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A B S T R A C T

Purpose
Recent studies have reported increased mortality for right-sided colon cancers but had limited
adjustment for patient characteristics and conflicting results by stage. We examined the
relationship between colon cancer location (right- v left-side) and 5-year mortality by stage.

Patients and Methods
We identified Medicare beneficiaries from 1992 to 2005 with American Joint Commission on
Cancer stages I to III primary adenocarcinoma of the colon who underwent surgery for curative
intent through Surveillance, Epidemiology, and End Results (SEER) –Medicare data. Adjusted
hazard ratios (HRs) and 95% CIs for predictors of all-cause 5-year mortality were obtained by using
Cox proportional hazards regression.

Results
Of 53,801 patients, 67% had right-sided colon cancer. Patients with right-sided cancer were more
likely to be older, to be women, to be diagnosed with a more advanced stage, and to have more
poorly differentiated tumors. Adjusted Cox regression showed no significant difference in
mortality between right- and left-sided cancers for all stages combined (HR, 1.01; 95% CI, 0.98 to
1.04; P � .598) or for stage I cancers (HR, 0.95; 95% CI, 0.88 to 1.03; P � .211). Stage II right-sided
cancers had lower mortality than left-sided cancers (HR, 0.92; 95% CI, 0.87 to 0.97; P � .001), and
stage III right-sided cancers had higher mortality (HR, 1.12; 95% CI, 1.06 to 1.18; P � .001).

Conclusion
When analysis was adjusted for multiple patient, disease, comorbidity, and treatment variables, no overall
difference in 5-year mortality was seen between right- and left-sided colon cancers. However, within stage
II disease, right-sided cancers had lower mortality; within stage III, right-sided cancers had higher mortality.

J Clin Oncol 29:4401-4409. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Colorectal cancer (CRC) is the second leading cause
of cancer-related deaths for both men and women in
the United States, with 147,000 new occurrences and
50,000 deaths in 2009.1 Notably, over the past 2
decades, there has been a slow but steady decline in
overall CRC mortality rates. Deaths from CRC have
decreased by 3.9% per year from 2002 to 2006 for
men and by 3.4% per year from 2001 to 2006 for
women.2 However, this trend is not consistently
present across all subgroups, such as ethnicity, age,
and anatomic location of tumors. Multiple studies
have shown an increase in the percentage of right-
sided colon cancers over this same time frame in the
United States,3,4 which has led to a focus on the
potential etiologies for variation by anatomic sites of
colon tumors. Differences have been noted in the

following characteristics: right-sided colon cancers
are more likely to be exophytic, to be diploid, and to
have mucinous histology, high microsatellite insta-
bility, CpG island methylation, whereas left-sided
colon cancers are often infiltrating lesions, present
with obstructive symptoms, have chromosomal in-
stability, and are more often aneuploid.5-7 Analysis
of tumor specimens also has shown a difference in
gene expressions between tumors in the right and
left colon.8-10 However, it is unclear whether these
biologic differences translate into meaningful differ-
ences in mortality.

There has been conflicting information regard-
ing the relationship between cancer location and
mortality. In 2008, Meguid et al11 reported a 4%
increase in mortality for right-sided compared with
left-sided colon cancers by using the Surveillance,
Epidemiology, and End Results Program (SEER)
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Table 1. Demographics and Clinical Characteristics of Medicare Beneficiaries Undergoing Resection for Stages I to III Colon Cancer

Characteristic

Patients (%)

PAll (N � 53,801)
Right-Sided Cancer

(n � 36,066)
Left-Sided Cancer

(n � 17,735)

Demographic
Age, years � .001

65-69 12.5 11.1 15.4
70-74 21.3 19.9 24.0
75-79 25.2 25.0 25.5
80-84 22.1 23.0 20.3
� 85 19.0 21.1 14.8

Male sex 41.4 38.3 47.8 � .001
Ethnicity � .001

White 85.9 86.9 83.7
Black 6.2 6.0 6.7
Asian or Pacific Islander 4.2 3.5 5.8
Hispanic 3.4 3.3 3.5
Other 0.4 0.4 0.3

Marital status � .001
Married 50.7 49.1 53.8
Widowed 34.7 36.2 31.5
Single, separated, or divorced 11.6 11.6 11.7
Unknown 3.1 3.1 3.0

SEER registry* � .001
California 28.8 28.8 28.8
Connecticut 10.4 10.2 10.8
Detroit 10.3 10.2 10.4
Hawaii 1.8 1.5 2.4
Iowa 13.0 13.2 12.5
New Mexico 2.5 2.3 2.9
Seattle 7.3 7.6 6.7
Utah 3.1 3.0 3.1
Atlanta and rural Georgia 3.9 3.9 3.9
Kentucky 4.9 4.9 4.8
Louisiana 4.1 3.9 4.6
New Jersey 10.0 10.4 9.1

