quality Improvement Program during 2005 through 2007, 
Kiranet al30 concluded that patients undergoing surgical procedures had an increased 
associated risk of mortality with age. They further indicated that this increase was most 
prominent in patients 70 years and older. Our data confirmed this observed increase in 
mortality and, when further broken down, demonstrated that the greatest increase in 
mortality rates was in patients older than 85 years by a factor of 6.Areport by Kunitakeet 
al29 supported our findings and added that 1-year mortality in patients 80 years and older 
continued to be as high as 29%. Despite the higher mortality rates, we found that in the 
past 10 years, mortality rates have improved across all age groups. The largest, a 
9.1%decrease per year, was seen in patients 85 years and older. The decrease in mortality 
can be attributed to improved surgical technique as well as better understanding of the 
physiologic demands of these patients.  

However, mortality is not the only factor considered during preoperative decision 
making. In fact, postoperative complications can lead to higher cost, increased length of 
stay, and decreased quality of life, especially in the elderly, who often have a lower 
functional reserve. We demonstrated that almost all postoperative complications in the 
elderly were significantly higher than those in the control group. With the exception 
of anastomotic leak and wound infection, all other complications had a steady rise in 
prevalence as age increased. Kiran et al30 also observed the finding that the elderly 
have an increased morbidity of 33% compared with 26% of the nonelderly (<70 years). 
Kunitake et al29 stated that readmission rates secondary to surgical complications among 
the elderly were 23% after CRS, and age was an independent risk factor for readmission. 
Length of stay, disposition to a short term facility, and cost also steadily increased as 
patients aged. This may be attributed in part to the increase in the rate of postoperative 
complications secondary to a lower reserve of strength in these patients. Social factors, 
such as the need for extra assistance at the time of discharge, may also delay discharge 
and increase the rate of discharge to a short-term facility. Therefore, the elderly require 
vigilant postoperative treatment and anticipation of their social needs, which have to be 
factored into their preoperative counseling and postoperative planning. 

This study is limited by the inherent biases of a large retrospective review. The 
NIS database is limited to in-hospital morbidity and mortality without outpatient follow-
up data such as post discharge complications, readmission or long-term outcomes, 
survival benefits, and/or cost. The NIS lacks clinical information, such as previous 
history of chemotherapy or radiation and the level and stage of the tumor. There is also a 
lack of intraoperative factors as well as functional status of the patient. Although 
admission maybe designated as urgent, we cannot discern the diagnosis for urgent 
admission. We are also unable to comment on intensive care unit admissions and/or 
ventilator status. Multiple preoperative factors were used for adjustment in the primary 
analysis; however, some unmeasured confounding variables may explain the differences 
observed. In addition, coding for certain comorbidities and postoperative complications 
can be vague and subjectively defined. Despite these limitations, to our knowledge, this 
study is the first to report on the temporal trends of CRS in the elderly and specific 
morbidity in this population subset. 



 
Conclusions 
 
In this extensive review of national trends of CRS, we observed that, despite the 
improvements in mortality and a decrease in the incidence of CRS, older patients 
continue to have worse risk-adjusted outcomes compared with those who are 
younger. A clear association between worse outcomes and age was established. Even 
patients aged 65 to 69 years have poorer outcomes than those younger than 65years. 
Since most (63.8%) procedures in the United States are performed on patients 65 
years and older, measures to improve outcomes need to be implemented in all settings. 
The higher percentage of patients requiring nursing facilities for rehabilitation 
postoperatively reiterates the importance of outcomes as well as the social impact of age. 
Therefore, we believe our data not only supply the modern surgeon with the tools to 
counsel patients but also reveal a demand for a reevaluation of current care patterns, 
reinforcing the need for future studies to account for the changing population landscape 
in the United States. 
 
REFERENCES 
 
1. US Census Bureau. Detailed tables, population 55 years and over by sex and age: 
2011. http://www.census.gov/population/age/data/2011.html. Accessed March 24, 2013. 
2. Administration on Aging. Aging Statistics: 2011. 
http://www.aoa.gov/aoaroot/aging_statistics/index .aspx. Accessed March 24, 2013. 
3. Hoobs FBD, Bonnie L. 65+ in the United States. Washington, DC: Bureau of the 
Census; 1996. 
4. Yancik R, Ries LA. Cancer in older persons: an international issue in an aging world. 
Semin Oncol. 2004;31(2):128-136. 
5. Wo JY, Hong TS, Kachnic LA. Impact of age and comorbidities on the treatment of 
gastrointestinal malignancies. Semin Radiat Oncol. 2012;22(4):311-320. 
6. Loran DB, Hyde BR, Zwischenberger JB. Perioperative management of special 
populations: the geriatric patient. Surg Clin North Am. 2005;85(6):1259-1266, xi. 
7. Turrentine FE,Wang H, Simpson VB, Jones RS. Surgical risk factors, morbidity, and 
mortality in elderly patients. J AmColl Surg. 2006;203(6):865-877. 
8. Agarwal N, Leighton L, Mandile MA, Cayten CG. Outcomes of surgery for colorectal 
cancer in patients age 80 years and older. Am J Gastroenterol. 1990;85(9):1096-1101. 
9. Arnaud JP, Schloegel M, Ollier JC, AdloffM. Colorectal cancer in patients over 80 
years of age. Dis Colon Rectum. 1991;34(10):896-898. 
10. Kang CY, HalabiWJ, Chaudhry OO, et al. A nationwide analysis of laparoscopy in 
high-risk colorectal surgery patients. J Gastrointest Surg. 2013;17(2):382-391. 
11. Liu LL, Leung JM. Predicting adverse postoperative outcomes in patients aged 80 
years or older. J AmGeriatr Soc. 2000;48(4):405-412. 
12. Damhuis RA,Wereldsma JC, Wiggers T. The influence of age on resection rates and 
postoperative mortality in 6457 patients with colorectal cancer. Int J Colorectal Dis. 
1996;11(1):45-48. 
13. Edna TH, Bjerkeset T. Colorectal cancer in patients over 80 years of age. 
Hepatogastroenterology. 1998;45(24):2142-2145. 



