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Abstract

Background: Rural residents have a higher prevalence of colorectal cancer (CRC) mortality compared to urban individuals. Policies have been
aimed at improving access to CRC screening to reduce these outcomes. However, little attention has been paid to other determinants of CRC-
related outcomes, such as stage at diagnosis, treatment, or survivorship care. The main objective of this analysis was to evaluate literature
describing differences in CRC screening, stage at diagnosis, treatment, and survivorship care between rural and urban individuals.

Materials and Methods: \We conducted a systematic review of electronic databases using a combination of MeSH and free-text search terms
related to CRC screening, stage at diagnosis, treatment, survivorship care, and rurality. We identified 921 studies, of which 39 were included.
We assessed methodological quality using the ROBINS-E tool and summarized findings descriptively. A meta-analysis was performed of studies
evaluating CRC screening using a random-effects model.

Results: Seventeen studies reported disparities between urban and rural populations in CRC screening, 12 on treatment disparities, and 8 on
staging disparities. We found that rural individuals were significantly less likely to report any type of screening at any time period (pooled odds
ratio = 0.81, 95% Cl, 0.76-0.86). Results were inconclusive for disparities in staging at diagnosis and treatment. One study reported a lower
likelihood of use of CRC survivorship care for rural individuals compared to urban individuals.

Conclusion: There remains an urgent need to evaluate and address CRC disparities in rural areas. Investigators should focus future work on
assessing the quality of staging at diagnosis, treatment, and survivorship care in rural areas.

Key words: colorectal cancer; cancer screening; cancer diagnosis; cancer treatment; cancer survivorship care.

Implications for Practice

Despite the significant implementation of a policy aimed toward the expansion of the colorectal cancer care continuum to individuals living
in rural areas, our results suggest that significant barriers to access to care still exist. Our findings highlight the need for a more in-depth
policy and practice approach aimed at reducing disparities in screening, diagnosis, and treatment for rural individuals. Healthcare providers
must remain cognizant of these substantial barriers to care and of the limitations in assessing literature evaluating colorectal cancer care
disparities for rural populations.

Introduction cancer.’ This gap in health outcomes and their underlying
causes between rural and urban populations reflects a lack
of equitable access and use of health services over time.?®
Moreover, less than 8% of all physicians and surgeons in the
US practice in rural settings and 64% of rural medical staff
report difficulties in finding specialists for patient referrals.”!

A higher incidence of cancer-related cases and mortality
are among the most impactful causes of excess deaths among

Approximately 14% of the US population lives in a rural
area.! Individuals living in rural areas are often subject to
poorer health outcomes compared to their urban counter-
parts. For example, the age-adjusted death rate in rural areas
is 7% higher than that of urban areas.” These excess deaths
have been linked to a higher prevalence of chronic conditions
such as heart disease, chronic lower respiratory disease, and
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rural populations as a result of these health disparities.'!?
While national cancer incidence has declined over time, the
incidence and mortality rates of certain cancers have persisted
in rural areas, such as those for colorectal cancer (CRC)."
In 2016, the annual age-adjusted death rate due to CRC in
nonmetropolitan areas was estimated at 17.1 deaths per
100000 persons, higher than the estimated rate in met-
ropolitan areas (14.0 deaths per 100000 persons)."> This
trend was also noted for incident CRC cases, where the age-
adjusted incident CRC rate among nonmetropolitan residents
was higher than that of metropolitan residents (43.9 cases per
100000 persons vs 39.6 cases per 100000 persons, respec-
tively).!? Of the hypothesized driving factors behind these
outcome disparities in incidence and mortality, those involv-
ing the patient’s provider and their care along the CRC care
continuum may be particularly impactful.™

Patients in rural areas experience limited access to medi-
cal and oncology providers and higher-quality care, which
may lead to later stages of any cancer diagnosis and a lower
likelihood of receiving standard-of-care treatment with
supportive care.'>'S Therefore, inequities in each of these
stages (CRC screening, stage at diagnosis, treatment, and
survivorship care) of patients with CRC care may contrib-
ute to worsened downstream outcomes. Limited access to
CRC screening among rural individuals has been previously
characterized.'® A systematic review from Wang et al found
that the most frequently reported barriers for rural indi-
viduals to CRC screening were high cost, lack of insurance
coverage, and lack of perceived need for CRC screening.'®
However, it is unknown to what extent these barriers in
screening, in addition to barriers in treatment, stage at diag-
nosis, or survivorship care differ from urban individuals. To
better guide policymakers, decision makers, and healthcare
providers in addressing the impact of these hypothesized
CRC disparities on cancer-related incidence and mortality
for rural patients, it is essential to understand how each of
these categories independently contributes to patient with
CRC care and subsequent outcomes. Moreover, it is criti-
cal to understand how various existing definitions of rural-
urban status can affect analyses evaluating CRC care
disparities, as different rural-urban categorizations can lead
to a variation in results for studies evaluating disparities
or barriers in access to care.!” To better understand these
urban-rural CRC disparities, we performed a systematic
literature review to evaluate original research investigat-
ing differences in CRC screening, stage at diagnosis, CRC
treatment, and survivorship care between rural and urban
adults in the US. Secondary to this, we performed a meta-
analysis to synthesize findings across these gaps where suf-
ficient data were available.

Materials and Methods

We conducted a systematic review to assess differences in
CRC screening, stage at CRC diagnosis, treatment, and sur-
vivorship care between rural and urban adults in the US in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocols (PRISMA-P).'® This
study was exempt from IRB approval and informed con-
sent as it collected and synthesized nonidentifiable data
from previously published studies. The protocol for this
study was approved and made available on PROSPERO (ID
#CRD42022350943).
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Data Sources, Search Strategy, and Inclusion/
Exclusion Criteria

The review was conducted using PubMed and EMBASE for
primary sources of evidence published between January 2012
and July 2022. From our original search, we identified and
excluded duplicate indices and screened abstracts for inclu-
sion criteria (Supplementary Materials). Those qualifying
for inclusion were further screened using the full-text source
and once again screened for final inclusion/exclusion crite-
ria. We used a “snowball” approach in reviewing studies to
ensure that references of included studies that also qualified
for inclusion were not missed in the original search strate-
gies. We used search terms related to rural populations,
colorectal cancer, screening/prevention, treatment, diagno-
sis, and survivorship care and combined several database-
specific search terms, such as Medical Subject Heading
(MeSH) terms and free-text search terms. The full search
strategy may be found in the Supplementary Materials. We
specified eligibility criteria using the PICOT framework (pop-
ulation, intervention, comparator, outcome, time frame),
summarized in the Supplementary Materials. We included
randomized controlled trials, observational cohort studies,
and case-control studies in English evaluating rural vs urban
individuals as either a primary or secondary outcome in any
of the 4 “disparity categories” (screening, stage at diagnosis,
treatment, and survivorship care). We excluded publications
that were other systematic reviews or meta-analyses, guide-
lines, letters to the editor, case studies, ethnographic or qual-
itative studies, and surveys. We did not exclude studies based
on a specific type of definition or categorization method used
to distinguish rural-urban individuals nor on any specific age
group. We included studies that reported incidence rates for
rural and urban populations and studies that only reported
regression output(s) as a method of assessment. CRC screen-
ings of interest included fecal-occult blood testing (FOBT),
fecal immunochemical testing (FIT), flexible sigmoidoscopies,
colonoscopies, CT colonographies, and barium enema exams.
Studies evaluating disparities in stage at diagnosis must have
reported data on the type of staging definition used (SEER
staging classification system, American Joint Committee on
Cancer 7th Edition Staging, etc.). Those assessing treatment
disparities must have reported data on the type of treatments
evaluated. Treatments of interest included surgical resection
(laparoscopic colectomy, open resection), chemotherapy, and
radiotherapy. For studies that also included data on other
types of cancers, we extracted results for CRC only.

