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Abstract

Purpose Rural cancer survivors may disproportionately experience financial problems due to their cancer because of greater
travel costs, higher uninsured/underinsured rates, and other factors compared to their urban counterparts. Our objective was to
examine rural-urban differences in reported financial problems due to cancer using a nationally representative survey.

Methods We used data from three iterations of the National Cancer Institute’s Health Information and National Trends Survey
(2012, 2014, and 2017) to identify participants who had a previous or current cancer diagnosis. Our outcome of interest was self-
reported financial problems associated with cancer diagnosis and treatment. Rural-urban status was defined using 2003 Rural-
Urban Continuum Codes. We calculated weighted percentages and Wald chi-square statistics to assess rural-urban differences in
demographic and cancer characteristics. In multivariable logistic regression models, we examined the association between rural-
urban status and other factors and financial problems, reporting the corresponding adjusted predicted probabilities.

Findings Our sample included 1359 cancer survivors. Rural cancer survivors were more likely to be married, retired, and live in
the Midwest or South. Over half (50.5%) of rural cancer survivors reported financial problems due to cancer compared to 38.8%
of urban survivors (p =0.02). This difference was attenuated in multivariable models, 49.3 and 38.7% in rural and urban
survivors, respectively (p = 0.06).

Conclusions A higher proportion of rural survivors reported financial problems associated with their cancer diagnosis and
treatment compared to urban survivors. Future research should aim to elucidate these disparities and interventions should be
tested to address the cancer-related financial problems experienced by rural survivors.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/500520-019-04742-z) contains supplementary
material, which is available to authorized users.
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Introduction

The American Cancer Society estimates that there will be
more than 20 million cancer survivors in the United States
(U.S.) by 2020 [1]. The growing number of survivors is a
testament to the success of early detection and treatment ef-
forts [1]. However, the direct (e.g., costs due to hospitaliza-
tions, cancer treatments, physician visits) and indirect costs
(e.g., time away from work, lost productivity) of cancer diag-
nosis and treatment can negatively impact survivors [2].
Previous studies suggest that nearly one in three survivors
experience cancer-related financial problems (e.g., debt, bank-
ruptey, out-of-pocket medical costs) that may lead to delaying
or forgoing medical care [3, 4]. Financial barriers experienced
during and following cancer treatment may be compounded
by factors such as institutional racism, socioeconomic status,
inadequate insurance coverage, and geographic residence
[3-71].

Survivors from rural areas may experience greater cancer-
related financial problems compared to their urban counter-
parts. Rural cancer patients often have higher treatment-
related travel costs, higher rates of no insurance or under-in-
surance, and less flexible work leave policies that may exac-
erbate the financial problems associated with cancer [8]. Due
to the financial burden of cancer diagnosis and treatment, rural
patients are more likely to forgo medical care following cancer
treatment (e.g., continued surveillance, screening for other
cancers, and taking prescribed medication) compared to their
urban counterparts [7, 9].

However, there is inadequate research examining rural-
urban differences in financial problems among cancer survi-
vors in the US. Previous rural-urban studies have either been
confined to a single cancer in a single state, performed in
Canada, or only studied those under the age of 65 or in active
treatment [10—12]. Therefore, our objective was to evaluate
rural-urban differences in reported financial problems among
cancer survivors by utilizing three cycles of a nationally rep-
resentative survey, the National Cancer Institute’s (NCI)
Health Information National Trends Survey (HINTS).

Methods

Study design and sample

HINTS is a nationally representative, cross-sectional survey con-
ducted by the NCI that collects data on health information-seek-

ing, risk perceptions, cancer-relevant health behaviors (e.g.,
smoking, diet, screening), and other areas germane to cancer
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communication. Westat provides a detailed description of the
HINTS survey sampling and dissemination process, which we
summarize here [12]. Survey participants included non-
institutionalized adults aged 18 years and older who were sam-
pled using a two-stage sampling approach. In this approach,
addresses were randomly sampled (stage 1), and the adult with
the next birthday at a selected address was asked to participate as
determined by one of the survey questions (stage 2). Non-
Hispanic blacks and Hispanics were oversampled to ensure more
precise racial/ethnic minority estimates. The HINTS survey pro-
tocol utilized a modified Dillman approach included four mail-
ings: an initial mailing that included a cover letter, questionnaire,
return envelope and a $2 bill, a reminder postcard (1 week fol-
lowing initial mailing), and two follow-up mailings (1 and 2
months following initial mailing, respectively).

