1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Clin Gastroenterol. Author manuscript; available in PMC 2021 September 01.

-, HHS Public Access
«

Published in final edited form as:
J Clin Gastroenterol. 2020 September ; 54(8): 714-719. doi:10.1097/MCG.0000000000001374.

Demographics Predict Stage Ill/IV Colorectal Cancer in
Individuals Under Age 50

Ofer Z Fass, MD1, Kamrine E Poels, MS?, Yingzhi Qian, MS3, Hua Zhong, PhD3, Peter S
Liang, MD, MPH#4>
LDepartment of Medicine, NYU Langone Health, New York, NY, USA

2.Department of Biostatistics, Harvard T. H. Chan School of Public Health, Boston, MA, USA
3-Department of Population Health, NYU Langone Health, New York, NY, USA

4Department of Medicine, Division of Gastroenterology and Hepatology, NYU Langone Health,
New York, NY, USA

5-Department of Medicine, VA New York Harbor Health Care System, New York, NY, USA

Abstract

Goals: To quantify the association between demographic factors and advanced colorectal cancer
in patients under age 50.

Background: Colorectal cancer (CRC) incidence in the US has declined in older individuals but
increased in those under age 50 (early-onset). More than 60% of early-onset CRC patients present
with advanced disease (Stage 111/1V), but predictors of stage in this population are poorly defined.

Study: We analyzed CRC cases diagnosed between age 20-49 in the US Surveillance,
Epidemiology, and End Results (SEER) 18 database during 2004-2015. Logistic regression
models were fit to assess the impact of age, sex, race, ethnicity, marital status, and cancer site on
the probability of advanced disease.

Results: The analysis included 37,044 cases. On multivariable regression, age was inversely
associated with advanced disease. Relative to 45-49-year-olds, 40-44-year-olds had 8% greater
odds of having advanced CRC, and 20-24-year-olds had 53% greater odds. Asians, blacks, and
Pacific Islanders had 10%, 12%, and 45% greater odds of advanced disease compared to whites.
Compared to non-partnered individuals, those with partners had 11% lower odds of advanced
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CRC. Both right- and left-sided colon cancer were more likely to be diagnosed at Stage 1V
compared to rectal cancer.

Conclusions: Among individuals with early-onset CRC, younger age, Asian, black, or Pacific
Islander race, and being non-partnered were predictors of advanced disease at presentation. Colon
cancer was more likely to be diagnosed at Stage 1V than rectal cancer. Patient characteristics
associated with advanced CRC may indicate both differences in tumor biology and disparities in
health care access.
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Introduction

Colorectal cancer (CRC) is the second most common malignancy diagnosed in women and
the third most common in men. In 2018, it claimed more than 880,000 lives and was the
second leading cause of cancer death worldwide!.

Overall, CRC incidence in the US decreased by 2—-3% per year from 2005 to 20142, This is
partially attributed to increased utilization of screening, including with colonoscopy and
stool-based tests3. However, as incidence in older adults declined, the opposite trend has
been observed for adults younger than age 50 (early-onset CRC). From the early 1970’s to
1999, the incidence of early-onset CRC increased by approximately 0.75% per year®. From
1992 to 2013, US Surveillance, Epidemiology, and End Results Reporting (SEER) data
showed that the incidence of early-onset CRC increased by 2% annually®.

Additionally, younger adults tend to present with advanced disease, with more than 60% of
patients under the age of 50 diagnosed with Stage 111 or IV disease®. This is reflected by a
parallel rise in CRC mortality, which increased by 1% annually from 2004 to 2014 in
persons diagnosed before age 54,

Prior studies of early-onset CRC have focused on examining population-level trends.
However, it is unclear which patient characteristics predict advanced disease at diagnosis in
individuals with early-onset CRC. This has potentially important implications for risk
stratification and targeted screening. In this study, we assessed predictors of Stage 111/1V
early-onset CRC using the SEER database.

