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Racial/ethnic disparities in early-onset colorectal cancer:
implications for a racial/ethnic-specific screening strategy
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predictors were assessed in a multivariable Cox proportional hazard model.

Results: Of 166,416 patients with CRC, 16,545 (9.9%) had EO-CRC. The EO-CRC
frequencies in NHB and Hispanics were higher than NHW (12.7% vs. 16.5% vs. 8.7%,
p < 0.001). EO-CRC in NHB presents more frequently in females, with well/moder-
ately differentiated, stage IV, and is less likely to present in locations targetable by
sigmoidoscopy than NHW (54.6% vs. 67.7% OR:1.7,95% p < 0.001). 5-year CSS was
lower in NHB (59.4% vs. 72.8%, HR: 1.7; 95% CI: 1.54-1.82) and Hispanics (66.4%
vs. 72.8%, HR: 1.3; 95% CI: 1.16-1.39) than NHW. A regression model among pa-
tients with EO-CRC showed that being NHB or Hispanic were independent predictors
for cancer-specific mortality, after adjusting for gender, grade, stage, and surgery.
Conclusion: EO-CRC is more likely in NHB and Hispanics. Racial disparities in
clinical/pathological features and CSS between NHB and NHW/Hispanics were evi-
denced. A racial/ethnic specific screening strategy could be considered as an alterna-

tive for patients younger than 50 years.
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1 | INTRODUCTION
During the last decade, the incidence of early-onset colorec-
tal cancer (EO-CRC) has continuously risen at an annual-
ized rate of 1.8%." It is estimated that 10.9% of all colon and
22.9% of all rectal cancers will be diagnosed in individuals
younger than 50 years old by year 2023.% As widespread
CRC screening, starting at age 50, has proven effectiveness
in decreasing the incidence of CRC in individuals 50 years or
older; lowering the initiation age to target patients with EO-
CRC has been considered.” The cost-effectiveness of early
CRC screening at different frequencies (every 10 or 15 years)
and modalities (colonoscopy, sigmoidoscopy, fecal-occult
blood test) has been compared using microsimulation mod-
els; however, a consensus has not been reached yet. While
the National Comprehensive Cancer Network support start-
ing CRC screening at age 50, the American Cancer Society
lowered the starting age to 45 and the American College of
Gastroenterology suggests starting at age 45 only in Non-
Hispanic Blacks (NHBs). While the US Preventive Task
Force (USPFT) has continued to recommend starting at
age 50, it is currently evaluating lowering the starting age
to 45 years. This was proposed in a draft recommendation
statement in October 2020 and has not been confirmed yet.4"7
Prior reports have evidenced racial disparities in the in-
cidence and survival of patients with EO-CRC. Compared
to Non-Hispanic Whites (NHWs), NHBs have a higher inci-
dence rate (12.2 vs. 9.2 per 100,000)8 and lower 5-year sur-
vival (62.8% vs. 68.6%).® It is unknown whether this mortality
difference is driven by race-specific biologic differences or
by inequity in access to care. Overall, it is known that EO-
CRC tumors tend to present more distally, with higher grade
and stage at diagnosis; yet, with surprisingly better overall
survival (OS) rates compared to CRC in patients 50 years or
older.””'? The purpose of this study was to compare the char-
acteristics and cancer-specific survival of EO-CRC by racial/
ethnic groups using a large US population-based cancer reg-
istry in order to identify differences that could help develop
a race-specific CRC screening strategy for patients younger
than 50 years old.

2 | METHODS

2.1 | Data source

Adult patients with newly diagnosed CRC were identi-
fied using the Surveillance, Epidemiology and End Results
(SEER) database from 1973 to 2010. SEER is a comprehen-
sive database that collects information on cancer incidence,
clinical/pathological characteristics, and survival from 20
population-based cancer registries across the United States,
representing approximately 28% of the population.
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The SEER*Stat 8.15 software was interrogated to locate all
cases of CRC adenocarcinoma by histology codes (8010, 8140,
8147, 8210, 8211, 8260, 8263, 8480, 8481, 8490) and ana-
tomical primary site based on the International Classification
of Diseases for Oncology—Third Edition (ICD-O-3) codes
(C18.0—C21.1 from cecum to anal canal, C18.8 for overlap-
ping lesion of colon, C18.9 for colon, not otherwise specified
and C21.8 for overlapping lesion of rectum, anus, and anal
canal. Only patients with available racial/ethnic groups in the
SEER database reported as White (NHW), African American
(NHB) and Hispanics were included. Duplicated entries (iden-
tified by Set ID number) were located and any second event;
representing a second primary or recurrent CRC was excluded.

