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Abstract

Background Colorectal cancer (CRC) is the third most common cancer worldwide and the
second leading cause of cancer-related deaths. Given the significant prevalence of CRC, regular
preventative screening is required. CRCs in different locations of the colon have variable molecular
pathogenesis, gross appearance, and general disease outcomes. While the overall incidence of CRC
has been decreasing, the decrease in proximally located CRC significantly lags behind the other
forms of CRC. The objective of this study was to establish independent risk factors for proximal
CRC for better identification of populations at risk for closer CRC monitoring and observation.

Methods A time-trend analysis was conducted using data from the National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER) database from 1973-2007, comparing patient
characteristics (age, sex, race/ethnicity, year of diagnosis, age of diagnosis, tumor grade, tumor
stage, and urban-rural setting) between CRCs originating in different locations.

Results Analysis demonstrated that black race, female sex, age over 60, and being diagnosed in the
21st century (rather than 20th) were associated with an increased risk of proximal CRC compared
to CRCs originating in other locations.

Conclusions Our study showed that black race, female sex, and age over 60 independently
increased the likelihood of proximal CRC diagnosis. Furthermore, CRC trends identify an
increasing proportion of all CRCs being of proximal origin. It is imperative that patients undergo
regularly scheduled complete colonoscopies by trained endoscopists, especially if they belong to
the high-risk groups previously identified.
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Introduction

the location of the tumor [1-4]. Cumulative evidence through
the years has indicated that tumors located in the distal (left-

Studies have demonstrated that the incidence, pathogenesis,
and outcome of colorectal cancer (CRC) differ depending on
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sided colon cancer) and proximal (right-sided colon cancer)
colon have distinct biological and genetic profiles [5,6].
Proximal CRCs are more likely to be poorly differentiated,
have microsatellite instability, and have an advanced stage
at the time of initial diagnosis [1,6,7]. Distal CRCs, in
contrast, often harbor chromosomal unstable tumors and are
frequently identified earlier in the disease process secondary
to overt symptoms such as alteration of bowel habits or
rectal bleeding [1,8,9]. The mechanisms behind these tumor
discrepancies remain uncertain to date, and whether those
clinical and molecular differences translate into different
outcomes and prognosis has yet to be determined. In a recent
population-based study using data from the national cancer
institute’s Surveillance, Epidemiology, and End Results (SEER)
dataset, He et al observed that left-sided colon cancer was
associated with a slightly lower risk of overall survival and better
outcomes. Left-sided CRC was more likely to metastasize to the
liver and lung at the time of diagnosis, though it had a higher
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overall survival and cancer-specific survival in comparison to
proximal CRC [2]. In a study by Wang et al, using the SEER
database between 1990 and 2014, no significant mortality
differences were seen between patients less than 50 years old
with proximal and distal CRCs [10].

The incidence of CRC has been declining rapidly over the
past several decades, but comprehensive data are scarce on the
long-term trends in incidence for proximal and distal CRC. This
study was conducted to compare different patient demographics
and patient characteristics within the SEER registry in order
to risk-stratify populations at highest risk for proximal, distal,
and rectal colorectal cancer. This study was conducted in the
hope that the identification of high-risk CRC groups will have
implications for future CRC screening recommendations.

Materials and methods

Study design and data sources

A retrospective, population-based cohort time-trend
analytic study was conducted using the National Cancer
Institute’s SEER-17 database. The SEER database isa population-
based registry of cancer statistics comprising of over 28% of the
US population, including a variety of ethnicities and states [11].
It contains data regarding patient demographics and specific
cancer history-related details, including primary tumor site,
tumor morphology, initial cancer staging and initial treatment.

The SEER-17 database comprises all preceding SEER
registry databases (SEER 9, SEER 11, SEER 13), plus data from
Greater California, Kentucky, Louisiana, and New Jersey, which
all joined SEER in 2000. It contains data regarding patient
demographics, primary tumor site, tumor morphology, stage at
diagnosis and first course of treatment. All registries included
in the SEER database were integrated into the SEER program
at different times. SEER 9 consists of the Atlanta, Connecticut,
Detroit, Hawaii, Iowa, New Mexico, San Francisco-Oakland,
Seattle-Puget Sound, and Utah sites. These registries joined
SEER in 1973, except for Seattle-Puget Sound and Atlanta,
which joined in 1974 and 1975, respectively. SEER 11 consists
of SEER 9 with the addition of Los Angeles and San Jose-
Monterey; both of these areas were added to SEER in 1992.
SEER 13 consists of SEER 11 as well as the Rural Georgia and
the Alaska Native Tumor Registry, which both joined SEER in
1992. The last 2 registries to have joined the SEER program
included race as a variable in the database. SEER 17 consists of
SEER 13, and Greater California, Kentucky, Louisiana and New
Jersey, which all joined SEER in 2000. Cases from Louisiana
diagnosed from July to December 2005 were excluded
secondary to hurricanes Katrina and Rita [11].

