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Abstract

Background Colorectal cancer (CRC) incidence is rising
among patients under age 50. As such, we set out to
determine the proportion of CRC-related hospital admis-
sions and distribution of colon cancer by stage in different
age groups.

Methods The NIS database for 2002-2012 was used to
investigate trends of colorectal cancer resection by age, and
the ACS NSQIP database for 2012-2013 was used to
investigate contemporary stage at diagnosis for colon
cancer in different age groups.

Results A total of 1,198,421 patients were admitted to a
hospital with a diagnosis of CRC and captured by the NIS
database. Although the number of hospitalized CRC
patients decreased from 2002 to 2012, the observed
decrease was predominant in patients older than 65 years
(P < 0.01) and in colon cancer compared to rectal cancer
patients (P < 0.01). The proportion of patients younger
than 65 years increased from 32.8 % in 2002 to 41.1 % in
2012, and the proportion of patients under age 50 increased
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from 9 to 12 %. In the NSQIP database, the age <50 group
also had a significantly higher proportion of advanced
disease (stage III/IV) compared to patients age 50 and older
(62.3 vs. 47.5 %, P < 0.01). In 2012, it was observed that
most patients with rectal cancer were younger than
65 years (55.8 %).

Conclusion There was a steady decrease in the number of
hospitalized patients with colorectal cancer during the last
decade, primarily attributable to a decrease in the older
than 65 years age patients and colon cancer patients. The
proportion of hospitalized patients age <50 is rising. In
addition, patients younger than 50 years were more likely
to have advanced disease compared to older patients.

Keywords Colorectal cancer - Screening

Colorectal cancer is one of the most common malignant
neoplasms in the USA [1-4]. The high prevalence and
identifiable precursor lesions of colorectal cancer make it
ideal for screening [5]. The incidence of colorectal cancer
has declined during the last decade, which has been
attributed to colorectal screening in at-risk populations
(e.g., older than 50 years) [5, 6]. However, the burden of
the disease is disproportionate within demographic sub-
populations [5, 6]. The significant decrease in the incidence
of colorectal cancer due to screening programs as well as
cost-effectiveness of colorectal screening have been con-
sistently cited in the literature [7-11]. The American
Cancer Society (ACS), the Centers for Disease Control and
Prevention (CDC), the National Cancer Institute (NCI), and
the North American Association of Central Cancer Regis-
tries (NAACCR) confirmed a decline in incidence and
mortality of colorectal cancer during the last decade [8].
However, recent studies have reported an increase in the
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incidence of colorectal cancer diagnosis among young
adults, in contrast to the decreasing rates observed for
adults in the screened population (aged 50 and above) [12-
14].This study aimed to report contemporary trends in the
different age groups of colorectal cancer patients during the
recent decade and compare stage of the disease at diagnosis
in young adults and older populations.

Materials and methods

This study evaluated patients who were hospitalized with
the diagnosis of colorectal cancer in the USA during
2002-2012. Primary endpoints were trends of colorectal
cancer hospitalization by age and contemporary stage for
CRC in different age groups. Data were derived from two
US national databases. The Nationwide Inpatient Sample
(NIS) database for 2002-2012 was used to investigate
trends of colorectal cancer hospitalization by age. The NIS
is the largest inpatient healthcare database in the USA and
is maintained by the Agency for Healthcare Research and
Quality as part of the Healthcare Cost and Utilization
Project (HCUP) [15]. It contains de-identified data on
nearly eight million hospital stays each year across the
USA with an approximately 20 % stratified sample of the
American community, nonmilitary, and nonfederal hospi-
tals, representing over 97 percent of the US population
[15]. We included patients admitted to a hospital with the
diagnosis of colon or rectal cancer who underwent a col-
orectal resection. This included either patients who were
admitted with colorectal cancer or patients who were
admitted with other diagnoses and were diagnosed with
colorectal cancer during hospitalization. We included all
electively and nonelectively admitted patients in the study.
However, in order to exclude patients with multiple
admissions from the study, we only included patients who
underwent colorectal resection during hospitalization.
Colorectal resection was defined according to ICD-9 codes
of: 45.71-45.83, 48.40-48.69, and 17.31-17.39, and col-
orectal cancer patients were diagnosed according to ICD-9
codes of: 153, 154, 153.0-154.9, 230.3, and 230.4,
according to patient’s pathology or surgeon’s report. Also,
the American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) database for
2012-2013 was used to investigate the contemporary stage
of colon cancer in different age groups. Due to limitations
of the database, the stage of rectal cancer cases is not
available; therefore, we only could investigate the stage of
colon cancer cases. ACS NSQIP is a nationally validated
program that prospectively collects detailed clinical data of
surgical patients preoperatively through 30 days after
operation in the USA [16]. Patients with missing data
regarding age in the NIS database and patients with