Residence location .12
Major metropolitan 55.8 56.1 55.2
Metropolitan or urban 34.0 33.7 34.6
Less urban or rural 10.3 10.3 10.3

Median household income (census tract), $ in
thousands† � .001
Mean 45.2 45.6 44.3
SD 22.1 22.3 21.8

Less than 12 years education (census tract), %† � .001
Mean 18.9 18.6 19.6
SD 12.5 12.3 12.8

Year of diagnosis by Medicare colonoscopy coverage,
% � .001
1992-1997 31.8 30.1 35.0
1998-June 2001 24.7 24.9 24.1
July 2001-2005 43.6 44.9 40.9

AJCC stage � .001
I 24.3 23.3 26.3
II 43.8 44.3 42.8
III 31.9 32.3 31.0

Poor prognostic feature
Emergent admission 17.5 17.7 17.3 .29
Intestinal obstruction on admission 4.0 3.0 5.9 � .001
Intestinal perforation on admission 1.6 1.3 2.3 � .001

(continued on following page)
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database. More recently, Benedix et al12 queried the database created
by the German multicentered observational study, Colon/Rectal Car-
cinoma (Primary Tumor), and found an even larger increase (12%) in
mortality for right-sided compared with left-sided colon cancers.
However, when the results were separated by tumor stage, conflicting
results emerged from both studies. Both studies were limited in their
ability to adjust for a wide range of patient characteristics. We used the
linked SEER-Medicare data set to re-examine the relationship be-
tween tumor site (right- v left-side) and 5-year mortality, and more
specifically, to determine if this relationship is consistent across tu-
mor stage.

PATIENTS AND METHODS

This study was approved by the University of Wisconsin, Madison,
Health Sciences institutional review board. The study was given a
waiver of consent.

Data Sources

We examined data from the linked SEER-Medicare database for
patients diagnosed with colon cancer between 1992 and 2005. The SEER
cancer registries include information on patient demographics, tumor
characteristics, first course of treatment, and survival for persons newly
diagnosed with cancer. For individuals who are eligible for Medicare
services, the SEER-Medicare database includes claims for covered health
care services, including hospital, physician, outpatient, home health, and
hospice bills. The SEER-Medicare data set has successfully linked 93% of
individuals older than age 65 years at diagnosis to their Medicare re-
cords.13,14 SEER registries from 1992 to 2005 contain incident cancer
diagnoses in the following cities, states, and regions: Los Angeles; San

Francisco, Oakland; San Jose, Monterey; Greater California; Connecticut;
Detroit; Atlanta; rural Georgia; Hawaii; Iowa; Kentucky; Louisiana; New
Jersey; New Mexico; Seattle, Puget Sound; and Utah. In 2000, SEER regions
included approximately 26% of the US population.14

Patient Selection

All Medicare-enrolled patients age 66 years and older who were diag-
nosed with primary adenocarcinoma of the colon in a SEER area from 1992 to
2005 were included in the study if they had a diagnosis of American Joint
Committee on Cancer (AJCC) stage I to III colon (SEER cancer site codes 18.0
to 18.9 and 19.9) adenocarcinoma (SEER histology codes 8140 to 8147, 8210 to
8211, 8220 to 8221, 8260 to 8263, 8480 to 8481, and 8490). Patients with rectal
cancer (SEER cancer site code 20.9) were excluded, because treatment is
different from that of colon cancer, and patients with mucinous cystadenocar-
cinoma (SEER histology code 8470) were excluded, because the natural history
of this disease (which occurs in the appendix and is associated with pseu-
domyxoma peritonei) is different from other histologic subtypes of colon
adenocarcinoma.15 We additionally selected those patients who underwent
primary tumor resection with likely curative intent within 6 months of diag-
nosis by using the following International Classification of Diseases, ninth
revision, Clinical Modification (ICD-9-CM) procedure codes: 45.7x (partial
excision of large intestine) and 45.8x (total intra-abdominal colectomy). Pa-
tients also were required to have continuous enrollment in Medicare Part A
and Part B from 12 months before their diagnosis to 5 years after date of
discharge, death, or December 31, 2005 (whichever came first) to facilitate
ascertainment of comorbidities, postoperative chemotherapy administration,
and survival. Patients were excluded if they were also enrolled in a Health
Maintenance Organization during the same time period. Patients also were
excluded if they were diagnosed with another malignancy 1 year before or after
the date of colon cancer diagnosis or if their first diagnosis of colon cancer was
made after death (ie, on autopsy). From an initial cohort of 61,846 patients, the

