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Abstract

There is some evidence that placeeasfidence is associated with cancer survival, but findings are incotisisten
and the underlying,mechanisms by which residential location mifgdtafurvival are not well understood. We
conducted a systematic review of observational studies investighengssociation of rural versus urban
residence with cancer survival in higitcome countries. We searched Ovid Medline, EMBASE and CINAHL
up to 31 May/ 2016. Forifive studies published between 1984 and 2016 were included. We extracted
unadjusted andsadfted relative risk estimates with the corresponding 95% @nd@ intervals (Cls). Most
studies reported worse survival for cancer patients living in rurakéten those in urban regions. The most
consistent evidence, observed across several studies, was for coldueciahnd prostate cancer. Of the
included studies, eighteen did not account for secmnomic position. Lower survival for more disadvantaged
patients is well documented; therefore, it could be beneficial forefuagearch to take cio-economic factors
into consideration when assessing rural/urban differences in cansératk Some studies cited differential
stage at diagnosis and treatment modalities as major contributingsfasteegional inequalities in cancer
survival. Furthe research is needed to disentangle the mediating effects of #wtsesfwhich may help to

establish effective’interventions to improve survival for patientsdiaiutside major cities.
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1. Introduction

The potential influence of patients’ place of residence on survival from daaseome to the attention of many
researchers, as it may highlight where health care resources needallodated to reduce the burden of cancer and
improve cancer outcomes’

Several pstudies have investigated the association between area of residence anducavalertlse vast
majority of them conducted in highcome countries, buirfdings have been inconsistefif. Furthermorethe potential
roles of stage at cancer diagnosis;noarbidity, treatment, and healthlated lifestyle factors in rural/urban differences
in cancer outcomes have not been fully exploredeview conducted in 1992 of patterns of cancer mortality and
survival in rural and urban regions suggested that residents of reisal @ere more likely to be diagnosed at advanced
stage compared with those living imban communities: Some studies have proposed that people in rural areas have
limited access t@iagnosticand treatment service$' A more recent systematic review found that rural patients had
worse prognosis and quality of life; travel distance was reported asiificsigt barrier to early diagnosis, receiving
optimal cancer treatment and compliance to prescribed treatfhent.

The purpose of this review was to systematically summarise the mdligdrature on the association between
rural/urban residence and cancer survival. We focused orrfigime countries only, as residents of {amd middle
income countries have less access to adequate health care servicettidn, ade evaluated theurrent evidence in

relation to the underlying reasons for rural/urban inequalities in canocéval.
2. Methods
2.1. Search strategy.

We systematically searched Ovid Medline, EMBASE and the Cumulative loddxrsing and Allied Health
Literature (CINAHL to identify observational studies published in English up to 31 May 2016ntresdtigated the
association betweenplace of residence defined as rural or urban and cancal isunighincome countries (the search
strategy is provided in Supplementargble 1). The World Bank Da2014 was used to identify highcome nations:

We expanded our search by reviewing the bibliographies of all eligibittestand related reviews****We also
conducted a search_using Google Scholar to identifynpally eligible studies that might not have been detected
through the above process. This systematic review was planned and eariieddherence to the PRISMA(Preferred
Reporting Items for Systematic Reviews and M&talysis Protocols) guideline¥ The review protocol was registered
with PROSPERO (International Prospective Register Of Systematiewrs), reference number CRD42016039228,
which is accessible fromhftp://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42016089228

2.2. Eligibility criteria

Studies were_eligible if they met the following criteria: (i) observatistady; (ii) written in English and
published in a peerviewed journal; (iii) included people diagged with cancer at adé years in a high -income
country; (iv) compared rural with urban areas; (v) outcome of inter@stdeath from any cause or death from a specific
type of cancer; (vi) reported estimates of a hazard ratio (HRls catio (OR) or xcess mortality rate ratio (EMRR)
derived from relative survival analysis with a corresponding 95%idemmde interval (Cl) or standard error. Eligible
abstracts that did not have full text available were excluded. We inclhdaddst comprehensive vemsiof a report if

multiple publications from a study were available.

2.3. Screening and data extraction
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N.A. performed the literature search and excluded studies based on thanileabstracts. Full reports of
selected articles were imported to Covidence, a-baded program for conducting systematic reviews, for detailed,
independent screening according to the eligibility criteria by N.A. ahdvR Discrepancies were discussed and resolved
by consulting with D.R.E. Information from the iflahtitudi es was extracted by N.A. with assistance from R.L.M.
The following data were extracted from each study: the first auttamt :lame, publication year, country where the study
was conducted, data sources, sample size, years of cancer diagnosis, rgage dfegnosis, cancer types, measure and
categories of arga of residence, statistical methods, measures of assocéhtioira®5% CI, and covariates used for
adjustment. All informationsregarding factors that might explaialrand urban differences cancer survival were also

extracted.

