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/ABSTRACT

Background. Low socioeconomic status (SES) has been Vs.

11.1%), and present with stage IV disease (32.8%

linked to worse survival in patients with colorectal cancer
(CRC); however, the impact of SES on early-onset CRC
remains undescribed.

Materials and Methods. Retrospective analysis of data
from the National Cancer Database (NCDB) between 2004
and 2016 was conducted. We combined income and educa-
tion to form a composite measure of SES. Logistic regres-
sion and XZ testing were used to examine early-onset CRC
according to SES group. Survival rates and Cox proportional
hazards models compared stage-specific overall survival
(OS) between the SES groups.

Results. In total, 30,903 patients with early-onset CRC were
identified, of whom 78.7% were White; 14.5% were Black.
Low SES compared with high SES patients were more likely
to be Black (26.3% vs. 6.1%) or Hispanic (25.3% vs. 10.5%),
have T4 tumors (21.3% vs. 17.8%) and/or N2 disease (13%

vs. 27.7%) at diagnosis (p < .0001, all comparisons). OS
gradually improved with increasing SES at all disease stages
(p < .001). In stage IV, the 5-year survival rate was 13.9%
vs. 21.7% for patients with low compared with high SES. In
multivariable analysis, SES (low vs. high group; adjusted
hazard ratio [HR,q], 1.35; 95% confidence interval [CI],
1.26-1.46) was found to have a significant effect on survival
(p < .0001) when all of the confounding variables were
adjusted. Insurance (not private vs. private; HR,q, 1.38;
95% Cl, 1.31-1.44) mediates 31% of the SES effect on
survival.

Conclusion. Patients with early-onset CRC with low SES had
the worst outcomes. Our data suggest that SES should be
considered when implementing programs to improve the
early detection and treatment of patients with early-onset-
CRC. The Oncologist 2021;26:e1730—e1741

Implications for Practice: Low socioeconomic status (SES) has been linked to worse survival in patients with colorectal can-
cer (CRC); however, the impact of SES on early-onset CRC remains undescribed. In this retrospective study of 30,903 patients
with early-onset CRC in the National Cancer Database, a steady increase in the yearly rate of stage IV diagnosis at presenta-
tion was observed. The risk of death increased as socioeconomic status decreased. Race and insurance status were indepen-
dent predictors for survival. Implementation of programs to improve access to care and early diagnostic strategies among
younger adults, especially those with low SES, is warranted.

INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer
diagnosed in both men and women and the second leading
cause of cancer-related death in the U.S. [1]. Over the last

few decades, incidence and mortality of CRC have declined
by over 50%, largely because of population-based CRC
screening and therapy improvements. In contrast, the

Correspondence: Mohamed E. Salem, M.D., Department of Solid Tumor Oncology, Levine Cancer Institute, 1021 Morehead Medical Drive,
Charlotte, North Carolina 28204, USA. Telephone: (980)-442—-6410; e-mail: mohamed.salem@atriumhealth.org. Received May 22, 2021;
accepted for publication July 13, 2021; published Online First on August 5, 2021. http://dx.doi.org/10.1002/onco0.13908

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use
and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adapta-
tions are made.

The Oncologist 2021;26:e1730—e1741 www.TheOncologist.com © 2021 The Authors.
The Oncologist published by Wiley Periodicals LLC on behalf of AlphaMed Press.


https://orcid.org/0000-0002-2492-4043
mailto:mohamed.salem@atriumhealth.org
http://dx.doi.org/10.1002/onco.13908
http://creativecommons.org/licenses/by-nc-nd/4.0/

Salem, Puccini, Trufan et al.

el731

incidence of CRC, particularly left-sided tumors, in adoles-
cents and young adults (defined as early-onset CRC) has
been steadily increasing [2-5], with the sharpest increase
among those aged 20 to 34 years [6, 7]. Not only is the inci-
dence of early-onset CRC rising, but the related mortality
rates in certain subgroups in increasing [7]. This is notable
as patients with early-onset CRC tend to present with
advanced-stage disease and more histologically aggressive
tumors, such as those with mucinous or signet ring features
and poor differentiation [8]. Advanced and aggressive dis-
ease at presentation is, of course, associated with worse
outcomes [8—11], which highlights the critical need to iden-
tify and evaluate symptomatic individuals earlier.

In the U.S., CRC incidence and survival differ not only by
patient age but also by gender, race, and geography [12],
and many of these disparities are quite complex in nature.
Black patients have worse survival rates than White
patients, even when diagnosed early [13]. Additionally, CRC
incidence is higher, and mortality rates are 40% greater
among men than women [14].

In addition to the disease’s clinicopathologic features,
socioeconomic status (SES), such as education level,
income, insurance status, and access to health care, can
also impact outcomes [15, 16]. In the US, young adults are
less likely to have health insurance and promptly seek med-
ical care [15]. They are also more likely to have lower
incomes. All of these factors can result in worse survival.

Socioeconomic determinants of health are well
established as significant prognostic factors for patients
with CRC. However, the degree of socioeconomic-factor
impact on disease features and outcomes in young adults
with early-onset CRC have not been well characterized. Fur-
thermore, delineating potential socioeconomic disparities
and the risk they pose regarding incidence and survival in
early-onset CRC will allow us to address the growing burden
of early-onset CRC and improve access to care and
outcomes.

Herein, we report on our National Cancer Database
(NCDB) analysis to determine the impact of socioeconomic
determinants of health on the clinicopathological features
of early-onset CRC and patient survival.

SuBJECTS, MATERIALS, AND METHODS

Data Source and Database

The NCDB contains patient data from 2004 to 2016. The
NCDB is a joint project of the Commission on Cancer (CoC)
of the American College of Surgeons and the American Can-
cer Society. NCDB data is derived from the cancer registries
of more than 1,500 CoC accredited facilities, and it repre-
sents approximately 70% of all new cancer cases in
the U.S. [17].

