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Introduction: Colorectal cancer is the second most common cause of cancer-related death in the
U.S. Lower SES and lack of health insurance coverage are 2 known risk factors for lower colorectal
cancer survival. The primary objective of this research is to evaluate the survival rates of patients
diagnosed with colorectal cancer who reside in an affluent suburb and to examine factors that may
impact mortality.

Methods: Information was collected from the Stony Brook Cancer Center registry for all cases of
colorectal cancer diagnosed between 2010 and 2020. The Distressed Community Index, a proxy for
SES based on geographic location and data obtained from the U.S. Census, was paired with patient
ZIP codes to evaluate the impact of prosperity on survival. Chi-square tests, Kaplan—Meier survival
curves, and hazard ratios are presented.

Results: Among 946 patients with colorectal cancer, more than half resided in a prosperous
(Distressed Community Index < 20) ZIP code. Age and sex were similar between Distressed Com-
munity Index groups; however, a significant association was found between Black race and Dis-
tressed Community Index score >20 (p<0.01). Patients who were married were more likely to live
in a prosperous ZIP code (p<0.01), whereas those with Medicaid health insurance were more likely
to reside in a nonprosperous community (p<0.01). More than 75% of cases were diagnosed at Stage
2 or higher, and survival rates at 1 year and 5 years were 84.6% and 59.2%, respectively. Stage at
diagnosis and overall survival were not associated with Distressed Community Index status. Older
age (=70 years) (hazard ratio=2.43, 95% CI=1.18, 5.01) and late stage at diagnosis (hazard ratio=
12.24, 95% CI=6.86, 21.81) were found to be associated with increased mortality at 5 years.

Conclusions: In this relatively affluent study population from a tertiary care facility registry,
improved survival rates among patients with colorectal cancer were not observed compared with
national averages. Advanced stage of diagnosis and older age increased mortality in persons with colo-
rectal cancer. Because early detection remains one of the most important tools for improving survival
outcomes, efforts to increase screening education and reduce barriers as well as address challenges with
screening adherence would likely benefit the population at risk, irrespective of community prosperity.
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INTRODUCTION

Colorectal cancer (CRC) is the third leading cancer diag-
nosed in the U.S. and the second most common cause of
cancer-related death." The lifetime risk of developing
CRC is estimated to be 1 in 26 (4.0%) for women and 1
in 23 (4.3%) for men, with 52,550 related deaths expected
this year." Among known risk factors for CRC, lower SES
and lack of health insurance coverage have been impli-
cated as key contributors to reduced survival,” with
neighborhood-level disadvantage associated with worse
outcomes even after adjustment for patient-level low
income.” Although impoverishment has been shown to
negatively influence survival, it remains unclear whether
higher SES alternatively yields optimal outcomes.

In Suffolk County, New York (NY), cancer is the sec-
ond leading cause of death,” and the region bears a dis-
proportionately high burden of cancer compared with
the U.S. (18% higher incidence) and New York State
(NYS) (10% higher incidence). This includes an 8%
higher incidence rate for Suffolk than the U.S. and New
York for CRC.” Overall, age-adjusted cancer mortality
rates per 100,000 in Suffolk County are 7.3% lower than
the U.S. rates and 1.5% higher than the NYS rate (139.2
for Suffolk vs 137.1 for NYS). The age-adjusted mortality
rate per 100,000 for CRC is 9.2% lower in Suffolk than
the U.S. rate and about the same as the NYS rate (12 for
Suffolk vs 11.9 for NYS).°

Suffolk County, NY, is a relatively prosperous commu-
nity of 1.5 million residents with a median household
income of $111,660 annually.” Health insurance coverage
rates are also reported to be greater in Suffolk than the
national average,” '’ yet despite these increased SES indi-
cators, incidence rates of CRC in the county are higher
than the state average,'' and the mortality rates in Suffolk
are similar to the state average.” During 2015—2019, age-
adjusted incidence rates for CRC per hundred thousand
were 40.6 (95% CI=39.3, 42.0) for Suffolk County and
37.7 (95% CI=37.4, 38.1) for NYS, whereas age-adjusted
mortality rates per hundred thousand were 12.1 (95%
CI=11.4, 12.8) for Suffolk and 12.2 (95% CI=12.0, 12.4)
for NYS.” Among the 62 counties in New York, Suffolk
ranks 23rd for incidence and 40th for mortality rates, yet
for prosperity, the county ranks 4th highest.’