missing data regarding cancer stage in the NSQIP database
were excluded from the study. Approval for the use of the
data in this study was obtained from the Institutional
Review Board of the University of California, Irvine
Medical Center, NIS, and NSQIP. Patients’ ages were
classified into five groups of younger than 40, between 40
and 49, between 50 and 65, between 66 and 79, and more
than 79 year. “Young adults” were defined as patients
younger than 50 years of age. The population for colorectal
screening was defined as patients’ aged 50 years and older.
Colon cancer stages were classified into four groups of
stages I, II, III, and IV according to the 7th edition of the
American Joint Committee on Cancer Staging Manual
[17].

Statistical analysis

Data analyses were performed using the SPSS® software,
version 22 (SPSS Inc., Chicago, IL). The primary analysis
involved multivariate analysis using logistic regression.
Multivariate logistic regression was used to compare dif-
ferent groups of patients for binary outcomes. We adjusted
for demographic factors (age, sex, and race). The odds ratio
(OR) with a 95 % confidence interval was calculated for
each correlation. The level of significance used for reten-
tion was 0.05.

Results

The study population consisted of 1,198,421 patients who
were admitted to NIS hospitals with the diagnosis of col-
orectal cancer in the USA from 2002 to 2012. Of these,
68.9 % were electively admitted. Overall, 77 % of patients
had colon cancer and 23 % had rectal cancer. The median
age of patients was 70 years old; the majority of patients
were Caucasian (77.8 %) and female (50.4 %). The median
ages of patients with rectal and colon cancer were 65 and
71 years old, respectively. Rectal cancer patients were
significantly younger than colon cancer patients (adjusted
mean difference = 5 years, P < 0.01). The median ages of
White, African-American, Hispanic, and Asian patients
were 71, 64, 66, and 66 years, respectively (P < 0.01). The
summary of patient characteristics is shown in Table 1.
There was a steady decrease in the annual number of
patients who were admitted to a hospital with a diagnosis
of colorectal cancer and underwent colorectal resection
from 117,754 patients in 2002 to 98,175 patients in 2012.
The decrease was seen only for colon cancer operations
(93,588 vs. 72,300, P < 0.01), and the annual hospital-
ization number of rectal cancer resection was increased
(24,166 vs. 25,875). Also, the proportion of nonelectively
admitted patients significantly decreased during the period
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Table 1 Demographics of patients admitted to hospitals with diagnosis of colorectal cancer in the USA during 2002-2012 (NIS)
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Race

Hospitalization

location
Urban

Admission Cancer site

Gender

Age band

Asian

African- Hispanic

White

Rectal cancer®

Left-sided colon

cancerb

Right-sided colon

cancer”

Elective

Male

American

27,023 (2.8 %)

61,242 (6.4 %)

96,269 (10.1 %)

304,293 (25.4 %) 275303 23 %) 1,040,149 (87.3 %) 743,802 (77.8 %)

546,275 (45.6 %)

824,161 (68.9 %)

594,074 (49.6 %)

Total

982 (4.6 %)
2646 (3.9 %)

2909 (13.6 %)

2931 (13.7 %)
9537 (14.2 %)
38,227 (13.2 %)
33,014 (9.1 %)
12,560 (5.8 %)

13,581 (63.4 %)
46,509 (69.2 %)
210,516 (73 %)

24,406 (92.1 %)

8621 (32.3 %)
29,378 (34.5 %)
106,407 (29.4 %)

7660 (28.7 %)
24,976 (29.3 %)
102,072 (28.2 %)
113,295 (24.9 %)

8906 (33.4 %)
26,547 (31.2 %)
132,215 (36.5 %)

17,567 (66.1 %)
218,428 (48 %)

