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Abstract

Background & Aims: Colorectal cancer (CRC) incidence has decreased overall in the last
several decades, but it has increased among younger adults. Prior studies have characterized this
phenomenon in the US using only a small subset of cases. We describe CRC incidence trends
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using high-quality data from 92% of the US population, with an emphasis on those younger than
50 years.

Methods: We obtained 2001-2016 data from the United States Cancer Statistics database and
analyzed CRC incidence for all age groups, with a focus on individuals diagnosed at ages 20-49
years (early-onset CRC). We compared incidence trends stratified by age, as well as by race/
ethnicity, sex, region, anatomic site, and stage at diagnosis.

Results: We observed 191,659 cases of early-onset and 1,097,765 cases of late-onset CRC
during the study period. Overall, CRC incidence increased in every age group from 20 to 54 years.
Whites were the only racial group with a consistent increase in incidence across all younger ages,
with the steepest rise seen after 2012. Hispanics also experienced smaller increases in incidence

in most of the younger age groups. Asians/Pacific Islanders (APIs) and Blacks saw no increase in
incidence in any age group in 2016, but Blacks continued to have the highest incidence of CRC for
every age group. Greater increase in early-onset CRC incidence was observed for males, left-sided
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tumors, and regional and distant disease.

Conclusions: Early-onset CRC incidence increased overall from 2001 to 2016, but the trends
were markedly different for Whites, Blacks, APls, and Hispanics. These results may inform future
research on the risk factors underlying early-onset CRC.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in women and men in the United
States, with an estimated 149,500 new cases in 20211 The overall incidence of CRC has
decreased over the last several decades, which can be attributed to widespread screening
among individuals older than 50 years and a population-level reduction in modifiable dietary
and lifestyle risk factors?-4

Approximately 90% of CRC cases are diagnosed in individuals aged 50 years or older, but
incidence has been increasing among younger patients. CRC is already a leading cause of
cancer incidence and mortality among adults younger than 50 years®®, and it is projected to
become the top cause of cancer death among individuals aged 20 to 49 years before 20307,
These observations have mostly been based on data from the Surveillance, Epidemiology,
and End Results (SEER) registries®8-10, Important limitations of prior SEER studies on the
incidence of early-onset CRC include that the data encompassed only 9-28% of the total US
population, and that only Black and White individuals were examined.

In this study, we characterize CRC incidence trends over time for nearly the entire US
population, with an emphasis on younger adults under age 50 years. We present data for
the four largest racial/ethnic groups and additionally stratify results by sex, region, site, and
stage at diagnosis.
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Study Population

We obtained 2001-2016 data from United States Cancer Statistics (USCS), which combines
the SEER and National Program of Cancer Registries (NPCR) data to include nearly all of
the US population®. Our analysis includes 46 of 52 states and territories with high-quality
data throughout the study period based on North American Association of Central Cancer
Registries criterial2, which based on the 2010 Census encompassed 92% of the total
populationl3. Information on sex, race/ethnicity, stage at diagnosis, and tumor site was
extracted. Racial/ethnic trends were also stratified by census region. Mortality data was
not available for this dataset. We compared CRC incidence in patients diagnosed between
ages 20-49 years (early-onset) and 50-74 years (late-onset) during this period. Age was
categorized in 5- or 10-year increments, depending on sample size of the age group. Racial
categories included White, Black, and Asians/Pacific Islanders (APIs), and these were

not mutually exclusive with Hispanic ethnicity. Based on the NPCR subset of the USCS
database, 92% of Hispanics were White, whereas 82% of Whites were non-Hispanic!Z.
Other racial groups, such as American Indians and Alaska Natives, had insufficient case
numbers in some years and age strata and were excluded from the analysis. Tumor site
was grouped by International Classification of Diseases for Oncology codes into proximal
colon (C18.0, C18.2-18.4), distal colon (C18.5-18.7), and rectum (C19.9, C20.9). Cases
were classified using SEER summary staging as localized, regional, or distant disease.

Statistical Analysis

Results

Annual incidence data was obtained using SEER*Stat (version 8.3.2) and age-adjusted
to the 2000 US standard population. Incidence trends were evaluated using the Joinpoint
Regression Program (version 4.5.0.1) and characterized by the annual percent change
(APC), which assumes change occurs at a constant percentage of the rate of the previous
year. We also calculated the average annual percent change (AAPC) over the entire
2001-2016 study period. To compare cross-sectional differences between groups, we
calculated incidence rate ratios. Demographic comparisons for early-onset vs. late-onset
CRC were performed using the chi-squared test. Statistical significance for all tests and
trends, including APC and AAPC, was defined as A< .05.

