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OBJECTIVES: Despite overall reductions in colorectal cancer burden, incidence rates continue to rise among younger

patients, and causes remain unknown. We examined differences in clinicopathologic and racial/ethnic

characteristics within the adolescent and young adult (AYA) population diagnosed with colorectal

cancer in the United States.

METHODS: Using the National Cancer Institute’s Surveillance, Epidemiology, and End Results program data, we

identified individuals diagnosedwith first primary colorectal cancer between ages 15 and39 years from

2010 to 2015. Adjusted multivariable logistic regression models were used to quantify

clinicopathologic and racial/ethnic differences across age at onset subgroups (15–19, 20–24, 25–29,

30–34, and 35–39 years).

RESULTS: We identified 5,350 AYA patients diagnosed with colorectal cancer. Of note, 28.6% of AYA cases were

diagnosed with right-sided tumors (cecum to transverse colon). The proportion of right-sided colorectal

cancers differed significantly by age group at diagnosis (38.3% vs 27.3% of AYAs aged 15–19 vs

35–39 years, respectively; P trend5 0.01). Proportions of cases with mucinous adenocarcinoma and

signet ring cell carcinoma histopathologic subtypes significantly increased with younger age at onset

(P trends 5 0.01 and 0.03, respectively). Differences in clinical stage were observed across AYA age

groups, with stage II disease increasing with younger age (P trend5 0.01). The proportion of Hispanic

AYAs was higher within younger patients, accounting for 21.0% of the AYA population aged 35–39

years up to 28.3% of 15–19-year-old individuals (P trend 5 0.003).

DISCUSSION: Within the AYA population, colorectal cancers differ by clinicopathologic and racial/ethnic

characteristics. Further investigation of the clinical and biologic diversity of colorectal cancers that

partially underlie age- and race-related differences in cancer susceptibility and outcomes is warranted.
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INTRODUCTION
Colorectal cancer will affect 1 in 22 men and 1 in 24 women in
their lifetime (1). Despite overall reductions in incidence over the
past 3 decades, colorectal cancer remains the third leading cause
of cancer-related deaths among men and women in the United
States (1). Notably, colorectal cancer incidence rates have been
increasing among young individuals (aged ,50 years at di-
agnosis), as those born circa 1990 are estimated to have double the
risk of colon cancer and quadruple the risk of rectal cancer

compared with their similarly aged counterparts born circa 1950
(2). The underlying causes of this alarming increase remain un-
known, although they may be due to the environment (e.g., diet
and physical activity) or reflect gene-environment inter-
actions (2,3).

Although long-term projections suggest that by 2030, 11% of
colon cancers and 23% of rectal cancers in the United States will
occur among individuals younger than 50 years (4), information
on the colorectal cancer burden in this population remains
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limited.Nearly one quarter of young-onset colorectal cancer cases
are diagnosed in individuals younger than 40 years (5). Fur-
thermore, individuals aged 15–39 years at cancer diagnosis—the
adolescent and young adult (AYA) population—differ from
individuals diagnosed at a later age. Although cases of young-
onset colorectal cancer more often have a familial component
compared with older counterparts, 5 of every 6 patients with
colorectal cancer younger than 50 years do not carry a germline
mutation associated with cancer predisposition (6–9). Several
studies have also suggested thatAYAs experiencemore aggressive
disease (10,11). In contrast, AYAs may have better survival out-
comes relative to older counterparts diagnosed with colorectal
cancer (12–15). Potential explanations for this survival disparity
include underlying differences in tumor biology by patient race/
ethnicity (5) or a lesser burden of other comorbidities in AYAs
compared with older individuals (16). A 2014 population-based
study by Li et al. (17) reported age-related patterns in histo-
pathologic subtype, stage, and disease-specific survival among
patients aged 18–40 years at colorectal cancer diagnosis. How-
ever, it is important to note that this studywas limited to operable,
nonmetastatic colon cancer cases and did not evaluate patterns by
patient ethnicity or tumor site. No studies to date have examined
age-related differences in clinicopathologic and racial/ethnic
patterns thatmay underlie the increasing incidence and burden of
colorectal cancer restricted to the AYA population. Furthermore,
the small number of AYA patients included in previous studies
(18,19) has made it challenging to evaluate subgroups and draw
conclusions about the biology ofmalignancies among individuals
within this population (10).

The study of AYA patients diagnosed with colorectal cancer
provides an opportunity to examine differences in clinical,
pathologic, and racial/ethnic features by age at diagnosis in
a population with unique clinical care needs even within their

own age group (20) and low accrual rates to clinical trials (21,22).
Thus, the purpose of our study was to investigate the clinico-
pathologic and racial/ethnic patterns of colorectal cancers within
the broad population of AYAs, individuals aged 15–39 years at
colorectal cancer diagnosis, using data from the population-based
Surveillance, Epidemiology, and End Results (SEER) program.

