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Abstract

Background: There are well-established disparities in colorectal cancer (CRC)
outcomes between White and Black patients; however, assessments of CRC dis-
parities for other racial/ethnic groups are limited.

Methods: The Surveillance, Epidemiology, and End Results database identified
patients aged 50-74years with CRC adenocarcinoma from 2000 to 2019. Trends
in age-adjusted incidence rates were computed by stage at diagnosis and subsite
across five broad race/ethnic groups (White, Black, Asian/Pacific Islander [API],
American Indian/Alaskan Native [ATAN], and Hispanic) and four API subgroups
(East Asian, Southeast Asian, South Asian, and Pacific Islander) Multivariable
logistic regression evaluated associations between race/ethnicity and diagnosis
stage. Multivariable Cox proportional hazards models assessed differences in
cause-specific survival (CSS).

Results: Hispanic, ATAN, Southeast Asian, Pacific Islander, and Black patients
were 3% to 28% more likely than Whites to be diagnosed with distant stage CRC,
whereas East Asian and South Asians had similar or lower risk of distant stage
CRC. From Cox regression analysis, Black, ATAN, and Pacific Islanders also expe-
rienced worse CSS, while East Asian and South Asian patient groups experienced
better CSS. No significant differences in CSS were observed among Hispanic,
Southeast Asian, and White patients. When stratified by stage, Black patients had
worse CSS across all stages (early, hazard ratio (HR)=1.38; regional, HR=1.22;
distant, HR: 1.07, p < 0.05 for all).

Conclusion: Despite advances in CRC screening, treatment and early detection
efforts, marked racial/ethnic disparities in incidence, stage at diagnosis, and sur-
vival persist. Findings demonstrate the extent to which aggregating heterogenous
populations masks significant variability in CRC outcomes within race/ethnic
subgroups.
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1 | INTRODUCTION

Colorectal cancer (CRC) incidence rates (IRs) have de-
clined in recent decades following the adoption of na-
tional screening programs for adults aged between 50 and
75 years.1 Despite this progress, CRC outcomes vary con-
siderably by race/ethnicity. CRC disproportionately affects
Black Americans, who experience higher CRC incidence
and mortality rates and lower survival rates compared to
other racial/ethnic groups.'® While Asians and/or Pacific
Islanders (API) as a whole experience lower CRC inci-
dence and better survival than other race/ethnic groups,
substantial variation in cancer outcomes within district
API subgroups have been reported.””

Multiple studies reporting progress over time in CRC
including by race/ethnicity imply amelioration of critical
cancer disparities.>* While heartening declines in trends
resulting in part from concerted efforts to reduce CRC
in the overall population have been reported, some over-
looked disparities may persist due to limitations in study
design and generalizability of findings. For example, stud-
ies of racial disparities in cancer outcomes are frequently
limited to Black and White comparisons>>*'° and recent
assessments of CRC disparities for other patient popula-
tions (e.g., disaggregated subgroups of API) are lacking.
Furthermore, few recent studies have examined the impact
of both stage at diagnosis and anatomical subsite on CRC
disparities by race/ethnicity'™'? and it remains unclear
whether stage of CRC diagnosis and anatomical subsite to-
gether have important impact on disparities nor whether
these trends vary significantly by racial and ethnic group.

Given widely reported variability by racial/ethnic
group in the engagement with population-level early
detection CRC screening,” this analysis evaluates the
influence of both stage at diagnosis and anatomical site
on CRC disparities to observe whether all racial/eth-
nic groups have benefitted equally. Using data from the
Surveillance, Epidemiology, and End Results Plroglram13
(SEER), we examined trends and disparities in CRC in-
cidence and survival by race/ethnicity, subsite, and stage
at diagnosis among individuals diagnosed with colorectal
adenocarcinoma from 2000 to 2019. We limit our analysis
to the most commonly diagnosed CRC histology (i.e., ad-
enocarcinoma) and patients between ages 50-74 years, a
histological subtype and age group that reflects the target
of most CRC screening and prevention programs during
the period of analysis.

2 | METHODS

Thedatawereobtained fromthe National CancerInstitute's
SEER 17 database (November 2021 submission)."> The

SEER program collects information on patient demo-
graphics, primary tumor site, histology, stage at diagno-
sis, and course of treatment from population-based cancer
registries covering approximately 27 percent of the U.S.
population. All SEER data were publicly available, de-
identified, and therefore, determined to be exempt from
Institutional Review Board review.

The study population included adult patients aged 50—
74years diagnosed CRC from 2000 to 2019. CRC cases
were identified based on International Classification of
Diseases for Oncology, third revision (ICD-0O-3) codes
and stratified by tumor subsite (proximal colon, ICD-
0-3 codes C18.0, C18.2- C18.4; distal colon, C18.5-C18.7;
rectum, C19.9, C20.9). Overall CRC included these three
anatomic locations in addition to “large intestine not oth-
erwise specified” (C26.0). We excluded tumors originating
in the appendix, as they are considered distinct from those
arising in the colorectum.'* Cases were limited to adeno-
carcinoma, the most common CRC histology.