2.2 | Variables and definitions

EO-CRC was defined as CRC diagnosed in patients younger
than 50 years old. Clinical characteristics included age at
diagnosis (categorized as younger than 45 or between 45
and 49 years), gender and race/ethnicity, whereas pathology
features included histological grade (categorized as well/
moderate and poor/anaplastic), stage at initial diagnosis
(non-metastatic and metastatic), and tumor location (appen-
dix to anus). We used tumor location to create two additional
variables to classify tumors by sidedness (right-sided: appen-
dix to hepatic flexure and left-sided: splenic flexure to anus)
and to identify tumors targetable by sigmoidoscopy (from
sigmoid colon to anus). Data regarding treatment available
in SEER included surgical intervention and receipt of radia-
tion. Overall survival (OS) was calculated using vital status
and follow-up time from diagnosis date and cancer-specific
survival (CSS) was calculated using the cause-specific death
classification variable provided in the SEER database.

2.3 | Statistical analysis

EO-CRC among patients with CRC in total and by race/
ethnicity groups is reported as proportions and compared
among groups using chi-square. Bivariate associations
between clinical/pathological characteristics and racial/
ethnic group were tested using chi-square for categori-
cal and Kruskal-Wallis tests for non-normally distributed
continuous variables. When the overall difference between
racial/ethnic groups was significant (p < 0.05), post-hoc
tests were performed and odds-ratio with 95% confidence
intervals for each comparison are reported. Kaplan—Meier
survival analysis and log-rank tests were used to assess
and compare OS and CSS between racial/ethnic groups.
To evaluate if race/ethnicity is an independent predictor of
CSS, a multivariable Cox proportional hazard model was
built including all variables. Given the lack of information
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about chemotherapy treatment, a second model including
only patients diagnosed with stage I CRC was built.
Statistical significance was determined by a two-sided
p-value < 0.05. Analyses were conducted using Stata 15.1
(StataCorp) and SAS 9.4 (SAS Institute).

3 | RESULTS

Of all CRC patients in the SEER cancer registry, EO-CRC was
seen in 16,545 (9.9%). The proportion of patients diagnosed
with EO-CRC within each racial/ethnic group differed sig-
nificantly (NHW: 8.7%, NHB: 12.7%, and Hispanics: 16.5%)
(Table 1). EO-CRC was more likely diagnosed among NHB
(OR: 1.53, 95% CI: 1.45-1.59, p < 0.001) and Hispanics
(OR:2.06, 95% CI:1.98-2.17, p < 0.001) than NHW.

3.1 | Characteristics by racial/ethnic groups
in EO-CRC

The proportion of patients diagnosed at ages younger than
45 versus 45 to 49 years differed between NHW, NHB, and
Hispanics (48.6% vs.49.9% vs. 56.1%, p < 0.001), respectively
(Table 1). Compared to NHW, Hispanics were more likely to

TABLE 1
ethnic groups

be diagnosed before 45 years of age (OR: 1.35, 95% CI: 1.24—
1.47, p < 0.001), whereas no difference was seen between
NHW and NHB (OR: 1.1, 95% CI: 0.97-1.15, p = 0.24).

Gender, grade, stage, and sidedness were similar between
NHW and Hispanics but differed between NHW and NHB
(Table 1). NHB were more likely female (OR: 1.24; 95% CI:
1.14-1.36), had well/moderately differentiated tumors (OR:
1.20, 95% CI: 1.07-1.35), metastatic disease at diagnosis
(OR: 1.34; 95% CI: 1.21-1.47) and right-sided tumors (OR:
1.75, 95% CI: 1.59-1.94) compared to NHW.

Regarding tumor location distribution, no differences
were noted between NHW and Hispanics, while the tumor
location pattern varied in NHBs compared to the other racial/
ethnic groups. The rectum was the most common location in
NHW (30.5%) and Hispanics (28%), whereas it accounted for
21.7% in NHB. In contrast, 25.4% of tumors in NHB were in
the cecum and ascending colon, while only 15.9% tumors in
NHW and 16.9% in Hispanics were found in these locations.
Among 72.3% and 70.6% of tumors that were left-sided in
NHW and Hispanics, respectively; 67.7% and 65.9% were
in a location targetable by sigmoidoscopy. In NHB, 60.9%
were left-sided and 54.6% were targetable by sigmoidoscopy
(Figure 1). Tumors targetable by sigmoidoscopy were 73%
more frequent in NHB than NHW (OR: 1.7, 95% CI: 1.58-
1.89, p < 0.001).