METHODS
Data sources and case selection

Data were obtained from the National Cancer Institute’s SEER
program. The SEER program collects data on cancer incidence
and mortality from 18 population-based cancer registries that
cover approximately 28% of the United States population (23).

A case listing session in SEER*Stat was run on the SEER 18
incidence data set (24) to obtain demographic and clinical
characteristics on colorectal cancers in the AYA population aged
15–39 years at colorectal cancer diagnosis. We restricted our
analysis to cases diagnosed during the years 2010–2015 with
known age and race/ethnicity classified as non-Hispanic white
(NHW), non-Hispanic African American or black (NHB), His-
panic, Asian or Pacific Islander, or American Indian or Alaskan
Native. Subjects whose race was coded as unknown were not
included in this analysis because of the small sample size (n5 46
cases excluded) (Figure 1). Cases were restricted to first colorectal
cancer diagnosis per patient (n 5 147 cases excluded). Histo-
pathologic subtypes that the American Joint Commission of
Cancer (AJCC) does not define stage for in these groups were not
included in this analysis (n5 8 cases excluded). Our final cohort
consisted of 5,350 patients aged 15–39 years at first colorectal
cancer diagnosis (Figure 1).

Clinical and demographic variables examined by age at di-
agnosis included patient sex, race/ethnicity, AJCC clinical stage,
and histopathologic subtype. Tumor sidedness was grouped by

Figure 1. Composition of the study population with exclusion criteria. AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology, and
End Results.
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primary site, where C18.0-C18.4 (cecum to transverse colon) was
categorized as right-sided colorectal cancer, and C18.5-C18.9,
C19.9, C20.9, and C26.0 (splenic flexure to rectum) was catego-
rized as left-sided colorectal cancer per National Comprehensive
Cancer Network clinical guidelines (25). We also classified cases
by insurance status as available in SEER (privately insured,
Medicaid, and uninsured). Follow-up for each case is current
through December 31, 2015.

Statistical analysis

To assess patterns of colorectal cancer presentation among
adolescents and young adults, we compared differences in

clinicopathologic and demographic characteristics by age at
disease onset group (15–19, 20–24, 25–29, 30–34, and 35–39
years) (26) and by race/ethnicity among age at disease onset
groups using x2 tests for categorical variables and analysis of
variance for continuous variables. Cochran-Armitage trend
tests were used to assess trends in the distribution of clinico-
pathologic and demographic characteristics by age at disease
onset groups and by race/ethnicity.

Multivariable logistic regression was used to estimate odds
ratios (ORs) and 95% confidence intervals (CIs) to quantify
associations between clinicopathologic/demographic factors
and age group at colorectal cancer diagnosis as the outcome,

Table 1. Summary of clinical and demographic characteristics by age at diagnosis for adolescents and young adults with colorectal cancer:

SEER 18, 2010–2015

Characteristic

AYA population

15–19 yr 20–24 yr 25–29 yr 30–34 yr 35–39 yr P

No. % No. % No. % No. % No. % Value Trend

Total 60 250 706 1,539 2,795

Sex 0.14 0.23

Female 31 51.7 106 42.4 317 44.9 759 49.3 1,334 47.7

Male 29 48.3 144 57.6 389 55.1 780 50.7 1,461 52.3

Race/ethnicity 0.36

Non-Hispanic white 26 43.3 130 52.0 370 52.4 856 55.6 1,531 54.8 0.10

Non-Hispanic black 11 18.3 32 12.8 79 11.2 183 11.9 368 13.2 0.52

Hispanic 17 28.3 67 26.8 173 24.5 347 22.5 587 21.0 0.003

Asian or Pacific Islander 5 8.3 18 7.2 74 10.5 137 8.9 275 9.8 0.43

American Indian/Alaska Native 1 1.7 3 1.2 10 1.4 16 1.0 34 1.2 0.80

Insurance status ,0.001

Privately insured 33 55.0 147 58.8 447 63.3 1,052 68.4 2032 72.7 ,0.001

Medicaid 23 38.3 69 27.6 177 25.1 324 21.1 509 18.2 ,0.001

Uninsured 4 6.7 28 11.2 60 8.5 123 8.0 200 7.2 0.04

Unknown 0 0.0 6 2.4 22 3.1 40 2.6 54 1.9

Tumor sidedness 0.06 0.01

Left 37 61.7 178 71.2 481 68.1 1,093 71.0 2032 72.7

Right 23 38.3 72 28.8 225 31.9 446 29.0 763 27.3

Histopathologic subtype ,0.001

Adenocarcinoma 44 73.3 188 75.2 563 79.7 1,277 83.0 2,414 86.4 ,0.001

Mucinous adenocarcinoma 9 15.0 36 14.4 70 9.9 178 11.6 273 9.8 0.03

Signet ring cell carcinoma 4 6.7 17 6.8 44 6.2 45 2.9 56 2.0 ,0.001

Othera 3 5.0 9 3.6 29 4.1 39 2.5 52 1.9 ,0.001

AJCC clinical stage 0.52

0–I 8 13.3 37 14.8 103 14.6 228 14.8 403 14.4 0.90

II 12 20.0 37 14.8 111 15.7 291 18.9 552 19.7 0.01

III 22 36.7 83 33.2 242 34.3 525 34.1 974 34.8 0.67

IV 18 30.0 80 32.0 229 32.4 447 29.0 797 28.5 0.06

Unknown 0 0.0 13 5.2 21 3.0 48 3.1 69 2.5

P value calculations do not include unknown values.
AJCC, American Joint Committee on Cancer; AYA, adolescent and young adult.
aOther histopathologic subtypes include carcinoma, not otherwise specified; unspecified; medullary carcinoma; and small cell carcinoma.
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where the reference outcome category was individuals aged
35–39 years at diagnosis. Associations between clinicopathologic/
demographic factors and age group were assessed in ad-
justed models that included patient sex, race/ethnicity, AJCC
clinical stage, tumor sidedness, histopathologic subtype, and
insurance status, based on patients having complete in-
formation for these covariates. All data were analyzed using
SAS version 9.4 statistical software (SAS Institute, Cary, NC).
All tests were 2 sided, and P, 0.05 was considered statistically
significant.

RESULTS
A total of 5,350 colorectal cancers diagnosed among individuals
aged 15–39 years were identified from SEERover the study period

(Table 1). The distribution of colorectal cancer location, histo-
pathologic subtype, and AJCC clinical stage by age at onset group
is illustrated in Figure 2. Overall, 28.6% of colorectal tumors
(1,529 of 5,350 cases) were right sided (cecum to transverse
colon). The proportion of right-sided colorectal cancers dif-
fered significantly by age group at diagnosis. Younger age was
statistically significantly associated with increasing proportion
of right-sided comparedwith left-sided tumors (38.3% vs 27.3%
of AYAs aged 15–19 vs 35–39 years, respectively; P trend 5
0.01). Median age at colorectal cancer diagnosis differed
moderately by anatomical location, as AYAs with right-sided
tumors were diagnosed at younger ages compared with AYAs
with left-sided tumors (34.0 vs 35.0 years, respectively; P 5
0.02). Histopathologic subtypeof colorectal cancer alsodifferedby

Figure 2. Age patterns by colorectal cancer clinicopathologic characteristics among adolescents and young adults. Proportions of adolescents and
young adults, grouped by age at diagnosis, by (a) colorectal tumor location, (b) histopathologic subtype, and (c) American Joint Committee on Cancer
clinical stage. Other histopathologic subtype includes carcinoma, not otherwise specified; unspecified; medullary carcinoma; and small cell carcinoma.
*P trend, 0.05; **P trend# 0.01; ***P trend# 0.001.
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age at onset within the AYA population. Similar to trends
reported by Li et al. (17) among young patients with operable,
nonmetastatic colorectal cancer, the proportion of signet ring
cell carcinomas, a histopathologic subtype more frequently as-
sociated with sporadic young-onset colorectal cancers (11,27),
and mucinous adenocarcinomas was higher in younger age
groups (P trend5 0.03 and P trend, 0.001, respectively). There
were no statistically significant differences inAJCC clinical stage
between AYA age groups (P5 0.52), although the proportion of
AJCC stage II colorectal cancers was found to be the highest
among individuals aged 15–19 years and 35–39 years (20.0%
and 19.7% of cases, respectively; P trend 5 0.01) (Table 1 and
Figure 2).

Mean age of AYAs at colorectal cancer diagnosis was 33.6
years (SD, 4.8 years). Men comprised 52.4% of the AYA pop-
ulation (2,803 of 5,350 cases). Racial/ethnic patterns across AYA
age groups revealed most individuals self-identified as NHW
(Table 1). The proportion of Hispanic individuals was higher in
younger age groups (P trend5 0.003)—accounting for 21.0% of
the AYA population aged 35–39 years to 28.3% of individuals
aged 15 to 19 years (Table 1 and Figure 3)—in concordance with
earlierfindings byHolowatyj et al. (5) that among all-comers aged
,50 years at diagnosis, Hispanic individuals were diagnosedwith
colorectal cancer at a younger age compared with NHWs or non-
Hispanic blacks (NHBs). Given the pronounced racial disparities
in young-onset colorectal cancer, patterns of clinicopathologic
features by race/ethnicity within AYA age groups are described in
Table 2.