2.4. Assessment of risk of bias

The risk'ef bias of individual studies was appraised by N.A. and elldazk R.L.M. using the domains of bias
from the ROBINSE®(Risk Of Bias In Nofrandomized Studies— of Exposures) dol obtained from
[https://www.bristeliac.uk/populatiehealthsciences/centres/cresyda/barr/riskofbias/rebifhis The following areas
were assessed forwrisk of bias: confounding, selection of participaatshim study, classification of the exposure,
inappropriate adjustment for potential mediators, extent of misstag mi@asurement of the outcome, and reporting of

results.
2.5. Evidence synthesis

Meta-analyses across studies were not performed because of the diversity dibdsfioi urban versusural
residence and outcome (overall versus caspecific survival). We used fixeeffects metaanalysis to combine results
from the same:study for remote and very remote areas as well as by diagadeorest plots of studgpecific results
are presented. We considered the strength of association weak if the red&atii@R) was <1.05, moderate if RR 105
1.20 and strongrif:RR>1.20. Caution should be used when interpreting the vadassres of RR. The EMRR based on
relative survival analysis and hazard ratios from an analysis of -speséic survival or overall survival are not
equivalent.A hazard ratio of 1.15 comparing the overall survival of rural vershanupatients indicates that rural
patients had a death,rate from any cause that wastiings that of urban patients; this hazard retiasually derived
from a Cox regression’ analysis with death from any cause as the ou#dmeard ratio of 1.15 for causpecific
survival (derived from a Cox regression analysis with death from tieecas the outcome) indicates that rural patients
had a death rate from the cancer under study that was 1.15 times higheatlvdutban patients. The EMRR is derived
from a model in_which the total hazard of death is composateofum of the expeatehazard based on population
mortality rates (usually accounting for age, sex and calendar period) aidiiéional component (excess mortality) due
to the cancer. An EMRR of 1.15 indicates that the excessalitprlue to the cancer for rural patientslid5 times

higher than that for‘urban patients.
3. Results
3.1. Study selection

We identified 1,771 articles via Ovid Medline, EMBASE and CINAHL.thdse, 599 duplicate citations were
removed, and an additional 1,090 articles were excluded based otitlh@ind abstract, leaving 82 articles for further

evaluation. After fulltext screening, we excluded a further 37 studies. Therefore, 45 artickesligdrle for inclusion in
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the systematic review. The reasons for excluding articles are smoRrigue 1; 65% of the excluded studies did not

assess urban and rural differences in cancer survival and 24% were confereacesakishout full text.
3.2. Study characteristics

Supplementary Table 2 summarises the characteristics of the eligilesstandthe estimates with
corresponding=95%-confidence intervals (ClIs) for the association betvsan qf residence and overall or cancer
specific survivala®Wey, considered the following categorisations, hereafiferred to as ‘urban’, as reference:
‘metropolitan’, ‘major or capital city’, ‘inner, main or large urban’, ‘city corégrge or big metro’ and ‘very or highly
accessible’. We treated ‘inner regional’, ‘outer reginal’, ‘remote/vergate’, ‘large, small or isolated rural’, ‘country
area’, ‘outer urb@’, ‘suburban’, ‘small cities or towns, ‘densely populated outawydl outer’, ‘normetropolitan
counties’, ‘nonurban’, /less urban’, ‘small urban’, and ‘moderately accessible’ as tlee cdltegory, ‘rural’.

a1 ¥sixteen in the United States of America (USY,*®six in

Seventeen studies were conducted in Aliat
Europe,’**"**four_in Canada**° and two in New Zealand>*’ These studies investigated several neoplasms including
female breast*?! 3404247495250 91e preast®® cervix, 3*°’ colorectum,?!9-20:25:32:35.36.4548 n dometrium;* oesophagus

33,37,48,51

and stomach!’ liver (intrahepatic cholangiocarcinoma,lung, melanoma?? neuroendocrine tumours: non

50, 54

Hodgkin lymphoma, ovary,

17,44 41,55

pancreas; 18,2830

prostate, and selected groups of cancefsh#22262ost

studies usednly populatiorbased cancer registry data, while others used data from a range of sourcaagnclud

26,51 .28,29,44,45

hospitals, academic medical centre¥, or treatment servicesr registries; others used populatidased
cancer registries linked with public and private hospitals and treatratageds??> *°>***Twenty-one studies reported
overall survival (e., death from any causg)’182%26:29.33.35-39,41,42464851-53.55/ e remaining studies presented cancer

specific or relative sufvival, which estimate effects on death due to the camtsrstudy only’10:11:19-24.27.28,30-32,34,40.43-

45,47,49,50,54,57

There weregddifferences in the definitiaf rural and urban residence across studies. Several used standard
measures of lgeographical classification. Most Australian studiestiseAccessibility/ Remoteness Index of Australia
(ARIA/ARIA+), 1171920222429, the Australian Standard Geoghép Classification- Remoteness Areas (ASGRA)
to define place ‘of residenc&!®?*3 while most US studies applied the Rural/Urban Continuum Codes (RUCC),
7:3340.42439he Ruralfdrban Commuting ArdRUCA), **%"*1or Census Tracts (CTs) classificatioffs'® Others defined
rural/urban residence based on population size or density, local govérareanor distance from treatment centres.
10.23,35,38,39.46.525456 B me studies defined location based on the patients’ medical service studyddress, residential
postcode or main income sources for the municipafify;324+4"49515%0ne Australian study simply compared
metropolitan versusther residencé' and one study did not provide detailed information on how rural and urban were
defined.>

3.3. Evidence of differencesin cancer survival by rural and urban residence

Thirteen studies examined the association between place of resihehcelorectal cancer survival: seven from
Australia,®*%%2%iye from US323*%454%nd one from Germany® Three Australiart® % and a US stud§’ found
that living in outer regional, remote, rural and country areas wasiaegbwith8-15% higher risk of death. In contrast,
another US™ study reported a moderate, inverse association between ruranassidnd overall survival (Figure 2).
With respect to cancepecific survival, a consistent pattern of worse survival outside raéigs was noted in several

studies from Australid" ** ??and the US*?*®although two Australiaf*®and a US stud§’ observed no significant rural
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and urban differences in survival from colon or rectal cancer (Figure 2).ninash a German study found weak
evidence of survival advantage amongpt female patients with colorectal cancer relative to women living initjhe't