Study population

Patients aged 220 years diagnosed with CRC between 1973
and 2007 were selected for the cohort. ICD-O-3 codes were
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used to identify CRCs. Our study sample identified a total of
505,141 patients, aged 20 and older. A total of 24,942 cases
were excluded from the analysis because of missing data for
the analytic variables described below.

For descriptive analyses, based on prior epidemiological
and clinical research, CRC subsites were divided into proximal,
distal and rectal cancers using ICD-O-3 codes. These codes
correspond to the following locations: proximal, distal, rectal,
or not otherwise specified (NOS). The codes that corresponded
to proximal CRCs consisted of those in the cecum (C18.0),
ascending colon (C18.2), hepatic flexure of colon (C18.3),
transverse colon (C18.4) and splenic flexure of colon (C18.5),
whereas the distal CRCs included the descending colon (C18.6)
and the sigmoid colon (C18.7). Rectal CRCs encompassed the
rectosigmoid junction (C19.9) and the rectum (C20.9) [12,13].
Demographic and clinical data regarding age, sex, race/
ethnicity, year of diagnosis, initial cancer diagnosis, staging,
treatment, along with rural vs. urban origin were extracted
from the SEER database. In the SEER registry, races were
listed as White, Non-Hispanic Black, American Indian, Asian/
Pacific Islander (PI) and Hispanic. Grouping based on the year
of diagnosis was divided into 5-year intervals (1973-1977;
1978-1982; 1983-1987; 1988-1992; 1993-1997; 1998-2002;
2003-2007).

Patients were also classified into 3 clinically-relevant
age groups (ages 20-34, 34-59, and 60 and above). The latter
group was selected as the upper limit cutoff point, based
on a preliminary analysis demonstrating a steep increase
in proximal CRC starting at the age of 60. We modified the
SEER variable “Grade” by combining Grade IV with Grade
III to create 3 categories: well differentiated (I); moderately
differentiated (II); and poorly differentiated (III/IV) tumors.
Tumors were classified as localized, regional or distant, based
on the SEER staging system for analysis. Other variables were
considered as extent of disease; behavior code ICD-0-2 & 3,
collaborative stage, lymph node examined or positive, derived
AJCC (American Joint Committee on Cancer), SEER summary
stage 1977 & 2000, and their recode and override counterpart.
Unfortunately, these variables cover only certain periods in
the 35-year period and are not available for the entire period.
The variable “urban vs. rural” in the SEER databased was
used as a surrogate for socioeconomic status and used rural-
urban continuum code definitions for 2003. We recoded this
variable into urban-rural with similar definitions to those
used by Paquette, which defined urban as the first 3 groups
and rural as 7 and 9 (not adjacent to metro area and smaller
populations) (Appendix) [14]. Therefore, the total number of
patients classified as urban was 439,362, whereas 18,409 were
designated as rural. Because of missing data, 47,370 cases were
excluded from the analysis. Geographical variation data was
classified in 2 ways using the SEER registry and urban/rural
variables to assess whether geographic location had an effect
on the CRC subsite location. We included the 9 registries that
joined SEER from 1973-1975. These registries are Atlanta,
Connecticut, Detroit, lowa, Hawaii, New Mexico, Utah, San
Francisco and Seattle. The 9 registries had 338,276 cases in
total. Data from other SEER registries, totaling 166,865 cases,
were excluded.



