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C olorectal cancer (CRC) is the third most common can-
cer among men and women, with an estimated 142 820
new cases and an estimated 50 830 deaths in the United

States in 2013.1 Both the incidence and mortality rates of CRC
have been decreasing in the United States.1 From 1998 through
2006, the incidence of CRC has decreased 3.0% per year in men
and 2.4% per year in women.2 The observed decline in inci-
dence is largely attributed to an increase in screening, specifi-
cally colonoscopy, which is recommended for all adults 50 years
or older.2-5 Screening reduces the incidence of CRC by detect-
ing and removing adenomatous polyps.6,7 Conversely, the in-
cidence of CRC in adults younger than 50 years, for whom CRC
screening is not recommended, appears to be increasing, and

these patients are more likely to present with advanced
disease.8-10 Although no clear reasons have been identified,
similar results have been observed in young women with breast
cancer.11 Based on these observations, the aim of this study was
to perform a population-based evaluation of age-related dis-
parities in secular trends in CRC incidence in the United States.

Methods
We performed a retrospective cohort study of patients with his-
tologically confirmed colon or rectal cancer using the Surveil-
lance, Epidemiology, and End Results (SEER) database. Insti-

IMPORTANCE The overall incidence of colorectal cancer (CRC) has been decreasing since 1998
but there has been an apparent increase in the incidence of CRC in young adults.

OBJECTIVE To evaluate age-related disparities in secular trends in CRC incidence in the United
States.

DESIGN, SETTING, AND PATIENTS A retrospective cohort study using the Surveillance,
Epidemiology, and End Results (SEER) CRC registry. Age at diagnosis was analyzed in 15-year
intervals starting at the age of 20 years. SEER*Stat was used to obtain the annual cancer
incidence rates, annual percentage change, and corresponding P values for the secular
trends. Data were obtained from the National Cancer Institute’s SEER registry for all patients
diagnosed as having colon or rectal cancer from January 1, 1975, through December 31, 2010
(N = 393 241).

MAIN OUTCOME AND MEASURE Difference in CRC incidence by age.

RESULTS The overall age-adjusted CRC incidence rate decreased by 0.92% (95% CI, −1.14 to
−0.70) between 1975 and 2010. There has been a steady decline in the incidence of CRC in
patients age 50 years or older, but the opposite trend has been observed for young adults.
For patients 20 to 34 years, the incidence rates of localized, regional, and distant colon and
rectal cancers have increased. An increasing incidence rate was also observed for patients
with rectal cancer aged 35 to 49 years. Based on current trends, in 2030, the incidence rates
for colon and rectal cancers will increase by 90.0% and 124.2%, respectively, for patients 20
to 34 years and by 27.7% and 46.0%, respectively, for patients 35 to 49 years.

CONCLUSIONS AND RELEVANCE There has been a significant increase in the incidence of CRC
diagnosed in young adults, with a decline in older patients. Further studies are needed to
determine the cause for these trends and identify potential preventive and early detection
strategies.
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tutional review board approval was not obtained for the present
study as it was not applicable.

The SEER database is an authoritative source for cancer in-
cidence, survival, and prevalence, currently representing ap-
proximately 28% of the US population. The SEER program col-
lects demographic information (eg, age, sex, and race/
ethnicity) and clinical information (eg, primary tumor site,
tumor histology, tumor grade, stage, treatment, and sur-
vival) from 17 cancer registries across the United States. To
evaluate secular trends beyond recent years, we used cases
identified in SEER 9, which includes San Francisco–Oakland,
Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle–
Puget Sound, Utah, and Atlanta (metropolitan).12 Because the
Seattle–Puget Sound and Atlanta registries joined the SEER pro-
gram in 1974 and 1975, respectively, we selected the 1975
through 2010 cohort for analysis. Cases reported from nurs-
ing homes, autopsies, and death certificates were excluded.

The annual cancer incidence rates, annual percentage
changes (APCs), and corresponding P values of trends were de-
termined using SEER*Stat (version 8.04; National Cancer In-
stitute). The APC indicates the cancer rate change at a con-
stant percentage of the rate of the previous year and was
calculated by fitting a weighted-least-squares regression line
to the natural logarithm of the rates. The APC is commonly used
to characterize trends in cancer rates over time. We used the
widely accepted built-in function of SEER*Stat, which pre-
cluded model diagnostics. To minimize the effect of a differ-
ence in age distributions over time, all rates were age ad-
justed to the 2000 US standard population for trend analysis.
All P values for significance testing of APC = 0 were 2 sided and
considered to be of statistical significance when P < .05.