To evaluate associations between clinicopathologic and
demographic characteristics and age groups at colorectal can-
cer diagnosis within the AYA population, we modeled adjusted
multivariable logistic regressions (Table 3). Individuals aged
25–29 years at colorectal cancer diagnosis were 23%more likely
to be diagnosed with a right-sided tumor (OR 5 1.23, 95% CI
1.01–1.49, P 5 0.04) or have signet ring cell carcinoma histo-
pathology (OR5 3.01, 95% CI 1.98–4.56, P, 0.001) compared
with 35- to 39-year-old counterparts after adjustment for pa-
tient sex, race/ethnicity, AJCC stage, and individual insurance
status. Similarly, individuals aged 20–24 years were also 3.69-
fold more likely to be diagnosed with colorectal cancer with
signet ring cell carcinoma histopathology (OR 5 3.69, 95% CI
2.08–6.58, P , 0.001), as well as 55% more likely to be di-
agnosed with mucinous adenocarcinoma (OR 5 1.55, 95% CI
1.02–2.34, P5 0.04) histopathology as compared to individuals
aged 35–39 years at diagnosis. Individuals aged 20–24 and
25–29 years at colorectal cancer diagnosis were less likely to be
diagnosed with AJCC stage II disease (OR 5 0.60, 95% CI
0.37–0.97, P 5 0.04, and OR 5 0.72, 95% CI 0.52–0.99, P 5
0.04, respectively) compared with 35- to 39-year-old counter-
parts (Table 3).

DISCUSSION
Our investigation of 5,350 individuals diagnosed with colorectal
cancer between ages 15 and 39 years in the United States from
2010 to 2015 identified clinicopathologic and racial/ethnic dif-
ferences of colorectal cancers by age at disease onset.We observed

Figure 3. Age patterns by race/ethnicity among adolescents and young adults. Proportions of adolescents and young adults, grouped by age at diagnosis
and by race/ethnicity. *P trend, 0.05; **P trend# 0.01; ***P trend# 0.001.
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Table 2. Summary of clinical and demographic characteristics by race/ethnicity and age groups for adolescents and young adults with

colorectal cancer: SEER 18, 2010–2015

Characteristic

AYA population

15–19 yr 20–24 yr 25–29 yr 30–34 yr 35–39 yr P

No. % No. % No. % No. % No. % Value Trend

Non-Hispanic white

Total 26 130 370 856 1,531

Sex 0.06 0.64

Female 12 46.2 55 42.3 155 41.9 427 49.9 691 45.1

Male 14 53.8 75 57.7 215 58.1 429 50.1 840 54.9

Insurance status 0.04

Privately insured 18 69.2 96 73.8 269 72.7 631 73.7 1,223 79.9 ,0.001

Medicaid 7 26.9 23 17.7 62 16.8 137 16.0 205 13.4 0.008

Uninsured 1 3.8 8 6.2 25 6.8 65 7.6 80 5.2 0.22

Unknown 0 0.0 3 2.3 14 3.8 23 2.7 23 1.5

Tumor sidedness 0.31 0.18

Left 18 69.2 92 70.8 256 69.2 640 74.8 1,125 73.5

Right 8 30.8 38 29.2 114 30.8 216 25.2 406 26.5

Histopathologic subtype ,0.001

Adenocarcinoma 20 76.9 103 79.2 303 81.9 715 83.5 1,335 87.2 ,0.001

Mucinous adenocarcinoma 3 11.5 15 11.5 31 8.4 101 11.8 144 9.4 0.54

Signet ring cell carcinoma 1 3.8 6 4.6 22 5.9 21 2.5 23 1.5 ,0.001

Othera 2 7.7 6 4.6 14 3.8 19 2.2 29 1.9 0.003

AJCC clinical stage 0.78

0–I 2 7.7 23 17.7 65 17.6 128 15.0 232 15.2 0.50

II 5 19.2 24 18.5 60 16.2 147 17.2 287 18.7 0.39

III 11 42.3 39 30.0 119 32.2 304 35.5 543 35.5 0.27

IV 8 30.8 37 28.5 117 31.6 258 30.1 430 28.1 0.26

Unknown 0 0.0 7 5.4 9 2.4 19 2.2 39 2.5

Non-Hispanic black

Total 11 32 79 183 368

Sex 0.87 0.58

Female 6 54.5 16 50.0 38 48.1 101 55.2 197 53.5

Male 5 45.5 16 50.0 41 51.9 82 44.8 171 46.5

Insurance status 0.29

Privately insured 5 45.5 11 34.4 43 54.4 108 59.0 206 56.0 0.11

Medicaid 4 36.4 13 40.6 23 29.1 48 26.2 107 29.1 0.39

Uninsured 2 18.2 7 21.9 13 16.5 21 11.5 40 10.9 0.04

Unknown 0 0.0 1 3.1 0 0.0 6 3.3 15 4.1

Tumor sidedness 0.74 0.43

Left 5 45.5 21 65.6 51 64.6 118 64.5 242 65.8

Right 6 54.5 11 34.4 28 35.4 65 35.5 126 34.2

Histopathologic subtype 0.09

Adenocarcinoma 9 81.8 22 68.8 63 79.7 153 83.6 313 85.1 0.04

Mucinous adenocarcinoma 1 9.1 8 25.0 7 8.9 20 10.9 41 11.1 0.38

Signet ring cell carcinoma 1 9.1 2 6.3 5 6.3 4 2.2 6 1.6 0.006
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Table 2. (continued)

