University of South Carolina

Scholar Commons

Theses and Dissertations

12-15-2014

Effect of Primary Care Physician Density on Late Stage Cervical
Cancer Diagnosis

Emily Haanschoten
University of South Carolina - Columbia

Follow this and additional works at: https://scholarcommons.sc.edu/etd

Cf Part of the Epidemiology Commons

Recommended Citation

Haanschoten, E.(2014). Effect of Primary Care Physician Density on Late Stage Cervical Cancer
Diagnosis. (Master's thesis). Retrieved from https://scholarcommons.sc.edu/etd/2930

This Open Access Thesis is brought to you by Scholar Commons. It has been accepted for inclusion in Theses and
Dissertations by an authorized administrator of Scholar Commons. For more information, please contact
digres@mailbox.sc.edu.


https://scholarcommons.sc.edu/
https://scholarcommons.sc.edu/etd
https://scholarcommons.sc.edu/etd?utm_source=scholarcommons.sc.edu%2Fetd%2F2930&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/740?utm_source=scholarcommons.sc.edu%2Fetd%2F2930&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarcommons.sc.edu/etd/2930?utm_source=scholarcommons.sc.edu%2Fetd%2F2930&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digres@mailbox.sc.edu

Effect of Primary Care Physician Density on LatagetCervical Cancer Diagnosis
by
Emily Haanschoten

Bachelor of Science
University of Alabama at Birmingham, 2012

Submitted in Partial Fulfillment of the Requirement
For the Degree of Master of Science in Public Hheiglt
Epidemiology
The Norman J. Arnold School of Public Health
University of South Carolina
2014
Accepted by:
Jan M. Eberth, Director of Thesis
Swann Arp Adams, Reader
Heather M. Brandt, Reader
Robert R. Moran, Reader

Lacy Ford, Vice Provost and Dean of Graduate Studie



© Copyright by Emily Haanschoten 2014
All Rights Reserved.



ABSTRACT
INTRODUCTION: Late-stage cervical cancer diagnasian important contributing
factor to the cervical cancer mortality rate. Soreg for cervical cancer is a vital tool in
reducing the number of late-stage cases, prevemaident cases and reducing
mortality. Access to care is often a significantrigat to receiving these services. Women
who have no usual source of care report signiflgdotver percentages of Pap tests than
women who have a usual source. South Carolina re#ka the US in cervical cancer
incidence and"7in cervical cancer mortality. South Carolina adsmiggles with a
primary care physician shortage, rankind 8 primary care physician density. This
study aimed (1) To determine the demographic andmhic differences between early
and late stage cases as well as the distributipnimiary care physicians in South
Carolina (2) To assess the relationship betweengsi care physician density and the
risk of late-stage cervical cancer diagnosis. METHOMultivariate logistic regression
models were used to assess the association ofrgroaee physician density to late stage
cervical cancer diagnosis. Both the main outcontkexsposure were mapped.
RESULTS: Out of 1,992 cervical cancer cases fro@022010 44.78% were diagnosed
late-stage. Census tracts with greater than O pyicere physicians per 100,000 persons
had significantly lower odds of late-stage diagadkan census tracts with O primary care
physicians per 100,000 persons. African-Americamen, cases diagnosed after 2003,

and older women all had significantly higher odéitate stage diagnosis.



CONCLUSION: Areas with low primary care physicid@nsity and high late stage

diagnosis should be a focus of in cervical cancegening interventions.
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CHAPTERII.
INTRODUCTION
1.1 Statement of the problem

Cervical cancer was the most common female candéei United States 40 years
ago?! Due to widespread use of the Papanicolaou (Pap)tte incidence rate of cervical
cancer dropped from 17.2 to 8.0 per 100,000 pergons1973 to 1999. The mortality
rate fell accordingly from 6.2 to 2.9 per 100,308owever for 2014, there will be an
estimated 12,360 incident cases of cervical camceran estimated 4,020 deatfihe
Healthy People 2020 initiative has set goals taicedhe mortality rate of cervical cancer
by 10 percent from the baseline of 2.4 (per 100€8ons) in 2007 to a target of 2.2 by
2020. It also aims to reduce the incident rateeésive cervical cancer by 10 percent
from 7.9 cases (per 100,000) to 7.1 cdses.

Human Papillomavirus (HPV) has been demonstratée t@ necessary cause of
cervical cancer and HPV strains 16 and 18 makegyppoaimately 70% of all cervical
cancers. The preinvasive lesions that result from perststeiogenic HPV infections
are typically asymptomatic and only discovered Baa test. If the lesions are left
untreated, the lesions can extend from the sudanecal epithelium through the full
thickness epithelium and eventually through theebeent membrane to become invasive

cervical cancef.



The U.S. Preventive Services Task Force (USPSTdemenends that women aged
21 to 65 get a Pap test once every three ydaeta from the 2010 National Health
Interview Survey (NHIS) have shown that among womwén have not had a
hysterectomy, 83% had a Pap test within the pasetpear§. This percent is much lower
among women who have no usual source of care. @h8#6 of these women had a Pap
test within the past three years. A similar peragatwas reported for women who are
uninsured (63.8%), making access to care an impidotarier to cervical cancer
screening. In a case-control study, women who had not receivBap test had a
significant 2.7 relative risk increase of invasoervical cancer as compared to women
who had received a Pap test. Following the guiéslior Pap tests is key in the
prevention of cervical cancer.

Cervical cancer is categorized into stages whenditagnosed: localized, regional
and distant. The American Joint Committee on Car{fgdCC) also defines stages
numerically. These stages 0-4 are based on the $ydi¢m or the extent of the tumor,
whether the tumor as spread to the lymph nodesvlether it has spread to other sites.
The AJCC stages align with localized, regional distlant categorization except AJCC
includesin situ cases as stagel®.situ cases refer to cases where the cancer cells are
only located on the surface of the cervix and hasanvaded any deeper cervical
tissues™ Localized refers to an invasive malignant neoplasmfined entirely to the
cervix with no lymph node involvement. Regionaaimalignant neoplasm that has
extended beyond the limits of the cervix directijoi surrounding organs or tissues or it
involves regional lymph nodes by way of the lymphatstem or it has both regional

extension and the involvement of regional lymphe®d\ distant classification requires



a malignant neoplasm that has spread to partediadly remote from the primary tumor
either by direct extension or by discontinuous msitsis to distant organs, tissues, or via
the lymphatic system to distant lymph node$he distribution of stage diagnosis for
cervical cancer cases in the U.S. from 2003-20@8 i®llows: 47% localized, 36%
regional, 12% distant, and 4% unknown or unstdged.

The absence of Pap tests is one of the most conyratinbuted risk factors for
invasive cervical cancéf.An established barrier for cervical cancer scregis access
to care*® Lack of services or lack of physicians greatly pans a woman’s ability to
receive proper screening, diagnosis, and treatfoecervical cancer as recommendgd.
Physicians are often unevenly distributed leadindisparities in rural and low-income
areas’

The United States is currently experiencing primaase physician shortage
problems. The Health Resources and Services Adtratien (HRSA) recognizes 5,900
areas as Primary Care Health Professional ShoAegges (HPSA). This designation is
for populations that have one (or less) primanggaysician per 3,500 peopfeThis
translates to approximately 29 primary care phgsigiper 100,000 persons. The shortage
is exacerbated by the unequal distribution of printare physicians in the United States.
While there are approximately 80 primary care ptigsis per 100,000 people in the US,
the averages are much different when broken dotenurban and rural settings. Urban
areas have 84 primary care physicians per 100y0éxeas rural areas have only 68
primary care physicians per 100,000rhis leaves many people without readily available
care and can be influential in determining whethremot receive preventive medicine

like a Pap test.



1.2 Significance

Early detection of cervical cancer is crucial ie tieduction of cervical cancer
mortality. Late-stage diagnosis of cervical car(distant) has a five-year survival rate of
approximately 12%. Regional stage diagnosis haseaykar survival rate around 57%.
Conversely, an early diagnosis of cervical canloerafized) has a five-year survival rate
of approximately 90%’ Also contributing to cervical cancer outcomesasiseconomic
status. Having a lower socioeconomic status (S&83sociated with higher rates of late-
stage diagnosis for cervical cancer as well asid®nevival. Low SES has such a
powerful impact on cervical cancer mortality theée after late-stage diagnosis is
controlled for in statistical analysis, those ligim high SES census tracts have a 30%
greater 5-year survival rate than those livingoiw ISES census tracts.