Race/ethnicity information in the SEER dataset was
collected from medical records and first categorized into
five broad groups: Non-Hispanic (NH) White, NH Black,
NH American Indian/Alaskan Native (AIAN), NH API
(referred to hereafter as White, Black, AIAN, and API),
and Hispanic. Patients with unknown or missing race
or ethnicity information were excluded from the analy-
sis (n=2189). Additional subgroup analyses of API pa-
tients were conducted for the following five subgroups:
East Asian (Chinese, Japanese, Korean), South Asian
(Asian Indian or Pakistani), Southeast Asian (Filipino,
Vietnamese, Thai, Loatian, Kampuchean, Hmong), Pacific
Islander (Hawaiian, Samoan, Pacific Islander, Tongan,
Fiji Islander, Guamanian, Micronesian, Polynesian,
Melanesian, Chamorran, Tahitian, and New Guinean).
Patients listed as “other Asian” were included in the ag-
gregate API group but were not included in subgroup
analysis (n=3217). Race/ethnicity was used as a proxy
measure for experiences of structural and systemic rac-
ism, resulting in the inequitable distribution of resources
that cause adverse health outcomes among minority
groups. Additional demographic variables included age
(50-54, 55-59, 60-64, 65-69, or 70-74years), sex, marital
status at diagnosis (married [including common law mar-
riages], widowed, separated/divorced, unmarried or do-
mestic partner, and unknown), and county-level median
household income (<$55,000, $55,000-$64,999, $65,000—
$74,999, >$75,000, unknown).

Stage at diagnosis was categorized as early (in-situ or
localized), regional, distant, and unknown stage using
SEER summary stage definitions. Cause-specific survival
(CSS) was derived from SEER's cause-specific death clas-
sification and vital status. Follow-up time was measured
from the date of diagnosis until death from CRC or end of
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follow-up (December 31, 2019). Patients who were alive or
dead due to other causes at the time of the last follow-up
were censored. Cases reported from death certificate or
autopsy only, and cases with zero or missing survival time
were excluded from survival analyses (N=11,322).

2.1 | Statistical analysis

We used two SEER databases to derive IR estimates for
this analysis. Annual CRC IRs for White, Black, Hispanic,
AIAN, and aggregate API patients were calculated from
the SEER 17 incidence dataset.'® Because incidence data
for specific API subgroups are not available in the stand-
ard SEER 17 incidence dataset, the specialized SEER 9
incidence database for detailed API groups was used to
calculate age-adjusted IRs for API subgroups."

CRC IRs were calculated and stratified by stage and
tumor subsite and age-adjusted to the 2000 U.S. population
using SEER*Stat software (version 8.4.0)."> Age-adjusted
IRs are presented by time period (5-year groupings) with
corresponding incidence rate ratios (IRRs) for compar-
isons by race/ethnicity (using White patients as the ref-
erence group). Joinpoint regression analysis software
(version 4.9.0.1) was used to calculate annual percentage
change and its p value. Trends and IRs based on fewer
than five cases in any of the data years were considered
statistically unreliable and were suppressed.

To determine whether proportions of cancer stage are
shifting over time, cancer stage proportions (i.e., percent
contribution of each cancer stage to overall incidence)
are presented by time period (5-year groupings) and by
race/ethnicity. Chi-squared tests for trend were used to
assess trends in stage distribution in the consecutive time
periods.

Univariate and multivariable logistic regression mod-
els were used to assess the association of race/ethnicity
and distant stage diagnosis. The multivariable logistic
regression model included adjustments for age at diag-
nosis, sex, marital status at diagnosis, county-level me-
dian household income, tumor subsite, and diagnosis
year. Unadjusted Kaplan-Meier survival curves with log-
rank tests assessed differences in CSS by race/ethnicity.
Multivariable Cox proportional hazards regression mod-
els were used to calculate adjusted hazard ratios (HRs)
and 95% confidence intervals (CIs) to assess the effect of
race/ethnicity on CSS. Multivariable Cox proportional
hazards models included all covariates described above
and additionally adjusted for treatment via surgery (yes,
no/unknown), and diagnosis stage. Separate Cox propor-
tional hazards models were also conducted by stage at di-
agnosis. Additional details of the methods can be found in
Supplementary Information. Proportional stage analysis
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and all regression analyses were performed using STATA
15 (StataCorp).16 All statistical tests were two-sided with a
significance level of <0.05.

3 | RESULTS

Within the SEER 17 database, there were 371,227 cases
of CRC diagnosed between 2000 and 2019 among pa-
tients aged 50-74 years, including 250,913 (67.6%) White,
45,435 (12.2%) Black, 41,314 (11.1%) Hispanic, 2804
(0.8%) AIAN, and 30,761 (8.3%) API patients (Table 1).
API subgroups comprised of 13,525 (3.6%) East Asian,
10,197 (2.8%) Southeast Asian, 1751 (0.5%) South Asian,
3217 (0.9%) Other Asian, and 2071 (0.6%) Pacific Islander
patients. For White, Black, Hispanic, and ATAN patients,
the majority (35.6%-47.1%) of CRC tumors were located
in the proximal colon. Within API subgroups, CRC tu-
mors were most frequently located in the distal colon
(East Asian, Southeast Asian, and Other Asian) or the
rectum (South Asian and Pacific Islander). White pa-
tients had the highest proportions of early stage tumors
(44.4%), whereas Black and Pacific Islander patients had
the highest proportions of distant stage tumors (23.2%
and 22.9%, respectively).