Characteristics of patients with early-onset colorectal cancer from the surveillance, epidemiology, and end-result database by racial/

p-values for differences across groups

EO-CRC n = 16,545 NHW r =11,320 NHB n = 2553
EO-CRC/AIl CRC 8.7% 12.7%
Age, median (IQ) 45 (40-47) 45 (40-47)
Age groups

Less than 45 48.6% 49.9%

From 45-49 51.4% 50.1%
Gender

Female 46.5% 51.9%

Male 53.5% 48.1%
Grade

Well/moderate 79% 82%

Poor/anaplastic 21% 18%
Stage

I-1I1 76.3% 70.7%

v 23.7% 29.3%
Sidedness

Right-sided 21.2% 32.1%

Left-sided 78.8% 67.9%

Note: +Early-onset Colorectal Cancer was defined as diagnosis before age 50.

Hispanic n = 2672 NHW versus NHB NHW versus Hispanic
16.5% <0.001 <0.001
44 (38-47) 0.75 <0.001
56.1% 0.24 <0.001
43.9%

46.9% <0.001 0.67
53.1%

79.8% 0.002 0.43
20.2%

74.7% <0.001 0.08
25.3%

22.3% <0.001 0.24
77.7%

CI, Confidence Interval; IQ, 25%-75% interquartile range; NHB, Non-Hispanic Black; NHW, Non-Hispanic White.
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FIGURE 1 Tumor site distribution in patients with early-onset colorectal cancer from the surveillance, epidemiology, and end-result database

by racial/ethnic groups. Early-onset colorectal cancer was defined as diagnosis before age 50 (NHB, Non-Hispanic Black; NHW, Non-Hispanic

White; red-color bars represent lesions targetable by sigmoidoscopy)

3.2 | Access to treatment by racial/ethnic
group in EO-CRC

Among patients with non-metastatic EO-CRC, surgery was
lower in NHB (OR: 0.52, 95% CI: 0.39-0.68, p < 0.001) and
Hispanics (OR: 0.51, 95% CI: 0.38-0.66, p < 0.001) com-
pared to NHW. Similarly, among 5242 patients diagnosed
with EO-CRC rectal cancer, the frequency of radiation was
significantly lower in NHB compared to NHW (61.3% vs.
66.9%, OR: 0.78, 95% CI: 0.65-0.94) whereas no difference
was seen among NHW and Hispanics.

3.3 | Mortality by racial/ethnic group and
mortality predictors in EO-CRC

No statistically significant differences in 1-year OS or CSS
were seen among racial/ethnic groups, whereas OS and

CSS disparities were evidenced at 5-years. Compared to
NHW, 5-year CSS was lower in NHB (59.4% vs. 72.8%
HR: 1.7; 95% CI: 1.54-1.82, p < 0.001) and Hispanics
(66.4% vs. 72.8%; HR: 1.3; 95% CI: 1.16-1.39; p < 0.001)
(Figure 2).

A multivariable Cox regression model in patients
with EO-CRC demonstrated that racial/ethnic group
was independently associated with an increased risk of
cancer-related death, after adjusting for gender, stage,
grade, sidedness, surgery, and radiation. The mortality
risk was 53% higher in NHB (HR: 1.53, 95% CI: 1.39-
1.69, p < 0.001) and 19% higher in Hispanics (HR: 1.19,
95% CI: 1.08-1.33, p = 0.001), compared to NHW. A
second model, including only patients diagnosed with
stage I, showed a non-significant association between
racial/ethnic groups and cancer-specific death after ad-
justing for gender, grade, sidedness, surgery, and radia-
tion (Table 2).
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FIGURE 2 Kaplan—Meier survival analysis stratified by racial/ethnic groups among patients with early-onset colorectal cancer from the

surveillance, epidemiology, and end-result Database. Early-onset colorectal cancer was defined as diagnosis before age 50 (CSS, Cancer-specific
survival; NHB, Non-Hispanic Black; NHW, Non-Hispanic White; OS, Overall survival)

3.4 | Survival by stage and by sidedness
among racial/ethnic groups

Survival analyses were performed after stratifying by stage
at diagnosis and by sidedness. Unadjusted 1-year CSS at all
stages was similar among all racial/ethnic groups. In 5 years,
no significant difference was seen in patients with stage I,
while CSS was lower in NHB compared to NHW with stage
II disease; and CSS was lower in NHB and Hispanics com-
pared to NHW with stage III and IV diseases (Table 3).
Unadjusted 1-year CSS in right-sided and left-sided tu-
mors was similar among all racial/ethnic groups. Compared
to NHW, NHB had lower CSS in right-sided (69.9% vs. 59.2)
and left-sided tumors (73.7% vs. 60.2%) at 5 years (Table 3).