Cervical cancer’s burden on the population is dyodisproportionate. Over sixty
percent of the cases in the United States arepnlpbons of underserved and under-
screened womehLiving in a medically underserved area (MUA) is@h significant
predictor of late-stage diagnosisAs of October 2012, South Carolina has 189 areas
listed as Primary Care HPSASNot having adequate access to care puts thesemaime
a significant health disadvantage.

South Carolina has some of the highest incidendenaortality rates for cervical
cancer in the country at 8.0 incident cases andi@aths per 100,008 It also is ranked
13" highest in the nation for percentage of its pogioieliving in rural aread' Making
sure the large rural population in South Caroliaa &dequate access to health care is an

important step in reducing the incidence and mitytaf cervical cancer for the state.



1.3 Specific Aims

Late-stage diagnosis of cervical cancer has stastidally different survival rates
than an early diagnosis that it is imperative tdemstand the risk factors contributing to
the different outcomes. The lack of availabilitynafalth care has been shown to have a
negative impact on stage of diagnosis for canoetuding cervical, in other statés?*
There has not been any prior exploration of the@aton between primary care
physician density and late-stage diagnosis in S@attolina for cervical cancer. This
thesis aims to determine:

1. The demographic and geographic differences betwady and late stage
cervical cancer diagnosis and the distributionraghpry care physicians in South
Carolina.

2. If there is an association between primary caresigign density and the risk of
late-stage diagnosis for cervical cancer in Sowtoliha.

Hypothesis: Greater primary care physician dengiliybe associated with lower

odds of late-stage cervical cancer diagnosis, adgifor SES and other known

covariates.

Finding an association between primary care phsidensity and late stage
cervical cancer diagnosis will have an impact oalthecare policy and cancer
screening interventions. This research has braachieg implications and finding an
effect will influence how future funding is spenthelp equalize access to care and
how best to target those most at risk for lateestagvical cancer. Screening

interventions are most effective when they are ebleach those who need them



most. By identifying risk factors for late stagaginosis, we will be able to apply

screening programs more effectively.



CHAPTER 1.

LITERATURE REVIEW

2.1 Cervical Cancer in South Carolina

South Carolina was ranked™ # the United States for incident cases of cetvica
cancer with an age-adjusted rate of 8.0 per 100s000/" for mortality with an age-
adjusted rate of 2.8 per 100,000 people for 2810.2009, there were an estimated 170
incident cases and 60 deaths of cervical cancBoirth Carolin&” HPV is a necessary,
but not sufficient, cause of cervical cant&isk factors for cervical cancer include
tobacco use, parity, oral contraceptive use, prevgexually transmitted infection, and
socioeconomic statuf§2%-2

Racial disparities in stage of diagnosis and sahof cervical cancer have been
documented?*° African-American women had an incidence rate o&Xer 100,000
people compared to 7.5 per 100,000 people for EBamoAmMerican women in South
Carolina from 2002-2006. The mortality rate for iBdm-American women was also
higher than European Americans in South Carolindhis same period at 4.9 per
100,000 compared to 1.9 per 100,300.

Several counties in South Carolina have extremiglly imcidence and mortality
rates. Both Orangeburg and Kershaw counties havecakcancer incidence rates

greater than 12.0 cases per 100,000 and mortatiég greater than 3.0 deaths per 100,00



(Figure 1, Figure 2). Sumter, Darlington, Floreremed Greenwood counties also
have similar mortality rates, with the highest iarlhgton of 5.0 cervical cancer deaths
per 100,000 persor$This is 78.6% greater than South Carolina morytadite and 117%
greater than the United States mortality rate évical cancer? Other counties with
very high incidence rates for 2000-2009 were Jasgmnberg, Chesterfield, Marlboro,
Dillon, and Chester counties. Jasper County haghaaal cancer incidence rate of 17.7
cases per 100,000 persons; this is 121% greatetttieaSouth Carolina incidence rate
and 136% greater than the national incidence®fate.

2.2 Human Papillomavirus (HPV)

The transition from HPV to cervical cancer has fst@ps: HPV acquisition, acute
HPV infection, persistent HPV infection leadingm@cancerous changes, and invasive
cervical cancer. These precancerous changes &d catvical intraepithelial neoplasia
(CIN).*® As this is a slow process, screening for HPV anckovical lesions is a primary
prevention tool for cervical cancer. The U.S. Preive Services Task Force
recommends that women from age 21 to 65 receivaparicolaou (Pap) test once every
three years® In 2010, 73.2% of women in the United States, Whee not had a
hysterectomy, reported having a Pap test in theHhase yeard? South Carolina had a
slightly higher percentage that same year, witld%3of women reporting having had a
Pap test in the last three yefrs.

While there are many different types of HPV, 7086mcogenic infections are
caused by strains 16 and *F8n a cohort study on the University of South Cienml
campus measuring HPV persistence, 31.7% of thdibag®pulation tested positive for

HPV and of these infections 58.4% were identifisdhiggh risk (HPV 16, 66, 51, 52, and



18). HPV 16 accounted for 17.6% of all infectioess at enrollment In Dahlstrémet
al, the risk of HPV 16 seropositive women to develogasive cervical cancer was more
than twice as high as the risk for seronegative eOR =2.4; 95% Cl, 2.0-3.6).
Making sure women are screened on a regular lsasmgportant in reducing the
number of incident cases of cervical cancer indheged States. It is estimated that over
50% of women who developed cervical cancer didhawe a Pap test in the last three to
five years® Not having access to health care greatly redumepercentage of women
who receive a Pap test. Only 64.9% of women whorttadsual source of care and

63.8% of uninsured women had a Pap test in theHeest year$.

2.3 Outcome of Interest: Cervical Cancer Stage at Diagnosis

Cervical cancer is broken down into stages whendtagnosed: localized,
regional and distant. The American Joint CommitteeCancer (AJCC) also defines
stages numerically. These stages 0-4 are basdwedrMN system or the extent of the
tumor, whether the tumor as spread to the lymples@ad whether it has spread to other
sites'® The AJCC stages align with localized, regional distnt categorization except
AJCC includesn situ cases as stagel@.situ cases refer to cases where the cancer cells
are only located on the surface of the cervix aamgemot invaded any deeper cervical
tissues™ Localized refers to an invasive malignant neoplasmfined entirely to the
cervix with no lymph node involvement. Regionaaimalignant neoplasm that has
extended beyond the limits of the cervix directijoi surrounding organs or tissues or it
involves regional lymph nodes by way of the lymphaystem or it has both regional

extension and the involvement of regional lymphe®d\ distant classification requires



a malignant neoplasm that has spread to partsediddy remote from the primary tumor
either by direct extension or by discontinuous st@isis to distant organs, tissues, or via
the lymphatic system to distant lymph node$he distribution of stage diagnosis for
cervical cancer in the United States for 2003-280%s follows: 47% localized, 36%
regional, 12% distant, and 4% unknown or unstdgém South Carolina, the distribution
by stage for 2003-2009 was 46.5% localized, 34.@§tonal, 9.4% distant, and 9.4%
unknown®!

Diagnosing cervical cancer early is central in dg cervical cancer mortality.
Late-stage diagnosis of cervical cancer (distaas)dnfive-year survival rate of
approximately 12%. Conversely, an early diagnokiseovical cancer (localized) has a
five-year survival rate of approximately 90%The overall survival rate for cervical
cancer from 2004-2010 was 67.98Vhile the survival and incidence rate has deckase
significantly over the past 30 years, the percenté#gvomen diagnosed with invasive
cervical cancer at the localized stage has notggthmuch, 63% compared to 52% for
1975 and 2008, respectivelyThis lack of change indicates that while the memnyical
cancers are diagnosed at an early stage, themuisséantial proportion that progress to
regional and distant stages prior to diagnd%isa national survey from 2004-20086, the
Center for Disease Control and Prevention (CDCihébdi7% of invasive cervical cancers
were diagnosed late-statfeThis percentage varied by race/ethnicity with édn
Americans having the largest percentage of latgestases (52.8%) and Hispanic women
with the lowest percentage (45.9%). Hispanic wolen had the highest rate of early

stage diagnosis at 7.5 cases per 100,000 persbrsamAmerican women and European

10



American women had relatively similar rates of gathge diagnosis at 5.5 and 5.3 cases

per 100,000 persons respectivély.