Of the 13 studies that investigated female breast cancer, todiess from the US? Australia®* and New
Zealand®®, observed no differences in overall survival betweural and urban areas (Figure 3). Another Australian
study ?’ found strong evidence of worse survival for women living in rurahs@RR 1.84; 95% Cl 1.28.64). In
contrast, a Canadian"study reported higher overall survival for women residing in towns, gétaand rural areas
relative to their ¢ounterparts in urban areas; but this was not the cagenfien living in more remote areas. Regarding
cancerspecific sufvival, studies from the U%*?reported no association between place of residemdesarvival from
breast cancef; while"studies from Austrafid’' showed moderate association. Other studies conducted in Pokandi

Australia 23!

observed. worse survival for patients residing in rural and aetgonal regions (Figure 3). A German
study™® found 8%1(95%),ClI 2- 15%) higher risk of death due to breast cancer among women living ilydpapelated
outer areas. Conversely, a study from Nor#gjncluding 5,042 patients) observed higher breast cancer survivahin ru
than urban areast The)only study of male breast cancer (including e¢g28%), conducted in the US, reported lower
overall survival insnormetropolitan areas (RR 1.19; 95%Cl| :010).%

We identified gnly four studie§ 2%

that compared rural and urban residence in relation to prostate cancer
survival, all conducted-n Australia. Ostudy*® showed lower overall survival for residents of regional and rural areas,
with the RR estimatessincreased from 1.01; 95% CI-0L@5 to 1.24; 95% ClI 1.11.31 over time. Aather study?®

found no significant evidence of survival inequalities between patiemhajor cities and those in regional or rural areas.
The three studies.that examined prossgtecific survival?®3°all reported worse survival for men living oidiss urban
areas with relative risk estimates in the larger study ranging froin 956Cl 1.221.41 to 1.61; 95%CI 1.44.77
(Figure 4).

Seven stlidies"?!?%333"8°4ssessed the association of area of residence with lung cancer surviva &figu
Of the five that investigated overall survival, studies from*®¥% and Francé® observed moderate to strong association
between place of residence and survival, while the remaining studiesAisstralia®* and Poland found no evident
rural and urban differences in overall survival. Of the two Austnaditudies’*?that presented results for lusgecific
survival, both foundssome evidence of worse survival among patieints in rural areas (Figure 5).

Figure 6, 8ummarises the results from studies of female repieelgancers. Of the seven studi&§ #2234 4457
that investigated @varian or cervical cancer, two Australian stiititseported worse overall survival in rural compared
with urban areasywith'RR estimates 1.20; 95%CI4LOR and 1.53; 95% CI 1.68.23, respectively. With respect to
cancerspecific_survival, other studies from New ZealahdAustralia** and the US* found that ruraresidence was
associated with llowesurvival from cervical and ovarian cancer. A fourth Australian stddgported worse survival
from ovarian cancer.among women living in inmerouter regional areas, while another study from*U®und that
residents of rural Northern California and Sacramento had more thatinte® higher risk of death compared with
patients living in San Francisco Bay (urban) area (Figura 6judy conduted in Australia reported a strong association
between ruralrésidence and worse survival from uterine candére only relevant study of endometrial cancer found
no differences in overall survival (RR 0.98; 95% CI 8:B&2), but higher cancapecificsurvival among rural patients
than their urban counterparts (RR 0.77; 95% CI-@634).*

Of the remaining studies, three from the US or Australia assessargll and cancespecific survival from
liver ***° stomach and oesophagusbserved similasurvival for rural and urban regions (Supplementary Table 2). An
Australian study of 12,827 melanoma patients found survival disgatya for rural (RR 1.20; 95% CI 1:6243) but not
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regional areas’® Another Australian study reported higher survival ifrdividuals with melanoma living in accessible
areas, while no differences were observed in moderately accessible and remqteekat®as to highly accessible
regions™ A study from Canada found lower overall survival for rural resideiaignsed wth neuroendocrine cancers
(RR 1.16; 95% CI 1.041.30)> Of the three studies examining rural and urban differences in sundvalrforHodgkin
lymphoma, a Canadiatf and an Australian stud¥ observed a significant differences in survival between rural and
urban regions! while"a study from Frarm@eeported that rural patients had ttwmes higher risk of death than urban
cases. Lastly, an'Australian studyeported similar survival experience from pancreatic cancer among patiergsn

rural and urban fegienszwhile a USand a Canadiaf? study found that rural residents with pancreatic cancer have

worse overall'survivalithan those living in urban areas, although the ssimwla the US stydwas small (245 cases).
3.4. Risk of bias