The predicted annual incidence rates were calculated
based on the estimated APC by age and cancer site and
assumed to change at a constant percentage of the rate of
the previous year. For example, if the APC was 1% and the
rate was 10 000 per 100 000 in 2000, the predicted rate
would be 10 000 × 1.01 = 10 100 per 100 000 in 2001 and
10 100 × 1.01 = 10 201 per 100 000 in 2002.

We analyzed age at diagnosis in 15-year intervals starting
at the age of 20 years. We also used the SEER historic stage A
definition for extent of disease at diagnosis. The SEER his-
toric stage A variable is a simplified version of stage derived
from Extent of Disease from 1973-2003 and Collaborative Stage
for 2004 and beyond. The historic staging variable has the ad-
vantage of being the only staging variable that has been re-
corded consistently over the study period. Localized disease re-
fers to disease confined to the colon or rectum, regional disease
refers to contiguous and adjacent organ spread (eg, lymph
nodes, kidney, and pelvic wall), and distant disease refers to
remote metastases.

Results
There were 393 241 patients with histologically confirmed co-
lon or rectal cancer who met inclusion criteria and were ana-
lyzed. A total of 281 462 patients (71.6%) had colon cancer, of
which 38.8% presented with right (including transverse) colon
cancer, 30.9% presented with left colon cancer, and 1.9% pre-
sented with disease not otherwise specified. The remaining pa-
tients (n = 111 779) presented with rectosigmoid and rectal can-
cers. Overall, the age-adjusted CRC incidence rates significantly
decreased between 1975 and 2010 (APC, −0.92; 95% CI, −1.14 to
−0.70; P < .001). Results by sex, race/ethnicity, age, stage at di-
agnosis, site of disease, and geographic region are shown in the
Table. The CRC incidence rates declined overall by 1.03% in men
and 0.91% in women. The rates for white, black, and other in-
dividuals decreased by less than 1%. The most pronounced de-
cline was observed in patients aged 75 years or older (APC, −1.15;
95% CI, −1.47 to −0.84; P < .001). However, the CRC incidence
rates increased for patients aged 20 to 49 years, with the most
pronounced increase observed in patients aged 20 to 34 years
(APC, 1.99; 95% CI, 1.45-2.51; P < .001). Other factors associ-
ated with decreasing CRC incidence rates included stage, site
of disease, and geographic region.

Table. Number of Cases and Annual Percentage Changes
in the Age-Adjusted Incidence Rates of Colon and Rectal Cancers

Characteristics Cases, No. (%)
Annual Percentage
Change (95% CI)

US Overall 393 241 −0.92 (−1.14 to −0.70)a

Sex

Men 198 259 (50.4) −1.03 (−1.30 to −0.76)

Women 194 982 (49.6) −0.91 (−1.09 to −0.73)

Race/ethnicity

White 331 761 (84.4) −1.00 (−1.23 to −0.77)a

Black 33 507 (8.5) −0.17 (−0.43 to 0.09)

Other/unknown 27 973 (7.1) −0.53 (−0.75 to −0.31)a

Age at diagnosis, y

20-34 3815 (1.0) 1.99 (1.48 to 2.51)a

35-49 26 893 (6.8) 0.41 (0.14 to 0.69)a

50-74 219 059 (55.7) −0.97 (−1.17 to −0.76)a

≥75 143 474 (36.5) −1.15 (−1.47 to −0.84)a

Stage at diagnosis

Localized 160 903 (40.9) −0.39 (−0.65 to −0.13)a

Regional 154 711 (39.4) −1.32 (−1.60 to −1.04)a

Distant 77 627 (19.7) −1.24 (−1.35 to −1.14)a

Site of disease

Right colon 152 408 (38.8) −0.26 (−0.49 to −0.04)

Left colon 121 766 (30.9) −1.78 (−2.10 to −1.46)a

Rectosigmoid/rectum 111 779 (28.4) −1.00 (−1.16 to −0.84)a

Not otherwise specified 7288 (1.9) 0.71 (0.31 to 1.13)a

Geographic region

San Francisco/Oakland 61 981 (15.8) −1.08 (−1.24 to −0.92)a

Connecticut 66 243 (16.8) −1.28 (−1.53 to −1.03)a

Detroit 67 993 (17.3) −0.59 (−0.86 to −0.31)a

Hawaii 18 366 (4.7) −0.69 (−0.99 to −0.39)a

Iowa 62 053 (15.8) −0.60 (−0.88 to −0.32)