Table 1. Demographics and Clinical Characteristics of Medicare Beneficiaries Undergoing Resection for Stages I to III Colon Cancer (continued)

Characteristic

Patients (%)

PAll (N � 53,801)
Right-Sided Cancer

(n � 36,066)
Left-Sided Cancer

(n � 17,735)

T stage � .001
Tis, T0, T1, or T2 27.7 26.6 29.9
T3 60.1 60.9 58.4
T4 12.3 12.5 11.7

No. of nodes resected � .001
0-11 55.7 49.6 68.2
� 12 44.3 50.4 31.8

Tumor grade � .001
Well differentiated 9.3 8.7 10.6
Moderately differentiated 69.6 66.5 75.8
Poorly or undifferentiated 21.1 24.9 13.6

Comorbidity and treatment measure
HCC risk score† � .001

Mean 2.11 2.13 2.06
SD 1.38 1.36 1.41

Any hospitalization in the previous year 26.6 27.8 24.2 � .001
Rehospitalization within 30 days of discharge 11.1 11.1 11.2 .93
Any in-hospital surgical complication 3.4 2.8 4.7 � .001
Oncologist visit within 30 days of surgery 30.4 30.7 29.7 .02
Postoperative adjuvant chemotherapy � .001

None 72.4 73.0 71.1
Incomplete: 1-4 months 8.9 9.0 8.6
Complete: � 5 months 18.7 18.0 20.2

Abbreviations: AJCC, American Joint Committee on Cancer; HCC, Hierarchical Condition Categories; SD, standard deviation; SEER, Surveillance, Epidemiology, and
End Results.

*Three SEER registries (ie, Kentucky, Louisiana, and New Jersey) were added in 2000.
†N � 2,856 individuals with missing data not included in these means.
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Table 2. Demographics and Clinical Characteristics of Medicare Beneficiaries Undergoing Resection for Stages I to III Colon Cancer Stratified by Stage
and Location

Variable

Patients (%)

Stage I (n � 13,075) Stage II (n � 23,578) Stage III (n � 17,148)

Right-Sided
Cancer

(n � 8,419)

Left-Sided
Cancer

(n � 4,656) P

Right-Sided
Cancer

(n � 15,992)

Left-Sided
Cancer

(n � 7,586) P

Right-Sided
Cancer

(n � 11,665)
Left-Sided Cancer

(n � 5,493) P

Demographic
Age, years � .001 � .001 � .001

65-69 10.6 17.3 10.3 13.7 12.4 16.0
70-74 21.4 25.7 18.7 22.3 20.5 24.9
75-79 26.4 27.0 24.2 24.4 25.1 25.9
80-84 23.1 18.8 23.5 21.5 22.2 20.0
� 85 18.5 11.2 23.3 18.1 19.8 13.3

Male sex 40.5 49.0 � .001 37.7 46.1 � .001 37.5 49.1 � .001
Ethnicity � .001 � .001 � .001

White 87.7 85.5 87.6 84.4 85.4 81.1
Black 5.7 5.8 5.7 6.4 6.6 7.8
Asian or Pacific Islander 3.2 5.7 3.1 5.1 4.1 7.1
Hispanic 2.9 2.9 3.3 3.8 3.6 3.8
Other 0.4 0.2 0.4 0.4 0.4 0.3

Marital status, % � .001 � .001 � .001
Married 51.8 57.2 47.5 51.2 49.4 54.6
Widowed 33.7 28.9 37.9 33.9 35.7 30.4
Single, separated, or divorced 11.3 10.7 11.5 11.9 11.9 12.2
Unknown 3.2 3.2 3.1 3.1 3.0 2.8

SEER registry � .001 � .001 � .001
California 28.3 28.7 29.8 28.5 27.8 29.3
Connecticut 9.3 11.0 10.7 10.8 10.1 10.8
Detroit 9.8 10.3 10.1 10.5 10.8 10.3
Hawaii 1.7 2.5 1.3 1.9 1.7 2.8
Iowa 12.9 14.1 13.8 12.5 12.6 11.1
New Mexico 2.1 2.6 2.2 3.0 2.7 3.0
Seattle 7.7 6.3 7.7 7.3 7.4 6.3
Utah 3.4 2.7 2.7 3.1 3.3 3.6
Atlanta and rural Georgia 4.2 3.5 3.8 4.2 3.9 4.0
Kentucky 5.6 5.1 4.6 4.5 4.9 4.8
Louisiana 4.2 4.5 3.7 4.6 4.0 4.6
New Jersey 11.0 8.9 9.7 9.0 10.9 9.5

Residence location .02 .88 .25
Major metropolitan 55.4 52.8 55.9 56.2 56.7 55.7
Metropolitan or urban 34.4 36.6 33.9 33.6 33.0 34.3
Less urban or rural 10.2 10.6 10.2 10.3 10.3 10.0