3.1 | Incidence rates and IRRs

There were marked differences in stage-specific CRC IRs
(Table 2, Figure S1) and IRRs (Table S1) across racial/eth-
nic groups. Over the most recent time period (2015-2019),
Black and AIAN patients had higher CRC IRs compared to
Whites across all disease stages, and these differences were
most pronounced for distant stage CRC. For example, IRs of
early IRR=1.18; 95% CI=1.14-1.22), regional (IRR=1.19;
95% CI=1.13-1.21), and distant (IRR=1.57; 95% CI=1.50-
1.63) stage CRC among Black patients remained 18%, 19%,
and 54% higher (respectively) compared to White patients
in the 2015-2019 period and significantly so. In contrast,
Hispanic patients had significantly lower IRs for early stage
and distant stage CRC compared to White counterparts,
across all time periods. API patients, when aggregated, had
lower stage-specific IRs compared to White counterparts,
but when disaggregated, Pacific Islander patients had 20%
higher IRs of early stage (IRR=1.20; 95% CI=1.03-1.40),
27% higher IRs of regional stage IRR=1.27; 95% CI=1.07-
1.50), and 67% higher IRs of distant stage (IRR=1.67, 95%
CI=1.36-2.20) from 2010 to 2014. For comparison, East
Asian, Southeast Asian, and South Asian subgroups had
similar or lower CRC IRs compared to White counterparts
across all time points. Similar IR and IRRS were observed
when stratified by subsite (Tables S2-S5).
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TABLE 1 Characteristics of colorectal cancer cases by race/ethnicity, SEER 17 2000-2019.
American East Southeast South  Pacific

Characteristic White Black Hispanic Indian API Asian  Asian Asian Islander
Number of cases (N) 250,913 45,435 41,314 2804 30,761 13,525 10,197 1751 2071
Sex

Female 42.1 46.5 42.4 46.0 44.2 44.8 44.3 38.8 41.2

Male 57.9 53.5 57.6 54.0 55.8 55.2 55.7 61.2 58.8
Age

50-54 14.2 17.3 18.8 16.8 17.0 15.3 17.5 17.7 19.2

55-59 16.8 19.5 19.9 19.4 18.6 17.4 18.9 19.0 21.9

60-64 20.2 21.5 20.7 22.9 20.2 19.3 214 20.2 20.7

65-69 23.7 22.2 21.4 20.1 229 24.1 22.4 24.6 20.3

70-74 25.1 19.5 19.2 20.8 21.2 239 19.9 18.6 17.9
Subsite

Proximal 38.6 47.1 35.6 37.2 29.1 31.3 26.4 29.1 29.7

Distal 27.4 26.8 29.0 28.6 35.1 34.4 36.3 31.9 33.3

Rectum 31.6 224 32.7 31.6 34.0 32.6 35.2 37.1 34.8

Colon, NOS 24 3.6 2.7 2.5 2.5 1.7 2.1 1.8 2.3
Stage

Early® 44.4 40.8 40.7 41.0 41.8 41.9 40.2 40.9 39.8

Regional 35.0 33.2 36.5 35.8 37.4 38.4 37.6 39.1 34.8

Distant 18.3 23.2 19.6 21.0 17.9 17.1 19.4 16.5 229

Unknown 2.3 2.8 3.2 2.3 2.9 2.7 2.8 3.5 2.5
Median income

>$75,000 29.7 18.5 24.5 43.9 53.4 55.1 50.6 52.6 60.7

$65,000-$74,999 22.8 20.1 27.1 13.1 20.5 18.9 23.1 19.3 16.0

$55,000-$64,999 21.6 26.5 32.6 13.6 22.6 24.3 22.2 20.7 20.1

<$55,000 259 34.9 15.8 29.3 3.5 1.7 4.0 7.4 3.2
Marital status

Married 60.8 40.7 56.3 45.8 67.5 68.6 67.8 76.4 55.3

Divorced/separated 11.9 15.0 12.1 12.1 7.5 7.0 7.6 4.2 12.4

Single 13.1 27.7 18.1 17.1 12.2 12.4 11.9 6.3 16.9

Unmarried/ 0.2 0.1 0.2 0.5 0.1 0.1 0.1 0.1 0.2

domestic partner
Widowed 8.4 10.0 7.1 9.0 6.9 6.5 7.5 6.5 8.5
Unknown 5.6 6.5 6.2 15.6 5.9 54 5.1 6.6 6.8

Note: Numbers represent column percentages unless otherwise specified.
Abbreviation: API, Asian/Pacific Islander (aggregated).