Patients

Patients aged 18-40 years at time of diagnosis with colorec-
tal cancer (colon, rectosigmoid junction, and rectal cancers)
were included in the current study. Patients with
appendiceal cancers were excluded.
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Of note, the age definition of the group referred to as
“adolescent and young adults” is still under debate. Age
cutoffs vary widely among published studies: some authors
recommend an upper limit of 50 years of age, based on his-
torically recommended CRC screening guidelines in the
average-risk population, whereas others select patients
below the age of 40 years, based on physiological and path-
ological variables.

Patient Characteristics

Patient and tumor characteristics (e.g., age, race, ethnicity,
insurance type, tumor grade, clinical American Joint Com-
mittee on Cancer (AJCC) stage, pathological AJCC stage,
Charlson-Deyo comorbidity index, year of diagnosis, and
area of living) were recorded and compared.

Income Level

Income level, as specified by the NCDB, was determined by
matching each patient’s ZIP code at the time of diagnosis
with data derived from the 2012 American Community Sur-
vey on median household income and was adjusted for
2012 inflation. Income categories were based on equally
proportioned quartiles. The quartiles of median household
income were defined as (a) median household income less
than $38,000 (lowest income level), (b) median household
income between $38,000 to $47,999, (c) median
household income $48,000 to $62,999, and (d) median
household income greater than or equal to $63,000
(highest income level).

Education Level

Education level was determined by matching each patient’s
ZIP code at the time of diagnosis with data derived from
the 2012 American Community Survey on the percentage
of people aged 25 years and older who had not graduated
high school (earned a high school diploma). Education cate-
gories were based on equally proportioned quartiles. The
quartiles were defined as (a) 21% or more had not gradu-
ated high school (lowest education level), (b) 13%—20.9%,
(c) 7%-12.9%, and (d) less than 7% (highest education
level).

Composite SES Measure

To determine the impact of socioeconomic determinants
of health on the clinicopathological features and out-
comes of individuals with early-onset CRC, we combined
two socioeconomic variables—income and education—to
create a composite measure of socioeconomic status (SES
composite) [18, 19]. The quartile assignments (1, 2, 3, 4)
of the income and education measures were added
together, and new composite SES groups were created
for a combined score of 2-3, 4-5, 6-7, and 8 (supplemen-
tal online Table 1).

Area of Residence

Metropolitan, urban, and rural population size designations
are assigned in NCDB using data from the U.S. Department
of Agriculture Economic Research Service. However, the
number of patients in our early-onset CRC cohort who
resided in rural areas was small; therefore, we combined
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rural and suburban designations into one category and
compared this with the metropolitan population.

Overall Survival

Overall survival was determined from “any-cause” mortal-
ity, as reported by the NCDB. Survival time was defined as
the number of months from the date of initial CRC diagno-
sis to the date of death or last reported follow-up.

Statistical Analysis

Demographic, clinical, and treatment characteristics were
analyzed using descriptive statistics, and differences
between comparison groups were assessed using XZ and
Kruskal-Wallis tests, as appropriate. Kaplan-Meier sur-
vival curves comparing composite SES groups were fitted
for the entire cohort and stratified by disease stage. The
Cochran-Armitage test was used to examine trends over
time for stage at presentation and insurance type.
Univariable and multivariable Cox Proportional Hazard
(CPH) models were fitted for SES and the potential con-
founders that were selected a priori to assess their asso-
ciations with survival. Backward elimination with cutoff
p < .2 was used to obtain a final multivariable model. For
mediation analysis, insurance status was added to the
final multivariable model to determine if adjusting the
potential mediator attenuates the effect of SES on sur-
vival. Causal mediation analysis with counterfactual
framework [20, 21] was performed to determine the pro-
portion of SES effect on survival that is mediated by
insurance status. Benjamini-Hochberg procedure [22] was
used to calculate FDR adjusted p value (FDR-p), with FDR-
p < .05 as the cutoff for statistical significance. All ana-
lyses were completed with SAS 9.4 (Cary, NC).

Ethics Statement

This study was exempt from review by an institutional
review board as the data from the NCDB is deidentified
prior to distribution.

RESULTS

Patient Characteristics

A total of 30,903 patients between the ages of 18-40 years
at CRC diagnosis were identified in the NCDB between 2004
and 2016. Descriptive demographic and disease data are
summarized in Table 1. The median patient age was
36 years (interquartile range [IQR], 32—39) for the overall
population. Most patients (25,081, 81.2%) were aged
between 31 and 40 years, with the remaining 5,822
patients (18.8%) being between 18 and 30 years of age.
Fifty-two percent were male; 78.7% were White, 16.3%
were Hispanic, and 14.5% were Black. Most patients
(69.4%) had left-sided tumors, 19.1% had right-sided
tumors, and 11.4% had primary tumors in the transverse
colon.

In the overall population, 14.4% had stage | CRC at pre-
sentation; 19.4%, stage Il; 36.3%, stage Ill; and 29.9%, stage
IV (Table 1). However, for the entire study cohort over the
12-year study period, a steady increase in the yearly rate of
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stage IV diagnosis at presentation was observed (from
28.9% in 2004 to 33.6% in 2016, p < .0001; supplemental
online Table 2). Additionally, we observed a gradual decline
in the rate of patients with private insurance over the same
12-year study period (from 74.5% in 2004 to 68.6% in 2016,
p < .0001; supplemental online Table 3).