Characteristic

AYA population

15–19 yr 20–24 yr 25–29 yr 30–34 yr 35–39 yr P

No. % No. % No. % No. % No. % Value Trend

Othera 0 0.0 0 0.0 4 5.1 6 3.3 8 2.2 0.78

AJCC clinical stage 0.49

0–I 1 9.1 2 6.3 7 8.9 31 16.9 49 13.3 0.27

II 3 27.3 4 12.5 13 16.5 32 17.5 75 20.4 0.37

III 2 18.2 12 37.5 24 30.4 55 30.1 118 32.1 0.74

IV 5 45.5 12 37.5 34 43.0 55 30.1 113 30.7 0.05

Unknown 0 0.0 2 6.3 1 1.3 10 5.5 13 3.5

Hispanic

Total 17 67 173 347 587

Sex 0.18 0.51

Female 10 58.8 23 34.3 86 49.7 157 45.2 280 47.7

Male 7 41.2 44 65.7 87 50.3 190 54.8 307 52.3

Insurance status ,0.001

Privately insured 7 41.2 29 43.3 80 46.2 199 57.3 379 64.6 ,0.001

Medicaid 9 52.9 26 38.8 66 38.2 108 31.1 136 23.2 ,0.001

Uninsured 1 5.9 12 17.9 20 11.6 34 9.8 66 11.2 0.54

Unknown 0 0.0 0 0.0 7 4.0 6 1.7 6 1.0

Tumor sidedness 0.16 0.26

Left 9 52.9 51 76.1 121 69.9 236 68.0 430 73.3

Right 8 47.1 16 23.9 52 30.1 111 32.0 157 26.7

Histopathologic subtype 0.006

Adenocarcinoma 12 70.6 43 64.2 133 76.9 286 82.4 491 83.6 ,0.001

Mucinous adenocarcinoma 4 23.5 12 17.9 24 13.9 41 11.8 66 11.2 0.04

Signet ring cell carcinoma 1 5.9 9 13.4 10 5.8 11 3.2 19 3.2 0.001

Othera 0 0.0 3 4.5 6 3.5 9 2.6 11 1.9 0.21

AJCC clinical stage 0.22

0–I 3 17.6 10 14.9 21 12.1 49 14.1 76 12.9 0.69

II 3 17.6 5 7.5 30 17.3 84 24.2 130 22.1 0.02

III 7 41.2 21 31.3 64 37.0 110 31.7 202 34.4 0.87

IV 4 23.5 27 40.3 54 31.2 93 26.8 167 28.4 0.21

Unknown 0 0.0 4 6.0 4 2.3 11 3.2 12 2.0

Asian or Pacific Islander

Total 5 18 74 137 275

Sex 0.73 0.31

Female 2 40.0 10 55.6 34 45.9 67 48.9 147 53.5

Male 3 60.0 8 44.4 40 54.1 70 51.1 128 46.5

Insurance status 0.30

Privately insured 3 60.0 11 61.1 52 70.3 108 78.8 213 77.5 0.07

Medicaid 2 40.0 5 27.8 19 25.7 21 15.3 43 15.6 0.02

Uninsured 0 0.0 1 5.6 2 2.7 3 2.2 13 4.7 0.38

Unknown 0 0.0 1 5.6 1 1.4 5 3.6 6 2.2

Tumor sidedness 0.10 0.03

American College of Gastroenterology Clinical and Translational Gastroenterology

C
O
LO

N

CRC Differences Among Adolescents and Young Adults 7



that among AYAs, primary colorectal cancers diagnosed in
younger individuals have a significantly higher propensity for
right-sided location and for mucinous adenocarcinoma and

signet ring cell carcinoma histopathologic subtypes. Differences
in tumor stage was also observed across AYA age groups, par-
ticularly forAJCC stage II disease. Furthermore, the proportion of

Table 2. (continued)