*Early stage includes in situ and localized tumors.

3.2 | Trendsin CRCIRS

With regard to trends over time, IRs of early, regional, and
distant CRC declined across most racial/ethnic groups
(Table 2). Declines in CRC IRs were most pronounced for
early stage and regional stage CRC with slower and smaller
declines in distant stage CRC. For example, IRs of early and
regional stage CRC significantly decreased among White,
Black, Hispanic, East Asian, and Southeast Asian patients

by approximately —1.5% to —3.9% per year. Smaller declines
in distant stage IRs were observed, with significant decreases
for White, Black, Hispanic, and East Asian patients by ap-
proximately —0.7% to —2.3% per year. Stage-specific trends
in CRC IRS for AIAN, South Asian, and Pacific Islander pa-
tients were not statistically significant, likely due to small
sample sizes. When examined by stage and subsite, declines
in IRs most pronounced for early and regional stage tumors
at each subsite for most groups (Tables S2-S5).
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TABLE 3 Predictors of distant stage colorectal cancer by race ethnicity, SEER 17 2000-2019.

Characteristic Univariate Multivariable
Race/ethnicity OR (95% CI) p value OR (95% CI) p value
White 1.00 (Ref.) 1.00 (Ref.)
Black 1.34 (1.31-1.37) <0.001 1.22 (1.19-1.25) <0.001
Hispanic 1.08 (1.06-1.11) <0.001 1.03 (1.01-1.06) 0.030
American Indian 1.18 (1.08-1.30) <0.001 1.16 (1.06-1.27) 0.002
API 0.97 (0.94-1.01) 0.051 0.98 (0.95-1.01) 0.287
East Asian 0.92 (0.88-0.96) <0.001 0.95(0.91-0.99) 0.042
Southeast Asian 1.07 (1.02-1.13) 0.006 1.07 (1.02-1.13) 0.006
South Asian 0.88 (0.77-1.00) 0.042 0.89 (0.78-1.01) 0.078
Pacific Islander 1.33(1.20-1.47) <0.001 1.28 (1.16-1.42) <0.001
Sex
Female 1.00 (Ref.) 1.00 (Ref.)
Male 1.02 (1.00-1.03) 0.049 1.05 (1.03-1.06) <0.001
Age at diagnosis (years)
50-54 1.00 (Ref.) 1.00 (Ref.)
55-59 1.10 (1.07-1.13) <0.001 1.09 (1.06-1.12) <0.001
60-64 1.05 (1.02-1.08) <0.001 1.05 (1.02-1.08) 0.001
65-69 0.89 (0.87-0.92) <0.001 0.89 (0.87-0.92) <0.001
70-74 0.84 (0.82-0.86) <0.001 0.84 (0.82-0.87) <0.001
Marital status
Married 1.00 (Ref.) 1.00 (Ref.)
Divorced/separated 1.32(1.28-1.35) <0.001 1.27 (1.24-1.30) <0.001
Single 1.45 (1.42-1.48) <0.001 1.34 (1.31-1.37) <0.001
Unmarried/domestic partner 1.44 (1.21-1.72) <0.001 1.27 (1.07-1.52) 0.007
Widowed 1.15(1.11-1.18) <0.001 1.21 (1.18-1.25) <0.001
Unknown 0.74 (0.71-0.77) <0.001 0.72 (0.69-0.75) <0.001
Median income
>$75,000 1.00 (Ref.) 1.00 (Ref.)
$65,000-$74,999 1.03 (1.01-1.06) 0.004 1.01 (0.99-1.04) 0.254
$55,0000-$64,999 1.02 (1.00-1.05) 0.035 1.00 (0.98-1.02) 0.926
<$55,000 1.09 (1.06-1.11) <0.001 1.03 (1.01-1.05) 0.017
Missing 0.60 (0.26-1.41) 0.245 0.87 (0.36-2.13) 0.659
Subsite
Distal 1.00 (Ref.) 1.00 (Ref.)
Proximal 1.02 (1.01-1.05) 0.022 1.02 (1.01-1.04) 0.040
Rectum 1.01 (0.98-1.02) 0.999 0.99 (0.96-1.01) 0.178
Colon, NOS 4.17 (3.99-4.36) <0.001 4.18 (4.00-4.37) <0.001
Diagnosis year
2000-2004 1.00 (Ref.) 1.00 (Ref.)
2005-2009 1.07 (1.05-1.10) <0.001 1.05(1.03-1.08) <0.001
2010-2014 1.19 (1.16-1.22) <0.001 1.16 (1.13-1.19) <0.001
2015-2019 1.29 (1.27-1.33) <0.001 1.25(1.22-1.28) <0.001