We observed 191,659 cases of early-onset and 1,097,765 cases of late-onset CRC during the
study period. Fifty-six percent of the overall population was male. The racial distribution
was 83% White, 13% Black, 4% API, and 9% were of Hispanic ethnicity (Table 1). The
anatomic distribution was 36% proximal colon, 29% distal colon, and 35% rectum. Stage at
diagnosis was localized, regional, and distant in 41%, 38%, and 21% of cases.

Between 2001 and 2016, early-onset CRC incidence increased in every age group, with the

sharpest rise seen after 2012. The incidence increased from 1.18 to 1.38 per 100,000 persons
(AAPC 0.93, A<0.05) in the 20-29 year age group, 5.52 to 6.96 per 100,000 persons (AAPC
1.55, £<0.05) in the 30-39 year age group, 14.01 to 17.81 per 100,000 persons (AAPC 1.65,
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F<0.05) in the 40-44 year age group, and 27.30 to 30.84 per 100,000 persons (AAPC 0.92,
F£<0.05) in the 45-49 year age group (Figure 1a). For late-onset cases, incidence increased
slightly in the younger groups but declined dramatically in the oldest groups (Figure 1b). In
the 50-54 year age group, incidence rose from 50.68 to 57.55 per 100,000 persons (AAPC
0.81, P<0.05). On the other hand, incidence decreased from 80.82 to 62.28 per 100,000
persons (AAPC —1.64, £<0.05) in the 55-59 year age group, 126.18 to 80.24 per 100,000
persons (AAPC —2.95, £<0.05) in the 60-64 year age group, 189.12 to 106.20 per 100,000
persons (AAPC —3.78, £<0.05) in the 65-69 age group, and 247.66 to 131.30 per 100,000
persons (AAPC -4.29, £<0.05) in the 70-74 age group.

Trends by Race/Ethnicity

We observed substantial racial/ethnic differences in incidence trends among individuals
younger than 50 years (Figure 2a-d, Supplemental Table 1). Whites were the only group
with a consistent increase in incidence across all younger age groups, and a steeper increase
was seen in 40-49 year-olds than 20-39 year-olds. Hispanics had an increase in incidence for
the 20-44 year age groups, but there was no change in the 45-49 year age group. For APIs,
there was no change in incidence in any of the younger age groups during the study period.
Similarly, there was no consistent change in incidence for Blacks in the younger age groups.
Although there were two periods during which Blacks aged 30-39 years saw increases, the
overall trend across the study period was not statistically significant (AAPC 1.73, £>0.05).
The overall increase in incidence for 40-49 year-olds was driven almost entirely by Whites.
For instance, among Whites aged 45-49 years, incidence per 100,000 persons increased from
25.85 in 2001 to 30.44 per 100,000 persons in 2016 (AAPC 1.27, P<0.05). These rates were
similar to the overall trend. In terms of absolute incidence, Blacks continued to have the
highest rates of all racial/ethnic groups. However, among individuals younger than 50 years
the gap in incidence between Blacks vs. Whites appeared to be closing, with an incidence
rate ratio of 1.31 in 2001 and 1.05 in 2016 (P for trend <0.0001).

Early-onset CRC incidence overall appeared similar in the four census regions
(Supplemental Figure 1). Whites had increasing incidence in every region (AAPC 1.21-1.83,
£<0.05 for all, Supplemental Table 2), whereas Hispanics had increasing incidence only in
the West (AAPC 1.64, P<0.05). Blacks saw a decrease in incidence in the South (AAPC
-0.42, P<0.05)—the region with the highest incidence in 2001—but no change in the other
regions. Incidence among APIs was stable in all regions.

For late-onset CRC cases, incidence decreased for all racial/ethnic groups in those aged

55 years and above from 2001 to 2016 (Supplemental Figure 2a-d, Supplemental Table 1).
However, among individuals aged 55-59 years, the decline stopped among Whites after 2011
but continued for the other racial/ethnic groups. The most recent trend shows increasing
incidence in the 50-54 year age group among Whites, Hispanics, and APIs, whereas Blacks
had no change.