13,384 (50.3 %)
43,800 (51.8 %)
197,175 (54.5 %)

232,657 (51.2 %)

Age < 40
40 < A
50 < A

6099 (9.1 %)
21,001 (7.3 %)

22,009 (6.1 %)

76,965 (90.9 %)
318,760 (88.7 %)
389,807 (86.2 %)

230,219 (85.7 %)

60,701 (71.5 %)
264,835 (73.4 %)

322,966 (71.2 %)

ge < 50

9344 (3.2 %)

<65

ge

9521 (2.6 %)
4530 (2.1 %)

287,916 (79.5 %)
185,280 (85.7 %)

93,609 (20.6 %)

65 < Age < 80

Age > 80

9224 (4.3 %)

56,290 (20.8 %) 37,288 (13.8 %)

158,092 (58.7 %) 160,179 (59.3 %)

107,058 (39.6 %)

# Includes cecum, ascending colon, hepatic flexure, and transverse colon

" Includes splenic flexure, descending colon, sigmoid

¢ Includes recto-sigmoid junction tumors

of the study (33.5 vs. 28.7 %, P < 0.01). In addition, we
found a dramatic decrease in the number of hospitalized
colorectal cancer patients during the period of 2008-2009
(111,121 vs. 107,464).

The proportion of patients younger than 40, aged 40—49,
and aged 50-65 years increased during the 10 years of the
study period (Fig. 1). However, the proportion of patients
older than 65 years decreased from 67.2 % in 2002 to
58.9 % in 2012. A concomitant increase in proportion of
patients younger than age 65 was seen in both colon cancer
and rectal cancer patients (P < 0.01) during the study
period (Figs. 2, 3). The increase in the proportion of
patients younger than 65 years was significantly higher in
rectal cancer patients compared to colon cancer patients
(P < 0.01) (Fig. 4). As a result, by 2007 >50 % of rectal
cancer patients were aged <65, and in 2012 patients aged
<65 represented 55.8 % of all rectal cancer patients.
However, only 35.8 % of patients with colon cancer were
younger than age 65 in 2012.

Right colon (45.6 %) was the most common site of
colorectal cancer followed by the left colon (25.4 %) and
rectum (23 %). However, the frequency of rectal cancer
was significantly higher in patients younger than age 50
compared to older patients (34 vs. 21.6 %, AOR 1.86, ¢
1.84-1.89, P < 0.01). There was a small decrease in the
frequency of left-sided colon cancers (27.6 vs. 23.1 %) and
right-sided colon cancer (46.2 vs. 43.8 %) during the study
period. However, the frequency of rectal cancer increased
during the same time period (20.5 vs. 26.4 %).

The number of hospitalizations for colorectal cancer has
decreased in both urban and rural hospitals (99,545 vs.
87,105 and 17,816 vs 10,740, respectively, P < 0.01). The
trends of hospitalization for colorectal cancer in rural
hospitals decreased during 11 years of study from 15.2 %
in 2002 to 11 % in 2012 (P < 0.01). Also, hospitalization
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Fig. 2 Trends in the numbers of rectal cancer patients in each age
group, NIS 2002-2012. Year 2002 equals 100

Colon Cancers

130

120

-

-

o
1

100

Relative Proportion
©
o
1

o]
o
1

T T T T T T
2002 2004 2006 2008 2010 2012
Year (2002=100)

Age (years) =e= Under 40 =+= 40-50 === 50-65 =+ 65-80 === Over 80

Fig. 3 Trends in the numbers of colon cancer patients in each age
group, NIS 2002-2012. Year 2002 equals 100
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Fig. 4 Proportion of patients younger than 65 years in colon and
rectal cancer over time

for colorectal cancer for patients older than 65 years
decreased in both urban (66.5 vs. 58 %, P < 0.01) and
rural hospitals (71 vs. 66.2 %, P < 0.01). However,

hospitalization for colorectal cancer for patients older than
65 years was higher in rural hospitals compared to urban
hospitals (69.3 vs. 62 %, P < 0.01).

The stage of colon cancer at the time of operation by age
is reported in Table 2 according to the American College
of Surgeons National Surgical Quality Improvement Pro-
gram (ACS NSQIP) database. Overall, 62.3 % of patients
younger than 50 years had stage III or IV colon cancer,
while only 47.5 % of patients 50 years and older had stage
IIT or IV diseases. Following adjustment for sex and race,
young adults had significantly higher risk of advanced
disease (AOR: 1.73, CI 1.48-2.02, P < 0.01).