Patient Distribution in the SES Composites
The distributions of patients and their characteristics within
the four SES composite groups are shown in Table 1 and
supplemental online Table 4. There were 7,044 (22.8%),
8,877 (28.7%), 9,452 (30.6%), and 5,530 (17.9%) in the low,
mid-low, mid-high, and high SES groups, respectively. Signif-
icant differences were seen in the distribution of race, eth-
nicity, T and N stage, clinical stage at presentation, presence
of comorbidities, rehospitalization within 30 days of sur-
gery, area of residence, and insurance type (all comparisons
FDR-p < .001). Specifically, compared with patients in the
high SES group, those in the low SES group were more likely
to be Black (26.3% vs. 6.1%; odds ratio [OR], 5.36, 95% con-
fidence interval [Cl], 4.74-6.06) or Hispanic (25.3%
vs. 10.5%; OR, 2.87; 95% Cl, 2.59-3.18); have T4 tumors
(21.3% vs. 17.8%; OR, 1.78; 95% Cl, 1.49-2.13) and/or N2
disease (13% vs. 11.1%; OR, 1.27; 95% Cl, 1.10-1.46); pre-
sent with stage IV disease (32.8% vs. 27.7%; OR, 1.54; 95%
Cl, 1.37-1.73); have comorbidities (9.2% vs. 6.4%; OR, 1.47;
95% Cl, 1.29-1.69); and be rehospitalized within 30 days of
surgery (8.7% vs. 6.9%; OR, 1.30; 95% Cl, 1.13-1.49).
Additionally, patients in the low SES group were more
likely live in suburban/rural areas (27% vs. 1.9%; OR, 19.6;
95% Cl, 15.9-24.0; FDR-p < .0001), more likely to have no
insurance (17.0% vs. 5.6%; OR, 4.93; 95% Cl, 4.31-5.63;
FDR-p < .0001), and less likely to have private insurance
(52.2% vs. 85.6%; OR, 0.20; 95% Cl, 0.18-0.23, FDR-
p < .0001) compared with patients in high SES group.

Overall Survival

We examined the entire cohort’s overall survival
according to the SES groups and then stratified by CRC
stage at presentation. For the overall cohort, significant
differences in OS between the four SES composite groups
were observed (p < .001), with a 5-year OS rate of 55.8%
for the low SES group, 59.3% for the mid-low SES group,
64.3% for the mid-high SES group, and 67.9% in the high
SES group (Fig. 1).

We then examined survival differences between SES
groups according to the CRC stage at presentation. At all
CRC stages, survival positively correlated with SES, where
OS gradually improved with improving SES (Fig. 2;
Table 2).

For example, median OS and 5-year survival rates for
patient with stage IV CRC in the low, mid-low, mid-high,
and high SES groups were as follows: 20.9 months (hazard
ratio [HR], 1.33; 95% CI, 1.22-1.44) and 13.9%;
21.6 months (HR, 1.23; 95% Cl, 1.13-1.33) and 16.5%;
25.0 months (HR, 1.06; 95% Cl, 0.98-1.15) and 19.6%; and
25.4 months and 21.7% (reference group; overall FDR-
p < .0001); respectively (Table 2). It can be seen that
patients with early-onset CRC with lower SES had the
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Table 1. Patient, sociodemographic, and clinicopathologic characteristics by socioeconomic status
Low SES Mid-low SES Mid-high SES High SES
Total (n = 7,044; (n = 8,877; (n =9,452; (n = 5,530;

Characteristics (n = 30,903) (22.8%) (28.7%) (30.6%) 17.9%) FDR-p

Age at diagnosis, yr <.0001
Mean (SD) 34.7 (4.8) 34.5 (5.0) 34.7 (4.9) 34.7 (4.7) 35.0 (4.7)

Median 36.0 36.0 36.0 36.0 36.0
Q1, a3 32.0, 39.0 32.0, 39.0 32.0, 39.0 32.0,39.0 33.0,39.0
Range (18.0-40.0) (18.0-40.0) (18.0-40.0) (18.0-40.0) (18.0-40.0)

Age group, yr n (%) <.0001
18-20 328 (1.1) 97 (1.4) 93 (1.1) 80 (0.8) 58 (1.1)

21-30 5,494 (17.8) 1,351 (19.2) 1,583 (17.8) 1,694 (17.9) 866 (15.7)
31-40 25,081 (81.2) 5,596 (79.4) 7,201 (81.1) 7,678 (81.2) 4,606 (83.3)

Sex, n (%) .6033
Female 14,812 (47.9) 3,402 (48.3) 4,239 (47.8) 4,490 (47.5) 2,681 (48.5)

Male 16,091 (52.1) 3,642 (51.7) 4,638 (52.2) 4,962 (52.5) 2,849 (51.5)

Race, n (%) <.0001

White 24,039 (78.7) 4,770 (68.2) 7,001 (79.7) 7,631 (81.9) 4,637 (85.2)
Black 4,437 (14.5) 1,841 (26.3) 1,267 (14.4) 995 (10.7) 334 (6.1)
Other 2,064 (6.8) 382 (5.5) 519 (5.9) 694 (7.4) 469 (8.6)

Missing 363 (1.2) 51 (0.7) 90 (1.0) 132 (1.4) 90 (1.6)

Ethnicity, n (%) <.0001
Hispanic 5,029 (16.3) 1,780 (25.3) 1,477 (16.6) 1,189 (12.6) 583 (10.5)
Non-Hispanic 25,874 (83.7) 5,264 (74.7) 7,400 (83.4) 8,263 (87.4) 4,947 (89.5)

Comorbidities, n (%) <.0001
None 28,375 (91.8) 6,399 (90.8) 8,082 (91.0) 8,718 (92.2) 5,176 (93.6)

1 or more 2,528 (8.2) 645 (9.2) 795 (9.0) 734 (7.8) 354 (6.4)

Insurance, n (%) <.0001
Medicare 1,051 (3.5) 364 (5.4) 333 (3.8) 238 (2.6) 116 (2.1)

Medicaid 4,787 (15.9) 1,731 (25.2) 1,620 (18.7) 1,075 (11.6) 361 (6.7)
None or unknown 3,239 (10.8) 1,151 (17.0) 983 (11.3) 799 (8.7) 306 (5.6)
Private 21,024 (69.8) 3,541 (52.2) 5,726 (66.1) 7,120 (77.1) 4,637 (85.6)
Missing 802 (0.03) 257 (0.04) 215 (0.02) 220 (0.02) 110 (0.02)

Area of living, n (%) <.0001
Metropolitan 25,571 (84.8) 5,065 (73.0) 6,836 (78.8) 8,447 (91.8) 5,223 (98.1)
Suburban/rural 4,574 (15.2) 1,878 (27.0) 1,842 (21.2) 755 (8.2) 99 (1.9)