Trends by Sex, Site, and Stage

CRC incidence was higher for men than for women in all age groups, but trends over time
were similar by sex (Figure 3). In 2016, incidence per 100,000 persons for men and women
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was 33.52 and 28.21 in the 45-49 year age group and 154.50 and 111.41 in the 70-74 year
age group.

With respect to anatomic site, absolute incidence was higher for rectal cancers than cancers
of the distal or proximal colon in every age group younger than 50 years (Figure 4a-c,
Supplemental Table 1). Rectal and distal colon cancers both experienced an increase in
incidence in all younger age groups, whereas proximal colon cancers only saw a consistent
increase in incidence among 30-39 year-olds. Whites had an increase in incidence for
cancers of the proximal colon (AAPC 0.27, £<0.05), distal colon (AAPC 1.70, /A<0.05),
and rectum (AAPC 1.87, £<0.05) in rectum. Hispanics and APls saw smaller increases in
incidence for rectal cancer (AAPC 0.81 and 0.66, £<0.05 for both), but no change for colon
cancer. Blacks had no change in incidence for any site. In absolute terms, Blacks continued
to have the highest incidence of proximal colon cancer, but Whites have overtaken Blacks
for the highest incidence of distal colon and rectal cancer.

The predominance of distal cancers in adults younger than 50 years gave way to a proximal
shift in distribution starting in the 60-64 year age group (Figure 4d-f). Among those in the
50-54 year age group, the incidence of rectal cancer (AAPC 1.74, £<0.05) increased from
2001 to 2016, whereas the incidence of distal colon cancer (AAPC 0.62, £>0.05) remained
unchanged and the incidence of proximal colon cancer (AAPC -0.49, A<0.05) decreased.
For all three sites in the 60-64 year age group, incidence dropped sharply until 2011-2012
and then plateaued. The steepest declines in incidence were seen in individuals aged 60
years and older. Among 70-74 year-olds in 2016, incidence was 62.85, 32.02, and 36.43 per
100,000 persons in the proximal colon, distal colon, and rectum.

For stage at diagnosis, localized and regional cancers had comparable incidence in most age
groups, whereas incidence of distant cancer was lower (Figure 5). However, recent trends
show the incidence of regional and distant cancers was increasing for the 30-54 year age
groups, whereas it was unchanged or decreasing for localized cancer. From 2001 to 2016,
the absolute difference in incidence for localized versus distant cancers had declined from
3.04 to 0.19 per 100,000 persons for the 45-49 year age group and 59.66 to 25.07 per
100,000 persons for the 70-74 year age group.

Discussion

This study provides updated data on early-onset CRC that encompasses nearly the entire

US population from 2001 to 2016, which includes the Hispanic and API populations.
Overall, CRC incidence increased for every age group from 20 to 54 years, with the sharpest
rise seen after 2012. This trend is primarily driven by Whites, although Hispanics also
experienced smaller increases in incidence in most of the younger age groups. Blacks and
APIs saw no increase in incidence in any age group under 50 years during the study period,
but Blacks continue to have the highest incidence of both early-onset and late-onset CRC.
With respect to sex, site, and stage at diagnosis, the largest increases in early-onset CRC
incidence were found in men, cancers of the left colon and rectum, and regional and distant
disease.
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Several studies over the last decade, both in the US3914 and internationally>-17, have
observed similar trends in early-onset CRC. Siegel et al. observed a 22% increase in CRC
incidence (from 5.9 to 7.2 per 100,000) between 2000 and 2013 in individuals younger
than 50 years in the SEER 9 registries. The largest increase was seen among non-Hispanic
Whites, with an APC of 2.3 during the study period. Smaller increases were also seen in
non-Hispanic Blacks and Hispanics, but not in APIs or American Indians/Alaska Natives.
An earlier study from Austin et al., which examined US data from 1998 through 2009,
found an increase in incidence only among non-Hispanic Whites'4. More recently, Murphy
et al. analyzed the SEER 13 registries data from 1992 to 2014 and concluded that the
increased incidence was driven by rectal cancer, especially among Whites!®. Our analysis
of the overall US population confirms that the rising incidence of early-onset CRC is driven
by Whites. Furthermore, by separating individuals younger than 50 years into narrower age
groups, we also discovered a smaller increase among Hispanics. Similar to the Siegel et al.
study, we also found that the increase in incidence was mostly restricted to cancers of the
distal colon and rectum. However, whereas their analysis combining all individuals under
age 50 years showed the most rapid incidence increase for distant disease, our age-stratified
analysis found higher rates of regional disease in the 40-49 year age groups.