Characteristic

AYA population

15–19 yr 20–24 yr 25–29 yr 30–34 yr 35–39 yr P

No. % No. % No. % No. % No. % Value Trend

Left 4 80.0 11 61.1 47 63.5 90 65.7 208 75.6

Right 1 20.0 7 38.9 27 36.5 47 34.3 67 24.4

Histopathologic subtype 0.02

Adenocarcinoma 3 60.0 17 94.4 59 79.7 111 81.0 244 88.7 0.05

Mucinous adenocarcinoma 0 0.0 1 5.6 5 6.8 14 10.2 21 7.6 0.73

Signet ring cell carcinoma 1 20.0 0 0.0 5 6.8 8 5.8 7 2.5 0.08

Othera 1 20.0 0 0.0 5 6.8 4 2.9 3 1.1 0.006

AJCC clinical stage 0.79

0–I 2 40.0 2 11.1 8 10.8 16 11.7 41 14.9 0.70

II 0 0.0 3 16.7 8 10.8 26 19.0 50 18.2 0.18

III 2 40.0 9 50.0 30 40.5 48 35.0 102 37.1 0.40

IV 1 20.0 4 22.2 21 28.4 40 29.2 77 28.0 0.76

Unknown 0 0.0 0 0.0 7 9.5 7 5.1 5 1.8

American Indian/Alaska Native

Total 1 3 10 16 34

Sex 0.66 0.95

Female 1 100.0 2 66.7 4 40.0 7 43.8 19 55.9

Male 0 0.0 1 33.3 6 60.0 9 56.3 15 44.1

Insurance status 0.94

Privately insured 0 0.0 0 0.0 3 30.0 0 0.0 11 32.4 0.36

Medicaid 1 100.0 2 66.7 7 70.0 6 37.5 18 52.9 0.20

Uninsured 0 0.0 0 0.0 0 0.0 10 62.5 1 2.9 0.43

Unknown 0 0.0 1 33.3 0 0.0 0 0.0 4 11.8

Tumor sidedness 0.27 0.73

Left 1 100.0 3 100.0 6 60.0 9 56.3 27 79.4

Right 0 0.0 0 0.0 4 40.0 7 43.8 7 20.6

Histopathologic subtype 0.06

Adenocarcinoma 0 0.0 3 100.0 5 50.0 12 75.0 31 91.2 0.01

Mucinous adenocarcinoma 1 100.0 0 0.0 3 30.0 2 12.5 1 2.9 0.007

Signet ring cell carcinoma 0 0.0 0 0.0 2 20.0 1 6.3 1 2.9 0.31

Othera 0 0.0 0 0.0 0 0.0 1 6.3 1 2.9 0.70

AJCC clinical stage 0.23

0–I 0 0.0 0 0.0 2 20.0 4 25.0 5 14.7 0.89

II 1 100.0 1 33.3 0 0.0 2 12.5 10 29.4 0.60

III 0 0.0 2 66.7 5 50.0 8 50.0 9 26.5 0.14

IV 0 0.0 0 0.0 3 30.0 1 6.3 10 29.4 0.25

Unknown 0 0.0 0 0.0 0 0.0 1 6.3 0 0.0

P value calculations do not include unknown values.
AJCC, American Joint Committee on Cancer; AYA, adolescent and young adult.
aOther histopathologic subtypes include carcinoma, not otherwise specified; unspecified; medullary carcinoma; and small cell carcinoma.
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Hispanic individuals diagnosed with colorectal cancer was higher
in younger age groups. These findings are novel, as our study is
the first to stratify the population of AYAs into more specific age
groups to characterize the clinicopathologic and racial/ethnic
features of colorectal cancer by age at diagnosis within this
population.

Tumor sidedness has recently emerged as a prognostic indicator
for patients with colorectal cancer, particularly among those with
metastatic disease. Tumors located in the cecum to transverse co-
lon (right side) are associated with faster disease progression,
poorer prognosis, and distinct pathways to tumorigenesis in con-
trast to left-sided tumors (splenic flexure to rectum) (28–30).
However, conflicting evidence on the prognostic value of tumor
sidedness has been reported among all-comers diagnosed with

early-stage cancers of the colon and rectum (31–33). Differences in
patient outcomes by tumor sidedness are partly attributed to
a continuum of molecular variations associated with anatomical
location in the colorectum (34,35), variations in therapeutic effi-
cacy (36,37), and lead time bias for left-sided colorectal cancers
(38,39). In the last decade, studies from single institutions have
found that colorectal cancer cases diagnosed in individuals younger
than 40 years tended to present with left-sided tumors (e.g., distal
colon) more often compared with older counterparts (11,40). In
2016, Teng et al. (18) summarized the presentation of colorectal
cancers among AYAs as a single group, finding that most indi-
viduals presented with distal tumors.

Unique to our study, we focused on age groups specifi-
cally within the AYA population to compare clinicopathologic

Table 3. Multivariable logistic regression for demographic and clinical factors by age at colorectal cancer diagnosis among adolescents and

young adults: SEER 18, 2010–2015

Characteristic

Adjusted modelb

15–19 vs 35–39 yr

of age at diagnosis

20–24 vs 35–39 yr

of age at diagnosis

25–29 vs 35–39 yr

of age at diagnosis

30–34 vs 35–39 yr

of age at diagnosis

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Sex

Female Ref (—) Ref (—) Ref (—) Ref (—)

Male 0.85 (0.50–1.42) 0.52 1.27 (0.96–1.67) 0.09 1.10 (0.92–1.30) 0.30 0.90 (0.79–1.02) 0.10

Race/ethnicity

Non-Hispanic white Ref (—) Ref (—) Ref (—) Ref (—)

Non-Hispanic black 1.46 (0.70–3.02) 0.31 0.92 (0.60–1.42) 0.71 0.87 (0.66–1.15) 0.32 0.83 (0.68–1.02) 0.08

Hispanic 1.40 (0.74–2.63) 0.30 1.18 (0.85–1.64) 0.32 1.11 (0.90–1.38) 0.34 1.00 (0.85–1.18) 0.99

Asian or Pacific Islander 1.01 (0.38–2.66) 0.99 0.78 (0.46–1.33) 0.37 1.03 (0.76–1.38) 0.86 0.85 (0.67–1.07) 0.16