Missing 758 (0.02) 101 (0.01) 199 (0.02) 250 (0.03) 208 (0.04)

Rehospitalized within 30, n (%) .0003
No 27,649 (92.4) 6,224 (91.3) 7,991 (92.9) 8,467 (92.3) 4,967 (93.1)

Yes 2,286 (7.6) 596 (8.7) 615 (7.1) 709 (7.7) 366 (6.9)

Stage, n (%) <.0001

[ 4,125 (14.4) 830 (12.7) 1,113 (13.5) 1,337 (15.2) 845 (16.5)
I 5,570 (19.4) 1,238 (18.9) 1,622 (19.7) 1,743 (19.8) 967 (18.9)
1] 10,435 (36.3) 2,332 (35.6) 2,977 (36.1) 3,232 (36.7) 1,894 (37.0)
v 8,591 (29.9) 2,144 (32.8) 2,530 (30.7) 2,498 (28.4) 1,419 (27.7)

Missing 2,182 (0.07) 500 (0.07) 635 (0.07) 642 (0.07) 405 (0.07)

Pathologic T, n (%) <.0001
pTX 556 (2.7) 85 (1.9) 163 (2.8) 187 (2.9) 121 (3.2)
pT1l 1,986 (9.7) 398 (8.8) 507 (8.6) 640 (10.0) 441 (11.6)
pT2 2,798 (13.6) 548 (12.1) 780 (13.3) 903 (14.1) 567 (15.0)
pT3 11,181 (54.3) 2,521 (55.8) 3,238 (55.1) 3,435 (53.7) 1,987 (52.4)
pT4 4,054 (19.7) 963 (21.3) 1,188 (20.2) 1,228 (19.2) 675 (17.8)

Missing 10,328 (33.4) 2,529 (35.9) 3,001 (33.8) 3,059 (32.3) 1,739 (31.4)
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Table 1. (continued)

Low SES Mid-low SES Mid-high SES High SES
Total (n = 7,044; (n = 8,877; (n =9,452; (n = 5,530;
Characteristics (n = 30,903) (22.8%) (28.7%) (30.6%) 17.9%) FDR-p
Pathologic N, n (%) .0267
pNO 8,537 (41.7) 1,794 (40.0) 2,413 (41.3) 2,695 (42.4) 1,635 (43.3)
pN1 9,418 (46.0) 2,109 (47.0) 2,710 (46.4) 2,878 (45.3) 1,721 (45.6)
pN2 2,503 (12.2) 585 (13.0) 717 (12.3) 781 (12.3) 420 (11.1)
Missing 10,445 (33.7) 2,556 (36.2) 3,037 (34.2) 3,098 (32.7) 1,754 (31.7)
Side of tumor, n (%) <.0001
Left 22,210 (71.9) 4,891 (69.4) 6,403 (72.1) 6,863 (72.6) 4,053 (73.3)
Right 5,644 (18.3) 1,347 (19.1) 1,611 (18.1) 1,717 (18.2) 969 (17.5)
Other 3,049 (9.9) 806 (11.4) 863 (9.7) 872(9.2) 508 (9.2)
Tumor grade, n (%) .6033
Well differentiated 2,164 (8.0) 478 (7.9) 609 (7.9) 652 (7.8) 425 (8.8)
Intermediate 17,917 (66.5) 4,037 (66.6) 5,124 (66.4) 5,575 (67.0) 3,181 (65.7)
Poorly 6,017 (22.3) 1,373 (22.6) 1,726 (22.4) 1,831 (22.0) 1,087 (22.5)
Undifferentiated 837 (3.1) 174 (2.9) 255 (3.3) 260 (3.1) 148 (3.1)
Missing 3,968 (12.8) 982 (13.9) 1,163 (13.1) 1,134 (11.9) 689 (12.4)
Receipt of surgery of the <.0001
primary tumor, n (%)
No 5,410 (17.5) 1,452 (20.6) 1,587 (17.9) 1,522 (16.1) 849 (15.4)
Yes 25,493 (82.5) 5,592 (79.4) 7,290 (82.1) 7,930 (83.9) 4,681 (84.6)

Abbreviations: N, nodal involvement per TNM staging; Q, quartile; SES, socioeconomic status; T, tumor size per TNM staging.
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Figure 1. Overall survival for the entire cohort according to the SES groups. Overall survival for the entire cohort by socioeconomic
composite group. Log-rank p value: <.0001
Abbreviation: SES, socioeconomic status.

worst outcomes, after which OS gradually improved with

improving SES.

Similarly, as shown in Table 2, in stage | to Il patients,
worse survival was seen in the low SES group, which improved

incrementally with improving SES.

© 2021 The Authors.

Effect of SES on Survival
In the univariate and multivariable Cox proportional hazard
analyses for survival in the entire population, low SES was
independently associated with increased risk of death after
adjusting for all other covariates (Table 3). Compared with

The Oncologist published by Wiley Periodicals LLC on behalf of AlphaMed Press.

Oncologist



Salem, Puccini, Trufan et al. el1735
A B v ———
£ 08
< 08 2
5 »
£ o6 g 06
= Y
>} -
- g
% 0.4 E 0.4
3 7
7
0.2 0.2
0.0 0.0
0 12 24 36 48 60 0 12 4 36 48 60
Overall Survival, months Overall Survival, months
SES Group, Nc. SES Group. No.
—  Low 754 ai 588 66 i 5 —  Low 1120 974 855 710 504 500
—Mid-Low 1030 915 822 706 610 527 —Mid-Low 1472 1318 1140 968 814 667
—MidHigh 429 1050 io% = = 08 —Mid-High 1602 1416 1239 1060 920 768
—  High 776 686 610 528 455 386 — High &7 783 699 608 528 454
C . D .,
e 08 0.8
e B
2 z
< 06 < 06
2 2
[ 2
= &
E 0.4 T 04
2 5
w2
0.2 0.2
0.0 0.0
0 12 % % a8 60 0 12 2 36 48 60
Ovetall Survival fmonths Overall Survival, months
SES Group. No. n— "
—  Low 2143 1857 1554 1241 907 795 SES Group. No N " . N 5
—Mid-Low 2701 2371 1943 1578 1261 1004 - li:s ‘:f" 791 :33 ~-f 140
—Mid-High 2961 2655 2251 1841 1479 1183 —Mid-Low 2281 1550 913 529 332 216
—Mid-High 2242 1636 1026 639 379 252

—  High 1740 1559 1341 121 944 740

—  High 1259 935 587 345 232 149

Figure 2. Overall survival in the four SES groups by disease stage. Overall survival by SES composite group with (A): Stage | CRC
(p value < .0001). (B): Stage Il CRC (p value = .0325). (C): Stage Il CRC (p value < .0001). (D): Stage IV CRC (p value < .0001).