We used the HINTS 4 Cycle 2 (2012), HINTS 4 Cycle 4
(2014), and HINTS 5 Cycle 1 (2017) datasets, which specifically
asked about financial burden among respondents with a history
of cancer [13]. The overall response rates for these cycles were
40.0%, 34.4%, and 32.4%, respectively, similar to that of other
nationally representative surveys [14]. Each HINTS survey cycle
included a unique sample of participants, i.e., individuals are not
tracked longitudinally over time.

Outcome variable

Participants in these three HINTS cycles indicating a previous or
current cancer diagnosis were asked: “Looking back, since the
time you were first diagnosed with cancer, how much, if at all,
has cancer and its treatment hurt your financial situation?”
Answer options included not at all, a little, some, and a lot. The
response categories were collapsed to “not at all” vs. “a little,
some, a lot.” This follows the precedent of similar studies that
dichotomized survey responses by any level of financial prob-
lems vs. no financial problems [3, 4].

Sample characteristics

Survivor-level characteristics included gender, age, marital sta-
tus, race/ethnicity, income, census region, occupational status,
current insurance status, and number of comorbidities.
Participants were asked about whether they had ever been di-
agnosed with the following condition: hypertension, heart dis-
ease, lung disease, diabetes, arthritis, and depression.
Additionally, participants were asked their height and weight,
from which their body mass index was determined (i.e., pres-
ence of obesity). We summed the presence of each of the self-
reported conditions and obesity to categorize comorbidities as
0, 1-2, or 3+. Cancer experience characteristics included receipt
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of surgery, receipt of chemotherapy, receipt of radiation, and
time since last treatment. All of these cancer experiences char-
acteristics have been considered in previous studies assessing
financial problems associated with cancer [3, 4].

Rural-urban status

Rural-urban status was determined using the 2003 US
Department of Agriculture Rural-Urban Continuum Codes
(RUCC), which categorize counties along a continuum based
upon their population size and adjacency to a metropolitan
area [15]. As done in previous HINTS analyses, RUCCs with
values 1-3, indicative of metro counties, were used to denote
participants from urban counties, while RUCCs with values
4-9 were used to indicate participants from rural, or non-met-
ro, counties [16].

Statistical methods

We combined data from the three HINTS cycles into a single
dataset containing sample and replicate weights in accordance
with NCI recommendations for analyses of multiple survey cy-
cles [17]. For variables with a notable level of missing data like
race/ethnicity (> 10% missing) and gender (> 5% missing), we
employed multiple imputation by fully conditional specification,
which is an appropriate approach for the complex survey design
of HINTS [18]. This approach is advantageous because it pro-
duces less biased estimates with more precise effects than a com-
plete case analysis when large amounts (> 10%) of missing data
are present [19]. Using this procedure, we created ten multiple
imputation datasets from which test statistics were derived.

‘We present rural-urban differences in demographic and cancer
experience characteristics as weighted percentages and compared
them using Wald’s chi-square statistics. We also performed mul-
tivariable logistic regression and reported adjusted predicted
probabilities [20]. We included the following survivor-level de-
mographic and cancer experience characteristics as covariates in
the multivariable model: gender, age, marital status, race, ethnic-
ity, income, census region, occupational status, insurance status,
comorbidities, receipt of surgery, receipt of chemotherapy, receipt
of radiation, and time since last treatment. These covariates were
chosen because they have been examined in previous studies
exploring the relationship between cancer survivorship and fi-
nancial problems [3, 4]. Reporting adjusted predicted probabili-
ties has frequently been used in the analysis of complex survey
data. It directly standardizes group outcomes to the covariate
distribution of the overall population and can be compared as
percentages. We also present the adjusted odds ratios from this
model as well as unadjusted odds ratios in Supplementary
Table 1.

Approximately one-fifth of our study sample indicated a
non-melanoma skin cancer diagnosis, a group that is frequent-
ly excluded from studies of financial problems among cancer

patients due to their less intensive treatment regimen [3, 4]. To
maximize our sample size, we retained these individuals in
our main analysis. However, we did perform a sensitivity
analysis to see if results differed when non-melanoma skin
cancer cases were excluded.