Screening, Study Design, and Data Abstraction

The original search, screening, and abstraction were per-
formed using Covidence (Melbourne, AUS). Three investiga-
tors (A.S., M.N., L.C.) screened initial database search results
(title and abstract) for studies adherent to the predetermined
PICOT criteria. Indices screened and included were screened
once more using the publication full text to ensure final study
inclusion. Data were abstracted from each full-text publication
and included the following: first author, year of publication,
study design, geographic location, years of data evaluated,
age group, inclusion criteria, rural-urban classification and
categorizations, data source, screening types evaluated, stag-
ing definition and categories, treatment types evaluated, and
results of primary/secondary outcomes. To assess for study
bias, 2 investigators (A.S., M.N.) independently reviewed
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each full-text article using the ROBINS-E tool." At each
stage, any disagreements between reviewers were resolved by
discussion, and, if necessary, adjudicated by a fourth reviewer.

Meta-Analysis of CRC Screening

Data for all outcomes except CRC screening were not suf-
ficient to permit meta-analysis. Therefore, we limited the
meta-analysis to studies reporting differences in CRC screen-
ing. The primary outcome was the odds ratio (OR) compar-
ing rural and urban populations for any screening method
reported at any time. All studies were weighted based on the
generic inverse-variance method.”’ A random-effects model
was developed and built on the assumption that between-
study variance results from factors other than measured
treatment differences.”’ The random-effects model assumes
a normal distribution of between-study variance, which is
facilitated by the generally large sample sizes (>100) of the
included studies.?! All analyses were performed using the
“meta” package in R with a significance level of 0.05.22 The
code for this analysis is publicly available (https://tinyurl.
com/3kknzasx).

Assessment of Heterogeneity and Publication Bias

Quantifiable heterogeneity between studies reporting CRC
screening differences was evaluated using the I? statistic. The
I? statistic developed by Higgins et al describes the percent
of total variation across studies attributable to heterogeneity
beyond random chance.?® Generally, values of 0% indicate
no heterogeneity, and 25%, 50%, and 75% indicate low,
moderate, or high heterogeneity, respectively.?’ We assumed
an acceptable I? value of 50% or less.? In the event of an I?
value > 50%, we specified a priori methods on outlier assess-
ment and removal. We used methods from Viechtbauer and
Cheung to identify and remove outlier studies with effect
sizes outside of the 95% CI of the original pooled result.?*
Publication bias was evaluated using Peter’s test and funnel
plots, which evaluate the relationship between the effect size
of each study and its precision.? If there is a detected system-
atic relationship between effect size and precision, publication
bias may be present. Pooled results were reported for without
outliers and with outliers as a pooled odds ratio with 95% CI
in a forest plot.

Results

Study Characteristics

A total of 921 studies were initially collected. After screen-
ing for inclusion/exclusion criteria, 39 studies published
between 2005 and 2022 were included in the final anal-
ysis, representing a total of 8 186 449 individuals (6 731
362 urban, 1 455 07 rural, Fig. 1).2¢%3 All included studies
were observational.?*% Seventeen studies reported results
on screening disparities, followed by 12 reporting treatment
disparities, 8 reporting results on staging/diagnosis dispar-
ities, and one reporting survivorship care disparities (Table
1).26-63 Sixteen studies used national or nationally represen-
tative data to perform analyses.?831:33,3941:42,47:49-52,55-59 The
remaining 23 studies reported results for individual states or
groups of states ( Supplementary Fig. S1).26:27:29,30,32,34-38,40.43-
46,48,53,5460-63 Of these, 7 studies reported disparity data in the
Southeastern US, 4 in the Southwest, 6 in the West, 7 in the
Midwest, and 4 in the Northeast,2627:29:30,32:3840,43-46.48.53,54,60-63
Rural-urban definitions varied widely across studies.
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The majority of studies (15) classified rural-urban indi-
viduals using Rural-Urban Commuting Area (RUCA)
codes,30:32:33,35,37:40,43-46,53,59,62,63 Nine studies used Rural-Urban
Continuum Codes (RUCC) for classification.3!:343%47-49,51,55.61
Three studies used Urban Influence Codes (UIC), 2 stud-
ies used ZIP codes, and 3 studies used 2000 US Census
definitions for classification.?62%31:385% Two studies used
the Office of Management and Budget (OMB) criteria,
1 study used CDC rural-urban definitions, and 2 studies
used Metropolitan Statistical Area (MSA) classifications to
define rural-urban individuals.?"-3641:426 One study used the
Medical Service Study Area (MSSA) classification scheme
to categorize individuals and later used RUCA codes as a
sensitivity analysis.’® One study also tested different rural-
urban classification criteria (OMB, RUCC, UIC, National
Center for Health Statistics definition) as a primary anal-
ysis.’! Four studies did not explicitly report how individu-
als were classified into rural-urban categories.’>’*5% Most
studies evaluated individuals 50-75 years old (23.1%), in
line with CRC screening recommendations from the US
Preventive Task Force.?$3+404264 Risk of bias assessments
revealed a mostly overall high risk of bias for included stud-
ies (Supplementary Figs. S2, S3). This was primarily driven
by a high risk of bias due to missing data, exposure mea-
surement, and confounding.

Studies Reporting on CRC Screening Disparities

A total of 1060857 individuals were evaluated across 18
studies reporting differences in CRC screening (764 340
urban, 296517 rural).27:28:30-3335-3941.4344 Of the 18 studies
reporting differences in CRC screening among rural-urban
individuals, the majority included data on colonoscopies
(17, 94.4%, Table 2), followed by flexible sigmoidoscopy
(15, 83.3%) and FOBT (11, 66.1%).27:28:30-33:35-39:41:43:44 [ egg
commonly studied screening methods included FIT, CT colo-
nography, barium enema testing, multitarget stool DNA test-
ing, and “any type of screening.”?%31:33:384042 Qverall, urban
populations consistently demonstrated higher CRC screening
rates compared to rural populations across all studies, except
for one.?¢#

This trend was observed in studies utilizing national
data, Medicaid enrollment and claims data, Behavioral Risk
Factor Surveillance Survey (BRFSS) data, Medicare Current
Beneficiary Survey data, Electronic Medical Record data, and
self-developed survey data.?** Urban individuals demon-
strated significantly higher odds of reporting time-appropriate
colonoscopy  or  flexible  sigmoidoscopy.26-30:33-35:37:41:43
Rural populations, especially those in persistently poor
or isolated rural areas, had significantly lower odds of
reporting CRC screening.?3* Rural individuals also exhib-
ited lower odds of FOBT, FIT, colonoscopy, sigmoidos-
copy, and overall up-to-date screening compared to their
urban counterparts.?# Different definitions of rural-
urban areas also consistently demonstrated higher CRC
screening rates in more urban areas, irrespective of the number
of categories used to define rural-urban populations.?** Rates
of FOBT screening were significantly higher in rural individ-
uals only in one study using commercial claims data (62.0%
vs 38.0% urban, P <.0001).* Rural individuals in this study
had 56% higher odds of a claim for FOBT (OR =1.56, 95%
CI, 1.45-1.69), with similar odds of a claim for a colonoscopy
(OR =1.09,95% CI, 0.98-1.14).%
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Figure 1. PRISMA flow diagram for screening article selection and evaluation.