Abbreviation: SES, socioeconomic status

the high SES group, the risk of death progressively increased
as SES decreased (p < .0001): low SES group, adjusted HR
(HR.q), 1.35 (95% Cl, 1.26-1.46); mid-low SES group, HR.g;,
1.29 (95% Cl, 1.20-1.38); and mid-high SES group, HR,q; =
1.15 (95% Cl, 1.0-71.23).

Confounding factors were determined a priori and
included age, sex, race, ethnicity, area of living, stage of
diagnosis, grade, side of tumor, surgery of the primary
tumor, chemotherapy, comorbidity, and the interaction
between race and SES. All of them were included in the ini-
tial model. Using backward variable selection at cutoff
p < .2, the only term that was eliminated was race x SES
interaction (p = .63). Therefore, 11 confounders were
adjusted in the final multivariable model.

Insurance Status Mediates the Effect of SES on
Survival

When insurance status was added to the final multivariable
model, the effect of SES was reduced to the following:
HR,q4j, 1.27 (95% Cl 1.18-1.36) for the low SES group, HR,g;,
1.24 (95% Cl 1.16-1.33) for the mid-low SES group, and
HR,q4j, 1.13 (95% Cl 1.05-1.20) for the mid-high SES group,
which indicates insurance may mediate a portion of the SES
effect on survival. Because the current causal mediation
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analysis procedure cannot analyze a mediator with more than
two categories, insurance status was grouped into two cate-
gories: uninsured (including Medicaid) versus insured.
Patients with cancer diagnosis can receive Medicaid if they
are uninsured, but the duration of Medicaid coverage is not
available; therefore, Medicaid was grouped with uninsured.
Insurance status was found to be significantly associated with
survival (FDR-p < .0001; Table 4). Compared with the insured
population, patients without insurance were associated with
a 28% increased risk of death (HR,g;, 1.28; 95% Cl, 1.22-1.34).
Causal mediation analysis found that insurance status was a
significant mediator (FDR-p < .0001), and it explains 19.45%
of the SES effect on survival status (Table 5).

For a thorough investigation, we also used two other
ways to categorize insurance status: (a) uninsured (not
including Medicaid) versus insured and (b) without private
insurance versus with private insurance, and repeated the
mediation analysis described above. Both analyses (a) and
(b) also found significant mediation effect in insurance sta-
tus (Table 5). Compared with patients with private insur-
ance, patients without private insurance were associated
with a 38% increased risk of death (HR,q, 1.38, 95% Cl,
1.31-1.44). Private insurance status was found to mediate
31.19% of the SES effect on survival (FDR-p < .0001).

© 2021 The Authors.
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Table 2. Overall survival by stage and socioeconomic group

Events, 5-yr survival rate Cox univariate hazard Cox univariate
Variable n n (%) (95% Cl), % ratio (95% ClI) score, FDR-p
Stage | (n = 3,803) <.0001
Low SES 760 85 (11) 89.9 (87.4-92.5) 2.21 (1.53-3.20)
Mid-low SES 1,032 114 (11) 89.7 (87.6-91.9) 2.03 (1.42-2.89)
Mid-high SES 1,235 88 (7) 93.3 (91.6-95.0) 1.31 (0.91-1.89)
High SES (referenced) 776 42 (5) 95.1 (93.3-96.9)
Stage Il (n = 5,066) .0325
Low SES 1,120 182 (16) 83.8 (81.3-86.3) 1.32 (1.05-1.67)
Mid-low SES 1,472 206 (14) 85.6 (83.5-87.7) 1.10 (0.87-1.38)
Mid-high SES 1,603 210 (13) 86.9 (85.0-88.8) 1.01 (0.81-1.27)
High SES (referenced) 871 118 (14) 87.0 (84.5-89.5)
Stage Ill (n = 9,545) <.0001
Low SES 2,143 655 (30) 67.3 (65.0-69.6) 1.76 (1.55-2.01)
Mid-low SES 2,701 776 (29) 68.9 (66.9-70.9) 1.65 (1.45-1.87)
Mid-high SES 2,961 765 (26) 73.7 (71.9-75.5) 1.41 (1.24-1.60)
High SES (referenced) 1,740 332 (19) 80.0 (77.8-82.3)
Stage IV (n = 7,721) <.0001
Low SES 1,937 1,502 (78) 13.9 (12.1-15.8) 1.33 (1.22-1.44)
Mid-low SES 2,281 1,765 (77) 16.5 (14.7-18.2) 1.23 (1.13-1.33)
Mid-high SES 2,244 1,665 (74) 19.6 (17.7-21.5) 1.06 (0.98-1.15)
High SES (referenced) 1,259 900 (71) 21.7 (19.1-24.4)

Abbreviations: Cl, confidence interval; SES, socioeconomic status.

Young patients who receive Medicare usually have
some type of disability, and the disability data were not
available. To remove the potential bias caused by disability
on survival, as a sensitivity analysis, we removed patients
with Medicare from the mediation analysis. This analysis
still found significant mediation effect in insurance status
(supplemental online Tables 5, 6).

The interaction effect between insurance and SES was ini-
tially included in the Cox regression analysis but was not
found to be significant in any of the analyses described above.
Therefore, it was removed from the mediation analysis.