American Indian/Alaska Native 1.08 (0.14–8.46) 0.94 0.59 (0.14–2.55) 0.48 1.10 (0.53–2.32) 0.79 0.80 (0.43–1.51) 0.49

AJCC clinical stage

0–I Ref (—) Ref (—) Ref (—) Ref (—)

II 0.96 (0.38–2.40) 0.93 0.60 (0.37–0.97) 0.04 0.72 (0.53–0.99) 0.04 0.89 (0.71–1.11) 0.31

III 1.05 (0.46–2.41) 0.90 0.78 (0.52–1.18) 0.24 0.94 (0.72–1.22) 0.63 0.92 (0.76–1.13) 0.43

IV 0.92 (0.39–2.16) 0.85 0.87 (0.57–1.32) 0.51 1.03 (0.78–1.35) 0.84 0.93 (0.76–1.15) 0.51

Tumor sidedness

Left Ref (—) Ref (—) Ref (—) Ref (—)

Right 1.41 (0.81–2.46) 0.23 1.02 (0.75–1.39) 0.89 1.23 (1.01–1.49) 0.04 1.09 (0.94–1.27) 0.23

Histopathologic subtype

Adenocarcinoma Ref (—) Ref (—) Ref (—) Ref (—)

Mucinous adenocarcinoma 1.57 (0.74–3.35) 0.24 1.55 (1.02–2.34) 0.04 1.01 (0.75–1.36) 0.94 1.23 (1.00–1.52) 0.05

Signet ring cell carcinoma 3.34 (1.14–9.83) 0.03 3.69 (2.07–6.58) ,0.001 3.01 (1.98–4.56) ,0.001 1.51 (1.01–2.26) 0.05

Otherc 4.03 (1.16–14.0) 0.03 1.32 (0.46–3.79) 0.61 2.38 (1.38–4.11) 0.002 1.18 (0.69–2.01) 0.54

Insurance status

Privately insured Ref (—) Ref (—) Ref (—) Ref (—)

Medicaid 2.53 (1.45–4.44) 0.001 1.77 (1.28–2.44) ,0.001 1.55 (1.26–1.91) ,0.001 1.22 (1.03–1.44) 0.02

Uninsured 1.14 (0.39–3.28) 0.81 1.84 (1.17–2.89) 0.01 1.39 (1.02–1.91) 0.04 1.20 (0.94–1.54) 0.14

AJCC, American Joint Committee on Cancer; CI, confidence interval; OR, odds ratio.
aReferent group is young adults aged 35–39 years at colorectal cancer diagnosis.
bAdjusted for race/ethnicity, AJCC clinical stage, sex, histopathologic subtype, tumor sidedness, and insurance status, as appropriate.
cOther histopathologic subtypes include carcinoma, not otherwise specified; unspecified; medullary carcinoma; and small cell carcinoma.
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characteristics of colorectal cancer, including tumor sidedness
per National Comprehensive Cancer Network clinical guidelines.
Consistentwith earlierfindings, we also observed thatmostAYAs
presented with left-sided tumors using data from the population-
based national SEER program. Strikingly, within this population,
we identified heterogeneity in histopathologic subtype, clinical
stage, and tumor location among AYAs, including increasing
trends in right-sided colorectal cancer among cases diagnosed at
younger age (25–29 years) compared with older counterparts
(aged 35–39 year). Potential explanations for the clinicopatho-
logic heterogeneity observed by age at onset groups among AYAs
include differences in the prevalence of Lynch syndrome by age at
onset groups, as Pearlman et al. (9) recently demonstrated that
among patients diagnosed with young-onset colorectal cancer,
the prevalence of Lynch syndrome was higher among patients
aged 40–49 years at diagnosis compared with 30- to 39-year-old,
and especially 20- to 29-year-old, counterparts. Additional rea-
sons for differences in tumor sidedness and clinicopathologic
characteristics among AYAs remain unknown, but could include
a combination of genetic predispositions and biological factors
(10) such as mutational burden (e.g., KRAS and BRAF), envi-
ronmental exposures, and race/ethnicity.

Among individuals diagnosed with colorectal cancer younger
than 50 years, racial and ethnic disparities in colorectal cancer
outcomes are amplified (5). Specifically within the AYA pop-
ulation, we identified racial/ethnic patterns by age of colorectal
cancer diagnosis. The proportion of Hispanic AYAs diagnosed
with colorectal cancer was strikingly higher among younger age
groups. A recent examination of ethnic differences in colorectal
cancer incidence and mortality among all-comers at a tertiary
university center noted that Hispanics presented with co-
lorectal cancer at a younger age and with more advanced dis-
ease compared with NHWs (41). However, similar estimates of
mismatch repair (MMR)-deficient tumors have been reported
among Latinos and NHWs (42). Stern et al. (43) reported
differences in colorectal cancer incidence patterns and tumor
characteristics among Latino subpopulations by country of
origin, suggesting that genetic ancestral heritage, lifestyle
changes, environmental risk factors, and gene-environment
interactions may contribute to this ethnic heterogeneity. Pa-
rental exposures and epigenetic mechanisms may also play
a role for cases in the youngest age groups. Together with the
changing landscape of age and race/ethnicity across the United
States—where Hispanics are a growing population expected to
represent nearly one-third of the population by 2060 (44)—
further studies of the clinicopathologic characteristics and
cultural, epigenetic, lifestyle, and environmental factors asso-
ciated with age of colorectal cancer onset by race/ethnicity are
warranted.