The results from the assessment of the risk of bias of the includedssardishown in Supplementary Table 3.
Almost all studies had,low risk of bias with respect to classification aasuement of the exposuand the outcome,
respectively. We considered age at diagnosis, sex (foseespecific cancers), ethnicity/race (where applicable), and
an individuallevel.measure of socieconomic position as important confounding domains that should be accounted for
in the analyse¢Supplementary Figure 1)n addition, studies that applied a relative survival framework to at&im
EMRRs should have used regispecific population lifaable. Of the six studies that reported EMRRS, three did not use
appropriate popation life-table.*® 3* *°Wwith respect to confounding, about half of the included studies were @rated
risk of bias, mainly due_to not accounting foc®-economic factors. Bias ithe selection of participants into the study
was determined to be low for most studiescept seven studieshich wereconsidered to bat high risk ofthis bias
26,28,29.4144.455k or the domain of bias due to selectieporting of results, all had a low risk of bias except two studies.
1022 \ith respeet.to missing data and inappropriate adjustment for potentiztors, most studies were classified as
having moderatéo_high'risk of bias (Supplementary Table 3). We considered heddtted lifestyle factors, screening
participation, 'stage“of‘cancer at diagnosispuobidities and treatment modalities including surgery, chemothenagy
radiotherapy as potential methes that should not have been adjusted for in the analyses.

Of the 45, studies included in the review, 18 did not adjust for measuresi@fesoaomic position (SEP) or
deprivation,’0-1117,18,22 23,26 2839,42.47.48.50.51.52 3 o st studies that gaisted for individual or arealevel measures of SEP
or deprivation observed weak to moderate association between rural andasiianae and cancer survival. Of the six
studies™#>30:3%495{hat preented the results with and without adjustment for secimnomic deprivation, three found no
significant differences in survival between rural and urban afé4%}’ although adjustment for SEP decreased RR
estimates. Of the remaining studies, dhéound that an apparent worse survival observed in rural than urban area
disappeared after adjusting 8EP, while the survival gap persisted in the other two stulli€s.

We identified 35 studies that included covariates in multibégiaanalyses that are on the potential causal
pathway betweef firal and urban residence and cancer survival (Supplerfanseyl).”810:11:1719.20,23-25,27.28,30,32-34,36-
38.40-5053-570f thesey™15 studies that adjusted for at least one mediator did not rgpsigrificant differences in survival
by area of residencé?20242527:33343740.424554.5phhjle the remaining studies found evidence of association between
rural and urban residence and cancer surviValh!’192328.3032363841.434446-50538f five studies that observed
inequalities in survival and reported the results with and withoutdimguthe mediator(s) in the models, thréd®*’
suggested that treatment partially explained rural/urban differencesvimasdrom colorectal, lung and breast cancer.

The fourth study* found that stage of prostate and cervical cancer at diagnosis contribuetitmthe observed worse
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survival in rural areas, while the fifth study showed that stage at diagamad the treatment received! dhot explain

better survival from colon cancer for rural regiofis.
4, Discussion

In this systematic review, the majority of studies reported wonsévalfor cancer patients living in rural and
remote areas frelativesthose living in urban regioie Most consistent evidence, observed across several studies, was
for colorectal, lungrand,prostate cancer.

These findings are broadly in line with previous related resieA review examining the influence of travel
burden on cancer.outcomes found thatcea patients living in rural areas have poorer survival and a worseygfalit
life than their urban counterparté.Further, a long travel distante specialist hospital and treatment facilities appeared
to negatively affect stage of cancer at diaghasid receiving optimal treatmert. Another review of rural/urban
differences in prostate’ cancer incidence and mortality reported higher ridatif among rural men in half of the
studies, while the remaining did not show any differen¢gshe authors suggested that variations in rural/urban
definitions and in accounting for ethnicity, sociodemographic charsiitsricemorbidities and stage at diagnosis may
have contributed. to.inconsistent findings.Some other studies have shown that rural menraore likely to be
diagnosed at advanced stage of prostate cancer due to lower rates of PSAtestai@ieas-" 2

A systematic revievof differences by place of residence in clinical management and outcomesidrectal
cancer patients in Austia found worse survival for those living outside major citiéSome of the reviewed factors
appeared to explain part of the observed differences in surfAgalexample patients living in rural areas had more
unhealthy behaviours and were lessliikie participate in colorectal cancer screening; differences in stage at d&agnos
the prevalence of emorbidities, and the treatment received, as welh@zss to oncology services and options for
treatmentcouldalso have contributed to lower sualifrom colorectal cancer in rural are&sA US study showed that
rural patients are lessrlikely to receive information regarding pariicipat cancer treatment trials than urban residents
which may contribute'te' worse survival in rural and remogéores.®

There are discrepancies between populations in the association of resideati@nl with cancer stage at
diagnosis.Several studies that have assessed rural/urban difference$obadethatrural patients present with more
advanced disease stagé’®In contrast, other studies have shown that rurality or travel distaneeanainverse or no
association withlate diagnosfst* %

In several countries, rural regions tend to have more mtinomic disadvantage than urban regiGné’
Moreover, other studies have found that rural regions have higher prevafeplogsical inactivity, obesity, smoking,
alcohol consumption and chronic diseases, often related to-emmimmic deprivatiof® > We therefore assumed that
SEP would confound associations between place of residence and cancer obigiome, acknowledge that this
assumption might not be correct, and that place of residence might alsencglSEPA review addressing thedalth
disadvantage of‘rural and remote populations argued that worse candel among rural patients is partially due to
higher rates of powey and lower levels of education and health literacy than for urbaergs, which in turn affect
health behaviourssand the use of health care services in rural rédidnsther review of the association between co
morbidity and cancer survival fourtdat individuals with psychiatric disorders or severermrbidities are more likely
to be diagnosed at advanced stages, while people with chrorlticos tend to have early diagnosis due to regular
medical checkups/? Also, patients with canorbid canditions are less likely to receive standard cancer treatment or
adhere to prescribed treatment. It is not well understoodheheindertreatment or noncompliance is associated with

patient preferences or treatment sidfects and toxicity’?
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Limitations