Studies Reporting CRC Stage at Diagnosis
Disparities

A total of 282,777 individuals were evaluated across 8 stud-
ies assessing disparities in CRC stage at diagnosis (265 923
urban, 16 854 rural).*>! Of the 8 studies reporting on CRC
staging at diagnosis, 5 used the SEER staging classification sys-
tem, one used AJCC 7th Edition Staging Manual criteria, and
two did not report definitions used (Table 3).**! Half of the
studies used national data (SEER Registry or North American
Association of Cancer Registries data).*”*-5! Three studies
evaluated rural-urban differences using early-stage (“in situ”
or “localized”) or late-stage (“regional” or “distant”) catego-
ries, and 3 reported stage at diagnosis using numeric staging
systems.*-* Overall, rural individuals (especially those in iso-
lated rural areas) showed slightly higher odds of both early-
and late-stage diagnoses compared to urban individuals.*-!

However, there were no significant differences in staging
between rural and urban populations in most studies.*! One
study reported similar odds of advanced stages at diagnosis
between rural and urban individuals (OR =0.98, 95% CI,
0.81-1.19) but significantly lower odds of cancer-directed sur-
gery among privately ensured rural individuals (OR = 0.68,
95% CI, 0.52-0.89).%5

Studies Reporting CRCTreatment Disparities

Twelve studies investigated treatment disparities among a
total of 6 842 538 individuals (5 700931 urban, 1 141 607
rural Table 4).#5262 Six studies assessed surgical procedures,
reporting higher rates of laparoscopic colectomies in urban
individuals and higher rates of open resections in rural
individuals of various CRC stages (I-IV).>37! Four studies



e435

‘uoneziiobe1ed [eint pue ‘uequn ‘uoileol}ISSe|d uequn-jedns ‘ebe uoieindod Apnis *L a1qeL

101 °1'8
€01 T0OL ‘001 ‘0°6 TLUTSTYOETT
‘T8OSTLOLDIDVSOFPPOOVONT ‘0T TT 0T PPOD VONMU yond Pa19A03 PIEJIPIIA 10 9IEIIPIIN JION S10C-010C ¥9-81 (T207) Y2291
Y\ JO uedLIDWY
9-7 9p0D yDONY :ueqingng UBDLIJY JOU 9081 98eIS JoWN) umouy]
01-£°pP0D YONI 19p0D VOMI Yond “qowny A3uIs ‘YD JO 2IUIPIUT ISTLY £007-000¢ §$8-SY ($107) soutH
AUN AN Vo DD pasouderp oN S10T-€10¢T ¥9-0¢ (0207) 1sqed]y
uejodonaN [[ews
‘uearjodonapy wnipaw
‘uearjodonajy a8uL] a81e[
‘ueln
a100)-uou ‘uearjodoIdry -[odonaN [enua)) 231e] uonuyaq
9-6 S[PAYT P SPAT  UEqIN-[RINY DAD AN 910¢T §£-0S  (0TOT) [PryorwLIE)
AN AN VSN SSIIppE UMOUN E (1M S[enpIAIpU] L10T ¥9-81 (0207) oudION
TYSIH 10 0T 9poD YONI 6-0 °P9D VO YOond AN C10T-600C §£-0S  (6107) peisunjeey
6% °P0D DONY €-1 °p0D DONY 00oNd AN L10T-110T §L-0S (6107) ssON
(7 1989] Yv4) a1doad 0 §7 3se9| e Jo seae
woiy Aeme saInuIw Gt 3sed] 3k pue sjdoad snsuad) g 01 uontuyd ([ Yv4q
000 §T 03 dn jo suonemndod yim sonunoy  Surprodde  ueirjodonoA, snsuaD) §N 000T AN ¥10T $L-0S (§107) saysnH
AN AN yond AN L10T-910T §L-08 (0T07) rueanyy
£unoy ueqingns
D0 Yy £yunon apisuf
pue L1170 121U2)) IPISINO
VSIN-UON/[BIY VSN JO 31D 193u9) VSN AN cloc §L-08 (§107) BYPUUO
AN AN vony 4303814 YO NIy pasroday 0107 §£-0S  (€107) uosiopuy
61 2POO DO €-19p0D DONY 20Nd A[uo srewag 020cT-L10T §L-08 (1207) 2394S
AN AN vond Areryouaq a1ed1pay §00T §9 (2107) ued
AN AN vomd AreyaUaq AIEPIN 010¢-800¢T §9< (§10T) o1
oln
Cl-€ $9p00 :0IN -1 S9p0D “DIN 20MNd
67 SOpOD :DONY €-1 S9p0D :DDNY  SOLSHEIS YI[eaH
9-§ $9p0) :SHON $=1 $9pOD :SHON 10§ Jojua]) [eUOHEN
666 6v< vonendod :gINO 666 6+> uonemdod :gNO dNO AN €10C-800¢C 0s< (2207) o3H
Aysuap 19M35 10 666 6 Asudp 1238218 10 000 05 VoMY PredIpay 10§ a[qi3T[e A[maN ST10T-€10¢ 0 (0z07) eotloly
<
S AN AN sapoD diz AN 1102-+00T 0= (£107) Suep
z Cl-€ $9p0D DIN 71 2p0D DIN oln AN 800C SL-0S (1107) 1ouuxg
& yaesy jo Jusunredaq vy £q paugap [eanx
w. ‘Teardsoy [eant & 03 35350[d S2pOd J[Z [[V S POPOd JOU SIPOd J[Z SapoD) dIZ Are1do1youaq 1edIpIIN 000C §9z ($007) o
< 000 0S arour 10 ()0() (0§ Jo uone| JUIWNBII) TOOUEBD ATIOR ou Jueudord
S ueys ss9] Jo uonendod e yam sonrunwiwoy  -ndod e M sonTUNWWOD SISURD) *§'N 000C  IOU DALEN BIYSE]Y 10 UBIPU] UBdLIDWY £L00T-+00T 0§ (8007) ToyorwnydS
N
m uonedYISSed parenyead (sTe2A)
lmu uonezi081ed [eIny uonezi081ed ueqin ueqin)-ferny BLIOILID UOISNdUf (s)reax 93e uonendog (1eay ) zoyany
8
-
Q
®
s