Median household income (census tract), $
in thousands� � .001 � .001 � .001
Mean 47.0 44.9 45.2 44.1 45.4 44.1
SD 23.1 21.4 22.1 22.2 22.0 21.5

Less than 12 years of education (census
tract)� � .001 � .001 � .001
Mean 17.9 19.2 18.7 19.7 18.8 19.8
SD 12.0 12.4 12.3 12.9 12.6 12.9

Year of diagnosis by Medicare colonoscopy
coverage � .001 � .001 � .001
1992-1997 25.0 32.9 32.7 37.5 30.4 33.4
1998-June 2001 25.4 24.4 24.9 24.3 24.7 23.6
July 2001-2005 49.7 42.7 42.4 38.2 44.9 43.0

Poor prognostic feature
Emergent admission 11.6 9.2 � .001 18.4 20.0 .002 21.0 20.4 .33
Intestinal obstruction on admission 0.6 1.3 � .001 3.3 7.5 � .001 4.4 7.3 � .001
Intestinal perforation on admission 0.3 0.5 .09 1.6 3.4 � .001 1.8 2.3 .04

(continued on following page)
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following sequential exclusions were carried out. First, tumors with an un-
known location and appendiceal site were identified with SEER cancer site
codes 18.8 (overlapping lesion of colon), 18.9 (colon not otherwise specified),
and 18.1 (appendix) and were excluded from this study (n � 1,143). Subse-
quent exclusions were for missing tumor grade (n � 2,391), initial cancer
treatment other than surgery (eg, preoperative radiation or chemotherapy;
n � 222), missing nodal assessment (n � 1,499), and death within 30 days of
surgery or before discharge from the surgical hospitalization (n � 2,790). The
final sample size was 53,801 patients.

Outcome Variable

The primary outcome measure for this study was all-cause 5-year mor-
tality, defined as death within 5 years of primary surgery for colon cancer on
the basis of dates of death recorded in the SEER Patient Entitlement and
Diagnosis Summary File.

Main Explanatory Variables

The primary explanatory variable was tumor location. The approach for
dividing tumor location into right- and left-side follows the previously men-
tioned studies.11,12 Right-sided colon cancers were identified with the follow-
ing SEER cancer site codes: 18.0 (cecum), 18.2 (ascending colon), 18.3 (hepatic
flexure of colon), and 18.4 (transverse colon). Left-sided colon cancers were
defined with codes 18.5 (splenic flexure of colon), 18.6 (descending colon),
18.7 (sigmoid colon), and 19.9 (rectosigmoid). In addition to tumor location,
AJCC stages I to III were identified from the SEER data and were used to
stratify all analyses.

Control Variables

Basic patient-related variables included date of birth, sex, race/ethnicity,
marital status, SEER registry region, rural/urban county of residence, and

census tract median level of household income and median level of education
(used as proxies for socioeconomic status). An advantage of the SEER-
Medicare linked data set is the ability to use Medicare claims data for risk
adjustment and treatment measures. A risk score was assigned to each patient
through the use of Centers for Medicare and Medicaid Services Hierarchical
Condition Categories (HCCs)16 on the basis of outpatient and inpatient diag-
noses from the 12 months before colon cancer diagnosis. We also extracted
hospitalization in the year before diagnosis, oncologist visit within 30 days of
surgical discharge, and number of months of chemotherapy.

In addition to the patient-related, risk adjustment, and treatment vari-
ables described in the Patients and Methods section, we measured a variety of
disease-related variables. Disease-related variables included poor prognostic
features and year of diagnosis, which was divided into periods of colonoscopy
coverage by Medicare previously described by Fenton et al.17 Poor prognostic
features included diagnosis in the setting of intestinal obstruction or perfora-
tion, emergent admission for surgery, T4 stage, poor/undifferentiated tumor
histology, and fewer than 12 lymph nodes examined at surgery.18

Statistical Analysis

We compared the frequency of all patient-related, disease-related, risk
adjustment, and treatment variables by tumor location (right- v left-sided
colon cancer) by using �2 tests for categoric variables and two-way analysis of
variance tests for continuous variables. Univariate Kaplan-Meier survival anal-
ysis was performed. Comparison of overall 5-year survival between right- and
left-sided colon cancers within each stage (ie, I to III) and for all stages
combined was done with a Cox regression–based test for equality of survival
curves. Cox proportional hazards regression analysis was conducted to obtain
adjusted hazard ratios (HRs) and 95% CIs for different predictors of overall
5-year mortality and for 5-year mortality controlled for patient-related,