Multiple imputation and all analyses were performed in
SAS 9.4 using appropriate procedures to account for the com-
plex survey design [21]. Statistical significance tests were
two-sided and set at p <0.05. The study was deemed exempt
by the University of South Carolina Institutional Review
Board.

Results
Sample characteristics

Across the three HINTS cycles, 1368 participants reported a
previous or current cancer diagnosis (12.9%), 99.3% (n=
1359) of whom provided valid responses to the survey ques-
tion on financial problems related to cancer diagnosis and
treatment. This included 454 participants from the 2012
HINTS survey, 459 from 2014, and 446 from 2017. Rural
and urban cancers survivors statistically significantly varied
by census region, marital status, and occupational status, but
did not differ by other characteristics (Table 1). Three-fourths
of rural cancer survivors lived in the Midwest or South, and
73.9% of rural cancer survivors were married/living as mar-
ried (vs. 65.4% of urban cancer survivors). More than half
(51.4%) of rural cancer survivors were retired.

Rural-urban differences in cancer-related financial
problems

In unadjusted analyses, for all survey cycles combined, 50.4%
of rural cancer survivors indicated financial problems follow-
ing their diagnosis and treatment compared to 38.8% of urban
survivors (difference = 11.6%, p = 0.02) (Fig. 1a). There were
no statistically significant rural-urban differences in reported
financial problems across survey cycle. Figure 1b displays
unadjusted rural-urban differences in financial problems by
income level with the lowest income reporting the highest
burden in both groups. Non-white rural cancer survivors had
the highest unadjusted reported financial problems (71.2%) of
all race/rural categories (Fig. 1c¢).

After adjustment for covariates, 49.3% of rural cancer sur-
vivors reported financial problems following diagnosis and
treatment compared to 38.7% of urban survivors, but this dif-
ference was not statistically significant (p = 0.06) (Table 2). A
higher proportion of survivors who received chemotherapy
reported financial problems compared to those who did not
receive chemotherapy (64.6 and 34.0%, respectively,
p<0.001). Financial problems were also more likely to be
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Table 1  Demographic and cancer characteristics of study sample
Rural Urban P
(n=223) (n=1136) value
Weighted Weighted
% %
Survey cycle
HINTS 4 Cycle 2 (2012) 26.1% 73.9% 0.06
HINTS 4 Cycle 4 (2014) 21.3% 78.7%
HINTS 5 Cycle 1 (2017) 16.5% 83.5%
Gender
Male 41.8% 43.2% 0.78
Female 58.2% 56.8%
Age group
18-49 18.4% 16.3% 0.41
50-64 30.6% 35.0%
65+ 51.0% 48.6%
Marital status
Married/living as married 73.9% 65.4% 0.05
Not married 26.1% 34.6%
Race/ethnicity
Non-Hispanic White 85.3% 79.1% 0.10
Other 14.7% 20.9%
Income
$0-19,999 23.7% 15.3% 0.09
$20-49,999 31.2% 26.1%
$50-74,999 15.8% 20.9%
$75,000+ 29.3% 37.8%
Census region
Northeast 11.8% 18.8% 0.002
Midwest 28.3% 20.5%
South 46.7% 36.1%
West 13.1% 24.6%
Occupational status
Employed 23.5% 39.7% 0.02
Retired 51.4% 44.1%
Disabled 9.7% 6.0%
Other 15.4% 10.3%
(unemployed/student/homemaker)
Insurance status
Yes 93.3% 95.8% 0.51
No 6.7% 42%
Non-cancer comorbidities™*
0 12.6% 18.9% 0.06
1-2 43.7% 48.0%
3+ 43.7% 33.1%
Receipt of surgery, yes 71.9% 77.2% 0.23
Receipt of chemotherapy, yes 21.5% 21.2% 0.94
Receipt of radiation, yes 25.6% 27.7% 0.64
Time since last treatment
No treatment received 12.2% 8.2% 0.12
Current to <1 year 9.4% 15.5%
14 years 21.9% 23.4%
5+ years 56.4% 52.9%

Financial problems following cancer diagnosis and treatment
A little, some, a lot 50.4% 38.8% 0.02