Materials and Methods

The SEER program provides high-quality epidemiological data collected from regional and
state cancer registries that currently cover 35% of the US population8. The SEER 18 registry
includes 10 states (Connecticut, Georgia, California, Hawaii, lowa, Kentucky, Louisiana,
New Mexico, New Jersey, and Utah), the city of Detroit, the Seattle-Puget Sound area, and
the Alaska Native Tumor Registry. For this analysis, we queried the SEER 18 dataset for all
CRC cases diagnosed between 20 and 49 years of age from 2004 to 2015. This was the
period for which derived American Joint Committee on Cancer (AJCC) staging using
Collaborative Stage was available. While the majority of prior research using SEER data has
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categorized disease based on the SEER summary staging system (localized, regional,
distant), using the AJCC staging system (I-1V) provides an advantage since it is used to
determine clinical prognosis and treatment. CRC was defined by the /nfernational
Classification of Diseases for Oncology (ICD-O-3). Tumor site was categorized as right
colon (cecum, ascending colon, hepatic flexure, and transverse colon; C180, C182-C184),
left colon (splenic flexure, descending colon, and sigmoid colon; C185-C187), and rectum
(rectosigmoid junction and rectum; C199, C209). Appendiceal cancer (C181) was excluded,
as it is considered a separate entity. Large intestine, not otherwise specified (C188-C189,
C260) was omitted because primary site could not be determined.

R (Vienna, Austria) was used for all analysis®. Packages used included Base for regression
and ggplot2 for graphics1®11, We fit univariable and multivariable logistic regression models
to calculate the odds of being diagnosed with advanced (Stage 111/1V) relative to early-stage
(Stage 1I/11) CRC for the following six variables: age (in 5-year groups), sex, race, ethnicity,
marital status, and cancer site (right colon, left colon, and rectum). Marital status was
categorized as partnered (married, domestic partner) or non-partnered (single, divorced,
separated, and widowed). Those with unknown marital status or race were excluded. Two
multivariable regression models were constructed. Model 1 included the five demographic
variables that could be used to risk stratify individuals younger than age 50. Model 2
included demographic variables as well as tumor site. We performed a post hoc sensitivity
analysis to assess whether predictors of Stage 111 and Stage IV disease differed compared to
early-stage disease. Additionally, we compared risk estimates from Models 1 and 2 for
patients under age 50 to those aged 50 and older. Statistical significance was set at 0.05 and
all tests were two-sided.

A total of 37,044 patients diagnosed with CRC between age 20-49 were identified during
the study period, of whom 14,560 (39%) had early-stage cancer and 22,484 (61%) had
advanced disease (Table 1). The number of individuals with early-onset CRC approximately
doubled with each 5-year increment in age, such that 20-24-year-olds accounted for only
1% of all cases, whereas 45-49-year-olds accounted for 49%. Distribution by race was 75%
white, 14% black, 9% Asian, 1% American Indian, and 1% Pacific Islander; 16% identified
as Hispanic. The most common cancer site was rectum (40%), followed by left colon (33%)
and right colon (27%).

The direction and magnitude of associations were similar in the univariable and two
multivariable regression models. Sex was not a significant predictor while age was inversely
associated with the odds of advanced disease. In Model 1 of the multivariable analysis,
compared to patients aged 45-49, those aged 20—24 had an odds ratio (OR) of 1.53 (95% ClI
1.23 - 1.89; Figure 1) of being diagnosed with advanced CRC. The OR decreased to 1.08
(95% CI 1.03 — 1.14) in the 40-44 age group. Asians, blacks, and Pacific Islanders had
respective ORs of 1.10 (95% CI 1.02 — 1.19), 1.12(95% CI 1.05 — 1.19), and 1.45 (95% ClI
1.13 - 1.87) to be diagnosed with advanced CRC compared to whites. With respect to
marital status, individuals with a partner had an OR of 0.89 (95% CI 0.85 — 0.93) of
advanced CRC compared to those without.
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Model 2, which included tumor site, showed that compared to individuals with rectal cancer,
those with right-sided colon cancer had an OR of 0.93 (95% CI 0.88 — 0.98) of having
advanced CRC. There was no difference between rectal and left-sided colon cancer. In the
sensitivity analysis comparing Stage 111 vs. early-stage CRC, the OR of having advanced
disease was lower for both right-sided (OR 0.83, 95% CI 0.78-0.89) and left-sided (OR
0.91, 95% CI 0.86-0.96) colon cancer compared to rectal cancer (Table 2). In contrast, when
comparing Stage 1V vs. early-stage CRC, the odds of advanced disease was higher for both
right-sided (OR 1.07, 95% CI 1.00-1.15) and left-sided (OR 1.17, 95% CI 1.09-1.24) colon
cancer compared to rectal cancer (Table 2). Distribution of tumor stage by site showed that
rectal cancer contributed 40% of early-stage, 43% of Stage 11, and 37% of Stage IV CRC
(Figure 2). Conversely, both left-sided and right-sided colon cancer made up a lower
proportion of Stage 111 and higher proportion of Stage IV CRC compared to early-stage
disease.