This review has several limitations that should be considered witermprieting the findings. A significant
limitation was the considerable variation in the criteria and methektodefine rural and urban regiohiss possible
that screening participation for cancers such as breast, prostate and colorectatiffersdny place of residence. If so,
this would affect, comparisons of survival by place of residence because, ethendbsence of effective treatment,
screendetected cancers will appr to have better survival due to lead tiamel length timebias and overdiagnosis
Therefore, it was challenging to make comparisons across includeéssaundi draw conclusions. Moreover, many of the
studies had an overall high risk of bidge to several factors such as confounding, missing data and inagigopri
adjustment for mediators.

To investigate the underlying reasons for differences in cancer aubyivplace of residence, we extracted RR
estimates adjusted for variables in the putative caqethlvay. Unfortunately, most studies only reported fully adjusted
estimates, which may have masked survival differences between rurartmrd areas. Comparingsults with and
without accounting/ for mediators in the analyses, known as the etiffer method, is a common approach in
epidemiological research which has some limitations. It fails wher Hrerunmeasured mediatartcome confounders
or when multiple mediators of interest interact with each ofiéjusting for mediators in these situatiooould yield
misleading or biased resulfé’® Thus, we could not draw definitive conclusions about whether stagggaibgis and the
treatment received explain part of the observed rural/urban differences in catcoenes.

Lastly, aggregated or cqusite indicators of socieconomic deprivation do natecessarilynatch with the
individual measufég®therefore, it is not clear to what extent the observed inequalities in canceakhetween rural

and urban area issinfluenced by patients’ s@cimnomic position.

Conclusions

In summarygrural cancer patients generally have worse survival retatireit urban counterparts. The lack of
consistent findings across studies may arise from discreggaictimeasurement and classifications of runal arban
regions and the covariates accounted for in multibérianalyses. This review highlights the importance of appropriate
adjustment for prognostic factors when exploring differenoesancer survival by area of residence. The underlying
mechanisra of survival disadvantage for rural patients are not well known; possibkenders includdifferences in
healthrelated lifestyle behaviours, stage of cancer at diagnosisiocbid conditions and treatment modaliti€sirther
research is required tonravel the potential mediating role of these factors, which may teekstablish effective

interventions to address inequalities and improve survival for all cpatents.

References

1. Monroe ‘AC, Ricketts TC, Savitz LA. Cancer in rural versus ugmgulations: a reviewl he Journal of rural
health (USA)1992;8(3):212220.

2. Fitzmaurice C, Akinyemiju TF, Al Lami FH, et al. Global, Regional, antddwal Cancer Incidence, Mortality,

Years of Life Lost, Years Lived With Disability, and Disabiityljusted LifeYears for 29 Cancer Groups,
1990 to 2016: A Systematic Analysis for the Global Burden of Diseasg. S#RIA Oncology2018.

3. Campbell NC, Elliott AM, Sharp L, Ritchie LD, Cassidy J, Little J. Rural facémd survival from cancer:
analysis 6 Scottish cancer registratiorritish Journal of Cancer2000;82(11):1863.

This article is protected by copyright. All rights reserved



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Meilleur A, Subramanian SV, Plascak JJ, Fisher JL, Paskett ED,ntdfBo Rural Residence and Cancer
Outcomes in the United States: Issues and Challenga&li@22013:16571667.

Skyrud KD, Bray F, Eriksen MT, Nilssen Y, Moller B. Regional variatiomsancer survival: Impact of tumour
stage, socioeconomic status, comorbidity and type of treatment in }Wdrwsol 1382016:2192200.
Marszalek M, KarirKos HE, Madersbacher S, Hackl M, Rauchenwald M. Impact of rural/urbanmesida
relative survival (RS) in patients with kidney cancer: An analysisiéf76 patients from the Austrian National
Cancer Registry (ANCR)lournal of Clinical Oncology2017;35(6_suppl):49491.

Wang Z;Geoedman M, Saba N,-Bhyes BF. Incidence and prognosis of gastroesophageal cancer in rural,
urban] and"metropolitan areas of the United St&tescer.2013;119(22):402@027.

Singla A, Breadbridge V, Mittinty M, Beeke C, Maddern GJ.&mopulations have equal surgical and survival
outcomes’in metastatic colorectal canéerstralian Journal of Rural Healtt2014;22(5):24256 248p.

Zahnd WE, James AS, Jenkins WD, et al. Ruhddan Differences in Cancer Incidence and Trends in the
United StateSCancer Epidemiology, Biomarkers & Prevention: A Publication Of The Americatiatisn

For Cancer Research, Cosponsored By The American Society Of Preventive Or&fii@gy.
Nennecke"A"Geiss K, Hentschel S, et al. Survival of cancer patients in mdaumral areas of Germai#y
comparisonCancer Epidemiology2014;38(3):25265.

Jong KEg#SmithiDP, Yu XQ, O'Connell DL, Goldstein D, Armstrong BEmRteness of residence and survival
from cancer in New South Walddedical Journal ofAustralia.2004;180(12):61&22.

Ambroggi.M, Biasini C, Del Giovane C, Fornari F, Cavanna L. Distaas a Barrier to Cancer Diagnosis and
Treatment: Review of the Literature. Mol 202015:13781385.