*Derived from self-reported diagnoses of hypertension, heart disease,
lung disease, diabetes, arthritis, depression, and obesity. Prevalence of
co-morbidities were summed for this variable

reported among those who received radiation compared to
those who did not (54.8 and 35.1%, respectively, p = 0.007).
Reporting of financial problems also varied by time since last
treatment; those who were currently undergoing treatment or
who had received their last treatment within the past year
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indicated the highest proportion of financial problems
(51.7%) after adjustment for covariates (p = 0.04). Reported
financial problems increased with decreasing income levels;
29.7% of cancer survivors making $75,000+ reported finan-
cial problems compared to 55.2% at the lowest income level
($0-$19,999) (p=0.04). There were no statistically signifi-
cant differences in reported financial problems for any other
survivor-level characteristics.

Sensitivity analysis, which excluded survivors with a non-
melanoma skin cancer diagnosis, showed a somewhat similar
adjusted non-statistically significant difference between rural
and urban survivors (54.2 and 45.1%, respectively, p =0.21),
(Supplementary Table 2).

Discussion

We used multiple iterations of a nationally representative,
population-based survey to assess rural-urban differences in
reported financial problems associated with cancer diagnosis
and treatment. In unadjusted analysis, a significantly higher
proportion of rural survivors (more than half) reported having
financial problems due to cancer compared to their urban
counterparts. Further, a large proportion of minority and
low-income rural cancer survivors reported financial prob-
lems. Accounting for covariates, the difference between rural
and urban survivors reporting cancer-related financial prob-
lems was no longer statistically significant.

We found that approximately half of rural cancer survivors
reported financial problems related to their cancer compared
to just over a third of urban cancer survivors, though these
differences were explained by demographic and treatment
characteristics. Our findings corroborate a recent study in
New Mexico found that rural colorectal cancer patients were
nearly twice as likely as their urban counterparts to report
financial hardship related to their treatment. A study of 2011
Medical Expenditure Panel Survey data that found cancer sur-
vivors in active treatment in non-metropolitan areas were
more likely to report financial hardship associated with their
cancer [9, 11]. Our study, which used data collected in 2012,
2014, and 2017, found an overall prevalence of cancer-related
financial burden among rural cancer survivors that was 20
percentage points higher than previous nationally representa-
tive studies in which data were collected in 2010 and 2011 [3,
4, 11]. This may suggest that cancer-related financial prob-
lems have increased in recent years; particularly affecting rural
survivors. Similarly, we found that non-white rural cancer
survivors had financial problems due to their cancer diagnosis.
Previous research has shown that African Americans experi-
ence greater financial problems due to cancer diagnosis, and
our findings in particular suggest that the interplay between
place and race is important as well [6, 22]. Although our study
was underpowered to detect temporal trends within our study
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Fig. 1 Rural-urban difference in reported financial burden among cancer survivors: a by survey cycle, b by income, ¢ by race/ethnicity

period, future studies should further explore rural-urban dif-
ferences in financial problems over time and by racial and
ethnic differences.

The high levels of financial burden particularly among ru-
ral cancer survivors underscore the importance of improving
provider-level and system-level processes to address cancer-
related financial burden—both due to direct medical expendi-
tures as well as out-of-pocket non-medical and indirect costs
(e.g., transportation, lost wages). Evidence of disconnect in
patient-provider communication around cancer-related finan-
cial problems has been reported [23]. A study of breast cancer
patients found that 73% of those who were concerned about
finances did not receive desired financial or employment guid-
ance from their cancer care providers, even though 51% of
providers believed that they always discussed the financial
burden of cancer with their patients [23]. Improved patient-
provider communication or the addition of ancillary staff (e.g.,
financial navigators) to support financial counseling may help
address these challenges [5, 25-28]. One study found that half
of patients who discussed costs with their oncologists reported
lower out-of-pocket costs for treatment as a result (e.g., refer-
rals to financial assistance programs, changes to less expen-
sive medications) [28]. At the system level, it is critical for
clinicians to provide or refer their patients for financial
counseling and navigation, especially considering that rural
patients may face unique transportation barriers and related
opportunity costs (e.g., additional costs due to the need to find
accommodations ahead of treatment and subsequent