One might expect that the mortality rates would be
lower for Suffolk, given the higher SES indicators. The
reason for this paradox has yet to be elucidated, and
reports related to mortality in predominantly prosperous
communities are limited. The primary objective of this
research is to evaluate the survival rates of patients
diagnosed with CRC who reside in a relatively affluent
suburb in the Northeast and to examine factors that may
impact mortality in this region.

METHODS

Stony Brook Medicine is an integrated health system
that includes education, research, and patient care pro-
grams. There are 5 health sciences schools; 4 hospitals,
including Stony Brook University Hospital (SBUH); and
>230 community-based healthcare settings throughout
Suffolk County. SBUH is Long Island New YorKk’s pre-
mier academic medical center and serves as the region’s
only tertiary care center. SBUH is home to 4 specialty
institutes, including the Stony Brook University Cancer
Center (SBCC), Suffolk County’s cancer care leader, and
a leader in education and research. SBCC’s catchment
area includes Long Island’s Nassau and Suffolk Counties.
SBCC includes 12 multidisciplinary teams, including
CRC and gastrointestinal cancer. The cancer program is
accredited by the American College of Surgeons Com-
mission on Cancer.

Study Sample

The Stony Brook Cancer Center maintains a registry
that records demographic, clinical, and other informa-
tion for all patients diagnosed with any type of cancer
within the Stony Brook Medicine network (although
treatment may have been provided at any healthcare
network or provider). Because SBCC is a tertiary care
referral facility, the center has been shown to treat a
majority of symptomatic patients with more advanced
disease rather than those presenting for screening.'
This retrospective investigation collected information
from the registry for all cases of CRC diagnosed
between 2010 and 2020. Data abstracted for this study
included age at diagnosis, year of diagnosis, sex, race,
marital status, family history of cancer, type of health
insurance, smoking status, date of last contact, Ameri-
can Joint Committee on Cancer stage at diagnosis, and
ZIP code at the time of diagnosis.

Measures

The Distressed Community Index (DCI) is a publicly
available indicator of economic well-being for geo-
graphic locations in the U.S. based on data originating
from the U.S. Census.”” The DCI is calculated from 7
metrics (no high school diploma, poverty rate, adults
not working, housing vacancy rate, median household
income, change in employment, and change in establish-
ments) and provides individual scores for >26,000 ZIP
codes (99% of the population). DCI values range from 0
to 100, where lower indices represent higher levels of
affluence. The following quintiles are used to define wel-
fare status: prosperous, comfortable, mid-tier, at risk,
and distressed; this tool has served as a proxy for SES in
some studies.""* For the present investigation, patient
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ZIP codes were paired with corresponding DCI scores to
evaluate the impact of prosperity on survival.

Statistical Analysis

CRC cases whose primary residence was outside of Suf-
folk County at the time of diagnosis, those who were
aged <21 years, and those diagnosed with Stage 0 cancer
were excluded from this investigation. A total of 946
cases met the study’s inclusion criteria, and more than
half of these patients resided in prosperous neighbor-
hoods. Because further stratification of the DCI variable
did not yield statistically significant differences between
subgroups, these data are presented as a dichotomized
factor (scores <20 vs scores >20). Chi-square tests were
used to evaluate potential associations between demo-
graphic and other characteristics and community afflu-
ence. The p-values are presented for each comparison.
The 1-, 3-, and 5-year survival rates were calculated and
stratified by DCI group and stage at diagnosis. The num-
ber of cases with requisite data for the survival analyses
included 875 at 1 year, 680 at 3 years, and 476 at 5 years.
Kaplan—Meier 5-year survival curves are presented, and
log-rank tests are used to assess significant differences
between groups. Cox proportional hazard models were
used to evaluate the predictors of 5-year mortality. Haz-
ard ratios (HRs) and 95% Cls are presented.

SPSS, version 21, was used to conduct these analyses.
The Stony Brook University IRB approved this study
(IRB Number 2021-00479), and the guidelines in the
Declaration of Helsinki were upheld.

RESULTS

Of the 946 patients with CRC included in this investiga-
tion, more than half resided in a ZIP code that was clas-
sified as prosperous (DCI<20). DCI scores ranged from
0.7 to 61.8 with a median value of 18.8 and only 4% of
cases residing in a neighborhood with an index of >50.
The demographic characteristics of the cases, stratified
by degree of community affluence (DCI<20 vs >20), are
presented in Table 1. Although the distributions of age
and sex were similar between groups, a significant asso-
ciation was found between Black race and DCI score
>20 (p<0.01). In addition, cases who were married were
more likely to live in a prosperous ZIP code than those
who were single (p<0.01). Alternatively, cases who
maintained Medicaid as their primary health insurance
were more likely to reside in a nonprosperous commu-
nity (p<0.01). Stage at diagnosis was not associated with
DCI group in this study, and >75% of cases were diag-
nosed at Stage 2 or higher.