The Oncologist, 2024, Vol. 29, No. 4

e436

*9pOd dUIN[JUL UBGIN “H[[) DPOI WNNULUOD
ueqIn-[eInI ‘)Y 9pod eale SUNNWWOod UeqIn-[ernt ‘YO {pa3iodar suou YN feate Apnis 2d1A13S [BIIPAU “YSSIA S9POD) BTy [ea1s1IeIS UBI[OdONIJA “YSIA £910Wal PUE 191U V] SUOLIBIAIQQY
‘suontuyap 110dar jou pi,,

AN AN vond VN 710T-%00T $L-0€  (8107) [[eSno@ON
(«ueqangns,, A[uo s[enprarpur e[g
01-£°P°D YONY se 9-7) 9-1 9PoD YONA VONY  OruedstH-UON 0 2\ druedsip-uoN £002-000C SI= (1107) °0'H
AN AN o0oNd Arenoyouag a1edIPIN 8007-900T §9% (9107) 3104S
AN AN aNO AN 1102-800¢ 61< (S107) 39qnin
AN AN vond AJuo 190ued [e309y 1T0T-L00T §9= (6T07) 0s31014D
AN AN AN AN £10T-800¢ 81< (T20T) 19%ed
(§T07) youeyss

AN AN AN AN T10T-600¢ 81% -AwrepeySoy
AN AN AN UO1309531 [EDI3INS PAIUIWNIO(] 110T-900¢ AN ($10T) uosuoy

210U
005> jo uonedog 10 000 0T jo uonendog 20oNd Arendyouag a1edIpIN 600C-+00T 99 (9107) [eyouEqd

Jadued niIs
AN AN VONY Ut g syudned ou AJuo s1odued [e309y 9007-+00T 81% (€T07) 3remng
BIITE AU} UT )O() OS< Uon

-g[ndod e yam aoe[d paugop-snsuad ou pue «Jeanr,
aprur axenbsyordoad o gg> Lsuap uonemdog pa1opisuod jou vare Auy VSSIN AN #10T-%00T 812 (1T07) [Pred-yed
AN AN AN 600¢ 812 (¥107) 185N [V
67 9PoD DONYA €-12P0D DONY 20N AN €107-600¢ 1< (8107) puyez
TITT016 9poD DIN 8 -1 :9poD DIN DIN $91UNOD UeqIn A[PAISR[IXD UT S[ENnpIAIpU] #10T-010T 0$< (0207) ®lHpUy
6 ‘L 2P9D DONY €-12P0D DONY 20Ny OYD Jo sisougerp Lrewtig €007-000T 0C= (£007) anonbeg
AN AN o0oNd AN 800C-+00T AN (T107) 19881y
67 9PoD DONYA €-12P0D DONY 20N AN €107-600¢ AN (8107) puyez

9°01 ‘S"0T “¥°01 ‘€°01 “T°0T ‘00T

T6T606P8€C8TSO8YLECLTL T8TLTSTHOETT

0LT9°09TSOSTY O =poD VONA ‘0T T'T 0T 2PeD vONI vONd AN 710T-100T 81< (£107) ury
uonedyIsse[d paenyead (sxeak)

uonezi10821ed [eIny uonezio8aed ueqin ueqIn)-ferny BLIOILID UOISNdUf (s)reax  98e uonendog (1eay ) zoyany

panuiuo) °L alqer



e437

The Oncologist, 2024, Vol. 29, No. 4

(sread ¢ 1se]) Ldoosoprowsig

‘(sxeak () 3se[) Adodsouojon) (ST07)
(%9°89) +0¥ (%0¥1) 685 (%0°TL) TO9T (%0°98) ¥19¢ ‘(sreak ¢ 3se]) 19O SSIud Thot (X1) 21838 eyeuutlo
(s1eak (1 ase]) £doasouojo))
‘(s1e2f ¢
ase]) 4doasoprowdis 9[qIxal] (€100)
(%8°95) €69 (%L°LT) 8L11 (%€°89) 151T (%€TL) T80€ ‘(reak 3se]) 1904 SS4dd 0101 (1LN) 23e38 uosiopuy
(1eak (VA S
1se[) £doosoprowSis a[qIxa| | JUIWSSISS Y “NO “TV ‘NN
‘(1eaf 1se]) Adodsouojo)) yajeay uonemndod [DN ‘VA ‘LN ‘HO
(%0°82) 8+8 (%9°2€) 0601 (%0°78) 6TH1 (%¥°09) 6vL1 ‘(1eak 3se]) 1404 Sursn padofaadp £aaing 020T-L10T A ‘vd) s (1207) 2394s
(s1e2L ¢
1se[) Adodsoprowdis o[qIxa[]
‘(s1eaf ¢ 1se[) Adodsouojo)) Aaamg £1e1d>
(%8°LY) .68%1 (%0°¥7) .811€ (%$°SS) .088% (%0°92) .T6L8 ‘(sreak 7 3se]) 1404 -Jouag JUa.LINg 91PN 00T [PUOBEN (zro7) ueg
BUWIDUS WNLIEg
“AydeiSouojod 1D
‘4doasouoon
‘Adoosoprowiis a[qIxa[] o1 JusW[oIug
114 SIEJIPIN O3 pIaAqUI]
(%0°8S) ST (%9°LS) ST6 (%0°LY) LET (%¥Th) €9 1904 e3ep Ansidor 1odued 93e1g 010T-800C (S31) 23838 (§107) 21
Adoasouojo)
(%L%S) 8L01 (%6°79) 1L61 (%0°65) 189 (%1°LE) ¥9T1 ‘Adodsoprowsrs aqrxay] SS4dd €107-800¢C [euonEN (T207) oy H
Adoosoprowgig
“4dodsouojon)
L4 ele( swre))
(%8€) €L (%9°Th) 6+8€ (%79) 0T6 (%¥LS) €81S ‘,..1904d 29 Juswjouy presipa]N ST0C-€10¢C (MO) a3e38 (0207) eotlo
Adoasouojo))
(%9°61) 98 ¥ (%S°61) €152 (%¥08) SE8 81T (%%°08) 766 0€ ‘“4doasoprow3is a[qIxd SIHO 600¢C (VD) =138 (£107) Suep
(%0°€Y) 6€ (%1°67) 06 (%6°9%) €01 (%6°0L) 61T Suruads fuy, SS4dd 800T [euonEN (TTOT) ouuxg
BUIDUD WnLIeg
“4dodsouojon)
(%97°€) (%T8T) ‘“Adoosoprowdrs o[qIXdL]  9[Lf dWATeUY { red ored
18¢¢ 0 €L (%€S€) 01911 (%8'18) 0T6 8TE 1904 - rddng/uendisdyg 000T (V) 2338 (§007) o
(s1824 ¢
asey) 4dodsoprowsrs qrxay] (AN (8007)
(%6°L1) 0TF 887C (%+°0S) 08T (%S°€T) LS€ ‘(sxeak ¢ 1s¥]) Adodsouo[o) Aams HINVE  L00T+00T “ZV V) 21818 Joypewnydg
(% ‘u) pouddids (%
uonendod ‘u) uonendod (9, ‘u) pausaids (% ‘u) (parenyeas porrad swmn) parenjead
[einy [einy uonendod ueqin  uwonendod ueqin paren[eas sad41 Surudaiog 901n0s ele( SIBdX Sumoag (1e3h) 10yINY