Abbreviations: API, Asian/Pacific Islander (aggregate); CI, confidence interval; OR, odds ratio.
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TABLE 4 Multivariable adjusted® hazard ratio (HR) and 95% TABLE 4 (Continued)
confidence interval (CI) estimates for CSS in patients with CRC
adenocarcinoma, 2000-2019. L. p
Characteristic Deaths HR (95% CI) value
p Surgery
Characteristic Deaths HR (95% CI) value
Yes 75,276 1.00 (Ref.)
Race/ethnicity No/unknown 27,060 243(2.39-2.47)  <0.001
White 68,226 1.00 (Ref.) -~ .
iagnosis year
Black 14,833 1.17 (1.14-1.19) <0.001 2000-2004 31,872 1.00 (Ref.)
Hispanic 10,934 0.99(0.98-1.02)  0.934 2005-2009 28919  0.85(0.84-0.86)  <0.001
American Indian 795 1.10 (1.03-1.18) 0.007 2010-2014 26,649 0.7 (0.76-0.79) <0.001
APT 7473 0.97(0.94-0.99)  <0.001 2015-2019 14896  0.67(0.66-0.68)  <0.001
East Asian 3384 0.96 (0.93-0.99) 0.018
Note: Patients listed as “other Asian” were included in the aggregate API
Southeast 2633 1.01(0.97-1.05)  0.730 group (deaths =488).
Asian Abbreviations: API, Asian/Pacific Islander (aggregate of all subgroups); CI,
South Asian 345 0.81 (0.72-0.90) <0.001 confidence interval; HR, hazards ratio.

Pacific Islander 623 1.17 (1.08-1.27) <0.001

Sex
Female 42,483 1.00 (Ref.)
Male 59,853 1.12(1.11-1.14) <0.001
Age at diagnosis
50-54 14,585 1.00 (Ref.)
55-59 18,323 1.08 (1.06-1.11) <0.001
60-64 21,282 1.17 (1.14-1.19) <0.001
65-69 23,340 1.24 (1.22-1.27) <0.001
70-74 24,806 1.45(1.42-1.48) <0.001

Marital status

Married 56,242 1.00 (Ref.)

Divorced/ 13,692 1.22(1.19-1.24) <0.001
separated

Single 17,531 1.28 (1.26-1.30) <0.001

Unmarried/ 146 1.22 (1.04-1.44) 0.015
domestic
partner

Widowed 9693 1.23 (1.20-1.26) <0.001

Unknown 5032 1.03 (1.00-1.06) 0.031

Median income
>$75,000 28,287
$65,000-$74,999 22,459
$55,000-$64,999 25,469

1.00 (Ref.)
1.09 (1.07-1.11) <0.001
1.12(1.11-1.15) <0.001

<$55,000 26,110 1.21 (1.18-1.23) <0.001

Unknown 11 0.88 (0.47-1.63) 0.684
Subsite

Distal colon 25,646 1.00 (Ref.)

Proximal colon 38,643 1.20 (1.18-1.22) <0.001

Rectum 33,847 1.09 (1.07-1.11) <0.001

Colon, NOS 4200 1.35(1.31-1.67) <0.001

“Stratified by stage at diagnosis; adjusted for all variables in the table.

patients, as observed for Black, AIAN, and Hispanic patients.
In contrast, East Asian patients were significantly less likely
to be diagnosed with distant stage CRC (OR=0.95, 95% CL:
0.91-0.99) than their White counterparts, and no significant
differences in likelihood of distant stage CRC were observed
between South Asian and White patients.

Additionally, likelihood of distant stage diagnosis in-
creased over time, as those diagnosed with CRC in the most
recent time period (2015-2019) were 25% more likely to be
diagnosed at distant stages compared to those diagnosed
at the beginning of the study period in years 2000-2004
(OR=1.25,95% CI:1.23-1.28). Other factors such as younger
age, male sex, lower median, not being married, and tumors
originating in the proximal colon were also associated with
a higher likelihood of distant stage presentation.

3.5 | Survival analysis

In multivariable Cox regression analysis (Table 4,
Figure 1A), Black (HR=1.17, 95% CI: 1.14-1.19), AIAN
(HR=1.10, 95% CI:1.03-1.18), and Pacific Islander
(HR=1.17, 95% CI: 1.08-1.27) patients experienced
worse CSS compared to White counterparts, whereas East
Asian and South Asian patients experienced better CSS
(HR=0.96,95% CI:0.93-0.99 and HR=0.81, 95% CI: 0.72-
0.90, respectively). Conversely, there were no significant
differences in CSS among Hispanic and Southeast Asian
patients. Other factors such as male sex, older age at diag-
nosis, earlier year of diagnosis, lower median income, not
being married, tumor location in the proximal colon or
rectum subsites were also predictive of worse CSS.
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FIGURE 1 Unadjusted Kaplan-Meier estimates of cause-specific survival among disaggregated race/ethnic groups for (A) all stages

combined (B) early stage (C) regional stage, and (D) distant stage.