Table 2 presents the 1-, 3-, and 5-year survival rates
for CRC, and Figure 1 shows the 5-year Kaplan—Meier
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Table 1. Demographic Characteristics of 946 Colorectal
Cancer Cases Diagnosed at Stony Brook Cancer Center
Between 2010 and 2020, Stratified by DCI Score

DCI score

<20 >20

Characteristic (n=506) (n=440) p-Value

Age, years, %

<50 11.3 14.3 0.34
50—-69 47.2 46.8
>70 41.5 38.9
Sex, % male 571 52.0 0.12
Race, %
Black 2.4 12.0 <0.01
White 91.9 79.5
Other 5.7 8.4
Marital status, %
Single 13.2 23.5 <0.01
Married 61.9 48.5
Separated/divorced/ 24.8 28.0
widowed
Family history of cancer, % 59.2 57.8 0.68
Smoking status, %
Current 15.6 16.2 0.80
Former 40.8 38.6
Never 43.6 45.2
Insurance type, %
Managed care 36.3 27.3 <0.01
Medicaid 9.6 20.9
Medicare 52.5 48.6
Self-pay/other 1.6 3.2
Stage, %
1 24.3 19.1 0.22
2 24.5 24.1
3 271 29.3
4 24.1 27.5

DCI, Distressed Community Index.

curves stratified by DCI group. Survival rates were simi-
lar between groups at all time points. The 1-year survival
rates were 84.7% and 84.4% for DCI <20 and >20,
respectively. The corresponding rates at 5 years were
58.3% and 60.6%, respectively, with an overall 5-year
survival rate of 59.2%. Figure 2 presents the 5-year
Kaplan—Meier curves stratified by stage at diagnosis and
indicates that survival among patients diagnosed at Stage
4 was significantly reduced compared with those diag-
nosed at the earlier stages (log-rank test p<0.001). The
5-year rates for Stages 1, 2, and 3 were 79.6%, 73.6%,
and 68.0%, respectively, compared with 17.8% for cases
diagnosed with Stage 4 disease.

Table 3 presents the Cox proportional hazard results
for 5-year survival of CRC. The model indicates that
older age (>70 years) (HR=2.43, 95% CI=1.18, 5.01) and
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Table 2. Survival Rates at 1, 3, and 5 Years, Stratified by
DCI Score and Stage at Diagnosis

Stage at diagnosis

DCI
| ] ] v All stages
DCI<20
1 year 95.5 89.1 93.1 59.1 84.7
3 year 84.5 77.2 77.9 35.5 68.8
5 year 78.7 70.6 65.2 16.9 58.3
DCI>20
1 year 92.0 94.2 94.1 59.6 84.4
3 year 89.1 88.0 76.7 25.6 67.8
5 year 81.1 78.6 72.1 18.9 60.6
All cases
1 year 94.1 91.4 93.6 59.4 84.6
3 year 86.3 82.0 774 30.9 68.4
5 year 79.6 73.6 68.0 17.8 59.2

DCI, Distressed Community Index.

late stage at diagnosis (HR=12.24, 95% CI=6.86, 21.81)
were associated with increased mortality at 5 years.
Other factors, including type of health insurance and
level of community affluence (DCI score), were not
found to significantly impact 5-year survival.

DISCUSSION

Although lower SES and lack of health insurance have
been implicated as factors associated with increased

mortality”” among patients diagnosed with CRC, this

does not necessarily imply that individuals residing in
more prosperous communities will have optimal survival
outcomes. Findings from the present investigation indi-
cate that despite community affluence, including 97% of
cases having insurance coverage, only 25% were diag-
nosed with localized disease. Early detection dramati-
cally impacted survival, with 5-year rates plunging from
80% to 18% for cases diagnosed at Stages 1 and 4,
respectively. Later age at diagnosis (>70 years) and later
stage at diagnosis (Stage 4) were the strongest predictors
of 5-year mortality in this study, whereas type of insur-
ance and community prosperity (DCI score) did not sig-
nificantly impact survival.