Other Predictors of Survival
Furthermore, race was also found to be a significant predic-
tor of survival (FDR-p < .0001), with Black patients having a
20% increased risk of death relative to White patients
(HR.qj, 1.20; 95% Cl, 1.13-1.27).

Finally, after adjusting for the impact of several other
factors, including our composite SES variable and insurance
status, the risk of death was significantly higher in patients
living in suburban/rural areas (HR,q, 1.12; 95% ClI, 1.05—
1.19; FDR-p < .001) compared with those living in metropol-
itan areas.

Association between Income and Education Status in
Patients with Early-Onset CRC

The distributions of education groups within each income
quartile are shown in supplemental online Figure 1. It can
be seen that the high school diploma rate was moderately
correlated with income (Spearman correlation = 0.681).

© 2021 The Authors.
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The lowest quartile of education, representing a > 21% high
school dropout rate, was inversely correlated with income,
whereas the highest quartile, representing only a 7% drop-
out rate, was positively correlated with income.

Discussion

Increasing rates of early-onset CRC poses a global health
and economic problem and a significant burden on patients,
families, and health care systems. During the U.S/s last
5-year assessment, annual incidence rates in adults aged
<50 years increased by 2.2% [13]. Siegel et al. (2020)
reported that the observed overall 2% annual increase in
CRC incidence is driven by trends in non-Hispanic Whites
aged younger than 50 years [1]. Furthermore, Bailey et al.
predicted that, by 2030, CRC incidence rates will have
increased by 90.0% for patients aged 20 to 34 years and
27.7% for patients aged 35 to 49 years [6].

In 2018, the sharp increase in early-onset CRC incidence
and mortality prompted the American Cancer Society to
publish a qualified recommendation to screen beginning at
45 years of age instead of 50 years [23].

Furthermore, on May 18, 2021, the U.S. Preventive Ser-
vices Task Force published a final recommendation state-
ment on screening for colorectal cancer and now
recommends that screening start at age 45 (B grade recom-
mendation; https://uspreventiveservicestaskforce.org/uspstf/
sites/default/files/file/supporting_documents/colorectal-canc
er-screening-final-rec-bulletin.pdf). Lowering the recommen-
ded initial screening age from 50 to 45 years is a definite
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Table 3. Univariable and multivariable Cox proportional hazard models for survival in the overall cohort

Univariable model

Multivariable model

Cox Cox
Cox multivariable multivariable
5-yr univariable Cox hazard ratio, likelihood ratio,
Events, Median, survival % hazard ratio univariable, adjusted FDR-p
Variable n n (%) mo (95% CI1) (95% ClI) FDR-p (95% CI) (n = 24,493)
SES group <.0001 <.0001
Low 7,044 2,588 (37) 90.6 55.8 (54.4-57.2)  1.53 (1.43-1.63) 1.35 (1.26-1.46)
Mid-low 8,877 3,025 (34) 117.5 59.3 (58.1-60.5) 1.36 (1.28-1.45) 1.29 (1.20-1.38)
Mid-high 9,452 2,890 (31) NR 64.3 (63.1-65.4)  1.16 (1.09-1.23) 1.15 (1.07-1.23)
High 5530 1,490 (27) NR 67.9 (66.4-69.3)
Age group, yr <.0001 <.0001
18-30 5,822 2,052 (35) 103.2 57.2 (55.7-58.8)  1.19 (1.14-1.25) 1.15 (1.09-1.21)
31-40 25,081 7,941 (32) 155.8 62.6 (61.9-63.3)
Sex <.0001 <.0001
Female 14,812 4,567 (31) NR 63.5 (62.6-64.4)
Male 16,091 5,426 (34) 120.1 59.8 (58.8-60.7)  1.15 (1.11-1.20) 1.18 (1.13-1.23)
Race <.0001 <.0001
White 24,039 7,549 (31) NR 62.9 (62.2-63.7)
Black 4,437 1,737 (39) 71.9 53.1(51.3-54.8)  1.38(1.31-1.45) 1.20 (1.13-1.27)
Other 2,064 593 (29) NR 64.0 (61.4-66.5) 0.97 (0.89-1.05) 0.93 (0.85-1.02)
Ethnicity 222 .0044
Non-Hispanic 23,534
Hispanic 4,642 0.97 (0.92-1.02) 0.92 (0.86-0.97)
Stage at diagnosis <.0001 <.0001
| 4,125 329 (8) NR 92.0 (91.0-93.0)
I 5,570 716 (13) NR 85.9 (84.8-87.0)  1.68 (1.48-1.92) 1.63 (1.43-1.87)
Il 10,435 2,528 (24) NR 72.0(71.0-73.1)  3.46 (3.09-3.88) 3.54 (3.14-4.01)
v 8591 5,832(68) 23.2 17.6 (16.6-18.6)  18.69 (16.72-20.90) 15.52 (13.76-17.52)
Grade <.0001 <.0001
Well/mod/none 24,886 7,291 (29) NR 64.9 (64.1-65.6)
Poorly diff 6,017 2,702 (45) 52.6 48.5 (47.1-50.0)  1.75 (1.67-1.82) 1.67 (1.59-1.75)
Side of tumor <.0001 <.0001
Left 22,210 6,922 (31) 146.3 63.0 (62.2-63.8)
Right 5644 1,831(32) NR 60.6 (59.1-62.1)  1.10 (1.05-1.16) 1.23 (1.16-1.30)
Other 3,049 1,240 (41) 71.1 52.8 (50.8-54.9)  1.49 (1.40-1.58) 1.12 (1.05-1.20)
Surgery of the <.0001 <.0001
primary tumor
No 5410 3,210 (59) 19.9 21.8 (20.4-23.2)  4.56 (4.37-4.76) 2.42 (2.29-2.54)
Yes 25,493 6,783 (27) NR 69.3 (68.6-70.0)
Chemotherapy <.0001 <.0001
Had chemo 20,931 7,599 (36) 93.2 56.9 (56.1-57.7)  1.58 (1.51-1.66) 0.83 (0.79-0.88)
No chemo 9,880 2,355(24) NR 72.0 (71.0-73.0)
Comorbidity <.0001 <.0001
None 28,375 9,115 (32) 149.7 61.9 (61.2-62.5)
1 or more 2,528 878 (35) 108.1 58.1 (55.8-60.4)  1.17 (1.09-1.25) 1.17 (1.09-1.26)
Insurance status® <.0001 N/A
Medicaid 4,787 1,897 (40) 62.0 50.5 (48.7-52.2)  1.07 (0.995-1.15) N/A
Medicare 1,051 463 (44) 54.3 47.8 (44.1-51.4)  1.17 (1.05-1.30) N/A
Noinsurance/ 3,239 1,268 (39) 69.3 52.5(50.4-54.5)  1.61 (1.52-1.71) N/A
unknow
Private 21,024 6,068 (29) 66.2 (65.4-66.9) N/A

www.TheOncologist.com

(continued)