The rise in early-onset CRC is a global phenomenon. A recent study reported that 19 of

36 countries—in Asia, Oceania, North America, and Europe—experienced an increase in
CRC incidence in younger adults under 50 years from 2008 to 201215, Of these 19, nine
high-income countries on three continents—Australia, US, New Zealand, Canada, Slovenia,
Germany, Sweden, Denmark, and the United Kingdom—~had stable or declining incidence
in the population 50 years or older. A Canadian study showed that from 1997 to 2010, the
greatest rate of increase in incidence was in the youngest age groups, with a 6.7% per year
increase in the 15-29 year age group compared to a 0.8% per year increase in the 40-49 year
age group’. Similarly, a large European study encompassing 20 countries and 143 million
younger adults found the average CRC incidence increase was 7.9% per year for the 20-29
year age group and 1.6% per year for the 40-49 year age group from 2004 to 201616, Our
data through 2015 showed a similar relationship with age, but the addition of data from 2016
greatly reduced differences in the rate of incidence increase by age group. This demonstrates
how small changes in the absolute incidence can lead to large changes in relative incidence,
and therefore these values must be interpreted with caution. The availability of racial/ethnic
data in our analysis, which was not available in the international studies, also provides a
more nuanced understanding of the larger epidemiological trend.

The reasons behind the increasing incidence of early-onset CRC remain unclear and an area
of active investigation. Several theories and risk factors have been proposed to explain this
phenomenon, and these should be evaluated in the context of the racial/ethnic differences
observed in the data.

Obesity is one of the most well-established modifiable risk factors of CRC, and the

impact of the obesity epidemic on the younger population makes it a biologically plausible
explanation for the rise in early-onset CRC. Indeed, several studies have shown increased
rates of early-onset CRC associated with young adulthood obesity1®-21, including a recent
meta-analysis demonstrating a significant association between body mass index (BMI) and
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CRC in patients younger than 30 years?2. Another recent study found that body fatness

in childhood and adolescence, independent of adult obesity, was a risk factor for CRC

in women?23. However, not all studies have found an association between obesity and early-
onset CRCY. Additionally, recent estimates in the US show a higher prevalence of obesity
among adults and youth in Blacks and Hispanics than in Whites24, which is inconsistent
with the observation that early-onset CRC trends are driven by the White population.

Other modifiable CRC risk factors have also been suggested as culprits for the rise in
early-onset CRC. For example, Western diets high in processed meat and low in fiber may
shift the gut microbiota towards a pro-inflammatory state?® 26, Sedentary lifestyles with
decreased physical activity have also been associated with increased early-onset CRC17.
Health behaviors more commonly seen in populations with lower socioeconomic status
(SES), such as smoking, alcohol use, and reduced healthcare access, disproportionately
affect minority racial/ethnic groups?’. The latter partly explains why Black individuals have
the highest absolute CRC incidence in every age group?8. Yet again, we are not aware of
data demonstrating a higher prevalence or increase in incidence for these modifiable risk
factors in the White population compared to other racial/ethnic groups.

Non-modifiable risk factors, including genetic or molecular variations, has also been raised
as an explanation for the increased incidence of more distal CRC and advanced-stage
cancers in young adults?%-32, Although Lynch and other hereditary syndromes play a role in
early-onset CRC, up to 80% of CRC in young adults do not have any identifiable germline
mutation33:34, Furthermore, individuals carrying germline mutations are more likely to have
proximal tumors rather than the distal disease typically seen in sporadic early-onset CRC33,
Within sporadic cases, there does not seem to be any significant changes in mutation rates
that would preferentially increase cancer in younger adults3>-38, When considered on the
evolutionary timescale, a rapid change within several decades that predominantly affects one
large racial group makes a genetic basis unlikely.