additional lost income during treatment) [ 10, 29]. Studies have
shown that patient navigation programs may help rural cancer
patients navigate the health insurance landscape, address both
out-of-pocket and non-medical costs that mount during treat-
ment, and other financial challenges (e.g., taking unpaid leave
from work) that may occur during cancer treatment [30, 31].
Unfortunately, these ancillary supports may be more likely to
be needed more in rural areas, and simultaneously less likely
to be available. However, some cancer screening programs
have found success through formal linkages between commu-
nity and clinical partners and utilizing clinical protocols to
facilitate such programs [32]. Future interventions with finan-
cial and/or patient navigators should seek to address and/or
optimize these unmet resource needs in rural areas.

Our multivariable analysis indicated that treatment factors
(i.e., receipt of chemotherapy and/or radiation and more recent
completion of treatment) were associated with higher reported
financial burden related to a cancer diagnosis. Findings related
to treatment factors corroborated several previous studies [3,
4, 33]. The cost of cancer care was projected to increase 27%
between 2010 and 2020, which overlaps with the survey pe-
riods, but these cost projections vary by cancer type [34].
Future studies with larger samples should explore the role that
cancer type plays in subsequent patient-reported financial
problems. Additionally, HINTS only queried cancer survivors
on the receipt of surgery, chemotherapy, and radiation. With
the increasing use of expensive targeted drug therapies and
immunotherapies, future research should also examine the
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Table 2 Factors associated with cancer survivors noting financial
problems after cancer diagnosis and treatment

Factor Adjusted predicted probability Wald P

(95% CI)

value

Rural-urban status

Rural 49.3 (30.6-67.9) 0.06
Urban 38.7 (23.1-56.2)
Gender
Female 443 (27.2-62.2) 0.61
Male 35.2 (20.3-52.5)
Age
18-49 54.7 (33.3-74.5) 0.07
50-64 44.2 (26.9-62.9)
65+ 35.7 (21.2-52.7)
Marital status
Not married 43.2(26.0-61.5) 0.51
Married/living as 38.1(22.8-55.3)
married
Race/ethnicity
Non-Hispanic White ~ 37.1 (22.1-54.3)
Other 51.4 (31.7-70.7) 0.39
Income
$0-19,999 55.2 (35.2-73.5) 0.04
$20-49,999 43.7 (26.4-62.0)
$50-74,999 36.9 (21.9-54.4)
$75,000+ 29.7(16.6-46.5)
Census region
Northeast 36.7 (21.2-54.7) 0.37
Midwest 45.5 (27.9-63.6)
South 42.2 (25.8-59.6)
West 35.8 (2076-53.4)
Occupational status
Employed 43.0 (26.0-61.0) 0.23
Retired 35.5(21.2-52.1)
Disabled 66.4 (43.8-84.0)
Other 38.8 (20.4-60.6)
Insurance status
No 49.6 (24.9-74.8) 0.93
Yes 39.9 (24.3-57.2)
Non-cancer comorbidities*
0 37.3(20.5-57.2) 0.08
12 35.6 (20.7-52.9)
3+ 47.6 (30.2—64.8)
Receipt of surgery
Yes 40.8 (25.2-57.6) 0.52
No 39.4 (21.6-59.5)
Receipt of chemotherapy
Yes 64.6 (43.9-80.8) <0.001
No 34.0 (19.1-52.0)
Receipt of radiation
Yes 54.8 (35.9-72.1) 0.007
No 35.1(20.0-52.9)
Time since last treatment
No treatment received 34.3 (16.4-56.9) 0.04

Current to < 1 year
14 years
5+ years

51.7 (32.9-69.6)
432 (26.8-60.6)
37.0 (22.2-54.0)

*Derived from self-reported diagnoses of hypertension, heart disease,
lung disease, diabetes, arthritis, depression, and obesity. Prevalence of
comorbidities were summed for this variable

effect that these treatments may have on the finances of cancer
survivors and their families [35, 36]. This may be particularly
important among rural populations who are more likely to be
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uninsured and underinsured and are more likely to forgo treat-
ment due to cost [8—10].