2.4 Primary Exposure: Primary Care Physician Density Introduction

Primary care physicians play a significant rol@icommunity’s health. An
increase of one primary care physician per 10,@Qfufation has been associated with an
average all-cause mortality reduction of 5.3 peroerd9 deaths per 100,000 per y&ar.
Unfortunately, the United States has a primary pasesician shortage problem. The
Health Resources and Services Administration (HR&AE designated 5,900 areas
across the U.S. as Primary Care HPSAs. This ddsignia for populations that have one
(or fewer) primary care physician per 3,500 peopleich translates to 29 primary care
physicians per 100,000 persdng.he United States also has thousands of Medically
Underserved Areas (MUAS). Qualification as a MUAu&es a service area score 62.0
or less out of 100 on the Index of Medical Undermer (IMU) where 0 is the completely
underserved and 100 is the best served. The IMéktaiko account the weighted ratio of
primary medical care physicians per 1,000 poputatiofant mortality rate, percentage of
the population with incomes below the poverty leagld the percentage of the
population age 65 or ovét.
2.5 Primary Care Physiciansin South Carolina

In 2009, the physician-to-population ratio for So@arolina was 382 individuals
per one physician. This ratio has been steadilyeasing from 702 individuals per one
physician in 1980. The increase seen in South @ard reflected in the United States’
at large physician-to-population ratio, which iresed from 513 individuals per one

physician in 1980 to 320 individuals per one phigsian 2009*° While South Carolina
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has been progressively improving on its physic@pdpulation ratio, the state still holds
a large number of MUASY South Carolina currently has 46 counties reportigg
Primary Care HPSAs and 44 counties reporting 276i84dly Underserved Areds In
2010, South Carolina had a total physician deri15.8 per 100,000, ranking it3h
the country. The national average physician dengity 258.7 per 100,000. For primary
care physician density, South Carolina ranked éoeer at 38' with 77.4 primary care
physicians per 100,000. The state with the highaestary care physician density was
Massachusetts with 129.2 per 100,8bh comparison, the United States primary care

physician density was 90.6 per 100,000 in 2810.

2.6 Primary Care Physicians and Cancer

The impact primary care physicians have on carmebe substantial. In a study
examining the role of primary care physician in@amnit was found that over 75% of
physicians surveyed fulfilled at least one of tleg kancer care roles. The most common
role included assessing patient treatment optiodsadhether or not surgery was an
option®* Making sure patients are well informed and conafole with their treatment
plan has led to lower anxiety and greater canceemtssatisfactiort’ Primary care
physicians also provide screening tests for andathnal information about developing
cancer. One survey found that 49% of women hadoessReear performed by their
primary care physiciaff. Women who lived in an area with less than 10Qeffiased
primary care physicians per 100,000 women weréesttally significantly less likely to
report having had a Pap test in the past threesy88r5%) as compared to women who

lived in an area with 500 or more office-based p@myncare physicians per 100,000
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women (87.7%]° At a county-level, it has been found that an iasgeof one family
physician per 10,000 persons was associated vdétigease in incidence of 1.5 cases per
100,000 and a decrease in mortality of 0.65 case4@0,000 for cervical cancét.
Living in a MUA has also been found to be a sigrfit predictor of late-stage cervical
cancer diagnosis.

Primary care physician density has been shownve ha effect on other cancers.
An increase in the supply of primary care physisihas also been linked to early
detection for breast cancer. Each tenth percentlease in the primary care physician
supply was associated with a 4% increase in the ofldarly detectiofi* A study
conducted in lllinois found that poor geographicess to primary care physicians was
strongly associated with late-stage diagnosis ffeast cancer. This finding is made even
more interesting by the fact that there was no@ason found for spatial access to
mammography and late-stage risk suggesting thaigoyi care physicians may play a
more significant role in preventing late-stage diasjs?’ Physicians also have an effect
on cancer survival. An ecological study of womerdgO years or greater in Florida
found that as physician density decreased, thevaliamong women with breast cancer
did as well®®

In low physician density populations, a 14% decseasncident late-stage
colorectal cancer was found for counties with higtr@nary care physician density. This
negative association was found only in non-metrtgolareas, leading the study to
advise that efforts aimed at increasing physicigypl/ should target low-density
underserved populatioi$Other urologic cancers, specifically kidney andatepelvis

cancers, have demonstrated a negative relatiobsfngeen mortality and physician

13



density. Cancer mortality increased significandypaysician density decreased for the
population. This study found a similar relationsfopprostate and bladder cancers,
although it was only suggestive and not statidgicgignificant’® Primary care physicians
can have a significant effect on cancer incidengaitality, and stage of diagnosis.
Targeting areas that are designated MUAs or HPSAs important step in reducing the

cervical cancer burden in the United States.

2.5.1 Obstetricians and Gynecologists (OB/GY N) and Cervical Cancer

OB/GYNs are a frequent source for cervical casceeening®>*In a cross-
sectional study of Texas primary care providersctwimcluded OB/GYNs, 85.6% of
OB/GYNs surveyed performed more than 25 Pap testsvpek. The majority of family
practice specialists (52.2%) and community intemeadlicine specialists (71.4%)
performed Pap tests less than 10 times per we®&eing an OB/GYN has been found to
be a strong predictor of receiving more screenim\accinations*>?One study
predicting whether women aged 55 or older in Apgaitahad recently received a Pap
test found a highly significant odds ratio of 8f¢5women who saw an OB/GYN within
the past yeat* Women who visit either a gynecologist only, oremeral physician and a
gynecologist, are significantly more likely to reeea Pap test than women who visit a
general physician onR. Having access to an OB/GYN has shown an effeettether
women reported having a Pap test within the pgstads. Women who live in an area
with less than 10 office-based OB/GYNs per 100,80then had a statistically

significant lower percentage reporting a Pap tesfiopmed within the past 3 years
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(85.6%) as compared as to women who live in an\aréa30 or more office-based
OB/GYNs per 100,000 women (87.59).
2.6 Other Risk Factors
2.6.1 Race

Cervical cancer does not affect all races equaltgrms of incidence and
mortality. In South Carolina, a significant decreas survival of African American
woman was found as compared to European Americanenpeven after adjusting for
disease stag®.A Florida cohort study found African American womiead significantly
more regional and distance cancer diagnosis and pawrly differentiated tumors
compared to European American women. The studyfailsw that Hispanic women
typically were diagnosed with a more advanced stiggase, but had a longer survival
times>® This coincides with previous literature that hasrfd 26-30% increased survival
for Hispanic women compared to non-Hispanic worteéfInterestingly, African
American women have the highest rates of beingese for cervical cancé?.n South
Carolina, 90.4% of African American woman and 84.&P&uropean American women
had a Pap test within the past three years acaptdithe 2008 Behavioral Risk Factor
Surveillance Survey (BRFS$).

There are several racial and ethnic differencesdovical cancer incidence rates.
The CDC released a report examining HPV-assoc@dedcal cancer age-adjusted rates
for 2004-2008. It found incidence rates of 7.4 sgser 100,000 for Whites, 9.9 incident
cases per 100,000 for Blacks, 6.5 incident case&@®000 for American Indian/Alaska
Natives, and 7.1 incident cases per 100,000 foa#Biacific Islanders. Hispanics had an

incident rate of 11.3 per 100,000 compared to @&r4.00,000 incident case rate for
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Non-Hispanics? There are also racial-age disparities that corttoipersist for older
African American women (aged > 50 yeafShfrican American women also have
significant differences in treatment. After conlirgd for stage of disease, African
American women are more likely to receive no treattror radiation alone compared to
surgery or combination of therapies than Europearedcans or HispanicS.This may
contribute to the high rate of mortality for Afric&merican women. Asian or Pacific
Islander women have 68% greater cervical cancemfgrce currently than they have in
past years. Asian and Pacific Islander is one e@faistest growing minority groups in the

United States, which contributes to this increasesise$*

2.6.2 Socioeconomic Status

Late-stage diagnosis of cervical cancer has bssoceated with low-
socioeconomic status (SE€)Women who live in lower SES census tracts have
significantly higher rates of cervical cancer iremde and mortality. After controlling for
stage of disease, women who live in a low SES trace a 30% lower 5-year survival
rate than women who live in a high SES tréct.