Table 2. Demographics and Clinical Characteristics of Medicare Beneficiaries Undergoing Resection for Stages I to III Colon Cancer Stratified by Stage
and Location (continued)

Variable

Patients (%)

Stage I (n � 13,075) Stage II (n � 23,578) Stage III (n � 17,148)

Right-Sided
Cancer

(n � 8,419)

Left-Sided
Cancer

(n � 4,656) P

Right-Sided
Cancer

(n � 15,992)

Left-Sided
Cancer

(n � 7,586) P

Right-Sided
Cancer

(n � 11,665)
Left-Sided Cancer

(n � 5,493) P

T stage � .001 .07 � .001
Tis, T0, T1, or T2 100.0 100.0 0.0 0.0 10.0 11.8
T3 0.0 0.0 86.1 85.2 70.3 70.9
T4 0.0 0.0 13.9 14.8 19.7 17.3

No. of nodes resected � .001 � .001 � .001
0-11 58.7 81.0 48.8 65.8 44.1 60.7
� 12 41.3 19.1 51.2 34.2 56.0 39.3

Tumor grade � .001 � .001 � .001
Well differentiated 17.4 19.7 7.1 8.6 4.5 5.7
Moderately differentiated 71.1 72.9 69.0 79.5 59.6 73.4
Poorly or undifferentiated 11.5 7.5 23.8 12.0 35.9 21.0

Comorbidity and treatment measure
HCC risk score� � .001 .02 .03

Mean 1.81 1.58 1.95 2.00 2.60 2.55
SD 1.26 1.24 1.28 1.35 1.42 1.48

Any hospitalization in the previous year 27.8 24.3 � .001 28.1 24.6 � .001 27.4 23.5 � .001
Rehospitalization within 30 days

of discharge 10.3 10.1 .71 11.0 11.6 .19 11.8 11.4 .44
Any in-hospital surgical complication 2.4 3.3 .002 2.9 5.4 � .001 3.1 4.8 � .001
Oncologist visit within 30 days of surgery 15.9 13.8 .00 28.0 29.5 .02 45.2 43.7 .07
Postoperative adjuvant chemotherapy .17 � .001 � .001

None 96.3 96.9 81.6 77.7 44.3 40.2
Incomplete: 1-4 months 2.4 2.0 6.8 7.5 16.9 15.9
Complete: � 5 months 1.3 1.2 11.6 14.8 38.8 43.9

NOTE. Total No. of patients � 53,801.
Abbreviations: HCC, Hierarchical Condition Categories; SD, standard deviation; SEER, Surveillance, Epidemiology, and End Results.
*Individuals with missing data (n � 2,856) are not included in these means.

Mortality by Stage in Right- Versus Left-Sided Colon Cancer

www.jco.org © 2011 by American Society of Clinical Oncology 4405



disease-related, risk adjustment, and treatment covariates. Models included
tumor location, stage, a stage-location interaction term, and all covariates. The
interaction between stage and tumor location was significant (likelihood-ratio
�2, 37.86; P � .001), and all models subsequently were stratified by stage.
Analyses were carried out with Stata 11.0 software (StataCorp, College Station,
TX) and SAS 8.02 software (SAS Institute, Cary, NC). All tests of significance
used two-sided P values at the P � .05 level, and robust estimates of the
standard error were used in all regression analyses.

RESULTS

Sample Characteristics

Of 53,801 patients, two thirds (66%) were age 75 years and older,
59% were women, 86% were white, and most of them were married
and lived in a major metropolitan area (Table 1). Frequency of the
disease-related characteristics showed that the majority of patients
were diagnosed with stage II disease (44%), followed by stage III
disease (32%). Only 18% required emergent admission at diagnosis;
and 70% of the tumors were moderately differentiated; 21% were
poorly differentiated or undifferentiated.

Two thirds of patients (n � 36,066) had right-sided colon cancer,
and one third (n�17,735) had left-sided colon cancer. Between right-
and left-sided colon cancers, there were significant differences in age
distribution, sex, ethnicity distribution, stage groups, tumor grade,

and completion of postoperative adjuvant chemotherapy (P � .001).
Patients with right-sided cancers, compared with those who had left-
sided cancers, were significantly older (69% v 61% � 75 years old),
were more likely to be women (62% v 52%), had more poorly differ-
entiated tumors (25% v 14%), and had a higher percentage of stages II
and III disease (76% v 74%). A higher percentage of patients with
left-sided cancers than with right-sided cancers completed a course of
adjuvant chemotherapy (20% v 18%). Sample characteristics by stage
and location are listed in Table 2.