New Mexico 19 114 (4.9) −0.26 (−0.56 to 0.04)

Seattle (Puget Sound) 52 872 (13.4) −1.19 (−1.43 to −0.94)a

Utah 17 875 (4.5) −0.50 (−0.79 to −0.21)a

Atlanta (metropolitan) 26 744 (6.8) −0.57 (−0.82 to −0.31)a

a P < .05.
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Colon Cancer Trends by Stage and Age
The annual incidence rates of colon cancer from 1975 to 2010
by 15-year intervals and stage of disease at diagnosis are shown
in Figure 1. Since 1975, there has been a steady decline in the
incidence rate of CRC in patients aged 50 years and older for
each stage category (ie, localized, regional, and distant). The
most notable declines were in regional and distant disease. For
regional disease, the APCs for patients aged 50 to 74 years and
patients older than 75 years were −1.41 (95% CI, −1.75 to −1.07;
P < .001) and −1.46 (95% CI, −1.86 to −1.07; P < .001), respec-
tively. For patients with distant disease, the APCs for patients
aged 50 to 74 years and patients older than 75 years were −1.20
(95% CI, −1.35 to −1.05; P < .001) and −1.53 (95% CI, −1.79 to
−1.28; P < .001), respectively. The incidence rates of localized
and regional disease in patients 35 to 49 years also decreased
but there was a nonsignificant increase in the incidence rate
of distant disease in this age group. Opposite trends were ob-
served in patients younger than 34 years when compared with
patients older than 50 years. The annual incidence rate for co-
lon cancer diagnosed in this group of patients is increasing
across all 3 stage groups. The APCs for patients with local-
ized, regional, and distant disease at diagnosis in the 20- to 34-
year age group were 1.10 (95% CI, 0.28-1.93; P = .01), 0.91 (95%
CI, 0.23-1.61; P = .01), and 1.81 (95% CI, 0.88-2.75; P < .001), re-
spectively.

Quantitative Estimates of Colon Cancer Incidence
The APC-based predicted incidence rate of colon cancer in 2020
and 2030 compared with 2010 for the 4 different age groups
are shown in Figure 2. Based on the predictive model, the in-
cidence rate of colon cancer will continue to decrease for pa-
tients older than 50 years. The largest decrease is expected for

patients older than 75 years. The opposite trend is noted in pa-
tients younger than 50 years and the largest predicted in-
crease in the incidence rate of colon cancer will occur in the
20- to-34-year age group. By 2020 and 2030, the incidence rate
of colon cancer will increase by 37.8% and 90.0%, respec-
tively, for patients 20 to 34 years old, while decreasing by 23.2%
and 41.1%, respectively, for patients older than 50 years. For
the year 2030, this represents an arithmetic difference of 131.1%
in the incidence rate change of colon cancer in younger pa-
tients compared with patients older than 50 years.

Rectosigmoid and Rectal Cancer Trends by Stage and Age
The annual incidence rates of rectosigmoid and rectal can-
cers from 1975 to 2010 by 15-year intervals and stage of dis-
ease at diagnosis are shown in Figure 3. Since 1975, there has
been a steady decline in localized, regional, and distant dis-

Figure 2. Annual Percentage Change–Based Predicted Incidence Rates
of Colon Cancer by Age Compared With Incidence Rate in 2010
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Figure 1. Annual Incidence Rates of Colon Cancer From 1975 to 2010
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ease in patients aged 50 years and older. The most notable de-
cline was observed in patients older than 75 years, for which
the APCs for localized, regional, and distant disease were −1.49
(95% CI, −1.85 to −1.12; P < .001), −1.63 (95% CI, −1.97 to −1.28;
P < .001), and −2.39 (95% CI, −2.63 to −2.15; P < .001), respec-
tively. The trend observed in patients between the ages of 50
and 74 years was less dramatic, but APC is decreasing for all 3
stages of disease. The opposite trend was observed in younger
patients. The APC is increasing for patients younger than 50
years for all 3 stages of cancer, but the increase is most signifi-
cant in the 20- to 34-year age group. In the youngest age group,
the APCs for localized, regional, and distant disease were 4.03

(95% CI, 3.02-5.05; P < .001), 3.05 (95% CI, 1.95-4.17; P < .001),
and 2.66 (95% CI, 1.33-3.99; P < .001), respectively.