In a Florida study with 5,367 women with cervicahcer, patients who lived in
communities in which less than 15% of the poputatieed in poverty had significantly
worse survival outcomes compared with communitieshich there was less poverfy.
Almost 60% of the African American patients in Bk@ield et al. lived below 15%
poverty, compared to 27.6% of European Americangvary poverty level in the study
African American women had a shorter median suhtivee® Decreased education

levels has generally led to an increase in cervdiaater mortality for women of all racial
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and ethnic group¥ Having a low SES is such a key predictor of highvizal cancer
incidence and mortality because of the barrier@cgkss to care that a low SES presents.
This is demonstrated most effectively in a militsalthcare environment where
everyone has as equal access to care. In a reVig\g58 cases of cervical cancer, no
statistical difference between stage, incidencetatity, and grade were found at

diagnosis even after considering the variable racesSES statusés.

2.6.3 Tobacco

Cigarettes contain known carcinogens and womensaiuke cigarettes have a
significantly greater risk of cervical cancer thronsmokers (RR=3.42, 95% ClI, 2.10 to
5.57). Exposure to second hand smoke has alsodvaéimated and found to have a risk
estimate of 2.96 (95% Cl, 1.23 to 7.03) for ati&akours of exposure per d&y.
Tobacco by-products have been found in the cermeadus of women who smoke and
are believed to damage the DNA of cervical celtnpoting the development of canéér.

European American women who had been diagnosedceithcal cancer were
significantly more likely to have used tobacco tiAdncan American women. Among
smokers, European American women had significdatiger survival than African

American women, 47.7 months compared to 29.1 mdfiths

2.6.4 Insurance
Insurance can play an important role in accesate and whether or not a
woman receives cervical cancer screening or tregtidéomen, who are uninsured, have

Medicaid, or Medicare have significantly highekref late-stage diagnosis of cervical
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cancer than women who are privately insufe@Malley et al. found that late-stage
diagnosis was 2.8 times higher in women who wernesumed than women who were
enrolled in Medicaid. Also, women who were onlyeimhittently enrolled in Medicaid
had 1.3 times lower late-stage diagnosis than thosesured® Another study examining
Medicaid enrollment found that Medicaid insured rapgmately one-fourth of the
women with cervical cancer. Women enrolled in Madiafter they were diagnosed
with cervical cancer were most likely to have &1stage diagnosis as compared to
women who insured before diagnosis. A statisticaltyeased risk of death was
associated with women younger than 65 and not lexdrol Medicaid (OR=2.4 95%Cl,
1.49,3.86), which was surprisingly higher thantisk of death for women greater than

65 and not enrolled in Medicaid (OR=1.24 95% C48)3.19)’

2.6.5 Sexual and Reproductive Risk Factors

The age of first intercourse and number of segadiners have been found to be
independent risk factors for cervical cantt Previous exposure to chlamydia has been
associated with a strong increased risk for cehdaacer’®?®It has suggested that the
effect of a chlamydia infection occurs early in dacinogenic process. Chlamydia may
enable HPV persistence. Dahlstrénal. found that chlamydia associated with
seronegative HPV 16, implying chlamydia may inceet® risk to contract HPV 16, or
enable HPV 16 infections to persidfThe use of oral contraceptives is significantly
associated with invasive cervical cancer if thetiaeptives are used long enough. Oral

contraceptive use up to four years have not showneationship, but use for longer
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than five years has been associated with a founiaickase in the risk of invasive
cervical cancer (95% Cl, 2.1 to 5%).

A high parity has been linked to an increased oisgervical cancer. In a Costa
Rican study, women with four births had a 3.5 tinmeseased risk compared to women
who had one or no births. The study found a sigaift linear relationship for each
sequential birtH? Intrauterine device (IUD) use has been found teetestrong and
consistent inverse relationship with cervical canééomen who have previous IUD had
half the risk of developing cervical cancer in @lsaguéet al. than women who did not
have a history of IUD us€.The study hypothesized that the insertion or reahof/an
IUD produces a long lasting immune response or whermlevice is inserted or removed
preinvasive cancer lesions are removed. An IUD nedound to prevent HPV, but it
could alter the progression of HPV to cervical @rend therefore could be considered a

protective factof?

2.6.6 Age

As cervical cancer is a slow-growing, it is moieeliy found in older womeff? A
retrospective study conducted with 1800 patieragmised with cervical cancer found
that the disease is rare for women aged 20-24 eTlwere more women diagnosed at age
26 (n=257) than the entire age group 20-24 (n=228)vever, women who were
diagnosed between age 20-24 were more likely te bawnore advanced cancer and
therefore, more aggressive treatmé@mige has been previously associated with an
increased risk of late-stage diagnosis for cendeaicer. Younger women are also more

likely to receive a Pap smear test on a regulaslasscompared to older women. A
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significantly higher rate of women not up-to-datetbeir cervical cancer screening
(32%) was found among women aged 50 to 69 yearpamd to women aged 30 to 49

not up-to-date (20.3%) on their screenffg.

2.6.7 Urban/Rural Geography

Long-term trends between rural and urban areasdimtical cancer persist today.
From 1969-2007, while the overall mortality rat#, feiral non-metropolitan areas had a
morality rate that was still significantly highdrain urban metropolitan are¥sThis
difference between rural and urban rates heldfoueervical cancer incidence as well.
Rural women had an incidence rate 15% significagitiater than urban women. The rate
of late-stage diagnosis for urban and rural wombiendifferent did not yield any
statistical significance. There was a significaiffedence, however, in the 5-year survival
rate of localized stage cervical cancer. Non-metlitgm women had a 5-year survival
rate of 87.8%, significantly lower than the 91.38terfor metropolitan women from
2000-2006""

There are also differences in cervical canceresung for urban and rural areas.
Rural Non-Hispanic Whites were found to have ahgliglower prevalence of Pap smear
testing than their urban counterparts. All rurahvem aged 35-49 also had a significantly

lower prevalence of testing than their urban coyates as welf®
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CHAPTER I1I.
RESEARCH METHODS
3.1 Study Design
A late stage cancer diagnosis framework was addpiadMobleyet.al to

provide justification for this stud’”

Late Stage Cancer Diagnosis Framework

Level 2: Market Characteristics Level 1: Individual
Characteristics
Supply Factors: ~
Enabling/Disabling Factors
= Primary Care Physician Density * Health Insurance
* OB/GYN Density + Personal Resources
* Primary Care Physician Shortage + Disability
Area Predi i
* Age, Sex
+ Race/Ethnicity
+ Educational Attainment

Figure 3.1. Late Stage Cancer Diagnosis Framework

Market supply &ctorsinclude primary care physician density &d8/GYN

density influence.rdividualenabling or disabling factors inclutiealth insurance
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disability, and personal resources. Other predisgdactors like race, age, and
educational status are also individual charactesistf interest. These two levels (i.e.,
person and area level factors) may influence whethendividual utilizes cancer-
screening services and in turn, can affect theiceadiagnosis outcome. This study is
based on the assumptions that the level 1 andradeastics are influential enough that
their relationship with late-stage diagnosis wél d&ble to be determined even if screening
utilization is not taken into account.