The risk estimates from Models 1 and 2 for early-onset CRC were similar to those for
patients aged 50 and older (Table 3). The association with advanced CRC was slightly
stronger for American Indians, Asians, and blacks in older compared to younger patients.
Pacific Islanders also had the strongest association with advanced disease of any racial group
among older patients, although the risk estimate was attenuated compared to that of younger
patients.

Discussion

In this large, population-based study of individuals diagnosed with CRC before age 50 in the
US, younger age, Asian, black, or Pacific Islander race, and not having a partner were all
independent predictors of advanced stage at presentation. Both right- and left-sided colon
cancer was more likely to be diagnosed at Stage IV than rectal cancer. These
epidemiological findings help to characterize important biologic and social determinants of
early-onset CRC and may be especially useful for risk stratification.

The association between young age and late-stage disease may be attributed to both biologic
and social factors. Prior studies have demonstrated that younger individuals tend to have
tumors with worse clinicopathological features, including later stage at presentation and
higher rates of mucinous or poorly differentiated histopathology213. A similar trend is
observed in patients greater than age 50, with increasing age associated with earlier stage,
greater tumor differentiation, and less mucin production at time of diagnosis!4. Younger
patients are also less likely to have insurance, seek care, and receive appropriate diagnostic
testing. Lower rates of health insurance are partially due to employment at temporary jobs
offering inadequate healthcare coverage!®16. Individuals may also lose coverage from
parental insurance during young adulthood, leaving them vulnerable to lapses in medical
carel’. In addition, studies have shown that younger individuals are less likely to seek
medical carel7:18, When younger adults do seek care, clinicians are less inclined to suspect
malignancy, which may result in a delayed diagnosis®®.

Similarly, the association between race and late-stage disease may also be attributed to both
biologic and social factors. A number of unique genetic and epigenetic characteristics have
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been identified in CRC among black patients2°. One study sequencing 103 CRCs in blacks
and 129 in whites identified three somatic mutations (EPHAG6, FLCN, HTRIF) exclusively
in black patients21. One of these mutations, EPHAG, has been associated with late-stage,
metastatic disease?2. Another population-based study demonstrated lower rates of CRC
microsatellite instability among blacks compared to whites (7% vs. 14%), which portends a
poorer prognosis23. Finally, CRC in blacks have been shown to have decreased
immunogenicity, which is associated with poor prognosis and early metastasis?3. Likewise,
Asians have been shown to have unique genetic features that impart an elevated risk for
CRC. A large genome-wide association study revealed 13 loci associated with risk for CRC
in East Asian populations. These loci were used to calculate a polygenic risk score, and
individuals in the highest risk score quintile had a 3.2-fold increase in CRC risk compared to
those in the lowest quintile24. Although less is known about the genetic factors driving CRC
in Pacific Islanders, there is evidence that tumors in this population tend to arise proximally
when compared to white and black patients2>. Proximal tumors, in turn, are associated with
mutations in BRAFand KRAS, which are associated with a poorer prognosis26:27.

In addition to genetic influences, socioeconomic factors also likely contribute to the late
presentation of early-onset CRC in minority populations. It is well documented that racial
minorities have less access to medical resources and subsequently worse medical
outcomes?8:29, Blacks, in particular, face significant barriers to healthcare access stemming
from provider bias, distrust of the healthcare system, and paucity of community healthcare
resources30:31, Blacks are also more likely to be uninsured and socioeconomically
disadvantaged, limiting the affordability of medical care32:33, These disparities are reflected
in cancer screening, with non-white Medicare beneficiaries being 48% less likely to undergo
CRC screening than their white counterparts34. Asian Americans similarly have lower CRC
screening rates when compared with non-Hispanic whites, with Filipinos, Koreans, and
South Asians having the lowest screening rates3. Reasons for low CRC screening rates
among Asian Americans includes fear of testing, absence of healthcare coverage, limited
access to physicians, limited English proficiency, and low health literacy36-37.