High income: OECD [Internet]. Washington, D@SA; The World Bank; [updated 2018, cited 2018 Sep 26].
http://datatworldbank.org/incordevel/OEC.

Ireland _MdJjy"March S, Crawfor@/illiams F, et al. A systematic review of geographical differences in
management and outcomes for colorectal cancer itr&lissBMC Cancer2017;17(1):9595.

Obertova Z, Brown C, Holmes M, Lawrenson R. Prostate cancer incidetheaaatality in rural mera
systematicireview of the literatuiRural And Remote HealtB012;12(2):2032039.

Moher Dy'Shamseer L, Clarke M, et al. Preferred reporting items feamsgic review and metanalysis
protocolsy(PRISMAP) 2015 statemenBystematic review2015;4(1):1.

AnuradharSyWebb PM, Blomfield P, et al. Survival of Australian wowigminvasive epithelial ovarian
cancer: apopulatichased studyMedical Journal of Australia2014;201(5):28288.

Baade PD, Youlden DR, Coory MD, Gardiner RA, Chambers SK. Uniah differences in prostate cancer
outcomes.in Australia: what has changdtitlical Journal of Austré. 2011;194(6):29296.

Baade PD, Dasgupta P, Aitken JF, Turrell G. Geographic remoteneskg\alesocioeconomic disadvantage
and inequalities;in colorectal cancer survival in Queensland: a multéleaélsisBMC Cancer.
2013;13(493):493.

Bedkmann KRyBennett A, Young GP, et al. Sociodemographic disparitiesvival from colorectal cancer in
South Australia: a populatiewide data linkage studBMC Health Services Resear@@16;16:24.

Bonett A, Roder D, Esterman A. Determinants of case survival for carfa@eslang, colon, breast and cervix
in South AustraliaMedical Journal of Australial984;141(11):70%09.

This article is protected by copyright. All rights reserved



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Chen TYT, Morrell S, Thomson W, et al. Survival from breast, cdlorg, ovarian and rectal cancer by
geographical remteness in New South Wales, Australia, 2@008.Australian Journal of Rural Health.
2015;23(1):4%6 48p.

Coory M, Smithers M, Aitken J, Baade P, Ring I. Urparal differences in survival from cutaneous melanoma
in QueenslandAustralian & New Zealand Journal of Public Heal?006;30(1):7174.

Dasgupta P, Baade PD, Aitken JF, Turrell G. Multilevel determinariiseafst cancer survival: association with
geographic remoteness and alezel socioeconomic disadvantageeast Cancer Research &datment.
2012;132(2):704710.

Hall SE,"Helman CDJ, Platell C, Sheiner H, Threlfall T, Semmens J. &xtédrcancer surgical care and
survival;-Dg private health insurance, socioeconomic and locational stakesantifferenceRNZ Journal of
Surgery 2005;75(11):92935.

Martin HL;,Ohara K, Chin W, et al. Cancer services in Western Australia: Aa@sop of regional outcomes
with metropolitan PerthAustralian Journal of Rural Healtt2015;23(5):30208 307p.

Mitchell KJ; Fritschi L, Reid A, etl. Ruraturban differences in the presentation, management and survival of
breast cancerin Western AustraBaeast.2006;15(6):769776.

Papa N, Lawrentschuk N, Muller D, et al. Rural residency and prostate cancecspedifility: results from

the VictoriansRadical Prostatectomy Registaustralian & New Zealand Journal of Public Health.
2014;38(5):44954.

Wong SF, Matheson L, Morrissy K, et al. Retrospective analysis of canogval across SouttWestern

Victoria in Australia AustralianJournal of Rural Health2016;24(2):7984.

Yu XQ, Luo Q, Smith DP, O'Connell DL, Baade PD. Geographic variatipndstate cancer survival in New
South WalesMedical Journal of Australia2014;200(10):58%90.

Yu XQ, Luo Q, Kahn C, O'Connell DIHoussami N. Temporal trends show improved breast cancer survival in
Australia but widening urbarural differencesBreast.2015;24(4):52427.

Chow CJ, AlRefaie WB, Abraham A, et al. Does patient rurality predict quality colooecarare?: A
populdion-based studyDiseases of the Colon & Rectu2@15;58(4):415422.

Crowell RE, Goetz T, Wiggins C, Magana E. Regional disparities in treatindrsurvival of early stage non
small celllungscanceEthnicity and Diseas€007;17(2):358364.

EgdestonKS;:Coker AL, Williams M, Tortolerbuna G, Martin JB, Tortolero SR. Cervical cancer survival by
socioeconomic status race/ethnicity, and place of residence in Texa2a®93ournal of Women's Health.
2006;15(8):941951.

Fitzgerald TL, Lea CS, Brinkley J, Zervos EE. Colorectal cancer outcomealitezga association between
population density, race, and socioeconomic st&ugl & Remote Healtt014;14(3):112 12p.

Hines R, Markossian T, Johnson A, Dong F, Bayakly R. Geographic Resifirtag and Census Tract
Socigeconomic Status as Determinants of Colorectal Cancer Outcomescan Journal of Public Health.
2014;104(3):e6F1 61p.

Johnson AM, Hines RB, Johnson JA, 3rd, Bayakly AR. Treatment and/audigparities in lung caer: the
effect of social environment and place of residehaag Cancer2014;83(3):403407.