Quantitative Estimates of Rectosigmoid
and Rectal Cancer Incidences
The APC-based predicted incidence rates of rectosigmoid and
rectal cancers in 2020 and 2030 compared with 2010 for the 4
different age groups are shown in Figure 4. Similar to colon can-
cer, the incidence rates of rectosigmoid and rectal cancers will
continue to decrease for patients older than 50 years, with the
largest decrease occurring in patients older than 75 years. Con-
versely, the incidence rates of rectosigmoid and rectal can-
cers will continue to increase in patients younger than 50 years.
As in colon cancer, the largest predicted increase in incidence
rate is observed in the 20- to 34-year age group. By 2020 and
2030, the incidence rates for rectosigmoid and rectal cancers
are expected to increase by 49.7% and 124.2%, respectively, for
patients 20 to 34 years old, while decreasing by 23.2% and 41%,
respectively, for patients older than 50 years. For the year 2030,
this represents a difference of 165% in the incidence rate change
of rectosigmoid and rectal cancers in younger patients com-
pared with patients older than 50 years.

Discussion
Our population-based analysis demonstrates increasing dis-
parities in age-related incidence rates of colon and rectal can-
cers in the United States over the past 25 years. The incidence
rates of colon and rectal cancers in young patients are increas-
ing without corresponding increases in patients older than 50

Figure 4. Annual Percentage Change–Based Predicted Incidence Rates
of Rectosigmoid and Rectal Cancers by Age Compared With Incidence
Rate in 2010
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years. At the present rate, the incidence rate for young pa-
tients with newly diagnosed colon or rectal cancer will nearly
double by 2030, while it will similarly decline by more than one-
third among patients older than the screening age of 50 years.
By 2030, 10.9% of all colon and 22.9% of all rectal cancers will
be diagnosed in patients younger than the screening age com-
pared with 4.8% and 9.5%, respectively, in 2010. Stated an-
other way, more than 1 in 10 colon cancers and nearly 1 in 4
rectal cancers will be diagnosed in people younger than the tra-
ditional screening age. These findings highlight an important
growing public health problem of increasing risks for CRC
among young patients.

Our finding of increasing incidence of CRC in young pa-
tients is consistent with prior studies of CRC trends using large
population-based databases.2,8-10 A 1.5%-per-year increase in
the incidence of CRC in men and a 1.6%-per-year increase in
women aged 20 to 49 years from 1992 to 2005 has been previ-
ously observed.8 In this study, we further provided quantita-
tive estimates of the exponentially increasing risk for CRC
among young patients compared with the declines among pa-
tients older than 50 years. Thus, our study provides further in-
sight into the growing concern of age-related disparities in the
incidence rates of CRC. Moreover, these relationships are not
unique to colorectal cancer as similar findings have been ob-
served for breast cancer, with increasing incidence among
young women.11

The increasing incidence of CRC among young adults is
concerning and highlights the need to investigate potential
causes and external influences such as lack of screening and
behavioral factors. Routine screening options for CRC
include fecal occult blood test, flexible sigmoidoscopy, or
colonoscopy. Adults younger than 50 years without risk fac-
tors are not recommended to undergo routine screening for
CRC, whereas high-risk patients (ie, patients with a history
of familial polyposis, hereditary nonpolyposis CRC, or ulcer-
ative colitis) are recommended to begin screening prior to
age 50 years.5 In the absence of routine screening, patients
and health care professionals may need to have a heightened
awareness regarding colorectal cancer risk and its increasing
incidence to minimize delays in both diagnosis and treat-
ment, as well as missed opportunities for treatment of pre-
cursor lesions resulting from delays in seeking medical
attention. In the pre–Patient Protection and Affordable Care

Act era, younger patients often lacked health insurance,
resulting in further delays.

The observed increasing incidence of CRC may also be at-
tributed to behavioral factors. Obesity, physical inactivity, and
the Western diet are all risk factors associated with an in-
creased risk for CRC. The prevalence of obesity has increased
markedly in the United States and is a major risk factor for
CRC.13-15 Physical activity has been demonstrated to reduce the
risk for both colon and rectal cancers.16,17 Moderate physical
activity has been associated with a decreased risk for rectal can-
cer in both men and women, with odds ratios of 0.70 and 0.51,
respectively.16 The Western diet, which consists primarily of
processed meats, red meat, fast food, and low levels of veg-
etables and fruits, is associated with an increased risk for co-
lon cancer.18 While the net contribution of these factors to the
increasing incidence among young patients cannot be known,
many of these risk factors are potentially modifiable with be-
havioral changes at little cost to the health care system and may
impact overall health in addition to reducing the risk for CRC.