Statistical analysis

The congeniality chi-square test was used to compare the
categorical data regarding demographic and specific cancer
characteristics among different CRC sites (proximal, distal,
rectum and NOS). Various multivariable logistic regression
analysis models built using forward direction and Enter were
used for the final analysis to estimate the odds ratios (OR) of
proximal CRC compared to distal CRC using the variables of
race and ethnicity, patient age, year of diagnosis, and other
clinicopathological factors. Model 1 was created to adjust for
age and race, while Model 2 stratified patient age, sex, racial/
ethnic groups, and year of diagnosis. Model 3 extended Model
2 by adding tumor stage and degree of differentiation. The
Hosmer and Lemeshow goodness-of-fit statistical test was used
for assessment of the logistic regression models. Accordingly,
ORs with corresponding 95% confidence intervals [CIs] were
generated and data with a P-value of <0.05 were considered
to have statistical significance. All the statistical analyses
were performed using SPSS Statistics 18.0 (IBM Corporation,
Armonk, NY, USA).

Results

In total, 505,141 patients diagnosed with CRC were selected
for this cohort from 1973-2007. Among the total cases there
were 204,168 cases of proximal CRC (40.4%), 146,011 cases of
distal CRC (28.9%) and 154,962 cases of rectal CRC (30.7%)
identified in the SEER 17 data set. Table 1 summarizes the
characteristics of the identified patients.

The percentage of proximal CRC increased steadily over
the 35-year period from 1973-2007 (P<0.001) with an increase
from 35.6% during 1973-1977 to 42.5% during 2003-2007
(Table 1). Overall, the percentage of proximal CRCs was not
uniform across the examined age ranges (Fig. 1). The incidence
of proximal CRCs appeared to increase at the greatest rate
amongst those between the ages of 60-64 and reached an
incidence of up to 54% amongst those above the age of 85
(P<0.001).

When the analysis was repeated based on age subdivision
into 3 major age-range groups (20-34, 35-59 and above 60
years), it was found that patients in the age group 60 and
greater had a significantly higher incidence of proximal CRC
(43.6%) compared to the other age groups: 34.2% in the 20-34
age group and 30.3% in 35-59 age group (P<0.001). Amongst
those over 60 years old, the percentage of proximal CRCs was
relatively higher in comparison to the other CRC subtypes
(Table 1 and Fig. 1).

A significant variation was present amongst the incidence
of proximal CRC across different racial and ethnic groups
(P<0.001). Non-Hispanic Blacks had the highest percent of
proximal CRCs (46.1%) followed by Non-Hispanic Whites
(41.1%), American Indians (37.2%) and Hispanics (37.2%).
Asians and PI exhibited the lowest incidence of proximal CRCs
(30.1%). Of the racial and ethnic groups examined, Asians
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and Hispanics had higher percent of rectal CRC (35.6% and
34.9%, respectively) compared to Blacks (25.8%) (Table 2). The
incidence of the 3 CRC subsites showed the highest degree of
variability for American Indians, probably due to the small
sample size. (Table 1 and Fig. 2). Females had a significantly
higher percentage of proximal CRC in comparison to males
(44.9% vs. 36.0%, P<0.001; Table 1).

Tumor differentiation varied amongst subsites, with a
significantly larger portion of poorly graded tumors located
in the proximal colon vs. the distal colon (53.6% vs. 21.0%,
P<0.001; Table 1). A majority of the higher CRC tumor grades

CRC
location
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O Rectum
40.0%
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20-34 35-59
Age

Figure 1 Percentage of colorectal (CRC) tumors across 3 age categories.
All P-values <0.005
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Figure 2 Percentage of colorectal (CRC) tumors by location, across all
racial and ethnic groups. All P-values <0.005
PI, Pacific Islander
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Table 1 Clinical characteristics of colorectal cancer at different primary sites based on the SEER database

Variable Category Proximal Distal Rectal
n= 204,168 n= 146,011 n=154,962
(40.5%) (28.9%) (34.9%)
Race Non-Hispanic White 161,378 112,082 119,509
(41.1%) (28.5%) (30.4%)
Non-Hispanic Black 20,620 12,553 11,553
(46.1%) (28.1%) (25.8%)
American 835 679 733

Indian (37.2%) (30.2%) (32.6%)

Asian/Pacific 10,085 11,489 11,950
Islander (30.1%) (34.3%) (35.6%)

Hispanic 10756 8,470 10295

36.4% (28.7%) 34.9%

Age 20-34 1,714 1,313 1,983
(34.20%) (26.2%) (39.6%)

35-59 35,831 36,839 45,610
(30.3%) (31.1%) (38.6%)
60+ 166,623 107,859 107,369

(43.6%) (28.2%) 28.10%

Sex Male 92,134 76340 87174
(36.0%) 29.9% 34.1%

Female 112,034 69671 67788

(44.9%) 27.9% 27.2%

Year of diagnosis 1973-1977 14,170 12,589 13,050
(35.6%) (31.6%) (32.8%)