In separate models for stage at diagnosis (Table 5,
Figure 1B-D), Black patients had significantly worse CSS
than Whites across all disease stages, and the survival dis-
parity was most pronounced for early stage (HR=1.38,
95% CI: 1.32-1.44) and regional stage (HR=1.22, 95%
CI: 1.18-1.26) CRC. Hispanic and Pacific Islander pa-
tients with early stage or regional stage (but not distant
stage) disease also experienced a 5%-45% higher risk of
CRC mortality than White counterparts diagnosed at sim-
ilar stages. When diagnosed at distant stages, however,
Hispanic patients had better CSS compared to White pa-
tients with distant CRC (HR=0.93, 95% CI: 0.90-0.95).
Although AIAN patients with early stage CRC experi-
enced worse survival (HR =1.47,95% CI:1.24-1.75), AIAN
patients with regional or distant stage disease showed no

significant differences in CSS compared to White patients.
At every disease stage, East Asian, Southeast Asian, and
South Asian subgroups had equivalent or better CSS than
White patients.

4 | DISCUSSION

Despite reductions in overall CRC IRS over the past two
decades, striking disparities by race/ethnicity, stage, and
tumor subsite remain. We find that for most racial/ethnic
groups, IRs of distant stage CRC have decreased at a slower
rate compared to IRs for early stage tumors. As a result, for
most groups, distant stage tumors comprise an increasing
proportion of all CRC cases, which aligns with findings from
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TABLE 5 Multivariable adjusted” hazard ratio (HR) and 95% confidence interval (CI) estimates for CSS in patients with CRC
adenocarcinoma by stage at diagnosis, 2000-2019.

Early stage® Regional stage Distant stage
Race/ethnicity Deaths  HR (95% CI) pvalue  Deaths HR (95% CI) pvalue Deaths HR (95% CI) p value
White 10,481  1.00 (Ref.) 23,228  1.00 (Ref.) 32,515  1.00 (Ref.)
Black 2235 1.38 (1.31-1.44) <0.001 4613 1.22(1.18-1.26)  <0.001 7447 1.07 (1.04-1.10)  <0.001
Hispanic 1554 1.15(1.09-1.21) <0.001 3721 1.05(1.02-1.09)  0.002 5250 0.93(0.90-0.95) <0.001
American 129 1.47 (1.24-1.75) <0.001 248 1.07 (0.94-1.21) 0.294 397 1.05(0.95-1.16) 0.316
Indian
API 944 0.94 (0.88-1.00) 0.068 2610 0.95(0.91-0.99) 0.022 3626 0.97 (0.94-1.01 0.116
East Asian 428 0.89 (0.81-0.98)  0.018 1204 0.90 (0.85-0.96) <0.001 1625 1.02(0.97-1.07) 0.473
Southeast 328 1.05 (0.94-1.17) 0.386 934 1.06 (1.00-1.14)  0.063 1265 0.95(0.90-1.00) 0.071
Asian
South Asian 44 0.88 (0.66-1.19) 0.404 115 0.81 (0.67-0.97)  0.025 173 0.78 (0.67-0.91) 0.001
Pacific 81 1.39 (1.12-1.74) 0.003 220 1.45(1.27-1.66) <0.001 301 0.96 (0.86-1.08) 0.528
Islander
Sex
Female 5821 1.00 (Ref.) 14,458  1.00 (Ref.) 20,966  1.00 (Ref.)
Male 9530 1.28 (1.24-1.33) <0.001 19,981 1.16 (1.13-1.19)  <0.001 28,306 1.05 (1.04-1.07) <0.001
Age at diagnosis
50-54 1666 1.00 (Ref.) 4683 1.00 (Ref.) 7845 1.00 (Ref.)
55-59 2253 1.22 (1.15-1.30) <0.001 5779 1.09 (1.04-1.13)  <0.001 9745 1.04 (1.01-1.08)  0.005
60-64 2850 1.37 (1.29-1.46) <0.001 6923 1.19 (1.14-1.23)  <0.001 10,820 1.10 (1.07-1.14) <0.001
65-69 3854 1.63 (1.54-1.73) <0.001 8083 1.27(1.22-1.31)  <0.001 10,662 1.15(1.11-1.18)  <0.001
70-74 4728 2.11 (1.99-2.23) <0.001 8971 1.47 (1.42-1.53)  <0.001 10,200 1.29 (1.25-1.33)  <0.001
Marital status
Married 8624 1.00 (Ref.) 19,349  1.00 (Ref.) 26,912 1.00 (Ref.)
Divorced/ 1885 1.36 (1.30-1.43) <0.001 4553 1.28 (1.24-1.33)  <0.001 6862 1.13(1.10-1.16) <0.001
separated
Single 2282 1.42 (1.35-1.48) <0.001 5664 1.37 (1329-1.41) <0.001 8988 1.18 (1.16-1.21) <0.001
Unmarried/ 14 1.29 (0.76-2.18) 0.344 44 1.42 (1.05-1.90) 0.021 87 1.14 (0.92-1.41) 0.223
domestic
partner
Widowed 1554 1.36 (1.28-1.44) <0.001 3468 1.29 (1.24-1.34) <0.001 4366 1.16 (1.13-1.20) <0.001
Unknown 992 0.92 (0.86-0.99) 0.016 1361 1.15(1.09-1.21)  <0.001 2057 1.04 (0.99-1.08) 0.101