4 | DISCUSSION

This study highlighted racial disparities in the frequency, clin-
ical/pathological characteristics, and survival of patients with
EO-CRC. Consistent with prior reports, we also observed
an EO-CRC frequency of 9.9%;'"13!4 however, it varied by
racial/ethnic group with statistically significantly higher fre-
quencies seen in minorities. The odds of EO-CRC were 100%
higher in Hispanics and 50% higher in NHB compared to

NHW. As estimated by US-based population projections, the
proportion of racial/ethnic minorities will continue to expand
in the next decades and it is expected to overcome NHWs in
frequency by 2060."> Thus, increases in EO-CRC cases are
expected unless effective public health preventive measures
are implemented. Based on this, we believe that early CRC
screening is necessary and should not be restricted to NHB
only. Accordingly, we support the most recent USPSTF draft
recommendations to offer early screening to all patients.16
Consistent with differences reported among CRC pa-
tients diagnosed at 50 years or older, significant racial dis-
parities were demonstrated in EO-CRC and identified NHB
as a group that suffers disproportionally compared to others.
Besides presenting more frequently with metastatic disease
compared to other racial/ethnic groups, our data showed that
NHB are more likely to have right-sided tumors than NHW
or Hispanics. While nearly two-thirds of tumors in NHW
or Hispanics are localized between the sigmoid colon and
rectum, only half of NHBs with EO-CRC presented with
a tumor in these locations. This is an interesting and criti-
cal finding that allow us to hypothesize that a racial/ethnic
group-specific CRC screening program, in which NHW and
Hispanics younger than 50 could be evaluated with sigmoid-
oscopy, whereas full colonoscopy could be limited to NHBs,
could favorably balance diagnostic yield versus procedure
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TABLE 2 Results of multivariable cox
regression of cancer-specific survival in
patients with early-onset colorectal cancer
from the surveillance, epidemiology and
end-result database

TABLE 3 Cancer-specific survival
stratified by stage and sidedness among
patients with early-onset colorectal cancer
from the surveillance, epidemiology, and
end-result database

Race
NHW
NHB
Hispanic
Gender
Female
Male
Grade
Well
Moderate
Poor
Anaplastic
Sidedness
Left-sided
Right-sided
Surgery
No
Yes
Radiation

No

Stage

1

1I

1

v
Sidedness

Right-sided
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Model 1: All stages (n = 16,545) Model 2: Stage I only (r = 3482)
HR 95% CI p-value HR 95% CI p-value
1 1
1.53 1.39-1.69 <0.001 1.40 0.74-2.64 0.31
1.19 1.08-1.33 0.001 0.87 0.39-1.93 0.72
1 1
0.86 0.79-0.93 <0.001 0.36 0.20-0.61 <0.001
1 1
0.92 0.77-1.09 0.33 0.87 0.42-1.78 0.69
1.60 1.47-1.75 <0.001 1.42 0.69-2.91 0.34
1.84 1.45-2.34 <0.001 N/A
1 1
1.33 1.21-1.46 <0.001 0.81 0.34-1.94 0.81
1 1
0.38 0.34-0.42 <0.001 0.13 0.07-0.24 <0.001
1 1
1.00 0.91-1.10 0.96 2.86 1.70-4.80 <0.001
1
2.51 1.90-3.30 <0.001
5.62 4.37-7.23 <0.001
31.65 24.75— <0.001
40.47
Note: Early-onset Colorectal Cancer was defined as diagnosis before age 50.
Abbreviations: CI, Confidence Interval; NHB, Non-Hispanic Black; NHW, Non-Hispanic White.
1-year CSS 5-year CSS
NHW NHB Hispanic NHW NHB Hispanic
99.5% 98.8% 99.3% 96.4% 94.8% 94.5%
99.2% 98.2% 98.8% 90.7% 81% 90.5%
98.1% 97% 97.2% 80.3% 68.4% 71.2%
77% 72.2% 74.2% 22.3% 12.3% 15.5%
89.9% 89.1% 93% 69.9% 59.2% 71.2%
94.9% 91.6% 92.9% 73.7% 60.2% 65.9%

Left-sided

Note: Early-onset Colorectal Cancer was defined as diagnosis before age 50.
Abbreviations: NHW, Non-Hispanic White; NHB, Non-Hispanic Black; CSS, Cancer-specific survival

costs and complications. Further studies assessing the cost-

effectiveness of a racial/ethnic-tailored CRC screening in pa-
tients younger than 50 are warranted.