Survival Analysis by Tumor Location and Stage

Unadjusted survival curves demonstrated a significant difference
in 5-year survival between right- and left-sided cancers for all stages.
Right-sided cancers had a worse survival for all stages except for stage
II (Fig 1). Unadjusted survival models with tumor location as the
explanatory variable showed increased risk of 5-year mortality for
right-sided compared with left-sided cancers for all stages combined
(HR, 1.06; 95% CI, 1.03 to 1.1), stage I (HR, 1.10; 95% CI, 1.02 to
1.18), and stage III (HR, 1.18; 95% CI, 1.13 to 1.24). For stage II
cancers, patients with right-sided tumors had a decreased risk of
mortality (HR, 0.92; 95% CI, 0.88 to 0.96). After adjustment, no
significant difference in mortality was found between right- and left-
sided cancers for all stages combined (HR, 1.01; 95% CI, 0.98 to 1.04;
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Fig 1. Kaplan-Meier survival estimates for patients with right-sided (n � 36,066) and left-sided (n � 17,735) colon cancer. (A) All stages combined; (B) stage I disease;
(C) stage II disease; and (D) stage III disease.
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P � .598) or for stage I cancers (HR, 0.95; 95% CI, 0.88 to 1.03;
P � .211). Stage II right-sided cancers had lower mortality than left-
sided cancers (HR 0.92; 95% CI, 0.87-0.97, P � .001), while stage III
right-sided cancers had higher mortality (HR, 1.12; 95% CI, 1.06 to
1.18; P � .001; Table 3). Additional analyses were carried out with
models that adjusted for only patient- and comorbidity-related cova-
riates as well as with a model that adjusted for all covariates with the
exception of tumor grade, and the findings, when stratified by stage
and location, remained the same.

Predictors of Overall Mortality

Significant patient-related predictors of increased mortality were
increasing age, male sex, and being widowed or single, separated, or
divorced rather than currently married (Table 4). Patients with Asian
or Pacific Islander ethnicity had a lower risk of mortality than whites,
whereas all other groups did not show a significant difference com-
pared with whites. We also observed regional variation in 5-year
mortality. Compared with California (the SEER region that contrib-
uted the most patients to our sample), patients from Connecticut,
Kentucky, and Louisiana had higher risks of mortality.

Several disease- and treatment-related variables were also predic-
tive of increased 5-year mortality. As expected, stage was an indepen-
dent predictor of mortality. However, when compared with the
reference group of stage I, patients with stage II disease had a lower risk
of mortality, and patients with stage III disease had a higher risk. All of
the previously identified poor prognostic features significantly pre-
dicted an increased risk of mortality as well as greater patient risk
quantified by the HCC risk score. Patients with any hospitalization in
the previous year and any in-hospital complication had a higher
mortality. With respect to treatment, patients who completed ad-
juvant chemotherapy had a decreased risk of mortality, and pa-
tients with incomplete courses of adjuvant chemotherapy had an
increased risk. Year of diagnosis by Medicare colonoscopy cover-
age period was associated with mortality, for which the risk de-
creased as coverage increased.

DISCUSSION

Differences in clinical presentation, patient demographics, and tumor
biology between right- and left-sided colon cancers have long been
reported in the literature,3-10 but it is unclear whether these differences
translate into clinically meaningful prognostic differences. We found

that, after controlling for multiple patient, disease, risk adjustment,
and treatment variables, there was no overall difference in 5-year
mortality between right- and left-sided colon cancers. More impor-
tant, this relationship is not consistent across tumor stage. Stage II
right-sided cancers had lower mortality, and stage III right-sided can-
cers had higher mortality.

Our results across all stages combined differ substantially from
two recent studies by Meguid et al11 and Benedix et al.12 With SEER
data, Meguid et al11 reported that right-sided cancers had a higher risk
of mortality than left-sided cancers across all stages (HR, 1.04; 95% CI,
1.02 to 1.07) when analysis was controlled for age, sex, ethnicity,
tumor characteristics (ie, stage, size, grade), number of lymph nodes
examined, and year of diagnosis. However, when their adjusted results
were stratified by stage, they reported no difference in mortality be-
tween right- and left-sided cancers for stage I (HR, 1.003; P � .93) and
lower mortality for right-sided stage II cancers (HR, 0.91; P � .001),
which was more similar to our results. Notably, they were not able to
risk adjust or control for chemotherapy administration with the data
set, and their inclusion and exclusion criteria differed. They included
all patients in the SEER database from 1988 to 2003 who underwent
surgical resection for a primary diagnosis of invasive colon adenocar-
cinoma for all AJCC stages I to IV, and they excluded patients who
died within 60 days of surgery. We limited our sample to AJCC stages
I to III and excluded patients who died within 30 days of surgery.
Benedix et al12 showed an even higher risk of mortality for right-sided
cancers (odds ratio, 1.12; P � .02) compared with left-sided cancers
than Meguid et al,11 but again showed conflicting results when strati-
fied by stage. Their unadjusted analysis showed significantly shorter
5-year survival for right-sided cancer for stage I (78% v 84%; P � .01)
and stage III (55% v 60%; P � .01) but not for stage II (74% v 72%).
This study included approximately 17,000 German patients with co-
lon cancer, and analysis was controlled for multiple patient- and
disease-related variables, including comorbidity (but not including
chemotherapy administration). Inclusion and exclusion criteria also
differed from our study. Similar to the study by Meguid et al,11 Bene-
dix et al12 included all four stages of colon cancer and did not limit
patients to age 66 or older.