Our results suggest Pacific Islanders may have the highest odds of late-stage CRC of any
racial group, although the smaller sample size makes the risk estimate less reliable than for
larger groups. Similar to blacks and Asians, Pacific Islanders face barriers to healthcare
access38. Small-scale studies have found lower screening uptake among Pacific Islanders,
with only 38.7% of native Hawaiians completing stool testing and 58.9% receiving
endoscopy3940. Pacific Islanders also report higher prevalence of unhealthy behaviors such
as tobacco use, physical inactivity, and low fruit/vegetable consumption, all of which
increase CRC risk#!. Although we did not find a statistically significant difference between
American Indians compared to whites, American Indians also face well-documented
socioeconomic barriers to healthcare, including rural residence, lower income, and poor
healthcare literacy#243. This is illustrated by a study which surveyed American Indians
between the ages of 3049 regarding their perceptions of CRC screening**. The majority of
participants demonstrated a poor understanding of CRC and associated healthcare
knowledge. Certain American Indian groups, such as Pima Indians, are also at increased risk
for CRC due to higher rates of obesity, metabolic syndrome, and excessive alcohol
consumption#°:46,
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The protective effect of having a partner is inherently social. Analysis of the SEER database
has previously demonstrated that marriage is correlated with lower-stage CRC and improved
survival*’. Similarly, married patients are more likely to comply with CRC screening?®.

Our sensitivity analysis showed that compared to rectal cancer, colon cancer was less
frequently diagnosed at Stage |11 but more frequently diagnosed at Stage IV. The reason for
this may be related to the timing of symptoms. Rectal cancer tends to present with overt
symptoms such as bleeding and changes in bowel habits*®, which tend to prompt earlier
clinical consultation and diagnosis. Prior analyses of the SEER database confirm that rectal
cancers tend to be diagnosed at earlier stages than colon cancers3:0. Conversely, colon
cancers tend to present with more insidious symptoms, such as anemia and weight loss*®,
which may delay diagnosis.

Our study is among the first to evaluate demographic risk factors associated with advanced
disease in early-onset CRC. This provides valuable information for potential risk
stratification and targeted screening in younger adults. The American Cancer Society
recommended lowering the general screening age to 45 in 2018, but it remains to be seen
whether insurers and policymakers will follow this recommendation®L. There are no
recommendations to screen average-risk individuals below age 45, but it is important to
recognize that younger adults can develop CRC and clinical symptoms must be
appropriately addressed in a timely manner. Our results may be helpful for organizations
interested in either offering selective screening in individuals younger than age 50 or
prioritizing diagnostic colonoscopy for those with symptoms.

A strength of our study is the use of the SEER database, which is representative of the US
population and one of the only data sources with sufficient sample size to explore
understudied racial groups, such as Pacific Islanders. Additionally, the use of AJCC staging
allows for more clinically relevant interpretation than the SEER summary staging
conventionally used to describe this dataset. A key limitation is the lack of data on a number
of well-established factors that are relevant for CRC stage at presentation, including medical
comorbidities, socioeconomic status, and the availability of local healthcare resources.
Information regarding family history and genetic syndromes such as familial adenomatous
polyposis are also not available. However, the variables in our model are readily available in
most clinical settings and can form the basis for more comprehensive models and risk-
stratification tools.

In summary, age, race, and marital status are independent predictors of advanced stage CRC
in individuals diagnosed under age 50. These results show the importance of both biologic
and social determinants in early-onset CRC and help to identify high-risk groups for
potential intervention.
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Figure 1.
Adjusted odds ratios of diagnosis with Stage I11/1V colorectal cancer relative to Stage I/11 by

age group, with age 45 — 49 as the reference group. Odds ratios are adjusted for sex, race,
Hispanic ethnicity, and marital status. Panel A: colorectal cancer, Panel B: colon cancer,
Panel C: rectal cancer.
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