14. Pedrazzani C, Cerullo G, De Marco G, et al. Impact of age-related comorbidity on 
results of colorectal cancer surgery.World J Gastroenterol. 2009;15(45):5706-5711. 
15. Colorectal Cancer Collaborative Group. Surgery for colorectal cancer in elderly 
patients: a systematic review. Lancet. 2000;356(9234):968-974. 
16. National Cancer Institute. Colon and rectal cancer. 
http://www.cancer.gov/cancertopics/types/colon-and-rectal. Accessed March 24, 2013. 
17. Edwards BK,Ward E, Kohler BA, et al. Annual report to the nation on the status of 
cancer, 1975-2006, featuring colorectal cancer trends and impact of interventions (risk 
factors, screening, and treatment) to reduce future rates. Cancer. 2010;116 (3):544-573. 
18. Kang CY, HalabiWJ, Luo R, Pigazzi A, Nguyen NT, Stamos MJ. Laparoscopic 
colorectal surgery: a better look into the latest trends. Arch Surg. 2012; 147(8):724-731. 
19. Huber PJ. The behavior of maximum likelihood estimates under nonstandard 
conditions. In: Proceedings of the Fifth Berkeley Symposium on Mathematical Statistics 
and Probability. Berkeley: University of California Press; 1967:221-233. 
20. Holm S. Proceedings of the fifth Berkeley Symposium on Mathematical Statistics and 
Probability. Scand J Stat. 1979;6:65-70. 
21. Wright SP. Adjusted P-values for simultaneous inference. Biometrics. 1992;48:1005-
1013. doi:10.2307/2532694. 
22. vanWalraven C, Austin PC, Jennings A, Quan H, Forster AJ. A modification of the 
Elixhauser comorbidity measures into a point system for hospital death using 
administrative data. Med Care. 2009;47(6):626-633. 
23. Zauber AG, Lansdorp-Vogelaar I, Knudsen AB, Wilschut J, van BallegooijenM, 
Kuntz KM. Evaluating test strategies for colorectal cancer screening: a decision analysis 
for the U.S. Preventive Services Task Force. Ann Intern Med. 2008;149(9):659-669. 
24. American Cancer Society. Cancer facts and figures: 2012. 
http://www.cancer.org/research /cancerfactsfigures/cancerfactsfigures/cancer-facts-
figures-2012. Accessed March 27, 2013. 
25. U.S. Preventive Services Task Force. Screening for colorectal cancer: 
recommendation and rationale. Ann Intern Med. 2002;137(2):129-131. 
26. Medicare.gov. The official U.S. government site for Medicare. 
http://www.medicare.gov/coverage/colorectal-cancer-screenings.html. Accessed 
March 27, 2013. 
27. U.S. Preventive Services Task Force. Screening for colorectal cancer: U.S. Preventive 
Services Task Force recommendation statement. Ann Intern Med. 2008;149(9):627-637. 
28. Hamel MB, HendersonWG, Khuri SF, Daley J. Surgical outcomes for patients aged 
80 and older: morbidity and mortality from major noncardiac surgery. J AmGeriatr Soc. 
2005;53(3):424-429. 
29. Kunitake H, Zingmond DS, Ryoo J, Ko CY. Caring for octogenarian and 
nonagenarian patients with colorectal cancer: what should our standards and expectations 
be? Dis Colon Rectum. 2010;53 (5):735-743. 
30. Kiran RP, Attaluri V, Hammel J, Church J. A novel nomogram accurately quantifies 
the risk of mortality in elderly patients undergoing colorectal surgery. Ann Surg. 
2013;257(5):905-908. 
 
 



Author Affiliations: Department of Surgery, University of California, Irvine School of 
Medicine, Orange. 
Corresponding Author: Michael J. Stamos, MD, Department of Surgery, University of 
California, Irvine, 333 City BlvdW, Ste 1600, Orange, CA 92868 (mstamos@uci.edu). 
 
Author Contributions: DrsM. D. Jafari and Nguyen had full access to all the data in the 
study and take responsibility for the integrity of the data and the accuracy of the data 
analysis. 
 
Study concept and design: M. D. Jafari, F. Jafari,Nguyen, Carmichael,Mills. 
 
Acquisition, analysis, or interpretation of data: All authors.  
 
Drafting of the manuscript: M. D. Jafari, F. Jafari, Halabi, Nguyen. 
 
Critical revision of the manuscript for important intellectual content: M. D. Jafari, F. 
Jafari, Pigazzi, Carmichael,Mills, Stamos.  
 
Statistical analysis: M. D. Jafari, F. Jafari, Nguyen. 
 
Administrative, technical, or material support: Halabi, Pigazzi, Carmichael,Mills, 
Stamos. 
 
Study supervision: Stamos. 
 
Conflict of Interest Disclosures: None reported. 
 
Previous Presentation: This paper was presented as a poster at the meeting of the 
American Society of Colon and Rectal Surgeons; April 29-30, 2013; Phoenix, Arizona. 
 
Additional Contribution: Michael Phelan, PhD, Department of Statistics, University of 
California, Irvine, contributed revisions and further data inquiry after manuscript 
acceptance. 