© 2021 The Authors.
The Oncologist published by Wiley Periodicals LLC on behalf of AlphaMed Press.



el738

Sociodemographic Disparities in Early-Onset CRC

Table 3. (continued)

Univariable model Multivariable model

Cox Cox
Cox multivariable multivariable
5-yr univariable Cox hazard ratio, likelihood ratio,
Events, Median, survival % hazard ratio univariable, adjusted FDR-p
Variable n n (%) mo (95% CI1) (95% ClI) FDR-p (95% CI) (n = 24,493)
Area of Living <.0001 .0002
Metro 25,571 8,118 (32) 155.8 62.3 (61.6-63.0)
Urban/rural 4574 1,645 (36) 101.1 57.2 (55.5-58.9)  1.18 (1.11-1.24) 1.12
(1.05-1.19)

Insurance status was considered as a mediator (not a confounder). Therefore, it was not included in the multivariable model to evaluate the

effect of SES on survival.

Abbreviations: Cl, confidence interval; NR, not reached; Poorly diff., poorly differentiated; mod., moderate differentiation; SES, socioeconomic

status; Undiff., undifferentiated.

Table 4. Effect of insurance on survival

Effect of Insurance in the
multivariable cox regression
model with insurance added®

Insurance status Hazard ratio (95% CI)  FDR-p
Insurance status 1 (2 levels) <.0001
Uninsured + Medicaid 1.28 (1.22-1.34)
Insured reference
Insurance status 2 (2 levels) <.0001
Uninsured 1.22 (1.14-1.31)
Insured reference
Insurance status 3 (2 levels) <.0001

No private insurance 1.38 (1.31-1.44)

Private insurance reference

*The outcome of the model was survival time. The exposure was
socioeconomic status.

The confounders were age, sex, race, ethnicity, stage of diagnosis,
grade, side of tumor,

surgery of the primary tumor, chemotherapy, comorbidity, area of
living.

Insurance was added to the model to test its mediation effect
(mediation analysis results are shown in Table 5).

step in the right direction and will likely lead to early detec-
tion and diagnosis of CRC in individuals aged 45-49 years;
however, this policy change will have no impact on patients
younger than 45 years of age at diagnosis, which includes
patients with early-onset CRC as defined in this study, for
whom the increase in incidence rates is the among the
highest. Hence, raising awareness of CRC symptoms through
education and then providing timely access to care for youn-
ger adults is critical to early-stage diagnosis.

Patients with early-onset CRC often present with
advanced-stage disease at diagnosis compared with older
patients [24, 25], perhaps because CRC is least expected in
younger individuals, and initial symptoms are often attrib-
uted to other etiologies, resulting in a delayed cancer
diagnosis.

We demonstrated that younger patients with low SES
exhibit similar tumor location and grade to patients with
higher SES, yet they were more likely to present with T4
tumors, N2 disease, and stage IV disease. These findings

© 2021 The Authors.
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may be due to a lack of awareness and recognition of symp-
toms; inherent shame at presenting with symptoms such as
diarrhea and apparent anal bleeding; limited access to
health care, particularly among patients with low SES; and
inability to afford necessary treatment, all of which can lead
to later stage presentation and delayed diagnosis.

Previously, investigators have studied differences in out-
comes of patients with CRC according to insurance status
[26] and income [27]. Traditionally, young adults have the
highest uninsured rate in the country [28]. The current study
suggests that insurance status might account for lower sur-
vival in early-onset CRC. In this study, we show that patients
with early-onset CRC with low SES were 80% less likely to
have private health insurance and more likely to have no
insurance than those with high SES. Furthermore, our study
suggested that patients with early-onset CRC with Medicaid
insurance or no insurance had a 28% increased risk of death
relative to those with insurance, and patients without pri-
vate insurance had a 38% increased risk of death compared
with those with private insurance, even after adjusting for
other factors. Private insurance status mediates 31% of the
SES effect on the survival of early-onset CRC.

Insurance status impacts cancer outcomes. Several stud-
ies have demonstrated that privately insured patients with
curable cancers, including CRC, have better survival than
those with Medicaid insurance [26-28]. In the current study
of patients with early-onset CRC, we observed an approxi-
mate 6% decline in private insurance rate over the 12-year
study period, whereas the rate of stage IV disease at pre-
sentation increased by 4.7%. Of note, these trends should
be further explored in population-based samples (e.g., Sur-
veillance, Epidemiology, and End Results database). We are
currently investigating the possibility of a causal relationship
between lack of private insurance and advanced disease in
young adults. This is an important issue in the current era of
the Affordable Care Act.

In September 2010, the Dependent Coverage Expansion
under the Affordable Care Act (ACA) went into effect, all-
owing young adults aged 26 years and younger coverage
under their parents’ private health insurance. Recently,
novel findings highlighted the role of the ACA in improving
access for patients with CRC to cancer care, including a shift
to early-stage diagnosis and more timely receipt of adjuvant
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Table 5. Mediation analysis to determine if insurance status is a significant mediator between SES and CRC survival

Cox muItivariabIE regression
with insurance” (2 levels,
uninsured 4+ Medicaid vs.