This thesis used retrospective data from the SGatblina Central Cancer
Registry to analyze primary care physician deresitg other related covariates and their
relationship with cervical cancer stage at diaghd3escriptive statistics were used to
depict various biological and socioeconomic ristdas for cervical cancer among
women in South Carolina. ArcGIS was employed tosjgl® visual geographic
descriptions of the study population and their oates. Multivariate logistic regression
models were run to assess the relationship betyweerary care physician density and
late-stage cervical cancer diagnosis. The USCtitgthal Review Board (IRB)
approved this study on August 30, 2013 (Pro00028635
3.2. Participants and Setting
3.2.1 Study Population

There were 2,188 incident cervical cancer casesife from 2000-2010 in
South Carolina. Data was obtained from the Soutlol®a Central Cancer Registry
(SCCCR) through approval on April 3, 2014 from Bepartment of Health and
Environmental Control IRB board (IRB14-003). The@CR is a division of the South

Carolina Department of Health and Environmental t@drand is a part of the North
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American Association of Cancer Registries (NAACR)s a population-based registry
that collects cancer data for the entire statecaser is a reportable disease by law, the
majority of cases are reported to SCCCR electrdlgibg hospitals. Cases could also
come from pathology labs, cancer treatment cerd@is physicians’ offices. The date of
diagnosis, location, grade, and histology of tunagryvell as any treatment received, and
vital status, is reported to SCCCR. Informationulibe patient's demographics like age,
gender, race, and contact information are includebe case report. South Carolina
residents that are diagnosed or treated out of atatstill reported to the SCCCR as it
has a reciprocal relationship with twenty surromgdstates® All invasive cervical

cancer cases from 2000-2010 were included in thalistudy population. Cases were
excluded if they were classified as “unstaged”sTibd to 196 of the cervical cancer
cases being excluded, which left 1,992 cases iddkeset. Due to missing age and race

data, 1,950 cases were included in the multivagatdysis.

3.3. Variables
3.3.1. Outcome: Late-stage cervical cancer diagnosis
Cervical cancer cases were obtained from SCCCRydirng anyin situ cases,
and those with a SEER grade of “regional’(n=689)dmstant” (n=203) were classified
as a late-stage diagnosis. These were comparedlyoséage diagnosis or a SEER grade

of “local” (n=1100).

3.3.2. Covariates. Rurality, Race, Age, Poverty, and Cancer Charasttesi
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Rurality was determined by census tract-level rurBbn commuting area
(RUCA) codes. Created from US Census data, RUCA<gacthssify census tracts using
measures of population density, urbanization, aity dommuting’® The RUCA
classifications included in this study were urbad eural. Urban included codes for
metropolitan areas, micropolitan areas with a pryjnea secondary flow within an
urbanized area or urban cluster up to 49,999. Rucalded all other areas. Due to the
large time frame of this study, 2000 and 2010 RUs0Aes were used. 2000 codes were
assigned to cases diagnosed from 2000-2005 and@@H3 were assigned to cases
diagnosed from 2005-2010. Race was obtained fro@@€and classified as White,
Black, and Other. Age was also obtained from SC@ERell as the cancer
characteristics of each case. The cancer charstaterdescribed for the study population
were primary site, tumor grade, and histology. Pywwas obtained from SCCCR, which
determines neighborhood census tract poverty leastd on the 2000 US Census and the
American Community Survey on five year basis. Pgvisrcategorized into <5%, 5-
9.9%, 10-19.9%;20%, and unknown. All cases assigned “unknown’piorerty (n=43)
were manually determined using US Census Ameriaanr@unity Survey estimates
based on the case diagnosis year.

The South Carolina Central Cancer Registry doésaitect information on all
the known potential confounders and effect modifier cervical cancer thus leading to
an incomplete list of potential confounders usethaactual analysis. The variable list of
potential confounders used in this thesis is devid:

e Race: Race was divided into White, Black and Other
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e Poverty level: Poverty was categorized as <5%986910-14.9% 15-19.9%,
>20% by census tract
e Age: Age was treated as a categorical variable (38819, 50-69, 70+ years)
e Census Tract Rurality: Urban/Rural was divided imtban and rural based on
RUCA codes (Urban=<4.0, 4.1, 5.1,7.1,8.1, 10.1aRu.0, 4.2, 5.0, 5.2, 6.1,
7.0- 7.4, 8.0-10.0, 10.2, >10.2)
SCCCR does not collect or does not have in congriemoking status, educational
status, household income, and insurance statusf Alhich would have liked to been

included in analysis.

3.3.4. Primary Exposure: Primary Care Physician Density

Primary care physician density was calculateth@tcensus tract and county level.
There are currently 884 census tracts and 46 asiimtiSouth Carolin&. South Carolina
medical licenses were used to determine primary physician density by first filtering
the licenses for only general practice, family picas; internal medicine, and obstetrics
and gynecology specialties. As the study periodempasses ten years, lists for medical
licenses were obtained for 2002, 2003, 2004 an®.2b@ addresses provided on the
medical licenses were geocoded and mapped at tisesé&act and county level using
ArcGIS. For all addresses that listed a PO Boxstheet address was manually searched
for using the physician’s name on Google. Usingé¢hmaps, the number of primary care
physicians in each census tract and county waslle#da, divided by the total

population, and multiplied by 100,000 to determileasity. 2000 census population
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totals and census tract designations were use@@€R labels all cancer cases with
2000 census tract designations.

Cases diagnosed from 2000-2002 were assigned 206yl levels, cases in
2003 were assigned 2003 density levels, casesO#-2006 were assigned 2004 density
levels, and cases in 2007-2010 were assigned 2808td levels. This was employed to
help account for any temporality changes in pringane physician density that may have
occurred from 2000 to 2010.

Density was categorized into two levels: none-lowd enoderate-high. For census
tract primary care physician density per 100,0@0rtbne-low designation=0, moderate-
high=>0. County level primary care physician dgnp#r 100,000 for the none-low
designation= <30, moderate-high =30-70. The colewgl cutoff was chosen at 30
physicians per 100,000 as it translated closetifedHSPA designation of 1 physician per

3,500.

3.4. Analysis
3.4.1 Geospatial Mapping

ArcGIS Version 10.1 (ESRI 2011. ArcGIS Desktop: éale 10. Redlands, CA:
Environmental Systems Research Institute) was tsethp the percentage of late-stage
cervical cancer diagnoses at the county level éartls Carolina. Primary care physician
density was also mapped at the census tract andyclavels.
3.5 Statistical M ethods

Aim 1 examined differences between early and letgescervical cancer using

descriptive statistics including frequency coumtd percentages. The variables compared
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were race, age, year of diagnosis, census traditgympoverty level, and primary cancer
site. A chi-square test was used to assess statidifferences in early and late stage
diagnosis for the aforementioned variables.

For Aim 2, we used logistic regression with stageeavical cancer diagnosis as
the outcome variable (0 = localized, 1= regional distant stages). Logistic regression
measures the relationship between a binary catsja@ependent variable and one of
more independent variables. The first part of ihe @ssessed the association between
primary care physician density and late-stage cahaancer diagnosis at the census tract
level. The second part of the aim analyzed theca$on between primary care
physician density and late-stage cervical canaggrsis at the county level.
Significance was determined at the alpha=0.05 level
Bivariate analysis for late-stage cervical cangaguosis as the dependent variable and
primary care physician density was performed itytior both geographic levels of
density. The next logistic regression model inctud® personal covariates and the
primary exposure: race, age, and year of diagrasswgell as primary care physician
density. The final logistic regression model wampased of primary care physician
density, race, age, year of diagnosis, poverty,camgus tract rurality. Covariates that
were not statistically significant at alpha=0.06t bpidemiologically relevant based on
the literature were still included in the final neddsee Equation 1.0 below). Data
analysis was performed using SAS Version 9.4. (8&8tute Inc., Cary, NC, USA

(Equation 1.0)
Logit (P(Late Stage Cervical Cancer Diagnosi$p= p1(PCP density) f,(race) +

Bs(age) +H34 (year of diagnosis) s (census tract rurality) fis (poverty)
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CHAPTER IV.