'sonsiieloeieyo Apnis Buiu©e.os 19oued [810810(0) *Z qeL



The Oncologist, 2024, Vol. 29, No. 4

e438

21MInIsu] Jeoue)) [euoneN ‘(DN ‘A9AIng spuai] uonewIoju] yiedH DN ‘SINIH 591 Poo[q 3[NdJ0 [839] ‘1 O,] 3593 [Ed1Wayd0ounwIwI

[€995 ‘LI ‘PI02Y Y3[eoH 21u0md9[q “YHH ‘YI[EIH PIBMO], YdIe3say pue uonednpy ‘HIYVYH ‘A2AING MIIAINIU] YI[BIH BIUIOFED) ‘STHD) (A9AING IUB[[I9AING JOIOE, MSIY [BIOIABYIY ‘S Y :SUOLBIAIGQY
‘PO $TBaA ()¢ PIUIN] S[ENPIAIPUT APNIS 193J€ T84 Y3 UIYIIM PAIBN[eAd [[V, .,

'SAd 000001 1od {14 :Jeans AydeiSouojod 17 snsoudel 'sxd 000001 12d 0T :Jeini AydeiSouojod 17 Suruaaidg 'sxd 000001

12d g¢*¢ :ueqan ‘Ayderdouood 10 susouder ‘sxd 000001 +od £9°7 :ueqin ‘Ayderdouo[od 1) SUruadidg ‘g1 94/ T :s1eak-uosiad [eany] "7s§ 17/ +1 :sieak-uosiad ueqan) s1eak-uosiad ur synsax pajodar sioyany
*s9d£3 Suruaaiods [[e ssoroe  Surusards aerrdoirdde owmn,, 103 pazrodar symsay,

(%0°0S)
0€Cst (%T08) €1¢
:£dodsouojo)) 1 :£dodsouojon
(9%0°79) (9%0°8€) (1ea£ 352]) AdOdSouO[0)) BIE(J SwWie[D) BSeIqON
§8881 :1d0d 09% 0¢ 86,01 L9404 T1€°8T ‘(reak 3se]) 1904 JO PIPIYSon|g ssornp9mq S10T (AN) 23835 (0707) 1sqedy
‘(sxeaf ¢ 1se[) Adoosoprowdig
‘(sxeak (T 1se]) Adodsouojon) (0207)
%0799 AN %089 AN ‘(1eak 3se]) 1904 SSd4dd 910¢ [euoneN [PEYRIUIE)
aseqeIe(] S13UnNoduy
pue SWIE[D) [EIDIAWO))
AN AN AN LN Aydesdouojod 1D UBDGINIBIN UOSIEA\ NI L10T JeuoneN  (0T0T) OudION
(swred
[eI2IWWOY) 29 T8
-IPIJA) dseqele(q swie[)
(%$°07) 1he [y uoneziuesio (6107)
(%0°S) £99¢ Pre €L (%0°9) 080 LT (%S°6L) SL9 ¥8T £doasouojon EIE( YIEOH QU C10T-600C () 23¥38 peasuseeH
(%8°69) €651 (%L €D 1TYT  (%S69) €49 01 (%E€98) SIE ST 3UTu108 LUy, SLNIH L10T110T [euoneN (6107) ssoN
(s1eak (1 3se]) £doasouojon)
‘(sreak ¢ 3se]) 14O4 [PPON
‘(sxeaf ¢ 3se[) Adoosoprowdig [exo1Aeyag Yi[eaHy
(%S°SL) 1ST (%6°05) 00T (%1°88) 0LT (%T'6b) €61 ‘(veak 1se]) 19O Suisn padojassp £oang ¥10¢T (AN) 2183 (STOT) soysSnH
(s1eak (1 ase[) £doasouojo))
‘(s1eak
¢ 1se]) Aydeigouojod 1H
‘(s1BAA ¢
1se[) AdoosoprowSis a[qIxa[]
‘(s1eak ¢ 15%])
(%6'%9) 1591 YN [0038 3o8Tenniy (Im
AN 0S¥ ¥6 AN (%1°5€) 00T TS ‘(reak 3s%]) 1904 eied YHA L10T-910¢ VI ‘NIN) 23%38 (0207) tueany]
(9% ‘#) pouddds (%
uonendod ‘u) uonemndod (9, ‘u) pausaids (% ‘u) (parenyeas porrad owmn) parenjead
[einy [einy uonendod ueqin  uwonendod ueqin parenpead sad4) Surusaiog 90In0s e1e(q SIBIX Sumiog (1ea4) J0yINY

panupuo) ‘g ajqeL



e439

The Oncologist, 2024, Vol. 29, No. 4

‘weidol] synsay puyg pue “Sojorwapidy ‘oue[[oaIing YIFS ‘paiodar iou YN opou ydwA] N'T ¢190UB)) UO 291IIWWOY) IUIO[ UBdLIdWY ‘DD)[V SUOHEIAIqQY

‘JUBISIP 10 [BUOISAT : 9FE3S dIB,, PIZI[BIO[ 10 NIIs Ul : I3el§ A[1ey,,

SOLIISISOY Tooue))
[enUd)) JO UOTIBID

000007 Tod sasouserp "¢y, AN 000007 32d sasouserp 1°0f AN AN AN -0SSY uBdMRWY YION  €T07-600C  [PUOHEN  (8T0T) Puyez
(%TTT) 618 Al 93035 (%t°6T) 788 ¥T ‘Al 295e1S
(%€°€T) £€6 11 23818 (%€+T) 84T T€ I 95eag
(%€'+7) 696 111 93e3§ (%6°€7) L69 0€ ‘11 23v3S
(%6°T) ¥66 195835 (%9°+T) 819 T¢ 193818 (%L96)  (,98u1s Ae,,)
(%0°2) 18T :0 93®35 (%0°¢) 966°¢ (%2°L) TT66 0 23838 18T°8TT AI ‘III ‘II ‘T $28e3g AN Ansi8oY YAAS  +10T-0T0C  [euoneN (0T0T) BHpuUY
(%6°LT) TT6 AT 9815 (%$°8T) TET TT ‘AL 23818
(%6°+T) T8TT 11T 93e3g (%T'ST) TT6 8T 111 93eag walskg
(%T67) ¥0ST ‘11 23818 (%71°67) TLT ¥€ 11 2315 (%L°S6) uonedyIsse[)
(%0°8T) THHT 198838 (%E'H) 611°C (%€°LT) 1€€ 1€ 128818 69L¢TT AITIL ‘I ‘T 98035 Surdeis YqAS Ansi8aY YAAS  €007-000C  [eUOHEN (£L00T) ononbeqg
waISAg
,93eI1s  UONEDYISSE[D)
AN AN AN AN e 98ers Ajreg  Suiesg YgAS  AnSISN Jodue) sexd],  §00T-+00T  (XL) 23S (TIOT) Fossry
00000T 00000T
1ad sasougerp ¢ :uesiq 19d sasougerp ()°g :auelsiq waISAg SOLIISISY TodUuR))
000001 1od 000001 aommum Eoﬁmomﬂmmﬂu TPH:.EU wo uonern
m@mocwmﬁu ¥ 91 “ﬁuN:quA AN 1ad waOEmN:u ' C1 “_VQN:.NQOA AN wuw_ ‘a98e1s %@mm mcmwmuw AAAS -0SSy uedLiowry QCOZ €107-600C _mcomuwz AwﬁONV @CJNN
BN
(%0°+S) $9L1 23035 918T  (%6°S9) (%0°tS) 668 9e3s e ,28e3s uonedyIsse|) Ansi8oy
(%0°S¥) 0T :28e1s Apreg vice (%0°Sp) §92 8eas Ajreq (% T°p€) 99T  21e 98ess Alreyy  Suidess YHAS  FOoUBD BIONEQ YPNOS  TLOT-T00C  (IS) 2e3s (£107) w1
[enuey
(%T¥7) 0T€ AL 2381 (%b'+T) (%L°€T) €16 AL 23838 AITII  Surdeig uon Ansidoy
(%8°SL) TL6 HTII-0 $98e1g 8T1T (%€°9L) S€0€ IIT-0 $988IS  (%9°SL) 8L6€ ‘M T 0 $98@ag  -Ipg qiL DOV I9dUL) BUIOIL) YION  STOT-0T0C  (ON) 18IS (TTOT) Y292
% 0T uelsiq %170 3uersiq juelsi(q
%9°ST :N'T + [euorSoy %T ST NT + [puordoy ‘NT + [euo13oy
%91 :Jeuorday %9°€] :[euoIdoy ‘[euoi8ay waIsAg
ﬁxvm.mm “_UQNSNUO‘H Ac\om.m;ﬁv o\c ﬁﬁ.v UVUNEGUOA ?@ON:NUOA EOENU@GwmAU %H-m_wﬁm uquNU
%8St :8e1s-01e] €ree %T S 8e1s-01eT (%T+8) T€T LT ‘98eys-are  Suideig yggs darsudyardwo) erdi00n  £007-000C (VD) AW (410T) SKUIH
(% ‘) (% ‘)
uonendod uonendod uonuyap parenfead
(9% ‘) Suidess [eany ey (9% ‘#) Suieis ueqin) ueqi) sa110893ed J8elg Suideig 901n0s ele( (s)reax Sunlag  (1eay) 1oyIny