1978-1982 17,117 14,797 14,604

(36.8%) (31.8%) (31.4%)

1983-1987 19,105 16,467 15,385

(37.5%) (32.3%) (30.2%)

1988-1992 21,434 16,552 16,159

(39.6%) (30.6%) (29.8%)

1993-1997 27816 19,313 19,962

(41.5%) (28.8%) (29.8%)

1998-2002 47,705 30,797 34,413

(42.2%) (27.3%) (30.5%)

2003-2007 56,821 35,496 41,389

(42.5%) (26.5%) (31.0%)

Tumor grade Well 18,999 18,174 15,588
(36.0%) (34.4%) (29.5%)

Moderate 107,186 80,977 82,605

(39.6%) (29.9%) (30.5%)

(Contd...)
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Table 1 (Continued)
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Variable Category Proximal Distal Rectal
n= 204,168 n= 146,011 n=154,962
(40.5%) (28.9%) (34.9%)
Poor 45,524 17,877 21,600
(53.6%) (21.0%) 25.4%)
Tumor stage Local 69,014 60,742 65,905
(35.3%) (31.0%) (33.7%)
Regional 84,935 51,401 52,371
(45.0%) (27.2%) (27.8%)
Distant 42,633 28,276 24,922
(44.5%) (29.5%) (26.0%)
Urban Rural Urban 177,246 127,170 134,946
(40.3%) (28.9%) (30.7%)
Rural 7,678 5,165 5,566
(41.7%) (28.1%) (30.2%)

* P-value is <0.001 in all comparisons above

Missing cases: 2154 when analyzing for race, 96,611 when analyzing for tumor grade, 24,942 when analyzing for tumor stage, and 47,370 when analyzing for

urban vs. rural

Table 2 Incidence and mortality rates of colorectal cancer (CRC),
1975-2007

Year 1975 1985 2007
Age-adjusted CRC 59.52 66.29 44.65
Incidence rates, per Colon 41.34 47.5 31.88
100,000 Rectum 18.18 18.42  12.70
Age-adjusted mortality CRC 28.09 26.30  16.70

rates, per 100,000
Adapted from Altekruse et al [31]

were located in the proximal colon at the time of diagnosis, in
comparison to the distal colon and rectum. Of all the studied
CRC patients, 44.5% of distantly spread tumors and 45% of
regionally spread tumors originated from the proximal colon,
as opposed to 35.3% of the locally spread tumors (P<0.001;
Table 1 and Fig. 3), whereas for patients with carcinoma
originating from the rectum there was more local rather than
distant spread of the tumor (33.7% vs. 26.0%, P<0.001).

To investigate differences across the multiple SEER
registries, the analysis was repeated using the individual SEER
datasets independently of one another. Amongst the 9 locations
that joined SEER around 1973, Hawaii was found to have the
lowest percentage of proximal CRCs (32.1%), followed by New
Mexico and Utah (37.4% and 37.5%, respectively). Iowa and
Atlanta had the highest percentage of proximal tumors (43.2%
and 41.8%, respectively, P<0.001).

Multiple models were built to estimate the likelihood of
proximal CRC development as compared to distal CRC, using
the variables of race and ethnicity, patient age, year of diagnosis,

and other clinicopathological factors. In Model 1, after
adjusting for age and race, Non-Hispanic Blacks were found to
have higher odds of proximal CRC than Non-Hispanic Whites
(OR 1.32, 95%CI 1.3-1.35; P<0.001), while Asians and PI had
a reduced likelihood of proximal CRC compared to Non-
Hispanic Whites (OR 0.55, 95%CI 0.63-0.66; P<0.001; Table 3).
An age greater than or equal to 60 years was associated with a
higher likelihood of proximal CRC compared to patients aged
20-34 (OR 1.46, 95%CI 1.37-1.55; P<0.001).