5-Year Survival

The overall relative 5-year survival rate for CRC
reported by the Surveillance, Epidemiology and End
Results (SEER) Program for 2013—2019 was 65%."”
Although community SES indicators in Suffolk County
are higher than the national average,” the 5-year survival
rate among cases in this study was lower (59%) than the
SEER national rate. One possible explanation for the
reduced survival among cases in Suffolk County may be
the smaller proportion of patients diagnosed with early-
stage disease. Approximately 37% of patients with CRC
nationally are diagnosed with localized tumors, whereas
only 21.9% of cases in this study were diagnosed with
Stage 1 cancer.'®"” This may be (at least) partially due to
the reduced health status of cases being seen at SBCC, a
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Figure 1. Overall 5-year survival stratified by DCI score. DCI, Distressed Community Index.
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Figure 2. Overall 5-year survival stratified by stage at diagnosis.

tertiary care facility that tends to receive referrals for
symptomatic patients with more advanced disease. A
previous study in this patient population indicated that
more than three quarters of CRC cases were symptom-
atic at the time of diagnosis.'” Because it has been well
established that more advanced disease yields poorer
health outcomes, the later stage at diagnosis is likely to
be a key contributor to the observed decreased survival
in this study.'®"”

Survival rates for CRC vary widely depending on the
stage at diagnosis. National 5-year rates among patients
diagnosed with localized versus those with distant meta-
static disease based on SEER data were 91% and 16%,
respectively.'” Although patients diagnosed with the
most advanced disease had marginally improved out-
comes in the present investigation (18% vs 16%), those
diagnosed at the earliest stage had lower 5-year survival
rates than the national average (80% vs 91%). A total of
98 patients with 5-year data were diagnosed with Stage 1
cancer in this study. The median age of diagnosis in this
group was 68 years; however, among the 20 who died
during the observation period, the median age was a
decade later (78 years). The limited sample size coupled
with more advanced age at diagnosis among patients
with localized CRC in this study may help to explain the
reduced survival in this group.

Findings from the present investigation indicated that
community affluence did not yield lower mortality
among patients with CRC than among those residing in
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less prosperous neighborhoods. Instead, and on the con-
trary, these data indicated that despite increased rates of
insurance coverage and access to high-quality health
care, worse survival outcomes were noted for cases living
in higher SES neighborhoods than the national averages.
Thus, although low income and lack of health insurance
have been shown to result in reduced survival, the
opposite is not necessarily true. This study found that
prosperity alone does not appear to ensure optimal out-
comes.

Colorectal Cancer Screening

Although we know that there is a large percentage of
people presenting with symptomatic CRC at this tertiary
care facility and our sample showed a high percentage of
people with late-stage cancers, perhaps there are issues
with screening in Suffolk County. In 2018, it was
reported that the rate of CRC screening in the U.S. was
68.8%.”" Despite high rates of insurance coverage, pros-
perity, and access to quality health care, the correspond-
ing rate in Suffolk County (60%) is lower than the
national average. In addition, Suffolk maintains the third
lowest rate among all counties in the state of New
York.”' Although individual screening status was not
available for cases in this study, the national and state
data lend support to the explanation that suboptimal
survival outcomes in this relatively prosperous commu-
nity are likely the result (at least in part) of reduced rates
of screening.
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Table 3. The 5-Year Cox Proportional Hazard Model for
Colorectal Cancer

Characteristic HR (95% Cl)

Age at diagnosis

<50 years ref

50—69 years 1.12 (0.66, 1.93)

>70 years 2.43(1.18,5.01)
Sex

Female ref

Male 1.36 (0.98, 1.89)
Race

White ref

Black 0.93(0.43,1.99)

Other 0.94 (0.47, 1.86)
Marital status

Single ref

Married 0.92 (0.54, 1.57)

Separated/divorced/widowed 1.45 (0.83, 2.52)

Family history of cancer
Smoking status
Current ref

0.99 (0.71, 1.37)

Former 0.74 (0.46, 1.19)

Never 0.80 (0.50, 1.28)
Insurance

Managed care ref

Medicaid 1.54 (0.88, 2.68)

Medicare 1.41 (0.80, 2.51)

Self-pay 1.48 (0.44, 4.93)
DCI score

<20 ref

>20 0.79 (0.56, 1.10)
Stage at diagnosis

| ref

Il 1.57 (0.82, 2.99)

1 1.66 (0.90, 3.04)

vV 12.24 (6.86,21.81)

Note: Boldface indicates statistical significance (p<0.05).
DCI, Distressed Community Index; HR, hazard ratio.