Median income
>$75,000 3875 1.00 (Ref.) 9489 1.00 (Ref.) 14,061  1.00 (Ref)
$65,000-$74,999 3241 1.13 (1.08-1.19) <0.001 7596 1.10 (1.06-1.13)  <0.001 10,899 1.08 (1.05-1.11)  <0.001
$55,000-$64,999 3935 1.22 (1.17-1.28) <0.001 8760 1.15(1.11-1.18)  <0.001 11,932 1.10(1.07-1.12)  <0.001

<$55,000 4298 1.46 (1.39-1.52) <0.001 8593 1.22(1.18-1.25)  <0.001 12,377 1.14(1.11-1.17) <0.001

Unknown 2 0.65 (0.16-2.59) 0.586 1 0.70 (0.10-4.95)  0.720 3 0.94 (0.30-2.92) 0.921
Subsite

Distal colon 3984 1.00 (Ref.) 7980 1.00 (Ref.) 13,067  1.00 (Ref.)

Proximal colon 4907 1.05 (1.01-1.10) 0.021 14,045 1.11 (1.08-1.14)  <0.001 18,967 1.32(1.29-1.35) <0.001

Rectum 6257 1.57 (1.50-1.63) <0.001 11,813 1.19 (1.15-1.22) <0.001 14,271 0.88 (0.86-0.90) <0.001

Colon, NOS 203 1.07 (0.93-1.23) 0.348 601 1.49 (1.37-1.62) <0.001 2967 1.31 (1.26-1.37) <0.001
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Early stage® Regional stage Distant stage

Surgery

Yes 13,285  1.00 (Ref.) 32,365  1.00 (Ref.) 28,845  1.00 (Ref.)

No/unknown 2066 4.22(4.03-4.43) <0.001 2074 3.24(3.09-3.39) <0.001 20,427 2.33(2.29-2.38) <0.001
Diagnosis year

2000-2004 5874 1.00 (Ref) 12,232 1.00 (Ref.) 12,837  1.00 (Ref))

2005-2009 4863 0.90 (0.87-0.94) <0.001 10,072  0.86(0.84-0.88) <0.001 13,119 0.80 (0.78-0.82) <0.001

2010-2014 3472 0.88 (0.84-0.92) <0.001 8525 0.79 (0.77-0.81)  <0.001 13,790 0.71 (0.69-0.73)  <0.001

2015-2019 1142 0.74 (0.70-0.79) <0.001 3610 0.69 (0.66-0.72)  <0.001 9526 0.63 (0.61-0.64) <0.001

Note: Patients listed as “other Asian” were included in the aggregate API group (deaths =488).

Abbreviations: API, Asian/Pacific Islander (aggregate of all subgroups); CI, confidence interval; HR, hazards ratio.

*Adjusted for all variables in the table.
PEarly stage include in-situ and localized tumors.

previous research.!” Moreover, findings suggest that the
burden of CRC is not evenly distributed across racial/ethnic
groups, with marked disparities in CRC incidence, stage at
diagnosis, and CSS by race/ethnicity, especially for certain
API subgroups. We found that Black, American Indian,
and Hispanic patients were more likely to be diagnosed at
distant stages than their White counterparts, whereas API
patients, when aggregated as one group, showed no signifi-
cant differences in likelihood of diagnosis with distant stage
CRC. When API patients were disaggregated, however,
marked heterogeneity in CRC outcomes between API sub-
groups emerged. Specifically, Pacific Islander and Southeast
Asian subgroups were also more likely to be diagnosed at
distant or more advanced stages, as was observed for Black,
AIAN, and Hispanic patients, stages of disease that are less
amenable to curative treatment and often fatal.

In addition to higher risk of diagnosis with distant stage
disease, Black, AIAN, and Pacific Islander patients showed
poorer CSS compared to White patients, and these dispari-
ties remained after adjusting for key sociodemographic and
tumor characteristics. In stage stratified analysis, findings of
worse CSS among Black, Hispanic, and Pacific Islander pa-
tients persisted even among those diagnosed at earlier disease
stages, when treatment is most effective. Differences in CSS
by race/ethnicity, especially among patients diagnosed at ear-
lier stages, point to disparities across the cancer care contin-
uum from screening to treatment delivery and follow-up care.

Although Pacific Islanders are frequently grouped with
Asian Americans, we show that disaggregating by sub-
group can reveal important differences in CRC incidence,
stage, and survival not observable when aggregated into
a single group. While several studies have characterized
differences in CRC outcomes between Asian American
subgroups,g’l&l9’20’21’22 few report outcomes for Pacific
Islanders separately from other Asian subgroups. We find
that when API data are disaggregated, significant variations

in CRC outcomes across subgroups emerged. Specifically,
our findings indicate that Pacific Islanders have distinct
risk profiles for CRC that are similar to those of Black and
ATAN patients. Additionally, we found that despite having
higher risk of diagnosis with distant stage CRC, Southeast
Asian patients had similar CSS to White patients. These
findings reinforce the importance of disaggregating racial/
ethnic data whenever possible to provide a more accurate
depiction of progress made toward health equity in cancer.