Another current discrepancy point is regarding the age

to start early CRC screening. While 45 years has already

been recommended by some societies, starting at age 40
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has also been c:ontemplated.s’7 Based in our analysis, 44%
of all EO-CRC in Hispanics and 50% in NHW and NHB
are diagnosed between 45-49 years old. Lowering the cut-
off age to 40 years would allow the identification of 70% of
all EO-CRC in Hispanics and more than 75% in NHW and
NHB. Whether 40 or 45 years is the most appropriate age
to start CRC screening goes beyond the scope of this study
as it should factor in additional variables such as procedure
costs and complications which are not collected in the SEER
database. Cost-effectiveness analysis evaluating a racial/eth-
nic- specific screening program starting at 40 and 45 years
old should also be considered.

Unfavorable outcomes among NHBs are recognized across
several cancer types including CRC;'""® however, it remains
unclear whether this is determined by tumor biological dif-
ferences or delays in access to care. While molecular differ-
ences across racial/ethnic groups are well-established, it seems
unlikely that it would solely explain unfavorable outcomes in
NHBs as only BRAF mutation has shown prognostic value and
it does not seem to differ between NHW and NHB." In con-
trast, microsatellite instability (MSI), which confers favorable
outcomes in stage II tumors, presents more frequently in right-
sided tumors.”® As right-sided tumors are more common in
NHB, they would be expected to have better, not worse prog-
nosis. For the latter, delays in access to care, which could be
driven by socio-economic or cultural barries, have also been
considered broadly in prior studies. Delays in adjuvant che-
motherapy and its impact in mortality and disease recurrence
has been analyzed in multiple retrospective studies with het-
erogeneous results. >~ Discrepancies might be explained by
several limitations including an arbitrary cut-off selection to
define treatment as delayeddifferences in the patient popula-
tion (colorectal vs. colon vs. rectal; stage II/III vs. stage III,
chemotherapy regimen:FU alone vs. FOLFOX and treatment
duration: 3 vs. 6 months, among others) and the lack of import-
ant variables such as molecular markers in regression models.

In this study, no differences were evidenced in 1-year sur-
vival across racial/ethnic groups; however, unfavorable out-
comes became apparent in minorities at 5 years. We believe
this late-onset differential is suggestive of higher recurrence
rates in minorities compared to NHW, which has been re-
ported in other cancer-registry based studies. Whether this
disparity is driven by biological factors or by access to care
remains unclear. In this regard, SEER data is limited to make
a strong conclusion; however, we hypothesize that access to
care plays a pivotal role to explain this differential for two rea-
sons. First, lower surgery rates were evidenced among NHB
and Hispanic patient with non-metastatic disease and lower
radiation rates were seen in NHB compared to NHW patients
with rectal cancer. Second, while the racial/ethnic group was
an independent predictor of cancer-specific mortality in the
multivariable analysis, the association did not hold when the
analysis was restricted to patients with stage I only. Since

management of patients with stage I disease entails surgery
but does not require subsequent, regular visits as chemother-
apy treatment does, we consider that access to care would
mainly affect the availability of medical therapy, including
chemotherapy, in the management of patients with stage II-
IV disease. Further studies are required to test this hypothesis.

This study has limitations that should be considered.
SEER-database lacks information about prognostic mo-
lecular features and systemic treatment which has proven
to improve survival in high-risk stage II and stage III CRC
patients. Also, information regarding treatment is limited to
describing whether surgery and/or radiation were given to the
patient at any point; whereas information about chemother-
apy regimens, the use of biologics, immunotherapy, partic-
ipation in clinical trials is not provided. The lack of these
information impairs the possibility of determining whether
biological features or access to treatment are responsible for
survival disparities across racial/ethnic groups.

In summary, racial disparities are evident in the frequency,
clinical/pathological features, and outcomes of patients with
EO-CRC. Based on differences in location between NHB
and NHW/Hispanics, we do not believe a “one size fits all
approach” is the most cost-efficient CRC screening strategy.
Instead, a race/ethnic group-specific CRC screening pro-
gram, in which NHW and Hispanics younger than 50 would
be evaluated with sigmoidoscopy, whereas full colonoscopy
would be limited to NHBs, could represent a method that
would favorably balance diagnosis yield versus procedure
costs and complications. Economic studies evaluating a race/
ethnic group specific strategy are warranted.

To the best of our knowledge, this study is the first to hy-
pothesize that a race-specific early CRC screening strategy
could be considered as an alternative for patients younger
than 50 years old. A cost-effectiveness evaluation of a race-
specific early CRC strategy that would limit full colonosco-
pies to NHB; while favoring interventions to target the left
colon such as sigmoidoscopies in Hispanics and NHW is
warranted.
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