‘sonsiieioeieyo Apnis Buibeis 1ooued |810810(0) *§ d|qeL



The Oncologist, 2024, Vol. 29, No. 4

e440

‘we1do1] synsay puy pue A3ojorwopidy ‘Ooue[[AIng YIS uond9sar uado YO dwres Jusnedu] sprmuoneN
‘SIN ‘oseqere(] 12oue)) [euoneN ‘qON ‘A1981ns aarseaur A[fewturjy ‘ST ‘uonoasar srdossorede Y ‘opou ydwi] ‘N'T (Ansi8ay] 100ue)) aatsuayardwo)) e131090) “\YHDHO [DBINOION[- ‘NI SUONEBIAIQY
‘ueddjoul ‘Quiqernaded ‘unerdiexQ

*A31[eNg) 190UEBY) JO UOISSIUWO,) Y3 AQ PAYSI[BISI SaInseaw douewrtofrad [T Suisn pauga(],

(%€TT)
S6¢ ‘uoneipry
(%$79€) TLIL
Aderoyroway)

(%L°T1)
8817 ‘uoneIpey
(%0°'+€)

8¢8¢ Aderoyrowayn

Adesayorper + Aderoyy

(%9°68) 6£8T dS (%£°ST) €TTE (%S°88) 6TF ST AS (%€ ¥8) TE€T L1 -OWdYD + U012 [ed13ING Auy "ODOD £007-000C (VD) are1g (¥107) sourH
. udde
1X030340 19410 YIm
10 ULI0AOINI] + ]S
(%0°¢8) juean(pe ‘n,J¢ ueA (1e3021) 111
(%9°08) ¥61 0TS (%0°91) 68T 800 1 (%1'¥S) 8€6 S88 T €60 §0¢ & -nlpe paamp-surPpmy /[ (Uo[0d) I D0 +007-000T (VD) 23eI8 (1707) 0'H
QIBIIPIN
[eAOUIdT 03 payuI| SILI3ST (DN ‘A
(%¥9) 8TL (%9'v1) 8€TT (%0°12) ¥00T (%t°SS) ¥I¥T NT ‘uonoasax [ed1ding IITT -89y 1ooue) a1elg 8007-900¢C ‘Vd) 21e18 (9107) 110Yys
(%6°65) ¥T€ MO (%1°0%) 1L1 MO uondasar uado Ansidoy
(%1°9%) 6T T (%6°SS) T¥S (%6°€S) 0€T U1 (%Ttb) L2 “Awordajod sidossorede] AN J90ue)) BSeIqaN 110C-800C (AN) 22618 ($107) ToqnIn
Eoﬂuuuwwh
(%0't+) SST (%077 €5¢ (%0°59) 118 (%0°8L) 8¥C1 [BA181I0S 192URD [£309Y I “TI SIBJIPIN-YIAS  T10T-L00T [euoneN  (6107) 0sd101YD)
(%07€€)
6£6 9T *SIN (%6°T€) 889 18 ..(%0°19) TTT 90T SIN (%T1°89) 620 ¥LT Aw0129[05 drdodsorede] JueUSIEN SIN £L10T-800¢C [euoneN (TT07) 12184
(S107)
youeysa
AN (%S°TT) 816 €T AN (%S°£8) SPT 891 Aw0129[03 drdodsoreder] AN SIN C10T-600¢C [eUOnEN -AurepeySoN
Aderoyy
(%9°92) L09 (%0°€T) T6L (%0°S2) ¥86¢ (%0°£8) 60€S  -OIpEIOWaYD JuBAN[PEOIN III ‘II ddON 110T-900C [euOnEN  (]1(T) UOSUOIN
(%6°6T) LE :NAS (%T°ST) TL NS
(%0°77) (%0°1€) NA4S iuean(pe
I sunedifexQ (%+'87) 98T ST sunedirexQ (%9°1L) 89% ‘unefdijexo jueanlpy 1T QIBIIPIN-Y IS 600C-¥00¢T [EUOREN (9107) TeyOURL
SWITR[7) AOUBINSU]
21eALL] YIewySIH
A1s189y 190UB))
%L'LS AN %TT9 AN uoneiperjuean(peoaN AT I I ‘1 BIUBA[ASUUD 900C-+00C (Vd) 2138 (€107) 1emang
Anst3oy (1207)
AN (%8°09) ¥67 0T AUN  (%T6€) SL0 €T Jares Lyipenb-ysiy AN JeduED) BIUIOHIED L10T+00CT (VD) 21838 [PIed-YHEd
(%8°81) T6T (%9°6) 8¥ST (%T+E) LESY  (%1706) TOS +1 Awo129[00 ordoosoredeT AT III “TI ‘T SIN 600¢C [euoneN  ($T07) TosSeN [V
(% ‘u) (% ‘u) (9% ‘u) parenjead parenfead
juounean eany  uonendod ey (9, ‘%) Juownean ueqrn uonendod ueqin parenfead syuouneal],  saSeis YD 20In0Ss elB( (s)reax Sumoag (1e34) 101 INY