Although our findings suggest that there are clinicopatho-
logic and racial/ethnic differences in colorectal cancer among
AYAs, we acknowledge the limitations of our study. Our
analyses were conducted using high-quality data from SEER
that allowed for a large number of pathologically verified co-
lorectal cancer cases among AYAs to be identified. SEER does
not yet routinely collect data on specific and clinically relevant
colorectal cancer molecular characteristics (e.g., somatic
mutations and microsatellite instability) or detailed in-
formation on familial history of disease. As such, we were un-
able to separate sporadic vs hereditary cases of colorectal cancer
among AYAs in our analyses. As colorectal cancer diagnosis

before age 50 years remains one of the primary indications for
genetic evaluation (25), the prevalence of genetic mutations
associated with hereditary cancer syndromes is higher among
patients diagnosed with young-onset colorectal cancer (9).
Germline mutations in DNA MMR genes associated with
Lynch syndrome, the most common cause of hereditary co-
lorectal cancer (7), predispose to hypermutated cancers with
a general predominance for right-sided tumors, mucinous
histology, and disease presentation at a younger age (8). With
increased use of universal microsatellite instability/MMR
screening (45), a larger proportion of colorectal cancers with
hereditary etiology may be captured within this study pop-
ulation. We were unable to examine differences in environ-
mental exposures, behavioral factors, and comorbidities by age
group and to discern whether these factors contribute to dif-
ferences in the clinicopathologic and racial/ethnic character-
istics of colorectal cancers within the AYA population. We also
acknowledge the possibility that differences in racial/ethnic age
structures could also contribute to our findings. Thus, our
findings raise the possibility that colorectal cancer diversity
among AYAs may partially underlie age- and race-related
differences in cancer susceptibility and outcomes. However,
our study does not present any data about the spectrum of
germline genetic mutations nor the prevalence of hereditary
syndromes, which contribute to the molecular phenotypes of
colorectal cancer.

Notwithstanding these limitations, our findings yield im-
portant clinical implications. With advancements in therapies
leading to an overall reduction in cancer burden, a better un-
derstanding of the molecular complexities of young-onset
colorectal cancer by clinicopathologic features remains a pre-
requisite to the optimization of therapies and to meet the
unique clinical care needs of the AYA population (22,46).
Equal-access, long-term side effects of overtreatment on AYA
fertility and therapies designed for patients older than 50 years
present a clinical environment mismatch for AYAs
(12,13,47–50). Additional research is needed to guide the de-
velopment of colorectal cancer screening programs targeting
high-risk young individuals. Increasing the representation and
participation of AYAs in clinical trials (46,51) is also needed
for the advancement of therapies and treatment algorithms
designed for young individuals.

In summary, we observed clinicopathologic, particularly in
tumor location, histopathologic subtype, clinical stage, and
racial/ethnic differences of colorectal cancers among indi-
viduals aged 15–39 years at disease diagnosis. Younger age at
disease diagnosis was associated with higher proportions of
right-sided tumors and mucinous adenocarcinoma and signet
ring cell carcinoma histopathologic subtypes within the AYA
population.By race/ethnicity, the proportionofHispanic individuals
diagnosed with colorectal cancer significantly increased with youn-
ger age groups. Together, these data underscore the need for studies
to characterize the molecular phenotype of colorectal cancers, par-
ticularly among AYAs, to unravel the underlying colorectal cancer
etiologies within this population and reduce the global burden of
cancer for AYAs (48).
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Study Highlights

WHAT IS KNOWN

3 Colorectal cancer incidence rates have been increasing
among young individuals, including among the AYA
population (individuals aged 15–39 years at diagnosis).

3 The underlying causes of this alarming increase in young-
onset colorectal cancer remain unknown.

WHAT IS NEW HERE

3 Among AYAs, primary colorectal cancers diagnosed in
younger individuals have a significantly higher propensity for
right-sided tumor location.

3 The proportion of mucinous adenocarcinoma and signet ring
cell carcinoma histopathologic subtypes was higher in
younger AYA age groups.

3 Differences in tumor stage were observed across AYA age
groups, particularly for AJCC stage II disease.

3 The proportion of Hispanic individuals diagnosed with
colorectal cancer was higher in younger age groups.

TRANSLATIONAL IMPACT

3 Understanding the molecular complexities of young-onset
colorectal cancer by clinicopathologic features is a
prerequisite to optimize clinical therapies and to meet
unique clinical care needs of the AYA population.
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