There are genetic, lifestyle, and environmental factors
that may contribute to the observed differences in CRC out-
comes across racial and ethnic groups. Although elevated
risk of CRC can be inherited, the majority (70%-75%) of
CRC cases are sporadic and occur in people without genetic
predisposition or family history of the disease.**** Lifestyle
and environmental factors including alcohol consumption
and tobacco use, high intake of red and processed meat,
obesity, and sedentary lifestyle increase the risk of devel-
oping CRC. Although traditional Asian diets are typically
rich in antioxidant and anti-inflammatory compounds
proposed to be protective against CRC, acculturation and
adoption of “Western” diets (high intake of red meat and
saturated fats and low intake of fiber) and lifestyle behav-
iors (low physical activity, sedentary habits) may explain
some of the variability in CRC outcomes between different
API subgroups.”>* Differences in neighborhood and built
environments can also contribute to health disparities. For
example, Black and Hispanic populations are more likely to
live in neighborhoods that lack access to healthy food op-
tions, recreational spaces for physical activity, and health-
care facilities to receive preventive services, all of which
may contribute to the poorer CRC outcomes observed.*”*

While lifestyle and environmental factors impact
risk of developing the disease, the observed differences
in disease stage and survival by race/ethnicity likely re-
sult from inequities in access to and knowledge of CRC
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screening and treatment services. Racial/ethnic minority
populations have consistently lower CRC screening rates
than White counterparts, which, in turn, contribute to
later stage diagnosis and subsequent poorer survival in
minority patients.>**2%3! Racial/ethnic minority popu-
lations also experience higher rates of poverty, are more
likely to be uninsured, and are less likely to have a usual
source of care, all of which have been linked to lower uti-
lization of CRC screening and delayed diagnosis.**** Lack
of knowledge about CRC and CRC screening modalities,
lack of physician’'s recommendation for screening, fear of
the screening process, fear of results, cancer fatalism, and
distrust of the medical system have also been identified
as powerful predictors of low CRC screening adherence
in API and other minority populations.*>>” English lan-
guage proficiency and knowledge of US healthcare sys-
tems are additional barriers to CRC screening in Asian
and Hispanic immigrant groups.®® Lack of culturally ap-
propriate cancer education resources, unintended bias ex-
ercised by providers, discrimination and structural racism
experienced by patients are also likely key contributors to
the observed differences in CRC burden among minority
groups.

Although the exact mechanisms contributing to the
observed racial/ethnic disparities in CRC are not well
understood, there is growing recognition that health dis-
parities emerge and persist through multiple domains of
influence that include individual (e.g., health behaviors,
family history, and genetic risk), community and envi-
ronmental (e.g., residential segregation, access to healthy
food choices, access to screening and quality healthcare),
and system-level factors (e.g., laws and policies that im-
pact access to, receipt, and quality of cancer care).*”*’ Use
of patient navigation programs has been shown to sub-
stantially improve CRC screening utilization for minority
populations*'; however, tailored interventions that target
the many multilevel causes of CRC disparities are needed.

In 2021, The United States Preventive Services Task
Force expanded the recommended ages for CRC screening
to 45 to 75years (previously 50-75 years).42 An estimated
20million Americans between 45 and 49years of age are
now newly eligible for routine CRC screening, through in-
surance coverage for preventive services, as mandated by
the Affordable Care Act.*>* Despite this, CRC screening
continues to be underutilized by underserved groups most
likely to benefit from early detection, and there is concern
that expanding the screening-eligible population may di-
vert important resources away from populations at greatest
risk of CRC who are most likely to benefit from screening
and early detection. Future studies should monitor the ef-
fect of revised screening guidelines on disparities in CRC
incidence, stage at diagnosis, and survival to ensure equal
benefit across all racial/ethnic subpopulations.

Our study has several limitations.* First, patients
listed as “other Asian” were excluded from subgroup anal-
ysis due to unavailability of incidence data in the SEER
9 database. Also, SEER does not include information on
disease risk factors such as diet, obesity, smoking or al-
cohol consumption, family history, comorbidities, social
support, acculturation, and other factors related to health-
care access that could inform our study findings. SEER
also does not provide any data pertaining to the modality
or frequency of CRC screening, as well as information on
genetic testing. Furthermore, we were unable to differen-
tiate Hispanic subgroups, such as Mexican, Cuban, Puerto
Rican, and other Central and South American countries.
We were also unable to disaggregate AIAN groups by tribal
affiliation, as this information is not available in SEER.

5 | CONCLUSION

Our study provides an updated and broader examination
of CRC disparities by race/ethnicity and demonstrates the
extent to which aggregating heterogenous populations
masks significant variability in both the CRC outcomes
within subgroups and its burden. Improved understand-
ing of the CRC disparities among API groups requires
collection of data for these groups, and probably for other
aggregated ethnic groups (i.e., Hispanics) to allow critical
comparisons with majority racial/ethnic populations but
also within heterogenous subgroups.
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