‘solisleloeleyd >U3Hw luswiieall Jedued |e108l10|0) b 3|qeL



The Oncologist, 2024, Vol. 29, No. 4

Rural Urban

Study Events Total Events

Hughes 2015 151 200 170 193
Fan 2012 1489 3118 4880 8792
Shete 2021 848 1090 1429 1749
Lai 2015 157 915 137 673
Mojica 2020 573 3849 920 5183
Haakenstad 2019 3667 73344 17080 284675
Moss 2019 1593 2421 10643 15315
Ojinnaka 2015 404 589 2602 3614
Hirko 2022 1078 1971 681 1164
Bennett 2011 39 90 103 219

Total (95% CI)
Prediction interval

87587

Heterogeneity: Tau? = 0.0027; Chi? = 14.15, df = 9 (P = 0.12): I> = 36%

Total Weight MH, Random, 95% CI
1.0% 0.421[0.24; 0.72]
17.4%
6.5% 0.78 [0.65; 0.95]
3.9% 0.81[0.63; 1.05]
12.7%
25.5%
16.0%
6.4% 0.85[0.70; 1.03]
9.3% 0.86 [0.74; 0.99]
1.2% 0.86 [0.53; 1.41]

321577 100.0%

ed441

Odds Ratio Odds Ratio

MH, Random, 95% CI
0.73[0.68; 0.80]
0.81[0.72; 0.91]

0.82 [0.79; 0.86]
0.84 [0.77; 0.92]

0.81 [0.76; 0.86] S
[0.70; 0.92] o

T 1

0.5 1 2

Figure 2. Meta-analysis forest plot, any colorectal cancer screening. Abbreviations: Cl, confidence interval; MH, Mantel-Haenszel.

examined differences in chemotherapy or radiation admin-
istration between rural-urban patients with CRC.’>%¢2 An
analysis of rural individuals with stage III CRC reported
higher rates of no adjuvant chemotherapy, adjuvant 5-FU
only, and lower rates of adjuvant oxaliplatin compared to
urban individuals.*® Neoadjuvant chemoradiotherapy rates
were similar across urban and rural areas, with CRC stage
II-11T rural individuals having the highest odds of treatment.>
Variation was observed in pre- and post-operative neoadju-
vant radiation rates between urban and rural hospitals treat-
ing patients with stage I-IV CRC, with rural hospitals having
a non-significant lower rate of post-operative radiation use
(23.0% urban vs 3.5% rural, P =.08).** Compliance with
high-quality measures, such as lymph node removal and adju-
vant chemotherapy, was lower in rural patients with stage II
colon cancer and stages II-III rectal cancer.’® Overall, rural
residents had lower odds of receiving adjuvant chemotherapy
compared to urban residents.*+56:61,62

Studies Reporting CRC Survivorship Care
Disparities

One study assessed rural-urban disparities in CRC survivor-
ship care (168 urban individuals, 109 rural individuals).®
McDougall et al evaluated adherence to surveillance colonos-
copy in 30-74 year old CRC survivors at 1, 3, 5, and 10 years
post-diagnosis using New Mexico Cancer Registry data.®®
Compared to urban survivors, rural survivors were 2.28 times
(95% CI, 1.07-4.85) more likely to report nonadherence to
surveillance colonoscopy guidelines.®® Moreover, financial
hardship was independently associated with nonadherence to
surveillance colonoscopies (OR =2.17,95% CI, 1.01-4.5).%

Meta-Analysis of CRC Screening Studies

Results of the initial analysis of studies reporting dispari-
ties in CRC screening between urban and rural individuals
may be found in Supplementary Materials.?*3¢334 Due to
the high heterogeneity of the initial meta-analysis (I> = 94%,
tau P-value >.05), 4 outliers were removed using methods
described previously.?6?7:235 Final results are visualized in
Fig. 2. Overall, rural individuals had a 19% lower likelihood
of reporting any type of CRC screening at any point in time
compared to urban individuals (pooled OR = 0.81, 95% CI,
0.76-0.86). Heterogeneity was acceptable (I> = 36 %, tau 95 %
CL 0.0-0.31, Q P-value = .1171). Funnel plots and Peter’s test
revealed very little presence of small-study publication bias
(Peter’s test P-value = .42).

Discussion

In this analysis, we found substantial data supporting a dis-
parity in CRC screening between urban and rural CRC indi-
viduals, minimal evidence supporting poorer standard of care
treatment for rural patients with CRC, mixed evidence sug-
gesting that rural patients with CRC had a higher stage at
diagnosis, and only one study evaluating survivorship care
disparities. Our results for CRC screening were consistent
with previously published data. One included study directly
assessed the effects of limited access to care due to cost by
describing improved CRC screening rates after introduction
of the Affordable Care Act (ACA), which improved access to
CRC screening by eliminating financial barriers.** However,
the persistence of this gap in screening over time suggests that
non-financial factors may still exist to limit rural utilization
of appropriate CRC screening. Our mixed results with respect
to disparities in stage at diagnosis largely differ from other
studies evaluating this rural-urban disparity for other types
of cancers.*#>%¢ This may have been due to a variety of rea-
sons, but given the variation in time periods assessed among
the included studies evaluating the CRC stage at diagnosis,
we note that it is challenging to account for the long latency
period between environmental exposures (rural-urban sta-
tus) and cancer diagnosis. Furthermore, we did not include
a specific definition of “stage” at diagnosis for this review,
leading to the inclusion of studies with various staging defini-
tions used which may have contributed to our mixed results.
We found, paradoxically, that research to date suggests a dis-
parity among rural and urban patients with respect to CRC
screening, but the distribution of stages at diagnosis was very
similar between the 2. While there may be several explana-
tions for this observation, one hypothesis stems from a large
amount of missing staging/registry data for patients who tend
to do very poorly, such as rural patients with cancer.” This
may have biased results in staging studies more favorably for
rural patients with CRC. Our results indicating a treatment
disparity are present is similar to studies for other types of
cancer, suggesting that barriers may exist in access to medi-
cal or surgical oncology services for rural patients.®*”! Finally,
the single study evaluating CRC survivorship care differences
noted a disparity in access to and adherence to survivorship
CRC surveillance care.®® As patients with CRC live longer
lives, it is critical to understand and measure how disparities
noted upstream in the cancer care continuum may carry over
to survivorship care and affect clinical outcomes. Given the
lack of data in this area, researchers may want to focus more
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on disparities of the quality of survivorship care received
between rural and urban CRC survivors.