Klein J, Ji M, Rea NK, Stoodt G. Differences in male breast cancer stage,dzmat diagnosis, and survival

rate between metropolitan and nonmetropoliegions. American Journal of Mens Health011;5(5):430437.

This article is protected by copyright. All rights reserved



39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Kneuertz PJ, Kao LS, Ko TC, Wray CJ. Regional disparities affeathtient and survival of patients with
intrahepatic cholangiocarcinorm#@ Texas Cancer Registry analysisurnal of Surgial Oncology.
2014;110(4):416121.

Markossian TW, Hines RB. Disparities in late stage diagnosis, tregtamehbreast canceelated death by
race, age, and rural residence among women in Gegvgiaen & Health2012;52(4):317335.

Markossian TWQO'Neal GM, Senkowski C. Geographic disparities in pancreatic cancer survival in a
southeastern safetyet academic medical centéwustralian Journal of Rural Healtt2016;24(2):7378.

Martinez SRyTseng WH, Shah DR, Canter RJ, Bold RJ. Urban ardrban disparities in the use of post
mastéctomy-radiation for breast candéedical Oncology2012;29(3):1523.528.

Modesitt SC,,;Huang B, Shelton BJ, Wyatt S. Endometrial cancer in Kegntihekimpact of age, smoking
status, and rural residen¢gynecologic Oncology2006;103(1):306306.

O'Malley€D,.€ress RD, Campleman SL, Leiserowitz GS. Suraf/&@alifornian women with epithelial
ovarian gangcer;1992996: a populatioiased studyGynecologic Oncology003;91(3):60815.

Panchal'dM, Lason DR, Chan W, Du XL. Geographic Variation in Oxaliplatin ChemothesapySurvival in
Patients"With"Colon Cancekmerican Journal of Therapeuticd16;23(3):e72/29.

Sankaranarayanan J, Qiu F, Watar@adloway S. A registry study of the assoitiatof patient's residence and
age with.colorectal cancer survivaixpert Review of Pharmacoeconomics and Outcomes Research.
2014;14(2):304313.

Krzyzak M, Maslach D, Bielskaasota M, et al. Breast cancer survival gap between urban and rural female
population in Padlaskie Voivodship, Poland, in 2d002. Population studynnals of Agricultural &
Environmental Medicine2010;17(2):277282.

Pozet A, Westeel V, Berion P, et al. Rurality and survival differences inclumger: A large populatielbesed
multivariate"analysid.ung Cancer2008;59(3):294300.

Robsahm TE, Tretli S. Weak associations between sociodemographis tauddoreast cancer: possible effects
of early detectionEuropean Journal of Cancer Preventi@®05;14(1):712.

Rolland-Portalily Tazi MA, Milan C, Couillault C, Carli PM. Nedodgkin's lymphoma: time trends for
incidence'and survival in Cot#Or, Francelnternational Journal of Epidemiolog$997;26(5):94852.
Rybojad'P, Dluski D, Rybojad B, et al. Urban vsatpatients. differences in stage and overall survival among
patients treated:surgically for lung cana®nnals of Agricultural and Environmental Medicir2913;20(1):101
105.

Gorey KM, Fung KY, Luginaah IN, et al. Cancer survival in Ontario, 1®&E: evidence of equitable
advances.across most diverse urban and rural pf@aaaadian Journal of Public Healt2008;99(1):1216 15p.
Hallet J, Law CHL, Karanicolas PJ, Saskin R, Liu N, Singh S. Rutan disparities in incidence and
outcomes of ngroendocrine tumors: A populatidrased analysis of 6271 cas€ancer.2015;121(13):2214
2221;

Lee B, Goktepe, O, Hay K, et al. Effect of place of residence and treatment aralsom¢comes in patients with
diffuse large Bcell lymphoma in British Clambia.Oncologist.2014;19(3):28390.

Raju RS, Coburn NG, Liu N, et al. A populatibased study of the epidemiology of pancreatic cancer: A brief
report.Current Oncology2015;22(6):e47&484.

This article is protected by copyright. All rights reserved



56. Bennett H, Marshall R, Campbell I, Lawrenson R. Véorwith breast cancer in Aotearoa New Zealand: The
effect of urban versus rural residence on stage at diagnosis and siNgivalealand Medical Journal.
2007;120(1266):U2831.

57. Brewer N, Pearce N, Jeffreys M, White P, Ellidayschmann L. Demographidfférences in stage at diagnosis
and cervical cancer survival in New Zealand, ¥2985.Journal of Women's HealtB009;18(7):95563.

58. Vanderpool RC, Kornfeld J, Mills L, Byrne MM. Rurafban differences in discussions of cancer treatment
clinical tials. In'Vol 852011:E69E74.

59. Campbell NE€; Elliott AM, Sharp L, Ritchie LD, Cassidy J, Little J. Rural abam differences in stage at
diagnesis‘eficolorectal and lung canc@stish Journal of Cancer2001;84(7):916014.

60. Paquette Iy Finlayso8RG. Original scientific article: Rural Versus Urban Colorectal amjl@ancer Patients:
Differences in‘Stage at Presentatidournal of the American College of Surged307;205:63641.

61. Williams 'k, Jeanetta S, O'Brien DJ, Fresen JL. Ruaén diference in female breast cancer diagnosis in
Missourigin Mol 152015.