The reasons for the inconsistent relationship between mortal-
ity and tumor location by stage is not clear, but it is most likely
related to tumor biology. One specific aspect of tumor biology that

Table 3. Adjusted HRs and 95% CIs for 5-Year Mortality by Stage

Analysis Type

All Stages Combined
(N � 53,801) Stage I (n � 13,075) Stage II (n � 23,578) Stage III (n � 17,148)

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Unadjusted
Left sided 1.00 1.00 1.00 1.00
Right sided 1.06 1.03 to 1.1 � .001 1.10 1.02 to 1.18 .01 0.92 0.88 to 0.96 � .001 1.18 1.13 to 1.24 � .001

Adjusted for all covariates�

Left sided 1.00 1.00 1.00 1.00
Right sided 1.01 0.98 to 1.04 .60 0.95 0.88 to 1.03 .21 0.92 0.87 to 0.97 .001 1.12 1.06 to 1.18 � .001

Abbreviation: HR, hazard ratio.
*Cox regression model controlling for age; sex; ethnicity; marital status; residence; Surveillance, Epidemiology, and End Results registry; year of diagnosis by

Medicare colonoscopy coverage; census-tract income and education; Hierarchical Condition Categories score; hospitalizations per year; in-hospital complications;
chemotherapy; and poor tumor prognostic features.
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lends particular credence to our findings is microsatellite instabil-
ity (MSI). Multiple studies have found that patients with MSI-
positive tumors have a better overall prognosis and that MSI status
is an independent favorable predictor of survival.19-23 MSI is pre-

dominantly seen in right-sided colon cancers,10 and less than 5% of
left-sided cancers show MSI.7 MSI-positive tumors also have a
more favorable stage profile. Jernvall et al24 estimate that 20% to
25% of stage II right-sided cancers are MSI positive and that fewer
than 15% of stage III right-sided tumors have this same attribute,
with even fewer in stage IV colon cancers. Additional evidence that
stage III right-sided cancers may be more biologically distinct from
stage II right-sided cancers is that MSI-positive status has also been
associated with a significantly decreased risk of lymph node (odds
ratio, 0.31; 95% CI, 0.17 to 0.56) and distant organ (odds ratio,
0.13; 95% CI 0.05 to 0.33) metastases.22

This study has several limitations. First, we examine only Medi-
care beneficiaries age 66 years and older at the time of diagnosis, which
may limit the applicability of our findings to younger patients with
colon cancer. However, the risk of colon cancer increases with age, and
the average age of diagnosis of patients with nonfamilial colon cancer

Table 4. Adjusted HRs and 95% CIs of Independent Variables for Overall
5-Year Mortality by Cox Proportional Hazards Regression

Variable HR 95% CI P

Demographic or clinical characteristic
Tumor location

Left-sided cancer 1.00
Right-sided cancer 1.01 0.98 to 1.04 .58

Tumor stage
I 1.00
II 0.82 0.75 to 0.91 � .001
III 1.48 1.35 to 1.63 � .001

Age, years
65-69 1.00
70-74 1.15 1.08 to 1.23 � .001
75-79 1.33 1.25 to 1.41 � .001
80-84 1.69 1.59 to 1.80 � .001
� 85 2.24 2.10 to 2.38 � .001

Sex
Female 1.00
Male 1.26 1.22 to 1.30 � .001

Ethnicity
White 1.00
Black 1.05 0.99 to 1.12 .11
Asian or Pacific Islander 0.79 0.72 to 0.86 � .001
Hispanic 0.95 0.87 to 1.03 .22
Other 0.83 0.64 to 1.09 .18

Marital status
Married 1.00
Widowed 1.14 1.10 to 1.18 � .001
Single, separated, or divorced 1.16 1.11 to 1.22 � .001
Unknown 1.07 0.98 to 1.16 .13