Cox multivariable

regression® insured) added

Cox multivariable regression
with insurance® (2 levels,
no private vs.
private insurance) added

Cox multivariable regression
with insurance® (2 levels,
uninsured vs.
insured) added

SES Hazard Hazard

Hazard Hazard

Group Ratio (95% ClI) FDR-p Ratio (95% ClI) FDR-p Ratio (95% Cl) FDR-p Ratio (95% Cl) FDR-p
<.0001 <.0001 <.0001 <.0001

Low 1.35 (1.26-1.46) 1.27 (1.18-1.36) 1.33 (1.24-1.43) 1.24 (1.15-1.33)

Mid-Low 1.29 (1.20-1.38) 1.24 (1.16-1.33) 1.28 (1.20-1.37) 1.22 (1.14-1.31)

Mid-high 1.15 (1.07-1.23) 1.13 (1.05-1.20) 1.14 (1.07-1.22) 1.11 (1.04-1.19)

High reference reference reference reference

Causal mediation analysis®
with insurance (2 levels,
uninsured + Medicaid vs
insured) as the mediator

Causal mediation analysis®
with insurance (2 levels,
uninsured vs insured) as

Causal mediation analysis®
with insurance (2 levels,
no private vs private

the mediator insurance) as the mediator

Percentage (95% Cl)

Percentage (95% Cl)

Percentage (95% Cl)

of SES effect of SES effect of SES effect

mediated mediated by mediated by

by insurance p value insurance p value insurance p value
19.45 (11.83— <.0001 5.10 (2.14-8.07) .0007 31.19 (20.95-41.44) <.0001
27.06)

*The outcome of the model was survival time. The exposure was SES.

The confounders were age, sex, race, ethnicity, stage of diagnosis, grade, side of tumor, surgery of the primary tumor, chemotherapy, comorbid-

ity, and area of living.
Insurance was added to the model to test its mediation effect.

“Causal mediation analysis was performed to study if insurance is a significant mediator for the effect of SES on survival status (alive, death)

when the confounders were adjusted.

chemotherapy [28]. However, the overall benefit for
patients with early-onset CRC in terms of survival needs fur-
ther study, especially given the findings that patients receiv-
ing Medicaid have worse outcomes [28].

Additionally, we show that significant racial and ethnic dis-
parities exist among early-onset CRC patients. Hence, patients
with low SES were more likely to be Black or Hispanic, more
likely to have comorbidities, and less likely to undergo surgery
of their primary tumors compared with patients with high SES.
Furthermore, multivariate analysis showed that Black patients
had a 20% increased risk of death relative to White patients,
highlighting that racial and ethnic minorities with early-onset
CRC have worse survival than Whites with the same disease.

Interestingly, regardless of income and race or ethnic ori-
gin, patients in metropolitan areas seemed to have a lower
risk of death compared with those living in rural areas, pre-
sumably because of greater access to care, especially at cen-
ters of excellence with significant expertise (academic vs.
nonacademic), and more clinical trial opportunities [29, 30].

Finally, in the current study, we show significant differ-
ences in OS of patients with early-onset CRC according to
SES, where the 5-year OS rate gradually improves with
increasing SES. This trend was observed at all CRC stages,
including stage IV. In the univariate and multivariable Cox
proportional hazard analyses for survival in the entire popu-
lation, low SES was independently associated with
increased risk of death after adjusting for all other
covariates. This underscores the significant impact of SES
and disparities on outcomes among those patients.

Most issues related to SES require community-based res-
olution, which might involve improved legislation with the
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creation of safety nets, community-linked patient navigators,
affordable health insurance, and improved social support sys-
tems; greater access to health care, including virtual care;
improved health education; expansion of access to minority-
specific clinical trials; and more funding for disparities
research so that the true extent of the problem is known.

The scientific community is increasingly recognizing the
issue of impaired survival with lower SES and is addressing
possible solutions [31, 32]. The aim of the present investiga-
tion was to highlight the considerable knowledge gaps still
in existence, as well as and the many details needed to
facilitate optimal health planning to address SES disparities
among young adults.

Because of the large sample size in this study, small
effect can be found to be statistically significant. Therefore,
both statistical significance (p value) and clinical significance
(hazard ratio and its confidence interval) should be taken
into consideration when interpreting the results.

To the best of our knowledge, this is the first study to
investigate the relationship between all socioeconomic
determinants of health and clinicopathological correlates
on clinical outcomes, including survival, in the face of early-
onset CRC. Nonetheless, our study has several limitations,
such as the retrospective nature of the analysis, the hetero-
geneous nature of our patient population, and the alloca-
tion of SES solely by ZIP code. Changes in standard of care
over the reported time interval have not been noted. There
is also a lack of data on specific treatments received and
compliance to adjuvant therapy and surveillance programs
as well as details on disease recurrence, type and quality of
surgical resection, and prognostic molecular characteristics

© 2021 The Authors.
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of patient tumors. Additionally, it should be noted that the
NCDB is not population based, so findings do not necessar-
ily reflect SES differences in the general population. Finally,
we reported that having Medicaid or no insurance was
associated with increased risk of death results, although
these results should be interpreted with caution because
the current analysis is limited by the lack of knowing when
Medicaid insurance was obtained relative to their cancer
diagnosis.

However, despite these limitations, our results clearly
demonstrate the impact of SES on the OS of patients with
early-onset CRC.

CoNncLusION

We observed socioeconomic and demographic disparities in
survival after a CRC diagnosis in patients with early-onset
CRC across all stages of the disease. We further identified
persistent disparate outcomes in young adults from low SES
groups, even after adjusting for race, insurance status, can-
cer stage, and comorbidities. Further investigation into the
clinical and geographic characteristics of early-onset CRC is
warranted to eventually refine our current health care
model for early detection, shift to early-stage diagnosis and
timely treatment of patients with colon and rectal cancers.
Only armed with all this information will we be able to
address the rising incidence of early-onset CRC, a poten-
tially curable disease. More efforts are needed to provide
better education, improve access, and remove all barriers
to care, thus achieving health equity.
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