We found no statistically significant association between
age and financial hardship associated with cancer, which
was unexpected and is in contrast to previous studies that
found younger cancer survivors were more likely to experi-
ence financial hardship associated with their cancer [3, 4, 33].
This may be due in part to the dichotomous nature of the
insurance status question in HINTS, which prevented us from
examining the interplay between age and specific types of
insurance and their effects on cancer-related financial prob-
lems. Such prior studies suggest that patients under the age
of 65 with private insurance compared to those with public
insurance or no insurance [11]; additional research in this area
and variation due to individual and geographic characteristics
are warranted. We were also unable to account for employ-
ment changes that occurred as a result of a cancer diagnosis
like studies that used the Agency for Healthcare Research and
Quality’s Medical Expenditure Panel Survey (MEPS)
Experiences with Cancer questionnaire [4], and employment
changes could contribute to age related differences in reported
financial problems with cancer care. However, unlike previ-
ous studies, we included rural-urban status in our adjusted
model. This may help explain any age differences in reported
financial problems associated with cancer diagnosis and treat-
ment. An analysis of 20062010 National Health Interview
Survey (NHIS) data showed that both rural cancer survivors
aged 18-64 and those 65 and older were more likely to forgo
medical care due to costs in unadjusted analysis [7]. This
finding remained in those over the age of 65 after adjusting
for race/ethnicity, age as a continuous variable, marital status,
insurance status, comorbidities, health status, time since diag-
nosis, and geographic region, but was attenuated among youn-
ger survivors. This suggests that the relationship between age
and rural-urban status and their effect on cancer-related finan-
cial problems is complex and warrants additional study.
Future iterations of HINTS would also benefit from additional
questions on rural-urban status and insurance status at time of
diagnosis, not solely at time of survey completion, as well as
more specific questions on the financial hardship of cancer.

Limitations and strengths

Our study was not without limitations. First, despite using all
survey cycles in which financial burden was assessed, we had
a small rural sample (n=233), which may have made our
study insufficiently powered to detect differences, a common
challenge in studies of small populations [37]. Due to small
sample sizes and poor representation of the more rural
RUCCs, we chose to collapse the RUCCs into one rural cat-
egory. Use of a more granular characterization of rural may
have more effectively identified the effect of the rural-urban
gradient on cancer-related financial burden. This small sample
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size also prevented us from examining the effect of cancer
type. Additionally, HINTS included a single survey question
related to financial problems (i.e., how one’s finances were
“hurt”), restricting our ability to further explicate the specific
problems experienced (e.g., bankruptcy, debt, loss of employ-
ment) and the duration of those problems on the patient and
their families. Survey participants may have interpreted the
word “hurt” differently, and thus, the tangible implication of
survey responses may differ among cancer survivors, which
warrants additional study using qualitative or mixed methods.

Despite these limitations, our study begins to address crit-
ical gaps in our knowledge of rural and urban disparities in
cancer care. A strength of our study is that we used a nation-
ally representative, population-based survey including multi-
ple years of data to examine rural-urban differences in finan-
cial problems associated with cancer. Using the 2012, 2015,
and 2017 HINTS data also provides a more recent assessment
of financial problems compared to other analyses of national
surveys such as the 2010 NHIS and the 2011 MEPS
Experiences with Cancer questionnaire [3, 4]. Additionally,
our study is one of the first to assess, at a national level, the
predicted probability of cancer-related financial problems by
rural-urban status. Future research should more adequately
sample rural populations and include both more comprehen-
sive questions and more specific response options to evaluate
cancer-related financial problems.

Conclusions

Our study found that a higher proportion of rural cancer sur-
vivors reported financial problems associated with their diag-
nosis and treatment compared to urban survivors, although
this difference was attenuated after adjusting for demographic
and treatment characteristics. It is especially important to ad-
dress the financial problems associated with cancer among
rural populations through interventions to improve provider-
patient communication, increase access to financial navigation
programs, and to adapt and implement contextually tailored
interventions. Additionally, future research that oversamples
rural populations may more effectively elucidate the effect of
rural-urban residence on cancer-related financial burden and
highlight the contextual nuances found in rural communities.

Data This study used secondary data from the National Cancer Institute.
The “Data Terms of Use” does not allow for release of data by data users.
However, these data are publicly available from the National Cancer
Institute and available for download on their website upon acknowledge-
ment of the “Data Terms of Use.”
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