Underlying mechanisms driving the rural-urban disparities
we observed in this study may be better understood through
a framework that considers factors such as low socioeco-
nomic status, lack of insurance coverage, limited healthcare
access, and transportation issues.'* These factors in turn con-
tribute toward inadequate surveillance, late-stage diagnosis,
and lower quality of cancer treatment.'* Qualitative research
has expanded on some of these underlying mechanisms. For
example, work from Lee et al describes distance to travel in
rural areas as a consistently reported barrier toward achiev-
ing appropriate CRC screening.” Others have reported clear
barriers for rural patients in receiving timely specialist care
after diagnosis, and a lack of clear communication between
providers and patients, which may lead to the poorer care
received that we observed in this analysis.”>”* A series of
structured interviews among rural Nebraskan patients with
CRC also suggests that providers may not even discuss alter-
native screening methods unless rural patients with CRC
resist colonoscopies.” Ultimately, the multitude of rural bar-
riers to appropriate receipt of CRC screening, early stage at
diagnosis, standard of care treatment, and survivorship care
are complex and interdependent and involve patients, pro-
viders, and community-level effects. Therefore, a multifacto-
rial and cross-functional effort between patients, providers,
local decision makers, and national policymakers is essential
for addressing these underlying mechanisms. For example,
national and state-level policymakers may advocate for the
expansion of CRC screening and treatment services covered
under Medicaid, which in turn may increase the timely use
of screening and treatment for patients with lower socioeco-
nomic status. These policymakers may also opt to increase
financial support for local rural providers to coordinate with
other urban cancer centers, such as through the National
Cancer Institute Community Oncology Research Program.
Finally, national funding bodies may consider pushing to
incentivize rural recruitment into CRC-related clinical trials,
potentially improving access to timely care.

A notable trend observed in this review was the wide vari-
ety of used rural-urban definitions. This definition variability
severely limited our synthesis of results. While federal bodies
such as the National Institutes of Health (NIH) have often
called for harmonization of person-level and contextual
variables for research purposes, there is currently no call for
standardization of the rural-urban definition. While this may
be for several reasons, we recognize the difficulty in utiliz-
ing only one standard definition for rural-urban status. For
example, certain definitions, such as those used by the US
Census Bureau or the OMB, focus exclusively on popula-
tion density as a means of defining rural-urban categories,
while others use more specific criteria that incorporate other
contextual factors, such as proximity to urban areas or com-
muting distance.”®”” Moreover, certain definitions are con-
fined to the US census-tract level, which may change over
time and are large enough such that they may contain both
“rural” and “urban” areas. Others utilize county-level esti-
mates (eg, OMB definition, RUCC codes).””””® Finally, certain
taxonomies can further subdivide areas past rural or urban
status, which may improve the precision of certain estimates,
but comes with the risk of inadequate sample size. We note
that the use of varying definitions of rural-urban status is
also frequently a product of data availability. For example,
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SEER data, curated by the National Cancer Institute (NCI),
only includes spatial data using RUCA codes, RUCC codes,
or MSAs. RUCA and RUCC codes, in particular, were fairly
prominent in our review.” This may be because RUCA and
RUCC codes combine population density, proximity to urban
areas, and other factors.”® While RUCA codes are measured
at the census tract level, RUCC codes are smaller subdivi-
sions of county areas.”® Because county areas are smaller
than census tracts, differences in results may be observed
when comparing studies that use these different definitions.
Due to these nuances in how one may define “rural-urban”
status, there naturally exists disagreement as to which defi-
nition is better suited for analysis. The consequences of a
lack of consensus surrounding best practices for rural-urban
criteria are evident when attempting to synthesize published
data, as various definitions can introduce bias. For example,
Hao et al and Hines et al reported similar rates of therapy
between urban and rural patients with CRC, while Panchal et
al reported much lower rates among rural individuals. While
there may be several reasons for this observation, it is worth
noting that Hao et al and Hines et al used the RUCA crite-
ria for rural-urban status, which allowed for the inclusion
of smaller towns with local commuting to urban areas as
“rural.” In contrast, Panchal et al used a stricter definition
of rural using RUCC codes, limiting “rural” to areas with
<2500 residents. Analyses utilizing rural-urban criteria that
allow for urban-adjacent areas to qualify as “rural” may bias
results toward a null hypothesis. Therefore, careful attention
must also be paid to studies that report no significant differ-
ence between rural and urban receipt of CRC-related care to
ensure that bias from the use of various rural-urban defini-
tions is limited.

Outside of the challenges involving rural-urban defini-
tion, analytic considerations may also pose a challenge in
the analysis of rural-urban CRC disparities. Most studies in
our review used regression methods where rural status was
considered as a person-level variable, instead of a contextual
one. A few studies used more advanced 2-level hierarchical
models where the rural-urban definition was used as a nesting
level, allowing investigators to account for the effect of either
the same residential or hospital location among different
patients CRC. While this is a reasonable approach, one may
also consider the use of cross-classified multilevel models to
simultaneously account for nesting in both residential areas
and hospital care areas.’! For example, patients with CRC
may be nested within the same geographic location, but seek
care in different locations. Cross-classified multilevel mod-
els provide a unique method to model the diverse settings
that may affect CRC care and outcomes, yet are underused
in spatial research.’! Alternatively, investigators may also
consider the use of 2-step floating catchment area (2SFCA)
methods to aid in the determination of access to healthcare
services.®? The 2SFCA method is particularly insightful, as it
not only considers the distance to care but also how acces-
sible a provider is to a patient given the surrounding pop-
ulation density.?? For example, 2SFCA methods have been
used previously to determine spatial access to substance
use disorder treatment services, accessibility to ICU beds
during the COVID-19 pandemic, and access to primary care
providers.?5 Overall, while a variety of methods exist to
quantify spatial disparities in CRC screening and care, future
investigators may want to consider the use of different, more
robust methods of analysis.
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This analysis had several limitations to acknowledge, such
as the heterogeneity of the studies included and assessed
with regard to rural-urban definition, definition of “screen-
ing,” definition of “treatment,” and definition of “staging.”
While we were able to perform a meta-analysis of studies
with adequate statistical heterogeneity, the studies included
vary widely in study design, cohort definition, and outcome
definitions. Therefore, readers should cautiously interpret
our meta-analysis results. Similarly, while statistically we
demonstrated low publication bias for CRC screening stud-
ies, the same could not be said for studies evaluating the CRC
stage at diagnosis or treatment. We also note that differences
in rural-urban receipt of CRC treatment noted for this study
may have been biased by each patient’s health status at base-
line. For example, rural individuals may be “sicker” at base-
line, leading to a difference in the type of CRC treatment
received as opposed to urban individuals. We only found one
study evaluating CRC survivorship care, limiting the applica-
bility of our findings in this area. The studies included in this
review were all retrospective, as no prospective studies were
found. While retrospective studies confer specific strengths,
an amount of selection bias is inherent to these studies, limit-
ing results. Finally, as this was primarily a descriptive analy-
sis in scope, we were unable to account for the effect of time
on our results, which may be relevant as the studies included
in this review varied widely. While it does not appear that
the time period evaluated had a relationship to the dispar-
ities we noted here, important interventions such as policy
(eg, Affordable Care Act) and changes in guidelines may have
affected the results noted in screening, stage at diagnosis, and
treatment.

Conclusions

Our findings suggest the presence of rural disparities in equi-
table access to CRC screening. Investigators should focus on
understanding the driving factors behind our noted dispari-
ties in CRC screening, such as inequity in socioeconomic sta-
tus, distance and access to appropriate care, and appropriate
healthcare coverage. Given the mixed findings for rural dis-
parities in CRC staging at diagnosis and treatment, it may be
that the largest barrier rural individuals face may simply be
at the initial screening level. Decision-makers should focus
their policy efforts on improving this initial access to care
for rural individuals. Future investigators should also weigh
the benefits and limitations of using certain definitions for
rurality and may want to consider the use of more robust
methods suited for spatial analysis to better understand these
disparities.
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