Our study demonstrates the potential impact of CRC in-
cidence in young patients if no changes are made in public
awareness and policy. Based on our data, the predicted inci-
dence rates of colon and rectal cancers in 2030 will increase
by 90% and 124%, respectively, in patients aged 20 to 34 years.
Studies have demonstrated that both screening and risk
factors contribute to the overall incidence of CRC. Using the
MISCAN-Colon model, Edwards et al2 demonstrated that
changes in risk factors and screening individually accounted
for 50% of the overall decline in CRC incidence rates between
1975 and 2000. These findings demonstrated the importance
of emphasizing education regarding risk factors, improving
healthy lifestyles, and prevention in public policy.

Conclusions
The incidence rates of colon and rectal cancers are increasing
in young adults and declining in adults older than 50 years.
Evaluation of the predicted incidence rates reveals increases
in the number of young adults who will be diagnosed as hav-
ing colon or rectal cancer over the next 2 decades. Further stud-
ies are needed to determine the cause for these trends and iden-
tify potential preventive and early-detection strategies.
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Invited Commentary

Screening Young Adults
for Nonhereditary Colorectal Cancer
Kiran K. Turaga, MD, MPH

The public health burden of colorectal cancer is a significant
challenge, with more than 50 000 deaths annually in the United
States. Widespread adoption of the US Preventative Task Force
Guidelines for mandatory screening for colon cancer, along

with improvement in access
to advanced fiber optic tech-
nology and training of physi-

cians, among other factors, are some of the reasons why the
overall incidence of colorectal cancer has been decreasing in
the United States and in other developed nations. Random-
ized trials and epidemiological studies have demonstrated sig-
nificant decreases in the incidence and mortality from colo-
rectal cancer with the use of colonoscopy (and flexible
sigmoidoscopy), with the reduction of risk persistent even at
15 years after a negative colonoscopy finding.1,2

In the setting of these congratulatory reports of a success-
ful public health screening program, this report from Bailey
et al3 is rather unsettling. The authors examined the inci-
dence of colorectal cancer in 9 Surveillance, Epidemiology, and
End Results registries from 1975 to 2010 and describe a rather
alarming trend of an increase in the incidences of colon and
rectal cancers in young adults, especially in the 20- to-34-year-
old age group. This incidence was pervasive regardless of stage
of disease, although not as dramatic in patients aged 35 to 49
years. Their data suggest an overall decrease in the age-
adjusted incidence of colorectal cancer, which could be attrib-
uted predominantly to the decrease in the incidence of all
stages of cancer in the older population, although limitations
in the use of all the registries could contribute to lack of
generalizability.3

Temporal trends in incidence are rather difficult for cli-
nicians to interpret given the changing technology and
understanding/detection of disease. While it is possible that
this increase in the incidence of cancer in young adults could
be owing to increased detection from frequent use of colo-
noscopies in symptomatic young adults or to sophisticated
pathological techniques/imaging, the simultaneous tempo-
ral decrease in the incidence of cancer in those older than
50 years is intriguing. One might argue that perhaps the risk
reduction (or decrease in incidence) in this age group would
have been higher had these temporal trends not been a
factor.

Nevertheless, assuming that this increasing incidence of
colorectal cancer in young adults is a real phenomenon, it
begs the question of why this is occurring and what one
should do about it. The authors suggested the Western diet
and lifestyle might be some of the contributing factors for
this trend. Tumors occurring in younger patients are fre-
quently different in their expression of microsatellite insta-
bility, BRAF, KRAS, or in the CpG island methylator pheno-
type and are more frequently mucinous and aggressive.2

Further epidemiological investigation into causality is criti-
cal to reduction in the nonhereditary cancer incidence in
younger adults.

While it is attractive to suggest that all adults should ob-
tain a colonoscopy, especially given the possible durability of
cancer risk reduction, it is important to note that the absolute
incidence of colorectal cancer in the young adults (aged 20-34
years) is 1% of the total colorectal cancer burden and simi-
larly fairly low in the 35- to 49-year-old age group (6.8%). Hence,
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widespread application of colonoscopic screening might add
significant cost and risk without societal benefit. However, this
report should stimulate opportunities for development of
better risk-prediction tools that might help us identify these

individuals early and initiate better screening/prevention strat-
egies. The use of stool DNA, genomic profiling, and math-
ematical modeling might all be tools in the armamentarium
of the oncologist in the near future.
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