Discussion

In this study, we observed a steady decrease in the number
of patients who had surgery for a diagnosis of colorectal
cancer from 2002 through 2012. This is consistent with
prior reports of declining CRC incidence rates, estimated at
2.3-2.6 % annually starting from 1999 [8, 18-20]. Sur-
prisingly, we found a dramatic decrease in the number of
hospitalized colorectal cancer patients in the period of
2008-2009. Although we cannot give any definitive
explanation for this observation, it may be explained by the
increase in uptake of colorectal screening in the USA by
the recommendation of US Preventive Services Task Force
(USPSTF) in 2008 [21]. The USPSTF recommended
screening for colorectal cancer using fecal occult blood
testing, sigmoidoscopy, or colonoscopy in adults, begin-
ning at age 50 years and continuing until age 75 years [21].
When evaluating the trends of the decrease in colorectal
cancer hospitalization, such trends exist for colon cancer
but not rectal cancer. Also, the number of colorectal cancer
patients in the over 65 year age group decreased during the
last decade, while the number of CRC patients under age
65 remained relatively stable. Drawing a conclusion
without detailed information of changes in the US popu-
lation in each age group is difficult, although the overall
aging of the US population is well described. Therefore,
the decrease in hospitalization seen mostly in the popula-
tion older than 65 years is likely clinically relevant. Similar
results have been reported previously, including the
observed decrease in colon cancer admissions compared to
rectal cancer [13]. Further studies are indicated to explain
these trends.

Our study analysis shows a significant decrease in the
number of admitted patients who were above the age of
recommended colorectal screening (age 50 and older)
during the last decade. This is most likely attributable to
increased utilization of screening, especially colonoscopy,
during the last decade. Similar trends were reported pre-
viously [13]. The Centers for Disease Control and
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Table 2 Stage of colon cancer

at diagnosis by age (NSQIP Age Band Stage of colon cancer

2012-2013) I 1I I 1AY
Age < 40 27 (14 %) 29 (15 %) 81 (42 %) 56 (29 %)
40 < Age < 50 80 (15.9 %) 126 (25 %) 170 (33.8 %) 127 (25.2 %)
50 < Age <65 422 (21 %) 550 (27.3 %) 646 (32.1 %) 394 (19.6 %)
65 < Age < 80 491 (24.3 %) 593 (29.3 %) 623 (30.9 %) 314 (15.5 %)
Age > 80 211 (20 %) 404 (38.2 %) 312 (29.5 %) 130 (12.3 %)
Total 1231 (21.3 %) 1702 (29.4 %) 1835 (31.7 %) 1021 (17.6 %)

Prevention (CDC) reported a frequency of 65.4 % for
colorectal screening for the at-risk population in the USA
in 2012 [22]. However, we found the age group of
50-64 years had essentially no or minimal decrease in
admissions, with the over 65 year age group accounting for
the change. A poor adoption of colorectal screening in the
population aged 50-64 years compared to those aged
65—75 years in the USA has been reported previously (55
vs. 68 %) [23]. Barriers to colon cancer screening in the
population of 50-64 years of age needs more investigation.

Surprisingly, in 2012 a point was reached where most
patients with rectal cancer were younger than 65 years
(55.8 %). The increase in the rate of rectal cancer in young
adults during the last decade has been reported previously,
particularly in certain race/ethnic groups [12, 13]. Possible
reasons for the increase in the rate of colorectal cancer in
young adults are the increased prevalence of obesity and
type II diabetes over the last three decades, which are risk
factors for colorectal cancer [13, 18, 24, 25]. In addition, a
recently published article reported worse molecular fea-
tures of early onset colorectal adenocarcinoma compared to
tumors in older populations [26]. Considering the increase
in the number of hospitalized rectal cancer patients was
predominant in the age group of 50-64 years in our study;
further studies are indicated to evaluate how to improve
rates of colorectal screening for this age group in the USA.
Additionally, since prevention requires colon cancer
screening prior to the age of onset, to impact this age
group, screening may need to be done earlier.