Effect of Primary Care Physician Density on L ate Stage Cervical Cancer Diagnosis'

! Haanschoten, E. Eberth, J. Adams, A. Brandt, HiavoR. To be submitted @ancer
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INTRODUCTION

While great strides have been made in reducinga@r@ancer incidence and
mortality in the last 40 years, there are an esgtha2,360 incident cases and 4,020
deaths from cervical cancer in 2014 aldecrucial step in reducing cervical cancer
morality is early detectioh!”>’Cases diagnosed late-stage have a five-year sliraite
of approximately 12%. Conversely, early diagnosises have a five-year survival rate
around 9094

For early detection to be possible, women musezeess to appropriate care
and utilize screening regularly. Only 64.9% of wenwveho reported having no usual
source of care had a Pap test within the past tfeass, this is much lower than the
percentage reported for all women, 83%he density of primary care physicians (PCP)
in one’s geographic area can influence whetheobarwomen receives a Pap test, with
women living in areas of higher PCP density repgrstatistically higher rates of Pap
tests than women living in lower areas of PCP dgnSincreasing county level PCP
density has also been associated with decreases\viical cancer incidence and
mortality?® Other cancers with strong screening programshikast and colorectal
cancer have previously shown relationships betvir&@R density and odds of late-stage
diagnosis and cancer mortalf§?**"“Little is known however, about the relationship
between PCP density and late-stage cervical cali@gnosis at the census tract level.
Previous literature has found that living in censast that is classified as a medically
underserved area (MUA) is a strong predictor & Eaige diagnosis, but an entire state

by tracts has not been examined as a wHdlising census tract level PCP density
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should provide a more accurate representation afdividual’s primary care access, as
it is a smaller geographic level and more reflextiv nearby PCP availability.

As South Carolina is"in the U.S. for cervical cancer mortality and"3er PCP
density, it provided an ideal environment for exjuig this relationshif**%. South
Carolina also ranks 13n the nation for percentage of it's populatioririg in a rural
area’’ Rurality has a large impact on access to careande detrimental in obtaining
cervical cancer screening servi€éSouth Carolina also has a large percentage of its
counties reporting MUA and health care professishaltage areas (HPSA). In fact,
only 2 counties out of 46 in South Carolina do emttain a MUA'® Eight counties had
cervical cancer incidence rates 61% greater thamational rate with one county that
reported an incidence rate 136% higher than th&'3gFigure 1) Another county in
South Carolina had a mortality rate 117% greatan the US mortality rate for cervical
cancer? (Figure 2)

A late stage cancer diagnosis framework was addpien Mobleyet.al to provide
justification for this study’ Market supply factors include primary care physicilensity
and OB/GYN density influence. Individual enablingdisabling factors include health
insurance, disability, and personal resources. iQtfezlisposing factors like race, age,
and educational status are also individual charatts of interest. These two levels (i.e.,
person and area level factors) may influence whethendividual utilizes cancer-
screening services and in turn, can affect theiceadiagnosis outcome. This study is
based on the assumptions that the level 1 andradeastics are influential enough that
their relationship with late-stage diagnosis wél d&ble to be determined even if screening

utilization is not taken into account.
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This study was conducted: (1) To describe the deaptgc and geographic
differences between early and late stage cervarader diagnosis and the distribution of
primary care physicians in South Carolina and @)&termine if there is an association
between PCP density and the risk of late stagendsg for cervical cancer in South
Carolina at the census tract and county level. $thidy hypothesized that decreased
primary care physician density will lead to incredh®dds of late-stage cervical cancer

diagnosis.

METHODS
Data

Cervical cancer cases, excludimgitu cases, from 2000-2010 were retrieved
from the South Carolina Central Cancer RegistryGS8R), South Carolina’s gold-rated
statewide cancer registry, to assess the riskefdmge diagnosig.Information included
in the case files along with specific cancer chisrastics was race, age, year of
diagnosis, and census tract poverty. Cases wekediby census tract to rural-urban
commuting area (RUCA) codes, which classifies srasing measures of population
density, urbanization, and daily commutificAs the study period spanned 10 years, 2000
and 2010 RUCA codes were used, with cases from-R80#ssigned 2000 codes and
cases from 2006-2010 assigned 2010 codes. 2000sc#ast designations were used
throughout the study period.

The primary outcome of interest, late stage diagnavas defined using
Surveillance, Epidemiology and End Results (SEERggories. Late stage diagnosis

included “regional” and “distant” cases as compadaceédarly stage diagnosis, which
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included “localized” cases. Stage was availablelf6B2 cases (91.22%) of cases. Un-
staged cases were excluded from analysis (n=192)fifmal sample consisted of all
1,992 women with known stage diagnosed with cehdaacer between 2000-2010 in
SC. Due to missing age and race data, only 1,98€soaere included in the multivariate
analysis.

Data for primary care physician density came ftbmSouth Carolina Medical
Licensing Board? Lists of all active medical licenses for 2002, 202004 and 2009
were obtained and then filtered for general practiamily practice, internal medicine,
and obstetrics and gynecology specialties. Obstatis and gynecologists (OB/GYNS)
were included as primary care physicians due tsigp@ficant role they play in
providing Pap test->3To account for temporal changes in the supplyriohgry care
physicians, cases diagnosed from 2000-2002 weignask2002 density levels, cases in
2003 were assigned 2003 density levels, cases04-2006 were assigned 2004 density
levels, and cases in 2007-2010 were assigned 2808td levels. The addresses
provided on the medical licenses were geocodedraapped at the census tract and
county level using ArcGIS Version 10.1 (ESRI 20AicGIS Desktop: Release 10.
Redlands, CA: Environmental Systems Research us}iEor all addresses that listed a
P.O. Box, the street address was manually detednisi;g an Internet search and the
provider's name. Density was calculated by dividing total number of primary care
physicians in each census tract and county byesgective 2000 and 2010 census
population totals multiplied by 100,00Data Analysis  The percentages of late-stage
cervical cancer cases were mapped using ArcGISdrel®.1 (ESRI 2011. ArcGIS

Desktop: Release 10. Redlands, CA: Environmentsie®ys Research Institute) at the
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county level. PCP density per 100,000 persons Vgasnaapped at the census tract and
county levels.

Differences between early and late stage cervexater cases were identified
using descriptive statistics and Pearson’s chitegtest with a 0.05 alpha level. The
variables compared included race/ethnicity, agar gédiagnosis, urban/rural, poverty
level, and primary cancer site.

The relationship between PCP density and the oflidde-stage diagnosis was
examined using multivariate logistic regressionieBhmodels were run for both the
census tract and county level with late-stage diagnas the dependent variable. The first
model consisted of only the bivariate relationshith PCP density. The second model
included the primary exposure and all individuakellecovariates: race, age, and year of
diagnosis as well as PCP density. The third modelained all of the variables from the
second model plus covariates for poverty and urbead/at the census tract level.
Variables that were statistically insignificant leypidemiologically relevant based on
previous literature were retained in the final mods the incidence of late stage
diagnosis was greater than 10% and year of diagneess known, odds ratios were
corrected to relative risks as a more approprigerpretation of the magnitude of the
associatiof>

As all cases living in the same census tract veckihe same poverty measure,
there was concern that a multilevel model was rapgropriate for analysis due to the
hierarchical nature of the data. After further istigation, it was determined that both
methods yielded very similar results and multiviaiagistic regression was suitable for

analysis.
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SAS Version 9.4 (SAS Institute Inc., Cary, NC, US¥gs used for all statistical analysis,
and ArcGIS Version 10.1 was used for geocodingraadping purposes. Approval from

the South Carolina IRB board was obtain August280,3.

RESULTS

Of the 1,992 cervical cancer cases included irddseriptive analysis, 44.78%
(n=892) were diagnosed late-stage. Table 1 shosvsttidy demographics by stage of
diagnosis. A greater percentage of African-Amerias@men made up the late-stage
diagnosis cases (39.34%), compared to the perapfafjfrican-American women that
composed the early-stage cases (31.83%). Howdneeopposite was found for Whites.
There were a higher percentage of cases amongsadg diagnosis (66.70%) than the
percentage of cases among late-stage diagnos86(5Y. This difference was
statistically significant (p=<.0001). The mediareayg the study population was 48 years
and there were statistically significant differender late stage diagnosis (p=<.0001).
Cases diagnosed early-stage were slightly yourtget gears while late-stage cases were
slightly older at 53 years. The highest percentdgmses diagnosed for both early and
late-stage occurred among women aged 30-49 ye(53182% and 42.04%,
respectively). Women aged 50-69 made up a largeeptage of the late-stage cases
(39.57%) than their percentage of the early-stage< (28.00%). 2000-2003 had the
lowest percentage of late-stage diagnosis case2@¥32007 had the highest. There
were no statistically significant differences itel@tage diagnosis noted between urban

and rural areas (p=0.8645).
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Mapping cervical cancer cases was not possiblediosus tracts, as only 6 tracts
(out of 864 in SC) had greater than 10 cases twetime period. SCCCR suppresses
tracts whose frequencies are less than 10. As eeghe2CP density was highest in
metropolitan areas and lowest in rural areas ostae (Figure 3, Figure 4). 426 of South
Carolina’s 864 (48.19%) census tracts had a PCBitgesf O per 100,000 persons. Five
(10.87%) of the South Carolina’s counties had tkas 50 primary care physicians per
100,000 persons. Figure 5 shows the percentageesftage cases at the county level. 20
out of 46 (43.48%) counties had greater than 42%etervical cancer cases diagnosed
as late-stage.