62. Zahnd WE¢ Fegleman AJ, Jenkins WD. Brief Report: RdWdban Disparities in Stage of Diagnosis Among
Cancers"With"Preventive Opportunitidsnerican Journal of Preventive Medicirg018;54:688598.

63. McLafferty.S,-Wang F. Rural reversal? Ruwaban disparities in latstage cancer risk in lllinoi€ancer.
2009;115(1:2):2752764.

64. SealyJefferson S, Roseland ME, Cote ML, et al. Riutaban Residence and Stage at Breast Cdbiegmnosis
Among Postmenopausal Women: The Women's Health Initiative. In:2018.

65. Frohlich/N, Mustard C. A regional comparison of socioeconomic and hadltes in a Canadian province.
Social Science & Medicine (1982)996;42(9):1273.281.

66. Susan J Bdessica K. The Effects of Socioeconomic Status on Health in Rural bad AmericaJAMA: The
Journal.efithe American Medical Associati@02(1):109.

67. Australian Bureau of Statistics, Australian social trends 28B& Catalogue no. 4102.Ganberra.

68. Doescher MP, Jackson JE, Jerant A, Hart LG. Prevalence and Trends in SrAdkatgpnal Rural Study.
Journal of'Rural Health2006;22(2):112118.

69. Martin Sk Kirkner GJ, Mayo K, Matthews CE, Durstine JL, Hebert J®Rab, Rural, and Regional ¥ations
in Physical Activity.Journal of Rural Health2005;21(3):23244.

70. Wesley RDyp€Cassandra MJ, Joseph RS. hesdthy eating behaviors have a greater association with a high
level of sugaisweetened beverage consumption among rural adults than among urbaradd|&.Nutrition
Research, Vol 55, Iss 0, Pp1(2011).2011(0):1.

71. Zahnd WE, Goldfarb J, Scaife SL, Francis ML. Original article: Rurban differences in behaviors to prevent
skin cancer: An analysis of the Health Informationidlal Trends Surveylournal of the American Academy
of Dermatology2010;62:956056.

72. Sggaard M, Thomsen RW, Bossen KS, Sgrensen HT, Ngrgaard M. The ifmgarabobidity on cancer
survival: a reviewClinical Epidemiology, Vol 2013, Iss Supplement 1 Comorbidity and Cancer Survival, Pp 3
29 (2013)2013(Supplement 1 Comorbidity and Cancer Survival):3.

73. Smith KB, Humphreys JS, Wilson MG. Addressing the health disadvantagebpopulations: how does
epidemiological evidence inform rural health policies and resedwst?] Rural Healtl2008;16 56-66

This article is protected by copyright. All rights reserved



74. VanderWeele TJ, Vansteelandt S. Mediation Analysis with Multiple MedidEpidemiologic methods.
2014;2(1):95115.

75. Richiardi L, Bellocco R, Zugna D. Mediation analysis in epidemiology: austhinterpretation and bias.
International Journal of Epidemiolog®013;42(5):15141519.

76. Quaglia A, Lillini R, Mamo C, Ivaldi E, Vercelli M. Socieconomic inequalities: a review of methodological

issues and the relationships with cancer surv@atical reviews in oncology/hematolog?013; 85:26677.

Figurelegends:

Figure 1. Flow diagram/describing selection of studies for inclusion in a systereaiew of ruralurban residence and
cancer survival inshigimecome countries

CINAHL, Cumulaive Index to Nursing and Allied Health Literature.

Figure 2. Relative risk estimates for overall and carspecific survival comparing rural categories with urban areas
Cl, confidence interval; OR, odds ratio; HR, hazard ratio; EMRR, excegality rak ratio; USA, the United States of
America

Figure 3. Relative'risk estimates for overall and carsgecific survival comparing rural categories with urban areas
The results of ansAustralian study (Bonnet et al., 1984) are not shwotlve authors did noeport hazard ratios for
breast cancer

Cl, confidence interval; OR, odds ratio; HR, hazard ratio; EMRR, exagedslity rate ratio; USA, the United States of
America

Figure 4. Relativerrisk estimates for overall and carsgecific survival comparing rural categories with urban areas
Cl, confidence interval;y OR, odds ratio; HR, hazard ratio; EMRR, excedslity rate ratio

Figure5. Relativerriskrestimates for overall and carsgecific survival comparing rural categories with urban areas
The results ofin Australian study (Bonnet et al., 1984) are not shown as the adithaist report hazard ratios for lung
cancer

Cl, confidence interval; OR, odds ratio; HR, hazard ratio; EMRR, exaedslity rate ratio

Figure 6. Relative risk estimates for overalhd cancespecific survival comparing rural categories with urban areas
Rural Northern California and Sacramento were compared with San Franaig¢orBan) area

Cl, confidencerinterval; OR, odds ratio; HR, hazard ratio; EMRR, excegality rate rat
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Total articles identified by electronic
database search (n=1,771)

Ovid Medline (n = 676)
EMBASE (n=904)
CINAHL (n=1191)

Duplicate citations excluded

> (n = 599)
A 4
Title and abstfacts reviewed
(n'=A1,172)
> Articles excluded
(n=1,090)
A 4
Full-text articles"assessed for eligibility
(n.=82)
37 articles excluded:
e 24 studies did not examine the association between
> rural-urban residence and cancer survival
e 9 conference abstracts (no full-text)
e For 3, the exposure was not area of residence
e For 1, the comparator was not relevant
A 4

Articles eligible for inclusion in the
systematic teview

h=145)
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