Our analysis shows young adult patients (younger than
50) who were hospitalized with colon cancer have more
advanced disease compared to older patients. We found
62.3 % of young adult patients with colon cancer had stage
III or IV disease during 2012-2013. However, only 47.5 %
of older patients had such advanced disease (P < 0.01).
The difference is likely related to screening of colorectal
cancer in older patients, which results in diagnosis of the
disease at earlier stages. We found the highest frequency of
metastatic disease in patients younger than 40 years. The
higher rate of advanced colon cancer in young adults has
been reported previously [12, 27-31] and is of particular

@ Springer

concern since advanced disease is often not curable. Cost—
benefits of colorectal screening in population younger than
50 need more investigation and consideration.

We have observed that rectal cancer is more common
among the younger patient population compared to colon
cancer. This is in line with previous reports of a higher
proportion of left-sided colorectal cancer compared to
right-sided colorectal cancers in young adults [26, 32].
Chang et al. [26] reported colorectal adenocarcinoma in
young adults has a striking predilection for the distal colon,
particularly the sigmoid colon and rectum. In addition, we
found the population of colorectal cancer patients is getting
younger over time. Similar trends have been cited multiple
times [12, 13, 28, 29]. Surprisingly, we found this trend is
more pronounced in rectal cancer compared to colon can-
cer. These findings require further investigation.

Our study results show the rate of hospitalization for
colorectal cancer in patients younger than 65 years is
higher in urban hospitals compared to rural hospitals.
However, 87.3 % of hospitalization episodes for col-
orectal cancer were in urban hospitals, and it is difficult to
draw any conclusion regarding distribution of age in
colorectal cancer according to rural and urban hospitals.
Further investigations are needed regarding trends of
colorectal cancer incidence in rural and urban regions.
Also, we found 77.8 % of patients who were hospitalized
for colorectal cancer were Caucasian. Given limitations in
our databases, we cannot compare the relative risk for
colorectal cancer in Caucasian adults with African-
American adults. A higher rate of colorectal cancer in
African-Americans compared to Caucasian patients was
previously reported [8]. We found Caucasian patients with
colorectal cancer to be significantly older than the other
races, which is consistent with the significant increase in
the rate of colorectal cancer in young African-American
adults which has been reported during the last decade
[13]. This may be related to a higher risk of colorectal
cancer in African-American adults or lower access for
colorectal screening in African-Americans [23, 33]. Fur-
ther efforts in educational programs for colorectal
screening are needed [33].
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Study limitations

This study is a retrospective review and is subject to typical
biases for retrospective studies such as selection bias and
coding inaccuracies. Some patients might have multiple
admissions, and we could not identify such patients. The
NIS database only provides information about patients with
colorectal cancer during hospitalization, and the NSQIP
database provides information on patients with colorectal
cancer up to 30 days after operation, and therefore, we do
not have any information on long-term outcomes of
patients. The NSQIP database does not provide any clinical
information on the stage of the disease for rectal cancer
patients. Also the information of the cancer stage for
patients with colon cancer is only provided for 2012-2013,
so we could not investigate trends of the colon cancer stage
by age over time. Demographic factors were used for
adjustment in the analysis; however, some unmeasured
confounding variables may exist. Despite these limitations,
the present analysis can be used as a baseline in future
strategies and studies of prevention of colorectal cancer.

Conclusion

There was a steady increase in the number of patients
younger than 65 years who underwent surgery for a diag-
nosis of colorectal cancer during the last decade in the
USA. The increase is mostly in 50- to 64-year-old patients
who should be considered for colorectal screening. Barriers
to colon cancer screening in the population 50-64 years of
age need more investigation, and educational programs for
improvement in colorectal cancer screening for this popu-
lation need to be designed. Also, the proportion of admitted
young adult patients (younger than 50), who typically are
not considered for screening, with colorectal cancer
increased from 2002 to 2012. These young adult patients
(younger than 50) were also more likely to be diagnosed
with advanced stages of colorectal cancer compared to
older patients, as we found the highest rate of metastatic
disease in patients aged 40—49 years. In 2012, we reached a
point where the majority of patients with rectal cancer were
younger than 65 years of age (55.8 %). Future studies to
define high-risk young adult populations for colorectal
cancer are needed as some young adult populations may
benefit from earlier colorectal screening.
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