Model 2, which also adjusted for patient’s sex and year of
diagnosis, in addition to the variables initially adjusted in Model
1, demonstrated that Non-Hispanic Blacks were at higher odds
of having proximal CRC than Non-Hispanic Whites (OR 1.26,
95%CI 1.23-1.28; P<0.001), while Asians had the lowest odds (OR
0.63,95%0.61-0.64; P<0.001; Table 3). Females were noted to have
a higher risk of proximal CRC in comparison to males (OR 1.40,
95%CI 1.39-1.42; P<0.001), while those aged 60 and above were
more likely to have proximal CRC than patients 20-34 years old
(OR 1.47, 95%CI 1.39-1.56; P<0.001). With regard to incidence,
the period between 2003-2007 had a significantly higher number
of diagnosed proximal CRCs in comparison to those diagnosed
between 1973-1997 (OR 1.44, 95%CI 1.41-1.48; P<0.001).

Model 3, further extended upon Model 2 by adjusting for
initial tumor stage and degree of differentiation (Table 3).
Findings did not differ appreciably from the above, though it
was noted that proximal CRCs had a higher risk of having a
poor grade of differentiation (OR 1.820, 95%CI 1.77-1.864;
P<0.001) and distant tumor stage (OR 1.218, 95%CI 1.95-
1.241; P<0.001).

Various sensitivity analyses were performed and the results
proved to be consistent. For example, Model 3 was repeated
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Table 3 Odds ratios (OR) and 95% confidence intervals (CI) for right-sided colon cancer compared to left-sided colorectal cancer

Variable Multivariate model 1 Multivariate model 2 Multivariate model 3
n= 502,987 n= 502,987 n=395,966
OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value
Race Non-Hispanic White 1.00 1.00 1.00
Non-Hispanic Black 1.316 (1.29-1.342) <0.001 1.262 (1.237-1.288) <0.001 1.331 (1.301-1.362) <0.001
American Indian 0.93 (0.853-1.015) 0.102 0.873 (0.801-0.953) <0.001  0.892 (0.892-0.981) 0.019
Asian/Pacific Islander 0.647 (0.631-0.663) <0.001 0.627 (0.612-0.643) <0.001  0.638 (0.621-0.655) <0.001
Hispanic 0.886 (0.854-0.908) <0.001 0.834 (0.814-0.856) <0.001  0.843 (0.820-0.867) <0.001
Age 20-34 1.00 1.00 1.00
35-59 0.819 (0.771-0.870) <0.001 0.830 (0.781-0.881) <0.001  0.853(0.796-0.913) <0.001
60+ 1.455 (1.371-1.544) <0.001 1.47 (1.386-1.561) <0.001 1.531 (1.431-1.637) <0.001
Sex Male 1.00 1.00
Female 1.406 (1.390-1.423) <0.001 1.403 (1.385-1.421) <0.001
Year of 1973-1977 1.00 1.00
diagnosis 1978-1982 1.043 (1.014-1.073)  <0.001  1.101 (1.059-1.143)  <0.001
1983-1987 1.070 (1.041-1.100) <0.001 1.171 (1.128-1.215) <0.001
1988-1992 1.183 (1.151-1.215) <0.001 1.308 (1.262-1.356) <0.001
1993-1997 1.306 (1.272-1.340) <0.001 1.448 (1399-1.499) <0.001
1998-2002 1.380 (1.347-1.414) <0.001 1.560 (1.510-1.613) <0.001
2003-2007 1.442 (1.408-1.477) <0.001 1.653 (1.600-1.708) <0.001
Tumor grade Well 1.00
Moderate 1.047 (1.026-1.069) <0.001
Poor 1.820 (1.77-1.864) <0.001
Tumor stage Local 1.00
Regional 1.28 (1.261-1.299) <0.001
Distant 1.218 (1.095-1.241) <0.001

CRC
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Figure 3 Percentage of colorectal (CRC) tumors by location for the
different tumor grades. All P-values <0.005
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among cases with confirmed adenocarcinoma only (Table 3).
in addition, stratification for urban and rural origin was
performed, with results comparable to those of the previously
described models. No appreciable differences between urban
vs. rural settings was noted amongst those with proximal CRC.
Lastly, stratification was performed amongst the 9 registries
that joined SEER around 1973 and again demonstrated the
higher risk of proximal CRC amongst females, Non-Hispanic
Blacks, a more recent year of diagnosis, and age greater than or
equal to 60 years.