The results of the logistic regression models mendisplayed in Table 2. Women
living in census tracts with a primary care phyaicdensity greater than 0 per 100,000
were significantly less likely to be diagnosed 1stage compared to women who lived in
tracts with a PCP density of O per 100,000. This tmae for all three logistic regression
models run. Similar results were seen at the colewgl where counties with greater than
30 PCPs per 100,000 were compared to those wihbes they were not statistically
significant (Table 2). African Americans had sigeeintly higher odds of being
diagnosed late-stage than whites at both the cerestisand county level. For both
geographic levels, increasing age led to increaskdatios for late-stage diagnosis. In
the full model, cervical cancer cases diagnosea £2608-2010 had a significant
adjusted RR=1.547 (95% CI: 1.244, 1.611) for lasers diagnosis as compared to cases
from 2000-2003. Cases living in rural areas weighflly more likely to be diagnosed
late-stage, but this was not found to be statibyisggnificant (adjusted RR=1.007

95%CI: 0.952,1.055). The only proxy variable fociseconomic status, census tract
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poverty, was significant in bivariate analysis ifacreased odds of late-stage diagnosis
for women living in tracts with greater than 10%vpdy compared to those in less than
5% poverty. Once included in a multivariate modled, increased odds were no longer
significant.
DISCUSSION
This is the first investigation into the impactaansus tract primary care

physician density on late-stage cervical cancegrahais in South Carolina and any other
state as a whole. As South Carolina is one of #temn's leaders in cervical cancer
mortality, identifying areas that can improve cealicancer survival is vital. South
Carolina also has a large percentage of countidts MWASs, HPSAs and overall low
primary care physician density, making it an id=alironment to study this relationship.
Our analysis found that increased primary care iplars density significantly decreased
the risk of late-stage cervical cancer diagnosiswtonsidered at the census tract level.
While this association was not significant at tbemy level, the relative risk ratios were
very similar. This suggests that access to caegipally a primary care physician or an
OB/GYN plays an impactful role in reducing lateggacervical cancer diagnosis in
South Carolina. Examining PCP density at the cetrsict allowed a more nuanced
investigation into this relationship than otherdsés that only looked at the county
level 173

Counties with highest percentage of late stagescasee often the counties with
the lowest PCP density as was the case for Le&ahudla counties. Lee County had
27.5% of its population below the poverty levelnfr@008-2012 and African Americans

make up 63.9% of its citizeff8In Saluda County, however, 18.1% of its populatias
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below poverty level from 2008-2012 and is 26.3%i@sn American, but Saluda County
is more rural than Lee County at 43.9 persons gaare mile in 2010 compared to 46.9
person$? Mapping revealed that counties with highest pesamges of late stage cases
were frequently surrounded by counties with thedsinpercentages of late stage cases.
Further comparison found that they also differ IgPRlensity. While there are other
factors that likely contributed to the differencestage diagnosis, PCP density is
certainly worth full consideration.

Interestingly, counties with the highest percentaigate-stage cervical cancer
diagnosis were not always the counties with highestality rates. Orangeburg,
Florence, and Greenwood have some of the highesaliprates in South Carolina, but
all reported only approximately 42-53% of theirwieal cancer cases as late stage.
(Figure 2, Figure 5) Conversely, Laurens and Dastgrecounties had some of the
highest percentages of late-stage diagnosis irhSoaitolina, but reported low morality
rates for 2000-200%- Laurens County mortality rate had to be supprebseduse it was
so low. These differences may be an issue of atoesge. Laurens and Dorchester are
both adjacent to counties that have hospitals gytiecologic oncologists (i.e.,
Greenville, Spartanburg, and Charleston). Womedrangeburg and Greenwood would
have to travel much further to receive care fronequivocal source. This disparity in
access to cervical cancer treatment may explaintivagounties with the highest
mortality rates were also not the counties withhkeg} percentage of late-stage diagnosis.
There are currently only 5 counties in South Caethat have gynecologic oncology

specialists (Greenville, Richland, Florence, Chatdr, Spartanburg). This leaves
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thousands of women in South Carolina without easilyessible cervical cancer care if
they were to need it.

A disproportionate number of African American wonveere affected by cervical
cancer in this study population. African Americaamen compose approximately 29%
of the South Carolina female population, but mak&4.74% of all the cervical cancer
cases from 2000-20F8 African American women were also more likely todi@gnosed
late-stage, which falls in line with previous lagure??**®Interestingly, women
diagnosed with cervical cancer after 2003 haveghdriodds of late-stage diagnosis
compared to those diagnosed from 2000-2003 witl8-ZW10 cases having the highest
risk. This may be a reflection of the decline imgemtage of women that have had a
regular Pap test, which has been seen in SoutHiaend the United States as a
whole®® Nationally, 67% of women aged 22-30 reported ateapin the last 3 years in
2010, down from 78.1% in 2006 There was also an increase in this age group of
women who reported never having a Pap test. Nineepeof women aged 22-30 in 2010
as compared to 6.6% in 20800ne reason for this decline may be the changes in
screening guidelines over this time period. The Aca@ Cancer Society (ACS), U.S.
Preventive Services Task Force (USPSTF), and therisan College of Obstetricians
and Gynecologists (ACOG) all changed their cervigaicer screening guidelines, some
multiple times, creating a confusing environmemtviomen and their physicians.

This study was limited by a lack of socioecononmd &festyle factors included
in analysis, especially smoking. Smoking is anuefitial risk factor for late-stage
cervical cancer diagnodf&” . It could not be included in the analysis dutatk of

information from SCCCR. The only proxy variable smcioeconomic status, census tract
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poverty, was significant in bivariate analysis, m#ignificant after adjustment for other
covariates. Not knowing the insurance status okthdy population was another
limitation as it can play a substantial role inegxto care and cervical cancer
outcome&>%%

This research will be an important baseline anchdi@ation when it comes to
examining the effect of the Affordable Care Actamivical cancer outcomes. The
Affordable Care Act ensures that insurance comgggmievide reimbursement for
women'’s preventive services including cervical erscreening’ As demonstrated in
the late stage cancer framework, monitoring thiezation of screening is important for
the reduction of late stage diagnosis. As more wosign up for insurance through state
and federal health exchanges, and more women leaviea cancer screening covered
through their insurance plans, it will be importemturther examine the relationship
between primary care physician density, the utikmaof screening services, and late-
stage cervical cancer diagnosis.

Areas with low primary care physician densities aigh late stage cervical
cancer diagnosis should also be targets for cliaicd policy interventions. These areas
should be identified as potential sites for fedgrqualified health centers (FQHC) if
they haven't been already. FQHCs can provide dysa#t to communities that are
otherwise lacking access to c8fdraining on cervical cancer screening guidelines
should be encouraged in all clinical practices &ss$ been through a recent upheaval and
is often confusing.