In 2016, it was reported that the percentage of adults
who receive a CRC screening on the basis of the most
recent guidelines, aged 50—64 years, was 63.1 for NYS
and 49.1 for Suffolk County. In 2018, these rates were
65.4 for NYS and 65.2 for Suffolk County.”**’

Over the past 2 decades, rates of CRC have fallen
among individuals aged >55 years, mainly owing to
increased screening. Although there is some variation
within certain age groups, there continues to be consid-
erable concern in recent years over the rising number of
cases diagnosed in patients aged <50 years.” In this
study, 12.7% of cases were diagnosed at age <50 years,
which is consistent with the national average of 12%
reported in 2020.°*”

In 2016, the U.S. Preventive Services Task Force
(USPSTF) recommended screening for CRC starting at
age 50 years and continuing until age 75 years and that
the decision to screen for CRC in adults aged 76
—85 years should be based on the individual, accounting
for the patient’s overall health and prior screening his-
tory. Despite declines in incidence of CRC, it remains a
cause of morbidity and mortality, and it was identified
that incidence rates were declining only for those aged
>55 years.”® The USPSTF conducted a systematic review
to update the previous review on the effectiveness, test
accuracy, and harms of CRC screening as well as to
inform a separate modeling report, which together were
used by the USPSTF in the process of updating its CRC
screening recommendation. The USPSTF concluded
with high certainty that screening for CRC in adults
aged 50—75 years has a substantial net benefit. The
USPSTF concluded with moderate certainty that screen-
ing for CRC in adults aged 45—49 years has moderate
net benefit. The USPSTF concluded with moderate cer-
tainty that screening for CRC in adults aged 76—85 years
who have been previously screened has a small net bene-
fit. Adults who have never been screened for CRC are
more likely to benefit.” On May 18, 2021, the USPSTF
changed its recommendation for CRC screening to
include screening for adults aged 45—49 years in addi-
tion to those aged 50—75 years. On the basis of evidence
of a small net benefit for screening in adults aged
76—85 years, the USPSTF also recommended that clini-
cians selectively offer screening for CRC in adults within
this age range when it is appropriate in individual cases,
considering the patient’s overall health, prior screening
history, and preferences.””

Limitations

Although this investigation was strengthened by the
inclusion of almost 1,000 patients with CRC diagnosed
over a 10-year period who reside in a relatively affluent
community, thereby matching the desired demographic
for evaluation, the study had several limitations. First,
person-based SES indicators such as income status and
level of education were not available. Although these fac-
tors would provide more detailed information at the
individual level, the DCI scores enabled assessments at
the neighborhood (ZIP code) level and indicated that
prosperity did not have a significant impact on 5-year
survival.

A second limitation of this study was the lack of data
related to diet and obesity. Although prosperity may
contribute to a diet rich in fruits and vegetables and
access to more nutritious food and drink options,
increased wealth has also been shown to result in higher
food consumption and obesity, which are known risk
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factors for CRC.>*>* Thus, the directionality of the
effect of such dietary factors remains unclear.

Unavailability of colorectal screening data for the
cases in this study represents a third limitation of this
investigation. Although we theorize (on the basis of
county statistics) that lower screening rates may have
contributed to the suboptimal outcomes, even among
cases living in more prosperous neighborhoods, we were
unable to confirm this hypothesis.

Finally, this study was based on data from a reposi-
tory originating from a single institution in the North-
east, which serves a community that is not highly
diverse, and, therefore, the findings may not be gener-
alizable to other relatively prosperous regions. Further-
more, Stony Brook’s Cancer Registry records all
patients with any type of cancer included within the
Stony Brook Medicine network; however, cases resid-
ing in the local community who are diagnosed and
treated outside of the Stony Brook Medicine system
are not recorded in the repository. These patients
could potentially differ with regard to characteristics
that might influence survival, yet it is unclear in which
direction such differences would impact the outcomes.
However, despite the noted limitations, the data from
this study did not suggest that wealth equated to
improved health outcomes among patients diagnosed
with CRC. Additional research is required to more
fully elucidate the primary drivers that may explain
the reduced survival outcomes in this community
known to have high rates of health insurance coverage
and access to quality health care.

CONCLUSIONS

In this investigation, which included a relatively affluent
study population, increased survival rates were not
observed compared with national averages among
patients diagnosed with CRC. Late stage of diagnosis
and older age (>70 years) were positively associated
with increased mortality. Only 25% of cases had local-
ized disease at the time of diagnosis, which is likely the
result of the referral patterns for this tertiary care hospi-
tal that receives primarily symptomatic patients for diag-
nosis and treatment. To fully understand the impact of
prosperity on CRC incidence and mortality, further
studies spanning the full continuum of cancer care from
screening through survivorship would be beneficial.
Additional research in diverse socioeconomic communi-
ties focused on education, reducing barriers to screening,
and addressing other factors that impact screening
adherence are needed to increase rates of early detection
and improve overall survival.
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