Discussion

A total of 204,168 (40.4%) cases of proximal CRCs,
146,011 (28.9%) cases of distal CRCs and 154,962 (30.7%)
cases of rectal CRCs were identified in the SEER 17 data
set. Over time, the prevalence of proximal CRC increased
significantly, from 35.6% in 1973-1977 to 42.2% in 2003-2007.
Across the 35 years of data, the incidence of proximal CRCs



increased over time. The year of initial diagnosis remained
an independent risk factor for proximal CRC in the logistic
regression analysis. A possible explanation for this finding was
a change in behavioral factors that could in turn increase the
risk of proximal tumors, limiting the benefit of colonoscopy.
For example, a prospective study showed that a lack of exercise
predisposes individuals to proximal CRCs [15]. According to
this theory, the United States obesity epidemic could have
led to the increased incidence of proximal tumors and may
explain the proportional increase in proximal CRCs in all
SEER registries [16-18].

The finding that Non-Hispanic Blacks have a higher
proportional percentage of proximal tumors compared to
Non-Hispanic Whites, while Asian and PI have the lowest
percentage, agrees with the results of prior studies [19,20].
The higher incidence of proximal CRCs in Non-Hispanic
Blacks could be postulated to be from underutilization of
colonoscopy, higher rates of obesity compared to other racial
groups, or insurance disparity [8,16]. As demonstrated in
other studies, females were found to have significantly higher
rates of proximal tumors compared to males [13,21]. These
differences became more prominent over the 35-year period
examined in this study. This finding may reflect higher rates of
missed cancer due to higher rates of incomplete or technically
challenging colonoscopies amongst females, lesser utilization
of colonoscopy, a higher prevalence of flat adenomas, and/
or hormonal or biologic differences in comparison to
males [22-26].

Those over the age of 60 were also found to have a
significantly higher prevalence of proximal CRC compared
to other types of colorectal cancer [20,21]. This finding may
be explained by the anatomy of proximal CRC tumors and
their general delay in symptom onset compared to distal CRC.
Proximal tumors are usually noted to be bulkier and mostly
asymptomatic, while distal tumors, owing to the narrower
colonic lumen, are symptomatic earlier in the disease process.
This hypothesis is further supported by the study’s findings
that proximal CRCs at the time of diagnosis had on average
significantly higher tumor grades and were noted to be more
advanced during staging than their distal CRC counterparts.
This was further associated with worse survival rates and a lack
of significant improvement in mortality and survival benefit
for proximal tumors with intervention [27-29].

When geographic locations in the SEER registry were
compared, Hawaii had the lowest percentage of proximal
tumors. This finding may be explained either by the higher
percentage of PI living there compared to other US states, or
perhaps as secondary to different behavioral exposures. Utah
was also found to have a low percent of proximal tumors,
possibly explainable by the behavioral or dietary patterns of
the state’s inhabitants.

In summary, the analysis showed that, even with control
for overlapping variables, an increased risk of proximal CRC
is found in patients who are female, Non-Hispanic Blacks,
above the age of 60, and those diagnosed in the 21* century.
The Hosmer and Lemeshow goodness-of-fit test was significant
(P<0.001), indicating that the variations in subsite-related CRC
were not entirely explained. One unusual finding was that
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American Indians in Connecticut had a high OR for proximal
CRC. This finding was, however, not statistically significant
and most likely can be attributed to the small sample size of
American Indians in the studied cohort.

Proximal CRCs lag significantly behind other located CRCs
in terms of reduction in mortality rates, improved survival
and reduction in incidence. This gap may be explained by
the molecular and genetic differences of proximal cancers,
differential risk factors, the role of flat adenoma and lastly, from
missed or interval development of cancer.

Based on the findings of this study, the following are
suggested areas to help narrow this gap: (i) improve endoscopy
training to minimize missed or interval cancer rates; (ii) focus
on measures to evaluate endoscopists (e.g., withdrawal time,
and adenoma detection rate); (iii) invest in better technology
to improve visualization during colonoscopy, for example
high definition colonoscopy; (iv) develop better preparation
regimens for colonoscopy; (v) identify those patients at risk
of having difficult or incomplete colonoscopy, such as women,
those of Non-Hispanic black race, and older patients; (vi)
improve colonoscopy screening rates for the population,
especially in women and minorities; (vii) better understand
the genetic and molecular distinction between the proximal
and distal colon; and (viii) develop better techniques to
detect flat adenomas in order to assess subtype differences in
incidence.