The rise in early-onset CRC demonstrates a strong birth cohort effect3%:40, and the latency
period between exposure and carcinogenesis is likely several decades. For these reasons, it
will be especially important to assess trends in early-life exposures, which have not been
well-studied but may play a far larger etiological role than established risk factors for CRC.
It has been shown that a shift in gut microbiota towards certain bacteria (e.g., Fusobacterium
and Bacteroides) is associated with an increased risk for early-onset CRC41-43, Therefore,
any factors that selectively promote gut dysbiosis in Whites could hypothetically explain
early-onset CRC trends. For instance, there is some evidence that White children receive
more antibiotics on average than Black children*445, White children are also more likely to
be prescribed inappropriate antibiotics for viral respiratory tract infections than children who
are Black or Hispanic*®. The increased incidence of inflammatory bowel disease (IBD) in
young adults, which is a known risk factor for CRC and has traditionally affected Whites
more than other racial/ethnic groups in industrialized countries, may also play a role?’.
There has also been increasing use of antibiotics in agriculture, more Cesarean deliveries,
less breastfeeding, and more dietary fat intake in industrialized countries over the last
several decades®8. Although the racial/ethnic differences for each of these trends require
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further investigation, these early-life exposures could potentially lead to changes in the gut
microbiota that increase susceptibility to developing cancer at a younger age.

Several national organization in the US, including the US Preventive Services Task Force,
have recently changed their guidelines and lowered the general screening age to 45 years to
combat the rise in early-onset CRC#9-51, but the need to better understand the reasons for
this trend remains as urgent as ever. Our age- and race-stratified data may serve as a helpful
framework for evaluating the plausibility of candidate risk factors.

The main strengths of this study are the breadth of data source, which incorporates 92%

of the US population, and more granular analysis permitted through stratification by age
and race/ethnicity. Limitations include the availability of only 16 years of data as well as
the lack of individual-level risk factors and mortality data. Racial groups in this dataset
included individuals of Hispanic ethnicity, but because 82% of Whites are non-Hispanic in
the NPCR subset of the USCS databasel?, it is unlikely that trends for Whites presented

in this analysis would differ substantially from that of non- Hispanic Whites. In addition,
although Alaska Natives have one of the highest rates of CRC incidence®2, we could not
include American Indians/Alaska Natives as a group in the analysis because of insufficient
sample size. Finally, disaggregated data has shown differences in cancer incidence for
Hispanic (e.g., Mexican, Cuban) and Asian (e.g., Chinese, Asian Indian) subgroups®3->4, but
these data were not available for this study.

Conclusions:

This study of nearly the entire US population showed an increase in CRC incidence in adults
younger than 50 years, which is primarily driven by the trend among Whites. We found
notable differences by age and race/ethnicity, as well as by sex, anatomic site, and stage

at diagnosis. Whites had a consistent increase in incidence across all younger age groups,
while Hispanics also saw smaller increases in incidence for most younger age groups. A
consistent increase in incidence was not observed for younger APIs or Blacks. More rapid
increases in early-onset CRC incidence were observed for males, left-sided tumors, and
non-localized disease. These epidemiological data, especially with respect to race/ethnicity,
may help guide future investigation on risk factors for early-onset CRC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What you need to know:
Background:

Early-onset colorectal cancer (CRC) is a leading cause of cancer incidence and mortality
among adults younger than 50 years. However, prior US studies on the topic have
encompassed less than a third of the country’s population.

Findings:

The increase in early-onset CRC incidence is primarily driven by the trend among
Whites. More rapid increases in early-onset CRC incidence were also observed for males,
left-sided tumors, and non-localized disease.

Implications for patient care:

These epidemiological data provide a nuanced characterization of early-onset CRC trends
and may help guide future investigation on risk factors for this condition.
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Table 1:

Colorectal cancer patient demographics, 2001-2016

EOCRC LOCRC P
(n=191,659)  (n=1,097,765)
n (%) n (%)
Sex Male 101,977 (53) 620,635 (57)  <0.001
Female 89,682 (47) 477,130 (43)
Age, years 20-29 8,336 (4)
30-39 38,722 (20)
40-44 51,245 (27)
45-49 93,356 (49)
50-54 169,023 (15)
55-59 192,666 (18)
60-64 221,169 (20)
65-69 254,335 (23)
70-74 260,572 (24)
70-74 260,572 (24)
Race/Ethnicity ~ White 149,207 902,244 <0.001
Black 28,536 137,735
Asian/Pacific Islander 9,444 39,641
Hispanic 23,652 87,049
Anatomic Site  Proximal Colon 50,802 (27) 411,916 (38)  <0.001
Distal Colon 59,526 (31) 319,454 (29)
Rectum 81,331 (42) 366,395 (33)
Stage Localized 60,680 (33) 447,531 (43)  <0.001
Regional 75,940 (41) 393,426 (38)
Distant 46,972 (26) 208,942 (19)

Abbreviations: EOCRC, early-onset colorectal cancer; LOCRC, late-onset colorectal cancer
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