In conclusion, we found that increasing the dengitgrimary care physicians

was associated with decreased risk of late stag@aecancer diagnosis, especially at
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the census tract level. This study suggests thefigignt impact that primary care
physicians and OB/GYNs can have in reducing theicalrcancer burden. Having access
to care and being able to utilize screening sesvagze important commodities in reducing
late-stage diagnosis, which in turn can reducettegall cervical cancer mortality

burden. Screening interventions should target asghslow PCP density to maximize

their effectiveness.
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Table4.1. Study Demographics by Stage

Early (n=1100)

Late (n=892)

55.2206 44.78% P-value
%(n) %(n)
Race <.0001
White 66.70 (723) 59.86 (528)
Black 31.83 (345) 39.34 (347)
Other 1.48 (16) 0.79 (7)
Age <.0001
<30 9.55 (105) 2.13 (19)
30-49 53.82 (592) 42.04 (375)
50-69 28.00(308) 39.57(353)
70+ 8.64 (95) 16.26 (145)
Year of Dx <.0001
2000-2003 44.45 (489) 30.27 (270)
2004-2007 31.45 (346) 37.00 (330)
2008-2010 24.09 (265) 32.74 (292)
Poverty 0.0010
<5% 9.14 (98) 6.28 (55)
5-9.9% 20.62 (221) 16.89 (148)
10-19.9% 40.58 (434) 39.95 (350)
>20 29.66 (318) 36.87 (323)
Urban/Rural
Urban 78.08 (823) 78.41 (679) 0.8645
Rural 21.92 (231) 21.29 (187)
Primary Site <.0001
Endocervix 19.42 (214) 12.19 (109)
Exocervix 1.18 (13) 1.34 (12)
Overlap lesion cerv_i> 1.63 (18) 2,57 (23)
uteri
Cervix uteri 77.77 (857) 83.89 (750)

*Pearson’s chi-square test
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A%

Table4.2 The Odds of Late Staae Cervical Cancer Diaal

Census Tract County
Model 1 Model 2 Model 3 Corrected RR Model 1 Model Model 3 Corrected RR
Density*
None-Low
Ref Ref Ref Ref Ref Ref Ref Ref
Moderate-
Hiah 0.822 0.774 0.778 0.854 0.884 0.823 0.843 0.845
9 (0.686,0.984) | (0.641,0.936) | (0.641,0.945) | (0.748,0.996) | (0.692,1.128) (0.636,1.063)| (0.651,1.092)| (0.662,1.087)
Race
White
Ref Ref Ref Ref Ref Ref
Black 1.292 1.234 1.08 1.283 1.228 1.081
(1.060,1.574) | (1.002,1.520) | (1.001,1.159) (1.053,1.0564) | (0.997,1.512)| (0.999,1.157)
Other 0.585 0.493 0.708 0.577 0.493 0.708
(0.231,1.480)| (0.186,1.313)| (0.363,1.016) (0.227,1.466)| (0.185,1.313)| (0.362,1.106)
Age
<30
Ref Ref Ref Ref Ref Ref
30-49 3.351 3.513 3.335 3.282 3.435 3.266
(1.982,5.665) | (2.050,6.021) | (2.005,5.439) (1.942,5.546) | (2.006,5.883) | (1.964,5.329)
50-69 6.101 6.293 5.655 6.005 6.184 5.569
(3.581,10.393) | (3.646,10.862) | (3.451,8.976) (3.527,10.223) | (3.585,10.665) | (3.380,8.844)




eV

70+

8.319 8.539 7.358 8.174 8.382 7.243
(4.682,14.781) | (4.737,15.392) | (4.388,11.781) (4.603,14.513) | (4.653,15.096) | (4.317,11.610)
Year of Dx
2000-2003
Ref Ref Ref Ref Ref Ref
2004-2007 1.801 1.748 1.425 1.805 1.769 1.435
(1.441,2.251) | (1.391,2.195) | (1.244,1.612) (1.445,2.255) | (1.412,2.217) | (1.347,1.740)
2008-2010 2114 2.209 1.574 2.102 2.016 1.542
(1.691,2.674) | (1.391,2.195) | (1.244,1.611) (1.662,2.658) | (1.585,2.565) | (1.347,1.710)
Urban/Rural
Urban
Ref Ref Ref Ref
Rural 1.033 1.007 1.007 1.002
(0.809,1.318)| (0.952,1.055) (0.790,1.284) | (0.946,1.050)
Poverty
< 5%
Ref Ref Ref Ref
5-9.9% 1.109 1.101 1.144 1.106
(0.734,1.677)| (0.747,1.609) (0.758,1.726) | (0.770,1.651)
10-19.9% 1.250 1.231 1.321 1.295
(0.848,1.842) | (0.856,1.750) (0.900,1.939) | (0.906,1.831)
>=20%

1.384
(0.809,2.063)

1.351
(0.818,1.934)

1.433
(0.963,2.132)

1.395
(0.965,1.990)
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CHAPTERV.

CONCLUSION
Summary of Results

In summary, census tracts with a primary care mgsidensity greater than O per

100,000 persons have significant decreased oddseo$tage cervical cancer diagnosis
compared to census tracts with a primary care playsdensity of O per 100,000 persons.
At the county level, similar decreased odds wese aken but it was not a statistically
significant relationship. More recent years of diagjs (2003 and later), older women,
and African Americans all had significantly incredsdds for late stage diagnosis at
both geographic levels. Rural tracts and incregeserty also had elevated odds ratios
for late stage diagnosis but were not significarthe multivariate models. Census tract
poverty, however, significantly increased the odflsite stage diagnosis during bivariate

analysis.

Significance of Findings

To date no other study has analyzed the impagtiofary care physician density
at the census tract level on the risk of late-stageical cancer diagnosis. All previous
studies either examined county level densities biAMracts only and not an entire
state'"**This study found a deceased risk for late-staggrdisis in census tracts and

counties with “medium-high” PCP density as compdoedreas with “none-low” PCP
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density. The association was statistically sigaifit at the census tract level after
adjusting for sex, age, year of diagnosis, urbaalrand tract poverty. The inclusion of
OB/GYNs as a part of primary care physician derisignother unique factor of this
study. OB/GYNs are highly influential in cervicarmcer screening, but have not been
previously included in PCP density analysis foedatage cervical cancer diagnosis.
Their addition is important to capture an accueateé complete picture of providers that
provide cervical cancer screening.

As a state that is consistently ranked amongapet the charts in cervical
cancer incidence and mortality, South Carolinagdigsificant room for improvement.
Reducing the number of cases diagnosed late-sdageeiway to combat high cervical
cancer mortality rates. As a state with a highlrpogulation, a large number of HPSAs,
and MUAs, and a large number of incident casestiSGarolina provides an ideal
environment for studying the relationship betwese-stage cervical cancer diagnosis
and primary care physician density. South CaraBradso a state that rejected Medicaid
expansion. An estimated 340,000 additional indigldwould qualify for Medicaid if the
state expanded the program or approximately 8.580ath Carolina’s total population
and 40.5% of South Carolina’s population belowpbeerty line*#°

This research can be used to help focus cervasaler screening interventions.
Targeting areas low in PCP density and high indsége diagnosis with mobile clinics or
other resources to increase screening accessopiiflly decrease the frequency of late-
stage cervical cancer diagnosis. Identifying thenties and census tracts with low PCP
density is also important for influencing healtHippthat aims to reduce access to care

disparities, especially through a cervical caneasl Programs like the Best Chance
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Network that provides cervical cancer screeninigwsincome women can use this

research to narrow in on areas that are most id aktheir services.

Further Research

Further research should be conducted to asseghertltlis inverse relationship
between PCP density and late-stage cervical cali@gnosis is true across multiple
states and regions in the United States. Additianalysis should include other
covariates like smoking, marital status, insurasteg¢us, as well as education level or
household income. Adding these variables to théysisawill help control for
confounding and provide better indicators for secamomic status.

Further research should also examine the comp@é&tganship in the late-stage
cancer framework including the intermediary steperical cancer screening that was
not able to be included in this study. This reseatoould examine the relationship
between primary care physician density, cervicateascreening utilization, and their
impacts on late-stage cervical cancer diagnosis.\ay to accomplish this might be to
inspect the effect of the Affordable Care Act orveeal cancer screening rates and how
that ultimately affects late-stage cervical cartiagnosis. The Affordable Care Act
provides free preventive women’s services like mahcancer screening, which should
help increase the number of women who do not redeap tests within the
recommended guidelines. Monitoring and screeningdovical cancer is crucial in the
reduction of late-stage cervical cancer diagndsiss study provides a backdrop and
baseline of information of which to build furthexsearch on and will be important as a

reference for further research in late-stage cahwancer diagnosis
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