To the best of our knowledge, this study is one of the most
comprehensive reviews of temporal and demographic trends
in cancers of proximal and distal colon, and the rectum. This
study included more than half a million cases over a 35-year
period from 17 different registries in the United States. The
SEER database is a reliable source for cancer research and
has been widely used. Our findings are consistent with other
studies and provide a broader and more longitudinal review
of proximal, distal and rectal cancers across time, person and
place [13,20,21,30,31]. This study developed a comprehensive
regression analysis model to help identify demographic
factors associated with an increased likelihood of proximal
tumors.

One possible limitation of this study was the roughly 20,000
colorectal cancer cases within the dataset with no specified
anatomic location. This was, however, a small percentage of
the cases (4%). The exclusion of these cases should have a
minimal effect on the results presented. Another limitation
of this study is the lack of information available in the SEER
dataset about CRC risk factors, such as diet, obesity, smoking,
polyps and family history. Furthermore, it was difficult
to identify carcinomas in situ in the analysis, as different
classification systems were used in SEER in each represented
time period. Carcinoma in situ has a more benign course
compared to other types of cancer. The data were analyzed
over time to develop a comprehensive understanding of CRC
cancer by subsite. The inclusion of carcinoma in situ could
affect mortality outcome, an aspect that was not examined in
this study.

In the last 35 years, the proportion of proximal CRCs has
increased, with Blacks experiencing the highest proportional
percentage of proximal tumors, followed by Whites, American
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Indians and Hispanics. Asians and PI, on the other hand,
experience the fewest cases of proximal CRC. Females and
older individuals (over 60 years) have significantly higher risks
for proximal CRC. Proximal tumors also have a worse tumor
grade and more advanced stage at the time of presentation and
diagnosis. More research is needed to better understand why
the overall decreasing incidence of proximal CRC lags behind
that of the other tumors of the large intestine. This study helps
identify the patient subgroups with a higher likelihood of
proximal CRC, in whom screening colonoscopy would derive
the greatest benefit.

Though the incidence and the mortality from colorectal
cancer have decreased over the last few decades, this study
sheds light on the disparity of CRC characteristics based on
the originating colonic location. Our study and other emerging
evidence suggest that cancer of the large bowel may reflect
different processes due to biologic, anatomic, molecular,
pathologic, technical and epidemiologic distinctions. We have
established that patients who are female, black, over the age
of 60, and with a later year of diagnosis had an independently
increased likelihood of proximal CRC identification as opposed
to other forms of CRC.

Summary Box

What is already known:

e Right- and left-sided colorectal cancers (CRCs)
have distinct biological and genetical profiles, with
right-sided CRCs having microsatellite instability,
unlike left-sided, which often harbor chromosomal
abnormalities

e Previous small-scale studies have demonstrated
that the incidence, pathogenesis, and outcome of
CRC differ depending on the geographical location

e The incidence of CRC has been declining rapidly
over the past several decades, but comprehensive
data are scarce on the long-term trends for CRC
based on originating subsites

What the new findings are:

e Proximal CRCs lag significantly behind other
located CRCs in terms of reduction in mortality
rates, improved survival and reduction in incidence

e This study is one of the most comprehensive
reviews of temporal and demographic trends in
cancers of proximal and distal colon, and rectum,
including more than half a million cases over a 35-
year period from 17 different SEER registries in the
United States

o There is an higher risk of proximal CRC among
patients who are female, Non-Hispanic Blacks,
patients aged more than 60 years, and those
diagnosed in the 21* century
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APPENDIX

Urban vs. Rural:

In the SEER dataset, there appears to be no meaningful difference in the distribution of CRC subsite in urban vs. rural areas.
“Counties in metro areas of 1 million population or more”
“Counties in metro areas of 250,000 to 1 million population”
“Counties in metro areas of fewer than 250,000 population”
“Urban population of 20,000 or more, adjacent to a metro area”
“Urban population of 20,000 or more, not adjacent to a metro area”
“Urban population of 2,500 to 19,999, adjacent to a metro area”
“Urban population of 2,500 to 19,999, not adjacent to a metro area”
“Completely rural or less than 2,500 urban population, adjacent to a metro area”
“Completely rural or less than 2,500 urban population, not adjacent to a metro area”
Other socioeconomic variables in the SEER county data are 1- place of birth, 2- marital status, 3-level of education (9" grade,
high school, and at least Bachelor’s degree), 4- median household income, 5- poverty level (person- family), 6- unemployment level
and 7- white vs. blue collar. These variables require access to county data and will be analyzed as part of our future research