SEER registry
California 1.00
Connecticut 1.06 1.00 to 1.12 .04
Detroit 0.95 0.90 to 1.00 .04
Hawaii 1.05 0.92 to 1.20 .50
Iowa 1.00 0.94 to 1.07 1.00
New Mexico 1.07 0.97 to 1.18 .20
Seattle 1.04 0.98 to 1.10 .24
Utah 1.02 0.93 to 1.12 .67
Atlanta and rural Georgia 1.07 0.99 to 1.16 .07
Kentucky 1.18 1.09 to 1.28 � .001
Louisiana 1.10 1.02 to 1.20 .02
New Jersey 1.04 0.98 to 1.10 .15

Residence location
Major metropolitan 1.00
Metropolitan or urban 0.97 0.93 to 1.01 .11
Less urban or rural 0.97 0.91 to 1.04 .42

Median household income (census
tract), $ in thousands 1.00 1.00 to 1.00 .18

Less than 12 years education (census
tract), % 1.00 1.00 to 1.00 .02

Missing census tract data 1.11 1.01 to 1.22 .02
Year of diagnosis by Medicare

colonoscopy coverage
1992-1997 1.00
1998-June 2001 0.95 0.92 to 0.99 .01
July 2001-2005 0.89 0.85 to 0.92 � .001

(continued in next column)

Table 4. Adjusted HRs and 95% CIs of Independent Variables for Overall
5-Year Mortality by Cox Proportional Hazards Regression (continued)

Variable HR 95% CI P

Poor prognostic feature
Emergent admission

No 1.00
Yes 1.29 1.25 to 1.34 � .001

Intestinal obstruction on admission
No 1.00
Yes 1.15 1.08 to 1.22 � .001

Intestinal perforation on admission
No 1.00
Yes 1.33 1.22 to 1.46 � .001

T stage
Tis, T0, T1, or T2 1.00
T3 1.58 1.45 to 1.72 � .001
T4 2.36 2.16 to 2.59 � .001

No. of nodes resected
0-11 1.00
� 12 0.83 0.80 to 0.85 � .001

Tumor grade
Well differentiated 1.00
Moderately differentiated 1.05 0.99 to 1.10 .10
Poorly or undifferentiated 1.26 1.19 to 1.34 � .001

Comorbidity and treatment measures
HCC risk score 1.26 1.25 to 1.27 � .001
Any hospitalization in the previous

year
No 1.00
Yes 1.18 1.15 to 1.22 � .001

Any in-hospital surgical complication
No 1.00
Yes 1.19 1.11 to 1.28 � .001

Postoperative adjuvant chemotherapy
None 1.00
Incomplete: 1-4 months 1.20 1.14 to 1.26 � .001
Complete: � 5 months 0.59 0.56 to 0.62 � .001

NOTE. Cox regression model controlling for age; sex; ethnicity; marital
status; residence; Surveillance, Epidemiology, and End Results registry;
year of diagnosis by Medicare colonoscopy coverage; census-tract income
and eduction; Hierarchical Condition Categories score; hospitalizations
per year; in-hospital complications; chemotherapy; and poor tumor prog-
nostic features.

Abbreviations: HCC, Hierarchical Condition Categories; HR, hazard ratio; SD,
standard deviation; SEER, Surveillance, Epidemiology, and End Results.
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is older than 65 years.25 Second, unmeasured factors, such as patient
preferences or provider practice patterns, may play a role in patient
outcome. If these unmeasured factors are also associated with tumor
location, our results could be subject to unmeasured confounding.
However, we included a wide variety of clinically relevant patient,
disease, risk adjustment, and treatment variables. Finally, MSI tumor
status was not available in this data set, which prohibits direct testing of
our hypothesis that MSI is a major contributor to the decreased
mortality seen in stage II, right-sided colon cancers.

Despite these limitations, our findings have important implica-
tions different from previous studies. Prior research has reported an
increase in mortality for right-sided colon cancers compared with
left-sided colon cancers. Conversely, this study shows no significant
difference in mortality after more extensive adjustment and limiting of
the sample to a more homogeneous group of patients who have a
more narrow age distribution (limited to age 66 years and older as a
result of Medicare linkage) and patients considered for surgery with
a curative intent (by excluding AJCC stage IV and patients undergoing
palliative procedures). We also highlight that the relationship between
mortality and tumor location in colon cancer is not straightforward.
Specifically, this relationship is stage dependent; stage II right-sided
cancers show decreased mortality than left-sided tumors, and stage III
right-sided tumors show increased mortality. We hypothesize that a
major reason for this inconsistent relationship between mortality and
tumor location by stage is due to tumor biology and, more specifically,
MSI status. Additional research needs to be done to confirm this
hypothesis, which, if confirmed, may significantly impact decisions
regarding treatment of patients with right-sided colon cancer. More
specifically, these results can help inform the treatment decision pro-

cess for patients with stage II colon cancers for whom use of adjuvant
chemotherapy is controversial.
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